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AUTHOR'S NOTE 

In the preparation of this Handy Book, which is vir-
tually a Key to the Science of Electricity and all its 
many practical applications, the aim of the author has 
constantly been to make it 

1. Simple 
2. Brief 
3. Complete 
4. Graphic 
5. Accurate. 

The presentation of principles and their application, 
descriptions of machines, are given in the simplest 
language possible, because no matter how well informed 
the reader may be, he absorbs the information he desires 
much more readily when presented in simple language, 
than he would when confronted with an unnecessary 
display of technicalities. 

The language is not only simple, but brief. In fact, 
simplicity and brevity are the two vital essentials of 
convincing presentation; moreover, it is only by a rigid 
economy of words that the author has been able to give 
a vast amount of information on each of the many 
subjects which otherwise would have to be omitted. 

By this economy of words, space is made available 
for a very large number of illustrations, which in many 
instances, serve to bring out some point much clearer 
than could be presented by the text alone. 

The greatest care has been taken that the work 
should be accurate. 

The aim throughout has been to supply in exhaustive 
and condensed form, first hand reliable information 
essential to the student, electrical worker or the searcher 
for practical knowledge of any phase of the subject. 

FRANK D. GRAHAM. 
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of looking for unexpected information. The ready 

reference index tells you on what pages to find the 

information sought for. 
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quickly on a problem in Electricity, if you have the 
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under their proper headings; it is also suggested to 

look up closely allied subjects for side lights on your 

problems. 
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protection 282-10, 513, 540-5 

Feeders and mains •  457 
Fire alarm systems 1,064 

telegraph circuit 1,080 
Flashers, sign 646-662 
Fluorescent lamps 717-730 
Flux, magnetic 45, 304 
Four-way switches 447-463 
Fractional horsepower motors 831-857 

application 855-857 
capacitor motor 836 

start motor 835 
compensated repulsion motor 839 
reactor-start motor 834 
repulsion motor 838 

induction motor 846 
start induction motor 840 

resistance-start motor 833 
shaded pole motor 849-861 
single phase motor, classification 831 
split phase induction motor 832, 833 
universal motor 851-855 

Frequency 381 
changing sets 212 
changes, a.c. motors 888 
converters.. 195 
Indicators 306-308 
wiring, a.c 388 

Fuses 260 

Galvanometers 258-262 
Gas engine ignition 891 
Gassing  62 
Gauss 45 
Grinders and drills 923 
Ground, clamp 440 

connections 163, 193 
wiring 410,442 

Grounded connections 
railway  999 

Grounding, motors  540 2 
Guys 453 495 

895 

H 
Hammers, motor driven 925 
Heat 33,36 

armature, converter 210 
cars 988 
converters 210 
dynamo 744 
shunt field converter 210 
windings 897 

Henry 110, 113 

High tension, ignition 936 
magnetic 943 

High voltage bells 1,063 
Horse power 31, 32, 397, 398 

Hot wire instruments  264,300 

Hunting 817 
Hysteresis..  64, 152,766 

Ignition 931-945 
double 945 
dual 943 
high tension 936 
low tension 934 

Illumination (See Electric lighting) 
Impedance 119-123 
Impressed pressure 119, 120 
Indicating devices, a.c 297 

d.c. 248, 262-268 
Indicator card, ignition point 931 

phase 311 
Inductance 105, 380 

effect 116 
formula 119 

Induction, a.c 109 
coil, ignition 938 
electro magnetic 731-736 

Induction motors 282-19, 818-857 
marine 1,002 
various 981, 1,002, 1,017 

Induction, mutual 129 
voltage regulators 291 

Installation, motors 908 
Instruments, measuring 914 



Insulation resistance test 350 
transformer 144-148 
wires 407 

insulators and conductors 24-29 
various   400, 401, 499 

latulocking, electric  . 996 
Isolated plants.  905 

Jointing, cable 633-645 
Joints. commutator 882 

wiring 422, 484, 486, 497 
Joule's law  35 
Junction box 359 

Kelvin's law 370 
Kilowatts and watts 31 
Knob wiring 400 

Lag 107, 116-118, 124, 812 
Lamp calculations 31, 36 
Lap winding 
Lead sulphate  
Leakage, magnetic   
Lenz' apparatus   

law 735, 736, 776 
Light 663 
Light control 447-453 
Lighting .  663-704 
power stations 903 
railway cars 987 
series, transformers 149 

Lightning arresters 283-290 
Line drop compensators 296 
Lines of force 42-63, 731 
Load center 369 
Locomotives 984, 985 
Loop feeders 282-17 

test 347-349 
transformer.  152-154 

Low tension, ignition 934 
magnetos 941 
transformer connections 155 

 747-750, 801, 871 
58 

789 
34 

Magnet, calculations 966 
Magnetir. blowout   253 

effect 36 
electricity 15 
field  15, 36, 43, 47, 742 
flux 45, 53, 304 
leakage alternator 789 
lines of force 42, 49, 53, 755 

Magnetism 40-55 
Magnetos 940-943, 947 

self excited 791 
Mains 369 
Management 907-916 
Marine, propelling apparatus 1,001-1,007 
Master service 360 
Maxwell 46, 47 
Measuring a.c. circuits . ...... 127 
apparatus 298-314 
current 347, 349 
instruments, electrical 914 

Mercury arc rectifiers 217-240 
arc starting and excitation equipment 232 
automatic control 238 
classification 217 
cooling 235 
elementary wiring diagram 221 
grid excitation 233, 234 
operating principles 
six-phase 222, 223 
step-down transformer 236 
substation layout 237 
transformer connections  238-240 

Metal, conduit wiring 434 
electrolysis 82-88 
electro-plating 89-102 
moulding, wiring in 409 

Meter boards 482 
Meters and connections 315-342 

air circuit breaker 330,331 
wiring 330 

ammeter connections 319, 341, 342 
oil circuit breaker 332 
arrangement 333-337, 339 
control wiring 337-339, 341, 342 
unit 340 

power factor indicator connections 320, 321 
squirrel cage induction, motor starting 341, 342 
synchronism indicator 324 

connections 325-329 
truck panel switchboard 336 
voltmeter connections 318 
watt-hour-meter connections 322, 323 
wattmeter connections  316, 317 

Mica 147,879 
Micru-farado  119 
Monocyclic diagrams 787, 788 

 220 



Monophase, a.c 107 
Morse code 1,079 
Motion picture projectors 1,127-1,140 
Motor generator 912 

sets 211 
Motors, a.c. 806-857 
adjustable speed 536 
automatic restarting 527 
branch circuit overcurrent protection. . 513, 540-5 
circuit calculation 375 
controllers 514, 515, 631 

d.c. 352, 773-781, 920 
disconnecting means 614, 537 
drill 918 
driven tools 917 
elevator 1,017 
Ford, drive assembly 949 
fractional horse power troubles 898 
fuses 524 
grounding 640-2 
horsepower formula 391, 392 
Induction 818-857 
magnetintion test 352 
malins 1,001-1,007 
operated as dynamo 886 
overcurrent protection 522 
pumps 1,009 
railway 967, 974-981, 997 
single phase, test 354 
split phase, troubles 896 
starters 255 
synchronous 1,003 
synchronous, condenser  297 
telpher 1,045 
testing 352-357 
troubles, railway 997 
vehicles 965-965 
wiring 513-639 
wiring calculations 380-384 

Moving coil ammeter 263 
Moving iron instruments 263, 298 
Murray loop 347,348 
Mutual induction 129 

N 
Neon lamps  705-716 
Nickel, plating , 102 
No load current 133 

o 
Oersted's discovesy 44 
Ohm's law 13, 14 
Oil break switch 272, 273, 339, 340 

Oil burners 1,251-1,278 
automatic control 1,265, 1,266, 1,267 
burner, automizing 1,257, 1,258, 1,261, 1,262 
blowers 1,255, 1,256, 1,258 
burner vaporizing 1,252-1,254 
furnace design 1,264 
motors 1,258, 1,259 
oil grades 1,261 
oil storage 1,275 
thermostats 1,266, 1,268 
wiring diagrams 1,264, 1,265, 1,274, 1,275 

Outlets, wiring, locating 458 
Oxygen and hydrogen 86 

Pantograph, trolley 972 
Parallel lines 282-12 
Phase, arrangements 104-109 
changes, a.c. motors 888 
indicators 311 
rotation, converter 193, 196 
wound motors 1,009 

Pitch, dynamo 753 
Plaster mixing 488 
Plating 89 
Plug switch 270 
Plunger type instruments 264 
Pneumatic drive, tools 930 
Pole, converter, construction 195 

lines 490 
Polishing and grinding machines 99 
Polyphase induction, motors, reversing 889 

motors, wiring 528 
Positive and negative electricity 2 

Power, directional protection 282-1 

loss calculations 374 

management 907-916 
measurement 123 

rectifiers ( See Mercury arc rectifiers) 

stations 901-906 

transformer protection 282-8 

wiring 513-540-18 
Power factor 122-127 

Indicators 309 

table 389 
Pressure, limiting devices 276 

measurement 265, 343 

Primary cells 18-23 

Properties, copper conductors 540-9 

Pull box 360 

Pumps 1,008-1,016 



Radial feeders 282-11 
Radio 1,341-1,430 
antenna 1,342 
cathode voltage, measurement 1,387 
code 1,368 
commercial analyzers 1,381-1,430 
electron emission   1,349 
filament 1,360 
full-wave rectifier 1,360 
grid current, measurement 1,386 
half-wave rectifier 1,362 
induction speaker 1,353 
moving coil speaker 1,357 
oscillatory circuit 1,367 
phonograph pick-up 1,358 
rectifier 1,360 
supreme testing instruments 1,401-1,419 
testing 1,369-1,430 
tube chart 1,385 
vacuum tube 1,366 
Weston analyzer 1,392 
ohmmeter 1,390 
output meter 1,387 
testing instruments 1,381-1,401 
tube checker 1,396 

Railway, brakes 987 
car heating 988 
catenary construction 989 
control systems 978-984 
converter 196,207 
electric 966-1,000 
lighting of cars 987 
locomotives 984 
motors 967, 974, 979, 981 
power stations 906 
signals 990-994, 996, 998 
surface contact system 971 
third rail 972 
track drills 917 
trolley, overhead 968 
trucks 986 

Reactance 117, 119, 121 
Reciprocating pumps 1,008-1,016 
Reconnecting machines 884-888 
Rectifiers 213-240 

electrolyic 213, 214 
gas filled tube 217 
mechanical 213 
mercury are (See Mercury arc rectifiers) 

Rectilinear cranes 1,047 
Refrigeration 1,223-1,250 
compressor system 1,223, 1,230, 1,231 
condensers 1,225, 1,230, 1,232 
definition 1,223 
Electrolux 1,238, 1,239 
General Electric 1,227, 1,229, 1,230 
Kelvinator 1,226 

Regenerative control 1  255 
Regulating devices 1  292 
Regulation, dynamos 1,295 

test 1,211, 1lE12 
Regulators, voltage  1,293-1,297 
Relay applications 282 
requirements 280 
selection 279 
systems 278-282-22 

Relays and instrument connections 619-632 
ammeter connections 626-631 
ammeter switch connections 626, 628, 630 
overload relay, induction type 620 

connections 621, 623-631 
plunger type 622 

temperature overcurrent protection 632 
trip coil connections 621,623-632 
watt hour meter connections 628-632 

Relay, telegraph 
telephone 

Reluctance  
Remote control' 
Repairs, armature windings 
battery., 

Repeater, telegraph 
Repulsion 
Residual magnetism 
Resistance box 
measurement 
testing 

Resonance  
Resonant circuit 
Resuscitation 
Reversing motor starter 
Rheostats 
dynamo field 
elevator 

Rheostatic control, railways 
Rotary, converters 195,199, 202-204,913 
cranes 1,037,-1,038 

1,068,1,076 
 1,112 

46,54 
 273 

 872,877 
 69-79 

1,068,1,069 

 66 
 344 

349 
 344 

108-
119 

 1,431-7,442 
393 

 63, 197, 198,516 
 66. 
 1,025 

978 

Safety devices, elevator 1,021,-1,036 
Screw driver, electric 920 
Self induction 360, 385 
Series and shunt ammeters 265 

lighting, transformers  149 
motors 513, 775 780 
parallel control, railways  978, 979 

Service conductors  360 
Service equipment 360 
Shell transformers 140 
Shielded pule indrumsnt 300 
Ship-drive, electric 1,001-1,007 
Short circuit, coils 874, 890 



Shunt, ammeter 265 
bells 1,049 
dynamos 355, 763-766 
Sound converters 204 

Sine curve 103, 739 
Siemens instruments 266, 299, 301 
Sign flashers 646-662 
Signal, railway 991-994, 998 
Single phase, C.C. 106-108 

converter 191 
lighting system 788 
motor test 354 
power factor meter 306 
transformers 155,162 

Single pole switches 241, 269 
Six phase converter connections 193,206 
Skin effect 381 
Slip 821, 824,830 
Slip ring motor •  521,981 
Soldering 1,191-1,204 
Solenoids 49-63 
Spark gap 10 
Spark plugs 939 
Sparking, brushes 211, 736, 897, 997 
Specific gravity 62, 80 
Speed, armature 865 

limit device 200,205 
motor 778, 887, 896 

Splicing, wire and cable 484,634 
Split phase motor 526, 896, 897 

pole converter 204, 209 
Squirrel cage, armature  818, 821, 830 

motors 521, 535, 821, 829 
motor switch 297 
winding 815 

Star-delta switches 297 
Starters, motor 254, 255, 297, 382, 383 
Starting and lighting systems, automobile 946 
compensators 296 
converters 204,206 
dynamo 764 
motor 514-517, 777, 813, 827, 896 
railway cars 994-1,000 

Static, electricity 1-11 
Stations, power 902, 904, 906 

railway 970 
Step-by-step measuring 310 

Step-up and step-down transformers 138 

Stopping dynamo 772 
Storage batteries 56-81 

Subfeeder 359 
Substations 906, 970 

Substitution method, testing 345 
Sulphating 64 
Switchboard, connection 312-314, 368 
telephone 1,103, 1,115 
d.c  248-268 
Installing 472-4ff3 
interior wiring 403, 420,421 

Switchboard, con nettion--(continued) 
light control 447-453 
star delta 297 

Synchronism, def. 106 
indicators 308 

Synchronizing, alternators 910 
Synch; onous, booster method 209, 211 
condensers 297 
converters 190-212 
motor protection 282-19 

Tanks, electro plating 93 
Telegraph 1,066-1,080 

circuit, fault location 349 
codes . 1,079 
duplex 1,069 
Morse single line 1,066 

Telephone 1,081-1,095 
automatic 1,096-1,126 
central office equipment 1,088 
circuit fault location 349 
common battery 1,086 
current source 1,081 
dial 1,096-1,126 
inter-communicating 1,084 
line switch 1,112 
multi office systems 1,119 
party lines   1,090 
private line 1,087 
switchboards 1,086, 1,103, 1,115 
troubles 1,091-1,095 

Tests 343-357 
Three phase, a.c 108,109 

alternator 356 
converters 193, 197, 199 
control railway 981 
dynamo 191 
motors 161, 297, 621 
transformers 141, 169, 163 
windings 797-865 

Three pole switch 269 
Three way switch 447-463 
Three wire, alternator 108 

circuits 456 
converter 913 
dynamo 766 

Timing, ignition 931 
Tools, motor driven 917-930 

pole line 490 
Transformers 128 -189 

bell ringing 1,060, 1,062 
Transformer connections 163 

additive and subtractive polarity 169 
delta-delta connections 171, 173, 174, 177 
delta-double delta connections 188 



Transformer connectione-feentilmee 
delta-star connection 182 
protection 282-10 
Scutt cednoctions 179, 185, 186 
stir-della connections 175-177, 179, 180 
star-diametrical connections 177, 187 
star-double-delta connections 189 
star-star connections  170, 172, 177 
voltage and current definitions in three-phase 
systems  166-168 

iransforiner, insulation test 350 
temperature test 351 
voltage regulators 293 
winding test 351 

Transporters  1,038 
Trickle charge 61 
Trolley car operation 992 

line construction 990 
overhead  968 
underground 973 

Two circuit connection 912 
winding transformer 149 
wire system 45, es 

Two phase, a.c. 107, 109 
alternator 8C2 
converter 191, 199 
dynamo 191 
motors 161, 521, 823 
transformer 158, 162 
winding 796-798, 826 

U 
Unbalanced load protection  282-5 
Underground, trolley .973 

wiring 502-512 

V 
Variable, inductance 698 

lead 775 
ratio voltage regulators 292, 293 
resistance 296 

Varley loop test 348 
Vehicles, electric 955-965 
Vibrations, armature 809 
Virtual value 106, 113 
Volt 11-14, 343, 865 
Voltage, auto starters   950 

changes  884-888 
drop 381,383 
loss, a.c. calculation 394 
measuring, cell 349 
regulation converter 206, 209 
regulators 291 -295 
transformer 131 

Wet »mat  915 
Watt feet 379 
Watt-hour-meter 267, 302-306 
Watt-meters 264, 301, 302 
Wattless current 125 
Watts, and kilowatts 31 
Wave form measurement 1,141-1,190 
Welding 1,143 

arc, carbun 1,146 
arc, crater 1,144 
spot welding  1,141 

Wheatstone bridge 346, 349, 1,074 
Wire calculations 358-398 
gauges 540-9, 
resistance formula 371 
tables 540-6-540-17 

Wires, and wire calculations 358-398 
Wiring diagrams 147-197, 241-247, 447-453 

auto transformer connection 246 
auxiliary relays 242-244 
balanced power protection 246, 247 
current differential protection 242, 244, 245 
relays 242, 243 
power directional relays 246, 247 

Wiring d.c., armored cable 426 
bells 1,057 
code requirements 410, 419' 
concealed knob and tube 418 
crossing 401, 406 
feeders and mains 457 
finished buildings 454 
flashers 659 
flexible conduit 430 
fuses 481 
in mouldings 408 
inside 399-453 
meter boards 472 
motors 513-535 
open or exposed 399 
outside 490 • 
rigid conduit 432 
service connections 473, 474 
switch connections 447-453 
switches 472-476, 483 
through floors 406 
tree system 366 
underground 472 

Wound rotor motors 520 

Zero, power factor  120 ; 
resistance testing  346 
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ELECTRICITY 1 

CHAPTER 1 

Electricity 
The name electricity is applied to an invisible agent known 

only by the effects which it produces, and the many ways in 
which it manifests itself. There are four principal forms of 

electricity: 

STATIC 
AT REST 

DYNAMIC 
IN MOTION 

afiçe  
RADIATION 
IN VIBRATION % 

fhos. 8,103 to 8.100.—The four kinds of electricity. 

1—Static electricity at rest. 3—Magnetism electricity in rotation. 
2—Dynamic electricity in lin- 4—Radiution electricity in vibra-

eal motion. lion. 

I. Static Electricity 
If two unlike bodies be rubbed together, electricity will be con-

centrated on the surfaces and when in this condition they are said 

to be charged or electrified. 

Thus, if a glass rod be rubbed with silk in dry air, it becomes che•ged 
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Pics. 6,107 and 
6,108.— The 
Leyden jar 
and discharger. 
Its discovery is 
attributed to 
the attempt of 
Musschenbrock 
and his pupil 
Cuneus to col-
lect the sup-
posed electric 
"fluid" in a 
bottle half filled 
with water. The 
bottle was held 
in the hand and 
was provided 
with a nail to 
lead the "fluid" 
down through 
the cork to the 

water from the electric machine. The invention of 
the Leyden jar is also claimed by Kleist. Bishop 
of Pomerania. 

BEFORE RUBBING 

neWfVE;7411:5 N. GA.:,RVE 

11111.0111101-'. 111101.11110 
AFTER RUBBING 

Fins. 6,109 to 6,: 12.- -Positive and nega-
tive electricity. The rubbing process 
removes electricity from one body trans-
ferring it to the other. 

trgee"srii\7«el NEGATIVE 

BEFORE CONTACT 
EguALIzP 

AFTER CONTACT 

Mos. 8,113 to 6,115.—Equilization of 
oppositely z,banged bodies by cortact. 

zee 

with ekctricity called positive 
electricity, while a rod of seal-
ing wax or other resinous sub-
stance rubbed with wool or 
fur becomes negatively charged. 

Positive and Negative 
Electricity.—These terms 
signify that one body is 

charged to a higher press-

ure than the other, that is, 

by rubbing some of the 

charge is taken from one 

body and transferred to 

the other as in figs. 6,109 

to 6,112, the higher charge 

is arbitrarily called posi-

tive (±) and the lower 

negative (—) as in simile, 

hot and cold. 

Rule I.— If oppositely 
charged bodies be brought into 
contact with each other, the 
pressure will be equalized by 
the passing of the charge from 
the higher to the lower one. 

When the pressures are thus 
equalized the bodies are said 
to be discharged. Where the 
pressure difference is small, 
contact is necessary (figs. 
6,113 to 6,115), but where it 
is great, it is only necessary 
to bring the bodies close to-
gether as in fig. 6,112. 

Electrical Attraction 
and Repulsion. — Two 

balls of light material as 
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Ems. 6,116 to 6,118.—Blectrostatic apparatus. Fig. 6,116, Faraday's bag. When the bag 
is charged and pulled inside out, the static chrrge always remains on the outside. Fig. 8,117 
hollow cylinder with pith balls, showing that electricity resides only on the outer surfaces 
of bodies. Fig. 6413 induction cylinder with removable pith ball holders. 

FIGS. 6,119 to 8,121.—Electrostatic apparatus. Fig. 8,119 induction spheres so mounted on 
insulating support that they can be brought into contact. Useful in connection, with 
fig. 8,118 for showing the separation of positive and negative electricity by induction. 
Fig. 6,12'0, ellipsoidal conductor for showing unequal distribution. Fig. 6,121 Biot's hemi-
spheres with pair of their nicxel plated brass hemispheres with rubber handles. Charge 
eutdde of globe may be removed by placing hemispheres in position shown. 
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pith are attracted to a charged glass rod, adhere to it, become 
charged, and then are repelled and fly off (as in figs. 6,124 to 
6,126). They also repel each other but are attracted by a 
charged rod of sealing wax. From this follows: 

Rule 2.—A body charged with one kind of electricity repels one charged 
with the same kind, and attracts one charged with the opposite kind. 
Whenever two bodies are rubbed together the body rubbed receives a 

charge unlike that of the rubbing body, as stated. 

Pic. 8,123. — Gold 
leaf electroscope, 
it consists of two 
strips ot gold foil 
suspended from a 
brass rad within e 
glass jar. Used t,o 
detect the pres-
ence and sign of 
an electric charge. 

PIG. 8,122.—Production of spark with highly 
charged body. 

PIGS. 6.124 to 6.128.—Electrical eat-action and repulsion. 
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Rule 3.—Wkenever a positive charge is developed an equal negative charge 
is developed, and vice-versa. 

The Charge.—The quantity of electrification of either kind 
produced by friction or other means is called the charge. 

Distribution of the Charge.—This resides on the surface 
...... 

?Ice. 6,127 to 6.130.— Distribution of the charge on conductors of various shapes. 

of the body and hence depends on the extent of the surface and not 

on the mass of the body. Certain bodies, or material like glass, 
paper, etc., have the property of retaining this charge at what-
ever point attained; such are known as insulators. 

PIG. 6.131.—Expetiment to illustrate the effect of pointed conductors. 

FM. 6,132.—Electric wind mill which operates by the reaction due to the escape of the electric 
charge from the points. 
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Fin. 6,133 .—The electric screen. A screen of wire gauze 
surrounding a delicate electrical instrument will protect it 
from external electrostatic induction. 

t 
u 

"Free" and 
"Bound" Mec-
tricity.—Electricity 
upon a charged con-
ductor not in the 
presence of a charge 
of the opposite kind 
is called free and if 
a conductory path 
be provided, it will 
flow away to earth. 
il in the presence of 
a neighboring charge 
cf opposite kind it 
is called bound. 

Electric Screen. 
—Faraday showed 
that the charge on 
the outside of a con-
ductor distributes 
itself in such a way 
that there is no elec-
tric force without 
the conductor. 

Thus in fig. 6,133, 
the gold leaf electro-
scope covered with a 
bird cage failed to de-
tect the pressure of 
powerfully charged 
bodies outside. 

6,134.—Experiment illustrating the nature of an induced charge. The apparatus consists 
of a metal ball and cylinder, both mounted on inrulated stands, pith bells oeing placed on 
the cylinder at points C. D. and E. 
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P Ss. 8.135 to 6,139.—Electrostatic apparatus. Fig. 6,135, electrical chimes to illustrate 
Attraction and repulsion of charge. Fig. 6.136. electrical chime arranged to he suspended from 
àtatic machine. Fig. 8,137, Voltas hail storm or dancing balls. The charge from static 
machine causes balls to dance rapidly. Fig. 6,138. smoke condenser. The glass shade is 
filled with smoke from a punk candle, which is condensed upon the glass, when a charge 
from a static machine is applied. Fig. 8,139, electrical circus or racing ball. When connected 
with a static machine the glass laces around the plate. 

trot. 6,140 to 6,142.—Electrostatic apparatus. Fig. 6,140, spiral tube. A charge sent 
through the tube wil4 show a series or sparks where it crosses the gaps. Fig. 6.141, rotating 
disc. It will rotate rapidly when connected to a static machine. Fig. 8,142, electrostatic. 
motor. It will rotate at high speed when connected to static machine. 
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Charge by Induction.—If two bodies, as brass balls both 
insulated and one electrified, the other not, be placed near 

together, the one not electrified will become electrified by 
induction. 

tics. 8,143 and 8,144.—The electrophorus and method of using. Charge B; place A, in con-
tact with B, and touch A (fig. 6,143). The disc is now charged by induaion and will yield 
a spark when touched by the hand, as in fig. 6,144. 

Condenser, Lyden Jar.—An apparatus for condensing 

a large quantity of electricity on a comparatively small 
surface. .1 t consists of two 

PARAFFINED PAPER INSULATOR insulated conductors, sep-
arated by an insulator and 
the working depends on the 
action of induction. 

Electric Machines. — 
Various machines have 
been devised for producing 
electric charges such as TINFOIL LONDUCTORS 

PIG. 6,145—Condenser for induction coil. In construction, numerous sheets of tin foil are 
prepared and placed on top of each other with a thin laver of insulating material between as 
showy. 
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have been described. The ordinary "static" or electric 
machine, is nothing but a continuously acting electrophorus. 

Fig. 6,146 represents the socalled Toepler-Holtz machine. Upen the 
back of the stationary plate E, are pasted paper sectors beneath which 
are strips of tinfoil AB, and CD, called inductors. 

In front of E, is a revolving glass plate carrying disc /,m,n,o,p, and q, 
called carriers. To the inductors AB, and CD, are fastened metal arms 
and u, which bring B, and C, into electrical contact with the discs I, 

m,n,o,b, and q, when these discs pass beneath the tinsel brushes carried 
by t, and u. A stationary metallic rod rs, carries at its ends stationary 

7? S 

FIG. 6,146.—The Toepler-Holtz electric machine. 

Pe. 6,147.—Principle of Toepler-Holtz electric machine. 

brushes as well as sharp pointed metallic combs. The two knobs R, and 
S, have their capacity increased by the Leyden jars L, and L'A, small 
-I- charge to be originally placed on the inductor CD. Induction takes 
place in the metallic system consisting of the discs I, and o, and the rods 
rs, I, becoming negatively charged and o, positively charged. 
As the plate carrying I,m,n,o,p,q, rotates in the direction of the 

arrow the negative charge on 1, is carried over to the position m, where 
a part of it passed over to the inductor AB, thus charging it negatively. 
When 1, reaches the position n, the remainder of its charge, being repelled 
by the negative electricity which is now on AB, passes over into the 
Leyden jar, L. 
When 1, reaches the position o, it again becomes charged by induction 

this time positively, and more strongly than at first, since now the nega-
tive charge on AB, as well as the positive charge on CD, is acting in-
ductively upon the rod rs. When I, reaches the position u, a part of its 
now strong positive charge passes to CD, thus increasing the positive 
charge upon its inductor. 

In the position v, the remainder of the positive charge on I, passes 
over to L. This completes the cycle for I. Thus, as the rotation con-
tinues AB, and CD. acquire stronger and stronger charges, the inductive 
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6,148.—Mars Toepler-Holtz electric machine. In construction, the belt tension is adjustable, the brushes are made of 
tinsel, which is claimed to be superior to wire. The condensers are of the Leyden jar type. There is a current breaker which 
permits the intensity and rate of discharge to be varied. The machine is equipped with a pair of nickel plated shocking handles 
and chains and an attachment for holding accessories such as bell chimes, image plates, etc. A 3 to 6 inch spark may be pro-
duced, depending upon weather conditions. Revolving plate 12 in.; stationary plate 14 in. 

FIG. 6,149.—Wimshurst self-charging static machine, new design. The machine works without change of poles, and is accord-
ingly more satisfactory than the Toepler-Holtz type in which the poles may reverse at any moment. For this reason it is espe-
cially adapted to X ray work. The machine is provided with a spark gap attachment, and there is a current breaker, by means 
d which the outer coils of the Leyden jar may be either connected or disconnected, thus allowing either an intermittent spark 
discharge or a continuous discharge. Spark range from 34 to 3 the plates diameter. 
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sction upon rs, becomes more and more intense, and positive and negative 
charges are continuously imparted to L'. and L, until a discharge takes 
place between the knobs R and S. 

2. Dynamic Electricity 

When static charges are equalized by means of a spark, the 
energy takes on the form of a current, but dynamic or current 

DIFFERENCE OF 
POTENTIAL (VOLTS) 

NEGATIVE 

FIG. MM.—Hydraulic analogy ot electric current. 

QUANTITY PUMPED WALL OF PIPE 
(AMPERES) (INSULATOR) 

FORCE 

WATER IN FRICTION OR 
PUMP RESISTANCE PIPE 

(ELECTRICITY) ( OHMS) (CONDUCTOR) 

electricity is usually understood to mean energy of considerable 
current strength and long duration as compared with a static 

discharge. 

Electrical currents are said to flow through conductors. 

These offer more or less resistance (ohms) to the flow, depending on 
the material. Copper wire is generally used as it offers little resistance. 
It is now thought that the flow takes place along the surface and not 
through the metal. The current must have pressure volts to overcome 
the resistance of the conductor and flow along its surface. This pressure 
is called voltage caused by what is known as difference of potential between 
the source and terminal. An electric cur-ent has often been compared 
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to water flowing through a pipe. The pressure under which the current 
flows is measured in volts and the quantity that passes in amperes. The 
resistance with which the current meets in flowing along the conductor 
is measured in ohms. The flow of the current is proportional to the 
voltage and inversely proportional to the resistance. The latter depends 
upon the material, length and diameter of the conductor. Since the 
current will always flow along the path of least resistance, it must be so 
guarded that there will be no leakage. Hence, to prevent leakage, wires 
are insulated, that is, covered by wrapping them with cotton, silk thread, 
or other insulating material. If the insulation be not effective, the current 
may leak, and so return to the source without doing its work. This is 
known as a short circuit. The conductor which received the current from 
the source is called the lead, and the one by which it flows back, the 
return. When wires are used for both lead and return, it is called a metallic 
circuit; when the ground is used for the return, it is called a grounded 
circuit. 

CENTRIFteAL 
PumP 

Ose 013 gr.,  

?tbs. 6,151 and 6,152.—Diagrams showing hydraulic analogy illustrating the difference be-
tween amperes and coulombs. If the current strength in fig. 6,152 be one ampere, the quan-
tity of electricity passing any point in the circuit per hour is 1 X60 X60=3,600 coulombs, 
The rate of current flow of one ampere in fig. 6.152 may be compared to the rate of dis-
charge of a pump as in fig. 6,151. A.senuning the pump to be of such size that it discharges 
a gallon per revolution and makes 60 revolutions per minute, the quantity of water discharged 
per hour (coulombs in fig. 6,152) is 1 X60 X60=3,600 gallons. Following the analogy 
further (in fig. 6,152), the pressure of one volt is required to force the electricity through 
the resistance of one ohm between the terminals A and B. In fig. 6,151, the belt must 
deliver sufficient power to the pump to overcome the friction (resistance), offered by the 
pipe and raise the water from the lower level A' to the higher level B'. The difference of 
pressure between A and B in the electric circuit corresponds to the difference of pressure 
between A' and B'. The cell furnishes the energy to move the current by maintaining a 
difference of pressure at its terminals C and D: similarly, the belt delivers energy to rais, 
the wake-
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Vms. 6,153 and 6.154.—Courane de Tasses and Volta" pile, the first of all batteries (1500). 
The Courone de tasses (crown of cups) was a battery of simple cells in series. Each cell 
was composed of a plate of silver or copper and one of zinc immersed in brine. Volta's pile 
consisted of a series of alternate discs of zinc and copper, separated by moistened felt. Sur-
prising results were obtained with this pile. 

OHMS LAW 
ELECTROMOTIVE FORCE 

CURRENT = RESISTANCE 

E VOLTS - I =— AMPERES 
R OHMS 

ELECTROMOTIVE FORCE 

RESISTANCE •.—••• CURRENT 

VOLTS—  , E R= —T" OHMS 
I AMPERES 

ELECTROMOTIVE FORCE = 
CURRENT X RESISTANCE 

E= I R VOLTS- AMPERES X OHMS 
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A volt is that pressure which produces a current of one ampere 
against a resistance of one ohm. 

An ampere is the current produced by one volt in a circuit 
having a resistance of one ohm. It is that quantity of electricity 

which will deposit .001118 gram of silver per second. 

A coulomb is one ampere flowing for one second. 

Rule 4.— OHM'S LAW. In a given circuit, the amount of current is 
amperes is equal to the pressure in volts divided by the resistame in ohms, truct is: 

pressure volts 
current —  or ampe.es (I) 

resistance ' resistance•   

from which 

volts = amperes X resistance; resistance —  volts  
amperes 

Equation (1) may be expressed by symbols, thus: 

in which 

I = current strength in amperes, 
E = pressure in volts, 
R = resistance in ohms. 

from (2) is derived the following: 

E IR  (3) 

E 
R —  (4) 

Example.—A circuit having a resistance of 5 ohms is under a pressure 
of 110 volts. How much current will flow? 

From Ohm's law, amperes = volts 4- resistance (equation 2) = 110 ÷ 
5 = 22 amperes. 

Example.—If the resistance of a circuit be 10 ohms, what voltage ir 
lecessary for a flow of 20 amperes? 

From Ohm's law, volts = amperes X resistance (equation 31 
X 10 = 20C volts. 

Example.—nn a 110 volt circuit what resistance is necessary to obtain 
a flow of 15 amperes? 
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From Ohm's law, resistance = volts ÷ amperes (equation 4) 116 
÷ 15 = 7Yg ohms. 

3. Magnetic Electricity 
The latest theory of magnetism, well supported by facts, 

IRON FILINGS 

CARD 

MAGNETIC 
FIELD MERIDIAN 

Pic 6,155.—Ordinary horse shoe magnet with iron filings showing magneto field. 

Fr( 6,156.—Electromagnetic field surrounding a conductor with current flowing. 
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Io. 6,157.—Electrostatic field about aerial 
presaurea t pack d;..charwt.. 

6,158.—Strains in the ether. 
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assumes that the molecules of a magnetic substance are minute 
magnets by nature, each having two poles. 

In a bar magnet, each molecule at the two ends may be supposed to 
have the attraction of its inward pointing pole neutralized more strongly 
than that of the outward pointing pole, which, therefore, is free to attract 
other bodies. 

6.159.—The wire telegraph. FIG. 6.160.—The wireless telegraph. 

Rule 5.—Like poles repel, unlike poles attract each other. 

A close relation exists between magnetism. Oersted, a Danish inves-
tigator, in 1819, announced that a compass needle is disturbed by the neigh-
borhood of an electric turrent. If the wire through which the current flows 
be held above and parallel to the needle, the needle tends to set itself 
at right angles to the wire. The lines of this electromagnetic force must 
necessarily be concentric circles around the wire, as was shown in fig. 6,105. 

ALRIAL NIli 

SUR A OF T It EARTH OSCILLATOR 

6ROUribtD- TIRIVIAL 

6,161.—Fessenden sliding halt waves; theory based on i,, experiment made hv Herts. 
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4. Radio Electricity 
In wireless work the electric waves representing the messages 

are transmitted, or propagated, from the sending station to 
the receiving station through the ether, the latter performing 
the same functions as the wire does in ordinaiy telegraphy and 

telephony as in figs. 6,159 and 6,160. 

eautiiierítilcilk- • -:--
--" .; I •.. "••\".,‘ I 
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• 
PEG. 6,162.—Conductivity method of wireless telegraphy; earth the medium. Steinheil of 
Bavaria discovered that the earth could be utilized in place of the usual return conductor 
of a wire telegraph line as here shown. By placing earth plates p 9' and P, P' connected 
together and havinga galvanometer in circuit parallel with the first, which included a bat-
tery and a key, Steinheil found that there was enough leakage of current from one to the 
other to deflect the needles of the galvanometer. The dotted lines represent current in the 
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CHAPTER 2 

Primary Cells 
Production of the Current.—To produce current electricity 

it is only necessary to immerse a piece of zinc and a piece of 

.........=_IP 
. . 

'7.7z 

IIi 
'  
I 

I I 

NEGATIVE 
POSITIVE POLE 
POLE 

NEGATIVE POSITIVE 
ELEMENT i ELEMENT 

COPPER ZINC 

PIG. 6,163.—Simple primary cell. It consists of two dissimilar metal plates (such as copper 
and zinc which are called the elements) immersed in the electrolyte or exciting fluid contained 
in the glass jar. 

6.164.—Simple primary cell illustrating the terms poles and elements. Carefully note 
that the negative element has a positive pole, and the positive element a negative Pole. 

copper or carbon in an acid or salt solution called the electrolyte, 
thus forming a primary cell as in figs. 6,163 and 6,164. 

If the copper and zinc electrodes be connected with a wire, a current 
will flow from the copper to the zinc, the copper being positively charged 
and the zinc negatively charged, although inside the cell the action is 
reversed, the current flowing from the zinc to the copper, as shown in fig. 3,164, 

Primary cells may be classed: 1, according to their chemical features as, 
a, one fluid, and b, two fluid, and 2, according to service, as, a, open cir-
cuit, for intermittent work, and b, closed circuit; for furnishing current 
continuously as in telegraphy. 
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GLASS 
TUBE 

5-C 
SALT 

ZINC 

ARSON 

Pres. 8,185 to 8,173.—Various primary, cells. Fig. 8,185, carbon cell; fig. 6,168, Disque 
Leclanche cell (single fluid with solid depolarizer); fig. 8,187. Fuller telephone standard cell 
(adapted to long distance telephoning); fig. 8,188, Edison single fluid cell (caustic soda 
electrolyte; suitable for ignition and R R. signal work); fig. 6,169, Grenet cell (suitable 
for experimental work); fig. 6,170. Bunsen two fluid cell (suitable for experimental work); 
fig. 8,171, Daniell gravity "crow foot" pattern two fluid cell (gravity instead of a 
porous cup is depended upon to keep the liquids separate; suitable for closed circuit work); 
fig. 8,172, Partz acid gravity cell with diciolarizer (the effective depolarizer permits both 
open and closed circuit work); fig. 6.173, Wheelock cell (carbon and zinc •ilements). 



20 PRIMARY CELLS 

one fluid cells both metal plates are immersed in the same solution. 

In two fluid cells each metal plate is immersed in a separate solution, 
one of which is contained in a porous CUD which is immersed in the other 
liquid. 

Polarization.—In the operation of the simple primary cell 
hydrogen is formed. 

Some bubbles of the gas rise to the surface of the electrolyte and so 
escape into the air, but much of it clings So the surface of the copper element 
which thus gradually becomes covered with a thin film of hydrogen, thus partly 

Dry Battery, 

ems. 8.174 and 8,175.—Round and rectangular types of the so called "dry" cell. 

because the effective plate area is decreased and partly because the hydro-
gen tends to set up a reverse current, the output is considerably diminished 
and the cell is said to be polarized. Because of this, some cells are pro-
vided with a depolarizer, or substance, which prevents polarization by 
combining with the hydrogen. 

So called "Dry" Cells.—A dry cell is composed of two 
elements, usually zinc and carbon, and a liquid electrolyte. 
A zinc cup closed at the bottom and open at the top forms the 
negative electrode; this is lined with several layers of blottinp 
paper or other absorbing material. 
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FIG. 6,176.—Polarity indicator. It indicates 
the negative and positive poles when con-
nected in circuit. 

FIG. 6,177.—Students demonst ration battery. 
An excellent battery for studying the laws 
of the voltaic cell, such as internal resist-
ance, effects of amalgamating the zinc, use 
of various solutions, etc. With a complete 
set of elements the various forms of batteries 
in common use are readily assembled, 
namely; Simple voltaic, Bunsen, Grenet, 
Daniell gravity and LeClanche. The cap 
which fits the glass tumbler is made of por-
celain, which is acid proof and will not warp. 
The clamps will hold either flat or round ele-
ments and, as they are attached to the cap by a 
swivel joint, the distance between the elements 
can be varied at will. The clamps are insulated 
from each other so that there can be no short 
circuit between the elements. The elements can 
be removed without disconnecting the lead wires. 

BATTERY DIRECTIONS 
Arnalgamating.—A good method for amalga-

mating the zinc element is to dip it into acid, then 
pour a few drops of mercury on the surface and 
rub in with a piece of cloth attached to a stick. 
This is perhaps the best and quickest method 
although the most expensive. 

Amalgamating Fluid.—Two-ounces mercury, 1 ounce aqua regia, 10 ounces water 
Dip zinc into solution and then wash with water. No need of brush or rag. 

LeClanche Ce11.—Place 6 ounces ammonium chloride into jar and fill with water to two-
thirds its capacity. Stir well until the salt is entirely dissolved. Place elements with zinc 
outside porous cup as illustrated. 

Carbon Cylinder CelL—Directions furnished under LeClanche cell apply to this type of 
cell, except that zinc rod is placed inside carbon cylinder. 

Samson Ce11.—Directions furnished under carbon cylinder cell apply to this type of cell, 
Grove Cell.—Outer cell contains amalgamated zinc plate dipping into dilute sulphuric 

acid (by weight 10 parts water to 1 part acid). In inner porous cup, a piece of platinum dips 
into nitric acid of full strength. Cbnoxious nitrogen oxide fumes may be suppressed in a large 
measure by the addition of a small quantity of potassium dichromate. 

Bunsen Cell.—This cell is merely a modification of the Grove cell, in which the expensive 
platinum is replaced by an electrode of gas carbon. 

In both the Grove and Bunsen cells the nitric acid may be replaced by a chromic acid 
solution. 

Grenet Cell.—In this cell the zinc plate between two carbon plates dips into a chromic 
acid solution (see below). When this cell is exhausted, the rich reddish color of chromic acid 
will be replaced by a muddy dark green color. 

Chromic Acid Solution.—There are many different formula, but the most convenient 
method of making a generally useful acid is by simply dissolving prepared chromic acid salt 
in water. A useful formula is, 30 parts sodium dichromate, 100 parts water and 23 parts 
sulphuric acid (sp. gr. 1.845) all by weight. 

Plunge Battery.—Elements and directions under Grenet type apply to this type of battery 
Daniell Battery.—The zinc element is placed in a porous cup containing sulphuric acid 

CI part acid to 20 parts water, by weight). The copper element encircles a porous cup and dips 
into saturated solution copper sulphate, kept continually saturated by the addition of an ex-
cess of copper sulphate crystals on bottom of jar. Solution is more effective by addition of 
few cubic centimeters sulphuric acid. 
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The positive electrode consists of a carbon rod placed in the center of 
the cup; the space between is filled with carbon—ground coke and dioxide 
of manganese mixed with an absorbent material. This filling is moistened 
with a liquid, generally sal-ammoniac. 
The top of the cell is closed with pitch to prevent leakage and evapora-

tion. A binding post for holding the wire connections is attached to each 
electrode and each cell is placed m a paper box to prctect the zincs of adja-
cent cells from coming into contact with each other when finally con-
nected together to form a battery. 

ho. 3,178.---Series battery connection: The pressure between the (+) and (—) terminak 
of the bouery is equal to the produa of the voltage of a single tell multiplied by the number o, 
cells. 

Points Relating to Dry eells.—The following items shoul( 
be carefully noted: 

1.—Never accept dry cells from a dealer without testing them with you, 
own ammeter. 2.—Never use more cells in seres than is necessary to do 

6.179.—Multiple or parallel connection. The voltage is the same as that of a rimed call. 
but the current is equal to the amperage of a single cell multiplied by the number of cells. 

the work. 3.—Where there is vibration (as around gas engines) do not connect 
cell with heavy wire. 4.—If the cells be allowed to become moist or wet 
they will be ruined. 5.—Cells deteriorate with age, hence demand fresh 
cells, and do not fail to test them before buying. 8.—To strengthen weak 
cells in emeegency, punch small holes in cup. place in sal-ammoniac solution, 
allowing cell to absorb all it will take up; close holes with shellac, or solder, 

BATTERY DIRECTIONS—Continued 
Gravity Battery.—This type of battery is merely a form of Daniell cell, where the two 

solutions are kept separate by their difference in gravity. Place 2 pounds copper sulphate 
crystals in bottom of jar with copper element. Add clear water to fill the jar when elements are 
in position. Allow to stand for 2 hours, unless desired for use at once, in which case add 1 
ounce zinc sulphate to solution and suspend zinc over edge of jar when liquids are sufficiently 
separated. 

Fuller Cell.—Fill glass jar half full of chromic acid solution, place 1 teaspoonful mercury 
and 2 tablespoons full of common salt in the porous cup and fill with water to 1 inches of top. 
The carbon element containing the porous cup is then placed in the glass jar, the zinc is placed 
in the glass jar and the cover over it. The solution should fill the glass jar to within an inch 
of the top. 

Edison Ce1I—Dissolve contents of can of caustic soda in jar filled with water to mark. 
Insert the elements, taking care that the copper oxide plate is at least 1 inch below the our. 
facie of the liquid. Carefully pour contents of bottle of nil on sorface of solution. Oil excludes 
all air and keeps salts from forming. 



wipe and replace in cover. 7.—A dry cell whrn new should show s3,2 volts, and from 25 to 30 amperes. 
8.—An ammeter test should be made as quickly as possible. 9.—An idea of the condition of a cell can be 
obtained by taking one terminal wire and snapping it across the other terminal and noting the intensity of 

the spark. 

PIG. 6,180.—Simple Daniell cell 
for closed circuit work. To 
naaintain a constant current for 
an indefinite time, it is only 
necessary to maintain the 
supply of copper crystals and 
zinc. Directions for snak-
ing: The outer vessel A, con-
sits of a glass jar (an ordinary 
glass jam jar will dc) contain-
ing a solution of sulphuric 
acid (1 part in 12 to 20 parts 
of water), and a zinc rod h. 
Inside the jar is placed a por-
ous pot C, containing a strip 
of thin sheet copper D, and a 
saturated solution of sulphate 
of copper (also called "blue 
stone' and "blue vitrol"). 
The zinc is preferably of the 
Ieclanche form. 1 he porous 
pot should be dipped in melted 
paraffin wax, both top and 
bottom to prevent the solu-
tion mingling too freely and 
creeping." A few crystals 

of copper sulphate are place,. 
in the pot as shown. In 
mixing the sulphuric acid an.. 
water, the acid should be 
added lo the water—never the 
reverse. Zinc sulphate is 
sometimes used instead, as 
it reduces the wasteful con-
sumption of the zinc. but it 
should be pure. With care a 
cell will last for weeks. Wien 
it weakens or "runs down" 
an addition of sulphuric acid to 
the outer jar and a few more 
renew its energy. 

crystals placed in the porous pot will 

Battery Connections.—When 
two or more cells are connected 
together, the arrangement is called 
a battery; most people persist in 
erroneously calling a single cell a 

battery. Cells may be connected 
in several ways, as: 

1. In series. 
2. In parallel 
3. In series parallel. 

These methods of connecting cells are 
illustrated in the accompanying cuts. 

71o. 6,181.—Series parallel connection. The pies - 
sure equals the voltage of one cea, multiplied by She 
number of cells in one battery, and the amperage, 
that of one cell multiplied by the number of batteries. 
This form of connection is objectionable unless 
sIl the cells be of equal strength. 
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CHAPTER 3 

Conductors and 
Insulators 

A conductor is a substance which permits the flow of electricity 
especially one which conducts electricity with great ease. 

PIGS. 6,182 to 8,134.—Various covered wires. Fig. 8,182, single; fig. 8,133, duplex; fig. 8.184, 
automobile high tension cable. 

Conductors offer more or less resistance to the flow depending upon the 
material. Copper wire is generally used as it offers but little resistance. 

An insulator is a material (erroneously called non-conductor) 

which offers great resistance to the flow of the current 

There is, however, no substance so good a conductor as to be devoid of 
resistance, and no substance of such high resistance as to be a non-conductor. 

A conductor is said to be insulated when it is supported or insulated 
in such a way that it does not touch any other conductor and hence so that 
electricity cannot flow from it, 
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The series in the following table possess conducting power in different 
degrees in the order in which they stand, the most efficient conductor being 
first, and the most efficient insulator being last in the list, 

Good Fair Partial 
Conductors Conductors Conductors Insulators 

Silver 
Copper 
Aluminum 
Zinc 
Brass 
Platinum 
iron 
Nickel 
Tin 
Lead 

1111111111 

Charcoal and coke Water 
Carbon The body 
Plumbago Flame 
Acid solutions Linen 
Sea water Cotton 
Saline solutions Mahogany 
Metallic ores Pine 
Living vegetable Rosewood 

substances Lignum Vale 
Moist earth Teak 

Marble 

1111111111' 11111 11111' 

Slate 
Oils 
Porcelain 
Dry paper 
Silk 
Sealing wax 
Gutta percha 
Ebonite 
Mica 
Glass 
Dry air 

mole 
F os. 6,185 to 6 187.—Standard porcelain insulators. Rig. 6 185 tube type figs 6.188. and 

6,187, grooved insulators. 

Resistance and Conductivity.—A current of electricity 
slways flows in a conducting circuit when its ends are kept at 
different pressures in the same way that a current of water flows 
in a. pipe when a certain pressure is supplied. 
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The same electrical pressure does not, however, always produce a current 
of electricity of the same strength, nor does a certain pressure of water 
always produce a current of water of the same volume or quantity. In both 
cases the strength or volume of the currents is dependent not only upon the 
pressure applied, but also upon the resistance which the conducting circuit 
offers to the flow in the case of electricity, and on the friction (which may 
he expressed as resistance) which the pipe offers to the flow in the case of water. 

• 6.188.—Hydraulic analogy of resistance. The hydraulic pump here shown with its steam 
cylinder of very large diameter as compared with the water cylinder is capable of pumping 
water against great pressure, caused by something, as a valve nearly closed, placed in the 
path of the flowing water which opposes its flow and thus is the cause of the pressure pumped 
against. Similarly, a dynamo pumps electricity through a circuit which opposes more or 
leu its flow, this opposition being called resistance. 

Resistance is that property of a substance that opposes the flow 
of an electric current through it. 

The unit of resistance is the ohm already defined. The inverse of resis-
tance is known as conductance or conductivity. That is if a conductor have 
a resistance of R ohms, its conductivity is equal to 1 .4- R. 

HIGH 
POTENTIAL 

VOLTMETER INDICATE 
DIFFERENCE OF 
POTENTIAL IN VOLTS 

WATER LOW POTENTIAL > LOW POTENTIAL\  
1147-m, 

--GROUND \t' 

FIGS. 6,189 and 6,190.—Hydraulic analogy illustrating potential. When the pump is operated 
the water i for,ed up from a low level (low potential) to a high level (high potential) whence 

for the end of the pipe it falls-back-by gravity to the low level. Similarly, in fig. 
81.11.1e 3.f the dynamo forces up electricity from a low potential to a high potential by inter-
posing a resistance in the circuit passing through the resistance its potential falls to low 
potential. The author objects to the term "potential- as the simple word pressure is more 
easily understood. 

_ 

•-„,NIGH 
POTENTIAL 
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The unit of conductance is the mho, which is the conductance offered by 
a column of pure mercury 106.3 cm. long and 14.4521 grams in mass at 
the temperature of melting ice. 

Rule 6.—Resistance varies directly as the length of a conductor. 

Example.—If the resistance of 15 ft. of wire be 5 ohms, what iz the 
resistance of 1,000 ft. of the same wire? 

1 
resirta.nce 1,000 ft. of the wire = 5 X ,000 333q ohms 

Rule 7.—The resistance varies inversely as the cross section of a conductor. 

CENTRIFUGAL 
PUMP 

DYNAMO 

VERY LITTLE DROP 1,LIGHTI 
I LOAD  

LARGE CONDUCTOR. I 

/ 

Pics. 6,191 and 6,192.—Hydraulic analogy of conductivity. The direct connected centrifugal 
pump set (fig. 6,191) with its small engine and large pump suggests the pumping of a large 
volume of water against low pressure—easy flow. Similarly, in fig. 6,192, a dynamo 
having an external circuit of very large copper wires "pumps.' the electricity against very 
little resistance, thus a voltmeter connected as shown would show very little drop indicating 
high conductivity. Now if resistance wires were substituted for the copper wires, the volt-
meter would show a large drop indicating low conductivity. 

Example.—A conductor .01 sq. in. in cross sectional area has a resis-
tance of .075 ohm per ft What is the resistance of a conductor of the same 
material .04 sq. in. and one foot long? 

The ratio between the two areas is .04 ÷ .01 = 4, hence, since the resis-
tance varies inversely with the areas 

resistance of large wire = .075 4 .01875 

Conductivity or Conductance.—This is the inverse of 
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resistance. The term expresses the capability of a substance to 
conduct the electric current. 

Good conductors of heat are also good conductors of electricity. 

Specific Conductivity.—By definition this is the figure which 
indicates the relation between one substance and another as to 
their cápacity to conduct electricity. 

The following table gives the data for a few metals: 

6,1$13.—Divided circuit with two conductors in parallel. 

Specific resistance Specific 
Substance in microhms conductivity. 

Silver  1.609 100. 
Copper  1.642 96. 
Gold  2.154 74. 
Iron (soft)  9.827 16. 
Lead  19.847 8. 
German silver  21.470 7.5 
Mercury (liquid)  96.146 1.6 

Divided Circuits.—If a circuit be divided, as in fig. 6,193, 

into two branches R and R', the current will also be divided, 
part flowing through one branch and part through the other. 

Rule 8.—/n a divided circuit the relative strength of the current in the 
several branches is proportional to their conductioities. 
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Example.—If, in fig. 6,193, the resistance of R=10 ohms, and R' = 20 
ohms, the current through R, will be to the current through R', as Vio is to 
1/20; or. as 2:1, or, in other words, 2/i of the total current will pass through R, 
and 1/2 through 12'. The ¡oint resistance of the two branches will be 
less than the resistance of either branch singly, because the current has 
increased facilities for travel. In fact, the joint conductivity will be the 
sum of the two separate conductivities. 

Taking again the resistance of R = 10 ohms and R' = 20 ohms, the joint 
conductivity is 

1 + 1 3 
19 iÔ 20 

and the joint resistance is equal to the reciprocal of 2/u or 6 2/8. 

6,194.—Hydraulic analogy for divided circuits. In the system of pipes shown, water 
flows from A B to CD through the six vertical pipes 1 to 6, the greatest amount going through 
the one which offers the least resistance. The electrical circuit presents the same conditions. 
the greater the number of parallel connections (corresponding to the pipes 1 to 6) the less 
is the resistance encountered by the current. 

Example.—A current of 42 amperes flows through three conductors in 
parallel of 5, 10 and 20 ohms resistance respectively. Find th.s current in 
each conductor. 

joint conductance = -1— + I -I-
5 10 20 20 

Supposing the current to be divided into 7 parts, 4 of these parts would 
flow m the first conductor, 2 in the second and 1 in the third. 

The whole current is 42 amperes. 

2/7 of 42 = 24 Current in first conductor = 24 amperes. 
2/7 of 42 = 12 " second " = 12 " Ans 
16 Of 42 N. 6 id " third 41 6 if 
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CHAPTER 4 

Electrical 
and Mechanical Energy 
The production of electricity is simply a transformation of 

energy from one form into another. 

The electrical unit of work is the volt coulomb and is equal to amount of 
work performed w'zen one ampere of current flows for one second in a 
circuit whose resistance s one ohm, when the pressure is one volt. 

The Ampere-Hout.—A gallon of water may be drawn from 

a hydrant in a minute or in an hour; it is still one gallon. So 
in electricity, a given amount of the current, say one coulomb, 
may be obtained in a second or in an hour. 

The ampere is the unit rate of flow, that is 

one ampere = one coulomb per second 

For commercial purposes the ampere hour which is a larger unit of elec-
trical quantity than the coulomb is used. An ampere hbur is the quantity 
of electricity passed by one ampere of current in one hour, or its equivalent, 
that is, since one 

ampere = one coulomb X one second, and one hour = 60 X 60 = 3,600 sec. 

one ampere hour = 1 ampere X 3,60C seconds 
= 60 amperes X 60 seconds 
= 3,600 amperes X 1 second 

which means that one ampere hour = one ampere flowing one hour, or 
60 amperes flowing one minute, or 3,600 amperes flowing one second, or 
any other equivalent. 



ENERGY 31 

Example.—It is sometitnes estimated that the quantity of electricity 
in a flash of lightning is 1/1, coulomb, and the duration of the discharge 

part of a seœnd. What is the current in amperes? 
/COOP 

Now since 
coulombs = amperes X seconds. (1) 

solving (1) for the current, 
coulombs 

amperes - — 
seconds 

substituting the given values in (2), 

1/10 
amperes = 2,000 

ID. .00 

(2) 

Watts and Kilowatts.—One watt is tne power due to a 
current of one ampere flowing at a pressure of one volt. 

That is, one watt = one ampere X one volt 
= (one coulomb X one second) X one volt 
= (one coulomb X one volt) X one seconei 

and since one joule is the amount of work done when one coulomb of elec-
tricity flows under a pressure of one volt, 

one watt = one joule per second 

Since the watt is too small a unit for convenience in some commercial 
ratings, as for instance the output ratings of dynamos, motors, etc., a 
thousand watts or one kilowatt (abbreviated kw. is used), thus a 50,000 
watt dynamo is called a 50 kw. dynamo. 

The Watt Hour.—This unit represents cue amount of work 
zone by an electric current of one ampere strength flowing for one 
tour under a pressure of one volt; that is, 

• One watt hour=One ampere X one hour X one volt; 
=3,600 coulombs X one volt. 

Example.—An incandescent lamp taking one-half an ampere of current 
on a circuit having a pressure of 100 volts, or a lamp taking one ampere on 
a circuit having a pressure of 50 volts, would each be consuming 511 watts of 
energy, and this multiplied by the number of hours would evr the total 
number of watt-hours for any definite time. 

Electrical Horse Power--One watt is equivalent to one 
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joule per second or 60 joules per minute. One joule in turn. 
is equivaisnt to .7374 ft. lbs., hence 60. joules equal: 

60X .7374=-44.244 ft. lbs. 

Since one horse power --- 33,000 ft. lbs, per 4grigte, the elecs 
trice equivaleot of one horse power is 

33,000+44.244=746 watts. 

Pm. 6,105.—Callendar's mechanical equivalent of heat apparatus (Central Scientific Co.) 
With this apparatus a lecturer can obtain in about ten minutes in the presence of a class a 
students, a value of "J" correct to 34 per cent. Joules experiments 1843-50, gave the figure 
772, known as "Joules equivalent," snore recent experiment by Prof. Rowland (1880) and 
others give high : 778 is generally accepted. Marks and Davis value is 777.54 ft. 110. 

or, 
746 

= .746 kilowatts 
1,000 

Again one kilowatt (kw.) or 1,000 watts is equivalent to 

,099 + 746 l..34 horse power. 
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Heat.—By definition, heat is a form of energy. Heat is 

produced in the agitation of the molecules of matter—the 
energy expended in agitating these molecules is transformed into 
heat. 

Heat is measured in calories or British thermal units (abbreviated B.t.u.). 

A calorie is the amount of heat necessary to raise the temperature of one 
gram of water from 0° to 1° Centigrade; sometimes called the smaller calorie 
or therm. 

A British thermal unit (B.I.u.) is j of the heat required to raise 1 lb. of 
water from 32° to 212° Fahr. (Marks and Davis.) 

The calorie is used for calculation in Physics and the British thermal 
unit fcn. commercial calculation. 
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CHAPTER 5 

Current Effects 
Electricity being an invisible agent, known only by its effects, 

it is important to note these effects. They are: 

1. Thermal effect. 3. Chemical effect. 
2. Magnetic effect. 4. Mechanical effect. 

Thermal Effect.—The conductor along which the current 

»7e/ 
7<,/,,,///;,'4 

Pm. 6,198.—Lenz's apparatus for measuring the heat given off by an electric current. It 
consisted of a wide mouthed stoppered bottle fixed upside down, with its stopper, b in a 
wooden box; the stopper was perforated so as to give passage to two thick platinum wires, 
connected at one end with binding screws, s, while their free ends were provided with plati-
num cones by which the wires under investigation could be readily affixed; the vessel con-
tained alcohol, the temperature of which was indicated by a thermometer fitted in a cork. 

PIG. 8,I97.—The Seebeck effect: If, in a complete metallic circuit having junctions of dis-
similar metals, the junctions be at different temperatures, then a steady current will flow in 
the circuit as long as the differences of the temperatures of the junction is maintained. To 
demonstrate this, a piece of copper K, bent in the shape seen in the figure, was placed an 
• block oi bismuth AB, carrying a pivored magnetic needle NS. As soon as the equality 
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flows becomes heated. The rise of temperature may be small or 

great according to circumstances, but some heat is always 
produced. 

Rule 9.—JOULE'S LAW:—The heat generated in a conductor 
by an electric current is proportional to: 1, the resistance of the 
conductor, 2, the time during which the current flows, and 3, the 
square of the strength of the current. 

Case I.—Volts given. 

The quantity of heat in calories may be calculated by use of the equation, 

calories per second = volts X amperes X 24* (1) 

The total number of calories developed in a given interval of time is 
found by the equation, 

heat = volts X amperes X seconds X .24 (2, 

Exampte.—If a current of 10 amperes flow in a wire whose terminals are 
at a pressure difference of 12 volts, how much heat will be developed in 5 
minutes? 

Substituting in equation (2): 

10 X 12 X (60 X 5) X .24 = 8,640 calories 

Case II.—Volts not given. 

Since by Ohm's law the pressure difference, or 

volts = amperes X ohms 

Substituting in equation (2) 

heat = amperes IX ohms X seconds X .24  . (31 

YLG. 6, l)6.—Text continued. 

inserted is a hole made in the bottom of the vessel. The current was passed through the 
platinum wires, and its strength measured by means of a galvanometer interposed in the 
circuit. 

6,197.—Text continued. 

of temperatures was altered by either heating or cooling one of the junctions of the two 
metals, the needle indicated a current which continued to flow as long as the difference uf 
temperature was maintained at the junctions. 

eNOTE.—Heat amounting to .24 calorie eauals the work represented by on, joule. 
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Example.—An incandescent lamp of 150 ohms resistance uses one ampere, 
How much heat does it give off in one half hour in calories and in B.t.u.? 

Substituting in (3) 

heat = 12 X 150 X (60 X 30) = 64,800 calories 

and since 1 calorie =- 3.968 B.t.u., 

heat = 64,800 X 3.968 = 257,126 B.t.u. 

Heat Produces Electricity.—When a rod, say of bismuth is 
soldered, end to end, to a rod of antimony, and the two free ends 
are connected to a wire, then when the junction is heated, a 

Pte. 6,198.—Magnetic field surrounding a wire in which a current is flowing. The magnetic 
field consists of lines of force which are circles concentric with the wire as indicated by 
compass which will point in a direction perpendicular to the -adius joining the compass and 
wire. 

current will flow through the whole circuit in the direction from 
bismuth to antimony. If the junction be cooled, the current 
will flow from antimony to bismuth. 

Again, if a current be sent through such a rod in the direction from bis-
muth to antimony, the junction becomes cooled; when from antimony to 
bismuth, the junction is heated. Two dissimilar metals soldered together is 
called a thermo-electric couple. 

Magnetic Effect.—The space both outside and inside the 
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substance of the conductor, but more especially the former, 
becomes a "magnetic field" in which delicately pivoted or sus-
pended magnetic needles will take up definite positions and 
magnetic materials will become magnetized. 

Chemical Effect.—If the conductor be a liquid which is a 
chemical compound of a certain class called electrolytes, the liquid 
will be decomposed at the places where the current enters and 
Je,aves it. 

CELL 

ELECTROLYTE - 

NEGATIVE ELECTRODE 
OR CATHODE 

POSITIVE ELECTRODE 
OR ANODE 

6,199.—Electrolyte cell showing essential parts. 

Rule 10.—GROTTHUSS' THEORY (announced in 1806). The mole-
cules in an electrolyte have their individual electro-positive and electro-negglitlf 
atoms charged positively and negatively respectively. 

Faraday stated several laws of electrolysis as follows: 

Rule 11.—LAW NO. 1.—The quantity of an ion liberated in a given time 
is proportional to the quantity of electricity that has passed through the volta-
meter* in that time. 

Rule 12.—LAW NO. 2.—The quantity of an ion liberated in a voltameter 
is proportional to the electro-chemical equivalent of the ion. 

Rule 13.-4AW NO. 3.—The quantity of an ion liberated is equal to the 
aggro-chemical equipglent of the ion multiplied by the total quantity of elec-
trieity t/.164 41T 



38 CURRENT EFFECTS 

Mechanical Effect—Like poles repel each other and unlike 
poles attract each other, thus producing mechanical movement. 
Upon these phenomena depend the operation of motors, dyna 
mos and most other electrical apparatus. 

(1)(11)41)41DOD 

Pm. 6,200.—Electrolytic cell, illustrating Grotthuss' theory. In an ordinary liquid, for instance 
iv water, the molecules are arranged in litTerently, like row 1, with their positive and negative 
ends pointing in all directions. When the charged plates A and B connected to the and — 
poles of a battery are inserted in the water, the molecules turn as shown in row 2, so that all 
the hydrogen or shaded ends (+) are turned towards the (—) plate B and all the oxygen or 
unshaded ends (-1 towards the (+) plate A. All along the row the electrical forces are 
supposed to tear the molecules asunder, depositing H, on B. and 0, on A. The atoms in the 
middle of the rquid, however, recombine, for the hydrogen atoms in their journey towards B, 
meet the oxygen atoms traveling in the opposite direction, and we get the state of affairs 
represented in row 3. The next step is to rotate once more the atoms into the positions 
shown in row 2, and so on. In this way the theory accounts for the products only appearing 
e+ .he elect, vies and not in the body of the liquid. 

Plos. 6,201 and 6,202.—Mechanical effect of the current: Like poles repel each other; unlik• 
poles attract each other. 
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Pie. 6,203.—Galvani's experiment upon frogs legs illustrating 
muscular contractions. It was discovered in 1678 that 
when a portion of a muscle of a frog's leg, hanging by a thread 
of nerve bound with a silver wire, was held over a copper 
support so that both nerve and wire touched the copper. 
the muscle immediately contracted. 

6,201.—Decomposition of water by electrolyses. Pill 
apparatus with acidulated water through central tube allow-
ing air to escape through cocks S and S'. Now if terminal 
T, be attached to the positive and T'. to the negative pole of 
a suitable battery, bubbles of gas will be observed to rise from 
the plates P and P', and finding their way to the top of the re-
spective tubes, will displace the liquid, which will be driven 
into the open central tube. The gas rising from the anode 

P. is oxygen (0), and that rising from the kathode P', is hydrogen (H). If the tubes be 
graduated, the latter will be found to occupy about twice the volume of the former. The 
Proportion is theoretically 2 to 1. 

POROUS PARTITION 
NIGHER 
LEVEL 

= =•••=•=' 

—  

Oil, 

FIG. 6,205.—Electrolyte cell with porous partition illustrating electric osmosis. Porret 
observed that if a strong current be led into certain liquids, a porous partition being placed 
between the electrodes, the liquid is carried by the current through the porous partition, 
until it is forced up to a higher level on one side than on the other. This electric action is 
most pronounced when the experiment is made with liquids, which are poor conductors 
Th. movement of the liquid takes place in the eirection of the current. 
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CHAPTER 6 

Magnetism 
Nobody knows what magnetism really is, but the latest and 

generally accepted theory assumes that the molecules of a magnetic 
substance are minute magnets by nature, each having two poles. 

A magnet has two kinds of magnetism residing in the ends of the magnet. 
These ends are called the poles. These poles are distinguished as north 
and south, because if the magnet were suspended by a thread or balanced 
on a pivot free to turn, the north pole would point approximately to the 
earth's geographical north, while the south pole would point approximately 
to the earth's geographical south. The north pole is the positsve (+1 pole 
and the south pole the negative (—) pole. 

l 01111111M0 

mortnni 

Pics. 6,206 6,206 and 6,207.—Simple bar magnet and horse shoe magnet with keeper. These are known 
u permanent magnets in distinction from electro-magnets. The horse shoe magnet will 
attract more than the bar magnet because both poles act together. A piece of soft iron. 
or keeper is placed across the ends of a horse shoe magnet to assist in preventing the loss ot 
magnetism. 

Flo. 6 .208.—Magnetic polee.—If a bar magnet be plunged into iron filings and then lifted.» 
illustrated in the figure, a mass of filings will cling to the ends of the magnet but not to 
the middle. The ends are called the poles of the magnet. 
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tem. 6,209 and 6.210.—Experiment illustrating the molecular theory of magnetism. Coarse 
steel filings are placed inside a small glass tube and the contents magnetized. It will be found 
that filings which at first had no definite arrangement will rearrange themselves under 
the influence of magnetic force, and assume symmetrical positions, each one lying in line 
with, or parallel tv its iivighbor, as shown in fig. 6.210 

6.211.—Badly magnetized bar. If an abnormal magnet with more than two polea be 
dipped into iron filings, the latter will adhere at places other than the two ends, as shown. 
The polarities are alternately N a ad S; that is, the regions N, B, N, have north polarity, 
while A and C, have south polarity. These are known as consequent poles. 

PIGS. 6,212 and 6,213.—Horizontal magnetic needle and magnetic "dip" needle. The horizon-
tal needle indicates the magnetic meridian, and the dip needle indicates the angle which the 
lines of force make with the horizontal. In the northern hemisphere the N pole of the needle 
is deptessed, in the southern hemisphere the S pole is similarly affected. 
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PIGS. 6,214 to 6,220.—Effect of breaking a magnet into several parts. Each part will be found 

to be a complete magnet having an N and S pole. The sub-division may be continued in-
definitely, but always with the same result. This is evidence of the correctness of the mole-
cular theory of magnetism, which states that the molecules of a magnet are themselves nu mat 
magnets arranged in rows with their opposite potes in contact. 

Pic. 6,221.—Tracing lines of force. If a small magnetic needle, suspended by a thread, bi 
held near a magnet, i will point in some fixed direction depending on the proximity of the 
poles of the magnet. 

6.222.—Simple compass. It consists of a magnetic needle resting on a steel pivot. 
protected by a brass case covered with glass and a graduated circle marked with the letters 
N, E, S, W, to indicate the cardinal points, ab is a lever which protects the needle when out 

use by pushing it against the glass when the button d, is pressed. 



MAGNETISM 43 

Magnetic Field.—This comprises the region around a magnet 
through which magnetic forces act. 

The magnetic field is said to be composed of lines of force; these lines are 
of circular form. The field is most intense near the poles of the magnet, 
becoming weaker and weaker as the distance from the magnet is increased 
until they finally disappear. 

Magnetic Force.—This 
is the force with which a 
magnet attracts or repels on 
the magnet another piece of 
iron or steel. 

Rule 14.—Like magnetic 
poles repel one another; unlike 
magnetic poles attract one another. 

Rule 15.—The force exerted 
between two magnetic poles varies 
inversely as the square of the 
distance between them. 

PIG. 6,223.— The Magnetic Field.—This may be represented graphically by sprinkling Iron 
filings on a cardboard placed over a magnet and shaking the card. These will place 
themselves in curves reaching from pole to pole, these curves being called lines of force, add 
the space in which a magnet may create such lines is called the magnetic field. 

Pm. 8.224 and 8.225.—Mutual action of poles: 1, unlike poles attract each other (fig. 
8.224); Wee gotes repel each other (Fig. 6,223). 
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FIG. 6,226.—Oersteds discovery. In 1820 Hans Christian Oersted (1777-1851), found that 
a magnetized needle was affected by the action of an electric current. In 1813 Oersted stated: 
"It must be determined whether electricity in its most latent state has any action upon the 
magnet as such." Oersted found that the magnetic property of the current did not depend 
upon the kind or form of metal he employed and that the magnetic needle would be deflected 
by using any conductor, even a litre of mercury being effectual, the only difference being 
in the quantity of effect produced, and the results were obtained even if the conductor be 
interrupted by water, unless the interruption be of great extent. 

FIG. 6,227.—Schweigger's experiment, showingeffect of several turns of wire. In 1821 Schweiz-
ger placed a compass needle in the center of a parallelogram and wound several turns of wire 
around it, as shown, each turn being insulated. Movable magnet galvanometers utilise 
the principle of Schweigger's apparatus for their operation. Schweigger's apparatus was 
called Schweigger% multiplier. 
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Magnetic Circuit.—The path taken by the magnetic lines of 
force is called the magnetic circuit; the greater part of such a circuit 
is usually in magnetic material, but there are often one or more 
air gaps included. 
The following definitions should be carefully noted: 

Magnetic Flux.—The total number of lines of force in the magnetic circuit 

Reluctance.—The resistance offered to the magnetic flux by the substance 

magnetized; magnetic resistance. It is equal to the ratio of the magnetic 
force to the magnetic flux. 

Oereted.—The unit of reluctance being the reluctance offered by a cubic 
centimeter of vacuum. 

REPELLING 
FORCE 

ATTRACTING 
FORCE 

ATTRACTING 
FORCE 

Pies. 6,229 and 6,229.—Mutual effect of like and unlike poles; like poles repel each other; wailed 
poles attract each other 

Maxwell.—The amount of magnetism passing through every square centi-
meter of a field of unit density. 

*Gauss.—The intensity of field which acts on a unit pole with a force of 
one dyne. It is equal to one line of force per square centimeter. 

Magnetic Effect of the Current.—Much is due to Hans 
Christian Oersted, who made numerous experiments in mag-
netism. 

Rule 16.-0ERSTED'S DISCOVERY—A magnet tends to set itself at 
right angles to a wire carrying an electric current. 

Oersted also found that the way in which the needle turns, whether 

NOTE —flans Christian Oersted, born 1777, died 1851, the Danish physicist, was noted 
for his experiments on the magnetic needle with the electric current. 

'NOTE.—Karl Friedrich Gauss, born 1777, died 1855. He was a German inatheana• 
tician, founder of the mathematical them", of electricity and inventor of the bifilar magneto-
meter. The unit gauss was named after him. 



ts MAGNETISM 

AGS. 6,230 and 6,231—Ampere's experiments. Following Oersted's discovery, Ampere 
began his investigations. He reversed Oersted's experiment (fig. 6,230) and showed the 
action of a magnet on a movable circuit by is of a rectangular movable frame sus-
pended from mercury cups. When a magnet s placed near this frame and current is flow-
mg, the frame will be attracted by the magnet. Another experiment performed by Ampere 
was with a solenoid wip,se ends were attached to copper and zinc electrodes immersed in 
an acid solution thus forming a cell as in fig. 6,231. When suspended as shown one end of 
the solenoid w;11 be attncte by a magnet. 
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to the right or left of its usual position, depends: 1, upon the position e 
the wire that carries the current, whether it be above or below the needle, 
and 2, on the direction in which the current flows through the wire. 

Rule 17.—CORKSCREW RULE—If the direction of travel of a righi 
handed corkscrew represent the direction of the current in a straight con-
ductor, the direction of rotation of the corkscrew will represent the direction oj 
the magnetic lines of force. 

BEFORE 

s"?:eget °Q1)e° '''eee' glee 
Ne av'te te te 

"•• • •••• • 

PIGS. 6,232 and 6,233.—Arrangement of molecules in iron bar before and af.er magnetization 
pccording to the generally accepted theory. 

• 

o 

F/G. 6,234.—Graphic of Maxwell's "corkscrew" rule. If a current 
flow through the wire ab in the direction from a to b, the magnetic lines 
will encircle the wire in the direction of the curved arrow ro which show: 
the direction in which the corkscrew must be turned to advance in the 
direction of the arrow a. 

FIG. 6.235.—Right hand rule for direction of 
magnetic field around a conductor carrying a 
current. The thumb of the right hand is placed 
along he conductor, pointing in the direction in 
which the current is flowing, then, if the,fingers 
be partly closed, as shown in the illustration, the 
finger tips will point in Vie direction of the 
magnetic whirls. 
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Rule 18.—RIGHT HAND RULE—The thumb of the right hand is placed 
along the conductor, pointing in the direction in which the current is flowing 
—then, if the fingers be partly closed, the finger tips will point in the direction 
of the magnetic whirls. 

Rule 19.—AMPERE'S RULE—Suppose yourself to be in the wire, 
floating with the current and facing the needle; its north pole will turn toward 
your left hand. 

?We. 6,236 and 6,237.—Amperes left hand rule: Suppose a man swimming in the wire with 
the current, and that he turn so as to face the needle, then the N.-seeking pole of the needle mill 
be deflected towards his left hand. 

direction in which the thumb points will indicate the 

6,239.—Lines of force of 
a circular loop. If a current 
flow through the loop in the 
direction indicated the lines 
of force both inside and 
outside the loop, will cross 
the plane of the loop at 
right angles, and all those 
which cross the loop on the 
inside will pass through the plane in one direc-
tion (downward in the figure), while all on the 
outside will return through the plane in the 
opposite direction. 

FIG. 6.238.—Right hand palm rule 
to determine the direction of th: 
magnetic field around a conductor 
carrying a current. Place the 
palm of the outstretched rig's! hand 
above and lo the right side of the 
wire with the fingers pointing ir. 
the direction of the current and the 
thumb extended at right angles, 
that is, pointing downward. Thc 

direction of the magnetic whirls. 
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Rule 20.—Magnetic lines of force tend to occupy a position in which they 
are parallel with each other and run in the same direction. 

Solenoids.—A solenoid consists of a spiral of conducting wire 
wound cylindrically so that, when an electric current passes 
through it, its turns are nearly equivalent to a succession of 

hu...i.240.— Magnetic field of a solenoid. If iron filings be sprinkled on the cardboard and 
• current passed through the solenoid, the character of the field is as indicated. 

N 

N POLE 

DIRECTION OF CURRENT 

Pm. 6,241.—Right hand palm rule to determine the direction of the magnetic field around • 
conductor car.-ying a current: Place the pains of the outstretched right hand above and to the 
right side of the wire with the fingers pointing in the direction of the current, that is, pointing 
downward, and the thumb extended at right angles. The direction in which the thumb points 

indicate the direction of the magnetic field. 
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parallel circular circuits, and it acquires magnetic properties 
similar to those of a bar magnet. 

Rule 21.—Upon the direction in which the current flows through a solenoid 
depends its polarity. 

The rule which follows is the most conveniently applied rule 
for polarity of solenoids. 

4'oerti 

Pics. 6,242 and 6.243.—Application of the clock rule for polarity of solenoids. It will toe 
noted that the polarity depends upon the direction of the current and the order of winding. 

FIG. 6,244.—Action of currents a. 
solenoids. To demonstrate this 
fact experimentally, a solenoid is 
constructed as shown, so that it 
can be suspended by two pivots 
in the cups a and c. The sole-
noid is then movable about a 
vertical axis, and if a rectilinear 
current QP , be passed beneath it, 
which at the same time traverses 
the wires of the solenoid, the 
latter is seen to turn and set at 
right angles to the lower current; 
that is, in such a position that 

its circuits are parallel to the fixed current; moreover, the current in the lower part of each 
of the circuits is in the same direction as in the rectilinear wire. If, instead of passing a 
rectilinear current below the solenoid, it be passed vertically on the side, an attraction or 
repulsion will take place, according as the two currents in the vertical wire, and in the near-
est part of the solenoid, are in the same or in contrary directions. 
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Rule 22.—RIGHT HAND RULE—If the solenoid be grasped in the 
right hand, so that the fingers point in the direction in which the current is 
flowing in the wires, the thumb extended will point in the direction of the 
north pole. 

Rule 23.—CLOCK RULE—For a person standing at the south pole of 
a solenoid, the current flows in the direction in which the hands of a clock 
turn, from the left over to the right; if he stand at the north pole, the 
current will flow counter clockwise. 

PERMEABILITY .•=e3i-

ems. 6,245 and 6,246.—Illustrating the effect of introducing an iron core into a solenoid. 
Few lines pass through the air core, while many pass through the iron core. The number 
of lines B. passing through a unit cross section of the iron core divided by the number of 
lines H, passing through a unit cross section of the air core is called the permeability and 
designated by the Greek letter 12. 

Permeability.—This is a measure of the ease with which 
magnetism passes through any substance. It is defined as: 

the ratio between the number of lines of force per unit area passing 
through a magnetizable substance, and the magnetizing force which 
produces them. 
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Rule 24.---The permeability of any piece of material increases with tlu 
increase of cross section and decreases with the increase of length. 

Magnetic Saturation.—For all practical purposes, magnetic 
saturation may be defined as: That point of magnetism where 
a very large increase in the magnetizing force does not produce any 

perceptible increase in the magnetization; that is, the state of a 

2 
FIGS. 8,247 to 6,249.—Ampere turns. By definition the ampere turns is equal to the 

product of the current passing through a coil multiplied by the number of turns in the coa. Thus, 
in fig. 6,247, ampere X1 turn = 1 ampere turn; in fig. 6,246, 5 amperes X2 turns 0 
ampere turns; in f.g. 6,249, 2 amperes X5 turns = 10 ampere turns. 

8,250.—Mutual action of solenoids. When two solenoids traversed by a current are 
allowed to act on each other, one of them being held in the hand and the other being mov-
able about a vertical axis, as shown in the figure, attraction and repulsion will take place 
just as in the case of two magnets (see figs. 8,224 and 6,225). 

magnet which has reached the highest practical degree of 
magnetization. 

Ampere Turns.—When a coil passes around a core several 
times, its magnetizing power is proportional both to the strength 
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of the current and to the number of turns in the coil. The' 
product of the current passing through the coil multiplied by the 
number of turns composing the coil is called the ampere turns. 

By experiment, one ampere turn produces 1.2566 units of magnetic 
pressure, hence: 

magnetic pressure = 1.2566 X turns X amperes 
The unit of magnetic pressure is the gilbert (named after William Gilbert,' 

the English physicist) and is equal to 
1+1.2566 ampere turn = .7958 ampere turn 

N TO 
BATTERY 

6,251 and 6,252.—Magnetic conditions inside and outside of a solenoid. If magnetic 
needles be placed inside and outside the solenoid as shown and a current be passed through 
the coil, it will be found that the magnetic force inside the coil is in a direction opposite to 
that outside the coil as indicated by the magnetic needles. 

Comparison of Electric and Magnetic Circuits.—The 
total number of magnetic lines of force, or magnetic flux, pro-

duced in any magnetic circuit will depend on the magnetic 
pressure (m.m.f.) acting on the circuit and the total reluctance 
of the circuit, just as the current in the electrical circuit depends 
upon the electrical pressure and the resistance of the circuit, that 

is: 

NOTE.—Wt Warn Gilbert, born 1540, died 1803. He was an English physicist, noted 
tor his experiments in magnetism, and for the publication in 1600 of his chief work "De Mag-
lute" which marked an epoch in the science of magnetism, and earned for its author the titi. 
Df the "founder of the science of magnetism and electricity." The praegical unit of truffle 
force (the cilhert) was named after him. 
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Electric circuit Magnetic circuit 

volts gilberts  
amperes =. maxwells 

ohms oersteds 

It should be noted that in the electric circuit, resistance causes heat to 
be generated and therefore energy to be wasted, but in the magnetic 
circuit reluctance does not involve any similar waste of energy. 

Rule 25.—The reluctance is directly proportional to tie length of the circuit 
and inversely proportional to its cross sectional area. 

6,263.-Hysteresis loop or curve showing how B, changes when 11, is periodically varied. In 
the figure H = number of lines of force per sq. cm. (strength of field) and B =number of lines 
of induction per sq. cm. If now H, be gradually diminished to zero, it is found that tlyt 
value of B , for any given value of H, is considerably greater when that value of H , was reached 
by decreasing H. from a higher value, than when the same value was reached by increasing 
II, from a lower value; that is, to say, the curve AC, when H, is decreased, is very different 
from the curve OA, when it is increased. Take for instance, the value H = 20. When this 
is reached by increasing H, from 0 to 20, the corresponding value of B is 5,100, but when 
it is reached by decreasing H, from 94 to 20, the value of B,is 12,200. It may be noted, too, 
that when H, is reduced to zero, B, still has a value OC, or 10,300, which is nearly three 
quarters the value it had when H, was 94. This induction is the "residual magnetism" 
mentioned already. In soft iron it will nearly all disappear on tapping, but without this 
it can also be removed by reversing the current in the magnetising coil, so as to demagnetise 
the iron. The curve shows that a demagnetising force of H = 23 is required to make B, zero 
at the point D. This force is called the coercive force of the iron, and measures the tenacity 
with which it holds the residual magnetism. As the magnetising force is still further in-
creased in reverse direction, the curve goes from D, to E. where the iron becomes saturated 
negatively. On gradually returning, H , to zero, the cut ve goes from B. to F, along a similar 
but opposite path to AC, OF, being again the residual magnetism. The magnetising force 
has now passed round a cycle from 0, to a positive value, back to 0, to a negative value, 
and again back to 0, and if this cycle be repeated several times, the B-H curve becomes t 
loop Fe,4CDE. which is symmetrical about the center O. 
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The reluctance of a magnetic circuit is calculated according to the 
following equation: 

reluctance —  length in centimetres  
permeability X cross section in square centimetres 

Hysteresis.—The term hysteresis has been given by Ewing 
to the subject of lag of maenetic effects behind their causes. 

Tt is a peculiar quality of an iron core, such as an armature core under-
going rapid reversals of magnetism, by which there occurs an expenditure 
of energy which is converted into heat. This loss of energy is due to the 
work required to change the position of the molecules of the iron and takes 
place both in the process of magnetizing and demagnetizing; the magnetism 

in each case lagging behind the 
force: static hysteresis as dis-

16,000 — RO tinguished from viscous hys-
teresis. 

1;000 

8,000 

4,000 

0 5 10 20 .30 40 

PIG. 6,254.—BH curves for iron and steel. 

retained by the iron, 
it varies in amount with the quality of the iron. 

Residual magnetism in iron is of great importance in the work-
ing of the self-exciting dynamo, and is, indeed the essential 
principle of this class of machine. 

Without residual magnetism in the field magnet core, the dynamo 
when started would not generate any current unless it received an initial 
excitation from an external source. 

Residual Magnetism.— 
When a mass of iron has 
once been magnetized, it 
becomes a difficult matter 
to entirely remove all traces 

H when the magnetizing agent 
5+0 has been removed, and, as a 

general rule, a small amount 
of magnetism is permanently 

This is known as residual magnetism, and 

NOTE.—Ewing's theory of magnettern.—A theory of magnetism advanced by Ewing, 
that molecular magnets are held together, not by friction but by mutual magnetic attraction, 
their poles pointing in every direction till some outside magnetic force draws them into 
Nimmon direction. 
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PIGS. 6,255 to 6,263.—Automobile storage battery parts. Pig. 6,255, positive plate; fig. 6,256, 
perforated separator; fig. 6,257, word separator; fig. 6,258, negative plate; fig. 6.259, hard 
rubber cover; fig. 6,280, vent plug; fig. 8,261, pillar connecting strap; fig. 6,282, hard rubber 
jar, fig. 6,263, complete element. 

CHAPTER 7 

Storage Batteries 
The action of the storage battery is prac-

tically the same as that of the primary battery 
and it is subject to the same general laws. 

The cells of a storage battery are connected in the 
same way as primary cells, and when charged is 
capable of generating a current of electricity in a 
manner similar to that of a primary battery. It 
differs, however, from the primary battery in that it 
is capable of being recharged after exhaustion 
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by passing an electric current through it in a direction opposite to that of 
the current on discharge. This difference constitutes the principal ad-
vantage of the storage battery over the primary battery. 
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Rios. 6.265 to 6.277 —Willard connecting straps and connectors. 
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When a cell is put on discharge, the current is produced by the acid in 
the electrolyte going into and combining with the lead of the porous pazt 
of the plates called "active material." In the positive plate, the active 
material is lead peroxide, and in the negative plate, it is metallic lead in 
a spongy form. 

Q id 
ca o Formation of Lead Sul-ix la 

O e  O 
Id r CC phate.—When the sulphuric 
o y < a r acid in the electrolyte combines 
4 u 
xJ with the lead in the active ma-
'I 

terial, a compound, lead sul. 
phate, is formed. 

As the discharge progresses, the 
electrolyte becomes weaker by the 
amount of acid that is used in the 
plates, producing the electric current 
and incidentally producing the com-
pound of acid and lead called "lead 
sulphate." This sulphate continues 
to increase in quantity and bulk, 

FIG. 6,278.—State of charge as indicated by hydrometer reading of density of the electrolyte. 

FIG. 6,279.—Diagram illustrating method of charging with lamps in parallel or direct currew 
circuit. 

Pm. 6.280.—Diagram illustrating method of charing with rheostat on direct current circuit. 
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thereby filling the pores of the plates. As the 
pores of the plates become thus filled with the 
sulphate, the free circulation of acid into the 
plates is retarded; and since the acid cannot 
then get into the plates fast enough to maintain 
the normal action, the battery becomes less 
active, as is indicated by the drop in voltage. 

Flo. 6,281 —Method of reading ammeter when the current is unsteady. Owing to the irreg-
ularity of the explosion in a hit-and-miss engine, it is almost impossible to maintain a 
steady reading of the ammeter, as the ammeter hand will swing forward at each impulse 
of the engine and drop back until the next explosion. In this case, adjust the rheostat so 
that the ampere reading will be equal to the designated charging rate. If the hand oscillate 
for instance, between 5 to 15, the current value is y¡ (5+15) -. 10 amperes. 
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PIGS. 6,282 to 6.284.—Charging through bank of lamps on 110, 220. and .”0 volt circuit 
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MAIN LINE (DIRECT CURREN 

6.285.—Charging several batteries, rheostatic control. The trays are first connected ift 
series. The current flows from the posi,ive wire of the current supply, into the positive terminal 
of the first tray (in this case on the right); through the positive and out the negative of each cell 
and each tray in turn and returns to the current supply from the negative of the last cell. The 
voltmeter is connected between the resistance and the battery in order to show battery voltage. 

Pia. 6,286 .—Discharging several batteries; water rheostat control. 
The flow of the current is regulated by moving the lead plates 
'smelt or forth in the water. Moving the plates apart will decrease 
the current, while moving them together, or adding a little more 

electrolyte, will increase the current. At all times during the 
discharge great care must be taken not to allow the plates to 
get near enough together to touch. The trays are connected in 
series. Upin closing the switch current flows from the posit;ve 
of the first tray, through the switch to one side of the water re-
sistance; through the acidulated water to the other resistance 
plate and back through the ammeter and switch to the negative 
of the last tray. 
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OM. 6,287.—Freezing points of electrolyte. The freezing point of a battery depends upon its 
strength. Fm instance, a solution with a strength or specific gravity of 1.250 will not freeze 
until cooled to a temperature of 62* below zero Fahr. A strength of 1.150 will freeze at 5° 
above zero, hence there is little danger of freezing except when the battery is completely 
discharged. Moreover, at these freezing points, the solution is slushy and does not become 
hard until the temperature goes still lower. If water be cdded to a battery in freezing 
weather and then not stirred in with the solution by charging the battery, it will remain 
on top of the solution and may freeze. 
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FIG. 6,288. — Trickle 
25 AMP. COMBINED SWITCH AND charge. When a nurn-
PLUG CUT OUT (20 AMP. FUSES) ber of batteries are to 

be held in wet stor-
age, the most satis-
factory results can be 
obtained by charging 
continuously at a 
very 'ow rate, which 
is so low that gassing 
is avoided and yet 
gives enough charge. 
to maintain the bat-
teries in good condi-
tion. This charge is 
called a trickle charge 
and in many cases 
will be found more 
convenient to arrange 
for them the perodic 
charge. It has the 
added advantage of 
keeping the batteries 
in condition for put 
ting into use at any 
time on short notice. 

D. P- cu-r OUT (20 AMP FU5E5) To apply trickle 
charge; 1, give bench 

POS. CONNECTIONS FOR charge; 2, Connect a 
CHARGING BATTER!ES tungsten lamp or 

lamps of appropriate 
resistance, in series with the cells, across a charging system adapted for continuous charging. 
3, Every two months interrupt the trickle charge, remove filling plug, add water to bottom 
of filling tubes, replace and tighten filling plug and continue trickle charge. 
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Specific Gravity Drop During Discharge.—During a normal 
complete discharge, the amount of acid used from the electrolyte 
in a cell will cause the specific gravity to drop about 150 points 
(.150 sp. gr.) 

Thus if the gravity of a fully charged cell be 1.300, it will, at the end 
of discharge, be about 1.150. The battery should receive charge before 
it is discharged below this point. 

Charging.—To charge, direct currert is passed through ths 
cells in a direction opposite to that of discharge. 
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gems. 8,289 to 8,291.—Mercury arc rectifier outfit, or charging set. The cut shows front rear 
and side views of the rectifier, illustrating the arrangement on a panel, of the rectifier tubé 
with its connection and operating devices. 

This current, passing through the cells in the reverse direction, will 
reverse the action which took place in the cells during discharge. 

Object of Charging.—The acid absorbed by the plates during 

discharge is, during charge, driven from the plates by the charging 
current and restored to the electrolyte. This is the whole object 
of charging. 

Gassing.—When a battery is fully discharged, it can absorb 
current at the highest rate. As the charge progresses, the plates 



RIGS. 6,292 to 6,294 .—Edison rectifier and diagram of connections. In operation, the primary 
circuit taken from the alternating current mains by the cord B, embraces the primary wind-
ing of the transtormer T, a condemer C, and the coils P. of the vibrating units, fig. 6,293. 
The secondary circuit from the transformer embraces the massive carbon and copper con-
tacts (N and 0, fig. 6,294) which pass only the positive waves of the alternating current 
for charging batteries or other duty. An ammeter and rheostat may be placed in this charg-
ing circuit if the current is ta be varied, or a f sed connection may be substituted on the 
base of the rectifier if it is to be used for the maximum duty of 8 or 16 amperes. The vibrat-
ing unit (fig. 6,293), which operates in a manner similar to the well known action of a polar-
ized relay, includes a permanent magnet M; the coil in the primary circuit P; the vibrating 
armature of steel with removable carbon contact N; the stationary copper contact with 
comb top for heat radiation 0, and the screw Q, for adjusting the amplitude of the arma-
ture vibration. The vibrating armature of each unit is divided into two parts, which gives 
flexibility, affords increased current capacity and minimizes sparking, the two leads shown 
being connected together in one circuit. A primary relay and a secondary switch (E and 
P. figs. 6,292 and 6,294), chain their contacts when current is flowing. Upon failure of the 
main alternating current line they operate to open the charging circuit. A storage battery 
as thus prevented discharging through the rectifier. Upon resumption of the main alternat-
ing current, the rectifier starts automatically. 
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can no longer absorb current at 
the same rate and the excess 
current goes to form gas. 

In a battery which is charged or 
nearly charged, the plates can absorb 
current without excessive gassing only 
at a low rate, and a high charge rate 
will be almost entirely used in forming 
gas, resulting in high temperature and 
wear on the plates. 

Normal and Abnormal Sul-

phating.—The sulphating which 
takes place during an ordinary dis-
charge is entirely normal. 

If, however, charging be insufficient, 
the sulphate increase and become 

FIG. 6,295.—Parallel charge, series discharge. 1, 
ammeter; 2. voltmeter; 3. voltmeter switch; 4. 
series parallel switches; 5, battery rheostat; 8, 
battery switch; 7, circuit breaker. 

NOTE.—Selection of proper battery. Th. 
number of cells is determined by the voltage el 
the system. Thus, according to Gould: 

Voltage of System Number of Cells Voltage of System Number of Cells 

110 60 220 120 
115 64 230 126 
125 70 250 138 

NOTE.—The size of a 110 volt battery can be determined thus, assuming that the bat-
tery will be charged at any time during the day convenient to operate the dynamo and that the 
battery will be able to furnish current for lamps as follows; 

Time 
Number 

of 
Lamps 

3 4Number 
Amperes of hours 

5 p.rn. to 10 p.m. 
10 p.m. to 6 a m. 
8 a an. to 8 a in. 

Twenty 18 c.p. 
Two 8 c.p. 
Six 18 c.p. 

10 

3 
8 
2 

Ampere Hours 
col. 3 Xcol. 4 

50 
4 
8 

Total 60 
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FIG. 6,296.—Curves for mixing full strength acid and water. Full strength or concentrated 
sulphuric acid is a heavy, oily liquid, having a strength (specific gravity) of about 1.835. 
If put into the battery, it would quicluy ruin it, and must therefore first be diluted with pure 
(distilled) water to the proper strength for the particular type of battery, to which it is to 
be effffed• In mixing, take the following precautions: 1. Use a glass, china, earthenware, 
rubber or lead vessel; never metallic other than lead. 2, Carefully pour the acid into the 
water; not the water into the acid. 3, Stir thoroughly with a wooden paddle and allow to 
cool before taking a hydrometer reading. The electrolyte like most substances expands 
with rise of temperature; this affects the hydrometer reading. Correction for hydrometer 
reading; Add one point to hydrometer reading for every 3 ° Fahr, increase no temperature abase 
70 °. 
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FIG. 6,297.—Wiring diagram for charging one to twelve 6-volt batteries from 110 volt bue. 
With this equipment regulation of the current through various numbers of batteries is ob-
tained 1:)3' means of the switches. Instead of lamps, resistance units, of approximately 35 
ohms resistance and 3.3 amperes capacity each may be used. This equipment will occupy 
less space than the lamps and serve the same purpose, each resistance unit replacing two 
lamps. Instead of either a lamp resistance or unit resistance panel, a special form of rheostat 
may be used. However lamps are advisable where the light for same may serve for illumi-
nation. otherwise the energy spent in heating the resistance is a total lost.. 
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hard and the plates become lighter in color, lose their porosity and are not 
easily charged; this is the abnormal condition usually referred to as "sul-
phated." This condition is usually the result of "starvation" of the battery. 

Overdischarge.—It is not discharge at any rate which injures 
a battery, but overdischarge, or, what in time amounts to the 
saine thing, undercharge or "starvation." 
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ho. 6.298.—Parallel charge, series discharge including dynamo and distribution circuits. 
1, ammeter; 2. voltmeter; 3, ammeter switch; 4, voltmeter switch; 5, series parallel switches; 
6, battery circuit breaker; 7, battery rheostat; 8, overload and reverse current circuit break-
er (discriminating cut out); 9, dynamo field rheoctat; 10, battery switch; 11, dynamo 
switch; 12. switches to distribution circuits. 
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12 

8.299.—High voltage charge. End cell regulation. 1, dynamo ammeter; 2. voltmeter, 
3, battery ammeter; 4, voltmeter switch; 5, dynamo switch; 8, dynamo circuit breaker 
over load and reverse; 7, dynamo field rheostat; 8, battery circuit breaker; 9, battery switch; 
10, discharge end cell switch; 11, charging end cell switch; 12. switches to distributing cir-
cuits. The battery is charged in one series directly from the dynamo, which has a pressure 
range to 155 volts, and the charging current is controlled by the dynamo field rheosti.t. 
Two end cell switches are required so that the lighting circuits may be supplied while the 
battery is charging, the power voltage for the lamps being obtained by adjusting the posi-
tion of the end cell switch connected to the lighting circuit. This is an overload breaker in 
the battery circuits and an overload breaker with reverse current trip in the dynamo cir-
cuit, the latter protecting the dynamos against overload and reversal of current. 
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Starvation.—In auto-
mobile batteries, if a car 
be so run that the battery 
gets insufficient charge 

and be "starved," it can-
not be expected to do its 
work properly. 

Overcharge. — Persis-

tent overcharging not only 
tends to wash out the 
positive active material, 
but also acts on the 
positive grids, giving them 
a scaly appearance. 

Temperature. — Low 
temperature temporarily 
both lessens the ampere 
hour capacity which can 
be taken out of the battery 
and lowers the discharge 
voltage. 

Pm. 8,300.—Shunt booster charge, and cell discharge. 1, voltmeter; 2. ammeter; 3, under 
load circuit breaker; 4, booster motor circuit breaker; 5, battery circuit breaker; 8, volt-
meter switch; 7, booster switch; 8, booster motor switch; 5. booster field switch; 10, bat-
tery switch; 11, end cell switch; 12, booster field rheostat; 13. motor starter; 14, motor; 
15, dynamo. 

NOTE.—Charging rates. In selecting the size of battery to give a certain discharge 
rate, care should be taken that the dynamo is large enough to charge the battery at a rate 
not lower than the normal eight hour rate. In the case when two halves of a battery are charged 
in parallel each half taking the normal rate, the dynamo must have a current capacity double 
that at which each half is to be charged. Moreover the dynamo should have capacity to 
charge the battery occasionally at a higher rate, as this not only improves the condition 
of the cells, but permits a shorter cnarging period 



STORAGE BATTERIES 69 

Keep battery unusually well charged in winter and not expose it unneces-
sarily to low temperatures. There is no danger of the electrolyte freezing 
in a fully charged cell; but in one which is over discharged or has had 
water added without subsequent charging this is liable to occur. 

High temperature is to be avoided from the standpoint of life. 110 de-
grees Fahr. is usually given as the limiting temperature, and even this 
would be harmful if maintained steadily. Heating is ordinarily the result 
of charging at too high a current rate. 

The effects of continued high temperature are to distort and buckle 
the plates, to char and weaken the wood separators, to soften and some-
times injuriously distort the jars and covers. 

Points on Storage Battery Care.—The following should be 

specially noted: 

1. Add nothing but pure distilled water to the cells and do it often 
enough to keep the plates covered. 

2. Take frequent hydrometer readings. 

3. Give the battery a special charge whenever the gravity reading's 
show it to be necessary. 

4. Charge at the proper rate. 

5. Keep the filling plugs and connections tight and the battery dealt. 

6. To prevent corrosion of terminals and connections, wipe with a rag 
moistened with household ammonia solution. 

7. Keep battery well charged in cold weather. 

BATTERY REPAIRS 
1. Double Cover Batteries 

The type battery here considered to illustrate battery repair 
methods is a Gould 6 volt 81 ampere hour size of the double cover 
sealed type. Before starting to dismantle a battery a sketch 
should be made showing the inter-cell connections and position 

of terminals for guidance in reassembling. 

NOTE.—The author is indebted to the Gould Storage Battery Co. for the accomplice,* 
instructive series of cuts illustrating Sr"..age Battery Repair, 
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Battery Repairs 

FIG. 6,301.—Battery repairs. .1. Gould 8 volt 81 ampere hour storage battery as receivei 
for repairs. 

6,302.—Battery repab-3 2. To remove terminal or connecting link, center punch the 
tops of terminals and connectors over the terminal posts and drill down to a depth of 54 
inch, using a /8 inch drill for % inch posts and a 34 inch drill for 1 inch posts. Do not drill 
deeper than necessary so as to minimize the labor of building up the post. 

'IC. 8.303.—Battery repairs 3. In removing the top connectors place a file or a flat piece 
of st el along the edge of the case. Place an ordinary screw driver underneath the con. 
nector and pry it off. The object of the file or piece of steel is to protect the wood case from 
breakage. 

8.304.—Battery repairs 4. Brush off the accumulation of lead and dirt from the top 
of the battery. Care should be exercised to keep foreign substances from the inside of the 
battery, especially metal which may become lodged between the plates and separators and 
eventually cause short circuiting. 
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• 6,305.—Battery repairs 5. Unscrew and remove the vent plugs. In all cases be suit 
that the vent plugs are removed before using a flame around the battery. As hydrogeL 
gas is generated in a battery its presence may result in an explosion. This gas can be quickly 
expelled by blowing into the cells with a bellows. As the vent plugs are made of hard rubber. 
which is easily broken, do not attempt to remove them with a pair of pliers. 

6,306.—Battery repairs 6. Soften the sealing compound around the edges of the cov-
ers by playing a gas or torch flame over the compound. Care must be taken that the flame 
does not burn pr scorch the covers. It is best to play the flame back and forth and not 
steadily in one place. 

• 6,307.--Battery repairs 7. Using a heated screw driver, chisel or a plumber's leal 
scraper dig out the compound around the edges of the covers. 

• 6,308.—Battery repairs 8. Again using a flame, heat the top of the covers to soften 
the underlying compound. Insert a screw driver under the covers and pry them off gently 
Do not attempt to force them off but use more heat until they lift easily, 

6,309.—Battery repairs 9. After the top covers 
have been removed, heat the underlying compound with 
the illuminating as flame or blow torch. Do not allow 
the flame to play in one place long as this would cause the 
compound to melt and run. A. small flame used for 
several minutes will bring better results than a strong 
flame. After softening the compound it may be removed 
by using a heated screw driver. 
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6,310.—Battery repairs 10. Apply the gas flame to the inside of the jar for an instant, 
then run a hot putty knife around the edges between jar and cover. Now place the battery 
on the floor, and holding it firmly between the eet, grasp the terminal posts with two pairs 
of pliers and lift the element and inside cover out together. 

6,311.—Battery repairs 11. Let the elements rest at an angle on top of the jars to drain. 
While the elements are draining apply a flame around the terminal posts and remove covers. 
The covers may have warped from the heat. If so, they should be placed in boiling water 
and flattened out on a smooth surface to cool. 

6,312.—Battery repairs 12. If separators be in good condition, and a jar replacement 
only is to be made, set the element, with bottom cover, in electrolyte or water till ready 
to replace. If separation is to he renewed and plates examined, separate the positive and 
negative groups. Grasp the elements firmly and work the groups gently back and forth. 

FIG. 6,313.—Battery repairs 13. Remove separators. Take a putty knife and run it be-
tween the plate and the separator. It is always best to renew the separators. When a new 
battery is received for replacement of a leaky jar the separators will generally be found 
in good condition so as not to require renewal. Separators should never be allowed to dry 
but should be kept immersed in water. 

FIG. 6,314.—Battery repairs 14. Plates should be in-
spected to determine whether or not they require re-
placement. If battery has been overheated through 
overcharging or short circuiting this will be indicated 
by brittle and buckled plates with active material granu-
lar and falling away from the grid. Plates in this condi-
tion will have to be replaced. If electrolyte has not 
been kept above the plates the tops uf the plates will 
show a white substance known as sulphate. If the 
battery has been allowed to remain in a discharged condi-
tion for any length of time it will be indicated by sul-
phated plates. f his sulphation is susceptible to removal 
by charging at a low rate for a long period. This rate 
should be about one-half the normal charging rate con-
tinued until the specific (cavity and voltage reatlea a 
maximum value. 
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Pin. 6,31&—Battery repairs 15. Positive group showing buckled plates. A group of buc-
kled plates which, when reassembled, will not go .nto the jar readily, should be replaced 
with a new group. Buckled plates if otherwise serviceable can be strengthened thus: Inserl 
boards of suitable thickness between the plates and over each outside plate; place the pila 
in a vise, apply a gradual pressure, exercising care that the plates are not subjected to 
twvere strain. The condition of the negative plates is sometimes such that they may be 
used again with new positives. In this case the negative group should be immersed in water 

prevent the plates drying out through heating or exposure to the air. It the posi-
tive plate be fairly hard, and has not lost much of its surface, it may be used again. Occa-
sionally it happens that one or two plates in a group require replacement while the balance 
of the plates are in good condition. In this case new plates may be used in replacement. 

FIG. 6,316.—Battery repairs 16. Having examined the groups, pour the electrolyte into a 
large jar or vessel. A glass jar is best adapted to the purpose so as to disclose the sediment 
which will settle at the bottom. Sometimes impurities get into the electrolyte, and as a 
precautionary measure it is not advisable to use old solution. 

PIG. 6,317.— Battery repairs 17. Note the sediment which has settled at the bottom of the 
jar containing electrolyte. Under normal usage this sediment will not be considerable. 
A large amount of it indicates that the cell has been overheated, and that the solution has 
not been kept above the plates by adding distilled water at regular intervals. 

FIG. 6,518.—Battery repairs 18. This shows the pouring off of the clear electrolyte. Never 
allow the sediment to get into the battery as it would impeir the efficiency of the separators. 
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Pta. 6.319.—Battery repairs 19. Invert the-rasA over a sink and thoroughly-clean the cells by 
insert ng a hose and injecting a stream of water upward into each cell. Be sure that all 
sediment and foreign matter is removed from the cells before installing the plates. 

71G. 6,320.—Battery repairs 20. Inspect the jars carefully for cracks or other imperfections' 
Jars exhibiting such defects should be replaced with new ones. 

• 6.321.—Battery repairs 21. To remove a jar fill it with boiling water and allow it to 
stand for at least five minutes. This will loosen the sealing compound surrounding the jar. 

• 6,322.—Battery repairs 22. Grasp the edges of the jar ;:o be removed with two pairs 
of pliers as illustrated and pull it straight up. Care should be exercised so as not to damage 
adjacent jars. 

Pto. 6.323.—Battery repairs 23. Before putting in a new jar examine the space in the case 
and remove the shims and sealing compound so as not to hinder the jar being placed 
properly. 

• 6,321.—Hattery repairs 21. The jar should be heated before being placed in the case. 
This may be accomplished by pouring boiling water in the jar. If hot water be not avail-
able play a light flame around the outside of the jar. 
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8,325.—Battery repairs 25. When the jar has been heated it should be pushed into 
eaœ, taking care to see that the top of the jar is level with the others. If the tops are not 
lined up, the top connectors will be uneven, and as a result present a very poor looking job. 

Pm. 8,328.—Battery repairs 26. To secure the proper spacing and a tight e. Place a 
paraffined wood veneer shim between the jars. 

FM. 6.327.—Battery repairs 27. To replace an element the first step is to take the p9sitive 
and negative groups to a clean, fiat table. Always make sure that the work table is free 
from lead scrapings or foreign substances of any kind as these substances will adhere to 
wet separators, and if not removed will cause short circuiting of the plates. 

8,328.—Battery repairs 28. Intermesh the positive and negative group. As the nega-
tive group contains one more plate than does the positive, both outside plates will be negative. 

FIG. 6.329.— 
Battery re-
pair. 29. This 
illustrates a 
complete ele-
ment ready to 
receive separ-
ators. 

FIG. .330 
Battery re-
paire30. Lay 
the element on 
its side and put 
the separator 
retainers in 
position. In-
sert the separ-

ators between each pair of plates. If wood separators only be used, the grooved side of 
the separator should be next to the positive plate. If wood separators and rubber sheets 
be used, they should be inserted together, the rubber sheet between the positive plate and 
the grooved side of the wood separator. See that the separators are against the retainers and 
that they extend equally on either side of the element. Carefully check up separators sites 
assembling as to omit a separator would cause considerable timed& 
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T;AM 

• 6,331.—Battery repairs 31. A complete element. Grasping the element by the pilla' 
posts, lower gently into the jar. This should be done very carefully ta avoid breaking the 
Jar. 

• 6,332.—Battery repairs 32. To clean the covers, heat a putty knife. 

• 6,333.—Battery repairs 33. After heating 
the putty knife clean all the compound off the 
covers. 

• 6,334.—Battery repairs 34. Sometimes 
the bottom cover will not fit properly over 
the element. By using a pair of pliers in the manner illust:ated, it will be an easy matte: 
to locate the centers. 

• 6.335.—flattery repairs 35. If the bottom cover do not fit close to the terminal posts, 
or the wall of the jar, the openings should be calked with hemp twine or tow to pre\ ent the 
melted sealing compound flowing into the jar. 

FIG. 6.336. — Battery repairs 36. Small gas stove and ordinary coffee pot used for melting 
and pouring sealing compo,ind. 
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FIG. 6,337.—Battery repairs 37. Always pour 
the compound so that it will fill all spaces and 
reach to a height level with the top of the case. 
Also see that it flows evenly over the whole 
surface. 

Fin. 6,338.—Battery repairs 38. Befo/e putting on the top cover slightly heat it with • 
gas flame. Also heat the surface of the compound. 

etc. 6,339.—Battery repairs 39. Wooden form used for properly holding the covers down 
while the compound is cooling. 

f IG. 6,340.—Battery repair, 40. Place the wooden form over the covers and place a heavy 
weight on top of the form. The battery should stand for ten or fifteen minutes until the 
sealing compound has 'wt. 

PIG. 6 341.—Battery repairs 41. After the form »11 removed there is always an excess ar 
sealing compound. This can be scraped off with a hot putty knife. 

PIG. 6,342.—Battery repairs 42. Before applying terminals see that the terminal posts are 
scraped clean of all compound and dirt. It is practically impossible to do a good job at 
burning if all parts are not properly cleaned. 
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PIG. 6,343.—Battery repairs 43. Using an ordinary pocket knife, clean the inside of the 
connectors, removing all dirt and oxides. Clean the tops of the connectors with a rasp file 
to remove dirt and oxide. 

PIG. 6,344.—Battery repairs 44. Before applying the terminal connectors test all cells with 
a voltmeter to see if they be set up properly. If a voltmeter be not handy, scrape the rub-
ber bushings on each post. The red bushing is positive and the black is negative. The 
connectors should be applied so that the positive of one cell is connected to the negative 
of the next cell. 

6,345.—Battery repairs 45. In burning connectors and terminals to the posts, melt 
the top of the post, then the edges of the hole in the connector. Melt strips of antimonious 
lead and allow the molten metal to run into the hole in the connector. Care must be taken 
tr see that the top of post and inside edges of the connector are melted together before ap-
plying additional lead. If this be not done, the connection will surely pull loose. Care should 
also be taken not to melt the outer edges of the connector. Practice will be found necessary. 

?lc. 6,346.—Battery repairs 46. After burning, the connectors and terminals, mark the 
positive terminal with a stamp "POS" and the negative "NEG." If a stamp be not avail-
able use a blunt instrument and mark the positive (+) and the negative 

Repairing Batteries With Single Covers 

A great many batteries are now constructed with single 
moulded covers with a depression around the edge into which the 
sealing compound is poured. 

In order to remove the elements from such cells it is only 



necessary to remove the connecting links as previously described and 
pound from the channel around the jar formed by the depression of 
element can then be removed with the cover attached to the posts. 
Removal of the cover from the element can be effected according 

which it is attached and sealed to the posts. 
The most usual methods are shown in the accompanying cuts. 

rhreaded Past 
Sealing Nut 

Cover 

Sealinsr Compound 

—,eubber 6ashet 

Rubber Jae 

Post nans'e and 
enk burned here 

Link 

Lead flange 

Corer 

hniCompounci 

Eubberckar 

Battery Aut 

Cell Cover 

remove the corn-
the cover. The 

to the means by 

Post 

Sealing Compound 

f?ubbe,-

dar 

6.347.—Battery repairs 47. The battery post is threaded and 
provided with a flange on which the cover rests, with a soft rubber 
sealing gasket between. A lead or hard rubber nut secures the cover 
to the post. To remove cover simply unscrew the nuts on positive and 
negative post. In replacing a cover of this type the nut should lie 
prevented backing off by breaking the thread in the post, just above 
the nut, by means of a prick punch. 

FIG. 6,348.—Battery repairs 44). Sealing around posts is made by means 
of sealing compound. There are several designs of this kind but it is 
in any case necessary to remove the compound or to soften it by 
heating before cover can be removed. 

PIG. 6,349.—Battery repairs 49. A lead flange is screwed into the cover 
from the lower side. The inside of this flange fits the battery post and 
the outside tapers above the top of the cover so that when the cell 
connector is placed in position the three parts, namely— post, flange 
and connecting link—are burned together at the top. When the con-

necting links are removed from both posts by drilling, the cover is free and can be lifted off. In replacing the cover on such a 
battery great care must be taken that the edge of the lead flange is burned into the joint; a new flange being used if necessa-y. 
Mide from the points described above repairs to a single cover battery are to be handled as before described. 
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GLOSSARY 
Acid: Term frequently used to describe the liquid in cells, in place of the more correct one 

—Electrolyte. 
Active Material: The "formed" paste which fills the grid. 

Ampere: The unit of measure of quantity of electric current 
Ampere-Hours: Product of amperes and hours. 
Battery: Any number of cells when connected and used together. 
Bridge (or rib): Wedge-shaped vertical projection from bottom of rubber jar on which plates 

rest and by which they are supported. 
Burning: A term used to describe the operation of joining two preces of lead by melting 

them at practically the same instant so they may run together as one continuous 
piece. Usually done with mixture of oxygen and hydrogen gases, hydrogen and 
compressed air, or oxygen and illuminating gas. 

Cadmium. A metal used in about the shape of a pencil for obtaining voltage of positive or 
negative plates. It is dipped in the electrolyte but not allowed to come in contact 
with plates. 

Capacity: The rating of cell or battery in ampere-hours, qualified by the rate or time of 
discharge. 

Case: The box which holds the cells of a battery 
Cell: Unit of storage battery practice; consists of elemeht, electrolyte and jar. 
Charge: Passing direct current•through a battery, in order to replace energy. used OL, 

discharge. 
Charging Rate: The proper rate of current, expressed in amperes, to use in charging a 

battery. 
Connector: Solid or flexible part for connecting positive pole of one cell to negative pole of 

another, etc., or to terminal. 
Cover: Cover for cell to retain electrolyte and exclude foreign material. 
Cycle: One charge and discharge. 
Density: Specific gravity. 

Developing: The first cycle or cycles of a new or rebuilt battery to bring about proper electro. 
chemical conditions to give rated capacity 

Diffusion: Pertaining to movement of acid within the pores of plates. (See Equalization.) 
Discharge. The flow of current from a battery through a circuit, opposite of "charge." 
Dry: Term frequently applied to cell containing insufficient electrolyte. 
Electrolyte: The conducting fluid of electro-chemical devices; for lead-acid storage batteries 

consists of about two parts of water to one of chemically pure sulphuric acid, by weight. 
Element: Positive group, negative group and separators. 

Equalization. The result of circulation and diffusion within the cell which accompanies 
charge and discharge. Difference in capacity at various rates is caused by the time 
required for this feature. 

Equalizing: Term used to describe the making uniform of varying specific gravities in dd. 
feront cells of the same battery, by adding or removing water or electrolyte.. 

Evaporation. Loss of water from electrolyte from heat or charging. 
Forming: Electro-chemical process of making pasted grid or other plate types into storage 

battery plates. (Often confused with Developing.) 
Foreign Material: Objectionable substances 

Freshening Charge: A charge given to a battery which has been standing idle, to keep 
it fully charged. 

Gassing: The giving off of oxygen gas at positive plates and hydrogen at negatives, which 
begins when charge is something more than half-completed—depending on the rate. 

Gravity: Common term for specific gravity. 

Grid: Cast or stamped frame-work in which active material is retained 
Group: Any number of positive or negative plates properly joined together 
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not-down: Device for keeping separators from Hosting or working up. 
Jar: Container for a kiiicat and el<ctiolyte. Usually, of hard rubber. 
Lug. Vertical projection from grid for connecting with and burning to strap. 

Mud: (See Sediment.) 
Orer-Charge: Continuance of charge beyond that apparently or supposedly necessary to 

improve condition of cells. 
Over-Discharge: The carrying of discharge beyond proper cell voltage; shortens life if car-

ried far enough and done frequently 
Paste. The mixture of lead oxide or spongy lead and other substances which is put into grids 
Plate. The combination of grid and paste properly "formed." Positives are reddish brown 

arid negatiie., »Lb_ gray 
Polarity: An electrical condition. The positive terminal (or pole) of a cell or battery 

or electrical circuit is said to have positive polarity; the negative, negative 
polarity 

PM. The vertical cylindrical part uf strap which receives connector. 
Potential Difference: Abbreviated P.D. Found on test curves. Synonymous with voltago 
Rate: Number of amperes for charge or discharge Also used to express time for either 

Rib: (See Bridge.) 
Ribbed: (See Separator.) 
Reversal: That which occurs to voltage readings when cells are discharged below a certain 

critical point or charged in the wrong direction. 
Sealing: Making tight joints between jar and cover: usually with a black, thick, acid-proof 

compound. 
Sediment: Loosened or worn out yartieles of active material fallen to the ttom of cellas 

frequently called " mud." 
Sediment Space: That part of jar between bottom and top of bridge. 
Separator: An insulator between plates of opposite polarity; usually of wood, rubber or 

combination of both. Separators are generally corrugated or ribbed to insure prope? 
distance between plates and to avoid too great displacement of electrolyte. 

Spray. Fine particles of electrolyte carried up from the surface by gas bubbles. (See Gar 

sing.) 
Strap: That part to which all plates of one group are burned. 
Sulphate. Common term for lead sulphate. (Pb SO4.) 
Sulphated: Term used to describe cells in an under-charged condition, from either over. 

discharging without corresponding long charges or from standing idle some time and 
being self-discharged. 

Sulphate Reading: A peculiarity ot cell voltage when plates are considerably sulphated, 
where charging voltage shows abnormally high figures before dropping gradually to 
normal charging voltage. 

Terminal: Part to which outside wires are connected. 
Vent or Vent-Cap • Ham or soft rubber part inserted in cover to retain atmospheric prer 

sure within the cell, while preventing loss of electrolyte from spray. 

Voltage: Electrical pressure or potential difference, expressed in volts. 

Wall: Jar sides and ends. 
Washzug: Removal of sediment from cells after taking out elements; usually accompanied 

by rinsing of groups. replacement of wood separators and renewal of electrolyte. 

Watts: Product of amperes and volts. 
Watt -Hours' Product of amperes. volts and time in hours 
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CHAPTER 8 

Electrolysis 
This term signifies the decomposition of a chemical compound 

in solution, called the electrolyte, into its constitutent elements, 
called ions, by the passage of an electric current through it. 

There are two kinds of ions: 1. The electro-positive ions 
called cations and, 2. The electro-negative ions called anions. 

The former appear at the cathode and the latter at the anode. The 
current may be regarded as being carried through the electrolyte by the 
ions; since an ion is capable of carrying a fixed charge only of or — elec-
tricity, any increase in the current strength necessitates an increase in the 
number of ions. 

Alkali and Bleach.—When an electric current is passed 
through a solution of sodium chloride in water, using electrodes 
which are not attacked by the chloride or by free clorine, the 
chloride is split up into its constituent parts, the metal sodium is 
separated at the cathode, while the gas chlorine forms in minute 
bubbles at the surface of the anode and rises to the surface of the 
liquid in the cell. 

The metal sodium, however, has a great affinity for the hydroxyl con-
stituent of water, and it at once enters into union with this, and produces 
sodium hydrate and hydrogen gas at the surface of the' cathode. These 
changes are the basis of all the patented processes and cells for the produc-
tion of alkalies and chlorine products by electrolysis. 

Aluminum.—The process of aluminum manufacture con-
sists in the electrolysis of a fused mixture of the fluorides of sodium, 
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calcium and aluminum, in which alumina (aluminum oxide) is 

dissolved. 

When an electric current is passed through such a mixture of fused salt, 
using carbon electrodes, aluminum separates as drops of molten metal at 
the cathode, while oxygen is liberated at the anode and at once unites with 
it to form carbonic acid gas. The bath is kept in the fused state by the 
heating action of the current. The action taking place in the electrolytic 
bath is therefore, virtually, a reduction of the alumina or aluminum oxide 
by the carbon of the anode; but this reduction would be impossible without 
the aid of the current to first separate the oxygen and aluminum, which 
have great affinity one for the other. 

6,350.—Arrangement of Gibb's process. The process consists in the electrolysis of 
potassium chloride solutions, using a copper or iron cathode and a platinum anode. S is 
the supply tank; V, the electrolytic cell; R, the refrigerators; and P, the pump by means 
of which the exhausted electrolyte is returned to the supply tank, while the chlorate pre-
cipitates out as crystals. 

The aluminum separated at the cathode is in the molten state and falls 
to the bottom of the bath, and it is allowed to collect there, being removed 
at stated intervals, either by a syphon or by tilting. Fresh alumina is fed 
into the bath at short intervals to replace that which has been decomposed 
by the current; and the process is, therefore, a continuous one. 

Bullion Refining.—The general principle of electrolytic 
bullion refining is to use the alloy of precious metals, or bullion, 
as an anode in an electrolyte which dissolves only one of the two 
metals to be separated, and to use a sheet of the pure metal that is 

being deposited, as cathode. 
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Pins. 8,351 to 6.354.—Electrolysis apparatus. Fig. 6,351, electrolysis of water, simple form 
with sliding graduated tubes and platinum electrodes. Fig. 6,352, electrolysis of water, 
improved form with platinum electrodes that may be easily replaced by copper electrodes 
or by carbon electrodes for electrolysis of hydrochloric acid. Fig. 6,353, electrolysis appara-
tus (Osborne form), for study of conductivity of liquids, ionization, electroplating, electro-
lysis of water, and principles involved in the theory of electrolytic disso,istion. It consist. 
of an outer U tube with graduated sliding tubes, shot valves, glass plug and platinum elec-
trodes which are easily replaced by carbon or copper electrodes. Fig, 8,354, Hoffman's 
improved form of electrolysis of water apparatus with graduated tubes, glass stop cocks 
and removable platinum electrodes 
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For silver deposition an acid solution of nitrate is employed as the elec-
trolyte (the Moebius process), while for gold an acid solution of gold chloride 
is found to yield the best results (the Wohlwill process). 

Chlorates.— Chlorate of potash or of soda is produced 

electrolytically by the electrolysis of the corresponding chloride. 

The electrolytic and chemical changes which first occur when a solu-
tion of sodium or potassium chloride is electrolyzed by the aid of electrodes 
not acted on by the products of the electrolytic decomposition, have been 
already described under Alkali and Bleach 

G 
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FIGS. 6,355 and 6,356.—Gibb's cell and battery of three cells. The cells consists ora wooden 
frame A, covered with some metal B, such as lead, not attacked by the electrolyte. The 
cathode consists of a gird of vertical copper wire C. kept in position by cross bars D, of 
some insulating material. The grid is placed in a vertical position against one side of 
the cell frame, and kept in place by the anode of the adjoining cell, from which it is in-
sulated by the strips, 1,, and bars D. The opposite side of the cell from that occupied 
by the cathode is partially closed by the anode indicated by dotted lines. This consists 
of a thick lead plate L, covered with platinum foil on the outer side E, (fig. 6,356), and 
is held in position by the cathode and framework of the following cell. G, is a pipe, reaching 
to the bottom of the cell, by which the potassium chloride is continuously supplied, and 
it is the overflow pipe to convey the mixed solution of the chloride and chlorate as well 
as the liberated hydrogen gas away from the cell. S,S,S,S, are lugs projecting from the 
framework by means of which any number of cells ran be bolted together to form a seriei 
of cell. In fig. 6,356, the heavy plates X and Y. are used to close the ends of the wooden 
framework and form a fully closed series of cell with only the openings at the various supply 
and overflow points. Current connections are made at the points M and N. 

Hypochlorite.— If the cell designed for chlorate production 

be worked with a low current density, and at a temperature whicb 
does not rise above 68° Fahr., little chlorate will be produced 

and sodium hypochlorite will be formed in its place. 
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Ozone.—This can be produced by chemical methods, but it is also pro-
duced by the sparkless discharge of electricity through dry air or oxygen from 
conductors charged at a high pressure and it is always formed when a frictional 
electric machine of the old plate type is worked with an air discharge. 

Oxygen and Hydrogen.—Dilute sulphuric acid is employed 
in one form of apparatus as electrolyte, namely, that patented by 
Schoop, the more customary electrolyte being a solution of 

caustic soda. 

Nit 

6,357.—Electrolysis of copper. Fill the U shaped glass tube shown above, with a solu. 
tion B, made by dissolving some crystals of copper sulphate or bluestone. Immerse in th., 
solution two platinum electrode3 C and D, attached to the copper wires E and F, sealed 
in the glass tubes G and H, which are held in the tube openings by loosely fitting rut ber 
corks K. and L. P ttach the positive pole of the battery N, to the terminal of the elec-
trode C. and the negative pole of the battery to the upper terminal of the electrode D. 
The electric current from the battery will then pass horn the platinum anode C. through 
the copper sulphate electrolyte B, to the platinum cathode D, thence to the negative ter-
minal of the battery. The passase of the current through the electrolyte will result in the 
liberation of the constituent ions of the latter, oxygen gas being liberated at the anode C, 
metallic copper deposited on the cathode D. and the copper sulphate solution B, changed 
to sulphuric acid. 

The primary products of electrolysis in this case are hydroxyl (OH) 
and the metal sodium (Na) but these immediately enter into secondary 
chemical changes which produce oxygen gas at the anode and hydrogen 
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gas at the cathode. The gases obtained in this way are not quite free 
from impurity, but for industrial requirements they are sufficiently pure, 
and this method of manufacture is much cheaper and more cleanly than the 
usual chemical methods of production. 

Sodium and Potassium.—It is necessary to work with a 
fused electrolyte in place of an aqueous solution in this case. 

Owing to the readiness of sodium and potassium to enter into combination 
with water, the difficulties of operating the process upon a commercial scale 
are chiefly due to this great chemical activity of the alkali metals. 
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PIG. 6,358.—Castner cell. The parts are: A, cathode chamber; BB, anode chambers; C, 

eccentric for producing a rocking movement of cell; D, pivot support for framework of cell; 
E, slate walls of cell. The Castner cell is of the mercury type in which advantage is taken 
cf the property possessed by mercury of forming an alloy with sodium, fluid at the ordinary 
temperature, this alloy being known chemically as an amalgam. When the amalgam is 
heated with water it is decomposed, and a solution of sodium hydrate is formed, while the 
mercury is restored to its original condition of purity. Hence, if a layer of mercury be em-
ployed as cathode on the floor of a cell in which a solution of sodium chloride is being de-
composed by the current, the sodium liberated at the surface of the mercury will at once 
enter into union with it, and will be kept safe from further chemical or electrolytic changes. 
The layer of mercury, in fact, acts as a reservoir for the sodium atoms, or ions, brought to 
its surface, and stores up these until they are wanted. 

Wet Extraction Process for Metals.—Copper, nickel, tin 
and zinc have all been extracted from their ores or slags by the 
use of electrolytic processes, and in many cases these processes 
are still being worked upon an industrial scale. 

Copper.—The principle of the wet copper extraction processes is as 
follows: The ore is roasted to drive off the sulphur, and then leached in 
suitable vats with a solution which will dissolve the copper and leave the 
other metals and impurities undissolved. This solution is then electrolyzed 
in order to recover the copper as a cathode deposit. 
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Nickel.—The roasted ore is leached with a solution containing both 
copper and calcium salts as chlorides, and the copper is first deposited by 
electrolysis. The last traces of copper are then removed from the electrolyte 
by chemical means, and the nickel is in turn deposited by use of a higher 
voltage from the remaining solution. 

Tin.—The B6hne process depends upon the use of sulphuric acid as a 
leaching agent and upon electrolytic deposition of the tin, from the sulphate 
solution so obtained. In the recovery of tin from old tin cans and tin scrap 
by electrolysis, sodium hydrate is used as the electrolyte. 

Zinc.—A great amount of investigation and large sums of money have 
been spent upon processes for extracting zinc from its ores, by aid of elec-

6,359.—Electrolysis in lower New York. The ligure illustrates current movements as 
discovered. The power house is located near the navy yard in Brooklyn. A portion of 
the returning currents, as shown by arrows, flows over the New York and Brooklyn bridge 
to Manhattan, thence north to Williamsburg bridge via unlerground mains, subway struc-
tures, and other metals, and passes over that bridge back to Brooklyn, thence through 
mains to rails and negatives, to power house. In this case damage may be expected at 
three points: 1, where currents leave bridge metals on the Manhattan side; 2, where they 
letve pipes to enter Williamsburg bridge; 3, where they leave same bridge for pipes in Brook-
lyn side. When the two bridge structures are connected in Manhattan as proposed, then 
there will be further changes in the direction of current. Before the Williamsburg bridge 
was built, these currents recrossed through the river bed, leaving mains all along the docks 
in the Manhattan side, for the river, and leaving the river for mains or other metals along 
the docks of the Brook.yn side. Traces of these currents have been found as far north 
as 23rd St., a distance of over two miles from the Brooklyn bridge. Since the Williamsburg 
bridge has been built, nearly all traces of these currents &wing north of it have disappeared, 
showing that the mass of metal composing the structure acts as a short circuit or path e 
lower resistance which carries practically all of the returning currents flowing from Man-
hattan back to Brooklyn. 

trolysis, but only two of these have achieved any industrial success. The 
Hoepfner process depends upon the use of the waste calcium chloride solu-
tion from ammonia soda works, and was worked out chiefly as a process for 
recovery and utilization of the chlorine from this waste product; zinc. 
testing 99.96 per cent. purity, and bleach being the products finally ob-
tained. The Swinburne-Ashcroft method (the other successful process) is 
not a wet extraction process, but depends upon the electrolytic separation 
of zinc from fused zinc chloride_ 
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CHAPTER 9 

Electro-plating 
This process consists in obtaining an electro-deposit of one 

metal, used as an anode, upon some metallic article which is con-
nected to form the cathode in an electrolytic bath, that is the sub-
stance upon which it is desired to deposit the metal is connected 
with the negative pole of the source of current, and the metal 
which is to be plated upon is connected with the positive pole. 

The chemical nature of the electrolyte employed depends upon the kind 
of plating. For plating with gold or with silver, the electrolyte is always 
alkaline, for plating with nickel or with copper, it is usually acid. 

Substances other than metal can be electroplated by first coating their 
surfaces with powdered graphite or plumbago, as in the case of electrotyping. 

An essential condition in electroplating is cleanliness. 

The merest trace of grease or dirt is sufficient to completely spoil the 
plating; in fact, the presence of even the small amount of grease caused by 
handling the article with the naked hand is often sufficient to prevent an 
adherent deposit. 

The articles to be plated are cleaned by means of emery paper or wet 
rand, and by scrubbing with a scratch brush. 

Next they are treated with caustic soda and then thoroughly rinsed 
in running water. 

Sometimes they are dipped in acid, partly for cleansing purposes, and 
partly to slightly roughen or frost the surfaces. 

Stripping.—Worn articles of electro-plate, which ace to be 
re-plated, require therefore to have the whole of the previous 
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plating removed before receiving a new coat. This process of 

removal, which is accomplished by various acids, is technically 
known as stripping. 

F G. 6,360 —Electro-plating outfit with two wire system of distribution. 

6,361.— Electro-plating outfit with three wire system of distribution. The apparatus 
consists of: A, multipolar dynamo; B, positive line; C, neutral line' D, negative line; E, 
ammeter; F, tank rheostat; G. field rheostat; H, tank volt-meters; I, Starrett volt-meter; 
J, still solution; K, plating apparatus. 
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Current Supply for Electro-plating.—Low pressure direct 
current is used for this purpose, the pressure used being from 1 
to 16 volts, depending upon the nature of the electrolyte em. 
ployed, and the rate at which the plating is accomplished. 

The following tables will be found useful: 

Amperes required to plate one square 
foot. 

Solution and metal. Average amperes. 

Nickel  

Brass  

Bronze.  

Copper  

Acid copper  

Silver  

Gold  

Zinc...   

4 

6 to 8 

6 to 8 

6 to 8 

10 to 12 

10 

Carrying capacity of copper 
wire. 

Size. Amperes. 

146" ... ,0625 
X3" .125 
34 " .1875 
14" ... .250 
%3".. .3125 
/8"... .375 

V8" ... .625 
3/7 .750 

... . 875 
'.1" 1000 
1W' —. 1.125 

3 
12 
27 
49 
76 
110 
196 
306 
441 
601 
785 
994 

Current Density.—The current density is important and 
varies with different metals. 

With a high current density the deposit may be crystalline or powdery, 
and will not adhere well to the cathode. What is required is to regulate 
the current so that the deposited metal may be smooth and adherent, and 
capable of being burnished without being detached. 

Hard and fast lines cannot be laid down, but, generally speaking, with 
high current densities the deposit is powdery, and of a dark color, when it 
is said to be "burnt." Much higher current densities can be employed 
if the solution be rapidly circulated by means of a pump or agitated by 
blowing in air. 

Mechanical Electro-plating Apparatus.—The cheapening 
in the cost of plating eas been so marked that mechanical plating 
apparatus is now recognised as a necessity in the metal manu-
facturing industry. 
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The Tanks, or Vats.—These vessels are For holding the 
plating solutions, and should be made of well seasoned wood, 

liquid tight, and lined 

with some suitable ma-
terial which will not be 
acted upon by the solu-
tion the tank is intended 
to contain. 

Dipping Vessels.— 
These are employed for 
holding the articles and 

PIG, 6,364.— Heating tanks. Small shops usually depend upon gas or oil stoves placed under 
the various tanks or jars containing solutions that must be kept hot, such as lye, rinsing 
water, gold solutions, etc., as either offers a means of keeping up the desired temperature 
with very little trouble or expense. Larger establishments, however, find it cheaper and 
better in every way to use steam jacketed tanks, as here shown. 

dipping them into the 
various solutions used in 
cleaning the articles pre-
paratory to the plating. 

All dipping vessels used 
in acid solutions should be 
made of vitrified or glazed 
stoneware or glass. 

Scouring, Swilling 
and Rinsing Troughs. 
—These are usually 
made of wood, lined 
with lead and divided in 
the middle by a parti-
tion, one part being used 
for scouring and the 

FIGS. 6,365 to 6.371.—Various dipping baskets. 
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other for holding clean water for rinsing the articles after they 

have been scoured clean. 

Tumbling or Rattling Barrels.—Small objects, such as 
small castings, stampings, etc., that are not required to have 

square edges, are best cleaned by tumbl-
ing, or rattling, as it is called in foundries. 

FIGS. 6,372and8,373.—Varioue 
dipping vessels. Fig. 6,372, 
deep glazed earthenware dip-
ping basket; fig. 6,373, ahallow 
glazed earthenware dipping 
basket. The aluminum 
basket is adapted for use in 
washing and dipping in all 
acid solutions, but cannot be 
used in potash solutions. 
Different shapes and sizes of 
basket are required for 
various kinds of work. Suc-
cessful dipping depends, how-

ever, chiefly upon quick and careful handling rather than 
upon the shapes of the dip, therefore, the holes in these 
baskets should be as large as possible, so as to allow the 
acid or cyanide solution to drain out quickly. 

Large quantities of work are thus easily and cheaply cleaned without 
much manual labor, which is the expensive item in polishing. If rough 
castings are being worked, the sand, scale, etc., adhering to them is allowed 

Pics. 8,374 to 8,378.—Various brushes. Fig. et.874, jeweler's shoe handle wash out hana 
brush; fig. 6,375, flat scouring brush; fig. 6,376. cotton potash brush; fig. 6,377. sawdust 
brush: fig. 8.378 wire foonriry "ortish. 
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to remain in the barrel, where it a4tS 49 a polishing powder, brightening 
the parts which are not reached by the metal of other castings; but when 
tumbling for a bright finish, the sand, dirt, etc., are exhausted by means 
of the blower, so that the surfaces are finely polished by friction only— 
burnished, as it were, by rubbing against other metal of the same kind. 

A strong exhaust should be kept up 
when polishing in this way or the 
finish will be dead instead of bright. 

FIGS. 8,379 and 6.383.—Hanson and Van Winkle swing type, circular steel wire, casting 
brush. The steel wires are twisted in knots and the knots are hung on rods around the 
hub, as shown in fig. 8.379, so that they will turn around the rods if the work be held too 
close to the brush wheel. In using the brush the work should be held so as to be just in con-
tact with the ends of the wires. The brush shown is about 15 inches in diameter, and 
should not be run much faster than 1,000 r.p.m. 

Pic. 8.381.—Hanson and Van Winkle tumbling barrel with convex head for dry tumbling. 
The type of barrel is especially adapted for removing burrs and for smoothing small cast-
kgs. This barrel gives three distinct motions to the articles: rolling, shaking, and spreading, 

8,332.—Hanson and Van Winkle tumbling barrel for wet grinding or polishing. It Is 
intended for sand and water grinding, washing out core sand, etc., and is adapted for brass 
castings. The barrel is provided with a gland for connecting a water pipe to supply a con-
stant flow of water. 
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6,383.—Mechanical electro-plating apparatus. It consists of a barrel A, in which are 
placed the articles to be plated. This barrel is revolved by belt device over the plleys 
B or C, which provide two speeds. The barrel is removable at any time without inter-
fering with the device. The anodes D, D, are curved to fit the periphery of the revolving 
barrel, and when the anodes are hung at each side of the tank, as shown, the work is always 
equidistant from the anodes, thereby insuring a regular deposit of even depth. In setting 
up and operating the mechanical electro-plating apparatus, connect the anode rod to the 
positive wire of the main line, and the cathode rod to the negative wire. Use suitable 
size wires for this purpose, as shown by the branch holes in the rod connections. Insert 
a rheostat in the negative line between the tank and the main line. When the barrel is 
being f.11ed or emptied move the rheostat lever to the off point, so as to prevent the burning 
or blackening of the work when it is being removed from the tank. This should receive 
particular attention when a high voltage current is used. All contact points should be 
kept perfectly clean. A strip of thin sheet lead, or a split length of rubber hose, bent into 
the shape of a U, should be placed over the entire length of the anode rod to prevent 
the slop and dirt from the solution impairing the contact of the anode hooks with 
the positive rod. The revolving barrel may be operated at two speeds. In order to 
obtain the correct speeds, the countershaft should be driven at the rate of 10 revolutions 
per minute. The following voltages should be used with the various solutions: Acid 
copper solution, 18° Baume, 2l4 to 5 volts; cyanide copper and brass solution, 12°-15° 
Baume, 4 to 5 volts; nickel solution, 10' Baume, 4 to 5 volts; zinc solution, 20° Baume, 
6 to 10 volts. With the lower speed, almost any kind of article which will not hang to 
the periphery of the barrel, may be handled with the lower voltages. The higher speed 
and the higher voltages should be used for round articles, or those having no sharp edges 
ior corners, with a consequent shortening of the time of deposition. The best results are 
obtained when the articles fill about one-half the barrel. The average length of time 
required to obtain a good deposit of the different metals under proper working conditions 
is approximately as follows: Acid copper solution, 20 to 40 minutes; cyanide copper and 
brass solutions, 30 to 45 minutes; nickel solution on brass, 15 to 30 minutes; nickel solution 
co steel, 45 to 60 minutes; zinc solution, 134 to 2 hours. In the case of all solutions, the. 
crystallization of the salts during cold weather tend to give a great deal of trouble. There-
fore, all solutions should be kept at a temperature of 70 to 80 degrees Fahr., thereby per-
mitting the use of denser and more highly conductive solutions, with a consequent 
shortening of the time of deposition. A loop of bare steam pipe immersed in the solute:a 
will serve to supply the necessary heat. 
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Bright work can only be obtained by long continued tumbling, and the 
bright finish comes rather quickly after all the pieces in the barrel become 
smooth, accordingly, it is necessary not to add any pieces once the barrel 
is charged, or the work will not finish evenly. 

Steel Ball Burnishing Barrels.—Burnishing with steel 
balls is done both on small articles preparatory to plating and 
also on articles that have been plated and require a highly 
burnished finish. 

PIG. 6,384.—The lacquer room. When possible, a separate room should be used for lacquts. 
ing, or a portion of th shop may be partitioned off for the purpose in order to avoid all 
dust or moisture. If the room be heated by steam pipes, it is advisable to have the regulat-
ing valves outside. The lacquer room should be light, dry, and well ventilated. When 
it is necessary to use artificial light, it is safer and better to use incandescent lamps. Do 
not have a stove or gas light near the lacquer room, as both the lacquer and thinner, as 
well as the gases which arise from them, are very inflammable. 

Polishing Powders.—In order to hold fine powders on the 
wheels and buffs, they must be mixed with some medium tha4. 

will perform this office and at the same time act as a lubricant 
to the work. 

The polishing compositions generally employed are various preparations 
of rouge, tripoli, crocus, white rouge. Vienna lime and powdered pumice 
stole-
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Solutions for Electro-plating with Different Metals.— 
These may contain the necessary constituents in various per-
centages. The following solutions are cons:dered the best in 

general practice. 

A good 14 carat gold legating solution Is composed of water, 1 gallon; 
potassium cyanide, 10 ounces; gold chloride, 10 pennyweights; and a sut 
ficient amount of carbcnate of copper to give the desired shade. A 14 
carat gold anode should be employed, composed of fine gold and the latter 
being composed of 80 parts of copper, 83 parts zinc, and 6 parts nickel. 

The best solution for silver plating is the double cyanide of silver 
and potassium solution. 

6,3S5.—Connections and manipulation of rheostat on large copper, brass, and breast 
solutions where variations of voltage are necessary to secure different colors. 

6.386.—Dipping or immersion; a method of chemically cleaning many articles consisting 
of dipping them in solutions which dissolve the grease scale, etc. Successful dipping de-
pends chiefly upon quick and careful handling rather than upon the dips themselves, and 
the holes in these baskets should be as large as possible to allow the rapid escape of acid 
or cyanide. The usual sizes of hole in dipping baskets are f3., to 1 inch in diameter. 

The single cyanide of silver is prepared by adding a solution of cyanide 
of potassium to a solution of nitrate of silver until a precipitate ceases to 
form. 

The double cyanide of silver and potassium is prepared by dissolving 
an equivalent of silver cyanide (134 parts) in a solution containing an 
enuivalent of cyanide of potassium (65 parts). The silver plating 



ELECTRO:-PLATING 

solution is made up with distilled water, the proportion by weight of silver 
per gallon of water varying from Vi ounce to 5 ounces or more. 

The best nickel plating solution is that which is made up of the 
double sulphate of nickel and ammonium, in the proportion of 12 ounces 
to one pound of the double salt to each gallon of solution. The crystals 
should be dissolved in boiling water in a wooden tub, frequently stirred 
and cold water added to make up the desired quantity. After the solu-
tion has become cool it should be filtered through a large volume, 1,000 
gallons or more, held in large lead lined tanks. 

Electro-plating with copper is employed chiefly to form a coating 
on iron, steel, tin, zinc, lead, Brittania metal and pewter articles pre-
paratory to silver plating the same, for the reason that silver will not 

Pic. 6,387.—Polishing and buffing head. Polishing and buffing heads range in size from 
those sufficiently strong to run wooden polishing wheels up to 16 inches in diameter, and 
those designed to run 9 or 10 inch buffs at 3,000 revolutions per minute, to those known as 
light polishing heads, capable of being operated on a bench without the use of a counter 
shaft. 

FIGS. 6,397 to 6,388.—Steel spindles used with polishing head. 

adhere perfectly to those metals, while on the other hand, silver will adhere 
perfectly to copper and copper to the soft metals. 

The copper plating solutions employed for this purpose, and for 
electrotyping are acid solutions of copper sulphate. 

Polishing and Grinding Machines.—These machines, or 

heads consist of a stand carrying a small pulley between two 
bearings with shaft extended at each end to take the various 
buffing, polishing and grinding wheels, brushes, etc. 
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Polishing Wheels.—These are made of canvas, wood, felt, 
leather, and walrus hide. Rough heavy castings are first ground 
upon coarse solid emery or carborundum wheels, usually run 
at a slow speed, not exceeding 1,000 revolutions per minute 

Canvas wheels are used fer roughing out. Felt wheels can be used for 
roughing, grinding, polishing and finishing. Walrine wheels are used 
chiefly in giving a fine polish to silverware, brass goods, etc. They can 
be used with crocus, emery, rouge, or rotten stone, andj give a smooth 
fine finish to the work. 

Frcs. 8,398 and 6,399.—U. S. electro-plating barrel. Fig. 6,398, view while plating; fig.6,399, 
view while emptying. It empties by lifting a lever which reverses the motion of the barrel. 

Pickles and Dips.—While the best polish is secured by 
grinding and wheel polishing, many articles are best cleaned 
chemically by immersing them in solutions which dissolve the 
scale, grease, etc., adhering to them, leaving a clean but rough 
surface which must be polished afterwards. 

Black Pickle for Iron:—Sulphuric acid 66° Baume, 1 part; water, 
15 parts. Used chiefly for removing scale from castings and forgings. 

Bright Pickle for Iron:—Water, 10 quarts; concentrated sulphuric 
acid, 28 oz.; zinc, 2 oz.; nitric acid, 12 ors. Mix in the order named. 
The pickle leaves the metal bright. 
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Dip for Copper, Brass, etc.:—Sulphuric acid, 66° Baume, 50 parts 
by weight; nitric acid, 36° Baume, 100 parts by weight; common salt, 
1 part by weight; lamp black, 1 part by weight. Forgings, punchings, 
etc., are pickled in dilute sulphuric acid to remove scale, and then cleaned 
and brightened by dipping in the above solution. 
Cyanide Dip for Brass:—Potassium cyanide in ten times its weight 

of water is used as a preliminary dip when plating articles that would 
have the polish injured by the acid dips. The work must be allowed to re-

main longer in 
this than in the 
acid solutions. 

Pickle for 
German Silver: 
—German silver 
may be cleaned 
in the bright dip 
for brass, or in 
a preliminary 
pickle of dilute 
nitric acid and 
water ( 12 to 1), 
followed by a 
dip of equal 
parts of sulphu-
ric and nitric 
acids, and then 
by rinsing in 
boiling water 
and drying in 
sawdust. Use 
sawdust that 
contains no 
tannin. 

PIG. 6,400.—U. S. electro-platlng and self-emptying barrel for brass, nickel, copper, tin, zinc, 
etc. Method of galvanizing: After pickling and cleaning the material, the galvanizing 
barrel is then filled by means of pails, shovels, etc., with from 150 to 200 lbs. of material 
at a time and is then started to turn slowly "in the galvanizing direction," and in about 40 
to 50 minutes the material is finished. Upon reversing the motion of the barrel, it thereupon 
empties the galvanIzed material (in from three to four minutes) into the washing drum 
of the washing and drying apparatus and gradually goes into draining drum, from there 
to drying drum, from there into whatever receptacle is placed for receiving the material 
ready for shipment. Quality and thickness of coating: The thickness of the coating 
can be regulated according to requirements, and depends upon the length of time the mate-
rial is allowed to remain in toe galvanizing barrel while galvanizing. The coating deposited 
consists of chemically pure zinc, uniformly smooth. With the apparatus, one laborer can 
attend to two barrels and turn out from 3,000 to 5,000 lbs. of material per day; two men 
and a boy will be able to attend to about six barrels. Range ol the barrel: The barrel 
will galvanize any kind of small material as, for instance: bolts and nuts (from the smallest 
size to 8 in. long), nails, rivets, spikes, screws, small castings and fittings, stampings, sash 
pulleys, lag screws, washers, springs, etc., in fact all such material excepting that having 
very deep recesses or hollow material which requires inside galvanizing. 
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Nickel Plating.—Nickel does not adhere very well to iron 
or steel articles, and furthermore, if after being plated upon steel, 
the article becomes scratched, the steel rusts, and the rust, getting 
beneath the nickel film, causes it to peel off. 

It is, therefore, very usual to first coat the iron with a film of copper, 
which, being a soft metal, is not readily removed by scratching. The 
nickel is then deposited upon -the copper coating. Nickel cannot be de-
posited from solutions containing more than a trace of acid; most nickel 
plating solutions consist of a solution of the aouble salt of ammonium 
sulphate and nickel sulphate, which is rendered alkaline with ammonia. 

In order to obtain a thoroughly satisfactory and brilliant deposit of 
nickel, the articles which are to be plated must be very carefully prepared, 
and should have a burnished surface. 

• 
Electrotyping.—In preparing electrotypes a wax impression 

is taken of the form, which is made up usually of type, or illus-
trations, or both. 

In order to do this a metal plate is evenly coated with a wax composition, 
and this is placed with the wax face downward upon the form. The form 
with the wax upon it is then placed in a hydraulic press and subjected to 
a steady pressure of about two tons to the square inch. To prevent the 
type adhering to the wax, it is dusted over with finely powdered graphite. 
After being taken out of the press, the wax is carefully removed from 
the form. The mould is next coated with black lead to give it a metallic 
surface, as the wax is a non-conductor; the mould is then subjected to 
the process of electro deposition, resulting in the formation of a film of 
copper on the prepared surface. 
A battery or dynamo is used to generate the current. The positive 

terminal of the source of current is connected to a rod extending across 
a trough or tank containing the plating bath. Suspended from the rod 
are anodes of copper, from which a deposit is desired. The other terminal 
of the source is connected with another rod across the trough, to which 
are suspended the articles to be plated. 
The copper shell is removed from the mould byapp!ying hot water; the shell 

is then backed up with electrotype metal to render it strong enough for use. 

Galvanizing.—A bath containing zinc sulphate, which must 
only be slightly acid, is employed; as the electrolysis proceeds 
the solution becomes acid by the zinc being deposited out, and 
in order to keep the strength of the solution constant, it is cir-
culated through a filter bed containing zinc dust. 

Zinc anodes are not generally used because they are apt to disintegrat 
the anodes usually employed are of lead, but iron is sometimes use. ID 
fact, the presence of a trace of iron in the bath improves the deposit. 
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CHAPTER 10 

Alternating Currents 
An alternating current is defined as: A current which reverses 

is directior in. a periodic manlier, rising fr-in zero to maximum 

CYCLE OR PERIOD  

t POINT OF MAXIMUM PRESSURE: 
IN OF ZERO PRESSURE ; 

11 
90 

Ir— HALF PERIOD-4 

HALF PERIOD —1.3 
2/0 300) 

 0-NE R-EVO-L-UTI-ON 

teIG. 6,401.—Alternating current represented by the sine curve. As the elementary alternaux 
rotates the induced electric pressure will vary in such a manner that its intensity at any 
point of the relation is proportional ta th„ sine of te angle corresponding to that point. Hence, 
on the horizontal line which passes through the center of the dotted circle, take any length 
as 08, and divide into any number of equal parts representing fractions of a revolution. as 
0, £10*, 180", etc. Erect perpendiculars at these points and from the corresponding points 
on the dotted circle project lines (parallel to 08) to the perpendiculars; these intersections 
give points, on the sine curve. The curve lies above the horizontal axis during the first half 
of the revolution and below it during the second half, which indicates that the current flows 
in one direction for a half revolution, and in the opposite direction during the remainder of 
thc :evolution. 

80' 

*—ONF. ALTERNATION—)i 

e 

etc. 6.402.—Diagrarn showing one alternation of the current in which the latter varies from zeio 
to maximum and back to zero while the generating loop ABCD makes one half revolution. 
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• 6.403.—Diagram illustrating amplitude of the current. The current reaches its amplitude 
or maximum value in one quarter period from its point of zero value, as, for instance, while 
the generating locp moves from position ABCD to A'B'C'D'. At three-quarter revolution, 
the current reaches it ; maximum value in the opposite direction. 

ISO REVOLUTIONS 
PER MINUTE 

FREQUENCY. 150. 4.6 . 60 PER MINUTE 
60 

900 REvoLUTIONi 

CYCLES PER REV. 0F ARMATURE 
-NUMBER OF POLES. e. 4 

?. 

EIGHT POLE ALTERNATOR 
FREQUENCY 60 

• 6,404.—Diagrum illustrating frequency. The frequency or cycles per second is equal to 
the revolutions of armature per second X 3,¡ number of poles per phase. 

3600 REVOLUTIONS 

REVOLUTIONS PER MINUTE 
PER MINUTE 

000 REVOLUTIONS 
PER MINUTE 

TWO-POLE ALTERNATOS 
FREQUENCY 60 

• 6,405.—Diagram illustrating why alternators are built multi-polar. Evidently the exces-
sive speed of the bi-polar alternator would require such great velocity reduction that an in-
termediate reduction gear would be necessary requiring extra space and adding complication-



ALTERNATING CURRENTS 105 

strength, returning to zero, and then going through similar variations 
in strength in the opposite direction; these changes comprise the 
cycle which is repeated with great rapidity. 

ALTERNATOR -S,-••`''' 
PHASE IN 
"DEGREES 

- - - 

'""------GIVEN INSTANT 

TO ENGINE 

ALTERNATOR 
N? I ALTERNATO 

N9 

Pm. 6,406.—Diagram illustrating phase. By definition Phase ie the angle turned through by 
the armature reckoned from a given instant. 

6,407 and 6.108.—Diagrams illustrating in phase or synchronism. If two alternators 
with coils in parallel planes be made to rotate "in step" with each other as by chain con-
nection, they will then operate in phase or in synchronism, and the alternating pressure or 

.frent in one will vary in step with that in the other. 

STATE or 

.<0 RESONANCE 
e \ SYNCHRONISM OF 

\CURRENT &PRESSURE 

IN PHASE \ / 

CAU SED BY 

\CAPACITY 

90° 

r«- 901 
CURRENT 
LEADS 

IN QUADRATURE  

sev-- CAUSED SY 
tc/ \\eRei». INDUCTANCE 

Q./ 

90° 
CURRENT 

LAGS 
\;<*/-- 

IN OUADRATURE 

eIGS. 8,469 to 8,412.—Phase relations of the current. 

4 
IN OPPOSiTION 
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The advantage of alternating current (a.c.) over direct current (d.c.) lies 
in the reduced cost of transmission by use of high voltages and transformers, 
greater simplicity of alternators and a.c. motors, facility of transforming 
from one voltage to another (either higher or lower) for different purposes. 

The disadvantages of alternating current are: 1, the high pressure at which 

4 REV 

MAXIMUM AT REST ONE REVOLUTION 

;90" 270' 3601 

MAXIMUM AT 
1 

REVOLUT ION +, 

CURRENT REVERSES 

SINGLE PHASE CURRENT-

\ki, RES/ 

3/4 REV 

Pm 6,413 — Single phase current.—There are three points during the cycle at which there is 
no current and no pressure: 0°, 180*, and 360 °. The current reaches a maximum at 90', re-
•terses at 180*, and reaches a maximum in the reverse direction at 270*. 

INDUCTANCE COIL 

PIG. 6,414.—Maximum, virtual and average volts. The virtual value of an alternating pressure 
or current is equivalent to that of a direct pressure or current which would produce the same 
effect. If a Cardew voltmeter be placed on an alternating circuit in which the volts are 
oscillating between maxima of ± 100 and — 100 volts, it will read 70.7 volts, though the 
arithmetical mean is really only 63.7; 70.7 steady volts would be required to produce an 
equal reading. The word effective is commonly used erroneously for virtual. 

Pic. 6.415.—Diagram illustrating virtual and effective pressures. When switch is closed the 
whole of the impressed pressure will be effective in causing current to flow around the circuit. 
In this case the virtual and effective pressures will be .xtual. If the coil be switched into 
circuit, the reverse pressure due to self induction will oppose the virtual pressure; hence, the 
effective pressure (which is the difference between the virtual and reverse pressures) will 
be reduced , the virtual or impressed pressure remaining constant all the time. 

NOTE.—A Cardetv voltmeter indicates electric pressure by the passage of the current 
through a slender wire of platinum silver which thereupon expanda anti moves the index needle 
upon the scale. 
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it is used renders it dangerous, requiring more efficient insulation, alter-
nating current cannot be used for such purposes as electroplating, charging 
storage batteries, etc. 

The various terms relating to alternating current illustrated in the 
accompanying cuts should be thoroughly understood. 

Single or Monophase Current—This is produced by an 

PRESsun SIMULTANEOUS MAXIMUM VALUES 

URFfe.,,v7. 

ISO* 

CURRENT NEITHER LAGS NOR LEADS 
""•••••••., PERtS  

360• 

6,416.—Pressure and current curves illustrating the term " in phase." The current is 
said to be in phase with the pressure when it neither lags nor leads. 

44DEGREES-› 
PRASE DIFFERENCE 

MEASURED IN DEGREES 

Pm. 6,417.—Pressure and current curves illustrating the term " out of phase." The current 
is said to be oit of phase with the pressure when it either lags or leads, that is when the 
current is not in synchronism with the pressure. In practice the current and pressure are 
nearly always out of phase. 

Pite,44e 

  360* 

IT 

,PHASE DIFFERENCE 90° 

TWO PHASE CURRENT 

3G0 °' 

etc. 6,418.—Two phase current.—If the loops be placed on the alternator armature at 90 
magnetic degrecs, a single phase current will be generated in each of the windings. the cur-
rent in one winding being at its maximum value when the other is at zero. In this case 
1.)ur transmission condiwtors are generally used, two for each separate circuit. 
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MAXIMUM VELOCITY-, 

o° 

— — 
SINGLE PHASE ALTERNATING CURRENT 

AT REST 

t77' 

¡STROKE 

— — 
MAXIMUM VELOCITY 
REVERSE DIRECTION 

1NE REVOL10104 

Al REST 

FiGS. 6.419 and 6,420.—Hydraulic analogy of single phase current. If the cylinder and pipe be 
full of water, a current of water will begin to flow through the pipe in the direction indicated 
as the piston begins its stroke, increasing to maximum velocity at one-quarter revolution of 
the crank, decreasing and coming to rest at one-half revolution, then reversing and reaching 
maximum velocity in the reverse direction at three-quarter revolution, and coming to rest 
again, at the end of the return stroke. A pressure gauge at G. will register a pressuz e which 
varies with the current. Since the alternating electric current undergoes similar changes. 
the sine curve will apply equally as well to the pump cycle as to the alternating current cycle. 

'7 

trust 

et" 

!THREE PHASE 
THREEWIRE. St. 

Pics. 6,421 and 6,422.— Three ph age current with three and six wire alternators. If the loops 
be placed on the alternator armature at 120 magnetic degrees from one another, the current 
in each will attain its maximum at a point one-third of a cycle distant from the other two. 
The arrangement shown in fig. 6,422 gives three independent single phase currents and re-
quires six wires for their transmission. A better arrangement and the one generally used is 
shown in fig. 6,421. Here the thr^e ends (one end of each of the loops) are brought together 
to a common connection as shown, and the other ends, connected to the collector rings giviln 
only three wires for the transmission of the current. 

PHASE 5. 

HASE C Pliii5E DIFFERENCE IZO ° 

THREE PHASE CURRENT 
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alternator, whose armature has a single winding as in fig. 6,413. 
Two wires, a lead and return are used. 

Two-Phase Current.—Usually these are two distinct single 
phase currents flowing in separate circuits. There is often no 
electrical connection between them. 

They are of equal periods and amplitude but differ an phase by 31,, of a period, 
as shown in fig. 6,418. With this phase relation one of them will he at a 
maximum when the other is at zero. 

PULLEY PULLEY 

Pte. d,423.—Hydraulic analogy of two phase current. The same cycle of water flow takes place 
as in figs. 6.419 and 6.420. Since the cranks are at 90*, the second piston is one-half stroke 
behind the first; the flow of water in No. 1 (phase A) is at a maximum when the flow in No. 2 
(phase B) comes to rest, the current conditions in both pipes for the entire cycle being repre-
sented by two sine curves whose phase difference is 90*. 

6,424.—Hydraulic analogy of three phase current. Three cylinders are here shown with 
pistons connected through Scotch yokes to cranks placed 120 apart. The same action takes 
place in each cylinder as in the preceding cases, the only difference being the additional 
cylinder, and difference in phase relation. 

Three Phase Currents.—This consists of three alternating 
currents of equal frequency and amplitude, but differing in phase 
from each other by 3 of a period. 

When any one of the currents is at its maximum the other two are of 
half their maximum value and are flowing in the opposite direction. 

induction.—Each time a current is started, stopped or 



INDUCTIVE RESISTANCE 

rio. 8,425.—Se/f-indualon in a.c. circuit. Lamp burns dimly before core is inserted into the coil, and assuming the coil to be 
made of one pound of No. 20 magnet wire, lamp will go out when core ic inserted owing to the self-induction of the coil which 
is greatly increased by the presence of the iron core. 

FIG. 6,426.—Non-inductive and inductive resistances. If d.c. be applied at TT' (the two ohmic resistances being the same) 
the lamps M and S, will burn with equal brilliancy. If a.c. be applied at TT', M, will burn brightly while S, will give little or 
no light owing to the inductance of the inductive resistance. 

INDUCTIVE COIL 

RHEOSTAT 
DYNAMO 

la. 6,427.--i)iagram illustrating the henry. 13y definitic,n: A circuit has an inductance of one henry when a rate of change of current 
of one ampere per second induces a pressure of one 'Mi. It is assumed that the resistance of the dynamo and connecting wires 
is zero. 

Plc. 6,428.—Effect on a.c. of various coils. Assuming each coil has the same (ohmic) resistance, a lamp will burn brightly, be 
dimmed, or go out when joined in series with coils A, 13, or C respectively. Note :he method of winding coil A, to make it 
stass-itiductive. 
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INERTIA OR 
REVERSE FACE 

PULL MOMENTUM OR 
TENSION REVERSE FACE 

COMPRESSIGN RETARDING FORCI 
BRAKE ON 

STARTING STOPPING 
Ins. 6,429 and 6,430.—Mechanical analogy of self-induction in an a.c.circuit. In starting, the locomotive first moves and stretches 
the spring before the car begins to move thus producing an initial force necessary to overcome the opposition or inertia of matter 
which resists the effort to change it from a state of rest to a state of motion. In stopping, the opposite conditions obtain. 
Similarly, like conditions are present each time electricity is set in motion or brought to rest. This opposition is visibly pre-
sented on opening a switch, the current momentarily arcing the gip. against the enormous resistance thus introduced. 

ALTERNATOR AMMETER 

- Nee 

1 ADJUSTABLE RESISTANCE 

VOLTMETER 

COIL 

USUISLQI 
I, ", ' 15 ' ' ' ' 

SCALE 

CORE 
-  

6,431.—Inductance test, illustrating the self-induction of a coil which is gradually increased br moving an iron wire core 
inch by inch into the coil. The current is kept constant with the adjustable resistance throughout the test and readings taken 
first without the iron core, and again when the core is put in the coil and moved to the 1, 2, 3. 4. etc., inch marks. By plotting 
the voltmeter -ieadings and the position of the iron core on section paper, a curve is obtained showing graphically the effect of 
the self-induction. 
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varied in strength, the 
magnatism changes, and 
induces a reverse pres-
sure that opposes the 
pressure which produces 

the current. 

This self-induced re-
verse pressure tends to 
weaken the main current 
at the start and prolong 
it when the circuit is 

opened. 

Evidently since an alter.. 
nating current is continu-
ally varying in strength 
and reversing, there will 
always be more or less 
opposition due to the re-
verse pressure, this oppo-
sition being called the 
spurious resistance as dis-
tinguished from the ohmic 
resistance or true resistance. 
Hence in the flow of alter-
nating current in a circuit 
there will be two retarding 
effects, due to the spurious 
and ohmic resistances. 

The spurious resistance 
depends upon the frequency, 
shape of the conductor, and 
nature of the surrounding 
medium. 

The expresslon induct-
ance is frequently used in 
the same sense as coefficient 
of self-induction, or the 
capacity which an electric 
current has of producing 
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induction within itself. The unit of inductance is the henry, named aftel 
Joseph Henry.* The ohmic equivalent of inductance, or 

Xt = L  (1) 

in which f = frequency; L = henrys. 

Capacity.—When an electric pressure is applied to a con-
denser, the current plays in and out, charging the condenser in 
alternate directions. 

As the current runs in at one side and out at the other, the dielectric 
becomes charged, and tries to discharge itself by setting up an opposing 
electric pressure. This opposing pressure rises just as the charge increases. 

t000,000 LINES OF FORCE 

MA IMUM PRESSU E• 1.57 VOLTS 
VIRTUAL PRESSURE.III VOLTS 

AVERAGE PRESSURE.1 VOLT 

360' 

ONE 
ES REV. PER SECOND •' AVERAGE Fie. 6,435.—Elementary alternator develop-

VOLT jog one average volt. N = number of lines 
of force embraced by the loop; f revolu-
tions per second. 'I he value of N. in actual 
machine is very high. The illustration shows 
one set of conditions necessary to generate 
one average volt. The maximum pressure 
developed is 1 ÷.637 = 1.57 volts; virtual 
pressure = 1.57 X .707 = 1.11 volts. 

*NOTE.—Joseph Henry. the American physicist, was born 1797, died 1878. He wise 
noted for his researches in electromagnetism. In 1831, he employed a mile of fine copper wire 
with an electromagnet, causing the current to attract the armature and strike a bell, thereby 
establishing tse principle employed in modern telegraph practice. lie was male a professor 
at Princeton in IS is, and during his experimenting then, he devised an arrangement of bat-
teries and electromagnets embodying the principle of the telegraph relay which made possible 
long distance transmission. He was the first to observe magnetic self-induction, and per-
formed important investigations in oscillating electric discharges (1842), and other electrical 
phenomena. Henry enjoyed an international reputation, and is acknowledged to be one of 
America's greatest scientists. 

NOTE.—"I adhere to the term virtual, as it was in use before the term efficace which was 
recommended in 1889 by the Paris Congress to denote the square root of mean square value. 
The corresponding English adjective is efficacious; but some engineers mistranslate it with 
the word effective. I adhere to the term virtual mainly because the adjective rffectiie is re-
quired in its usual meaning in kinematics to represent the resolved part of a force which acts 
obliquely to the line of motion, the effective force being the whole force multiplied by the cosine 
of the angle at which it acts with respect to the direction of motion. Some authors use the 
sxpression 'R. M. S. value' (meaning 'root mean square') to denote +h- vire"al or quadrat'4 
mean value."—S. P. Thomtson. 

AVERAGE PRESSURE 

4 'œ0000es 
4rol --r VOLTS 
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The effect of capacity is the opposite of inductance, that is, it assists the 
current to rise to its maximum sooner than it would otherwise. 

A condenser is said to have a capacity of one farad when one coulomb 
of electricity stored in the plates of the condenser will cause a pressure of one 
volt across its terminals. Every alternating current circuit acts as a con-
denser. 

The ohmic equivalent of capacity or capacity reactance 

Xe = —1   (2) 
2 r f C 

in which f = frequency; C = capacity of standard condenser. 

DYNAMO 

NO LIGHT 

CONDENSER 

ALTERNATOR 

LIGHT 

CONDENSER 

Ierds. 6,436 and 6 ,437.—Effect of condenser onde, and a .t. circuits. In fig. 6,436 the condenser 
prevents the flow of direct current, hence no light. In fig. 6,437 the condenser gap does not 
hinder the flow of c.c. in the metallic portion of the circuit, hence lamp will light. In fact 
the alternator produces a continual surging of electricity backwards and forwards from the 
plates of the condenser around the metallic portion of the circuit, similar to the surging of 
waves against a bulkhead which projects into the ocean. 

COIL 

IRON CORE 

T' 

SWITCH 

6,438.—Inductance experiment with intermittent direct current. A lamp is connected 
in parallel with a coil of fairly fine wire having a removable iron core, and the terminals 
T, T, connected to a source of direct current, a switch M, being provided to interrupt the 
current. The voltage of the current and resistance of the coil are of such values that when 
a steady current is flowing, the lamp filament is just perceptibly red. At the instant of mak-
ing the circuit, the lame will momentarily glow more brightly than when the current is steady; 
on breaking the circuit the lamp will momentarily flash with great brightness. In the first case, 
the reverse pressure, due to inductance, as indicated by arrow b, will momentarily oppose 
the normal pressure in the coil, so that the voltage at the lamp will be momentarily in-
creased, and will consequently send a momentarily stronger current through the lamp. 
On breaking the main circuit at M. the field of the coil will collapse, generating a momentary 
much greater voltage than in the first instance, in the direction of arrow a, the lamp will 
flash up brightly in consequence. 
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• RESERVOIR 

RUBBER DIAPHRAGM 

SCOTCH 
YO K E 

B ELT 

PULLEY 

6,439.—Hydraulic analogy illustrating capacity in an alternating current circuit. A 
chamber containing a rubber diaphragm is connected to a double acting cylinder and the 
system filled with water. In operation, as the piston moves, say to the left from the cen-
ter, the diaphragm is displaced from its neutral position N, and stretched to some position 
M. in so doing offering increasing resistance to the flow of water. On the return stroke 
the flow is reversed and is assisted by the diaphragm during the first half of the stroke, 
and opposed during the second half. The diaphragm thus acts with the flow of water one-
half of the time and in opposition to it one-half of the time. This corresponds to the elec-
trical pressure at the terminals of a condenser connected in an alternating current circuit, 
and it has a maximum value when the current is zero and a zero value when the current 
is e. maximum 

Fin 3,440.—Mechanical analogy illustrating effect of capacity in an alternating circuit. If 
an alternating twisting force be applied to the top R. of the spring S, the action of the lat-
ter may be taken to represent capacity, and the rotation of the wheel W, alternating cur-
rent. The twisting force (impressed pressure) must first be applied before the rotation of 
W (current) wili Degin. The resiliency or rebounding effect of the spring will, in time, cause 
the wheel W, to move (amperes) in advance of the twisting force (voltage), thus representing 
the current leading in phase. 

C ..., ALTERNATOR 

FIG. 8,441.—Diagram illustrating effect of capacity in an alternating circuit. Considering 
its action during one cycle of the current, the alternator first "pumps", say from M to S; 
electricity will be heaped up, so to speak, on S, and a deficit left on M, that is, S will be 
+ and M — If the alternator be now suddenly stopped, there would be a momentary 
return flow of electricity from S, to M, through the alternator. If the alternator go on work-
ing. however, it is obvious that the electricity heaped up on S, helps or increases the flow 
when the alternator begins to pump from S, to M, in the second half of the cycle, and when 
the alternator again reverses its pressure, the + charge on M, flows round to S, and helps 
the ordinary current. The above circuit is not strictly analogous to the insulated plates 
of a condenser, but, as is verified in practice, that with a rapidly alternating pressure, the 
condenser action is not perceptibly affected if the cables be connected across by some non. 
inductive resistance as for instance incandescent lamvs. 

8 IcE= 
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Example.—What is the resistance equivalent of a 50 rnicrofarad con-
denser to an alternating current having a frequency of 100? 

Substituting in formula (2), the given values in the expression for ohmic 
value 

1 1  1  
3Cc =   — — 31.8 ohms. 

2 Id C 2 X 3.1416 X 100 X.000050 . 031416 

If the pressure of the supply be, say 100 volts, the current would be 100 
+ 31.8 = 3.14 amperes. 

ONE COULOMB. 
ABSORBED BY PLATES 

CAPACITY 
ONE FARAD"—..,, 

CONDENSER 

6,442.—Diagram illustrating the farad. By definition, a condenser is said to hays 
capacity of one farad if it will absorb one coulomb of electricity when subjected to a pressure al 
one volt. This is a unit of large size and for convenience the nelcrotarad, or one millionta 
of a farad is generally used. 

Lag and Lead.—The alternating current does not always 

keep in step with the alternating volts which produce the current. 

ANGLE 
Of LAG 

PRESSURE CURVE 

CURRENT 
fir  CURVE 

PHASE 
\ DIFFERENCE 
"1EQUA L ANGLE OF LAG) 

INDUCTANCE 
EFFECT 

ANGLE 
OF LEAD 

CURRENT CURIlt 

/A %•-PRESSURG 
CURVE 

PHASE 
DIFFERENCE 
(EQUAL ANGLt, 

OF LEAD) 

CAPACITY 
EFFECT 

!rms. 6,443 and 0,444.—Diagrams illustrating lap and lead. The effect of inductance is to re-
tard the current cycle, that is to say, if the current and pressure be in phase, the introduction 
of inductance will cause a phase difference, the current wave "lagging" behind the pressure 
wave as shown in fig. 6,443. The effect of capacity is to cause the current to rise to its maxi-
mum value sooner than it would otherwise do, as in fig. 6,444; capacity produces an effect ex-
actly the opposite of inductance. 
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If there be inductance in the circuit, the current will lag; 
there be capacity the current will lead in phase. 

Lag and lead are measured in degrees. The angle of lag (symbol 40) is 
the angle where the tangent of the angle of the lag is equal to the quotient 
of the spurious resistance divided by the ohmic resistance, that is 

spurious resistance 2"IL 
tan = (3) 

ohmic resistance 

in which f = frequency; L = inductance in henrys; R = ohmic resistance. 

Example.—An alternating circuit has an inductance of 6 ohms and a 
resistance of 2.5 ohms. What is the angle of lag? 

STARTING L STOPPING 

, 

- _ 
reel (VOLTS) Kt (AMPERE-51 — moMENT OF • 

04 

A 

LAG 

Pins. 6,445 to 6,448.—Perry boat analogy of lag. In starting, the paddle wheels make an 
appreciable movement (volts) before the boat begins to move (amperes). Thus the move-
ment of the boat (amperes) lags behind the thrust of the paddle wheels (rolls). In siaPPlnItt 
the paddle wheels make several reverse turns (reversal or a.c. volts) before the movement et 
the boat ',amperes) ceases, thus lagging behind the thrust of the paddles (vcier)• 

Substituting in formula (1) 
6 

tan ct. — 2.4 

Referring to a table of natural tangents, the corresponding angle is ap-
proximately 67°. 

The angle of lag may be anything up to 90°. 

Reactance.—The spurious resistance or inductance as 
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distinguished from the ohmic resistance is called reactance and is 

«pressed in ohms. 
Example.—If an alternating current whose fre-

quency is 60, have an inductance of .5 henry, what is 
the reactance? 

Awe\ 

ROD CARRYING POINTER 

O 

POINT ER I N DICATI NG 
'-rwlsr(LAG) NSMAFT 

ANGLE OF TWIST 
OR LAG 

PULLEY 

WEIGHT 

FIG. 6,449.—Mechanical analogy of lag. If at one end force be applied to rum a very long 
shaft, having a loaded pulley at the otner, the torsion thus produced in the shaft will cause 
it to twist an appreciable amount which will cause the movement of the pulley to lag be-
hind that of the crank. This may be indicated by a rod attached to the pulley and ter-
minating in a pointer at the crank end, the rod being so placed that the pointer registers 
with the crank when there is no torsion in the shaft. The angle made by the pointer and 
crank when the load is thrown on, indicates the amount of lag which is measured in degrees. 

ROTATION 
THE MOMENTUM or Fur WHEEL TURNS 
CRANK PAST DEAD CENTER 

TANGENTIAL OR 
TURNING COMPONENT 
O. APPLIED FORCF -.0 

FLY 
WHEEL 

6.450.—Steam engine analogy of current flow at zero pressure. When the engine has 
reached the dead center point the full steam pressure is acting on the piston, the valve hav-
ing opened an amount equal to its lead. The force applied at this instant, indicated by 
the arrow is perpendicular to the crank pin circle, that is, the tangential or turning com-
ponent is equal to zero, hence there is no pressure tending to turn the crank. The latter 
continues in motion past the dead center because of the momentum previously acquired. 
Similarly, the electric current, which is here analogous to the moving crank, continues in 
motion, though the pressure at some instants be zero, because it acts as though st had weight. 
that is. it cannot b. stopned or started instantly. 
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6,451.—Diagram showing alternating circuit containing inductance. Formula for calculating the ohmic value of inductaut. 

or "inductance reactance," is Xi = 2rfL in which Xi = inductance reactance; 1r = 31410; f = frequency; L = inductance 
in henrys (not Nlillihenrys).L 15 = millihenrys = 15 ÷ 1000 = .015 henrys. Substituting, Xi = 2 X 3.1416 X 100 X .015 
= 9.42 ohms. 

F to. 6,452.—Diagram showing alternating circuit containing capacity. Formula lor calculating the ohmic value of capacity or 
"capacity reactance" is Xc = 1 ÷ 2 rf C, in which Xi = capacity reactance; ie = 3.1416; f" = frequency; C = capacity in 
farads (not microfarads). 22 microfarads = 2 ÷ 1,000,000 = .000022 farad. Substituting, Xc 1 ÷ (2 X 3.1418 X 
100 X .000022) = 72.4 ohms. 

REbisYANCE INDUCTANCE 
FREQUt_NGT RESISTANCE INDUCTANCE 

iDo 

ALTERNATOP 25.3 MICROFARAD5 

ALT E RNAT OR 
X c 

6.453.—Diagram showing alternating circuit containing resistance, inductance, and capacity. Formula for calculating the 
impedance of this circuit is Z 4 R, + (Xi — Xe)!, in which Z = impedance; R = resistance; Xi = inductance reactance 
Xe  = capacity reactance. Example: What is the impedance when R = 4, Xi = 92.4, and Xi = 72.4. Substituting Z 

4, (94.2 — 72.4) 2 = 22.2 ohms. Where the ohmic values of inductance and capacity are given as in this example, the 
calculation of impedance is very simple, but when inductance und capacity are givun in millihenrys and microfarads respectively, 
it is necessary to first calculate their ohmic values as in figs. 6,451 and 6,452. 

6,454.—Diagram of a resonant circuit. A circuit is said to be resonant when th.inductance and capacity are in such pro-
portion that the one neutralizes the other, the circuit then acting as though it contained only resistance. In the above circuit 
Xi •• 2 rf L a• 2 X 3.1416 X 100 X .01 = ta.f28 ohms; Xe = 1 -I. (2 X 3.1416 X 100 X .000253) = 8.28 ohms whence the 
resultant reactance Xi — Xe 6,28 — 6.28 = 0.aSma- + (Xi —.Xc(' — 4 7: + 02 = 7 ohms. 
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Substituting in formula (1) 

= 2 ow f L = 2 X 3.1416 X 60 X .5 = 188.5 ohms 

Impedance.. —This term means the total opposition in an 

ristrtric circuit to the flow of an alternating current. 

I. When the circuit contains only resistance and reactance. 

impedance = Niresistance2 reactance2. 

RESISTANCE 

,f7A1 k xj-t.. cf. INDUCTANCE 
oi1Pe l't‘i 

RESISTANCE 

OHMIC DROP 

(4) 

XL Fio. 6,455.—Graphical method of ob-
x -xe„ taining • the impedance in circuits 

containing resistance and inductance, 
having given the resistance and re-
actance, that is, the ohmic resistance 

R2 CAPACITY and spurious resistance. With any Xd convenient scale lay off AB =resist-
once, and erect the perpendicular BC 
= reactance (using the same scale); 

join AC, whose length (measured with the sanie scale) will give the impedance. 

6,456..—Draphical method of obtaining the impressed picssure in circuits containing 
resistance and capacity, having given the ohmic drop and reactance drop due to capacity. 
With any convenient scale, lay off AB =ohmic drop, and at right angles to AB draw BC = 
reactance drop (using the same scale). Join AC, whose length (measured with the same 
scale) will give the impressed pressure. The mathematical expressions for the three quanti-
ties are given inside the triangle, and explained in the text. 

Flu, 8,457.—Impedance diagram for circuit containing resistance, inductance and capacity. 
The symbols corresponding to those used in equation (1) below. In constructing the dia-

reerom the given values, lay off AB =resistance; at B, draw a line at right angles. on w'tich 
f above the resistance line, BC =inductive reactance, and below, BD =capacity re-

actance, then the resultant reactance =BC —BD =BD'. Join A and D then AD' =impe-
dance. 

Example.—If an alternationg pressure of 100 volts be impressed on a 
coil of wire having a resistance of 6 ohms and inductance of 8 ohms, what 
is the impedance of the circuit and how many amperes will flow through 
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the coil? In the example here given, 6 ohms is the resistance and 8 ohms 
the reactance. Substituting these in equation (4) 

impedance = •‘162 82 = 1/100 = 10 ohms 

The current in amperes which will flow through the coil is, by Ohm's 
law using impedance in the same way as resistance. 

volts 100 volts 
current =.  = 10 amperes, 

impedance 10 ohms 

2. When the circuit contains resistance, reactance and ca-
pacity. 

impedance = resistance2 ± (inductance reactance — capacity reactance)' 
or using symbols, 

Z 11 R2 ± (X_ X)2. (5) 

Example. — A current has a frequency of 100. It passes through a 
circuit of 4 ohms resistance, of 150 milli-henrys inductance, and of 22 
microfarads capacity. What is the impedance? 

a. The ohmic resistance R, is 4 ohms. 

b. The inductance reactance, or 

= 2 rf L = 2 X 3.1416 X 100 X .35 = 94.2 ohms. 

150 milli-henrys are reduced to . 15 henry before substituting in the 
formula. 

c. The capacity reactance, or 

1 1  
Xe =— 72.4 ohms. 

2rfC 2 X 3.1416 X 100 X.000022 

22 microfarads are reduced to .000022 farad before substituting in 
the formula. 

Substituting values as calculated in equation (5), 

z = 1/42 -F (94.2 — 72.4)2 = -‘17,1-91 -= 22.2 ohms. 

Resonance.—Inductance and capacity oppose each other 
when the effect of inductance neutralizes that of capacity the circuit 
is in a state of resonance; that is, when X; and )Ç are equal in 
formula (5) the circuit is resonant. 
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PIG. 6,458—Marine analogy of power factor. Usually the propeller shaft in a dory is at a considerable angle to the surface of the 
water, hence the full thrust of the propeller wheel is not effective in propelling the dory. The power of the engine then must 
be multiplied by a coefficient (less than unity) called the power factor to obtain the true or net power. On MS, take OM = 
thrust and draw from M, a vertical line to meet a horizontal line from 0, at H. OH, then is the active component of the thrust 
serving to move the boat the power of the engine being re.luced in the proportion of OH OM , but this is the cosine of angle 
4,, hence power factor = cos 4. Example, The dory has a 5 h p. engine (kva-i-746) with shaft inclined 15° (angle 4), what is the 
power factor, and net power (true watts 4-746) effective in propelling the dory? Power factor = cos 4, = (from table), .966. Net 
power = (kva÷746 X power factor) '5X.966 =4.83 h.p., 5-4.85 = .17 h.P. being lost because of inclination of shaft; this loss cor-
responds to the wattless components. The foregoing neglects the additional loss due to inefficiency of the propeller. 
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The power factor depends upon the relative amount of resistance, 
inductance and capacity in the circuit, and it may vary from one to zero. 

When the current and pressure are in synchronism, the power factor is 
unity; when there is lag or lead the power factor is less than unity. Its usual 
value is slightly less than one. The power factor is numerically equal to the 
cosine of e'e angle of phase difference between current and pressure. 

Rxample.—A circuit having a resistance of 3 ohms, and a resultant 
reactance of 4 ohms, is connected o a 100 volt line. What is: 1, the impe-
dance, 2, the curretit, 3, the 'apparent power, 4. the angle of lag, 5, the 
power factor, and 6, the true power? 

SHORT CUT OFF 

NEGATIVE WORK 
BEGINS HERE 

AREA (LOOP) OF 
NEGAT IVE WORK 

STEAM EXPANDING 
ELOW BACK PRESSURE 

PERIOD OF 
BACK THRUST 

EXHAUST OR BACK 
PRESSURE LINE G 

STROKE A 

ACTIVE 
COMPONENT 
OF CURRENT 

WATT LESS 
COMPONENT 

URRENT(AMMETER READ ING1B  

FIG. 6,439.—Steam engine analogy of power factor. In the card, the steam distribution is such 
that the steam is expanded below the back pressure line, that is below the pressure of the 
exhaust. This results in negative work which must be overcome by the nz-anemium or kinetic 
energy previously stored in the fly wheel, and which is represented or_ the diagram by the 
shaded loop S. If tie exhaust valve had opened at G, the amount of work done during the 
revolution would be reprecented by the area M, but continuing the e:.pansion below the 
back pressure line, the work done is M - S. This latter case as compared with the first when 
expansion does not continue below the back pressure line gives an efficiency (power factor) 
of (M - S) ÷ M, the shaded area repiesenting so much loss. 

FIG. 6,460.—Method of obtaining the active component of the current; diagram illustrating 
why the power factor is equal to cos If AB and AC be respectively the given current 
and pressure, or readings of the ammeter and voltmeter, and e, the angle of phase differ-
ence between current and pressure, then drawing from B. BD perpendicular to AC will 
give AD the active component. Now, true power -=AC XAD, but AD =AB cos 4,, hence 
true power =AC XAB cos 0. Again, apparent power =AC X AB, and since true power 
=apparent power X power factor, the power factor =cos 0, 

The impedance of the circuit. 
Z = 1/32 + 42 = 5 ohms. 

2. The current. 
current = volts ÷ impedance 130 ÷ 5 = 20 amperes. 

3. The apparent power. 
apparent power = volts X amperes -= 100 X 20 -= 2,000 watts. 
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4. The tangent of the angle of lag. 
tan gb = reactance ÷ resistance = 4 ÷ 3 = 1.33. From a table 
of natural tangents, 4, = 53°. 

5. The power factor. 
The power factor is equal to the cosine of the angle of lag, that is, 
power factor = cos 53° = .602 (from table). 

6. The true power. 
The true power is equal to the apparent watts multiplied by the 
power factor, or 

true power = volts X amperes X cos 
= 100 X 20 X .602 = 1,204 watts, 

B' 

1 

cc' 

cos 4, =POWER FA,..iOR 

B 
uw-re 

POWER FACTOR C 

UNITY 

POWER FACTOR IS UNITY WHEN 
THE. REACTANCE IS ZERO 

C.' 

ClUi 

e 1GS. 6.461 to 6,463.—Diagrams illustra ting why the power factor is unity when there is no re-
sultant reactance in the circuit, that is, when the circuit is resonant, or has only resistance. 
The power factor is equal to the cosine of the angle of lag (or lead). In the figures this angle 
is BAC or e and the value of the natural cosine AC gives the power factor. By inspection 
of the figures, it is evident that decreasing the reactance decreases the angle 4, and increases 
cos as or the power factor. The circular arc in each figure being at unity distance from the 
center A, the power factor with decreasing reactance evidently approaches unity as its limit. 
this limit being shown ja fig. 6,465 where the reactance WC' . 101. 
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"Wattless Current" ; Power Factor Zero.—When the power 
factor is zero, it means that the phase difference between the 

current and the 
pressure is ,OO. 

WORK DONE BY MAN. 

WEIGHT ACQUIRES 
POTENTIAL ENERGY 

WORK DONE BY WEIGHT. 
MAN ACQUIRES 
POTENTIAL ENERGY 

FIGS. 6,466 to 6 ,468 .—Mechanical analogy of wattless current. If a man lift a we ght any distance 
as from the position of fig. 6.466 to position of fig. 6,467, he does a certain amount of work 
on the weight giving it potential energy. When he lowers it to its original position, as 
in fig. 6,46, the weight loses the potential energy previously acquired, thi,t e. it is given back 
to the man, the "system" (man and weight) having returned to its original condition as 
in fig. 6,466. During such a cycle, the work done by the man on the weight is equal to the 
work done by the weight on the man and no useful external work has been accomplished. 

AMMETER 

ALTERNATOR 

FIG. 6.469.—Diagram i lustrating power factor test when on non-inductive and inductive 
circuits. The instruments are connected as shown and by means of tile double throw switch 
can be put on either the non-inductive or inductive circuit, first turn switch to left so 
that current passes through the lamps; for illustration, the following reaJings are assumed: 
ammeter 10, voltmeter 110, and wattmeter 1,100. The power factor then is wattmeter 
reading -÷volts X amperes = 1,100 actual watts ÷ 1,100 apparent watts = 1, that is, on non-
inductive circuit the power factor is unity. Now throwing the switch to the right con-
necting instruments with the inductive circuits, then for illustration the following readings 
may be assumed: ammeter 8, voltmeter 110, e..nd wattmeter 684. Now, as before, power 
factor = wattmeter reading ÷ volts X amperes = 684 ÷ (S X 110) =684 ÷ 880 = .78. 
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The term nettless current, as understood, does not indicate an absence of 
electrical energy in the circuit; its elements are there, but not in an available 
form for external work. The false power due to the so-called wattless cur-
rent pulsates in and out of the circuit without accomplishing any useful 
work. 

If an alternator supply current to a circuit having a very small resistance 
and very large inductance, the current would lag nearly 90° behind the 
pressure. The primary current of a transformer working with its secondary 
on open circuit is a practical example of a current which represents very 
little energy. 

• 

05G. 6,470.—Wattmeter method of three phase power measurement. Two wattmeters are 
required in unbalanced systems as shown in the illustrat or The total power transmitted 
is then the algebraic sum of the readings of the two wattmeters. If the power factor be 
greater than .5, the power is the arithmetical sum, and if it be less than .5, the power is the 
arithmetical difference of the readings. 

Power Factor in Station Operation.—Commercially, it id 
desirable to keep the power factor as near unity as possible, 
because with a low power factor, while the alternator may be 
carrying its full load and operating at a moderate temperature, 
the consumer is paying only for the actual watts which are sent 
over the line to him. 

NOTE .—To avoid disputes manufacturers usually rate their alternators in kilovolt 
amperes (tea.) instead of watts, a kilovolt ampere being a unit of apparent power in an o.. 
current which is equal to one kilowatt when the power factor is equal to one. 

NOTE.—A power factor meter i; important in station operation when rotary converters 
are used on a.c. lines for supplying direct current ani the sub-station operators are kept busy 
adjusting the field rheostat of the rotary to maintain a high power factor and prevent over 
beating of the alternators during the time of day when there is the maximum demand for current 
tba t i; at the tima of the peak of th. load. 
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For instance, if a large alternator supplying 1,000 kilowatts at 6,600 
volts in a town where a number of induction motors are used on the line 
be Operating with a power factor of say .625 during a great portion of the 
time, the switchboard instruments connected to the alternator will give the 
following readings; 

Voltmeter 6,600 volts; ammeter 242.4 amperes; power factor meter 
.625. 

The apparent watts would equal 1,600,000 watts or 1,600 kilowatts, 
which, if mult:plied by the power factor .625 would give 1,000,000 watts 
or 1,000 kilowatts which is the actual watts supplied. The alternator 

 • •  
Y 

I
 N
D
u
C
T
I
V
E
 
L
O
D
 

8,471.--Fleming's combined voltmeter and ammeter method of measuring power in 
alternating current circuits. It is quite accurate and enables instruments in use to be 
checked. In the %rure, R is a nm-inductive resistance connected in shunt to he induc-
tive load. The voltmeter V measures the pressure across the resistance XV. A and Ai 

are ammeters"connected as shown. Then true watts (A' ( -11) 2) X -. 11 If the volt 
2 

meter V take an appreciable amount of current, it may be tested as follows: disconnect 
R and V at Y, and see that A and Ai are alike; then connect R and V at Y again, and dis-
connect the load. Ai will equal current taken by R and V in parallel. 

and line must carry 242.4 amperes instead of 151 amperes and the differ-
ence 242.4 — 151 = 91.4 amperes represents a wattless current flowing in 
the circuit which causes useless heating of the alternator. 

In station operation the power factor is determined, not by 
calculation, but by reading a power factor meter. 
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CHAPTER 12 

Transformers 

The transformer is one of the essential devices in effecting 
the economical distribution of electric energy, and may be defined 
as an apparatus used for changing the voltage and current of an 
alternating circuit. A transformer consists essentially of 

.JP0,1(CONTIÑUOUS) 

GALvANOMETER 
CLOSE0 (CONTINUOUS) "OLID 

ihcs. 6,472 to 6,476.—Elementary transformers illustrating basic principles. Fig. 6,472, 
primary and secondary windings of only a single turn—indu-tion very feeble; fig. 6,473, code 
with air coge— induction feeble; fig. 6,474, coils with open iron core—induction strong; fig. 
6,475, coils with closed iron core—induction stronger; fig. 6,476, coils with closed laminated 
iron core to prevent eddy currents and resulting loss through heatirl.g. 
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1. I\ primary winding; 2. secondary winding; 3. An iron core. 

Basic Principle.—The working of a transformer is due to 
what is known as mutual induction between two circuits when 
an intermittent or alternating current flows in one of the circuits. 
The effect of mutual induction may be explained by the aid 

of fig. 6,472. Whenever circuit A, is closed by the switch allowing 

ALTERNATOR 

Fin. 6,477.— Liagram of elementary transformer with non-continuous core and connection 
with single phase alternator. The three essential parts are: primary winding, secondary 
winding, and an iron core. 

CORE PRIMARY WINDINC, 

IRON 
CORE 

6,478.—Diagram of elementary transformer with continuous core and connections with 
alternator. The dotted lines show the leakage of magnetic lines. To remedy this the arrange-
ment shown in fig. 6,4.79 i.; used. 

6,479.—Cross section showing commercial arrangement of primary and secondary wind-
ings on core. One is superposed on the other. This arrangement compels practically all 
of the magnetic lines created by the primary winding to pass through the secondary winding. 

a current to pass in a given direction, a momentary current will 
be induced in circuit B, as indicated by the galvanometer. 

A similar result will follow on the opening of circuit A, the difference 
being that the momentary induced current occurring at closure moves in 
a direction opposite to that in the battery circuit, while the momentary 
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PIGS. 6,480 to 6,481—General Electric core construction. Fig. 6,480. two part distributed 
core partially assembled; fig. 6,431, three part distributed core. fig. 6,482, four part distri-
buted core; fig. 6,483, four part distributed core partly assembled. The two part distributed 
cores are assembled from straight laminations so that the center leg is of cruciform section 
and the two outer legs of rectangular section. The end laminations are inserted after the 
windings have been assembled. These cores are strongly clamped by means of structural 
steel parts which are also utilized in securing the core and coils in the tanks. The three 
and four part cores are built up using L shaped laminations assembled in such a manner as 
to secure a comparatively large center section with magnetic circuits radiating at 120 de-
grees or 90 degrees, respectively. These laminations are interlocked in the center section, 
The use cf L shaped punchings materially im proves the designs by reducing the number of 
joints in the magnetic circuit to two, and thus materially lowering the exciting current. The 
three part core is so assembled that a nine sided center leg is produced which gives practi-
cally a circular form on which the coils are wound. In the four. part core, a center leg having 
four stucs with well rounded corners is secured so that the winding makes no sharp bends, 
and is either circular or nearly circular in form depending on the details of design of the 
core. The outer laminations closing the magnetic circuits are assembled after the winding 
operation is completed. The three part core is clamped by means of metal plates being held 
together by a bolt passing through the center of the core. In the four part core metal straps 
around tte outer legs serve to hold these clamping plates together. These clamping plates 
in addition serve as a means of clamping the core and coils in the tank. 



TRANSFORMERS 131 

current at opening moves in the same direction. Currents besides being 
induced in circuit B, at make or break of circuit A, are also induced when 
the current in circuit A, is fluctuating in intensity. This intermittent or 
alternating current is necessary for the operation of a transformer. 

With intermittent current most marked results are observed when the 
make or break is sudden. Since the current can be stopped quicker than 
it can be started, the induction is greatest at break, hence ignition ap-
paratus is designed to produce a spark at break. 

In fig. 6,472 the inductive effect is very feeble and successively better I 
results are obtained in figs. 6,473 to 6,4'76. 

In fig. 6,472, circuit A, in which a current is passed is called the 
primary circuit, and circuit B, in which a current is induced, the secondary 

tœ'.6,484 and 6.485.—Assembled coils of Westinghouse 10 and 15 kva. transformers; views 
showing ventilating ducts. 

circuit. Similarly, in fig. 6,476 the coil of circuit A, is called the primary 
winding, and that of circuit B, the secondary winding. 

The property of a transformer that makes it of great value 
for most purposes is that the voltage of the induced currents may 
be increased or diminished to any extent depending on the relation 
between the number of turns in the *rimary and secondary winding 
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Rule 26.—The voltage of the secondary current is (approximately) to the 
voltage of the primary current as the number of turns of the secondary 
winding is to the number of turns of the primary winding. 

Example.—If ten amperes flow in the primary winding and the trans-
formation ratio he 10, then 10 X 10 100 amperes will flow through the 
secondary winding. 

Thus, a direct proportion exists between the pressures and turns in 
the two windings and an inverse proportion between the amperes and 
turns, that is: 

primary voltage: secondary voltage primary turns: secondary turns 
primary current: secondary current = secondary turns: primary turns 

FIGs. 6,486 and 6,487.—General Electric Core and windings assembly. Fig. 6,486, single 
phase, 60 cycle 2,300 volt, transformer using three part distributed core; fig. 6,487, core 
and coils of single phase, 2,300 volt transformer using four part distributed core. Windings. 
These are of two general types, those wound directly on the core, and those wound on forms, 
and lat r as-cull-led on the core. Windings made directly on the core have the advantage of 
rigid support, the in'illations being placed in final fixed positions by the winder and not 
disturbed or di torted by an assembly process. These advantages are especially desirable 
in the small units as here the clearances required by economical design are smallest. The 
coils of the three part distributed core transformers are wound on the core. One half of 
the low voltage coils are usually wound directly over the core insulation. The bigla voltage 
coils and outer low voltage coils are in turn wound over the inner low voltage coils with an 
insulating pad between all coils. The windings are provided with suitable coil ducts for 
uniform cooling—the number and location of the ducts varying with the size of the trans-
former. The coils of the four part distributed core transformers may be either core wound 
or form wound, depending upon the size and voltage of the transformer. Those wound on 
the core are wound in the same manner as those of the three part distributed core transformers. 

From the above equations it is seen that the watts of the 
primary circuit equal the watts of the secondary circuit. 
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PORCELAIN 
BUStIIN6 

CORE 
FRAME 

1 COILS 

COMPOUND 

X 

CASE 

".= ' LEAD' 

PORCELAIN 
BUSHING 

CABLE 

Fm. 1,954.—Method of bringing out the secondary 
leads in Wagner central station transformers. 
Each primary lead is brought into the case through 
a similar bushing. Obse rve the elimination ojal 
possibility of grounding the cable on the case or 
core. 

In the above example, the 
total wattage in the primary 
circuit is 1,000 X 10 = 10 
kw., and that in the second-
ary circuit is 100 X 100 = 
10 kw. Hence, while both 
volts and amperes are widely 
different in the two circuits, 
the watts for each are the 
same in the ideal case, that 
is, assuming perfect trans-
former action or 100% effi-
ciency. Now, the usual loss 
in commercial transformers 
is about 3% at full load, so 
that the actual watts de-
livered in the secondary 
circuit is (100 X 100) X 
97% = 9.7 kw. 

The No Load or Ex-
citing Current.—When 
the secondary winding of 
a transformer is open or 
disconnected from the 
secondary circuit no cur-
rent will flow in the 

winding, but a very small current called the no 
current will flow in the primary circuit. 

load or exciting 

The reason for this is as follows: The current flowing in the primary 
winding causes repeated reversals of magnetic flux through the iron core. 
These variations of flux induce pressures in both coils; that induced in the 
primary called the reverse pressure is opposite in direction and very nearly 
equal to the impressed pressure, that is, to the pressure applied to the 
primary winding. Accordingly the only force available to cause current to 
flow through the primary winding is the difference between the impressed 
pressure and reverse pressure, the effective pressure. 

; • 

The Magnetizing Current.—The magnetizing current of a 

transformer is sometimes spoken of as that current which the 
primary winding takes from the mains when working at normal 

e 



134 TRANSFORMERS 

pressure. The true magnetizing 
current is that component of 
this total no load current which 
is in quadrature with the supply 
pressure. The remaining com-
ponent has to overcome the 
various iron losses, and is there-
fore "in phase" with the supply 
pressure. The relation between 
these two components deter-
mines the power factor of the 
"no load current." 

This component is very small 
if th'. transformer Le well de-
signed, and be worked at low 
flux density. 

Action of Transformer 
with Load.—If the secondary 
winding of a transformer be con-
nected to the secondary circuit 

6,489.—Rear view of Fort Wayne 
distributing transformer showing hanger 
iruns fur attaching to pule cross arms. 

FIG. 8,490.—Top view sl-owing core and 
coils in place of Westinghouse distri-
buting transformer. Th z coils are 
wound from round wire in the smaller 
sizes of transform, n and from strap 
copper in the larger Uses. Strap wound 
coils allow a greater current carrying 
conductor section than coils wound 
from large round wire, as there is little 
waste space between the different turns 
of the conductor. The coils are ar-
ranged concentrically with the high 
tension winding between the two low 
tension coils, the object being to im-
prove the regulation. The low tension 
coils are wound in layers which extend 
across the whole legnth of the coil 
opening in the iron, while the high 
tension coils are wound in two parts 
and placed end to end. This construc-
tion reducer the normal voltage strains 
to a value which will not give bouble 
under any condition of service. Leads 
with means of preventing creepingof 
oil by capillary action are attached to 
these studs and brought out of the 
core through porcelain bushings. 
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by closing a switch so that current flows through the secondary 
winding, the transformer is said to be loaded. 

The action of this secondary current is to oppose the magnetizing action 
of the slight current already flowing in the primary winding, thus decreasing 
the maximum value reached by the alternating magnetic flux in the core, 
thereby decreasing t:c induced prescure in each winding. 

q108. 6,491 and 6:M.—Westinghouse transformer terminal blocks for high and low tension 
conductors. 

The amount of this decrease, however, is very small, inasmuch as a 
very small decrease of the induced pressure in the primary coil greatly 
increases the difference between the pressure applied to the primary coil 
and the opposing pressure induced in the primary coil so that the primary 
current is greatly increased. In fact, the increase of primary current due 
to the loading of the transformer is just great enough (or very nearly) to exactly 
balance the magnetizing action of the current in the secondary coil; that is, 
the flux in the core must be maintained approximately constant by the 
primary current whatever value the secondary current may have. 

ries. 8.493 to 8.498.—Porcelain bushing for Westinghouse transformers. 
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When the load on a transformer is increased, the primary of the trans-
former automatically takes additional current and power from the supply 
mains in direct proportion to the load on the secondary. 

When the load on the secondary is reduced, for example by turning e 
lamps, the power taken from the supply mains by the primary coil is auto-
matically reduced in proportion to the decrease in the load. This automatic 
action of the transformer is due to the balanced magnetizing action of the 
primary and secondary currents. 

ems. 6,497 to 6,499.--General Bk.ctlic transformer cut outs. Fig. 6,497, expulsion cut out 
for 6,600 volts; fig. 6,498, plug tut out; fig. 6.499, expulsion cut out for pressures above 
6,600 volts. The plug cut wit is suitable for mounting on the cross arm and may be 
used on 2,500 volt circuits for cumnts up to 30 amperes, or 3,500 volt circuit for currents 
up to 15 amperes. The expulsion cut out, is suitable for installation on the cross arm and 
is used for voltages and currents higher than those for which the plug type cut oLt is suitable. 
One type of expulsion cut out consists of a box of treated ash with hinged door and a tubular 
fuse holder which is supported ois a porcelain fastened to the door, making connection with 
the line through springs when the door is closed. Upon opening the door the fuse holder is 
automatically disconnected from the circuit. A card holder is provided on the bottom of 
the box just beneath the gas outlet of the fuse holder. When the fuse blows, the expulsion 
of the gas either punctures the card or forces it out of the holder, thus indicating a blown 
fuse. This indication may be seen from the ground, making it unnecessary for linemen or 
inspectors to climb the pole to determine if the fuse be blown. These cut outs are suitable 
i.or use on circuits of 6,600 volts and below, 100 amperes and less. A modification of this 
rut Jut is made for circuits of 15,000 to 45,000 volts and currents up to .50 amperes. Although 

eovering is provided with this cut out, it is suitable for outdoor installation. 
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Classification of Transformers.—As in the case of motors, 
the great variety of transformer makes it necessary that a 
classification, to be comprehensive, must be made from several 

points of view, as: 

1. With respect to the transformation, as 

a. Step up transformers; 
b. Step down transformers. 

2. With respect to the arrangement of the coils and magnetic 

drcuit, as 

a. Core transformers; 
b. Shell transformers; 
c. Combined core and shell transformers. 

8. With respect to the kind of circuit they are to be used on, as 

a. Single phase transformers; 
b. Polyphase transformers. 

4. With respect to the method employed in cooling, as 

a. Dry transformers; 
b. Air cooled transformers natural draught; forced draught, or air blast; 

c. Oil cooled transformers; 
d. Water cooled transformers. 

5. With respect to the nature of their output, as 

a. Constant pressure transformers; 
b. Constant current transformers; 
c. Current transformers; 
d. Auto-transformers. 

8. With respect to the kind of service, 88 

a. Distributing; 
b. Power, 
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7. With respect to the circuit connection that the trans-
former is constructed for, as 

a. Series transformers; b. Shunt transformers. 

8. With respect to location, as 
a. Indoor, b. Outdoor. 

Step Up and Step Down Transformera.— At the station 
the low voltage current from the alternators is transformed to 

STEP UP STEP DOWN 

RAT10.5 RATIO .2 

6,500.—Diagram of elementary step up transformer. As shown the primary winding 
has two turns and secondary 10 turns, giving a ratio of voltage transformation of 10 2— 5. 
Since only as much current flows in the secondary winding as in the primary, the latter 
requires heavier wire th..n tie former. 
FIG. 6,501.—Diagram of elementary step down transformer. As shown the primary winding 
has 10 turns and the secondary 2. giving a ratio of voltage transformation of 2 ÷ 10 .2. 
The current in the secondary being 5 times greater than in the primary will require a pro-
portionately heavier wire. 

high voltage current so that it may be transmitted to consider-
able distances with small wires, and at each point of distribution 
it is stepped down to low voltage as is required for lighting, etc. 
In this way there is a considerable saving in copper as must be 

evident. 

Thus, since watts = amperes X volts (from which amperes = watts + 
volts) to transmit say 1,000 watts at 100 volts the wire must be large 
enough to carry 1,000 ÷ 100 = 10 amperes, wnereas if the pressure be 
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increased to 1,000 volts, the wire would only have to carry 1,000 4- 1,000 
1 ampere, hence a much smaller wire could be used. 

Core Transforrners.—This type of transformer may be 
defined as one having an iron core, upon which the wire is 
wound in such a manner that the iron is enveloped within the 
coils, the outer surface of the coils being exposed to the air as 
shown in figs 6,502 and 6,503. 

SECONDARY COIL 4111111MM e41111111111111fie;: 

SECTION ON LINE AB 

PIGS. 6,502 and 6 ,503.—Core type transformer. lt consists of a central core of laminated iron 
around which the coils are wound. A usual form of core type transformer consists of a rec-
tangular core, around the two long limbs of which the primary a nd secondary coils are 
wound, the low tension coil being placed next the core. 

Shell Transformers.—In the shell type of transformer, as 
shown in fig. 6,504, the core is in the form of a shell, being built 
around and through the coils. A shell transformer has, as a 
rule, fewer turns and a higher voltage per turn than the core type. 

Comparison between Shell and Core Transformers.— 
The choice between shell and core transformers depends upon 

manufacturing convenience rather than upon operating charac-

,terist4.. 
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The major insulation in a core type transformer consists of several 
large pieces of great mechanical strength. 

In the shell type, there are required an extremely large number of 
relatively small pieces of insulating material, which necessitates careful 
workmanship to prevent defects in the finished transformer, when thin or 
fragile material is used. 

Both core and shell transformers are built for all ratings. For small 
ratings the core type possesses certain advantages with reference to insula-
tion, while for large ratings, the shell type possesses better cooling prop-
erties, and has less magnetic leakage than the core type. 

Distributed Core Transformers.—An improved type of 

DISTRIBUTED 
CORE 

LAMINATED 
CORE 

6,504.—Shell type transformer. In construction, the laminated core is built around and 
through the coils as shown. For very heavy current ratings at low voltage this type has 
some advantages with respect to mechanical construction of windings whereas in other 
ratings, especially at high voltages, the core type is preferable, both in this respect and with 
respect to insulation. 

FIG. 13,505.—Plan of core of General Electric distributed core type transformer. The core 
used contains four magnetic circuits of equal reluctance, in parallel; each circuit consisting 
of a separate core. In this construction one leg of each circuit is built up of two different 
widths of punchings forming such a cross section that when the four circuits are assembled 
together they interlock to form a central leg, upon which the winding is placed. The four 
remaining ler,3 consist of punchings of equal width. These occupy a position surrounding 
the coil at equal distances from the center, on the four sides; forming a channel between 
each leg and coil, thereby presenting large surfaces to the coil and allowing its free accesir 
to all parts of the winding. The punchings of each size transformer are all of the same length, 
assembled alternately, and forming two lap joints equally distributed in the fovr corners of 
the core, thereby giving a magnetic circuit of low reluctance. 

transformer has been introduced which can be considered 
either as two superposed shell transformers with coils in 
common, or as a single core type transformer with divided 
magnetic circuit and having coils on only one leg. 
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It is best considered however, as a distributed core type transformer, 
and for small sizes it possesses most of the advantages of both types. It 
can be constructed at less çost than can either a core or a shell transformer 
having the same operating characteristics Find temperature limits. 

Single and Polyphase Transforrners.—A single phase 
transformer may be defined as one having only one set of primary 
and secondary terminals, and in which the fluxes in the one or more 
magnetic circuits are all in phase, as distinguished from a poly-
phase transformer, or combination in one unit of several one 
phase transformers with separate electric circuits but having cer-

tain magnetic circuits in common. 
In polyphase transformers there are two or more magnetic circuits through 

the core, and the fluxes in the various circuits are displaced in phase. 

111111. 1111 ,1,1 .111  

i111111 11111,' I  

.1,111 ,11 11 ' I , 

111111111 

1411111 

1111 1,  

1111115111 1111, 

FM's. 6,506 and 6,507.—Core and shell types of three phase transformer. In the core type, 
fig. 6,506, there are three cores A. B. and C, joined by the yoles D and D'. This forms a 
three phase magnetic circuit, since the instantaneous sum of the fluxes is zero. Each core 
is wound with a primary coil P, and a secondary coil S. As shown, the primary winding 
of each phase is divided into three coils to ensure better insulation. The primaries and 
secondaries may be connected star or mesh. The core 13, has a shorter return path than A 
and C. which causes the magnetizing current in that phase to be less than that in A and C 
phases. This has sometimes been obviated by plaung the three cores so thelr corners f,rin 
an equilateral triangle (as in fig 6,481), but the extra trouble involved is not justified, as 
the unbalancing is a no load condition, and practically disappears when the transformer 
is loaded. The shell type, fig. 6,507, consists practically of three separate transformers in 
one unit. The flux paths are here separate, each pair oc coils being threaded by its own flux, 
which does not, as in the core type, return through the other coils. This gives the shell type 
an advantage over the core type, for should one phase burn out, the other two may still be 
used, especially if the faulty coils be short circuited. The effect of such short circuiting is 
to prevent all but a very small flux threading the faulty coil. 
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Polyphase current may be transformed either by a polyphase transformer 
or by using a single phase transformer for each phase. The polyphase trans-
former is however preferable, because less iron is required than would be 
with the several single phase transformers. The polyphase transformer 
therefore is somewhat lighter and also more efficient. 

Cooling of Transformers.— riere are various methods of 
cooling transformers, the cooling mediums being 

1. Air. 2. Oil. 3. Water. 

The means adopted for getting rid of the heat which is inevitably 
developed in a transformer by the waste energy is one of the important 
considerations with respect to its design. 

Air Cooled Transformers. 
—In this type of transformer 

PRIMARY 
TERMINAL there are two methods of cir-

culating the air as by, 1, natu-
ral draught, and 2, forced 
draught or blast. As designed 
for natural draught, the case 
containing the windings is open 
at the top and bottom. The 
column of air in the case ex-
pands as its temperature rises, 
becoming lighter than the cold 
air on the outside and is conse-
quently displaced by the latter, 

resulting in a circulation 
SECONDARY 
TERMINALS of air through the case. 

The process is identical 
with furnace draught. 

8,508.—Forced draught or "air blast" transformer. As is indicated by the classification, 
this type of transformer is cooled by forcing a current of air through ducts, provided between 
the coils and between sectionalized portions of the core. The cold air is forced through 
the interior of the core containine the coils the air passing vertically by a blower, through 
the coils and out through the top. The amount of air going through the cods may be controlled 
independently by providing dampers in the passages. About 100 cu ft. of air per minute 
per total kw. loss is ordinarily used for transformers which are not designed to operate above 
their rated capacity. 
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PIG. 6,509.—Water, cooled transformer with internal cooling coil, that is, with cooling coil within the transformer case. In this 
type, the cooling coil, through which the circulating water passes, is placed in the top of the case or tank, the latter is filled with 
oil so that the coil is submerged. The oil acts simply as a medium to transfer the heat generated by the transformer to the water 
circulating through cooling coil. In operation a continual circulation of the oil takes place, as indicated by the arrows, due to the 
alternate heating and cooling it receives as it flows past the transformer coils and cooling coil respectively. 

PIG. 6,510.—Water cooled transformer with external cooling coil. In t his arrangement the cooling coil is placed in a separate tank 
as shown. Here forced circulation is employed for both the heat transfer medium (o.1) and the cooling agent (water), two pumps 
being necessary. The cool oil enters the transformer case at the lowest point and absorbing heat from the transformer coils, it 
passes off through the top connection leading to the cooling coil and expansion tank. Since the transformer tank is closed, an 
expansion tank is provided to allow for expansion of the oil due to heating. The water circulation is arranged as illustrated. 
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medium to transmit the heat to the case, from which it passes 
by radiation. 

Oil cooling is used especially for lighting transformers. 

In such transformers, the large volume of oil absorbs considerable heat 
so that the rise of temperature is retarded. Hence, for moderate periods 
.cl operation, say 3 or 4 hours, the average lighting period, the maximum 
temperature would not be reached. 
The oil, besides being a cooling agent, is a good insulator, preserves th( 

insulation from oxidation, increasing the breakdown resistance of the insula-
tion, and generally restores the insulation in case of puncture. A special 
.obiection to oil, however, is danger of a central station fire being aug-
mented by the presence of the oil. Due to the high flash point of trans-
iormer oil, this affords but little extra hazard. 

Good transformer oil should not contain moisture, acid, alkali. 
or sulphur compounds. It should have low viscosity and 
should not decompose or throw down sludge under operating 
.conditions. 

The presence of moisture can be detected by thrusting a red hot nail 
in the oil; if the oil "crackle," water is present. Moisture may be removed 
by raising the temperature slightly above the boiling point, 212° Fahr., 
but the time consumed (several days) is excessive. 

Water Cooled Transformers.—A water cooled transformer 
is one in which water is the cooling agent, and, in most cases, 
•oil is the medium by which heat is transferred from the coils to 
the water. In construction, pipes or a jacketed casing is pro-
vided through which the cooling water is passed by forced cir-
culation, as shown in figs. 6,509 and 6,510. 

The surface of the cooling coil should be from .5 to 1.3 sq. in. per watt of 
total transformer loss, depending upon the amount of heat which the exter-
nal surface of the transformer case will dissipate. 
For a water temperature rise of 43 ° Fahr., 1.32 lbs. of water per minute is 

required per kw. of load. 

Transformer Insulation.—Transforrners are provided with 
major and minor insulation. The major insulation is placed 
between the core and secondary (low pressure) coils, and between 
. the primary and secondary coils. 
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RIGS. 6,5.11 to 6.514—General Electric Coil Structures. Various coil construrtions have been 
developed to meet the particular requirements of designs depending upon unit-size and 
voltage rating. In the larger sizes, circular coils of either disc or cylindncal shape are used on 
account of their greatly superior mechanical qualities, and the facilities they give for rigid 
mechanical support. In transformers using form wound coils, the insulation between the 
high voltage and low voltage windings, and between the high voltage winding and core. 
depends upon the voltage and type of winding. For transformers using disc voltage and 
cylindrical low voltage coils, the insulation between the high voltage and low voltage wind-
ings is composed of oil ducts and a cylinder of "573 compound" which, in addition to its 
high insulating properties, possesses great mechanical strength. The insulation between 
the high voltage winding and the core consists of speciPily treated fiber barriers and oil ducts. 
For transformers using disc high voltage and disc low voltage coils assembled interleaved, 
the insulation between the -sigh voltage and the low voltage windings is composed of fiber 
barriers and oil ducts the number of barriers and dimensions of the ducts varying with the 
voltage. The insulation between the high voltage winding and the core is composed of oil 
ducts and a cylinder of "573 compound." As sections of the low voltage windings are placed 



146 TRANSFORMERS 

It consists usually of mica tubes, sometimes applied as sheets held in 
place by the windings, when no ventilating ducts are provided, or moulded 
to correct form and held between sheets of tough insulating material 
where ducts are provided for air or oil circulation. 

The minor insul ation is the insulation placed between adjacent 
turns of the coils. 

PIG. 6,515.—General Electric partly assembled transformer showing mica pad. experience 
has shown the necessity of fire proof insulation in smaller sizes in order to insure protection 
to the lower voltage circuit, in case of burn out from abnormal operating conditions. A 
similar mica pad is used between ends of the high voltage coils and. cores. In these trans-
formers, therefore, the high voltage winding is practically surrounded by fireproof insulation. 

Pies. 6,511 to 6 ,514.—Text continued. 

at both ends of the coil attached next to the core, the ends of the highvoltage winding are well 
insulated from the core. Ihe insulation between the low voltage winding and the core in 
all core wound transformers is made up from a specially treated fiber which possesses suitable 
insulating properties and is not injured by the mechanical strrss incident to the winding 
process. In the interlea,•ed disc type of windinT (fig. 6,511) both high and low voltage coils 
are wound in the form of dkcs assembled with the high voltage and low voltage coils inter-
leaved. These coils are wound on a form and assembled over a cylinder of "573 compound" 
this cylinder furnishing the foundation for the winding. This is later assembled over the 
core and also serves as an insulation between the windings and the core. The coils are sep-
arated from each other by means of specially treated fiber spacers, furnishing generous oil 
ducts between coils for cooling purposes. Between high and low voltage windings and where 
required between coils of either winding, one or mue fiberpoliars are inserted with oil ducts 
between, in the disc-cylinder type of winding (fig. 6,512) the low voltage coils are cylindri-
cal in shape and are wound on a cylinder of "573 compound." The high voltage coils are 
disc coils assembled over another cylinder of the same material which is in turn assembled 
over the low voltage winding with an oil duct between the low voltage winding and tha 
outer cylinder. In the cylindrical construction both high and low voltage coils are cylinder' 
sound on forms and assembled concentrically with generous oil ducts between coils. 
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FIG. 6,516. — General Electric transformer oil 
dryer and filter for freeing the oil from moisture, 
slime and sediment. In operation, the oil is 
forced through several layers of dry blotting 
paper. The complete equipment consists of a 
filter press with motor driven oil pump, electric 
drying oven for thproughly drying the filter 
paper before placing it in the press. 

rut insulation not 
only between the 
coils, but also be-
tween the coils and 
the core. In the 
case of high voltage 
transformers, any 

FIG. 6,517.—Curve show-
ing the great reduction 
in dielectric strength pro-
duced by the presence of 
water in amounts up to 
8 parts in 100,000. 

%0 

5 

o o 

Since the difference of 
pressure is small between 
the adjacent turns, the insu-
lation need not be very 
thick. It usually consists of 
a double thickness of cotton 
wrapped around each con-
ductor. For round con-
ductors, the ordinary double 
covered magnet wire is satis-
factory. 

Mica is the most effi-
cient insulating material. 

It has a high dielectric 
strength, is fire proof, and is 
the most desirable insulator 
where there are no sharp 
corners. 

Oil Insulated Trans-
formers.—High voltage 
transformers are insulated 
with oil, as it is very im-
portant to maintain care-

2 3 4 5 6 7 8 
WATER PARTS 11.4100.000 BY VOLUME 
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accidental static discharge, such as that due to lighting, which 
might destroy one of the air insulated type, might be success-
fully withstood by one insulated with oil, for if the oil insulation 
be damaged it will mend itself at once. 

By providing good circulation for the oil, the transformer can get rid 
of the heat produced in it readily and operate at a low temperature, which 
not only increases its life but cuts down the electric resistance of the copper 
conductors and therefore the PR loss. 

Auto-transformers.--In this class of transformer, there is 

100 VOLTS LINE PRESSURE 

80 VOLTS h '20 VOLTS 

80 TURNS  t 20 TURNS-). 

  100 TURNS 

6,518.—Diagram illustrating connections and principles of auto-transformers as e;-
planed in the accompanying text. 

only one winding which serves for both primary and secondary. 
On account of its simplicity it is made cheaply. 

Auto-transformers are used where the ratio of transformation is small, 
as a considerable saving in copper and iron can be effected, and the whole 
transformer reduced in size as compared with one having separate windings. 

Fig. 6,518 illustrates the electrical connections and the relations between 
the volts and number of turns. 

By using the end wire and tapping in on turn No. 20 a current at 20 
volts pressure is readily obtained which may be used for starting up motors 

requiring a large starting current and yet not draw heavily on the line. 
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Constant Current Transformers for Series Lighting.— 
The principle of the constant current transformer as used for 
series lighting is readily understood by reference to the elemen-

tary diagram shown in fig. 6,521. 

In this system the alternator and regulating transformer 

supply a constant current and variable voltage. 

Constant current incandescent lighting systems for use in 
small towns also use this method for automatically regulating 

the current. 

-/V\AW 
20 -4--

•ri  100 

Fins. 6,519 and 6,520.—Two winding transformer and single winding r auto-transformer. 
Fig. 6,519 shows a 200:100 volt transformer having a 10 amp. primal./ an I a 20 amp. secon-
dary, the currents being in opposing directions. If these currents be superposed by using 
one winding only, the auto transformer shown in fig. 6,520 is obtained where the winding 
carries 10 amp. only and requires only one-half the copper (assuming the same mean length 
of turn). It R, be the ratio of an auto-transformer, the relative size of it compared with a 

transformer of tne same ratio and output is asR  R  I :1. For instance: a 10 kw. trans-

former of 400 volts primary and 300 volts secondary could be replaced by an auto-transformer 

1 . 3333 —  1 
of 10X 2.5 kw.; or, in other words, the amount of material used in a 23,5 kw. 

1.  
transformer could be used to wind an auto transformer of 4G0 :300 ratia and 10 kw. output. 

Since the primary is connected directly to the secondary it would be 
dangerous to use an auto-transformer on high pressure circuits. This 
type of transformer has only a limited use, usually as compensator for 
motor starting boxes. 
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FIG. 6,521. — Elementary 
diagram illustrating the 
principles of constant c ur-
rent transformer as used 
for series arc lighting. 
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PIG. 6,522.—Mechanism of General Electric air cooled constant current transformer. U 
operates on the principle explained in the accompanying text and is built to supply 25 te 
100 arc lamps at 6.6 to 7.5 amperes. The transformers are interchangeable and will operate 
on 80 or 125 cycles. The relative positions of the two coils may be changed in order to reg-
ulate the strength of the current more closely, by shifting the position of the arc carrying 
the counterbalance by means of the adjusting screw on it. A dash pot filled with special 
oil prevents sudden movements of the secondary coil and keeps the current through the 
lamps nearly constant, when they are being cut in or out of the circuit. in starting up 
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Regulation.—This term applies to the means adopted either 

to obtain constancy of pressure or current. II/ the transformer, 
regulation is inherent, that is, the apparatus automatically 
effects its own regulation. The regulation of a transformer 
means, the chanf,e of voltage due to change of load on the secondary; 
it may be defined more precisely as: the percentage increase in 
the secondary voltage as the load is decreased from its normal value 
to zero. Thus, observation should be made of the secondary 
voltage, at full load and at no load, the primary pressure being 

held constant at the normal value. 

TRANSFORMER _ 
UNDER TEST 

AMMETER 

I 
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Err—U=L— 

ded4 dd6d6  

9dd94ddd4  

21 

 tL 

PRIMARY 
G;RCU IT 

• 

POTENTIAL   
LAMP BOARD TRANSFORMER TO ACCOUNT FOR LINE L055 

6,523.—Diagram of connections for regulation test. Connect transformer under test to 
high tension supply circuit. A second transformer with same or other known change ratio 
is also to be connected up, as illustrated. By means of a double pole double throw switch, 
the voltmeter can be made to read the pressure on the secondary of either transformer. 
Supposing the same change ratio, it is evident that if both remain unloaded the voltmeter 
will indicate the same pressure. A gradually increasing lamp load up to the limit of the 
transformer capacity, will be attended by a drop in pressure at the terminals. This drop 
can be read as the difference of the voltmeter indications, and when expressed in per cent. 
of secondary voltage stands for "regulation." Remarks: The auxiliary transformer is 
necessary in order to make sure of the high tension line voltage. A large transformer undel 
test may cause primary drop in taking power. This must be set down against it in testina 
regulation. The second transformer gives notice of such drop, whatever be the cause. 

VOLT 
METER 

PIG. 6,522.—Text Continued 
constant current transformer, it is necessary to separate the two coils as far as possible aaà 
then close the primary circuit switch and allow the two coils to come together. If the pri-
mary circuit be thrown directly on the alternator, the heavy rush of current which will follow 
due to the two cods being too close together might injure the lamps. 
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The regulation is said to be "good" or "close," when this change is 
small. In the design of a transformer, good regulation and low iron losses 
are in opposition to one another when the best results are desired in both. 
A well designed transformer, however, should give good results, both as to 
regulation and iron losses, the relative value depending upon the class of 
work it has to do. and size. 

For 100% or unity power factor per cent regulation = % C R volts 

=1001Ip Rp Is Rs\ 
Ep Es 1 

in which I = amperes, R, ohms, E, volts, and p arid s, primary and secondary. 

Transformer Losses.—The commercial transformer is not a 

perfect converter of energy, that is, the input, or watts applied 
to the primary circuit is always more than the output or watts 
delivered from the secondary winding. 

This is due to the various losses which take place, and the 
difference between the input and output is equal to the sum of 
these losses which are: 

1 The iron or core loss 

Due to a, hysteresis; 6, eddy currents; c, magnetic leakage (negligibly 
small). 

2. The copper losses 

Due to a, heating the conductors (the PR loss); b, eddy currents in 
conductors. 

Hysteresis.—In transformer operation the rapid reversal of 
magnetism in the core requires an expenditure of energy which 
is converted into heat. 

This loss of energy is due to the work required to change the 
position of the molecules of the iron in reversing the magnetiza-
tion. Extra power then must be taken from the line to make up 

for this loss, thus reducing the efficiency of the transformer. 
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The hysteresis loss depends upon the quality of the iron in the core, the 
magnetic density at which it is worked and the frequency. 

To obtain minimum hysteresis loss the softest iron is used for the core 
and a low degree of magnetization is employed. 

Eddy Currents.—These currents are produced in the trans-

former core similarly as in a generator core and are reduced to a 
minimum by the usual method of lamination. The thickness of 
the laminœ depend upon the frequency, being about from .014 
to .025 in. according as the frequency is respectively high or low. 

When the secondary of a transformer is open, a no load current passes 

SOURCE VARIABLE. VOLTAGE 
OF TRANSFORMER 

SUPPLY 

6,524.—Method of determining core loss. Connect voltmeter and wattmeter as shcwn 
in the illustration to the low tension side of the transformer. By means of a variable voltage 
transformer bring the applied voltage to the point for which the transformer is designed. 
The wattmeter indicates directly the core loss, which includes a very small loss due to the 
current in the copper. Cautions: 1, Make sure of the voltage and frequency. The manu-
facturers' tabulated statements refer to a definite voltage and frequency and these have 
a decided influence upon the core loss. 2, The high tension circuit must remain open during 
the test. 

through the primary; the energy thus supplied balances the core losses. 
The iron losses may be reduced to a minimum by having short magnetic 
paths of large area and using iron or steel of high permeability. The 
design and construction must keep the eddy currents as low as possible. 

Copper Losses.—Since the primary and secondary windings 

of a transformer have resistance, some of the energy supplied 
will be lost by heating the copper. The amount of this loss is 
proportional to square of the current, and is usually spoken of 
as the PR. loss. The copper losses are the sum of the I2R losses 
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of both the primary and secondary windings, and the eddy 
current loss in the conductors. 

The eddy current loss is very small, and may be disregarded, so that the 
sum of the 12R losses of primary and secondary can be taken as the total. 
copper loss for practical purposes. 

Efficiency of Transformers.—The efficiency of transformers 
is the ratio of the electric power delivered at the secondary terminals 
to the electric power absorbed at the primary terminals. 

Accordingly, the output must equal the input minus the 
losses. If the iron and copper losses at a given load be known, 

OURCE 
OF 

SUPPLY 

VARIABLE VOLTAGE 
TRANSFORM ER 

WATT 
AMMETER METER 

PIG. 8.525.—Metho I of determining copper loss. Connect ammet.ir and wattmeter to high 
tension side of transformer short circuit secondary leads, as shown in illustration, and by 
means of a variable voltage, adjust current to the full load value for which the transformer 
is intended. The wattmeter reading shows the copper loss at full load. The full load prim-
ary current of any transformer is found from the following equation 

full load current = full load watts ÷ primary volts 

Example.—To find proper full load current on a five kw. 2,200 volt transformer, divide 
5,000 watts ny 2,200 volts, the full load current will then be 2.27 amperes. A slight varia-
tion in primary current greatly increases or decreases the copper loss. 

Remarka.—Copper loss increases with temperature because the resistance of the metal 
rises. Do not overload the current coil of the wattmeter. For greater accuracy the PR drop 
of potential method should be used. 

their values and consequently the efficiency at other loads may 
be readily calculated. 

Example.—If a 10 kilowatt constant pressure transformer at full load 
and temperature have a copper loss of . 16 kilowatt, or 1.6 Der cent., and 
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the iron loss be the same then its 
outpl.t 10  

efficiency — input + . 16 ± . 16 X 100 = 96.9 per cent. 
-  

UM. err" 
PIGS. 8,528 to 6.530. —Westinghouse low tension transformer connectors for connecting the 
low tension leads to the feeder wires. The transformers of the smaller capacities have knuc-
kle joint connectors and those of the larger sizes have interleaved connectors. These con-
nectors form a mechanically strong joint of high curr ent carrying capacity. Since the high 
tension leads are connected directly to the cut out or fuse blocks, connectors are not required 
on these leads. The use of these connectors allows a transformer to be removed and another 
of the same or a different capacity substituted usually without soldering or unsoldering 
a joint. The connectors also facilitate changes in the low tension oonnections. 

FIG. 8,531. —Diagram of single phase transformer having primary and secondary windings 
in two sections, showing voltages per section ii 11h aeries connections. 

PIG. 8,532. —Diagram of single phase transformer with primary and secondary windings of 
two sections each, showing voltages per section with parallel connection. 

100 VOLTS 200 VOLTS 
SECONDARIES IN PARALLEL SECONDARIES IN 5E.RIE5 

FIGs. 6,533 and 6,54. —Methods of altering the secondary connections of a transformer hay-
ing two sections in the secondary to obtain a different voltage. Fig. 6,533 shows the two 
sections in parallel giving say 100 volts, fig. 8,534 shows the two sections ev .eriez giving 
'490 vcats. 
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At three-quarters load the output will be 7.5 kilowatts; and as the iron loss 
is practically constant at all loads and the copper loss is proportional to 
the square of the load, the 

output 7.5  

effieieneY = input — 7.5 + .16 .09 X 1°° = 96.8 Per cent' 

The copper loss is measured by placing a wattmeter in circuit with the 
primary when the secondary is short circuited, and when enough pressure 
is applied to cause full load current to flow. 

If it be desired to separate the load losses from the true PR loss, the 
resistances can be measured, and the PR loss calculated and subtracted 
from the wattmeter reading. The losses being known, the efficiency at 

PRIMARY MAIN 1000 VOLTS 

\. 00000000000J 
noon\ 
100 VOLTS NO LOAD 
97 FULL "  

SECONDARY MAIN 

Pa Pb 
0Q...00000000 L 000000000Q 

PIG. O,535.—Diagram showing unlike single phase transformers in parallel. 

PIG. 6,536.—Three wire connections for transformer having two secondary sections on different 
legs of the core. If the secondary terminals be connected up to a three wire distribution, 
as here shown diagrarnmaticar-!, it is advisable to make the fuse, 2, in the middle wire, con-
siderably smalLr than necessary to pass the normal load in either side of the circuit, be-
cause, should the fuse, 1, be blown, the secondary circuit through the section, Sa, will be 
open, and the ccrresponding half of the primary winding. Pa, will oave a much higher impe-
dance than the half of the primary winding, Pb, the inductance of which is so nearly neutral-
ized by the load on the secondary winding, Sb. The result will be that the voltage of the 
primary sect:un, Pa, will be very much greater than that of the section, Pb, and as the sec-
tions are in series the current must be the same through both halves of the winding; the 
drop or diTerence of pressure, therefore, between the terminals of Pa will be much higher 
than that between the terminals of Pb, consequently, the secondary voltage of Sb will be 
greatly lowered and the service impaired. As the primary winding, Pa, is designed to take 
only ono-half of the total voltage, the unbalancing referred to will subject it to a consider-
ably higher pressure than the normal value; consequently, the magnetic density in that 
le of the transformer core will be much higher than normal, and the transformer will heat 
disastrously. If the fuse. 2, in the middle wire be made, say, one-half the capacity of each 
of the other fusés, this condition will be relieved by the blowing of this fuse, and as the 
lamps in the live circuit would not be anywhere near candle power ff the circuit remained 
intact, the blowing of the middle fuse will not be any disadvantage to the user of the lamps. 
Some makers avoid the contingency just described by dividing each secondary coil into two 
sections and connecting a section on one leg in series with a section on the other leg of the 
core, so that current applied to either pair of the secondary terminals will circulate about 
both legs of the core 
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any load is readily found by taking the core loss as constant and the cope' 
loss as varying proportionally to the square of ilk.: load. 

All Day Efficiency of Transformers.—This denotes the ratio 

SINGLE PHASE STEP 
1-0 DOWN TRANSFORMER 
zr£ 
<MZ 

• 
v+e)4 
zuZ 
oce 
un-

BALANCING 
iRANSFORMER 

rm. 6„537.— Cingle phase transformer connection with constant pressure main. 

Fro. 6.538.—Usual method of single phase transformer connections for residence lighting with 
three wire secondaries. A balancing transformer is connected to the three wire circuit 
near the center of distribution as shown. 
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PICS. 6,539 to 6,546.—Connections of standard transformers. A 1 stock transformers are wound 
for some standard transformation ratio, such as 10 to 1. but various leads are brought out 
by means of which ratios of 5, 10 and 20 to 1 may be obtained for one transformer. The 
bourn show the voltige combinations possible with a standurd transformer. 
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FIG. 6,547.—Method of comparing instantaneous polarities. Two of the terminals are con-
nected as shown by a small strip of fuse wire, and then touching the other two terminals 
together. If the fuse blow, then the connections must be reversed; if it do not, then they 
may be made permanent. 

Fro. 6.548.—Diagram of static booster or regulating transformer. It is used for regulating the 
pressure on feeders. In the figure. 13, are the station bus bars. R, the regulable transformer, 
F. the two wire feeders, and T, a distant transformer feeding into the low pressure three 
wire distributing network N. The two ends of the primary, and one end of the secondary of 
R, are connected to the bus bars as shown. The other end of the secondary, as well as • 
number of intermediate points, are joined up to a multiple way switch S, to which one of 
the feeder conductors is attached, the other feeder main being connected to the opposite 
bus bar. ./ip will be evident from the figure, by manipulating S extra volts may be added 
to the bus bar pressure at will, and the drop along F. conpensated for. R. is a step trans-
former for the total secondary difference of pressure being comparatively small. The above 
device possesses rather serious drawbacks, in that the switch S, has to carry the main cur-
rent, and that the supply would be stopped if the switch got out of order. Kapp improved 
on the arrangement by putting the switch in the primary circuit. 

MAIN5 PHASE 13 

RIG. 13,g49.—Two phase transformer connections. Two single phase trattsformers are used 
and connections made just as though each phase were an ordinary single phase system. 

Pro. 6,550.—Two phase transformer connections, with secondaries arranged for three wire 
distribution, the primpries being independently connected to the two phases. In the three 
wire circuit, the middle or neutral wi .e is made about one-half larger than each of the two 
outer wires. In fig. 6,549 it makes no di Terence which secondary terminal of a transformer 
is connected to a given secondary wire, so long as no transformers are used in parallel. Pot 
example, referring to the diagram, the left hand secondary terminal of transformer A. 
could just as well be connected to the lower wire of the secondary phase A, arid its right 
hand terminal connected to the upper wire, the only requirement being that the two pairs 
of mains shall not be "mixed." In the case shown by fig. 6,550, there is not quite so much 
freedom in making connections. One secondary terminal of each transformer must be 
connected to one of the outer wires and the other two terminals must be both connected to 
the larger middle wire of the secondary system. It makes no difference, however, which 
two secondary terminals be joined and connected to the middle wire so long as the other 
terminal of each transformer is connected to an outer wire cf the secondary system. 
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PRIMARY CIRCUIT 
2200 VOLTS 

PRIMARY CIRCUIT 
2200 VOLTS 

PRIMARY CIFINIIT 
2200 VOLTS 

PRIMARY CIRCUIT 
2,200 VOLTS 

rxiu ""J 

SE ONDARY 220 VOLTS SECONDARY 220 VOLTS SECONDARY 381 VOLTS SECONDARY -‘ 121 VOL 5 
DELTA ST AR DELTA-STAR STAR- DELTA 

PIGS. 6.551 to 6,554.—Three phase transformer connections. Fig. 8,551 delta conrection; 
' fig. 6,002. .tar connecLion; fig. 6,553, delta-atar connection; fig. 8,554 atar-deta con-

nection. 

FIGS. 8,555 to 8,558.—Three phase delta, and star connections using three transformers; 
There are two ways of connecting up the primaries and secondaries, one known as the "delta' 
connection, and illustrated diagrammatically by fig. 6,555, and the other known as the 
"star" connection, and illustrated by fig. 6,557. In both diagrams the line wires are let-
tered, A. B and C. Fig. 8,558 shows the primaries and secondaries connected up delta 
fashion, corresponding to fig. 6,555, and fig. 6,558 shows them connected up star fashion, 
corresponding to fig. 8,557. In both of the latter sketches the secondary wires are lettered to 
correspond with the respective primary wires. When the primaries are connected up delta 
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paimApy oR_ 
dIGH -rex5ioN 

LEADS 

fi 
CUT Ou 

TRANSFORMER 

CUT OUT 

INSuLATOR 

EC. IsDARY 
OR Low 
TENSION 
LEADS 

PIG. 6,559.—Installation of a transformer 
on pole; view show;ng method of attach-
ment and disposition of the primary and 
secondary leads, cut outs, etc. 

Rios. to ',"4558—Text conlinued 
fashion, the voltage between the terminals of each primary winding is the same as the volt-
age between the corresponding two wires of the primary circuit, and the same is true of 
the secondary transformer terminals and circuit wires. 1 he current, however, flowing 
through the transformer winding is less than the current in the line wire for the reason 
that the current from any one line wire divides between the windings of two transformers. 
For example, in figs. 6,555 and 6,556, part of the current from the line wire A, will flow 
from A, to 13, through the left hand transformer, and part from A, to C, through the right 
hand transformer; if the current in the line wire A, be 100 amperes, the current in each 
transformer winding will be 57.735 amperes. When transformers are connected up star 
fashion, as in figs. 6,557 aLd 6,558, the current in each transformer winding is the same as 
that in the line wire to which it is connected, but the voltage between the terminals of each 
transformer winding is 57.735 per cent, of the voltage from wire to wire on the circuit. For 
example, if the °ornery voltage from A. to B. be 1.000 volts, the voltage at the terminals of 
he left hand transformer (from A. to star point) will be only 577.35 volts, and the same is 
true of each of the other transformers if the system be balanced. These statements apply, 
of course, to both primary and secondary windings, from which it will become evident that 
if the three transformers of a three phase circuit be connected up star fashion at the primaries, 
and delta fashion at the secondaries, the secondary voltage will be lower than if both sides be 
connected np star fashion. Foe example, if the transformers be wound for a ratio of 10 
to 1, anq are connected up with both primaries and secondaries alike, no matter whether 
it be delta fash.on or star fashion, the secondary voltage will be one-tenth of the primary 
voltage; but if the primaries be connected up star fashion on a 1,000 volt circuit, and the 
secondaries be connected up delta fashion, the secondary voltage will be only 57.735 volts, 
instead of 100 volts. The explanation of the difference between the voltage per coil in 
delta system and that in a star system is that in the former each winding is connected di-
rectly across from wire to wire; whereas in the star system, two windings are in series between 
each pair of line wires. The voltage of each winding is not reduced to one-half, however, 
because the pressures are out of phase with each other, being 120°, or one-third of a cycle, 
sort; consequently, instead of having 500 volts at the terminals of each coil in fig. 6,557 
the voltage is 577.35. The same explanation applies to the current values in a delta system. 
The current phase between A and B, in fig. 6,555, is 120° removed from that in the wind-
be between A and C; consequently, the sum of the two currents, in the wire A, is 1.732 
tunes the current in each wire; or, to state it the opposite way, the current in each winding is 57.735 per cent of the current in the wire. A. It will be well for the reader to remember 

that in all cases pressures differing in phase when connected in series, combine according 
to the well known law ot the parallelogram of forces; currents differing in phase, and 42011^ 
nected in narallel. combine according to the same law. 

of the total watt hour output of 
a transformer to the total watt 
hour input taken over a work-
ing day. To compute this effi-
ciency it is necessary to know 
the load curve of the transformer 
for a day. 

Suppose that this is equivalent to 
5 hours at full load, and 19 hours at 
no load. Then, if W 1 be the core loss 
in wa.ts, W2 the copper loss at rated 
load, and W the rated output, 
output = 5 X W, 
losses = 5 (W I ± W s) + 19 W I, 
input = 5 (W W 1 + W2) 

+ 19 W2, 
and the all day efficiency is equal to 
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5 loo  
5 (W W I ± W2) ± 19 \VI per cent' 

Commercial or all day efficiency is a most important point in a good 
transformer. The principal factor in securing a high all day efficiency is to 
keep the core loss as low as possible. 

Transformer Conn ections.—The alternating current has 
the advantage over direct current, in the ease with which the 

cc cc 
cc  o o ui o e- tu F.. ,n cc 

0 

a z  t...e 
I. Cc  tr) inl tel t-
a. 1,I 4 208 V. 

I- 2080 V L ct 
r•I --1 

cr  t a. en 

• 8,580.—Diagram showing a method of operating a three phase motor on a two phase 
circuit, using a transformer having a tap made in the middle of the secondary winding. 
so as to get the necessary additional phase. While this does not pive a true balanced three 
phase secondary, it is close enough for motor work. In the above arrangement, the main 
ransformer supplies 54 per cent, of the current and the other withc las split winding 48 
per cent. 

• 8,581.—Three phase motor transformer connections; the combined Delta connected 
transformers. 
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pressure and current can be 
changed by different connec-

▪ tions of transformers. 
z On single phase circuits 

the transformer connections 

FIG. 8,582.—Diagram of transformer connections for motors on the m miocyclic system. 

cr 
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8,583.—Three phase motor connections using two transformers. 

ho. 8,584.—Delta-star connection of three transformers for low pressure, three phase. foie/ 

wire rystem. 
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can be varied to change current and pressure, and in addition 
on polyphase circuits the phases can also be changed to almost 
any form. 

Fig. 6,531 shows a transformer with each winding divided into two sec-
tions. Each primary section is wound for 1,000 volts, and each secondary 
section for 50 1,olts. By connecting the entire primary winding ir series, 
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FIGS. 6,565 to 6,572.—Ground connections to secondaries of staple phase transformers. 
A, two wire; B, three wire; C, two separate 110 volt transformers in parallel, the secondary 
ground is attached to either wire; D, two windings, two wire; E, two wuulings, three wire: F 
lout wire • G, three wire; H. three wire with four wire Priutare-
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DELTA 

the transformer may be supplied from a 2,000 volt main, as Indicated, and 
if the secondary winding be also connected all in series, as shown, the no 
load voltage will be 100 between the secondary terminals. 

The sections of the primary winding may be connected in parallel to a 
1,000 volt main, and 100 volts obtained from the secondary, or the primary 
and secondary windings may be connected each with its two sections in 
parallel, and transformations made from 1,000 to 50 volts as represented 
in fig. 6,532. 

This is a very common method of construction for small transformers, 
which are provided with convenient terminal blocks for combining the 
sections of each winding to suit the requirements of the case. When the two 
sections of either winding are connected in parallel as shown in fig. 6,532, 
care must be taken to connect corresponding ends of the two sections together. 

STAR 
OR Y 

STAR 
PRIMARY 

FIGS. 6,573 to 6,578.—Ground connections 
to secondaries of three phase trans-
formers. 

OPEN 
DELTA 

SECONDARlr 

Combining Transformers.—Two or more transformers 

built to operate at the same pressure and frequency may be con-
nected together in a variety of ways; in fact, the primary and 
secondary terminals may each be considered exactly as the 
terminals of direct current dynamos, with certain restrictions. 
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1 

CIRCUIT CONNECTIONS &. DEFINITIONS 
OF VOLTAGE AND CURRENTS IN THREE-
PHASE SYSTEMS. 

/n a three-phase system, (Transformer- circuit or 
apparatus)there are 7£41'0 voltages betkreen which 
o sharp distinction must be made: The voltage 

3 2 

Fig I 

fetweenMephose conductors, and the voltage iain 
phase conductor to neulra/(Or ground where Me 
neutral is at ground potent/JO. 
In the usual cbagrarnmcbC representation as in 

/g. I, these volttyes are c'e//cted as the delta-voltage 
and the star-voltage. 

then, /, 2anc/3 cre the three phase conductors 
of a three-phase circuit, 0 the nevtral,(regardless of 
whether it actually exists as conductor orr?o1)#e 
DELTA-VOLTAGES /-2, 3-/are variously called/fie, 
• Line Voltage, Voltage Between Lines, Voltage Between 
Conductors, or s»nply the Three-phase Voltage or the 
voltage of the system; The STAR-VOLTAGES 04, 
0-2, 0-3 are similarly called the Voltage7c56triund, 
Voltage7i,Neutral,orNeutral Voltage, etc. 
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Delta- voltage =-- I. times Star-voltage. 
/_)./  a- 1-V/1...7.  Star-voltage — 

1. /3 
Thus the de/fa-voltage is the kg 17er one,Me sloe 

vo/fage be, apart orily of the de/ta-t.o/tage. 
Similar/y a chStinction is. made between the de/la-

current and the sher--current in a three-phase system. 
The DELTA-CURRENT /...5 Me current which flows From 
phase/a/chase: fiam I to2,firm 2/.0.3, from 3i-o1. 
The STAR-CURRENT is often .5/rn.p/y denoted as Me 

Current, Current Per Phase, Line Current iS the Cur-
rent F1owing in /,4e phase conductors in I,or-2,or,.3 and 
may be supposed lo eon, towards the neutral O. 

Star-current 1.73 times delta-current 

Delta-current Star-current  
1. 73 

When speaking of the letage and/he Current or 
Line Voltage anti Line Current ara three-phase sys--
tern, without Further qualifications, the De/talefoge 
and the Star Current are understood. 

In the conventional denoloons,voltage and current 
theihree7ohose system thus do not correspond to each 

other; cridMerer are not-in/chase with each other on 17017- 
ino'uchr. e toad, kitshow a, ohasedisp/acement of-30 degrees.-
the ang/e 0-1-.2 in e9. 1. 

TRANSFORMERS & CONNECTIONS 

A transirrner is defined as a form  of-stchonary in - 
duchbn apparatus in which the,oninary and secondary wire 
ings are ordit2. ari 4/ insulated one Fr.-om another. A transemer 
does not generate powet; but mere/y changes the power 
fron7 one vo//,e_ge to anaie/--. 

1 
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Fig.! 

The three-phase transfè rmer consists of l'ree pr/m" ory 
and three second/cry win. d/n. gs,(see 1/..9 /)usually con - 
nectea' shiroro'e/to respectively. 

Sing/e-phase transformers (see ;rig 2), connectedin 
slur or de/fo ore oiSten,oreiérable Jo three-phase £rIrons-

mers becauseoftheyiet ;hat sing/e-,ohase reverse 1.1/7/73 
ore /ess expensive,. and o/so because damage to one 
gle-phase Inmstiymer maybe re,oair'ea;while anAer 
/denticalspare-iranshirmer is in' ter-connected in the 
three-phase unihrrithout loss of service . 

When two sets of transformers are connected in 
parallel to the ,orím. ary and secondary Circuits ofa ).> ree-
phase system, any cornb/naiion of de/to and star may 
be ustd in each set except that; with one set cl Irons-
Farmers connectea' »7de/to-star or star-delta, the other 
/ may not be connected de/ta-delle or star-star 

For exam p/e of transformer connections, 
See the llowing,oages. 
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Fig2-5ubtroctive Polarity. 
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Elementary Transformer showing derivation of 
terms Additive and Subtractive polarity - 
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SUBTRACTivEADOt SUBTRACTIVE ACQIIIVE SUBTRACTIVE 

3 

Diagram showing connections for star-star power trans-
former group to obta.n additive or subtractive line polarity. 



a 

Diagram showing connections for delta-delta power trans-
former group to obtain additive or subtractive 'line polarity. 
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ADDI TIVE POLARITY 
UNITS 

SUBTRACTIVE POLAR ITY 

UNI TS 

Vector and wiring diagram showing connections for 
obtaining additive line polarity with transformer units of either 
additive or subtractive polarity in star-star groups. 
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SuTRACTi VE POL AR I T Y 

UNIT 5 

(b) 

'ADO I T I VE POL AR I T Y 

._UNIT S_ 

Vector and wiring diagram showing connections for obtaining 
add H-i ve polarity with transformer units of either additive or sub-
tractive polarity in delta-delta groups. I-• 
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SUBTRACT IvE POLAR ITY 
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ADDITIVE POLARITY 

UNI TS 

Vector and wiring diagram showing connections for obtaining 
subtractive line polarity with transformer units of either additive or 
subtractive polarity in delta-delta groups.  
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Diagram ofconnections for power factor indicator connected 
across a star-delta transformer bank. 
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Vector and wiring diagram ofconnecions for indicating wattmeter 
connected across a star-delta group of power transformers. 
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Vector and wiring diagram showing synchronizing connec-
tions across a delta-diametrical bank of transformers consisting 
of súbfractiv,e polarity units. 
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Vector and wiring dia- 3 

gram shovving three phase 
voltages carried across 
various transformer group 
forms resulting in in-phase 
voltages on the quarter 
phase system. 
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CHAPTER 13 

Converters 
There are many instances where alternating current must be 

changed to direct or vice versa. Transformation from a.c. to 
d.c. or d.c. to a.c. may be made by means of: 

1. Rotary converters 3. Mercury vapor rectifiers 
2. Motor generator sets 4. Electrolytic rectifiers. 

Strictly speaking, a converter is a revolving apparatus for con. 
verting alternating current into direct current or vice versa; it is 

Th 

PIGS. 6,577 6,577 and 6,578.—Grasnme ring dynamo and alternator armatures illustrating conver-
ter operation. l'he current generated by the dynamo is assumed to be 100 amperes. Now.. 
suppose, an armature similar to fig. 6,577 to be revolving in a similar field, but let its wind-
ings be connected at two diametrically opposite points to two slip rings on the axis, as in 
fig. 6,578. If driven by power, it will generate an alternating current. As the maximum 
voltage between the points that are connected to the slip rings will be 100 volts, and the 
virtual volts (as measured by a voltmeter) between the rings will be 70.7 ( = 100= 52). 
if the power applied in turning this armature is to be 10 kilowatts. and if the circuit be non-
inductive, the output in virtual amperes will be 10,000 70.7 =. 141.4. If the resistances. 
of each of the armatures be negligibly small, and if there be no frictional or other losses. 
the power given out by the armature which serves as motor will just suffice to drive the 
armature which serves as generator. If both armatures be mounted on the same shaft and 
placed in equal fields, the combination is a motor dynamo. In actual machines the various. 
losses are met by an increase of current to the motor. Since the armatures are identical, 
and as the similarly placed windings are passed through identical magnetic fields, one wind-
ing with proper connections to the slip rings and commutator will do for both. In this: 
case only one field is needed; such a machine is called a converter. 
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6,579.—Diagram of ring wound single phase rotary 
converter. It is a combination of an asynchronous motor 
and a dynamo. The winding is connected to the ccm-
mutators in the usual way, and divided into two halves 
by leads connecting segments 180° apart to collector 
rings. A bipolar field is shown for simplicity; in practice 
the field is multi-polar and energized by direct current. 

Fin. 6,580.—Diagram of two phase rotary converter. 
This is identical with the single phase machine with the 
exception that another pair of collector rings are added, 
and connected to points on the winding at right angles 
to the first, giving four brushes on the alternating side 
for the two phase current. The pressure will be the 
same for each phase as in the single phase rotary« Neg-
lecting losses the current for each phase will De equal 
to the direct current X.707. 

Fin. 6,581.—Diagram of three phase rotary converter. 
In this type, the winding is tapped at three points 120• 
distant from each other, and leads connected with the 
norresponding commutator segments. 
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usually called a rotary 
converter and is to be 
distinguished from the 
other methods men-
tioned above. 

Broadly, however, a 
converter may be con-
sidered as any species 
of apparatus for chang-
ing electrical energy 
from one form into an-
other. According to the 
standardization rules 
of the A. I.E.E., con-
verters are classed and 
defined as follows: 

• 
'.nnee 

FIG. 6,582. —General Electric commtuator of 1.000 kw. 
commutating pole synchronous converter for lighting 
service. Cover for the cooling vanes at erd of commutator 
bars is removed. 

FIG. 6,583. —General Electric converter collector ring brush rigging. The brush and brush 
holders used on the collector lino illustrate changes in modern synchronous converter practice. 
The brusheS are aide of combined copper and graphite by a new process and have the agr 
pearance of solid copper. 

FIG. 6.584. —Detail of General Electric corn,erter armaturc collector ring end. 
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Fms. 6,585 and 6,586.—Converter Connections. Fig. 6.585, three phase 600 volts; fig. 6,586. six phase 600 volts. It is c-as-
comary to ground converter bases. The ground connection should be he.vy enough to safely carry the short circuit current 
in case of an armature ground. Do not run single a.c. leads through iron pipe—twO leads =mite in phase, or three leads 
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CONVERTER 

6 5 4 1 2 

111POLAR DIAGRAM 
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3 SINGLE PHASE 
TRANSFORMERS 
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Pies. 6,587 to 6,590—Phase rotation in synchronous converters. Figs. 6,587 and 6,588 fat 
6 phase machine; figs. 6.589 and 6,590 primary and secondary phase rotation in 3 phase 
diametrical transformers for 6 phase synchronous converter. Synchronous converters are 
always designed to run clockwise-viewed from the commutator end, or counter-clockwise 
from the collector end and the phase rotation is 1-2-3-4-5-6. The collector rings are num-
bered from the bearing in toward the armature as in fig. 6,587. The phase rotation on the 
high voltage side of the transformers is 1-2-3. as shown in fig. 6,588, which shows the cor-
responding low voltage connections for both 3 phase and 6 phase transformers and for 3 
phase and 6 phase transformers and for three single phase transformers. In the case of 
3 phase, 6 phase transformers, refer to the numbering of the leads, rather than their mechan-
ical position, as certain forms of 3 phase transformers may have a different mechanical 
arrangement of low voltage leads from the one shown. When the phase rotation of the high 
tension supply is known, this diagram may be followed in making the primary connections' 
if it be not known, make the connections temporarily in the most convenient manner and 
try them out, in either ca.-,e, the connections should be tested before any attempt is made 
to run the converter on full voltage from the a.c. end. 
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A direct current converter 
converts from a direct current to 
an alternating current. 
A synchronous converter 

(commonly called a rotary con-
verter) converts from an alternat-
ing current to a direct current. 
A motor converter is a. com-

bination of an induction motor 
with a synchronous converter, 
the secondary of the former feed-
ing the armature of the latter 
with current at some frequency 
other than the impressed fre-
quency; that is, it is a synchronous 
converter in combination with an 
induction motor. 

PIG. 6.591.—Equalizer connections of Westinghouse rotary converter. The armature coils 
are cross connected at points of equal voltage and taps are led out from the winding ut suit-
able points to the slip rings. This construction insures a uniform armature saturation below 
each P010 piece and eliminates one cause of sparking at the commutator. 

A Frequency Converter (preferably called a frequency changer) converts 
alternating current at one frequency into alternating current of another 
frequency, with or without a change in the number of phases or voltages. 

A Rotary Phase Converter changes alternating current of one or more 
phases into alternating current of a different number of phases, but of the 
same frequency. 

Rotary Conver-
ters.—The synchron-
ous or rotary converter 
consists of a synchron-
ouS motor and a dynamo 
combined in one ma-
chine. 

PIG. 6,592.—Westinghouse pole construction for converters. The poles are built of up sheet 
steel laminations held together with rivets. Proiections in the Inner ends of th s poles 
form seats for the field coils and hold them in position. Copper dampers set in slots in the 
pole faces insure stable operation. Rotary converters for railway service are almost invar-
iably compound wound. The series windings are formed of bare copper strap. The shunt 
windings are of insulated copper strap or wire. Spaces between coil turns and sections 
are provided for ventilation. 
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POTENTIAL TRANSFORMERS 
\"*"--' AND LAMPS OR VOLTMETERS s•  TO 

TRANSFORMER PRIMARIES 10 CONVERTE1 SLIP RINGS 
FIGS. 6,593 and 6,594.—"Phasing out" a synchronous converter. Pig. 6,593 on high tension 

side of the transformers. Raise the c.c. brushes and slip a sheet of varnished cambric or 
other insulating material between the brush holders and the rings. Close the oil circuit 
breakers and close the low tension starting switch on the down or running position. Make 
certain that the full secondary voltage appears at the brushes which bear on the diametrical 
rings 1-4, 2-5, and 3-6. Then open the starting switch and put the a.c. brushes down on the 
rings. The transformer secondaries will then be connected in Y. the stationary converter 
armature forming a low resistance neutral, compared to the resistance of the voltmeter, and 
the following voltage relations should exist at the switch: The voltages between blades ard 
upper, or starting clips, should be the starting voltage, approximately 54 of the secondary 
voltage. The voltage between blades and lower, or running clips, should be full secondary 
voltage. Any deviation from these requirements indicates an interchange of starting and 
running leads. The voltage between each upper clip and the corresponding lower clip 
should he the difference between the starting voltage and full voltage, or approximately 34 
secondary voltage. Any deviation from this requirement indicates an interchange of two 
starting or two running leads. The voltage between any two upper clips should be about 
87 per cent of full secondary voltage and the voltage between any two lower clips should be 
twice this amount, or about 154 times full secondary voltage. Any deviation from this 
requirement indicates a reversed transformer secondary, or that the switch is connected in 
consecutive phases instead of alternate phases, as shown. If the voltages at the switch be 
properly symmetrical according to the above tests, the phase rotation must then be checked. 
The method of phasing out will depend upon the character of the equipment, and the avail-
able auxiliary apparatus. When the converter is arranged to staet from the a.c. end, and a 
sepal:ate high tension bus fed by a single generator can be used to start the converter, a 
cor.muient method is to start the converter first on the starting taps, and then on the running 
taps by reducing the primary voltage. If a separate bus and generator be not available, 
start the machine on 54 voltage in the ordinary manner, but before throwing it to full voltage, 
check the voltages at the starting switch as follows: The voltage between each blade and 
the corresponding lower clip should be approximately 34 voltage and the voltage between 
any two lower clips should be about 130 per cent of full secondary voltage. When the con-
verter is designed to start from the d.c. side or by an induction motor it must be phased 
out by means of lamps or voltmeters connected around the oil switch as in fig. 6,593 a 
around the low tension switches as in fig. 6,594. If possible, the synchroscope should be 
checked at the same time by connecting the lamps at the switch it is connected across. Any 
apparatus connected across the open switches should be capable of standing double line 
voltage. While "phasing out" converters designed to be synchronized at the oil switch, 
make certain that one phase is not reversed on the secondaries, since a reversed secondary 
phase with delta primary is equivalent to a short circuit. Such a reversal will make itself 
apparent by excessive current when starting with the transformers connected to the con-
verter, so that the converter will not come to speed from the direct current end, or in the 
case of induction motor starting preventing the building up of the voltage. When the ma-
chine has reached approximately normal speed and voltage, correct phase rotation will be 
indicated by all the lamps across the oil switch growing bright at the same instant, followed 
by a period when they will all be dim at once. Reversed phase rotation will be indicated 
by the lamps growing bright in succession. In "phasing out" at the secondary switches, 
the indications of correct and reversed phase rotation are the same, respectively, as when 

i "phasing out" on the high side and, n addition, the following indications are possible: 
If the lamps on two phases fluctuate together, and the third in a different manner, one phase 
is reversed but the phase rotation of the other two is correct. If the three lamp circuits be-
come bright in a rapid succession and then pass through an interval when all are dim, a 
combination of reversed phase rotation, and reversed phase rotation, and reversed con-
nections on one phase, is indicated. Usually the easiest method of correcting reversed 
phase rotation is to interchange two lines at the high voltage terminals of the transformers. 
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PIGS. 8,595 to 6.597. — General Electric three phase synchronous converter switch board and 
diagram of connections. Symbols: A. ammeter (a.c.); A. ammeter (d.c.); C.B., air 
circuit breaking; C.T., current transformer; F., fuse; 0.C.B., oil circuit breaker; OR.. 
inverse time limit overload release; PT., pressure transformer; Pr.T., power transform-
er; Rh., rheostat; Rs.. resistance; S., switch; S:, starting switch; S., equalizing switch; 
Sh., shunt; S. L b., speed limit device; U.V.R., under-voltage release; T.C., trip coil; V., 
volt meter; V., volt meter (d.c.) (optional); watt hour meter (a.c.); W.H.M.-1. 
watt hour meter (d.c.). 

NOTE. —Operation. In figs. 6,595 to 6,597 the machine will be started as follows: 
it being assumed that all switches are opened before starting and the brushes are raised from 
the commutator: 1. Close high tension oil circuit breaker 0C3. 2. Close the starting switch 

SI, and let the machine come up to synchronous speed. 3. Note the d.c. polarity. If the po-
larity be right, close the field break up switch S4 in the upper position. If the polarity be 
wrong, throw the field switch in the lower position and hold it there until the volt meter begins 
to read slightly in the right direction, then close the switch in the upper positions. Hold the 
starting switch Si or S2 on the one half tap until the voltage of the d.c. side rises to abaut on( 
half normal and becomes steady. Then throw it down with a rapid movement to the run 
ning position. Let the brushes down on the commutator. Close the equalizer switch 83 

(omit for a station containing only one machine). Adjust the field rheostat to give proper bva 
voltage. If the transformers be connected on the right high tension tap, this will draw about 
20 per cent, lagging current at no load, and will give unity power factor at about three quarter 
load. Close the main circuit breaker CB. Try the speed limit device by hand and reclose 
the circuit breaker. Make certain that the d.c. brushes are down on the commutator. Then 
close the main nositive switch S. Checking the position of the brushes is as much a part of 
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It resembles a dynamo with an unusually large commutator and an 
auxiliary set of collector rings. On the collector ring side, a rotary con-
verter operates as a synchronous motor, while on the commutator side, it 
operates as a dynamo. 

The speed depends upon the frequency of the a.c. and the number of 
poles because the input side consists of a synchronous motor. 

The ratio between 
the impressed alter-
nating pressure and 
the direct current 
pressure given out 
is theoretically con-
stant, therofore, 
the direct pressure 
will always be as l 
o .707 for single 
phase converters or 
if the pressure of 
the machine used 
above indicate 100 
volts at the direct 
current cod, it will 
indicate 70.7 volte 
at the alternating 
current side of the 
circuit. 

PIG. 8,598. —General Electric 1,200-250 volt shunt wound synchronous converter for indus-
trial service. 

NOTE .--Conginued. 

the routine of starting as closing the switch, and is of even greater importance since consider-
able damage may result from connecting the machine to the d.c. bus before the brushes are 
lowered. Unfortunately, the pilot brushes do not act as a fuse in the circuit, but cause an arc 
to form between the brushes and commutator which holds until the machine is disconnected 
or flashes over and opens the d.c. and a.c. switches. Adjust the divisions of load between 
machines if more than one be in service, by means of field rheostats. If another machine in 
the same station be carrying load when a compound wound converter is started, the correct 
4.c. polarity may be insured by closing the equalizer switch 53 before the machine reaches 
synchronism. The series field will be supplied with current by the other machine sufficient 
to magnetize the poles in the right direction and cause the converter to drop into step with the 
proper polarity. It is also possible to insure correct polarity on machines which do not syn-
chronize too rapidly by watching the swings of the d.c. voltmeter and closing the field switch 
S4 in the up position just as the volt meter begins its last swing in the right direction. The 
field will at once build up in the right direction and lock the converter in step with the correct 
polarity. The order of operation in shutting down a machine is as follows: 1. If operating 
in parallel with other machines drop the load off as far as possible without danger of invert-
ing, by adjusting the field rheostats. 2. Open the air circuit breaker C.B. 3. Open the 
main positive switch S. 4. Open the equalizer switch S3. 5. Open the high tension oil cir-
cuit breaker O.C.B. 8. Allow the machine to come down to zero voltage, then open the field 
break up switch S4. Open the a.c. starting switch Si or S2. Raise the brushes from the 
commutator. 
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There are two types of converter: 

1. Single phase 2. Polyphase. 

Usually two or three phase converters are used on account of economy 
of copper in the transmission line. The armature of a polyphase converter 
is connected similar to that of an alternator with either delta or star 
connections.° 

In order to vary the voltage of a rotary on the d.c. side, pressure or voltage 
regulators are put in the a.c. circuit and may be regulated by small motore 
operated from the main switch board or by hand. 

6.599.—Commutating pole of Westinghouse commutating pole rotary converter. The 
commutating poles are similar in general construction to the main poles. The coils are 
of bare copper strap wound on edge. Ventilating spaces are provided between the pole 
and coil and between turns. The copper winding is bare except for a few turns at each 
end. Insulating bolts retain the turns in their proper position. 

NOTE.—Treatment of commutator and brushes. Converters are frequently shipped 
with the commutators freshly ground. This and the initial condition of the brush faces do 
not constitute a fit condition for carrying loads, and heavy loads must not be put upon a con-
verter when first put in service. This point must be insisted upon, for if the converter be mis-
used in this respect, its commutator may reach such a condition as to require turning, and 
a great deal of trouble may be experienced before proper condition is obtained. If, on the 
other hand, the following instructions be fcllowed, good results are assured. When the arma-
ture is received with the commutator polished from factory testing, the converter may be loaded 
at once as heavily as the condition of the brush surfaces will pe:mit with good commutation 
but if the commutator be not polished, the mcahine should be run light for at least 24 hours 
with normal brush pressure, and then an additional 24 hours at approximately half load, in 
order to establish a polish on the commutator surface. The desired surface will show a very 
high polish by reflected light and will vary in color from a light straw to a dark brown or even 
a blue gray, 'fie actual color being of no consequence as long as the bars are polished uniformly 
from edge to edge. Use no lubricant on the commutator either during the polishing period 
or subsequently. Both the carbon and the graphite brushes now furnished on synchronous 
converters are self-lubricating, and their characteristics are seriously impaired by the use of 
any external lubrication. Self-lubricating carbon brushes may in some instances leave a black 
deposit on the commutator when first put into service. This deposit should be wiped off as 
rapidly as it appears by means of a piece of dry canvas or other hard. Eon-Eating material, 
which should be wound around a block and held against the commutator with sufficient pres-
sure to remove the blackening. While the converter is being run to polish the commutatos 
and fit the brushes, the end play device should be in operation so that the commutator and 
the collector rings will be polished uniformly. 
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The advantage of unity power factor is that it prevents overheating when 
the rotary is delivering its full load in watts. The strength of the magnetic 
field greatly influences the power factor on the high tension line but does 
not materially affect the voltage. 
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Since variation of the field strength 
does not materially affect the voltage 
by adjusting the resistance in series 
with the magnetic circuit, the strength 
of the field can be changed and the 
power factor kept 1 or nearly 1 as 
different loads are thrown on and off 
the rotary. If the field be too strong, 
a leading current is produced, and if 
too weak, the current lags, both of 
which reduce the power factor and 
are objectionable. 

It is the duty of the attendant at 
the substation to maintain the proper 
power factor. The ordinary sizes of 
rotaries are from 3 to 3,000 kw. 

FIG. 6,600.—Westinghouse brush lifting de-
vice for cummutating pole rotary converter. 

Bru A rack is attached to each brush as shown. 
ébkler Into this rack the spring hinged lifting 

hook of the raising device engages only when 
the lighting. lever is shifted toward the 
raised position. Each brush is merely 

raised and lowered within its own holder so the brush position or commutation is not altered. 

Brigib Arm 

NOTE—Adjustment of end play device. After the machine has been brought up to 
voltage, the end play device should start automatically into operation. If the armature will 
not come forward, or back from the end play device it is due to an endwise pull of the field. 
Test the machine by running up to full speed on the e.c, starting tap and pull off the power 
without closing the field circuit. If the machine then oscillate freely in either direction and 
will not oscillate when up to voltage with field closed, trouble is due to pull of field. If this 
field pull hold the armature over against, or near to one of the bearings so that the coil delec-
tor bumps against it when the armature oscillate, the field should be removed slightly in the 
opposite direction to correct it. In making this movement, take care not to disturb the air 
gap by shifting the field to one side or the other. Make reference marks on the feet of the field 
frame and on the base; move one side of the field exactly the same amount as the other, and 
take care to give no lateral movement. Then dowel the field in the proper position for the 
best operation of the end play device. 

NOTE.—Adjustrnent of speed lime device. This device is adjusted at the factory 
(General Electric practice) to trip at 15% over speed. Check the adjustment before putti i ng 

. the converter into service n order to detect any change during shipment. For this overspeed 
test, the machine may be belted and driven by an auxiliary motor, or it may be run inverted 
ea a d.c. motor and brought to the required overspeed by weakening the shunt field. In order 
to control the speed of compound wound converters operating as motors it will probably be 
found safer to disconnect or reverse the series field, or short circuit it, since the series field 

s the shunt field and tends to make the converter run away. Use-an accurate speed opposes 
or tachotneter, and check it first at the synchronous speed of the converter. Open 

the speed limit switch first by hand to test th- circuit breaker trip coil and show that the breaker 
opens properly. If the speed limit deuce then fail to open the breaker at the required over-
speed, reduce the tension on the spring- by turning the nut on the adjusting screw, and con-
-versely, if the speed limit operate at too low a speed, increase the tension on the spring, Check 
,the final adjustment twice. 
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PIG. 6,601. —Detail of General Electric commutator and commutating poles. Commutation. 
This is affected by certain mechanical adjustments and refinements as well as by the ad-
justment of the commutating i ales. When good commutation is not obtained after polish. 
mg the commutator, these mechanical features should be gone over thoroughly, trying 
the commutation after any change is made and noting the effect produced. Go over all 
the contacts and make certain that none are loose, particularly in the circuits. Check the 
oc, brush pressure. Itshould be 3 lb. or 314 lb. per sq. in. per brush. Check the connections 
and make certain that the commutating field or any part of it is not reversed, and that 
one or more of the main spools are not reversed. Check the brush spacing and alignment 
both with paper tape, and by the commutator mica, revolving armature to two or three 
positions to detect errors due to variation in thickness of bars or mica. The brush spac-
ing should always be checked with reference to the trailing side af the brush, that is, the 
sicle on which the commutator bars leave, and on which sparking usually appears. Ma-
chines of certain designs are very sensitive to brush spacing, and a variation of over 14 in. 
should be corrected. The commutator should be wrapped tightly with a long strip of paper 
covering its whole face and tied in place. The lapping point of this paper should then be 
marked, the paper should be removed, spread on a fiat surface and stepped off with a large 
pair of dividers or similar tool into exactly equal sections, equal in number to the number 
of poles. The strip should then be replaced on the commutator and the studs so adjusted 
that the toes of the brushes on the different studs just touch these marks. In general, the 
more accurate the brush spacing, the more uniformly good will be the commutation. 
Check the mechanical neutral and try shifting the brushes each way from neutral. Very 
often slight shifting is advantageous. To check the neutral turn the armature over until the 
center lines of the two slots which are painted red are directly under the center 
lines of two commutating poles. The brushes of the nearest stud should be set on the 
center of the group of commutator bars which are stamped and painted red on the ends. 
Go over the brushes and see that they move freely in the holders, and that the 
pigtails do not interfere with any part of the rigging. Check the pressure and see that 
the fit is good. Look for burning or roughness of the contact surfaces. In checking the 
brush pressure, it will be preferable to measure the actual pressure with a spring 
balance, because of variatioit in the springs • used. The correct pressure is two 
pounds ner square inch cross section. As an example, the ?liy -in. brush will have a 
pressure of 17i lb. If a spring balance is not available, set the springs in the first noteri 
and advance one notch for each Win, wear of d.c. brushes, and each Win. wear of the 
a.c. brushes. Inspect the surface of the commutator and wipe off any blackening. If it be 
rough or eccentric, causing the brushes to chatter or move in the holders, à should be ground 
or stoned, and perhaps turned. 
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Compounding of Rotary Converters.—Compounding is 
desirable where the load is variable, such as is the case with 
interurban railway systems. The purpose of the compounding 
is to compensate automatically for the drop due to line, trans-
former, and converter impedance. 

On account of the low power factor caused by over compounding, and the 
fact that sub-stations are customarily connected to the trolley at its nearest 
point without feeder resistance, over compounding is not recommended. 
An adjustable shunt to the series field is provided with each machine. 

PIG. 6,602.—Westinghouse 300 kw., 1,500 volt, three phase, 25 cycle, commutating pole 
rotary converter. The illustration shows clearly the commutating, and main poles and 
the relative sizes, also arrangement of the terminal connections. 

NOTE.—Adjustment of auxillarg commutating field. Commutating pole converters 
with direct connected a.c. boosters are provided with shunt windings on the commutating 
poles in addition to the customary series windings. The shunt windings are necessary in order 
to maintain the proper strength of commutating field under all conditions of boost and buck, 
since the armature reaction varies with these conditions and the series winding alone will not 
give the proper compensation. The auxiliary commutating field is controlled by an automatic 
equipment which is shipped with the converter. The installation and adjustment of thit 
equipment is comparatively simple. 
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Ratio of Conversion.—The relation between the a.c. and d.c . 

voltages vary slightly in different machines. The ratio depends 
upon the number of phases and connections of the windings. 

WOMMed )A1WIVON 

VV6yvv 

4 2 1 3 5 

MAMVW 

AvA,AA,AA 

COLLECTOR 
RING5 

ARMATURE 

ARNIAIURE. (,OLLECJOR RINGS 

Pics. 8,1303 and 8,804. —Alternating current starting. Synchronous converters are gener-
ally started from the a.c. side like polyphase synchronous motors. The current in the 
armature induces a magnetic field in the pole pieces, and as the iron has hysteresis, the 
induced field lags behind the current producing st, thus creating a torque. It is, however, 
necessary to reduce the voltage at starting in order to prevent a heavy rush of current and 
this is done by providing taps on the transformer secondaries. Fig. 8,803 shows the ar 
rangement of taps for starting three phase converters, leads 1, 2 and 3 being the operating 
terminals, and leads 1, 4 ancl 5 those for starting at half voltage. Lead 8 is merely for the 
purpose of making the three transformers duplicates. Large converters are usually connected 
six phase diametrical, and when started from the oc, side, it is desirable to provide taps 
on the transformers for one-third and two-thirds voltage as shown in fig. 8,1304. Leads 
á to 8, inclusive, are the operating terminals; leads 1, 3, 5, 7, 8, and 9 are for the first step 
and leads 1. 3, 5. 10, 11 and 12 are for the second step. Leads 2, 4 and 8 are for the final 
or full voltage step. Leads 1. 3 and 5 are connected directly to the converter and the start-
ing is done by twc triple pole double throw switches as shown. When ac. is used for start-
ing, the armature winding stands in relation to the field winding, as the primary of a sta-
tionary transformer to the secondary. A large number of turns in the field spools, com-
pared with the turns in the armature, may produce in the field winding a high induced 
voltage which should be kept within safe limits. This is done by breaking up the field circuit 
between the spools by means of a switch provided for that purpose on the frame of the machine. 

NOTE.—In the rotary converter no lead in either sense need be given to the brushes; for 
the armature reactions of the motor part being, in general, opposed by those in the dynamo 
part, they cancel one another to a large extent. This property is common to all those motor-
generators in which there is used, whether with one winding or two, a common core in a 
common field. The relations between speed and field are peculiar. In the case of those 
grouped machines, or motor-dynamos in which each armature revolves in its own field, the 
conditions' differ from those of the converter, where there is only one field. If in either case 
the continuous-current side is the primary (i.e. motor) side, the speed of revolution will 
depend on the field-magnet, the weakening of which will increase the speed. The frequency 
of the secondary or alternating current will in that case also vary. But the ratio of the 
primary and secondary voltages will be independent of speed if the fields are alike, or if only 
one common field is used. The secondary voltage cannot be varied, while the primary voltage 
is kept constant, unless separate fields and separate windings be employed. If. on the other 
hand, the alternating-current side be used as primary, then the machine, whether motor 
dynamo or converter, runs as synchronous motor with a fixed speed. 
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Shunt wound converters are satisfactory for sub-stations in large cities 
and similar installations where due to the larger number of car units demand-
ing power, the load is more nearly constant. 

FIGS. 6,605 to 6,607.—Woodbridge split pole 
rotary converter. Each pole is split into three 
sections and provided with windings as indi-
cated in fig. 6,605. When excited as in fig. 
6,606 the commutator voltage is at its highest 
value; when excited as in fig. 6,607, the com-
mutator voltage is low. The change in com-
mutator voltage for constant collector ring 
voltage is in virtue of the property of rotary 
converters that the ratio of these two voltages 
is a function of the width of the pole arc. 

NOTE.—The a.c. starting method does not require any complicated or expensive 
apparatus, the same switches being used for both starting and running connections. Since 
it is self-synchronizing, there is little possibility of confusion by the operator, as the difficulty 
of accurately adjusting the speed is eliminated and less time is required for the starting. 
After seeing that all the machine switches are open, the high tension oil switch is closed. 
Then the first starting switch is closed and the converter should start, running on one-half or 
one-third of the normal voltage as the ease may be. As the speed of the machine increases, 
a volt meter connected across the d.c. side will oscillate back and forth and finally come to 
rest in either a positive or a reverse direction, that is. the machine may come up to synchron-
ism with either positive or negative polarity. For this reason, it is customary to make the 
field switch double throw and this switch is thrown in the normal position if the volt meter 
indicate positive polarity. If, however, it show that the polarity of the converter is reversed, 
the field switch is closed in the other direction, reversing the current through the field coils. 
The flux set up by this reversed current in the field coils opposes and overcomes the flux 
induced by the ex. flowing in the armature, causing the armature to drop in speed until it 
slips a pole, and when the pressure at the.brushes is brought to zero, there is no field current 
and the polarity reverses. if the field switch be now opened, the converter will run in 
synchronism and the field switch is thrown to its original position, after which the machine is 
thrown successively on the two-third and the full-voltage taps. When the last switch is 
closed, the converter is running on full voltage and is ready for service after adjusting the 
shunt field rheostat to give proper voltage for the station bus bars. Three phase machines 
starting on one-half voltage taps with the external reactance coils in the circuit will take three-
fourths to full load primary current and six phase machines starting on one third voltage taps 
without the reactanc coils in the circuit, approximately three-fourths primary current 
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PIGS. 6,608 and 6,609.—Commutator turning tool. 

NOTE.—Corrintutafor grinding or turning. In many cases where a commutator is 
rough but is concentric, it is possible to stone it smooth with sandstone instead of turning. 
Whenever possible this is to be preferred, for a commutator can usually be smoothed by the 
removal of a few thousandths in. in this way, whereas, if it was turned, a man would probably 
cut away Vol of an inch and possibly more before completing the work. Before stoning, all 
traces of oil or grease must be removed from the commutator or the stone will glaze over with 
copper and will not cut. A piece of grindstone or medium grade scythe stone will answer 
the purpose; the stone should be worked from end to end of the commutator and the surface 
ground down evenly. This stone should span enough of the commutators circumference to 
prevent its dropping into low spots and thereby exaggerating them. While stoning, the brushes 
should be lifted from the commutator as the grit will cut them rapidly. After stoning, the 
rommutator should be smoothed with fine quartz (not garnet) sand paper and then polished 
by using the back of the paper. Before stoning or turning the commutator the clamping bolts 
should be tested for tightness while the machine is warm. Extreme caution should be used 
in tightening the bolts; in many commutators the bolts are strong enough to distort the clamp-
ing ring. After the commutator is as true as it is possible to grind it, it is necessary to polish 
and smooth with the finest grade of sand paper. When using the sand paper, a very little pre.> 
sure should be applied and tile paper should be kept moving up and down the surface of the 
commutator so as to prevent it developing flats. A little oil applied with the sand paper will 
help to give a polished surface, Sandpapering of high speed commutators should be restricted 
as much as possible, and should always be done with very light pressure against the commutator. 

NOTE.—End play device and speed limiting switch. In order that the brushes may 
not wear grooves in the commutator and collector rings, the armature should have a slight 
reciprocating motion parallel to the shaft. To obtain this motion the larger machines are 
provided with an automatic, magnetic end play device. Current for its operation is obtained 
from the d.r. side of the converter. A condenser is connected across the make and break to 
facilitate the opening and closing of the circuit. Small machines having comparatively light 
armatures are equipped with a mechanical end play device. All synchronous converters are 
equipped with a device for automatically opening the direct current circuit in case the speed 
become too high. This safety device (or speed limiting switch, as it is generally called) con-
sists of a switch which is operated by a centrifugal governor. The centrifugal weight is mounted 
on the shaft and revolves with it. while the switch is stationary and is mounted on the col-
lector end pillow block. This weight is so designed that it operates at practically the same 
speed irrespective of the acceleration The switch can be adjusted to operate at any prede-
termined speed. Under normal operating conditions, the circuit of the low voltage release 
coil on the line circuit breaker is closed, but should the speed of the converter increase to the 
predetermined setting, the switch, will open, thus opening the line circuit breaker. The cur-
rent carrying parts are all stationary and so constructed that failure to operate is practically 
impossible when properly adjusted. It should be noted that the end play device and 
limiting switch are usually mounted at opposite ends of the shalt so that the operation of 
does not in any way interfere with that of the other. 
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For example, a two phase rotary receiving alternating current at 428 
volts will deliver direct current at 600 volts, while a three phase rotary 
receiving alternating current at 367 volts will deliver direct current at 
600 volts. 

Voltage Regulation. — Since 
the ratio of the a.c. to the d.c. 
voltage of a converter is practi-
cally constant, means must be 
provided to compensate for volt-
age variation due to changes ot 
load in order to maintain the 
direct current pressure constant. 

There are several methods of 
doing this, as by: 

1. Shifting the brushes (objec-
tionable) 

2. Split pole method 

Pm. 6,610.—Oscillator and speed limit device of Westinghouse comrautating pole rotary 
converter. It automatically prevents the armature in the converter remaining in one posi-
tion and thus not allowing brushes to wear grooves n both commutator and collector rings. 
The oscillator is a self-contained device carried at one end of the shaft. The operating parts 
consist of a hardened steel ball and a steel plate with a circular ball race, backed by a spring. 
The machine is so installed with a slight inclination toward the end carrying the oscillator, 
that as the armature revolves, the ball is carried upward and owing to the convergence of the 
steel race and shaft face, the spring is compressed. The reaction of the spring forces the 
armature away from its natural position and allorrs the ball to drop back to the lowest point 
of the race. 

NOTE.—In starting six phase conserts;-s, on one-third voltage taps without the 
external reactance in the circuit, conditions may be for:A where a starting resistance must 
be provided to reduce the current rush. With inherent reactance transformers, however, the 
lower limit of starting voltage is reached and the conditions of starting will be improved. it 
may be found, however, in some cases of high line reactance and resistance that the volcage 
will drop too low for starting the machine, and if such be the case, it may be possible to start 
on the two-thirds voltage tap using a resistanca or reactance coil to reduce the starting current. 
Another arrangement would also be to provide taps at 40 per cent, from one end and 30 pet 
cent, from the other end of the transformers, so that either end could be. used for starting. 

NOTE.—Two 600 volt converters operating in parallel on the a.c. and in series on the 
8.c. side, giving 1,200 volts, are generally started one at a time from the a.c. side. When they 
both have been brought up to speed and corrected for the right polarity, they are connected 
in series; then the field is adjusted for the proper voltage and they are ready to be thrown or 
the direct current system 
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PIG. 6.611.—Diagram of "Cascade" motor generator set or motor converter, as it is called in 
England where it is used extensively for electric railway work. In the diagram of motos 
armature winding, some of the connections are omitted for simplicity. The windings are 
Y connected, and as they are fed by wires joined to the slip rings at the right and center, 
the rest of the power passes to the converter windings back to rotor winding and out to the 
slip rings so that part of the power enters the rotor and part through the converter. 

NOTE.—Another method of a.c. starting is by means of a tenall induction motor sup-
ported on one of the pillow blocks and with the rotor mounted on the extended synchronous 
converter shaft just outside the bearing. By designing the starting motor with less poles 
than the converter, it will enable the motor to bring the converter up to and above synchronous 
speed. The field switch of the converter is then closed with all the resistance cut in the field 
circuit. The resistance is then gradually cut out, thus increasing the iron kisses of the con-
verter and the corresponding motor torque necessary for driving it, resulting in a gradual 
decrease in the speed until the synchroscope indicates that the converter is in synchronism. 
The a.c. main switch is then closed and the induction motor is cut out and left to run free. 

NOTE.—D.c. starting. When starting from the direct current end, the collector 
rings of the converter are generally connected to the transformers, although this requires 
considerably heavier starting current than if the connections were interrupted and the c.c. 
end of the converter open circuited during starting. All the switches and breakers are assumed 
open on starting. Close the main d.c. circuit breaker. Cut the field rheostat all out. Throw 
in the starting switch, cutting out the resistance slowly, so that the machine is running on full 
voltage in one minute or less. Raise the speed to normal by means of the main field rheostat. 
Regulate the voltage of the a.c. side to the same value as the line voltage by means of the a.c. 
booster or induction regulator. Synchronize around the high tension oil switch by means of 
field rheostat, holding the voltage of the ac. side steady. Close the high tension oil switch. 
Raise the d.c. load by means of the synchronous booster or the induction regulator, maintain-
ing unity power factor at all loads by means of the field rheostat. The order of operatiotts 
in shutting down a converter arranged to start from the d.c. end is as follows: Drop the load 
as far as possible by means of the booster or the induction regulator. Open the direct current 
circuit breaker. Tun the booster rheostat or the induction regulator to the maximum buck 
position. Open the high tension oil switch. When a converter is designed to operate on a 3-
wire distribution system and the neutral for the system is obtained by connecting the middle 
points of the diametrical transformers, the transformer neutral must be disconnected from 
the main neutral bus while starting direct current, but the neutral points of the individual 
transformers may be left connected together. In starting this type of converter from the a.c. 
end, it is necessary not only to disconnect the transformers from the neutral bus, but to dis-
connect the individual transformer neutrals from each other. 
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3. Regulating pole method 
4. Reactance method 

6,812.—Armature of Westinghouse synchronous booster converter. Heavy cast yokes 
form the frames. They are proportioned to rigidly support the laminated steel field poles, 
The poles are fastened to the frame with through bolts. A lifting hook is provided on all 
frames. 

SOTE.—Synchronout Converters in parallel. If several synchronous converters 
are to supply the same d.c. System, they can be connec fed in parallel in the same manner as 
shunt or compound wound generators, and they are even frequently operated in parallel with 
such generators and storage batteries. The different converters will divide the load according 
to their d.c. voltages, and these can be regulated by changing thc applied alternating voltage. 
It is evidently necessary that all of the machines operating in parallel should have the same 
voltage regulatio from no load to full load, and if a battery be also operated in parallel the 
voltage drop should be sufficiently large so as to cause the battery to take excessive loads. 
If no battery be used, it will, however, 'be more economical to have the machines designed 
for a less voltage drop. Synchronous converters operated in parallel should not be connected 
to the same transformer secondaries. Such a connection would form a closed local circuit in 
which heavy cross currents would flow, where any difference in the operating conditions of the 
machine occurs, as for example if the brushes of one of the machines were slightly displaced 
relative to the other. Compound wound converters for parallel operation should be provided 
with equalizer switches. For connecting a compound wound converter in parallel with one 
already running, the equalizer switch is closed first, so as to energize the series field from the 
running machine. Next, the shunt field circuit is closed and the field adjusted so that the 
voltage will correspond to that of the first machine and finally the main switch is closed. The 
load can then be transferred from the first to the second converter by weakening the shunt field 
of the former and strengthening that of the latter. It, for some reason, as for example, a short 
circuit the a.c. voltage should drop considerably the synchronous converters operating on the 
system would not drop out of step, as the direct voltage and load would be correspondingly 
reduced. If other dynamos or storage batteries, however, were operating in parallel on the 
same system, these would tend to ntaintain.the direct voltage, and in such a case the d.c. would 
reverse and flow toward the converters running them as motors. Care should therefore in such 
cases be taken that the synchronous converters ere provided with proper speed limiting de 
vices and reverse current circuit breakers. 
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5 " Multi-tap" transformer method. 

6. Synchronous regulator. 

Split Pole Method.—In this arrangement each pole is split into two or 
three parts. One of these parts is permanently excited and it produces 
near its edge the fringe of field necessary for sparkless commutation. 

The effect of this is the same as shifting the brushes except that no spark-
ing results. 

• 
The other part is arranged so that its excitation may be varied, thus 

shifting the resultant plane of the field with respect to the direct current 
brushes. 

Regulating Pole Method.—These poles fulfill the same functions as 
commutating or interpoles on motors and dynamos. 

The regulating poles are used in order to vary the ratio between the alter-
nating current collector rings and the direct current side without the use of 
auxiliary apparatus such as induction regulators or dial switches which 
involve complicated connections and many additional wires. The regulat-
ing poles are arranged with suitable connections so that the current through 
them can be raised, lowered, or reversed. 

Reactance Method.—This consists in inserting inductance in the supply 
orcuit and running the load current through a few turns around the field 
cores. This method is sometimes called compounding, and as it is automatic 
it is generally used where there is a rapidly fluctuating load. 

With less inductance, the effect of the series coils on the field of the 
converter is quite similar to that of the compounding of the ordinnry railway 
dynamo. 

Multi-Tap Transformer Method.—This is a non-automatic method 
of control and, accordingly, is not desirable except where the load is 
fairly constant over considerable periods of time. It requires no special 
explanation. 

Synchronous Rooster Method.—This consists in combining with the 
converter a revolving armature alternator having the same number of poles. 
The winding of the booster alternator armature is connected in series with 
the input circuits on the converter. The field windings are either fed with 
current regulated by means of a motor operated field circuit rheostat, or 
joined in series with the commutator leads of the convener. 
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Converter Troubles 
Commutator Heating.—Generally due to improper brush pressure, 

poor commutation, bearing prolonged overload, faulty condition of com-
mutator surface. Allowable temperature is higher than can be endured 
by hand. 

Armature Heating.—Short circuits, or improper connections, of the 
armature winding cause heating in a particular spot on the armature. 
Go over the end clips on both ends of the armature and see that they are 
• not bent together and short circuited. Make certain that the collector 
taps come out at equally spaced points, and that the equalizers are sym-
metrically connected. In some machines the relation of the equalizers to 
the collector taps varies, repeating itself at regular intervals around the 
armature. Continued operation at heavy loads and low power factor 
produces excessive heating of the tap coils, and will be apparent at equally 
spaced points on the armature. Change the primary tap connections on 
the transformer so that better power factor will be obtained at the required 
voltage, or if possible change the primary voltage at the generating station. 
General heating of the whole armature is caused by unequal air gap, a 
grounded shunt field spool, one or more reversed spools, or a break in 
the field circuit. These troubles cause large circulating currents in the 
armature winding, and through the equalizers. The air gaps should not 
vary over 12 per cent, either way from the average value. Check the 
connections with the connection diagram, and check the polarity by separ-
ately exciting the field and holding two iron rods against adjacent pole 
tips all the way around. The free ends of the rods should attract each 
other. With a steady current flowing through the field, take the drop on 
each spool separately with a voltmeter. A variation of over 9 per cent. 
in the drop indicates a faulty spool. 

Shunt Field Heating.—Faulty spools or improper connections which 
cause armature heating may also cause heating of the shunt field. The 
trouble should be located by the above outlined procedure. 

Heating of Contacts.—Bolted contacts may heat if the contact sur-
faces be not clean, smooth and bolted together with sufficient pressure. 
Particular care must be taken with the contacts of connecting strips for 
pole piece bridges on machines which start from the alternating current 

i end n order to prevent excessive heating during starting. 

Poor Commutation.—When the d.c. brushes spark, the mechanical 
condition of the converter should first be gone over carefully. If the 
brushes chatter, the commutator should be stoned or ground, and if they 
move up and down in the holders perceptibly, it must be turned before 
grinding. A rough commutator may cause vibration, in the entire brush 
rigging, but vibration may also result from loose assembly of the rigging 
or poor set up of the machine, with insufficient support under the points 
where the weight rests on the base. 
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Flash Overs.—Arcing or "flashing over" at the d.c. brushes may be 
caused by excessive overloads or short circuits on the d.c. system, or by 
disturbances on the a.c. supply system due to lighting, switching, or acct. 
cients to other apparatus. Protection against short circuits ou the d.c. 
system can be obtained by increasing the resistance of the feeder to the 
distribution point where the trouble is most frequent. Short feeders should 
be avoided, particularly in railway work. Set the main circuit breakers 
at about three times full load and the feeder breakers as low as possible for 
continuous operation. A . c. disturbances should Le located, and reduced 
to a minimum. The oil switch should be adjusted to trip instantaneously 
so that in case of a flash over the machine will clear itself quickly, and 
the damage to it will be reduced as much as possible. 

Sparking of A.C. Brushes.—The a.c. brushes should not be allowed 
tc spark, as they wear away rapidly when sparking. Make certain that 
the brushes move freely in the holders, and that the pig tails are not caught 
on the springs or on the sides of the brush holders. See that each brush is 
running at the proper pressure. If the collector rings be very rough they 
must be ground or turned. 

The synchronous booster method is particularly desirable for servmg 
incandescent lighting systems where considerable voltage variation is 
required for the compensation of drop in long feeders for operation in 
parallel with storage batteries and for electrolytic work where extreme 
variations in voltage are required by changes in the resistance of the electro-
lytic cells. 

Motor Generator Sets.—These are employed in preferance 
to rotary converters when it is desirable that the generating 
element be independent of the a.c. line voltage so that any degree 
of voltage regulation can be obtained. The following combina-
tion of motor generators are made and used to suit local condi-
tions: 

Synchronous motor dynamo 
Induction motor dynamo 
Direct current motor dynamo 
Direct current motor alternator 
Synchronous motor alternator 
Induction motor alternator 

An advantage of motor generator sets over converters on high frequency 
circuits, is that the generator can be designed with a few poles and brushes 
set far apart, which greatly reduces the chance of flashing over in hunting. 
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Frequency Changing Sets.—Sometimes it is necessary to 
change from, say 25 cycles on a power circuit to 60 cycles fre-
quency for lighting. The combination for effecting such change 
consists of a synchronous motor and an alternator. If these 
machines be constructed with the proper difference in the num-
ber of pole, the desired frequency change will be obtained. 
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CHAPTER 14 

Rectifiers 

By definition, a rectifier is a device which converts alter-
nating current into a unidirectional current by virtue of a 
characteristic permitting appreciable flow of current in only 
one direction. 

The various kinds of rectifiers may be classed as follows: 

1. Mechanical. 

2. Electrolytic. 

3. Vibrating. 

4. Oxide film. 

5. Gas-filled tube. 

6. Mercury arc. 

Mechanical Rectifiers.—This type of rectifier consists of a 
form of commutating device operating in synchronism with the 
alternator rectifying the negative waves of the alternating 
current. 

Electrolytic Rectifiers.—If two metals be placed in an elec-
trolyte and then subjected to a definite difference of pressure, 
they will (under certain conditions) offer greater resistance to 
the passage of a current in one direction, than in the other 
direction. On account of this so called valve effect, electrolytic 
rectifiers are sometimes called "valves". 
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When an electrolytic rectifier is not in use for some time, the electrodes 
will lose the film; in such case they must be reformed. The loss of film may 
be prevented by removing the electrodes from the electrolyte and drying 
them. To preserve proper density of the electrolyte, water must be added 
from time to time to make up for evaporation. Only pure water should be 
used. 

BATTERY 

,,•-• VOLTAGE ADJUSTMENT 
Y SWITCH 
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MEAN D.C. 
VOLTAGE 
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Fros. 6,613 and 6,614.—Diagrams illustrating half and full-wave electrolytic rectifier. (Cur-
rent can pass through the device in only one direction.) 

If a rectifier heat, it is an indication that it is passing alternating current, 
and when this condition obtains, if the electrolyte be very weak it will cause 
a buzzing sound. Operating a rectifier with weak electrolyte will destroy 
the electrodes. Excessive heating of the electrolyte indicates that the 
rectifier needs recharging. 

Vibrator-type Rectifiers.—These are used on low voltage and 
very small currents. Principally, vibrating rectifiers are syn-
chronous switching devices which reverse the circuit connections 
at each reversal of the alternating current. 
The operating principles of a rectifier of this type is given in 

wiring diagram, fig. 6,615. 
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The transformer steps down the voltage from the a.c. line to 
the proper value for operating the magnets of the rectifier and 

charging the battery. 

A. C. 

ELECTROMAGNETS 

r-- - 

- I 14- 11111111111  

TRANSFORMER 

RESISTANCE 

OSCILLATING 
ARMATURE 

ADJUSTABLE 
CONTACT 

CONDENSERS 

BATTERY 
Fro. 6,615.—Wiring diagram showing arrangement of simple vibrating type rectifier. In a 
device of this sort the synchronous vibrations of the contacts delivers a pulsating d.c. current 
to the battery circuit. 

The principal parts of the apparatus is the vibrating reed, carrying one 
or more contacts, thus opening or closing one or more circuits in synchronism 
with the energizing a.c. current. The reed principle can also be used as 
a voltage-reversing switch to invert direct current into alternating current, 
which although not sinusoidal, can nevertheless be transformed. 
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Such rectifiers and rectifier-inverters are very commonly used in auto-
mobiles and other battery operated radio receivers for supplying the high 
direct current voltage necessary for the plate circuits of the tubes. 

Oxide Film Rectifiers.—These are also termed copper oxide 
rectifiers and work on the principle that the electrical resistance 
of a properly formed layer of copper oxide on a copper surface 
depends upon the polarity of the applied voltage. 
One element of a copper oxide rectifier consists of a copper 

disc with a copper oxide layer formed on one side, and a soft 
metal such as lead, pressed on this layer. A current can readily 
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Fro. 6,616 to 6,618.—Connection methods for various types of copper oxide film rectifiers. 
Fig. 6.616 illustrates a ingle phase half-wave rectifier. Fig. 6,617single phase full-wave, and 
fig. 6,618 single-phase full-wave bridge rectifier. 
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pass from the copper oxide to the copper disc, but a very 
high resistance is offered to the flow of current in the other 
direction. One such element can stand an alternating current 
voltage of approximately 11 volts. 

Rectifiers of this type can be made in capacities from a frac-
tion of an ampere to 100 amperes or more. 

By connecting the various stacks in a circuit as shown in figs. 6,616 to 
6,618 half or full wave rectification will be obtained. These types of rec-
tifiers have found application in measuring devices, battery charging, or 
as battery substitutes for control circuits, alarm systems of all kinds, rail-
way signaling, radio communication systems, etc. 

Having no moveable parts and no electrolyte, the maintenance cost of 
the copper oxide rectifier is practically none, as compared with other types, 

Gas-filled Tube Rectifier.—In this form of rectifier, recti-
fication is accomplished by the ionization of an inert gas caused 
by a unidirectional flow of electrons from a heated electrode 
within the enclosed space. 

This type of rectifier is used extensively for battery charging and for 
operation of radio sets as well as for other miscellaneous uses where only 
small amounts of direct current is required. 

Mercury Arc Rectifiers.—A mercury arc rectifier is one which 
makes use of the rectifying properties of an electron-emitting 
cathode and non-electron-emitting anodes enclosed in a chamber 

containing mercury vapor. 
Mercury arc rectifiers may be divided into two classes, 

depending upon their construction and power output as: 

1. The bulb type, and 
2. The power type. 

The small unit or bulb type most commonly use a glass bulb 
in which a small pool or mercury is enclosed, and which has the 
required electrodes sealed into the bulb at the proper location. 
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Although numerous types of bulbs and their connections are 
found, a representative type is given in fig. 6,619. 

,t  
Hf 

TRAt-M XPW 6A0R1 ?VIER 
 N 
ALTERNATING GAMY 

SUPPLY 

6,619.—Schematic wiring diagram of a bulb-type mercury arc rectifier. 

In the diagram AA' represents the graphite anodes; B, mercury cathode; 
C, small starting electrode; D, battery connection; E and F, reactance coils; 
G and H, transformer terminals; J, battery, The small starting electrode 
C, is connected to one side of the a .c. circuit, through resistance; and by 
rocking the tube, a slight arc is formed, which starts the operation of the 
rectifier tube. At the instant the terminal H, of the supply transformer is 
positive, the anode A is then positive, and the arc is free to flow between 
A and B. Following the direction of the arrow still further, the current 
passes through the battery J, through one-half of the main reactance coil E, 
and back to the negative terminal G, of the transformer. When the im-
pressed voltage falls below a value sufficient to maintain the arc against 
the reverse pressure of the arc and load, the reactance E, which heretofore 
has been charging, now discharges, the discharge current being in the same 
direction as formerly. This serves to maintain the arc in the rectifier tube 
until the pressure of the supply has passed through zero, reversed, and 
built up such a value as to cause the anode A, to have a sufficiently positive 
value to start the arc between it and the cathode B. 
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The discharge circuit of the reactance coil E, ià now through the arc 
A'B, instead of through its former circuit. Consequently the arc A'B, is 
now supplied with current, partly from the transformer, and partly from 
the reactance coil E. The new circuit from the transformer is indicated 
by the arrows enclosed in circles. 

In the manufacture of rectifiers, other metals than mercury could be 
used, but they are not, because of the arc produced they would gradually 
wear away and could not be conveniently replaced. In operation the heat 
generated in the bulb is dissipated through the tube to the air, large tubes 
being submerged in a tank of oil. 

The advantage of a rectifier over a motor generator set for 
small units is higher efficiency and lower first cost. A small one 
to two horse power motor generator outfit has an efficiency of 
only 40 to 50%, while mercury vapor rectifiers will have from 
75 to 80% and more. The capacity of a rectifier tube is from 
40 to 50 amperes. Rectifiers are specially desirable for charging 
storage batteries from local a.c. lighting circuits. 

Power Rectifiers 
These have the mercury and electrodes enclosed in a metal 

tank. They are used in various industrial plants, and in the 
transportation field such as on street railways, subways, inter-
urban lines, electrified railroads, etc. 
Many new applications of the mercury-arc principle to the 

rectification of alternating current, and the inverse operation 
of converting from direct to alternating current, point to a 
largely increased adoption of this type of apparatus because of 
its freedom from the limitations inherent in rotating equipment. 

The mercury-arc rectifier is especially well suited to either steady load 
conditions, such as found in electrolytic service, or the fluctuating type of 
load of railway service with its high momentary overload demands. It has 
the very desirable characteristic of maintaining high efficiency at light 
loads and therefore, is particularly well adapted for use on low-load-factor 
loads, such as those encountered in electric-traction service. The full-load 
efficiency of this type of equipment is approximately the same as that of 
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synchronous converters at 600 volts. On higher rl.c. voltages, the efficiency 
of the rectifier becomes very much higher than that of the synchronous con-
verters or motor-generator sets which would otherwise be employed. 

A complete installation consists of a power transformer, an interphase 
transformer if used, auxiliary and insulating transformers, rectifier starting 
and excitation equipment, a cooling system and switchgear. 

Operating Principles.—As previously noted the mercury-arc 
rectifier depends for its operation on the rectifying properties 
of a mercury cathode and non-electron-emitting anodes en-
closed in a highly evacuated chamber. The current flows in 
the conventional sense, in one direction only, namely, from the 
anodes in phase sequence to the cathode, which is the electron-
emitting surface. This type of rectifier is generally known as 
the cold-cathode type, since the cathode is a pool of cool liquid 
mercury. The flow of current through the rectifier is due to the 
movement of electrons from the arc spot of the cathode to the 
anodes, and to the movement of positive ions from the anode 
to the cathode arc spot. This exchange of ions and electrons 
constitutes the flow of current through the apparatus. 
The commercial rectifier consists essentially of the following 

parts: a highly evacuated steel chamber, an electron-emitting 
cathode, non-electron-emitting anodes, a mechanical arc-starting 
anode, excitation anodes, a water-cooling arrangement for taking 
up the arc losses, and a pumping system for obtaining and main-
taining the high vacuum required in the vacuum chamber. 

By means of the starting and excitation equipment, the cathode arc spot 
is created on the surface of the liquid-mercury cathode, which causes emis-
sion of free electrons into the vacuum. These electrons will flow toward 
the excitation anodes because of the influence of the electrostatic field set up 
by the positive potential on these anodes; and current flow, in the con-
ventional sense, is established from them to the cathode. The excitation 
anodes, having a positive potential and a closed circuit for the flow of 
current, will start operating first. After the excitation anodes have estab-
lished the arc, the main power anode will start operation as soon as the 
power circuit breakers are closed, and current will flow, in the conventional 
sense, from anode to cathode, provided load is taken from the apparatus. 
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In the commercial power rectifier, a mercury,pool is used for the cathode. 
Decause of the ease with which the excess vapor can be condensed and led 
back to replenish the cathode. 

The principle of operation can best be illustrated by the single-phase, 
full-wave rectifier, a schematic diagram of which is shown in fig. 6,620. 
With the sinusoidal a.c. voltage impressed on the transformer primary, 
the anodes A and B, will alternately become positive each half-cycle. As 
each anode becomes positive, current flows from it to the cathode and back 
through the load to the neutral of the transformer. This produces a pul-
sating direct current as shown in A, of fig. 6,621. 

A.C. 

tee-reuse Fug wee 

D 

Floe. 6,620 and 6,621.—Elementary wiring diagram of a single phase full-wave rectifier. Fig. 
6,621 illustrates various wave forms. 

In large commercial rectifiers, a multiplicity of anodes supplied with 
6 or 12 phase power is used, in order to obtain a smoother d.c. output. 
The action of a 6 phase circuit is represented in fig. 6,622, where anodes and 
transformer windings 1 and 4, are shown by heavy lines. If there were no 
other windings than these in the secondary of the power transrormer, the 
action here would be the same as in the single-phase illustration. fig. 6,620. 
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Each anode will fire in it turn, beginning at 1, figs. 6,622 and 6,623, and 
going around 2, 3, 4, etc. as its voltage becomes positive. When anode 4, 
opposite 1, has reached a higher positive potential than anode 3, imme-
diately ahead of it, 4 will begin to fire, 180 electrical degrees from the point 
where anode 1 began to fire. In the single-phase illustration, fig. 6,620, an 
anode carries current slightly more than 180°. In trie 6 phase combination, 
the anodes fire for approximately 60 electrical degrees, if supplied from a 
diametrically connected six-phase transformer, fig. 6,622, instead of the 
180° mentioned previously. 

Supply 

4 

Prémary 

Rectifier 
• 

I I 

Load + 

+ 

Fue. 6.622.—Schematic wiring diagram of a six-phase mercury arc rectifier. 
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Description of Rectifier.—The sectional view of a typical 
mercury arc rectifier of General Electric manufacture together 
with auxiliaries and schematic wiring diagram is given in'figs. 
6,624 and 6,626C. 
With reference to fig. 6,624 this steel tank power rectifier 

consists of a vacuum chamber; main, starting and excitation 
anodes; the mercury cathode; and vacuum pumping system. 

6 14-6(1e1 2 

4 5 6 1 2 
Fla. 6,623.-111ustrating anode-voltaga waves for a six-phase mercury arc rectifier. 

The vacuum chamber is assembled within a water jacket, and 
the whole unit, together with the vacuum pumping system, is 
supported on legs. This construction results in a compact, 
self-contained unit, simple to transport and install. The steel 
vacuum chamber is in contact with the arc; therefore, the entire 
structure is at approximately d.c. line potential. For this 
reason, the entire unit is supported on insulators. 

The following description applies to some of the more recently designed 
units, which have a cylindrical vacuum tank with a sloping bottom. having 
an opening for the cathode at the center. A flat detachable cover is pro-
vided, in which the main, holding and starting anodes are welded perma-
nently in place. The mercury-condensation vacuum pump is a13o attached 
to this cover. 
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Fro. 6,624.-Sectional view of a 3,000 kw. mercury arc rectifier. In the illustration, 1 representa 
manual vacuum valve; 2, starting anode armature sleeve; 3, starting anode solenoid winding 
and yoke; 4, main anode terminal; 6, main anode insulating seal; 6, main anode heater cover; 
7, main anode heater; 8, tank cover plate; 9, main anode tip; 10, baffle cylinder; 11, baffle; 
12, internal cooling coil; 13, internal cooling cylinder; 14, vacuum tank; 16 water jacket; 
16, mercury separator; 17, starting anode tip; 18, air vent; 19, quartz arc shield; 20, cathode 
insulator; 21, cathode plate; 22, cathode mercury; 23, cathode terminal; 24, cathode insu-
lating pipe; 29,. air-cooled mercury trap; 26, mercury condensation pump; 27, vacuum 
detector; 28, thermal relay for mercury condensation pump; 29, excitation anode insulating 
seal; 30, gas receiver tank; 31, excitation anode tip; 32, rotary pump valve solenoid; 33, 
rotary pump valve; 34, vacuum gauge operating hand wheel; 35, rotary vacuum pump; 
36, vacuum gauge; 37, rectifier insulators. 
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The bottom and sides of the vacuum tank, the cathode and the detach-
able cover are surrounded by water jackets. Inside the vacuum chamber, 
there is a system of water-cooling surfaces. 

Auxiliary Equipment 

Exhaust System.—One of the most important auxiliaries of 
the rectifier is the exhuast system which provides a means for 
pumping the gas, mainly air and water vapor, from the vacuum 
chamber. The exhaust system consists essentially of the 
following parts: 

1. Manually operated vacuum valve. 
2. Vacuum-exhaust pipe line. 
3. Mercury-condensation pump. 
4. Air-cooled mercury trap. 
5. Receiver tank and piping. 
6. Rotary pump shut-off and relief valve. 
7. Scale or dirt trap at the rotary pump. 
8. Oil-sealed rotary vacuum pump which exhausts the gases 

into the atmosphere. 

Manual Vacuum Valve.—The manual vacuum valve, fig. 
6,625 is used to isolate the exhaust system. This valve is of 
all-steel construction, except the valve diaphragm, which is of 
rubber. This rubber diaphragm performs only one function, 
namely, to seal the rectifier from the remaining part of the 
exhaust system. To seal the valve-actuating stem against 
atmospheric pressure, a steel "accordion" is used, so that the 
handwheel screw will transmit enough motion to the rubber 
diaphragm to open and close the valve. The valve is made so 
that the obstruction presented to the flow of gas from the 
rectifier to the mercury condensation pump will be small. 
When the valve is closed, any part of the exhaust system can 
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be removed without losing vacuum in the rectifier. When a 
part of the exhaust system has been serviced and replaced, it 
can be exhausted of gases before the valve is opened. In this 
way, any of the gases let into the exhaust system will be pre-
'rented from entering the rectifier. 

0," 1-11111100MICH 
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Fro 6,625.—Sectional view of manually operated vacuum valve, 

Mercury - Condensation Pump. — A mercury-condensation 
vacuum pump, which operates continously, is employed with 
every mercury-arc rectifier to maintain the vacuum. The size 
and speed of this pump are, to a large extent, determined by 
the size of the rectifier vacuum chamber. For the larger 
rectifiers, a three-stage pump of ample speed and capacity is 
used. In general, these pumps consist of a mercury boiler in 
which meicury is evaporated by an electric heater. 
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Fro. 6,626.—Sectional view of mercury condensation VaCUllITI pump. In the illustration, 1 

represents water outlet; 2, vacuum detector housing; 3, vacuum gauge connection flange; 
4, exhaust pipe cooling coil; 6, exhaust pipe inlet flange (gas intake); 6, mercury return 
sump; 7, mercury return tube, 8, lagging; 9, service flange; 10, gas outlet flange (to mechanical 
Pump); 11, three-stage nozzle assembly; 12, lagging jacket; 13, pump cooling coil; 14, sealing 
ring; 16, thermostat bulb; 18, woling water inlet; 17, mercury boiler lagging; 18, thermostat; 

m...miry boiler; 20, heater, 21, heater leads: 22, heater cover. 
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The mercury vapor passes up a chimney having two or more orifices, 
through which the spray of mercury vapor is passed and deflected down-
ward. Gases from the rectifier tank diffuse into this mercury vapor and 
are carried down with it. The outside walls of the mercury-condensation 
pump are water-cooled. The mercury vapor condenses on the walls of the 
pump, and the condensed mercury is returned to the boiler to repeat the 
cycle. The gases exhausted from the rectifier are cooled in the small 
compression chamber and are forced out of the pump. A continuous 
cycle of evaporation, diffusion and condensation of the mercury is thus 
performed. 

This three-stage pump, fig. 6,626, embodies a number of unique features. 
The first stage takes gas at a low pressure and compresses it into the first 
compression chamber, from which the second nozzle takes it into the second 
compression chamber. From this chamber, the gas is still further com-
pressed by a third nozzle into the third compression chamber, and thence 
it is forced into the receiver tank, from which the oil-sealed rotary vacuum 
pump exhausts the gas to the atmosphere. The mercury vapor which 
leaves the nozzles of the pump is condensed by the water-cooled walls of the 
pump and returned to the boiler. Between the second and third stages, 
there is a mercury shelf, or trough, which serves to seal and maintain the 
difference in pressure between these stages. This seal is formed by the 
mercury condensing on the walls of the pump and filling the trough around 
the inside of the pump jacket. The excess mercury here runs over a notch 
in the trough and returns to the boiler of the pump. 

The vacuum pipe line from the vacuum chamber to the mercury.. 
condensation pump is water cooled by means of cooling coils. Mercury 
vapor from the rectifier is condensed on the walls of this pipe line and 
returned to the rectifier vacuum chamber. However, in the larger recti-
fiers where large diameter pipe lines are employed, a certain amount of 
mercury vapor from the rectifier will be condensed in the pump. To avoid 
an excess of mercury in the pump boiler and to return this mercury to the 
vacuum chamber, a mercury return tube, 7, in fig. 6,626, is provided be-
tween the mercury boiler and the pipe line to return the mercury to the 
rectifier. This insures a constant level of mercury in the boiler, and pro-
vides uniform pumping conditions at all times. 

Oil-Sealed Rotary Vacuum Pump.—The rotary vacuum 
pump, of the oil-sealed direct driven type, fig. 6,626A, is 
mounted on the side of the rectifier. Because of the absence of 
gears, it is practically noiseless and has very little vibration. 
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Fto. 6,626A.-Sectional view of manually operated rotary vacuum pump. In the illustration, 
1 represents intake, 2, valve seat; 3, nuts; 4, gasket; 6, screen; 6, leads; 7, weights; 8, cen-
trifugal mechanism: 9, motor; 10, adjusting nuts; 11, piston: 12, cylinder, 13, shaft; 14, on 
depth gauge; 15, blade; 16, exhaust ports; 17, exhaust port shield; 18, valve diagram; 19, 
spring; 20, aluminum gasket; 21, cover; 22, upper valve assembly; 23, lower valve diaphragm: 
24, lower valve seat, 25, plunger, 26, plunger bearing; 27, spring; 28, casing; 29, gasket; 30, 
pump intake; 31, exhaust valve housing; 32, exhaust valve disc; 33. screen; 34, bosses for 
mounting. 
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The pump shaft and motor are arranged in a vertical position, which 
facilitates inspection and maintenance. The piston of the pump does not 
revolve; it merely oscillates inside the cylinder, with very little relative 
movement of the parts. All parts are separated by oil films, providing a 
vacuum pumping esPnl and minimum wear. 

Receiver Tank.—With a very high speed mercury condensa-
tion pump, a receiver tank is almost essential. Usually, the 
mechanical pump has comparatively low speed at low pressure. 
This being the case, if a quantity of gas were liberated in the 

rectifier, the mercury vapor pump would be so fast in removing 
this gas at this low pressure, that the pressure would build up 
on the outlet side of the mercury vapor pump until the pumping 
action failed. 

To avoid building up high back pressures and to provide sufficient storage 
space, a receiver tank is used between the mechanical rotary pump and the 
mercury vapor pump. With this combination of mercury condensation 
pump, receiver tank and rotary mechanical pump, operating conditions are 

Vacuum Gauge.—The essential parts of this device are the 
hand operated mercury displacing plunger, a stationary spacer, 
the glass gauge with flexible steel joint at the top, and a gauge 
gr-21e. The scale is usually arranged to measure pressures from 
a fraction of a micron up to 200 to 300 microns. The unit 
micron is a mercury column pressure of one-thousandth milli-
meter. 

Traps.—An air-cooled trap is used to condense mercury that 
may escape from the mercury condensation pump on the rotary 
pump side, and to return it to the mercury condensation pump. 
Another trap, in the rotary vacuum pump, is located at the 
bottom end of the intake pipe to the pump, and is so arranged 
that it can be cleaned by removing the plug holding the gasket 
plug and screen in place. This trap prevents any scale, dirt or 
other material from entering the moving parts of the rotary 
pump. 
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Vacuum Indicator and Regulator.—This equipment is usually 
furnished, although in strictly manual stations, it is optional. 
It consists of three main parts; a vacuum detector, B, in 
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fig. 6,626B which is essentially a Wheatstone bridge; an excita-
tion unit, A, in fig. 6,626B for this bridge; and a vacuum indi-
cator, which 3ssentially the galvanometer connected across 
the Wheatstone bridge. 

The vacuum indicator can bc, either of two varieties. It can be an 
indicator which indicates the degree of vacuum in the rectifier at all times, 
exactly as an ammeter or a voltmeter indicates voltage, or it can be a con-
tact-making device, with a mall motor arranged to actuate intermittent 
contacts so that an external circuit will be energized, depending on where 
the needle of the indicator is at the instant the contact is operated by the 
motor. With the latter arrangement, the apparatus is called a vacuum 
regulator, C, in fig 6,626B, and regulation, as well as indication, is ob-
tained. This regulating arrangement is used in automatic and supervisory 
controlled substations, and sometimes in manual substations. The 
principle of operation is as follows: 

The Wheatstone bridge is arranged so that one resistance arm is subject 
to the pressure in the rectifier. This resistor has the property of changing 
its resistance when the amount of gas in the tube changes. In more detail, 
when no gas is in the tube, the filament is hotter because of the excitation 
from the excitation unit. When some gas enters the tube, the filament is 
cooled by the gas carrying the heat from the filament to the walls of the 
tube. This reduction in filament temperature changes its resistance, and 
thus, the electrical balance of the bridge. This balance is indicated on the 
indicating galvanometer or vacuum regulator. 

Arc-Starting and Excitation Equipment.—The starting anode 
is plunged into the cathode mercury pool by means of a solenoid. 
The solenoid is then de-energized, and a spring, compressed by 
the movement of the starting anode, withdraws the starting-
anode tip, drawing an arc from the surface of the mercury. 
From this arc, the multi-phase excitation arc will pick up and 
continue to operate as long as the rectifier is held in readiness 
for load demand at the bus. 

After this excitation arc has picked up, the automatic features of the 
circuit disconnect the starting anode and the solenoid, -hus preventing their 
further operation. This arrangement is shown as part of fig. 6,626C. In 
the excitation transformer, sufficient inherent reactance is provided, so 
that no external resistors or reactors are required, making a very efficient 
combination, 
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Grid Excitation 
Because of the diversity of applications of a rectifier having 

grids, the grids are excited in the manner required for the par-
ticular installation. One of the most common uses of grids is 
for varying the output voltage of the rectifier. An unregulated 
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rectifier has a voltage characteristic of the shunt type, giving 
approximately 5% regulation from light load to full load, 
depending mainly on the transformer design. By means of 
grids, the output voltage can be reduced below the natural 
characteristic to provide constant voltage output, or a com-
pounding effect, or a limit to the output current. In such cases, 
the natural characteristic must be selected to provide a voltage 
above that for which the rectifier is to be regulated. 

A main anode of a rectifier equipped with grids operates or fires when it 
becomes positive if its associated grid is also made positive. If the grid 
be maintained negative, operation of the main anode is prevented. Regula-
tion is accomplished by retarding the firing of the rectifier main anodes by 
changing the phase angle of the grid voltage with respect to the phase angle 
of the voltage applied to the main anodes. 

Temperature Regulation.—With any given design of mercury 
arc rectifier, there is a temperature range for most efficient 
operation. If the rectifier is operated above or below this 
temperature, its capacity is impaired. Water heaters are pro-
vided to maintain the rectifier within this temperature range 
when the rectifier is not operating or the load losses are insuffi-
cient to maintain the temperature. The heaters are turned on 
and off automatically by thermostatic control. If the load 
losses of the rectifier be such that the temperature tends to rise 
beyond the best operating point, the rectifier must be cooled as 

described herein. 

It is important at all times to prevent condensation of mercury on, or in 
the vicinity of, the anodes. To accomplish this, small heaters are used to 
maintain the anodes and their insulators at a higher temperature than all 
other parts of the rectifier while it is shut down or is operating on light loads. 
The anode losses are sufficient to maintain proper temperattne distribution 
when any appreciable amount of load is carried. 

Thermal relays, provided with each rectifier equipment either prevent 
operation or actuate an alarm when the temperature of the equipment is 
outside the operating unit. 
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Cooling.—Cooling of rectifiers is usually accomplished either 
directly by a supply water system in which the cooling water is 
circulated through the rectifier and wasted, or by means of a 
recirculating system in which the cooling water is continuously 
recirculated through the rectifier. 

With the supply water system, water is admitted to the 
cooling system as required, by means of a thermostatically con-
trolled valve, actuated in accordance with the control point 
temperature of the rectifier. This system does not permit 
treating the cooling water to prevent corrosion. Also, the 
available cooling water is often such that excessive corrosion is 
caused by its use, or an excessive amount of scale is deposited, 
preventing proper circulation and cooling. 

The recirculating systems are provided with a pump which 
runs continuously, circulating the water through the cooling 
system. This system has the advantage of minimizing the 
temperature gradients throughout the rectifier, thereby pro-
viding the best possible operating conditions. It also has the 
decided advantage of permitting treatment of the recirculating 
water to prevent corrosion. A very effective but inexpensive 
method of treating cooling water has been developed, using a 
solution of sodium dichromate, an easily obtained compound, 
which virtually prevents corrosion. 

Cooling of the liquid in the recirculating system can be accomplished in 
a number of ways. One of the most frequently used is a water-to-water 
heat exchanger through which the cooling supply water is circulated, and 
wasted, the quantity of water sufficient for cooling being regulated by a 
thermostatically operated valve. Another way is to use a fan-cooled 
radiator, through which the cooling water is circulated continuously. The 
cooling fan is operated only when required by means of a thermal relay. 

Still other cooling arrangements are of course, quite possible, such as a 
oombination of any of the previous systems or the use of a refrigerating 
system. 
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Tile mercury condensation vacuum pump operates most effectively at a 
temperature well below the operating temperature of the rectifier. There-
fore, it cannot be cooled by the rectifier recirculating system. It is custo-
mary, when a recirculating system is employed for rectifier cooling, to 
provide the small amount of cooling water required for this pump either from 
the supply water or from a refrigerant-to-water heat exchanger. 

Power Rectifier Substations 

A rectifier substation consists briefly of the following main 
mmponents which may be described as follows: 

1. Incoming a.c. circuit equipment. 
2. Step-down transformer. 
3. Rectifier. 
4. Rectifier control. 
5. D.c. switchgear and control equipment. 
6. Automatic control. 

The incoming a.c. supply circuits.--These circuits with their 
accompanying high voltage a.c. circuit breakers, lightning 
arresters, protective relaying and a.c. equipment up to 15 kv. 
can be installed in metal-clad, factory-assembled units. These 
units reduce the time required for installation and the cost of 
installation and maintenance. Such equipment also provides 
safety for the operator. 

The step-down transformer.—The step-down transformer 
converts from the incoming line a.c. voltage, 3 phase, to the 
proper voltage and phases to be commutated by the rectifier, 
and provides the required d.c. output. Rectifier transformers 
differ considerably from conventional power transformers, in 
that their secondary windings are arranged to produce an 
increased number of phases to provide the desired smoothness 
in the d.c. output of the rectifier. 



The common connections of power rectifier transformers provide iur 6 or 12 phase operation of the 
associated rectifier. Where a greater number of phases is required, it is possible to use combinations of 
different transformer connections to produce an over-all operation of several rectifier units which will pro-
vide the desired number of phases. Phase shifting transformers also can be used with certain of the rectifier 
units in a station to produce phase displacement between the various units, thus providing over-all station 
operation corresponding to the desired number of phases. 

To illustrate, a station containing two 6 phase units can be used to operate as a 12 phase equipment when 
both units are in service. This would be accomplished by using Y-connected and delta-connected trans-
formers, or a station containing three 12 phase units could be made to operate 36 phase with all units in 
operation by using phase-shifting transformers in series with two of the 12 phase transformers. 
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The rectifier.—The rectifier itself is an important part of the 
station equipment, but performs a relatively simple function, 
in that it merely acts as a commutator for the transformer. 
The output characteristics of the equipment, therefore, depend 
largely on the design of the transformer; the only modification 
of characteristics which can be produced by the rectifier 
is to delay the firing of the anodes (phase control) in order to 
reduce the d.c. output voltage of the equipment. Continuous 
regulation of this nature can be provided, to give a regulated 
d.c. voltage output. 

The rectifier control.—Various rectifier operations require 
control of one form or another, for example, temperature regu-
lation. Such control is better accomplished by automatic 
relays than by an operator. 

The d.c. switchgear and control.—These parts of the equip-
ment consists of a circuit breaker which connects the rectifier 
to the d.c. bus and the d.c. outgoing feeder circuits. It is 
customary to arrange the rectifier cathode circuit breaker to 
trip only on reverse current, and to depend on the feeder circuit 
breaker for protection against short circuits and severe over-
loads. Very satisfactory operation results from the use of 
automatic d.c. reclosing feeders in rectifier stations to provide 
adequate protection for the equipment and the overhead 
system. 

Automatic control.—This is generally employed in rectifier 
substations. Supervision of these automatic equipments by 
centralized supervisory control and telemetering provides 
means for co-ordinating the entire system operations. 

Power Transformers.—Transformer apparatus is a very lin-
portant and essential part of any power type mercury arc 
rectifier. With reference to fig. 6626E showing typical connec-
tion arrangements, the triple-Y, or forked six-phase connection 
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of the transformer secondary is commonly used for small instal-
lations. This connection does not require an interphase trans-
former. For the larger six-anode rectifiers, the double-Y con-
nection with an interphase transformer is employed. 
The secondary windings of this type of transformer are con-

nected to form two Y's, reversed with respect to each other, 
providing a six-phase connection. The center points of the 
two Y's are joined together by the interphase transformer, 
which has a single winding with each end connected to the 
center point of one of the main transformer Y's. 
A center tap in the interphase transformer provides the 

negative connection for the equipment. For twelve-anode 
rectifiers, the quadruple zig-zag connection of the secondary 
windings is used. This connection consists of four zig-zag 
connected Y's, providing a twelve-phase connection. An inter-
phase transformer equipment, consisting of three separate 
transformers mounted in a single tank, is employed. Two of 
these windings serve to connect the center points of the main 
transformer Y's to provide two six-phase connections. The 
center points of these two windings are in turn, connected 
together through the third winding. A center connection to 
this winding provides the negative connection for the system. 

Interphase Transformers.—Interphase transformers serve to 
increase the firing or operating time of the rectifier anodes. If 
a six-phase diametrical connector be employed, each rectifier 
anode would fire for 60 degrees (neglecting the overlap due to 
the inductance of the system). With the six-phase and twelve-
phase connections, described previously, employing an inter-
phase transformer, each anode will fire for 120 degrees. Conse-
quently, each anode will carry one-half as much current for 
twice the time. This decreases the duty on the rectifier anodes 
and provides better utilization of the transformer secondary 

windings. 
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CHAPTER 15 

D.C. 
Control and Indicating 

Apparatus 
For the proper control and safe operation of dynamos, motors, 

and other d. c. apparatus, numerous control and indicating 

devices are necessary, such as 

Cr011:11 

PIGS. 6,627 to 6.636.—Various switches. Pig. 6,627 to 6,630, one two and three pole single 
throw knife switches; fig. 6,631, triple pole, double break, double throw knife switch for 
heavy current; fig. 6,632, quick break, single pole, single throw knife switch for heavy 
current; fig. 8.633. three pole single throw knife switch with fuse connections; figs. 8,734 
and 6,635, snap switch with and without cover showing construction—the indicating dial 
registers "op" o.• "off"; fig. 8,636, gas engine snap sw.tch. 
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Control Device* Indicating Devices 
Switches Galvanometers 
Fuses Ammeters 
Circuit Breakers Voltmeters 
Rheostats Wattmeters 
Arresters 

Control Devices 

GLASS 

FUSE 
WIRE 

COAR5C 
PITCH 
SCREW 
riREAD 

6,637.—Spc.,1 ut illSd wire usually made of an alloy of tin and lead, such as half and halt 
solder. Bism.ith in frequently added to the alloy to lower the melting point. For half and 
half solder the melting point as 370* Fahr. The current required to -blow" a fuse increases 
somewhat with the age of the fuse owing to oxidation and molecular changes. Fuses are 
rometirnes rated ai.cording to the number of ampere; to be taken normally by the circuit 
they are to protect. Open fuses are so unreliable that circuit breakers are preferable for 
large currents; when tuses are used, the enclosed type as shown in figs. 6,639 and 6.640 it 
usually the more desirable. 

Fro. 6,63S,—Cross section through plug fuse. With this type of fuse it is impossible to place 
any except tile correct size of plug in the socket. 

Pros. 6,639 and 6.640.—D and W enclosed or cartridge fuse showing bl ow i ndication. When the 
fuse blows, it is indicated by the appearance of a black spot within the circle on the labia 
as in fig. 6,640 Fuses should be placed wherever the size of wire changes or wherever there 
is a branch of smaller size wire connected, unless the next fuse on the main or larger wire is 
small enough to protect the bfanch or small wire, but more lights may be added on the 
large wire, making it necessary to put in a larger one. Experiments have shown that for 
large fuses, a multiple fuse is snore sensitive than a single one. A one hundred ampere fuse 
may be made by taking four wires of twenty-five amperes capacity. 
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A 

D 

E 

Gs. e.641 to 8,648.—Interior construction of D. & W. fuses. In the manufacture of these 
fuses, four types of fuse link are used according to capacity of fuse, and classified as: 1, air 
drum link; 2, flat link; 3, multiple link; 4, cylinder link In the air drum link, figs. A and 
B, a capsule provides an air space about the center of the link, the rate of heat conduction 
through the confined air being very slow, the temperature of that portion of the link rises 
rapidly with increasing current, rendering the blowing point practically constant; fig. C, shows 
a section through the complete fuse. In the fiat link, fig. D, the section is reduced in the 
center, cutting down as far as possible the volume of metal to be fused. Figs. E to G, 
show various forms of multiple link construction. By subdividing the metal, increased 
radiating surface is obtained which permits a reduction in the volume of fusible metal 
necessary, and the metal vapor formed when the fuse blows on heavy over load is more 
readily dissipated. Figs. F and G, show two forms of the cylinder link, the plain cylinder 
fig. F, being used for low voltage and large current, and fig. G, for certain high tension 
service. The corrugated cylinder presents more surface to the fuse filling than the plain 
type and secures a maximum radiating surface with resulting minimum volume of metal for 
a given current. 
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Switches.—A switch is a device by means of which an electric 
circuit may be opened or closed, turning on and off the current. 
There are numerous kinds of switches. 

A single pole switch controls only one of the two wires of a circuit; a 
double pole switch controls both. 
A two pole switch breaks the circuit with less arcing than a single pole 

switch. Switches are said to be single or double break, according as each 
pole or blade is constructed to give one or two breaks, thus a two pole 
double break switch breaks the circuit in four places simultaneously, 
rendering it capable of stopping a heavy current without undue arcing. 

In the quick break switch the contact pieces are snapped apart by a 
spring to reduce the duration of the arc as much as possible. 

=M E 
FIGS. 6.649 to 6.654.—Various open fuses. Fig. 6,049, fuse for main and branch blocks; 

fig. 8,650, standard railway fuse; fig. 6,851, Edison main style,• fig. 6,652, sneak current 
fuse; fig. 8,653, W. U. pattern; fig. 0 ,W 654. Bell telephone style; hen an open fuse "blowe 
as a result of overloading, the rupture is accompanied by a flash, and by spattering of the 
rued material. With large currents this phenomenon is a source of danger, and the use 
of enclosed fuses is accordingly recommended whenever the rating of the fuse excees 23 
amperes. 

A switch whose contact pieces consist of a pivoted blade and fixed jaws 
is called a knife switch, and it should be placed so that gravity tends to 
open it. 
A double throw switch controls two circuits and is used when it is 

desired to open one circuit and quickly close another, for instance, in igni-
tion, the engine is started on the battery circuit and then the double throw 
switch is thrown over to the magneto side. Evidently both circuits can-
not be closed at the sanie time which is a desirable feature. 

Fuses.—By definition, a fuse is simply a strip of fusible metal 
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6,863 and 6,661.—Magneic blow out circuit treater. Its r per . ti i isl a.,e,1 on theprinciple 
that a cniductor carrying a current in a magnetic field will t, ud to n, in a direction at right 
angles to the field. In operation, A and K. are the terminals, fl , 1",, is a ,...n tact that is forced 
up against F , F, vihtn the breaker is set. The current then t. ksi ,e pat'. A-a-F-D,:)-F-K. 
When the breaker trips, the contact piece D,D, flies down ,, nI ti.e tendency is for an aro 
to form between F , F; the magnetic field blows the arc upwards, and whatever burning 
takes place is on the contacts E,E, which are so constructe I that they may be readily 
renewed. To trip th'. breaker las hand, the knob N. is pressed. 

A 

e 

often consisting of lead with 
a small percentage of tin 
connected in series in the 
circuit. 

If the temperature exceed a pre-
determined limit by an abnormal 
increase of current, the fuse will 
melt or "blow," thus opening and 
protecting the current. All circuits 

FIGS. 6,663 an I 6,666—rteverse current 
circuit breaker: hg. 6.666, view looking 
at end of coils of cut out, showing 
direction of current. A, to bus bar; 
B. resistance lamp; C. brush of cut out 
D, shunt coil; E, series coil; F. core that 
trips cut out; G. to - bus bar; H. to 

pole of dynamo 
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6,667.—Diagram illustratir.g the operation of a circuit c:osing relay. 
When the predetermined abnormal condition is reached in the main cir-
cuit. the relay closes the auxiliary circuit, thus energizing the trip coil and 
opening the breaker. 

PIG. 6,668.--Diagram illustrating the operation of a circuit opening relay. 
When the relay contacts are in the normal closed position, as shown, the 
coil is short circuited. When the predetermined abnormal condition is 
reached in the main circuit , the relay contacts are opened with a quick break, 
sending the current through the trip coil momentarily, and opening the 
breaker. 
PIG. 6.689.—Starter with ao voltage release for a series motor. A helical 

spring coiled around the lever pivot P, and acting on the lever A. tends to 
keep it in the ol position against the stos S. This lever carries a soft iron 
armature I, which is held by the pujes ot the electro- magnet F., u hen, in 
starting the motor, the arm has been gradually forced oven's far as it will 
go. Should anything happen to interrupt the current while the motor M, 
is running, E. will lose its magnetism and A, will be released, and will fly 
over to the off position. E, is usually shunted by a small resistance R. so 
that only a portion of the main current flows through it. This device 
constitutes the no voltage releose, and ensures that all the resistance is in 
circuit every time tht. motor is started. 
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RM. 0,670.—Starter with no voltage release for a shunt motor. The terminals of the motor 
are at M, M', m, and those of the starter at S, S', s. The lever SA, is shown in the "on" 
position. The current enters the motor at the terminal M, and there divides, part going 
through the field coil F, and the main current through the motor armature A. The arma' 
tars current enters the starter at the terminal S', and traversing the lever SA, leaves by 
the terminal S. The field current enters the starter at the terminal s, traverses the coil of 
the magnet E. (which holds up the armature a, linked to the lever) and thence completes 
its journey through the whole of the resistance R, and through the lever SA, to the termi-
nal S. When the supply is cut off by opening Sw, or should the field circuit be acci lentally 
broken, the magnet E. will release a, and the lever, which will thereupon fly to the "off" 
stop O. It should be noticed that when SA, is off, A and F, form a closed circuit with the 
resistance R and magnet E. The inductance of F, has consequently no ....lance of causing 
destructive sparking when the current is shut off. In starting the motor, Sw is first closed, 
and then, as the lever is slowly moved, the resistance R, which at first is all in circuit with 
A, is gradually transferred from A to F. The resistance of R, is too small to affect appinci-
bly the current in F, which necessarily consists of a comparatively large number of turns 
of fine wire. The arrangement is adopted tu render the breaking of the shunt circuit un-
necessary. 

PIG. 8.671.--Starter with no voltage release and overload release connected to a compovnd 
motor. With a shunt motor, the only difference in the diagram would be that the series 
winding SE, would be absent, and the armature A. would then he connected straight across 
between the main terminals M and M'. When switch 5w. is closed, the current will enter 
the starter at its terminal S, and pass through the magnet coil m', of the overload release 
to the switch lever L. which is shown in the off position. As soon as L. is moved up to make 
contact with the first contact S. the current divides; part going through the resistance R, 
and the terminals S' and M', to the series coil SE (if a compound motor), and armature A; 
and part through the no voltage magnet E, to the shunt winding SH . As the lever L. is 
moved up toward E, the effect is to tzke R. out of the armature circuit and put it into the 
shunt circuit. When the iron armature a, fixed on the stsitch lever, comes against the poles 
of E. the laminated copper brush C, bears against the blocks 13, 13, and so affords a better 
path for the current than through the spindle s. Should the supply voltage fail, either 
temporarily or permanently. E. will release a, and L. will fly off under the tension of a helical 
spring coiled round S. If there should be an overload on the motor, tending to pull it up 
and cause an excess of current to flow through the armature; this excess current, passing 
through m', will make it attract its armature, so bringing two contacts together at W. which 
will short circuit E, and allow the switch to fly off. The connections between E and rte, 
are not shown in the figure. When only the normal current is flowing, the attraction 
between se and its armature is not sufficient to pull the latter up. The actual forms and 
arrangement of parts on the starters are well shown in some of the figures. 
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subject to abnormal increase of current which might overheat the system 
shotud be protected by fuses. 

Circuit Breakers.—A circuit breaker is a switch which is 

opened automatically when the current or the pressure exceeds 
or falls below a certain limit, or which can be tripped by hand. 

The automatic operation depends on properly arranged electromagnets. 
Circuit breakers are made to operate on overload or underload, and a 
reverse current, the latter type being sometimes called a discriminating 
cut out. 

6,672.—Diagram of plain rheostat. The rheostat is connected in series in the circuit that 
it is to control. In operation, when the lever is on contact 1, the current is opposed by all 
the resistance of the rheostat so that the flow is very small. As the lever is moved over 
contacts 1, 2, 3, etc.. the coils are successively cut out, thus diminishing the resistance. 
and when contact 16 is reached all the resistance is short circuited allowing the full current 
to flow. M. and S are the terminals. 

FIGS. 6,673 to 6.675.—General Electric magnetic blowout arrester for use on railways. It 
consists of an adjustable spark gap in series with a resistance. Part of the resistance is 
in shunt with a blow out coil, between the poles of which is the spark gap. In operation. 
when the lightning pressure comes en the line, it causes the spark gap to break down and a 
discharge occurs through the gap and the resistance rod to ground. Part of the current 
shunts through the blow out coil producing a strong magnetic field across the spark gap. 
The magnetic field blows out the discharge arc and restores normal conditions. 

Rheostats.—By definition, a rheostat is a variable reszstance 

box. 

It contains a number of resistance elements joined in series so arranged 
that they may be progressively cut out of the circuit by the movement 
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of a lever over a number of contacts connecting different forms of the 
resistance. 

A rheostat is con:- ected in series in a circuit, and when designed to be 
used in starting motors it is frequently called a starting box or "starter." 

For motor control a rheostat should be 
provided with an overload release and a 
no-voltage release. 

Lightning Arresters.—These 

devices provide paths by which light-
ning disturbances or other static 
discharges may pass to the earth. 

In general, their construction comprises 
an assembly of air gaps, resistances, in-
ductances and arc suppression devices. 
A lightening arrester must prevent exces-
sive pressure differences between line and 
ground, and between conductor turns in 
the electrical apparatus. 
An air gap is frequently used to form 

the necessary high resistance which must 

6,677.—General Electric horn type air gap arrester, mounted 
for 15 light series arc circuit. The horn type arrester consists of a 
horn gat, wit h series resistance between each line and ground. 

FIG. 6,676.—Westinghouse electro-
lytic station lightning arrester 
for direct current up to 1.500 volts 
consists of a tank of oil in which are 
placed, on properly insulated sup-
ports, a nest -4 cup shaped alumi 
nuns trays. The spaces between 
the trays are filled with electrolyte, 
a sufficient quantity for one charge 
being furnished with each arrester. 
The top tray is connected with the 

line through a 60 am-
pere and the 
bottom tray is con-
nected to the tank 
which is thoroughly 
grounded by means of 
a lug. The fuse is of 
the enclosed type and 
mounted on the cover 
of the arrester. A 
small charging cur-
rent flows through 
the trays continu-
ously and keeps the 
fihns on the trays 
built up, so that no 
charging is required. 
This charging current 
is not, however of 
sufficient value to 
raise the temperature 
appreciably. The 
immersed area of each 
tray is 100 square 
inches. The shape 
and the arranrment 
of the trays is such 
that any gases genet-
atad by the discharge 
can pass out readily 
without disturbing 
the electrolyte be-
tween the trays- 
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which must be interposed between the ground and the conductor. The 
resistance is such that any voltage very much in excess of the maximum 
normal will cause a discharge to ground, whereas at other times the con-
ductor is ungrounded because of the air gap. This forms the principle of 
air gap arresters. There may be one gap or many in series, and the gap 
may be in air or in vacuum. Other methods are: electrolytic, magnetic 
blow out, choke coils, static interruptors, etc. 

N S 

fem. GAM—Connections of single coil astatic needles. The coil surrounds the lower needle 
and the direction of the current between the two needles tends to turn them the same way. 

Pm. 6,879.—Connections of double coil astatic needles. With this arrangement, the direc-
tion of current in both coils will tend to turn the system in the same direction, making the 
needles more sensitive than with a single coil in fig. 6.878. 

z"utro 

FIG. 6.880.— Ga Iva no me ter prin-
ciples I Effect of neighboring current 
upon a magnetic needle: The north 
pole of the needle will turn toward the 
east, for by Ampere's rule, if a man 
could swim in the conductor with the 
current, and turn to face the make, then 

the north fiole of the needle will be deflected toward his left hand. 

6.881.—Galvanometer principles IL Effect of neighboring current in 
a loop. In accordance with Ampere's rule, the upper wire causes the N pole of the needle 
to turn to the left, while if a man imagine himself swimming in the lower wire in the direction 
oi the current, and facing the needle (that is, swimming on his back) the N pole of the 
needle will turn to his left—that is to the east. The effect of the loop then has double 
the effect of the tingle wire in fig. 8,680. 

8.682.—Galaanometer principles ¡IL Effect of neighboring current in a coil. The 
coil, as shown, is equivalent to several loops, that is, the force tending to deflect the needle 
is equal to that of a single loop multiplied by the number of turns. Hence, by using a cc6 
with a iarge number of turns, a galvanometer may be made vet y sensitive so that the needle 
crill be nencentibly deflected by ver.' feeble currents 
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Pm. 6,683 .—Breguel. upright galvanometer with glass shade. 

Pie. 6.684 .—Bunnell horizontal galvanometer. It has two coils, one of which is of zero resist-
ance and one of fifty ohms resistance adapting it to a variety of test. 

Fto. 6.683.—Bunnell galvanometer for measurements of instruments, lines, batteries, wine 
end any object from Viso to 10,000 ohms or mote. 

Pic. 6,686 .— Tangent galvanometer. It consists of a short magnetic needle suspended at the 
center of a coil of large diameter and small cross section. If the instrument be so placed that, 
when there is no current in the coil, the suspended magnet lies in tha plane of the coil, that is, 
if the plane of the coil be set in the magnetic meridian, then the current passing through the 
coil is proportional to the tangent of the angle b> whirls the magnet is deflected from the plan. 
of the coil, or zero position—hence the name: "tangent _galvanometer." 

Pic. 6,687.—Sine galvanometer. The parts are: M coil; N, graduated dial of magnetic neele 
H. graduated dial by which the amount o rotation necessary to bring the needle to sere is; 
measured; E, terminals of the coil; 0 upright standard carrying coil and graduated dial of 
magnetic needle; C, base with levelling screws. In operatio^, the coil is moved so as to 
follow the needle until it is parallel with the coil. Under these circumstances, the strength 
ni the deflecting current is propmeional to sine of angle of deflection. 



FIG. 6,088.—Queen reflecting static galvanometer. It is mounted on a mahogany base with levelling screws. A plain mirror 
is attached above the upper needle. The entire combination of mirror and needles is suspended by unspun silk from the inte-
rior of a brass tube, which also carries a weak controlling magnet. A dial 4 inches in diameter and graduated in degrees, enables 
the deflections of the needle to be accurately read. The mirror can be used with a reading telescope and scale, or by means 
of a lantern, the image of a slit may be reflected from the mirror to a screen. Resistance, .5 to 1,000 ohms. 

PIG. 6,689.—Differential galvanometer. It consists of a magnetic needle suspended between two coils of equcl resistance 
so wound as to tend to deflect the needle in opposite directions. In operation, the needle shows no deflection when two equal 
currents are sent through the coils in opposite directions. Its special use is for comparing two currents. 

6,890.—Central Scientific Co. universal tangent galvanometer. This instrument may be used as a tangent, Gaugain, Helm-
hoii.z-Gaugain, sine, cosine, Wiedemann or detector galvanometer. The coils, which slide on a beam parallel to the one 
carrying the needle box, are wound un brass rings 12 inches in diameter. On each ring are wound two coils of 48 turns each. 
onnected to separate binding posts, and double wound so as to be of equal resistance. The coils and needle box are each pro-
¿ide f with an indicator for reading their position on the scale. The needle box is swivelled and removable and one coil may 
be rotated about its vertical axis and its position read ma a disc graduated in degrees. Currents may be measured ranging from 
.000002 ampere to 100 amperes. 
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6,691.--Queen dcad beat and ballistic galvanometer In construction, the magnetic 
system is given considerable weight, so arranged as to give the reading without useless 
swings of the needle. This is obtained by hanging a bell magnet with its mirror by a long 
cocoon fibre, the eddy currents induced in the copper bringing the system quickly to rest. 
Used for measuring momentary currents, for instance, the discharge of a condenser. 

FIG. 6,692.—Telescope method of reading galvanometer deflections by reflections of seal' 
reading in mirror. 

FIGS. 6,693 and 6,694.—Galvanometer lamp and scale for individual use. The scni.c is etched 
on a ground glass strip 6 centimeters wide by 60 centimeters long with long centimeter 
divisions and short millimeter divisions the entire length, reading both ways from zero in 
the center. It is mounted in an adjustable wooden frame. A straight filament lamp(110 
volts) is enclosed in a metal hood japanned black to cut out all reflected light. 

FIG. 6,695.—Queen reading telescope. This arrangement is utilized to measure the defier 
tions of a galvanometer having suspended mirror moving system. It consists of a reading 
telescope mounted as illustrated with a millimeter scale, having a length of 50 centimeters. 
In use, the image of the scale is seen in the galvanometer mirror through the telescope. 
The eye piece of the telescope has a cross hair which acts as a reference line so that by not-
ing the particular division on the scale when the galvanometer is at rest, the amount of 
deflection can be readily observed when the galvanometer is deflected. 
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2. Indicating Devices 
Galvanometers.—These instruments are for indicating the 

presence of an electric current in a circuit, and determining its 
direction, strength and pressure, by measuring the electromagne. 
tic effect of the current 

Its principle is that a magnetic needle is deflected when influenced by 
an electromagnetic field, and a simple galvanometer consists essentially ot 
a magnetic needle suspended within a coil of wire and free to swing over 

N 

iii 

GALVANOMETER 

PIGS. 6.698 and 6,697 .—Diagrams of D'Arsonval galvanometer. In construction, the coil is 
wound upon a copper form, and suspended between a permanent magnet by fine wires to 
the points A and B. The TTI1 rmet has its noies at N and S There is a soft iron cylinder fixed 
between the poles in order to intensify the magnetic field across the air gaps in which the 
coil moves. n's', position cd coil when no current is flowing; n"s", position when current is 
flowing. This galvanometer is adapted to general use. 

FIG. 6,6/8.—Diagram showing method of connecting galvanometer shunt. The shunt greatly 
increases the range of measurement. 

the face of a graduated dial. The action of the current was discovered 
by Oersted. Galvanometers may be divided into two general classes, as 
those having: 1, a movable magnet and stationary coil, and 2, stationary 
magnet and movable coil; either type may have a short or long coil. The 
principle forms of galvanometer are: 1, astatic; 2, tangent; 3, sine; 4, 
differential; 5, ballistic; 6, D'Arsonval. 

Ammeters and Voltmeters.—An ammeter or ampere meter 
is simply a commercial form of galvanometer so constructed 

that the deflection of the needle indicates directly the strength 
of current in amperes. 
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e A good ammeter should 
e4 have a very low resistance o 

a 1 î Fe. l so that very little of the 
energy of the current will a. 
be absorbed; the needle 

f7  § should be dead beat, and 

(3.  i l 
a. iil El sufficiently sensitive to re-
m. ...»: 8 t; el spond to minute variations 

c  0 e ... •:à of current. 
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t)... 
- g ›••%' 1' ciple of operation, am-
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•Ê▪ t. 8 7; i,:', - .. are classified as: o es, L.i. 4: 
ue• Oi,r, <,1, 1. Moving iron; le  
fi  2. Moving coil; 
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'.-É 2 .. -> g ger; ..c.; e 
.Z.,, 4. Magnetic vane; 

2i 5. Hot wire; 
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7.':, 7...-‘1 :5 7. Astatic; ,-,  

'§ 8. Inclined coil; 
us 9. Fixed and movable 
.M.°. .,...e, e «U coil . 
có e P. 4 Ammeters are connected 

î.'° in series in the circuit, Of 
le' et e.ii in shunt; according as 

. .5 g ..'çe) î.., they aie designed to re-
-•-• s; of ceive all or only a fraction the current. — ..e --e E A voltmeter has a high 5 2 
— u ecnt -eg resistance coil instead of 
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..5. re ..*:'....5. .;,,,, that very little current will 
tte. ,ºà-•,•-• t° >f I e, ;'', ¡ pass through it. 

If a high resistance be 
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ticia Li e'e. t..., measure very small cur 
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fem. 6.702.—Plunger type instrument. In principle, the current to be measured passes through the solenoid, producing a magnetic 
effect on the soft iron plunger which tends to draw -1 into the coil, and thus cause the pointer to move over the graduated scale. The 
instrument, because of the residual magnetism the air is less reliable than the usual types. Adapted to large currents. 

PIG. 6,703.—Magnetic vane instrument. . n prineple, a soft iron vane, eccentrically pivoted within a coil carrying the current to 
be measured, is attracted toward the positic where it will conduct the griatest number of magnetic lines of force against the restraining 
force of a spring or equivalent. T and '1 are the terminals. 

FIG. 6 ,704.—Diagram showing principle and cmistruction of the Whitney hot wire instruments. The action of instruments of this 
type depends on the heating of a wire by the passage of a current causing the wire to lengthen. This elongation is magnified by 
suita ble mechanism and transmitted to th pointer of the instrument. AX, wire; B, pulley; C, shaft; E. plate; F and G. ends of 
wire; 11, spring; M, pulley; N, pointer. 

pass'ng through the circuit is directly proportional to the pressure or voltage at its terminals and the 
instrument may be calibrated to read volts. A voltmeter is connected in parallel in the circuit. 

Wattmeters. — These instruments are designed to measure directly the products 
of the amperes and volts in a circuit and give its readings in watts. In the dynamometer 
type there are two coils, or sets of coils, one of which is fixed and the other movable. 
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TEe movable coil is connected in the current circuit, and the 
fixcd cuil in the pressure circuit, or the reverse. The induction 
type is uscd on alternating current circuits. In this type, 
electromagnets are arranged near a vane in which eddy currents 

rics. 6,705 and 6.716.—Connections for series and shunt ammeters. When the construction 
is such that all the current passes through the instrument, it is connected as in fig. 6,705 
but where the instrument i; designed to take only a fraction of the current, it is connected 
across a shunt, as in Cg. 6.700, a aefinite proportion of the current passing through the 
instrument and the remainder through the shunt. 

1,000 Ampere Type B Shunt 400 Ampere Type D Shunt 

FIGS. 6,707 and 6,719.—Westinghouse ammeter shunts. These shunts are used where heavy 
currents are to be measured. The shunt is connected in series with the bus bar or circuit 
to be measured, and its terminal, arc connected by means of srrvill lad s ta the ammeter 
or other instrument. 

* L _÷111 
•  

PIG. 6,709.—Voltmeter connection for measuring the pressure in an electric circuit. The volt-
meter is connected in parallel in the circuit at the point where the voltage is to be measured. 

FIG. 6,710.—Voltmeter connection for measuring the "drop" or fall in voltage in a certain length 
of wire, as for instance, the length between the points A and 13. The voltmeter is shungul 
between the two points whose pressure difference i.; to be measured. 
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6.711.—Diagram of Sie-
mens electro-dynamometer. 
It consists of two coils on • 
common axis, but set in planes 
at right angles to each other in 
such a way that a torque is 
produced between the two coils 
which measures the product of 
their currents. This torque is 
balanced by twisting a spiral 
spring through a measured 
angle of such degree that the 
coils shall resume their orig-
Mal relative positions. If used 
for measuring current, the 
coils are connected in series, 
and the reading is then pro-
portional to the square of the 
current. If used as a tvattmeter, 
one coil carries the main cur-
rent and the other a small 
current, which is proportional 
to the pressure. The reading 
is then proportional to the 
power in the circuit. 

Pic. 6,712.—Diagram showing connections of Siemens' electro dynamometer as arranged 
to read watts. 

are caused to flow which 
react on the magnetic field, 
and the record made is pro-
portional to the force of the 
reaction. A recording watt-
meter is one that will regis-
ter the watt-hours expended 
during an interval of time. 

6.713—Kelvin electrostatic volt-
meter for high pressures up to 200,000 
volts. In principle, the vanes which 
act as condensers take charges propor-
tional to the pressure difference between 
them, resulting in a certain attraction 
which lends to rotate the movable disc 
against the restraining force of gravity. 
In the figure aa and b are two fixed 
vanes and c a movable vane, carrying a 
pointer and having a proper weight at 
its lower end. 
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LACKED LJJILS. 

ÏRECT READING SSOCIATION DIAL 
RAIN ay DRIVEN. 

MICROMETER MAGNET! 
SHUNT ADJUSTMENT FOR 
CONTROLLING MAIN SPEED ALUMINUM JEWEL 

DAMPER BEARING. 
PIG. 6,714.—Interior view of Columbia watt hour meter showing construction, principal parts. 
and connections. The armature winding consists of three coils approximately circular in 
shape. The coils are form wound, interlocked with one another and with the light impreg-
nated fibre disc which serves as a spacer for them. The aluminum damper disc has the 
conventional anti-creep provision in the shape of the three small soft iron plugs, mounted 
close to the central staff. The commutator has three segments and is made of chemically 
pure silver. Each brush is formed of a length of phosphor bronze wire bent like a hair pin 
and secured at its "U" end to a brass sleeve, which in turn is secured to an insulated stud 
by a set screw. An extension on the sleeve carries a m icrometer screw brush adjustment. 

ffi ICROMETER SCREW ADJUSTER OR REGULATING BRUSH TENSION. 
BRUSH CLAMP ENMING 
SW INGING IF_S 
LEAR OF COM1 UTATOX 

AND REENGAGING WITH' 
OUT ALTERING TENSION. 

RIGID ONE PIECE CAS 
ALUMINUM BASE WITH 
STIFFENER RIBS, 

SHODT,STIFF_SHAFt 
WITH PIVOTS FRICTION 
CLAMP ATTACHED. 

LIGHT LOAD ADJUST 
ENT OF WIDE RANGE. 

DAMPER MAGNET& 
MMOVABLY CLAMMD 

IN PLACE. 

KILOWATT liOURS 
&  

Pe. 6,715.—Watt hour meter recording dials. To read the meter: Begin at the left and set 
down for each dial the lower figure next to each hand, not necessarily the figure nearer the 
hand. In the above example the statement is 1,726 kilowatt hours or 1,726,000 watt hours. 
Subtract the previous statement to arrive at registration for a given period. Some meters 
are subject to a multiplying constant so stated on their face, and the registration of such 
meters must be multiplied by th. constant as shown, to determine the actual consumption of 
eiectaical energy . 

ool 
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COMPENSATING 
COIL SWITCH 

6,716.—Diagram showing internal connect-
ions of the Duncan watt hour meter. Its opera-
tion depends upon the principle of the well 
known electro-dynamometer, in which the 
electro-magnetic action between the currents 
in the field coils and an armature produces 
motion in the latter. rt also embodies the 
other two necessary watt hour meter elements 
required for the speed control and registration 
of the revolutions of the armature, these being 
embodied in the drag magnet and disc, and 
the meter register respectively. 

Fin. 654.—Interior view of Thomp-
son watt hour meter (type C-6). 
Capacity: 5 to 600 amperes, two 
wire, and 6 to 300 amperes, three 
wire; 100 to 250 volts. The meter 
is supported by three lugs, the 
upper one of which is keyhole& 
and he lower right hand one 
slotted. This permits rapid and 
accurate levelling as the top screw 
can be inserted and the meter hung 
thereon approximately level. 

Rm. 656.—Interior of Thompson watt hour meter (type C-8) showing armature, small commu-
tator and gravity brushes. A spherical armature moving within circular field coils is the 
construction adopted in this meter. The armature is wound on a very thin paper shell. 
stiff enough to withstand the strain due to winding and subsequent handling. The wire 
composing the armature is of the smallest gauge consistent with mechanical strength. 
Ribbon wire is employed for the field coils, thus economizing space and further carrying 
out the idea of concentration 
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CHAPTER 16 

A.C. Control and 
Indicating Apparatus 

Various devices are required for the proper control of th.: 

alternating current, such as, 

lelos. 6,718 to 6,720.— Varions single throw switches. Fig. 6,718, sin,:le p,le; fig. 6,719. 
double pole; fig. 6,720, three pole. A single >WC switch should only be uJEd frw very tight 

duty. 

1. Switching devices; 
a. Ordinary switches; b. Oil break switches: 

c. Remote control switches. 

2. Current or nressure limiting devices; 

a. l'uses; !.. Reactanc.c..s; c. Circuit breakers: d Eetays. 
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3. Lightning protection devices; 

a. Air gap arresters; 
b. Multi-gap arresters; 
c. Horn gap arresters; 
d. Electrolytic arresters; 
e. Vacuum tube arresters; 
f. Choke coils; 
g. "Static" interrupters. 

4. Regulating devices; 
a. Induction voltage regulators; 
b. Variable ratio transformer 

regulators Miner 
c. Compensation shunts; 
d. Pole type regulators; 

e. 
f. 

h. 

Small feeder voltage regulators: 
Automatic voltage regulators; 
Line drop compensators; 
Starting compensators; 
Star delta switches; 
Synchronous condensers 

o 

• 

PE:a 6 721 and 6.722.—Various single poi.: switches. Fig. 6;721, •=ingle throw; fig. 6.72') 
double throw. 

UPPER CONTACT 
AND RECEPTACLE 

BAR 

FIBER TUBES 

BRASS CONTACT NUTS 

PORCELAIN 
WASHER 

PRESSBOARD WASHER 

OILED PAPER 
BUSHING 

PORCELAIN 
HEAD 

Peas. 6,723 and 6,724.—Enclosed arc bus transfer plug switch The current ie supplied is • 
bribe enclosed at nne end thereby confining the arc and limiting the supply ot air. 
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5. Indicating devices: 

a. Moving iron instruments {Inclined coil type; 
magnetic vane type; 

plunger type; 

b. Hot wire instruments; 

C. Induction instruments 'shielded pole type; trepulsion type; 

d. Dynamometers; 

t. Instrument transformers; 

{ 
commutator type; i.i.1 

f. Watthour meters u,' tio, type, 
Faraday disc type; 

{synchronous motor type; 
Frequency indicators resonance type; 

induction type; 

lamp type; 
h. Synchronism indicator J voltmeter type; 

resonance type; 
rotating field type; 

i. Power factor indicators {wattmeter type; 
rotating field type; 

j. Ground detectors; 

k. Earth leakage cut outs; 

I. Oscillographs. 

g. 

Switching Devices 
A switch is a piece of apparatus for making, breaking, or chang-

ing the connections in an electric circuit. 

Since the electric current cannot be stopped instantly when the circuit 
in which it is flowing, is broken, an arc is formed as the switch contacts 
separate; this tends to burn the contacts, and to short circuit, the severity 
of such action depending on the voltage and the proximity of the switch 
terminals. Accordingly, in switch design, provision must be made to 
counteract these tendencies. Thus, 

1. The contacts should separate along their entire length, rather than 
at a point; 

2. The terminals should be far enough apart and properly protected 
to prevent short circuiting of the arcs; 

3. The break should be quick: 
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4. The gap should be surrounded by the proper medium (air or oil) 
to meet the requirements of the electrical conditions. 

A great variety of switches have been introduced to suit the different 
requirements. Knife switches are used for low pressure service, the mul-
tiple break form being used where it is desired to reduce the arcing distance. 
Knife switches should open downward so gravity will keep them open. 

:FIG. 6;725.--TyPicalmanually.operated air circuit breaker having a current rating of 2,000 
amp. and above. One of the best methods to test breakers of this type for perfect contact 
alignment, is to Close the contacts on a piece of thin tissue paper and a piece of thin carbon 
paper, with the. carbon next to the tissue. When the breaker is closed and opened, it is a 
simple matter to determine the amount of impression made on the paper. Good impressions 
.will shosv.7.5% or. more of the length of,each bar on the contacts.—CouriesyG en eral Electric Co. 

-Forms -or Break.—On high pressure circuits there are several 
'types of switch, they are classified with respect to the break, that 
is to say, according as the break takes place. 

'1. 'In open zitir; 3.. Aided by a metal fuse; 

In an enclosed air space; 4. In oil. 
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If the break take place in open air, a relatively long gap is required to 
extinguish the arc. The enclosed air break switch is more compact. The 
opening arm of a metal fuse break switch draws the fuse through a tube 
thus opening the circuit without much disturbance. In a horn gap switch, 
the arc formed on breaking the circuit, as it travels toward the extremities 
of the horns, becomes attenuated and is finally ruptured. 

An oil switch is one in which the break occurs under oil; it is used almost 
universally on high pressure a.c. circuits. 

PIG. 6,726.—Illustrating a 600-amp., 5,000-volt oil circuit breaker with tank removed, showing 
butt-type spring-pressure contacts d.nd wedge and finger type silver to silver main contacts. 
Periodic checks should include tightening of nuts, checking spring pressure, pigtails and 
contact wipe.—Courtery General Electric Co. 

Remote Control.—It is desirable in the case of switches on 
high pressure circuits (1100 volts and over) to locate the parts 
which carry the high pressure current at some distance from the 
switchboard in order that they may be operated with safety. 

They may be operated either by hand or by power, large switches being 
usually operated by means of remote control. 
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Selection of Control Wire Size.—Although in most contac-
tor and relay operations a 20% voltage drop is allowed, it is 
important that control wires be so selected that this maximum 
drop under all conditions not be exceeded. 

3- ph A-C. Source 

Oil Circuit Breaker 3 2 1 Connecting Blades 
Shown in Running Simultaneously 
Position Operated 

Running Throw   Starting Throw 

Finish 

Compensator 
yap. 

Start (Nearest 
Core) 

0 0 0 

r 
Motor 

Y Connec-ted 
at Starting 

/Tap No.1 
// Tap No.2 
',Tap No.3 

Tap No.4 

Finish 
Start 

Detai I of compensator 

6,727.—Wiring diagram showing connection of 4 pole, double throw oil circuit breaker 
with autotransformer suitable for operation of squirrel cage induction motors. Operation 
The system of connections are such that the motor terminals are permanently connected to 
the starting taps on the autotransformer. With both throws of the breaker open, the auto-
transformer and motor are entirely disconnected from the source of power and the Y of the 
autotransformer is open. When the starting side of the breaker is closed, the Y on the 
autotransformer is closed and the autotransformer is connected to the source of power. 
When the starting side is open and the running side is closed, the motor is connected directly 
to the source of power, with voltage still applied on the starting side of the autotransformer. 
No current, however, flows in the autotransfeirmer since the Y is open. 
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Therefore, in remote operations of controls, it is often desirable to know 
the allowable length and size of a conductor that can be used between the 
remote operating point and the controller. These calculations differ for 
alternating and direct current circuits, in addition to being affected by 
capacity, as well as inductance from adjacent conductors. Under ordinary 
circumstances, however, these factors need not be considered unless the 
control line is of considerable length. 

Direct current contactors and relays are generally designed to pick up at 
80% coil voltage when hot. This means that if 100% control circuit voltage 
is available, theoretically a 20% voltage drop can be tolerated in the con-
ductor in series with the coil, and the device will still operate. To allow a 
factor of safety, because of varying operating conditions, a 10% drop in 
the control wire is a safer value to use. On this basis, using Ohm's law, 
we obtain: 

0.1 X E 
R — 

Where K = conductor resistance in ohms. 
I --- pick-up current of contactor or relay coil in amperes. 

E = normal operating voltage of contactor or relay coil in volts. 

On alternating current contactors and relays, however, the inrush cur-
rent required to close the magnet is much higher than the normal current 
after the magnet has closed. Therefore, the formula previously shown 
cannot be used. In numerous applications it is found that the resistance 
in series with the coil can be as much as 25% of the total ohmic resistance 
of the coil. 

If the resistance of the coil be not known, it can readily be obtained by 
energizing the coil on direct current, and by measuring the voltage across 
the coil and the current flowing through it. 

Then the unknown coil resistance is: 

R4 

This resistance cannot be measured by an application of alternating 
current. 
Now any wire table can conveniently be used to determine the minimum 

size of copper wire after the ohmic resistance has been obtained by either 
of the two methods previously given. 

In many applications it will be found that this minimum size is imprac-
tical from the standpoint of mechanical strength. 

In such cases, a wire should be selected large enough to fulfill in addition 
to electrical requirements, mechanical requirements as well. This latter 
requirement is an important consideration especially when it be required 
that the wire be strung out of doors on poles where it is often subjected 
the strain of wind, sleet or snow. 
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Current and Pressure Limiting 
Devices 

The importance or current and pressure limiting devices is to 
protect circuits from overheating due to abnormal current. 

Fuses.—A fuse is "an electrical safety valve," or wire or strip 
of metal in a cut out, which may be fused by an excessive current. 

For large currents, circuit breakers should be used in place of 
fuses. 

rio. 6,728.—General Electric Series FK-439, 230 kv. SOO amp. high speed oil circuit breaker. 
The oil circuit breaker operating mechanism is designed for high speed operation (3-cycle 
interrupting, 20-cycle reclosing, 60-cycle system). The breaker incorporates a multi-break 
interrupter (not shown) consisting of parallel resistors which provides positive control of 
over-voltages that accompany interruption of line charging currents. It consists essentially 
of a helix of michrome wire wound on a grooved board that is molded to the shape of the 
interrupting cylinder. The pneumatic operating mechanism (shown at left in the illustra-
tion) is equipped with a compressor unit which automatically provides the breaker with 
sufficient air pressure operation when required. 
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Circuit Breakers.—By definition, a circuit breaker is a 
device, which automatically opens the circuit in event of abnormal 

conditions, in the circuit. 

The arc may be broken: 1, by magnetic blow out, 2, by thermal break, or 
3, by carbon break. In the carbon break the arc is progressively broken 
through: 1, main contacts, 2, intermediate contacts, and 3, carbon contacts. 

Automatic Control of Circuit Breakers.—This is secured 
by the use of solenoids or trip coils. These coils may be wound 
in series or in shunt with the main circuit, or in shunt with an 

auxiliary circuit. 
The automatic controls arising from these connections give 

various kinds of protection to the circuit and are known as 

1. Overload trip; 3. Low voltage trip; 
2. Underload trip; 4. Auxiliary circuit trip. 

NOTE.—Oil switches are often used on systems with generator capacity of many thou-
sand kilowatts. It is therefore, essential that the switches shr.11 be al le to bre..k not only their 
normal curre t. but also gre.aly increased current that would flow if a short circuit or partial 
short circuit occur. 
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Protective Relays 
for A.C. Systems 

Protective relays are used to protect circuits from abnormal 
conditions of voltage or current which would be undesirable or 
dangerous to the circuit and associated equipment. 

Purpose of Protection.—Relay protection is applied to an 
electrical system for the purpose of minimizing the interruptions 

of service and the damage to apparatus which result from ab-
normal conditions in the system. 

In applying relays to a system the primary considerations are 
as follows: 

1. To maintain service under all conditions. 

2. To disconnect only the line or apparatus in which a fault 
has developed. 

3. To disconnect the faulty portion from the remainder of 

the system as soon as possible in order to prevent 
trouble due to fall of voltage in the healthy part of the 
system. 

4. To prevent injurious heating due to short circuits or 
heavy overcurrents. 

Great care must be exercised therefore, in the selection of 
relays so as to obtain the proper sequence and selectivity of 
operation. 
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Power System Components.—In general, a power system 
may be said to consist of some, or all of the following: Alternating 
current generators, exciters, auxiliary transformers, auxiliary 
feeders, main transformers, outgoing lines, incoming lines, tie 
lines, miscellaneous circuits, including direct-current machines and 
control, signal and auxiliary circuits. 

Relay Selection.—The selection and application of relays for 
any circuit cannot properly be made unless the selection is based 
on the nature and characteristics of the entire system of which 
the circuit under consideration forms a part. 

Only by harmonizing all the characteristics of each item of the system 
can the best results from the relay be obtained. This is particularly true 
on the interconnected system. The proper functioning of a system de-
pends upon the proper selection and application of its protective relays, 
which work in conjunction with the other protective apparatus installed. 

Relay Classification 

Relays may be classified according to their type, as for example 
plunger, induction, etc. according to their contacts, as circuit 
opening, circuit closing, etc. or according to their function, such 
as operating on current, operating on voltage, etc. The last 
mentioned method of classification seems to be the best one and 
is the method used in this chapter. There are alternating cur-
rent relays operating on current voltage, change of phase relation, 
power and frequency. There are direct current relays operating 
on current, voltage and power. There are temperature relays 

operating on replica of temperature. 

In addition to the protective relays divided into the classifications given 
previously there are: auxiliary relays, control relays and signal relays. 
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Relays Operating on Current.—These may be sub-divided 
into overcurrent undercurrent and current differential relays. 

Relays Operating on Voltage.—These like the current relays 
are sub-divided into overvoltage, undervoltage, voltage-differen-
tial and voltage-directional relays. 

Relays Operating on Power.—Power relays are divided into 
overpower, underpower and power directional relays. 

Relays Operating on Temperature.—Temperature relays 
may be subdivided into three general classes as follows: Those 
operating on change of electrical resistance, those operating on 
the action of a thermostatic couple and those operating on volatil-
ization of a liquid. 

Relay Requirements 

Advantages in Using Relays. — Where the volt ampere 
load of the relay is less than that of the trip coil, relays may be 
used primarily for the purpose of reducing the volt-amperes 
imposed upon the current transformers by normally short-
circuiting the breaker trip coils. 

Where the trip coils are located at the breaker remote from the 
switchboard, relays may be used to advantage mounted on the 
switchboard where they are readily accessible and where adjust-
ments can be easily made. Relays are inherently more accurate 
than trip coils, and may be obtained to operate upon the occur-
rence of almost any form of disorder whereas trip coils are usually 
limited to plain overcurrent, instantaneous or time. 
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Relays may also be used primarily for the purpose of reducing 
the burden imposed on oil circuit breakers. In the case of neces-
sary system time gradings, this decreased burden on the oil circuit 
breakers may be taken advantage of since the selection and appli-
cation of oil circuit breakers for a system depends in many cases 
upon the time settings of the protective relays. 

The greatest duty imposed on an oil circuit breaker is its frequent instan-
taneous opening when short circuits occur in the circuit controller. This 
is apparent from the fact that in most cases the maximum short circuit 
current is reached instantaneously with the occurrence of the short circuit 
and rapidly reduces to some lower sustained value. 

The use of relays, therefore, by delaying the parting of the breaker 
contacts makes it possible to use a breaker of smaller interrupting capacity 
than would otherwise be possible, and may also permit the increasing of the 
generating capacity of the system without requiring the installation of new 
oil circuit breakers of higher interrupting capacity. 

Requisites of a Relay.—Until suitable operating conditions 
occur a relay should remain in its normal (in operating or "dor-
mant") position with the contacts definitely open (in the case of 
a circuit closing relay) or definitely closed (in a circuit opening 

relay). 
When the suitable operating conditions occur, the relay should 

complete its travel instantaneously or in a prescribed inverse or 

definite time, closing (or opening) the prescribed number of 
contacts, and holding the contacts in the operated position until 
the required performance outside the relay has been completed. 
Some relays then reset automatically, others remain in the 
operated position until they are reset either manually by means 
of a resetting device or electrically by means of a resetting wind-
ing. Usually when the resetting is automatic it is instantaneous 
but a few relays are required to introduce a time interval in the 

resetting. 
All relays should operate consistently when the operating con-

ditions are repeated. The operation of alternating current relays 
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should not be seriously affected by slight variations in frequency 
and wave form. The correct operation and resetting of direct 
current relays should not be prevented by residual magnetism 
in the iron of the relay. Neither alternating nor direct current 
relays should be affected seriously by stray magnetic fields of 
ordinary strength. 

The foregoing are general statements, applicable to practically all relays, 
but to greater or less degree, depending upon the construction and operating 
principle of the relay. Individual relays have certain detailed features of 
operation, according to the purpose of the design. Thus, an induction 
overcurrent relay has a time current curve that repeats itself with great 
accuracy; the time is strongly inverse at small overcurrents and slightly 
inverse at large currents. 

Relay Applications 

In the following examples on application of relays previously 
described it is not intended to cover all kinds and types of ap-

plications permissible with the use of these relays. Conditions 
attending individual installations often vary, so each application 
of the proper type of relay must be given due consideration and 
study. 

A.C. Generator Protection.—It is of the utmost importance 
that generators be kept in service, and it is therefore, the general 
practice to omit overcurrent protection from such circuits. Ex-
perience has shown, however, that no part of a system is free 
from the possibility of injury. The arrangements described in 
the following paragraphs serve to protect the generator by dis-

connecting it from the buses and removing its excitation before 
serious injury results. The generator circuit breaker is non-
automatic as regards overcurrents or short circuits in the external 
system. 
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This assures that troubles external to the generator windings shall not 
disconnect the genera.tor, which would, thereby, interrupt service in the 
whole system. This is in line with the purpose, as previously stated, for 
which protective relays are designed, that is, to maintain service over the 
greatest possible portion of the system under all conditions, and to dis-
connect only that part containing the fault. 

The large capacity and cost of modern units has made it necessary, 
however, to consider means of quickly and effectively protecting the genera-
tors in times of fault or short circuit in their internal windings. 

Current Differential Protection.—Generally this consists 
of current transformers installed at each end of the generator 
windings, with their secondaries connected in series and relays 
connected differentially so that their functioning depends upon a 
difference of current flowing through the two sets of current 
transformers. Current transformers and relay connection for 
various types of differential protection are indicated in figs. 6,729 
and 6,730. In a relay protection scheme of this type separate 
transformers should be provided for the meters and instruments. 

Protection is afforded against grounds occurring in the generator wind-
ings and against internal short circuits between turns and the same phase. 
If the neutral of the system is not grounded, however, protection against 
grounds in the generator windings is afforded only upon the occurrence of 
a second ground on another phase of the system. 

Generators and Transformers Operated as a Unit.— 
When a generator and a transformer are operated as a unit with 
no breaker between the generator and the transformer separate 
relays should be used for protection against generator and trans-

former faults. 

Power Directional Protection—It is possible that a great 
amount of damage can be done to steam turbines, due to over-

heating when driven for an appreciable length of time by an 
alternator on the system. The heating depends on the amount 
of steam available for cooling the rotor and blades and in cases 
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where the steam supply is entirely cut off, considerable damage 
may be done to the turbine before this condition is noticed. 

2 
A.C. BUSES 

2 

EXCITER BUSES 
D.C. OPERAT. 
ING BUSES TO ALARM 

• 

CIRCUIT 
BREAKER 

SHUNT 

FUSES 

I 
,TRIP 
COIL 

AMMETER 

EQUALIZER 
BUS 

FIELD 
DISCHARGE 
SWITCH 

l ei 

R-----*'HEOSTAT 

• • 
•  

la OIL 
CIRCUI-T 
BREAKER 

EXCITER 

4 

DISCHARGE RESISTOR 

SHAFT-' 

TO FIELD 

GENERATOR 

"a": AUXILIARY SWITCH OPEN 
WHEN OIL CIRCUIT 
BREAKER IS OPEN. 

POLARITY 
MARKS 

CURRENT- DIFFER 
ENTIAL RELAY 

OIL 
CIRCUIT  
BREAKER 

..•": AUXILIARY SWITCH CLOSED 
WHEN OIL CIRCUIT 
BREAKER IS OPEN. 

t 
"- NEUTRAL BUS 

CURRENT - TRANSFOFIMERS 

INSTRUMENTS 
AND METERS 

AUXILIARYRE ,A  
Y 

6,729.—Wiring diagram showing current differential protection of three-phase Y connected 
grounded neutral alternating current generator with direct connected exciter. In the dia-
gram, a indicates auxiliary switch open when oil circuit breaker is open, b auxiliary switch 
olosed when oil circuit breaker is open. 
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For protection against this or any other condition where it is 
desirable to prevent the alternator from running light on the 
system a relay system as shown in fig. 6,731 may be used. 

3 2 
TO INSTRUMENTS 
AND ME1ERS 

_POLARITY 
MARKS 

9 

TO 
AUX LIARY 
RELAY 

7 /3 

o 

 7''•• °7 
CURRENT DIFFER -
ENTIAL RELAY 
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FIG. 6,730.— Illustrating connections for differential protection of three-phase delta connected 
alternating current generator (Relay connections only illustrated). 



282-4 A.C. APPARATUS 

As observed from the diagram, the power directional relay is connected 
directly to control a definite time relay and is not connected through the 
contacts of overcurrent relay as is the usual case when protecting against 
line faults. This arrangement permits the power-directional relay to begin 

OIL 
CIRCUIT 
BREAKER 

1 1 1 
o 
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— °-V\AA/-0—• 

A.A.A./\..  
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POLARITY 
MARKS 

GENERATOR 

GROUND BUS 

FIG. 6,731.—Wiring diagram showing protection against alternator running light as syn. 
chronous motor in case of loss of prime mover power. 
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to operate the definite time auxiliary relay at very low reversal of power. 
The use of the definite time relay prevents faulty operation of the equip-
ment occasioned by possible momentary reverse energy surges at synchroniz-
ing or temporary phase displacement. 
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FIG. 6,732.—Protection of alternating current turt.,-generat.r field structure against over-
heating due to unbalanced or single phase load in armature. 

Protection Against Unbalanced Load.—A single phase or 

unbalanced load on a turbo-alternator induces a double frequency 
current in the field winding and other parts of the rotor structure. 
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In case of sufficient unbalance the heat generated by these in-
duced currents added to the heat generated by the field current 
may be so great as to cause damage. As a protection against 
this a sensitive overcurrent relay, operating in conjunction with a 
transformer connected in the field circuit, can be used. See 
fig. 6,732. 
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PIG. 6,733 .—Protection of alternating current turbo-generator field structure against over-
heating due to unbalanced or single phase load in armature. The circuit includes two relays, 
one to sound alarm and the other to trip the oil circuit breaker. 
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The transformer used for this service has a secondary winding equipped 
with taps for the relay connections, and it is so designed that the direct 
current normally flowing will not cause saturation of the core. Only the 

2 D.C. CONTROL BUS 
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FROM SERIES BELL RELAY BUS 

CURRENT TRANSFORMER 

RELAY HAND RESET 

OIL CIRCUIT BREAKER 
PIG. 6,734.—Illustrating method for differential protection of power transformers. Differential 

protective equipment is used with power transformers, especially when two or more are 
operated in parallel, to obtain automatic and simultaneous tripping of the breakers on both 
the high and low voltage sides of the transformers on internal troubles only, where the break-
ers are non-automatic or through short circuit or overcurrent. 
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double frequency current will be transformed and if of sufficient magnitude, 
will operate the relay. In fig. 6,732 the relay causes a signal bell to ring. 
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FIG. 8,735.—Differential protection of power transformer bank having a tertiary winding. 
The hand-reset auxiliary relay has one circuit opening contact and a number of circuit-closing 
contacts. The operating coil is connected in series with the circuit opening contact to release 
the holding coil of the overcurrent relays, and the circuit closing contacts trip the breakers. 
The use of the hand-reset auxiliary relay eliminates the need for additional auxiliary switches 
on the breakers, as would be required if self-resetting auxiliary relays were used to release 
the holding coils of the over-current relays. 



A.C. APPARATUS 282-9 

In fig. 6,733 two relays are shown, one with a lower current coil and the 
other with a higher; the lower current relay operates a warning signal, while 
the higher current relay trips the generator circuit brt.a.ker, through an 
auxiliary definite-time relay, if the unbalanced conditions persist long 
enough to overcome the time features of the relay combination. 
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PIG. 8,736.—Method of differential protection of power transformers connected to furnish a 
quarter phase voltage on the secondary. 
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Transformer Protection 

Transformer protection may vary widely depending upon the 
size of the unit, how it is connected in the circuit, its importance 
as a unit part of the system and its voltage rating. 

Small distribution transformers are usually protected by fuses, 
while large units in feeder circuits may be equipped with various 
types of protective equipment varying from long-time over-
current to high-speed differential protection. Figs. 6,734 to 
6,736 serves to illustrate typical transformer protective schemes. 

Feeder Protection 

Protection for outgoing, incoming and tie lines are here grouped 
together because in a great many respects the problems of pro-
tective relay equipments for them are similar. An incoming 
line is usually at the opposite end of an outgoing line. A tie 
line is one having a source of power at each end, so that such a 
line can be considered as a combination outgoing and incoming 
line at each end. 

Outgoing lines may be divided roughly into four classes, as 
follows: 

1. Radial feeders. 

2. Parallel lines. 

3. Loop feeders. 

4. Networks. 
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Radial Feeders.—Radial feeders are lines which branch out 
from a single source of supply, either a generating station or a 
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OVER- CURRENT RELAYS 
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LOCKING RELAYS 

FIG. 8,737.—Wiring diagram showing group breaker connections with locking relays to protect 
feeder breakers on excessive current (group breaker only tripped). Sometimes economy in 
oil circuit breakers can be effected by grouping a number of feeders together controlled by 
one heavy duty breaker, each separate feeder equipped with a light duty breaker. The 
feeder breaker will have sufficient interrupting capacity satisfactorily to open the circuit 
upon the occasion of overcurrent but not sufficient interrupting capacity to clear a short 
circuit or excessive overcurrent. In such cases a locking relay is used to lock the feeder 
breaker in. Each feeder is equipped with a complement of time overcurrent relays adjusted 
to function to trip the feeder breaker on simple overcurrent, and a set of instantaneous lock-
ing relays with high current coils, adjusted not to function as long as the primary current 
does not exceed the capacity of the feeder breaker but to function instantaneously in case 
the current exceeds this value. The functioning of the locking relay opens the tripping 
circuit of the feeder breaker (thus locking the feeder breaker closed) and closes the tripping 
circuit of the heavy duty group breaker. It will be noted that all of the circuit opening 
contacts are in senes and the circuit closing in parallel, which condition is necessary for 
satisfactory operation in case of trouble in any phase. 
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sub-station. Overcurrent relays are used to protect radial lines 
and are set with time delay varying from instantaneous up to 
the maximum allowable at the source of supply. The accuracy 
of the time settings required of these relays depends upon the 
service requirements and number of sections into which the 
feeder is divided. The time settings of the relays should be 
far enough apart to insure the breaker nearest the faulty section 
sufficient time to open. 
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+ OIL 

I BREAKERCIRCUIT 

AUXILIARY SWITCH OPEN 
WHEN OIL CIRCU T 
BREAKER IS CLOSED 

TIME DELAY 
OVER. CURRENT 

RELAY 

PIG. 6,738.—Balanced protection of two parallel lines with time overcurrent protection for 
single line operation. 

Parallel Lines.—Parallel lines are those in which two or more 
lines are operated between two stations either or both of which 
may be generating stations or substations. Balanced protection 
may be divided into two classes, namely: Non-discriminating and 
discriminating. The non-discriminating scheme of protection is 
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applicable only where the loss of both lines for a short time is not 
extremely important since both lines are opened at the same time 
when a fault occurs. 
The bus is not affected by this operation and the only steps 

necessary to restore service are to determine the good line and to 
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PIG. 6,739.—Balanced power protection for two parallel incoming or outgoing lines, with provision for definite time action with one line of service. 



282-14 A.C. APPARATUS 

replace it without its mate. The inconvenience is greatly com-
pensated for due to the fact that no potential connections are 
necessary. This kind of protection will, of course, not be used 
where continuity of service is imperative. Fig. 6,738 shows a 
typical method of protection in a non-discriminating system. 
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FIG. 6.740.—Balanced power protection for two parallel incoming lines. 
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Discriminating balanced protection for parallel lines is ac-
complished in two ways: (1) By means of power-directional relays, 

and (2) by means of percentage current differential relays. Figs. 
6,739 to 6,741 shows different applications of the power direc-
tional relay for different system conditions. Balanced current 
protection by use of percentage differential relays is shown in 
fig. 6,742 the relay used may be a plunger or induction type. 
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Thc.6,741.—Time delay balanced power protection for two parallel lines. 
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With reference to the diagram when the difference between the currents 
in the two lines becomes sufficiently great to cause the relay to function, 
the contact mechanism will be operated on the side to trip the breaker 
carrying the heavier current. So long as a balanced condition exists and 
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PIG. 6,742.—Showing connections for mechanically balanced current differential relays applied 
to two-parallel lines. Operation: When the difference between the currents in the two 
lines becomes sufficiently great to cause the relay to function, the contact mechanism will be 
operated on the side to trip the breaker carrying the heavier current. So long as a balanced 
condition exist and there is no appreciable difference in the reactance of the two lines, the 
relay will not trip either breaker if differential current is less than that required to unbalance 
the relay, no matter how high the current be in the two lines. 
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there is no appreciable difference in the reactance of the two lines, the relay 
will not trip either breaker if differential current is less than that required to 
unbalance the relay, no matter how high the current may be in the two lines. 

Loop Feeders.—Loop feeders (or ring feeders as they are 
sometimes termed) are circuits which consists of one or more 
lines starting out from a generating station, feeding a number of 
substations and then returning to the original source or to another 
tied to it. Protective schemes applicable to feeder of this type 
are as follows: ( 1) Overcurrent time and directional scheme, and 
(2) pilot wire schemes. 
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6.743.—Connection of pilot-wire protection of line using differential relays. 



282-18 A.C. APPARATUS 

In the overcurrent time protective system, the overcurrent 

relays are adjusted for definite time operation and arranged to 

function progressively. These overcurrent relays will protect 

against excessive current flow in the normal direction. 

Since it is not practical to make more than four or five selective 

time settings, therefore, when the number of stations on a line is 

too great to permit sufficient spacing between the time settings 

of the overcurrent relays for selective operation, pilot-wire pro-

tection between two or more stations may be used. 

The basis of pilot-wire protection is that equal currents will 

flow at both ends of a line if no fault exists in that line, while 

unequal currents will flow if any kind of fault is present. The 

requirements of a pilot-wire scheme are that it shall function to 

trip the breakers at both ends of the protected line in the event 

of a fault in that line, and that it shall not trip the breaker at 

either end for faults in other parts of the system, even though 

the fault current should pass through the pilot wire protected 

section. 

This is accomplished by balancing the currents at both ends of the line 
so that only the fault current controls the functioning of the relay contacts. 
The connections of two stations by pilot wires has the effect of making these 
two stations a unit in the loop, thereby reducing the number of time spac-
ings by one. Practically instantaneous protection is provided against 
faults in the line between the two stations so connected, but for faults in 
other parts of the loop the pilot wire relays are non-operative. 

Any number of lines in the loop may be protected by this system, each 
one adding a station to the loop without any change in the number of time 
settings required for those lines protected by time overcurrent or power-
directional protection. When only one or two lines in a loop are to be pro-
vided with pilot-wire protection and the remainder with time protection, 
it is better to place the pilot-wire sections near the center of the loop. 
Fig. 6,743 illustrates the application of pilot-wire protection. 
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Motor Protection 

Induction Motors.—Overcurrent or overload protection with 
circuit-opening time relays are commonly employed for all types 
of induction motors except when the motor is part of a motor-
generator set and drives a generator of more than 300 volts, in 
which case instantaneous relays are commonly used. 

When squirrel cage induction motors are started by means of 
autotransformers with starting and running oil circuit breakers, 
the overcurrent protection is applied only to the running breaker 
and no protection is provided during the starting period. Small 
motors are usually protected against overheating by overload 
type fuses or thermal elements in contactors. 

Undervoltage protection is employed in some locations particularly where 
across the line starting is not permissible and where unexpected starts 
would be hazardous. Time-delay fixtures are desirable if undervoltage 
trips are used. 

Synchronous Motors.—As far as overcurrent and overload 
protection is concerned the protection of synchronous motors is 
the same as that for induction motors. In the case of synchron-
ous motors, however, steps are often taken to provide some pro-
tection against leaving the field circuit closed after a motor has 
been shut down and to protect the motor against failure of ex-
citation. 

In the first case the field may be overheated and damaged due 
to lack of ventilation by windage. In the second case the am-
ortisseur winding provided for starting may become overheated 
or even burned out due to the motors attempt to carry load as an 
induction motor. Synchronous motors having a direct current 
generator on the same shaft of a generator set are automatically 
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T. C. 

relieved of excitation when the motors are shut down, and on the 
other hand will have a comparatively certain source of excitation 
until shut down. 
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FIG. 6,744.—Wiring diagram showing overcurrent protection of squirrel cage induction motors. 
using double-throw starting oil circuit breaker. In the diagram A, indicates ammeter; 
C.T. current transformers; O.C.B. oil circuit breaker; P.T. potential transformer; R, inverse 
time overcurrent relay; Re resistor; TC, overcurrent trip coil; U.V.D. under-voltage device. 
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To give similar protection to a synchronous motor having an 
independent source of excitation protective field equipment as 
indicated in fig. 6,745 is commonly used. This is suitable for 
synchronous motors started with their field closed through the 
discharge resistor. 
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FIG. 8.745.—Protective field control for synchronous motor with excitation from independent 
source. Motor started with field circuit closed through discharge resistor. In the diagram 
a, indicates auxiliary switch open when oil circuit breaker is open; b, indicates auxiliary 
switch closed when oil circuit breaker is open. 
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Motors which require open field starting will in most cases be taken care 
of by adding an auxiliary switch of sufficient insulation and contact opening 
to withstand the high voltage induced in the field during starting, to the 
starting throw of the oil circuit breaker. This is illustrated in fig. 6,746. 
The auxiliary switch should be so adjusted as to open before the breaker 
closes, thus avoiding the interrupting of any current. 

The wiring scheme shown in figs. 6,745 and 6,746 make use of a magnetic 
contactor for the field discharge switch. The coil of the contactor is oper-
ated from the excitation source. The contactor is closed by a push button 
switch and is sealed through a resistor and the contacts of a plunger type 
instantaneous closing and time opening relay. 
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FIG. 6,746.—Protective field control for synchronous motor with excitation from independent 
source. Motor started with field open-circuited. In the diagram a, indicates auxiliary 
switch open when oil circuit breaker is open; b, indicates auxiliary switch closed when oil 
circuit breaker is open. 
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Lightning Protective Devices 
These are ordinarily called lightning arresters. Although 

lightning arresters may differ in construction, their primary 
purpose is to provide a path to ground to discharge electric 
surges resulting from lightning strokes, or other disturbances 
which would otherwise result in transmission interruption or 
damage to lines and equipment. 

By definition a lightning arrester is a device which has the 
property of reducing the voltage of a surge applied to its terminals, 
is capable of interrupting follow * current if present, and restores 
itself to its original operating conditions. 

Principal Types.—Depending upon their construction and 
employment, lightning arresters are generally classified as: 
(1) Thyrite. (2) Oxide film. (3) Pellet. (4) Expulsion 
protector. (5) Gap. 

Thyrite Lightning Arrester.—This type of lightning arrester 
fig. 6,760, is manufactured by the General Electric Co. and 
employs discs of a homogenous, nonporous, inorganic, ceramic 
compound which changes from an insulator to an excellent 
conductor when the voltage increases above a certain pre-
determined value. In series with the Thyrite discs is a gap 
unit consisting of several gaps in series, each shunted and 
shielded by Thyrite resistors producing a controlled and uni-
form distribution. 

The discs and gaps are sealed in a porcelain container with metallic top 
and bottom. The units are assembled one or more in a stack to obtain 
proper voltage rating. This arrester is used on voltages up to 242 lev. 

* NOTE.—The follow current is generated current which flows through the arrester following 
Lie passage of the surge current. 
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Fro. 6,760.—Cross-sectional view of a Thyrite high-voltage distribution arrester showing 
lssembly details. 
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Oxide Film Lightning Arrester.—The oxide film lightning 
arrester, fig. 6,761, consists of a number of cells with a gap in 
series between the line and ground. The cells are held together 
under slight pressure and are arranged in sections or stacks 
according to voltage and kind of circuit. 
The cells are disc shaped about 8 inches in diameter and 

inch thick. Each cell is made of two circular brass plates fitted 
firmly to an annular piece of porcelain. Lead peroxide which 

FIG. 6,761.—Illustrating a three phase, oxide film lightning arrester for outdoor service. 
Shields of middle leg removed for inspection. This construction is typical of outdoor three 
phase oxide film lightning arresters. 

has a very low resistance completely fills the space between the 
metal plates. The inside of the metal plates is covered with a 
varnish film which is an insulator. 

When excessive voltage spark over the gap, it is impressed on the cells 
and breaks down the insulating coating of the metal plates. The break 
down occurs as a form of a small puncture on the film coating. As. soon 
as the films give away, a discharge current flows through the cells to ground, 
thus relieving the lightning pressure. 
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The oxide film lightning arrester is manufactured for outdoor and indoor 
service and is also used in large transmission systems up to 220 kv. The 
pellet type is designed for outdoor service, for potential up to 73 kv. 
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f,762.—Tyoical 3 Kv. pellet lightning arrester showing construction details. 
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Pellet Type Lightning Arrester.—The pellet type is a modi-
cation of the oxide film lightning arrester. The lead peroxide 
is here formed into small pellets which are coated with litharge 
powder, which forms the film similar to the varnish film on the 
cell type of arrester. 
The litharge coated pellets are placed in good contact with 

the conductors, fig. 6,762. This arrester is used on voltages 
between 300-73,000 volts. 
The principles of operation of the pellet type is very similar 

to the oxide film arrester. When excessive voltage occurs, the 
contact surface of the pellets is punctured by the discharge, but 
the sealing action instantly reforms the film and the contact 
surface of the pellets in the path of the discharge and the 
arrester is ready for subsequent service. 

6.763.—Showing a complete line of pellet type lightning arresters ranging from 1,000 1.0 
15,000 volt rating. 
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Expulsion Type Arresters.—The expulsion type of lightning 
arrester, fig. 6,764 consists principally of a gap in a tube, which 
on breakdown generates a gas within the tube and extinguishes 
the arc. As there is an upper and a lower limit of current 
which such a gap can interrupt, the gap rating must be selected 
with due regard to the maximum and minimum short circuit 
currents possible on the line. The tube is connected in series 
with an external gap. They find their use for line protection, and 
for station protection where a better form of protection cannot 
be justified. 
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fia. 6,764.—Showing construction principles of an expulsion protector tube lightning arrester. 
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Gap Arresters.—Although sometimes used, this form of 
arrester is now largely replaced by previously mentioned types. 
The multi-gap arrester consists essentially of a number of 
cylinders spaced with a small air gap between them and placed 
between the line to be protected, and the ground. 

In operation, the multi-gap arrester discharges at a much 
lower voltage than would a single gap having a length equal to 
the sum of the small gaps. 

The horn gap arrester consists essentially of two horn shaped terminals 
forming an air gap of variable length, one horn being connected to the line 
to be protected and the other to the ground usually through a series re-
sistance. 

In operation, the arc, due to the line current which follows a discharge, 
rises between the diverging horns and becoming more and more attenuated 
is finally extinguished. 

It is used as an emergency arrester on some overhead lines, to operate 
only when a shut down is unavoidable. 

Lightning Arrester Maintenance.—To obtain the most 
effective protection, the following maintenance pointers should 
be observed: 

(a) Obtain a reliable low-resistance arrester ground. Inter-connect all 
apparatus grounds, arrester grounds, overhead ground wires, cable sheaths, 
machine frames, etc., using short direct ground connections. 

(b) When the arrester is installed, make surf. that it will not be subjected 
to power voltages higher than its designatea .naximum voltage rating. 
The application of higher power voltages than recommended may result in 
destruction of the arrester or thermal damage which may subsequently 
prevent proper valve resealing after discharge. 

(c) Do not use arrester above its designated altitude limit as this has 
effect similar to excess power voltage. Use special arrester, or if arresters 
nave external series gap, use special external gap setting. Use special 
clearances at higher than designated altitude. 

(d) To prevent external flashover, maintain required clearances to 
grounded hardware, line conductors, vegetation, etc. Also, in contami-
nated atmospheres, clean exposed insulation surfaces periodically the same 
as other station or line insulation. 
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(e) Check concrete or other toundation for base-mounted arresters to 
assure that undue settling has not occurred which would place mechanical 
strain on arrester. 

(f) Be sure all electrical connections are clean and tight, and make good 
electrical contact. Check for damaged porcelain and for loose bolts on 
assembly or mounting hardware. In general, inspection should be made 
annually or more frequently, depending upon local conditions. 

(g) Do not use wrenches which enable excess leverage on bolts and nuts. 

(h) Where external series air gaps are used, maintain gap setting to 
recommended value. 

(i) Any electrical test may cause unnecessary damage as well as need-
!ess waste of time and money. Before making any test, obtain manu-
facturer's recommendations. 

(j) Before handling an arrester, always disconnect it from the power 
line. 

Fias. 6,765 to 6,767.—Showing a direct current aluminum cell lightning arrester, with a maxi-
mum rated voltage of 750 volts. The aluminum-cell type arrester Is manufactured for de. 
voltages of from 0 to 3,900 volts. 

Regulating Devices 
Regulation of A;ternators.—Practically all tl-e methods 
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employed for regulating the voltage of dynamos and d.c. 
cuits, are applicable to alternators and a.c. circuits. 

For example, in order that they shall automatically maintain a con-
stant or rising voltage with increase of load, alternators are provided 
with composite winding similar to the compound winding of dynamos, 
but since the a.c. cannot be used directly for exciting the field magnets, 
an accessory apparatus is required to rectify it or change it into d.c. before 
it is used for that purpose. 

It is a fact, however, that composite 
wound alternators do not regulate 
properly for inductive as well as non-
inductive loads. 

In order to overcome this defect 
compensated field alternators have 
been designed which automatically 
adjust the voltage for all variations 
of load and lag. 

A. C. Feeder Regulation.— 
With slight modification, the 
various methods of feeder regu-
lation employed with d.c., may 
be applied to a.c. distribution 
circuits. 

For instance, if a non-inductive re-
, sistance be introduced in any electric 
circuit, the consequent drop in voltage 
will be equal to the current multiplied 
by the resistance. Therefore, feeder 

Pm. 6,76s.—Diagram illustrating the principle of inducgion voltage regulator.. Thit pre-
tflarycoil pp consisting of many turns office wire, is connected across the main conductors C 
and a,, coming from the alternator. The secondary coil S, consisting of a few turns of 
heavy wire, is connected in series with the conductor D. The laminated iron core E. mounted 
within the coils, is capable of being turned into the position shown by the dotted lines. 
When the core is in plane of P. the magnetic lines of force produced in it by the primary 
induces a pressure in the secondary coil which aids the voltage; when turned to the posi-
tion indicated by the dotted lines, the direction of the magnetic lines of force are reversed 
with respect to the secondary coil and an opposing pressure will be produced therein. Thus, 
by turning the core, the pressure difference between the line wires G and H, can be varied 
so as to be higher or lower than that of the main conductors C and D. Regulators operat-
1/2ig on this principle may be used for theatrc dimmers, as controllers for series lighting, and 
also to adjust the voltage or the branches of unbalanced three wire single phase and poi.. 
abase. systems. 
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regulation by means of rheostats is practically the same in the case of a.c. 
as in that of d.c. In the case of the former, however, the effect of self-
induction may also be utilized to produce a drop in voltage. In practice, 
this is accomplished by the use of self-induction coils which are commonly 
known as reactance coils. 

Application of Induction Type Regulators.—In supply-
ing lighting systems, where the load and consequently the pres-
sure drop in the line increases or decreases, it becomes necessary 
t) raise or lower the voltage of an a.c., in order to regulate the 
voltage delivered at the distant ends of the system. 
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Fia. 6,769.—Diagram showing connections of Stillwell regulator. 

6,770.—Dial of Westinghouse dial type variable ratio voltage regulator. 

This is usually accomplished by means of a.c. regulators or Induction 
regulators. A devise of this kind is essentially a transformer, the primary 
of which is excited by being connected directly across the circuit, while 
the secondary is in series with the circuit as shown in fig. 6,768. By this 
method the circuit receives the voltage generated in tha secondary. 

There are two kinds of pressure regulator: 1, induction regulator, and 
2, variable ratio transformer. 

Induction Voltage Regulator.—It consists of a primary 
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,›IG. 6,771 .—Diagram of connections for Westinghouse 11 point dial, series transformer and 
auto- transformer. The auto-transformer has a number of taps connected across the 
line, the series transformer is placed in series with one side of the line, and connected to • 
dial, as shown. 

winding or exciting coil, and a second-
ary winding which carries the entire 
load current. 

2 

The primary is wound for the full trans-
mission voltage, and is connected across 
the line, while the secondary is connected 
in series with the line. 

In operation, when the primary coil i3 
turned to various positions, the magnetic 
flux sent through the secondary coil varies 
in value, thereby causing corresponding 
variation in the secondary voltage, the 
character of which depends upon the value 
and direction of the flux. 

Induction regulators are operated by 
hand or automatically by means of a small 
motor controlled by voltage regulating 
relays. Two relays are used because a 

primary relay of sufficient accuracy could not be made powerful enough 
to carry the relatively large current required for operating the motor. 

Variable Patio Transformer Voltage Regulators.—The 
principle of operation of this class of regulator is virtually the 
same as that of the induction type regulator; that is, both con-
sist of regulating transformers, but in the variable ratio 
method the primary or series coil is divided into a number of sec-
tions which may be successively cut in or out of the circuit to be 
regulated, instead of varying the flux through the entire coil, as 

in the induction type. 

There are two mechanical forms of variable ratio regulator: 1, drum 
type, and 2. dial type. 
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6,772.—Diagram of General Electric automatic voltage regulator connections with altar« 
nator and exciter. 
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PIGS. 6 773 and 6,774.—Systems of distribution illustrating use of small feeder or pole 
type voltage regulators. The drop is generally negligible except on long lines as, con-
sumer B, fig. 6,773. In order to obtain perfect regulation at B, it would be necessary to 
install a separate regulator in that line, this regulator to be installed either at the center 
C, or preferably at B. In a great many eases the power distribution is not as Meal as indi-
cated an fig 6,773, but rather as shown in fig. 6.774, that is, the consumers are connected 
all along the feeder. In this case there is no definite center of distribution, and the auto-
matic regulator installed in the station can be adjusted to give only aoproximatelv con-
stant voltage at an imaginary center of distribution C; that is, the voltage cannot be held 
constant at any definite point during changes of load distribution. The majority of the 
consumers may, however, obtain sufficiently good voltage, while a few may have reason 
for criticism. To overcome this difficulty it is necessary either to increase the copper it 
the feeder or else to install small automatic regulators. 

FIG. 6.775.—General Electric pole type regulator in service as installed on ton of sole. 
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Small Feeder Voltage Regulators.—In some generating 
stations the voltage is maintained constant at the bus bars and 
the line drop compensated by automatically operated regula-
tors connected in the main feeders. 

It is possible in this way to obtain constant voltage at all loads at the 
various distribution centers; that is, at those points on the feeders where 
the lines of the majority of consumers are connected as shown in fig. 6,774. 

It is evident, however, that, while the voltage at the center of distribu-
tion can be maintained constant, no account can be taken of the drop in 
the lines between this center and the consumers. This drop is, however, 
generally negligible. 

LINE 
CURRENT 

TRANSFORMER 

T ER NATOR 

 '0000'  

Pte. 6,775.—Diagram showing essential parts and connections for a line drop compensa-
tor. The compensator corrects the voltmeter indication at the supply end of a feeder for the 
ohmic and inductive drop in pressure between that point and the point of consumption, so that 
the reading of the station voltmeter corresponds with the actual voltage at the point ot 
consumption, independent of the power factor and current. It is especially useful for 
adjusting pressure tegulators. 

Automatic Voltage Regulators for Alternators.—The 
accurate regulation of voltage on any a .c. system is of importance. 
The desired voltage may be maintained constant at the alter-
nator terminals by rapidly opening and closing a shunt circuit 

across the exciter field rheostat. 

Line Drop Compensators.—In order that the actual voltage 
at a distant point on a distribution system may be read at the 
station some provision must be made to compensate for the line 
drop, that is, for the difference in voltage between the alternator 

1.nd the center of distribution. 
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• In order to do this a 
device known as a "line 

• drop compensator" is e 
placed in the volt meter 

• circuit as shown in fig. 
• 6,775. 
o 

The elements of the corn-
pensator are a variable re-e 

.2 sistance and a variable 
e inductance. In manipula-.e.• 
e tion, if the amount of in-
O ductance and resistance be .. 
..> 
e properly adjusted, there 
g. will be produced a local 
E circuit corresponding ex-
8 actly in all its character-
* á istics to the main circuit. 
.E Hence, any change in the 
e main circuit produces a 
ed corresponding change in 
4 
P. the local circuit, and 
e causes the volt meter to 
.c ... always indicate the pres-
t" sure at the end of the line 

or center of distribution or 
a at any point for which the 
-0. adjustment is made. 

Starting Compens-

ators.—These are used 

for starting induction 

motors and consist of in-

ductive windings (one for 

each phase) with a number 

of taps connecting with 

switch contacts as shown 

in figs. 6,776 and 6,777. 
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A starting compensator is similar to a rheostat except that inductive 
windings are used in place of the resistance grids. Starting compensators 
are not necessary for small motors up to, say, 7 horse power. 

Star Delta Switches.—These are starting switches, designed 
for use with small three phase squirrel cage motors having their 
windings so arranged that they may be connected in star for starting 
and in delta for running. 

In starting the motor, the drum lever is thrown in the starting direction 
which connects the field windings of the motor in star. When the motor 
has accelerated and has come partially up to speed, the starting lever is 
quickly thrown to the running position in which position the field windings 
are connected in delta. The effect of connecting the field winding in 
star at starting is to reduce the voltage applied to each phase winding, 
while in the running position each phase of the field winding has full line 
voltage impressed upon it. 

Synchronous Condensers.—A synchronous motor when 
sufficiently excited will produce a leading current, that is, when 
over excited it acts like a great condenser, and when thus operated 
on circuits containing induction motors and similar apparatus for 
the purpose of improving the power factor it is called a synchronous 
condenser. 

The relation of power factor to the size and efficiency of prime movers, 
generators, conductors, etc., and the value of synchronous condensers 
for improving the power factor is generally recognized. 

Indicating Devices 
In the measurement of a.c., it is not the average, or maximum 

value of the current wave that defines the current commer-
cially, but the square root of the mean square value, because this 
gives the equivalent heating effect referred to direct current and 
it is the value that a c. ammeters and voltmeters indicate. 
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There are several types of instrument for measuring a.c., and 
they may be classified as 

1. Electromagnetic (moving iron) 3. Hot wire 
a. Plunger; 
b. Inclined coil; 
c. Magnetic vane. 

2. Moving coil 

a. Shielded pole; 
b. Rotary field. 

4. Induction 

Electromagnetic or Moving Iron Instruments.—This 

To LC. OR O. 

To A C. 

N 
Flog. 6,773 to 6.783.—Principle of moving iron repulsion instruments. If direct current be sent 

through the two small pieces of iron suspended vertically, within a solenoid by thread as in 
fig. 6,773, they will become magnetized and since they are in the saine magnetic field both will 
be affected the same, and will repel each other as in fig. 6,779. If the current be sent through 
the solenoid in the opposite direction the result will be the same. Next if the coil be laid 
on its side and the two pieces of iron be placed within it horizontally as in fig. 8,781, one 
fixed and the other free to move and a current be passed through the solenoids the two 
pieces of iron will repel each other. If an a. c. be used instead of d. c. and it reverses with 
sufficient frequency, the polarity of the two pieces of iron will reverse in step with the cur-
rent and they will repel each other as before. Hence on employing this principle in instru-
ment construction two curved pieces of iron are used, one fixed and the other pivoted so 
that it will rotate when electrically repelled from the fixed iron as in fig. 8,783. A pointer 
attached to the movable iron moves over a graduated scale. 
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type of instrument depends for its action upon the pull of flux 

in endeavoring to reduce the reluctance of its path. 

LINE LINE 

6,784.—Plunger form of electromagnetic or moving iron type of ammeter. The plunger 
is so suspended that the magnetic pull due to the current flowing through the coil is balanced 
by gravity. .For a.c. the plunger is laminated. 

Pic. 6:M.—One form of plunger instrument as made by Siemens. It has gravity control, 
is dead beat, and is shielded from external magnetic influence. The mooing system con-
sists of a thin soft iron pear shaped plate pivoted on a horizontal spindle S, running in 
jewelled centers. To this spindle S, is also attached a light pointer P. and a light wire W. 
bent as shown, and carrying a light piston D. which works in a curved air tube T. This 
tube T. is closed at the end B, but is fully open at the other end A. and constitutes the air 
damping device for making the instrument dead heat. 

CONTROL 
PIVOT SPRINb 

scALE 

mAGNE-ric 
ewe VANE pivoT 

Pm. 6.786.—Inclined coil form of electromagnetic or mrving iron instrument. In opera-
tion, when a current is passed through the coil, the iron :emus to take up a position with 
its longest sides parallel to the lines of force, which results in th c shaft being rotated and 
the pointer moved on the dial, the amount of movement depending upon the strength 
of the current in the coil. 

6,787.—Magnetic vane form of electromagnetic cr moving Iron instrument. In prin-
ciple, a piece of soft iron placed in a magnetic field and free to move, will move into such posi-
tion as to conduct the maximum number of lines of force. In operation, the vane will move 
against the restraining force of a spring so that the distare between it and the inner edge 
of the coil will be as small as possible. 

PIVOT 

COIL 
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This pull is proportional to the product of the flux and the current, and 
so long as no part of the magnetic circuit becomes saturated, the flux is 
proportional to the current, hence the pull is proportional to the square of 
the current to be measured. 

Hot Wire Instruments. 
—In principle, these de-
pend for their operation on 
the expansion and contrac-
tion of a fine wire carrying 
either the current to be 
measured or a definite pro-
portion of that current. 

The expansion or contrae. 
tor ot the wire is caused by 
temnerature changes, which 
in Lurn are -lue to tne heating 
effect of the current flowing 

PIG. 6,788.—Hot ,vire instrument. A, is the active wire carrying the current to be measured 
and stretched between the terminals T and T'. It is pulled taut at its middle point by 
another wire C ( fastened at ft), which carries no current, and is. in its turn, kept tight by 
a thread passing round the pulley D. attached to the pointer spindle, tly, whole system beity 
kept in tension by the spring E. 

SCALE. 

t.AM I NATED 
MAGNET 

PERMANENT 
MAGNET 

SHIELDS 1%," 
--- 

Pies. 6,789 and 6,790.—Plan and elevation of shielded pole type of induction instrument 
it consists of a disc A, or sometimes a drum and a laminated magnet B. Covering soma 
two-thirds of the pole faces are two copper plates or shields C, and a permanent magnet D. 
In operation, eddy currents are induced in the two copper plates or shields C, whict 
attract those in the disc, producing in consequence a torqne in the direction shown by the 
arrow, against the opposing action of a spring. Magnet D. damps the oscillations. 
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through the wire. These variations are magnified by suitable multiplying 
gear. 

Induction Instruments.—These were invented by Ferraris, 
and are sometimes called after him. 

They are for alternating current only. The shielded pole type is shown 
in figs 6,789 and 6,790. In the rotary field type, the parts are arranged 
similar to those of wattmeters, the necessary split phase being produced 

TORSION 
t4EAD 

SPIRAL STOPS 
SPRING 

FIC. 8,791.—Diagram of Siemens' dynamometer. /t consists of two coils on a common alai 
but set in planes at right angles to each other in such a way that a torque is produced 
between the two coils which measures the product of their currents. This torque is meas-
ured by twisting a spiral spring through a measured angle of such degree that the coils shall 
resume their original relative positions. When constructed as a voltmeter, both coils are 
wound with a large number of turns of fine wire, making the instrument sensitive to small 
currents. Then by connecting a high resistance in series with the instrument, it can be 
connected across the terminals of a circuit whose voltage is to be measured. When Con-
temned as a wattmeter, one coil is wound so as to carry the main current and the other 
made with many turns of fine wire of high resistance suitable for connecting across the 
circuit. 

FIG. 6.792.—Leeds and Northrup electro-dynamometer. Il is a reliable instrument for dig 
measuremeia of alternating narrents of commercial frequencies. 
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INDEX ON SWITCH 

by dividing the current into two 
circuits, one inductive and the 
other non-inductive. 

Dynamometers.—These 

are used to measure volts, 
amperes, or watts, and their 
operation depends on the re-
action between two coils when 
the current to be measured is 
passed through them. 

One of the coils is fixed and 
the other movable. The ends 
of the movable coil dip into 

T FIG. 6,793. — Internal connections of 
Thompson recording commutator type 
watt hour meter. The parts are: A, 
armature' BB', brushes; C, commuta-
tor; CC, friction compensation coil; D, 
disc; MM', drag magnets; R, resistance; 
S, shaft; SFC. SFC'. series field coils; 1", 
terminals; W, worm; WW', worm wheel. 

HIGH RANGE. 
RESISTOR 

HIGH RANGE 

LOW RANGE 
RESISTOR 

LOW RANGE 

UNCOM PENSATED 
POSITION 

REVERSING-
SWITCH HIGH 

RANGE 
COM PENSATED 

REV 
LOW RANGE 

COMPENSATED 
COM PEN SAT I NG swrrrm RE VERSING SWITCH 

FIG. 6 ,794.— Internat mnnections of Weston 30 wattmeter. When the links are in the position 
indicated by full unes the sections of the field are connected in series and the instrument is 
ready for use on the ow current range. When the links are in the position indicated by 
de•ted lines the sections of the field are connected in multiple and the instrument is ready 
for use on the high current range. 

Pin. 6,795.— Internai connections of Weston low power factor watt meter. 
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mercury cups, which act as pivots and electrical contacts, making connection 
with one end of the fixed coil and one terminal of the instrument. 

Watt Hour Meters.—A watt hour meter is a watt meter 
that will register the watt hours expended during an interval 
of time. Watt hour meters are often erroneously called recording 
or integrating watt meters 

LINE 

( SF   

.\/..‘/VA 
4t0 — PC A I 

There are several 
types of the electro-

LOAD moter form of watt 
hour meter, which 
may be classified as: 
1, commutator 
type; 2, induction 
type; 3. Faraday 

 ----60 - PC disc type. The essential .s, parts of a watt hour meter 
are a motor, generator, 
and counting mechanism. 

In operation, the motor 
runs at a speed propor-
tional to the energy pass-
ing through the circuit, it 
drives the counting mec-
hanism at the proper 
speed to indicate the 
amount of energy con-
sumed. The generator 
furnishes the load for the 
motor. The meter is com-
pensated, to correct the 

WMN 
60-PcA 

riG. 6,796 —Diagram of Fort Wayne, induction watt hour meter. It is designed to register 
the energy of alternating current circuits regardless of the power factor, and embodies 
the usual induction motor, eddy current generator and registering mechanism. The electrical 
arrangement of the meter consists of a current circuit composed of two coils connected 
in series with each other and in series with the line to be measured, and a pressure circuit 
consisting of a reactance coil and a pressure coil connected in series with each other and 
across the line to be measured. In addition, the pressure circuit contains a light load coil 
wound over a laminated sheet steel member, adjustably arranged in the core of the pres-
sure coil and connected across a small number of turns uf the reactance coil so as to give 
a field substantially in phase with the impressed pressure. The light load winding is further 
provided with a series adjustable resistance furnished for the purpose of regulating the cur-
rent flowing in the light load winding, thereby providing a means of lagging the meter on 
high frequencies, such as 125 or 140 cycle circuits. The pressure circuit also comprises a 
lag coil wound over the upper limb of the core of the pressure circuit and provided with an 
adjustable resistance for obtaining a field component in quadrature with the shunt field. 
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Pics. 6,797 to 6.800.—Connections of Fort Wayne multi-phase watt hour meters (type lc,—forms MAB and MA K ), f r 100-625 
volt circuits, 5-150 amperes. Fig. 6.797 two and three phase, three wire circuit, 25-36 cycles; fig 6,798 two and th.ee phase, 
3 wire circuit, 36 cycles and above; fig. 6,799 two phase 4 wire circuit, 25-36 cycles; fig. 6,800 two phase, 4 wire circuit, 36 cycles 
and above. 

Pic. 6,801.—Faraday disc, or mercury motor ampere hour meter' view showing electric and magnetic circuits. The electric 
current enters the contact C, passes through the comparatively high resistance mercury H, to the edge of the low resistance 
copper disc D, across the disc to the mercury H. and out of contact C'. The magnetic flux cuts across the (Use on each side from 
N. to S, making a complete circuit through M and M'. When connected to an eddy current damper or generator which requires 
a driving force directly proportional to the speed of rotation, the mercury motor generator becomes a meter. 

Plc. b,802.—Diagram showing relative direction of current, magnetic flux, and motion of disc in Faraday disc, or mercury 
motor ampere hour meter. According to the laws of electromagnetic induction, if a current carryirg conductor cut a magnetic 
field of flux at right angles, a force is exerted upon the conductor, tending to push it al right angles to boils the curreit and he flux. 
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error due to friction, by exacting an adjustable auxiliary field from the 
shunt or pressure circuit. The induction type of watt hour meter is the 
equivalent of a sqiiirrel cage induction motor. 

The moving element is a rotating disc which acts like the squirrel cage 
armature of an induction motor, developing the motive torque for the 
meter; it revolves through an air gap in which a rotating field as produced. 

UPPER JEVVE 
GUIDLSUPPOR 

JEWELS 

STEEL SHAFT 

DAMPING DISC 

WORM ENGAGES TRAIN—.-
SHAFT CHAMBER 

MERCURY 
CHAMBER 

ROTATING DISC 
SUBMERGED IN 

MERCURY 

UPWARD THRUST OF 
ENTIRE ELEMENT ONLY 
Mo OUNCE TH15 15 THE 
ONLY ACTUAL et CARING 

LOWER JEWEL GUIDE 

6,803.—Sectional view of Faraday disc or mercury motor ampere hour meter as maclo 
by Sangamo Electric Co The illustration does not show the magnets and indicating 
mechanism. 

MERCURY 

FLOAT MOUNTED 
ON ROTATING DISC 

6,804.—Circuit diagram of Sangamo differential shunt type ampere hour meter for 
use in battery charging. 
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FIGS. 6,805 and 6,806.—Frahm resonance type frequency meter reeds. Owing to the principle 
employed in the meter it is evident that the indications are independent of the voltage. 
change of wave form, and external magnetic fields. 
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There is also a retarding 
disc in which eddy currents 
are induced in rotating 
through a constant field 
produced by permanent 
magnets. 
The retarding disc may 

be the same disc used for 
the moving element, in 
which case the meter field 
acts on one edge while the 
permanent magnet field 
acts on the edge diametri-
cally opposite. This ar-
rangement simplifies tht 
number of parts and saves 
space and weight of moving 
element. 

The Faraday disc 
type, or mercury motor 
ampere horn meter con-
sists essentially of a 
copper disc floated in 
mercury between the poles 
of a magnet and pro-
vided with leads to and 
from the mercury at 
diametrically opposite 
points. 

Frequency Indica— 
tors.—A frequency 
indicator or meter is an 
instrument used to de. 
termine the frequency, 
or number of cycles per 
second of an alternating 
current. 

There are several forms of 
frequency indicator, whose 
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8,809.—Westinghouss induction type 
frequency meter. The normal frequency is 
usually at the top of the scale to facilitate 
reading. The damping disc moves in a 
msgnetic finIcl, thus damping by thc method 
of eddy currents. The standard meters are 
designed for circuits of 100 volts nominal and 
can be used for voltages up to 125 volts. 
For higher voltages, transformers with 
nominal 100 volt secondary should be used. 

The resonance type con-
sists of a pendulum, or reed, 
of given length, which responds 
lo periodic forces having the 
same natural period as itself. 

The instrument comprises a 
number of reeds of different 
lengths, mounted in a row, and all 
simultaneously subjected to the 
oscillatory attraction of an electro-
magnet excited by the supply 
current that is being measured. 
The reed, which has the same 
natural time period as the current 
will vibrate, while the others will 
remain practically at rest. 

principle of operation differs, and 
according to which, they may be 
classed as: 1, synchronous type; 2, 
resonance type; and 3, induction 
type. 

In the synchronous type 
a small synchronous motor is 
connected in the circuit of the 
current whose frequency is to 
be measured. 

After determining the revolu-
tions per minute by using a 
revolution counter, the frequency 
is easily calculated as follows: 
frequency = (revolutions per 
seco reel X number of pole) + 2. 

6,81.0.—Westinghouse rotary type of syn-
chroscope or synchronism indicator. The indi-
cation is by means of a pointer which assumes 
at every instant a position corresponding to 
the phase angle between the pressures of the 
bus bars and the incoming machine, and there-
fore rotates when the incoming machine is not 
in synchronism. The direction of rotation 
indicates whether the machine be fast or slow. 
and the speed of rotation depends on the 
difference in frequency. The pointer is 
continuously visible, during both the dark 
and light periods of the synch.-.oniziug lamps. 
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This type is desirable for laboratory use. 
The induction type consists of two voltmeter electro-magnets 

acting in opposition on a disc attached to the pointer shaft. 

One of the magnets is in series with an inductance, and the other with a 
resistance, so that any change in the frequency will unbalance the forces 
acting on the shaft and cause the pointer to assume a new position, when 
the forces are again balanced. The aluminum disc is so arranged that 
when the shaft turns in one direction, the torque of the magnet tending to 
rotate it decreases, while the torque of the other magnet increases. The 
pointer therefore comes to rest where the torques of the two magnets are 
equal, the pointer indicating the frequency on the scale. 

Synchronism Indicators.—These devices, sometimes called 

synchroscopes, or syn-
chronizers indicate the 
exact difference in phase 
angle at every instant, 
and the difference in fre-
quency, between an in-
coming machine and the 
system to which it is 
to be connected, so that 
the coupling switch can 
be closed at the proper 

FIG. 6,811.—Diagram of Weston induction type frequency meter connections. The coils are 
connected in series across the line, with a reactor in series with one and a resistor in series 
with the other. A resistor is connected in parallel with one coil and the reactor, and a re-
actor is connected in parallel with the other coil and the resistor; then the whole combination 
is connected in series with a reactor, the purpose of which is to damp out the higher har-
monics. The circ&ts. as shown, form a Wheatstone bridge, which is balanced at normal 
frequency. An increase in frequency will increase the reactance of the reactors and thus 
upset the balance of the bridge, allowing more current through one coil and less through 
the other. 

instant. There are several types of synchronizer, such 
as: 1, lamp or volt meter type; 2, resonance or vibrating 
reed type, and 3, rotating field type. 

The simplest arrangement consists of a lamp or preferably 
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a voltmeter connected across one pole of a two pole switch connecting 
the incoming machine to the bus bars, the other pole of the switch 

being already closed. 

If the machines be out of step, the lamps will fluctuate in brightness, 
or the voltmeter pointer will oscillate, the pulsation becoming less and less 
as the incoming machine approaches synchronous speed. Synchronism is 
shown by the lamp remaining out, or the voltmeter at zero. 

The resonance type works on the same principle as the 
resonance type of frequency meter already described. 
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eIG. 6,812.—Weston power factor instrument scale. Range from .50 lagging to .5 leading. 
The scale divisions are open and very nearly uniform, except near unity power factor, where 
the instrument is extremely sensitive. A change in time phase angle of 5 degrees at unity 
power factor will produce a deflection of the pointer of .35 in. 

The operation of the rotating field type depends on the production of a 
rotating field by the currents of the metered circuits in angularly placed 
coils, one for each phase in the case of a polyphase indicator. In this field 
is provided a movable iron vane or armature, magnetized by a stationary 
coil whose current is in phase with the voltage of one phase of the circuit. 
As the iron vane is attracted or repelled by the rotating field, it takes up a 
position where the zero of the rotating field occurs at the same instant as 
the zero of its own field. 

In the single phase meter the positions of voltage and current coils are 
interchanged and the rotating field is produced by means of a split phase 
winding, connected to the voltage circuit. 

Power Factor Indicators.—Meters of this class indicate th.. 
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CONTACT 
RINGS 

WO WAY 
SWITCH No? 

SWITCH., 

PIG. 6,813.- Youbert's step by step method of wave form measurement. For current wave 
measurement switch No. 1 is placed on contact F, and for pressure wave measurement on 
contact G, switch No. 2 is now turned to M. and the drop across the resistance (assuming 
switch No. 1 to be turned to contact F) measured by charging the condenser, and then dis-
charging it through the galvanometer by turning the switch to S. This is repeated for a 
number of positions of the contact maker, noting each time the galvanometer reading and 
position of the contact maker. By plotting the positions of contact maker as abscissa, and 
the galvanometer readings as ordinates, the curve through them will represent the wavo 
form. The apparatus is calibrated by passing a known constant.current through the resist-
ance. 

Fro. 6,814.—Four part commutator method of wave form measurement. The contact 
device consists of two slip rings and a four part commutator. One slip ring is connected to 
one terminal of the source, the other to the volt meter, and the commutator to the condenser. 
By adjusting R. when a known direct current pressure is impressed across the terminals, the 
volt meter can be rendered direct reading. 

ALTERNATOR 

QUADRANT 

DYNAMOME ERS 
MOVING 
COIL J CURRENT WAVE 

INSTRUMENT 
Prere 
INSTRUMENT 

FIXED COIL 

MAIN CIRC IT 

BA ERV 

FIXED COIL 

gee 

QUADWANT 

REVERSIBLE SWITC 

SLIDE 
WIRE 
BRIDGE 

TWO WAY SWITCH 

BA T Y 

RESSURf 
wAyE, 

CURRENT WAVE POSITION PosiTion 

6.815.—Modified lour part commutator method of wave form measurement (Dun-
can's modification). By this method one contact maker can be used for any number of 
waves having the same frequency. Electro- dynamometers are used and the connections 
are made as here shown. The moving coils are connected in series to the contact maker, and 
the fixed coils are connected to the various sources to be investigated, then the deflection will 
be steady and by calibration with direct current can be made to read directly in volts. 

Pro. 6,818.—Ballistic galvanometer method of wave form measurement. The test may be 
made by placing the contact breaker in successive positions and taking galvanometer read-
ings, the switch being turned t F in measuring the current wave, and to G in measuring the 
pressure wave. M S is the slide wire bridge and A the contact slider. If belt drive be used, 
and pulleys be of same size, paste a thin strip of paper around the face of one of the null.y. 
thus altering the velocity ratio of the drive slightly from unity. 



A.C. APPARATUS 311 

phase relationship between pressure and current, and are there-
fore sometimes called phase indicators. 
There are two types: 1, watt meter type; and 2, disc, or rotat-

ing field type. 

In the wattmeter type, the phase relation between the pressure and 
the current fluxes is such that on a non-inductive load the torque is zero. 

For instance, in a dynamometer wattmeter, the pressure circuit is 
made highly inductive and the instrument then indicates volts X am-
pares X sin eta instead of volts X amperes X cos 44 that is to say, it will 

G' G 

PIGS. 6.817 and 6,818.— Hospitalier ondograph. Fig. 6,317, mechanism and connections; 
fig. 6,818 exterior view. The instrument represents a development of Joubert's step by step 
method of wave form measurement. The principle on which its action is based consists in 
automatically charging a condenser from each 100th wave, and discharging it through a record-
ing galvanometer, each successive charge of the condenser being automatically taken from o 
point a little farther along the wave. In construction, a synchronous motor A. is so con-
nected by gears B, to a commutator D. that for n revolutions of the motor, the commutator 
makes n-1 revolutions. The commutator automatically charges condenser cc; from the line 
and discharges it through a galvanometer E, which indicates instantaneous current valves. 
HH' are meter terminal connected to condenser cc', through a resistante; II', are connec-
tions to service to be measured. In operation, a long pivoted pointer carrying a pen and 
actuated by electro-magnets, records on a revolving drum a wave torro representing the 
alternating current, pressure or current wave. 

indicate the wattless component of the power. A dynamometer of this type 
is sometimes called an idle current wattmeter. 

The disc, or rotating field type, consists of two pressure coils placed at 
right angles to each other, one being connected through a resistance, and 
the other through an inductance so as to "split" the phase and get the 
equivalent of a rotating magnetic field. 
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Ground Detectors.—Instruments of this name are used for 
detecting (and sometimes measuring) the leakage to earth 

through the insulation of a line or network and are sometimes 
called ground or earth indicators, or leakage detectors. 

For low tension systems moving coil (for alternating current) or moving 
iron instruments (for direct current) are the most used, while for high tension 
systems electrostatic voltmeters are to be preferred. 

Wave Form Indicators.—The various methods of wave form 

6,819.—General Electric moving coil osillograph. the mooing element consists of 
single loops of flat wire carrying a small mirror and held in tension by small spiral springs. 
The current passing down one side and up the other, forces one side forward and the other 
backward, thus causing the mirror to vibrate on a vertical axis. The vibrator elements 
fit into chambers between the poles of electro-magnets, and are adjustable, so as to move 
the beam from the mirror, both vertically and horizontally. A sensitized photographic 
film is wrapped around a drum and held by spring clamps. The drum, with film, is placed 
in a case and a cap then placed over the end, making the case light, when the index is either 
up or down. The loading is done in a dark room. .A driving dog is screwed into ,he drum 
shaft and which, when the drum and case are in place revolves the film past a slot. 

measurement may be classed as: 1, step by step; and 2, constantly 
recording, the latter being the more convenient method. 

Switchboard Connection Principles.—The interconnection 
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FICA. 6.820 to 6,829.—Diagrams illustrating principles of switchboard connections. Diagram A, simplest form generator feeding 
directly into line. B, generator supplying two or more feeders through single set of bus bars requiring switch for each feeder 
and single generator switch. G, two generators and addition of bus section switch D, several generators supplying two inde-
pendent circuits. E, standard connection for city street railway. F, simplest system with transformers. G, system with several 
lines. H, several generators connected to low tension bus bars through generator switches. I, system with many feeders 
supplied by several small generators. J, system with generator transformer unit. 
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In the care of a dynamo, the generator panel would have mounted upon 
it a reverse current circuit breaker, an ammeter, a double pole main switch 
(or perhaps a single pole switch, since the circuit breaker could also be used 
as a switch) a double pole socket into which a plug could be inserted to 
make connection with a voltmeter mounted on a swinging bracket at the 
end of the board; a rheostat handle, the spindle of which operates the shunt 
rheostat of the machine, the rheostat being placed either directly behind the 
spindle, it of small size, or lower down with chain drive from the hand wheel 
spindle, if of larger size, a field discharge switch and resistance, a lamp near 
the top of the panel for illumr=iig purposes, a fuse for the voltmeter 
socket, and, it desired, a watthour meter. 

The indicating and control apparatus for a feeder circuit is assembled 
on a panel called the feeder panel. 

The most common equipment in the case of a direct current feeder panel 
comprises an ammeter, a double pole switch, and double pole fuses or 'instead 
of the fuses, a circuit breaker on one or both poles; in the case of a traction 
feeder a choke coil and e i lightning arrester are often added. 
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ll'ATIMETER 

5/NGLEPNASE WATT METER 

Single phase kraffmeters- are i./..5-ziaily macle 
71,;/- current capacities up to and including  200amp, 
and or potentials up 740 and including 650 volts for use 
I haul- trariskrm ers; ono' when current and potentials 

are in excess a/ the above are, transformers are 
required. 

Polyphase in dicallny ira//meters are des/ ned 
for use on balanced or unbalanced two-phasc,three or 

. four wire, and three-phase three wire systems, regard-
less of' the conditions of the load. 

Polyphase wakinektzs are u.sua//g made Ñ,r current 
capacities up k and including, 60 amp., and Arpafenha Is 
up /o and including 650 yaks, and when currentandpo-
tenha/ are in exces.s the above hfaure,kansk.rmers 
are required. 

For example of-connection diagram, 
See ft,o)v-/ng paye. 
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VOLTMETER AND CO'YNECT/ON.5-

Seveci 
— 4-

nicveJeY VOZT/YETER 

L_   
0 rulfs 

„Weed I 
— 4-

pc.vocrelETER 
(BAc.k- v,ew) 

z7/edcr coweecreo 
ac. VOLTMETER' 

o 

f- --I 

0-0 

0-0 

sougeE 2 
_ 

eases 
/I 

TrP/C41_ CO/Y/Y ECTiON 
OWEN HEASUeNe voir,4.6" 

fiénYEEN 2z2c. -wee-Fs 
jrhen co/mech./9y ;I C. vo/t/nelers check voilage and 
freywencg ofsoarce ID be measured iri"h "bat of "he 
meter And .kr1/2en used ,etoalenáa/irim,sei)rtner6-
cpnneci /he-,ma,, acer..rs "he Jource erhichicalenb;z1 
hs -/P be measured, and .5econdary voltmeter. 
/Vole: Jecondary ea/tage polenfia I mash be saifabie 

the it yirtim en" /nth ntke-h ¿'bey are /a be used. 
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AMP1ErER AND COMYECT/ONS 

D. C. AltfMEreg 

de!C. A/METER 
(fete Yaw) 

LOAD 

3 2 1 07,4e4" misrear1E,IS 

Pc. 4 /1/eFfee éeelefee:, 
(FM" Vied) 

AC. L0At' 
27P/eft d.c.,emerree COX/ECT/OeVS 
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POWER FACTOR 
INDICATOR 

POWER FACTOR MaCATOR 

Power-faclar meter:5 are dese. ned shoe fhepower-clare, 
lagging or/ere/7y, al which various. //hey are operahneand 
/heir are adalvied tiir balance* ?.9 systems on/y. • 

Usually, insirumenie haymy co,oacres eipib anc/iimiuding 
20 Amperes can be operated irhihou/-curren1 transformers, 
when used on lea/entails up k 650 ro/ts or less. 

But for (Jae on cviz-taX7 o"er 650 rah's, 
or harm. q co/we/lies exceeding 29Am/o., require one current 
/ran‘ilbrmer ièr each mstrumem4. 

instruments used on circui/S. o/ere Me/ooienlia/ 
exceeds: 650 irohis„ require Iwo paterr/io/ transfiemers for 
each instrument; 

ehen /he c/rcuil vol/ego exceeds. /40 ro/ts, ext-erna/ 
res./Stances ore used; and should be connected k in'stru-
ment,5 according to moncriácturers diagram. 

For erom,o/e of conneclio. n • of/é7grams 
see the /Wowing ?age. 
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POPVER FACTOR INDICATOR 
CONNECTIONS 
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ro4ei/W Tr;ons eeers 
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Curree/ TronsAvreer fear OW 

No/e: Connection lo inefer 
correc f when, for o /owing 

31,44,--3e/Asse current the need/e //  swing 
to the left of the Scale. 
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POLYPHAS.E WATTHOUR METER 

ContivEcrionii: 
ehen connecting the meter, a/h.-eat/be 0/Currents 

should be carefully noticed, and when used with 
fro m e ',Trans fi,rme sludy po /a rity markings careeilly, 

as most transformers of recent manui:aciure have 
such markings painted on or near one primary and 
one secondary terminal. 
These markii,g.5 give the polarity ordtieclibn ofcarrent-, 

and facilitates the forappr connect/on and correct 
direction of meter etement.5. 
A line entering a marked krinina/ of the Primary 
may be considered as coming out of the marked 
termina/ 0/the Secondary. 
14/hen pro/pet-4i connected the moving elemenimeighe 
meter will a/ways rotate at rieht. 
jEE CONNECT/ON DfAGRAMS, ON TN! reccopeie /*Gé. 
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GENERAL METHOD OF 1 
JYNChtk'ON/Z/NG 

— SYNCHRONISM INDICATOR—    
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METHOD OF SYNCH/MN/ZIA/4 
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JY/VCl/110/VILIN6 CONNECT/ON 
ACROSS A DELTA DIAMETRICAL BANK 
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METHOD OF ,TYNCHRON/Z/N6 
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METHOD OF SYNCHRON/ZIN6 
( /AMPS 81i./HT) 
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R.ÉI/107:É CONT/9021.EO 
ORCO/T BREAKER 

TO tei/eTelT/Ohe 

w5e3 /A1 C/ife-ll/rBellee 4700,11 
+ 5501! D.C. 

TO trie Bas 
a b 

a - Auxiliary ..swi/c4 closed )1/hen I 
circa,/ breaÁer is closed I 

h .Auxiliory switch ,opon when 
I 'circa/ f ,6reoker is dosed 

CC 'Ci°5/179 coil mvreac «OLE -11 _ 
TC.= Trip coil 1 
R.=-Red Lamp 
G - Green Lamp 
C. Auxiliary dosing conlac,or 

CON reoz. seirrwEs 
stA/À9 Mio/cArinv hAMPJ 
Zoc47-£.9 ON Jecurdriew 
P.4/Ye. 

TYPICAL CONTROL WIRINÇ OF 
REMOTE LOCATED CIRCUIT BREAKERS 
FOR SERV/CE IA! NEW YORK SUBWAYS. 

55ob' Ete 
/Joe BuS 

C.C. 

I. 
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AIR CIRCUIT BREAKER 

5/NGLE POLE 5/NGZE THROW 
OVERLOAD AIR CIRCUIT BREAKER 

WI TH 

W/R/N&) DIAGRAM 
25011. 2C00 AMP 

Air circuit breakers are used as current 
intern/ph/y.9 devices for; all direct current switch - 
boards. 7hey are made /17 single, doubkand triple 
po/e comáinations.They are used a/most invariably 
as aoiomalic deriFes top-event 0/C1/77C7ge 710 machines 
or other electric' a/ eio,ouralas which rin:01-- resu# 
from abnorma/ conditions in the circuit;which can her- c-e'ç 
short-  cuvait or over-current; fererse current; a nder-vo/leg,unhal 
arced vol/age !hree. pwie.sg.5km.5„ chase reversal elt. 7e; e)674eze;•7 some .e-m 
prolecon its nece=er.ey lo use a ,t/ay in connection with y'he breaker: 
• Fpr instruct/a. a pertaining ib size, a/aeration, ins/a//a//on and 
maintenance, inyvire dedriCo/ man co clam-. 



OIL C/RCUIT BREAl!ER  

0/Yerm/Lereolee 
METHOD OF NOLINTI/Va 
OIL C/Ra1/7- BREAKERS 

There arc kur sfanciard 
methods ofmounhng Oil 
Circuit Breakers: (I) On 
back of pane/. (2) On pane/ 

remole from pone/. (4)/n cells. 
I. Back of pane/ rnounting. are used fi)t- small plant smtchboard ffir 

circuits up le and( nc/e/a/n.g 2500 volts an& ("pee 800 Amp in ca,oac4 
. 2. On pane/ frame uo la and inc/ua'iie 2500 poits one( for emy breakere 

above 800 amperes in capoc,* but is not recommended when 
the _grvater number of breakers is 8004/nperes opa6ore in capac4. 

3.0n framework remok from /acne/ for ciecuils déope 2500 wilts andup 
lb 6600 volts, and for double-throw breakers excepf °cc-aslant/leases 
ehere connections can be mode sati:sfactar4 on hack of panel, or , 
an,aane/ frame. For /arge /ank lee breakers up /a and/ hcluatine - 
75000 volts. 

4. In ce/:s for cirruifs above 6600ra/24.s. 
For various rnethods ofoil circuit Breaker mounhn g,see the 

following pages. 

' frame. (3)On fmme work . 
- 



OIL C/RCUIT BREAKER I 
ARRANGErleNT  

I 

MANUALLY OPERATED,REMOTE CONTROLLED 
BREAKER /N CELL. 

r 

--
MANUALLY OPERATED, REMOTE CONTROLLED 

L  8REAlfER ON FRAMEWORK_  
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OIL CIRCUIT BREAKER 
AlteA/Ve'llEA/T 

't;;•,:eeie.eie:Ye 

.5/.0e WE'S' KEA'? Writ' 
cm. checa/reeevrEe /16W/Yrep 
fielef (MA/WALLY lefe47110) 

A= rrbe coil co46,01/Of la» 45= Od /one 

C ineileor 
e= con/te/ 
E FrelMe 
F = -Vandard 
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0/1/ PA/YEL 
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TRUCK PANEL SWITCHBOARD  

MOTOR OPERATED OM CIRCUIT BREAKER 
MOU/YTED ON SAFETY ENCLOSED REMOVABLE 
TRUCK TYPE PANEL ( Gene/DIE/W/7e Co, Af*. ) 
An aisle space ofat /east 746-must' be /et/ fen, of pane/. 

The typical/ruck /-ypepone4 os rhe krm _genera ap,oiled, 
consists of two elemet* the track or removoee e emém,and 
the housing or stationary e/ement" The former carries the oil 
arc.uitbreakee; instrument transkrmers,breaherpperating mech-
anism instrument-and mefer,s; ono' mova1/2/e deraenecting , 
devices. The housing carries the bus bars, stahonary disconnecting  
devices, cab/es,and me tracks for the removable element: 

717e princy,ba/ features of this type switchboatzt ore:Rehab/h.& 
and con-hnui4/ ofserviee, Uncrose of inspection or rt5vairs 
Inick can he vvithdrobva and a spare, put' il7 ils,o/ace)saÑ/y 
to the emp/oyees,faci«ei installahon and maintenance, 
and economy in opera//on. 
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[OIL CIRCUIT BREAKER AND  DIAGRAM  
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CHAPTER 17 

Tests 
Most tests are made with a galvanometer and other devices 

such as switches, resistance sets, etc. 

Pressure Measurement. — The total pressure of a circuit is 

ZINC SULPHATE 
CRYSTALS 

RCUR OUS 
AND SULPHATE 
AND ZINC 

SULPHATE PASTE 

MERCURY 

ZINC SULPHATE 
SOLUTION 

ZINC SULPHATE cPYsTAL5 
AMALGAM OF ZINC 
AND MERCURY 

FIG. 6,830.—Clark cell, or standard for the International volt. The pressure is 1.434 volte at 
15° C., decreasing .00115 volt for each increase of 1° C. 

1,1c. 6,831.—Queen weight voltameter for determining the strength of current by the weight 
of metal deposited in a given time. To calculate, the strength of an unknown current 
which has passed through a weight voltameter, dwide the gain in weight by the number of 
seconds the current flows through the instrument and by the weight deposited by one ampere in 
one second. That is, current strength in amperes = gain in weight ÷ (time in seconds X 
.0003286). 

independent of resistance or current, hence in measuring pressure 
with an ordinary voltmeter, since the measurement is made on 
closed circuit, the reading gives less than the total pressure. 

The error is very slight because the resistance of the voltmeter is very 
high and the current so small that the loss of pressure in the battery can 
be neglected. 
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FIG. 6.832.—Standard resistance box: 
100.000 ohms, in four units of 10,000, 
20.000, 30,000, and 40,000 ohms. 
An "infinity" plug separates each 
coil from the ones adjacent. Seg-
ments are elevated from the hard 
rubber top by special washers in 
order to increase insulation. Bind-
ing posts are so arranged as not to 
be in the way when plugs are used. 

A 

ONE. 
VOLT 
CELL 

PIG. 6,833.—Diagram of steam pump showing hydraulic analogy illustrating the difference 
between amperes and coulombs. If the current strength in fig. 6,834 be one ampere, the 
quantity of electricity passing any point in the circuit per hour is 1 X 60 X 60 m 3,600 
coulombs. The rate of current flow of one ampere here illustrated may be compared to the 
rate of discharge of a pump as in fig. 6,833. Assuming the pump to be of such size that it 
discharges a gallon per stroke and is making 60 strokes per minute, the quantity of water 
discharged per hour (coulombs in fig. 6,834) is 1 X 60 X 60 m 3,600 gallons. Following 
the analogy further (in fig. 6,834), the pressure of one volt is required to force the electricity 
through the resistance of one ohm between the terminals A and B. In fig. 6,833, the boiler 
must furnish steam pressure on the pump piston to overcome the friction (resistance) offered 
by the pipe and raise the water from the lower level A' to the higher level B'. The differ-
ence of pressure between A and B in the electric circuit corresponds to the difference of 
pressure between A' and B'. The cell furnishes the energy to move the current by main-
taining a difference of pressure at its term;nals C and D; similarly, the boiler furnishes 
energy to raise the water by maintaining a difference of pressure between the steam pipe C 
and exhaust pipe D'. 

PIG. 6,834—The International ohm. By definition, the resistance of 14.452 grammes of 
mercury in the farm of a column of uniform cross section 106.3 centimeters in length, at a tem-
perature of 0* C. This is approximately equivalent to a column 106.3 cm. long, having a 
uniform cross section of 1 sq. mm. In the figure the resistance of the external circuit and 
the standard one volt cell is assumed to be zero. 
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PIG. 6,835.—Direct deflection method of testing resistances; a useful and simple method which may be used in numerous tests. 
Galvanometer readings are taken through the known, and unknown resistances, and the current be:ng proportional to the de-
flections, the value of the unknown resistance is easily calculated. 

010. 6,8311—Substitution method of testing resistances. In testing, first note deflection with unknown resistance in circuit. 
then press key so that the current will pass through the resistance box, and adjust the resistance in the box so that the deflection 
of the galvanometer is about the same as with the unknown. Now switch from one circuit to the other, changing the resistance 
in the box until equal deflections ere obtained. When this obtains, the resistance in the box is the same as the resistance 
being tested. 
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6,837.—Fallol potential method of testing reestances; a convenient method for testing at stations, requiring only the usual 
instruments to be found at a station. The resistance of the voltmeter m...st be very high. 

No. 6,838.—Differential galvanometer method of testing resistances. In making the test, the resistance box is adjusted till 
the galvanometer needle shows no deflection. When this condition obtains, the resistance in circuit in the resistance box is 
equal to the unknown resistance, hence, a reading of the box gives the value of the unknown resistance CY, 
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6,839.—Drop method of testing resistances. The apparatus is connected as shown and readings taken with voltmeter across 
known and unknown resistance. The unknown resistance is then easily calculated. 

6,841.—Voltmeter method of testing resistances. Knowing the resistance of the voltmeter, turn switch to the left and from 
reading calculate resistance corresp9nding_to one division of the scale. Turn switch to right and multiply reading by resistance 
required for deflection of one division. This gives resistance of voltmeter and unknown resistance; subtracting from this the 
resistance of voltmeter gives value of the unknown resistance. 

N 
BAT T CRY 

III 
Pic. 6,841.—Diagrarn showing principle of Christie or so-called Wheatstone's bridge. A,B,C. and D, are the four members 
which constitute the bridge. The current from the battery divides at P, part traversing DC , and part transversing BA. The 
galvanometer, connected to M and N. will indicate when the currents are equal in the two branches by giving no deflection. 
This is then a zero or nil method of testing. The resistances and keys required in testing are arranged in fig. 6,842. In the actual 
instrument, the members A,B ,C, and D are known by the names given in the figure. 

PIG. 6,842.—Diagram showing:sus( arrangement of resistances in arms of Wheatstone's bridge. In practice, the bridge is seldom 
or never made in the lotenge shape of the diagram, fig. 6,841, this diagram being given merely for clearness. The resistance 
box of fig. 6,842 is, in itself, a complete "bridge," the appropriate connections being made by screws at various points. The 
letter% in the above diagram correspond with those in fig. (4,841 and the three figures should be carefully compared. 
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Current Measurement.—The unit of current, called the 
ampere, is defined as the unvarying current which, when passed 
through a solution of nitrate of silver in water (15 per cent, by weight 
of the nitrate) deposits silver at the rate of .001118 gramme pet 

second. 
This chemical decomposition is measured by an electrolytic cell called 

a voltameter. 

goon— woo"- r?, 

o 
Pins. 6,843 and 6,S44—Murrayloop method of fault location withleeds and Northrup fault finder, 
Case 1.—When there are two wires having equal resistance, in one of which there is a fault. 
Connect and set switches as shown; join the good wire to post 1 and the Lulty wire to post 2. 
The resistance of E, is equal to that of AB. From the symmetry of the arrangement, it is evident 
that, if the fault were exactly at the junction between the good and bad wires, the contact 
point C, would rest for a balance at 1,000 on the scale, or at 500 if the fault were half-way 
along the bad wire; hence, at whatever point it comes to rest, the reading divided by 1,000 
and multiplied by the length of the bad wire is the distance from the instrument to the fault 
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9000-"-
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o 
Pal. 6,845 and 6,846.—Murray loop method of fault location with Leede and Northrup fault 

finder: Case 2.—Where the good and bad wires are unequal. The figure shows the connec-
tions. It is the ordinary Murray loop and it is evident that the resistance o, to the fault will 
be obtained from the formula a— (A + 1,000) X r, where r, is the resistance of the loop, and A. is 
the reading of the contact C. on its scale. The distance d, to the fault is obtained from the 
formula dtAr ÷ (1.000 X M) where M is the resistance per mile of the faulty wire 
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PIG. 6,847.—The Murray loop test. The apparatus is connected as in the figure. The rheostat of the bridge is used in place of the 
second arm to permit large adjustment. X and V. are the resistances of the cable between the fault and the points 1 and 2 
respectively. 

PIG. 6,848.—The Varley loop test. The diagram shows the various connections. X and Y, are the resistances of the cable between 
the fault and the points 1 and 2 respectively. L, is the resistance of the good and bad cable or X +Y. 
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PIGS. 6,849 and 6,830.—Special loop test with Leeds and Northrup faultfinder. For the first measurement connect the faulty wire 

to 2, either of the good wires, as Z, to 1, the post Gr, to ground, and short circuit the coils R and E, by closing switches U and 
V, as in the figures. Balance in the usual way and call the dial reading A. For the second measurement, connect the post Gr, 
disconnected from ground), to the other good wire y as shown in figs. 6,851 and 6,852, and get another balance; call this read-
ing A'. The distance (1, to the fault is determined from tue simple formula J =AL ±A' where L, is the length of the cable or 
faulty wire. 

PIGS. 3,851 and 6,852.—Special loop test as made with the Leeds and Northrup fault finder. Diagram showing connections for the 
second measurement. l'he special loop test may be used to advantage where the length of the cable or faulty wire only is known, 
and where there are two other wires which may be used to complete the loop. To use an outside battery, connect one pole to 
Ba, and ground the other. The pressure of this battery must never exceed 110 volts; if it be over 25 volts. see that switch 
W. is oyez. 
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Resistance Measurement.—Ohm's law shows that the 
strength of the current falls off in proportion as the resistance in 
the circuit increases. 

This gives a basis for measuring resistance. There are various methods 
by which an unknown resistance may be measured, as Ly the: , direct 
deflection method; 2, method of substitution; 3, fall of potentia, method; 
4, differential galvanometer method; 5, drop method; 6, voltmeter method; 
7, wheatstnne bridge method. 

Christie Bridge.—For accurate measurements of resistance 
this method is almost universally used. 
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6,853.—Diagram of potentiometer showing method of measuring the voltage of a cell. 
The potentiometer is simply a high resistance wire of uniform diameter stretched between 
two binding posts, A and B, in such a way that contact can be made at itb ends and along 
its length. Necessary circuits are plainly shown in the figure; Sc, is a standard cell and 
C. the cell to be tested. M, and S are sliding contacts, connecting with the "slide wire." 

The so-called " Wheatstone" bridge was invented by Christie, and im-
properly credited to Wheatstone, who simply applied Christie's invention 
to the measurement of resistances. 

Loop Test.—This is a method of locating a fault in a telegraph 
or telephone circuit when there is a good wire running parallel with 
the defective one. 

In the process, the good and bad wires are joined at their distant ends 
and one terminal of the battery is connected to a Wheatstone bridge, while 
the other terminal is grounded. There are different ways of making loop 
tests as by: 1, Murray boo; 2, Varley loop; 3, Special loop. 
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Commercial Testing 

.9}Me9,?' 
VOLTMETER 

PIG. 6,854.—Transformer insulation resistance test. The insulation, besides being able to 
resist puncture, due to increased voltage, must also have sufficient resistance to prevent 
any appreciable amount of current flowing between primary and secondary coils. It is, 
therefore, sometimes important that the insulation resistance between primary and sec-
ondary be measured. This can be done, as here shown. Great care should be taken to 
have all wires thoroughly insulated from the ground, and to have an ammeter placed as 
near as possible to the terminals of the transformer under test, in order that current lealcina 
from one side of the line to the other, external to the transformer, may not be measured. 
Great care is required in making this measurement, in order to obtain consistent results. 
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6,855.—Resistance measurement by "drop" method. The circuit whose resistance is ts 
be measured, is connected in series with an ammeter and an adjustable resistance to very 
the flow of current. A voltmeter is connected directly across the terminals of the resist-
ance to be measured, as shown in the figure. According to Ohm's law I E +R, from 
which, R +I. If then the current flowing in the circuit through the unknown resist-
ance be measured, and also the drop or difference of pressure, the resistance can be calcu-
lated by above formula. In order to secure accurate determination of the resistance such 
value of current must be used as will give large deflections of the needle on the instruments 
employed. A number of independent readings should be taken with some variation of 
the current and necessarily a corresponding venation in voltage. The resistance should 
then be figured from each set of readings and the average of all readings taken for the correct 
resistance. 
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6,856.—Transforrner winding or ratio test. The object of this test is to check the ratio 
between the primary and the secondary windings. For this purpose a transformer of known 
ratio is used as a standard. Connect the transformer under test with a standard transformer 
as shown. Leave switch Si, open. With the single pole double throw switch in _position, 
SIB, the voltmeter is thrown across the terminals of the standard transformer. With the 
switch in position StA, the voltmeter is thrown across tie terminalc of the transformer 
under test. The voltmeter should be read with the switch in each position. If the winding 
ratio be the same as that of the standarl transformer, the two voltmeter readings will be 
identical. 

G=J 

VOLTMETER AMMETER 

NON- INDUCTIVE LOAD 

PIG. 6.857.—Temperature test of transformer with non-inductive load. The figure shows 
the simplest way of making the test. Connect the primary of the transformer to the line 
as shown, and carry normal secondary load by means of a bank of lamps or other suitable 
resistance, until full load secondary current is shown by the ammeter in the secondary 
circuit. The transformer should then be allowed to run at its rated load for the desired 
interval of time, temperature readings being made of the oil in its hottest part, and also 
of the surrounding air. Where temperatures of the coil rather than temperatures of the 
oil are desired, it is necessary to use the resistance method. This is obtained by first care-
fully measuring the resistance of both primary and secondary coils at the temperature of 
the room, and then, after the transformer has been under heat test for the desired time, 
disconnect it from the circuit and again measure the resistance of primary and secondary. 
For proper method of calculating the temperature rise from resistance measurements, the 
reader is referred to the standardization rules of the A. I. E. E. In making resistance meas-
urements of large transformers by the drop method care should be taken to allow both am-
meter and voltmeter indications to settle down to steady values before readings are taken. 
This may require several minutes. Each time the current is changed it is necessary sa 
order to obtain check values on resistance measurements, to wait until the current is ague 
asuled to its permanent value before taking readings. 
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hn. 6,858.—Temperature test of direct current motor or dynamo; loading back method. The 
motor is started in the usual way, with the dynamo belted to it, the circuit of the dynamo 
being open. The field of the dynamo is then adjusted so that the dynamo voltage is equal 
to that of the line. The dynamo is then connected to the circuit and its field resistance 
varied until it carries normal full load current. Under these ccnditions, if the motor and 
dynamo be of the same size and type, the motor will carry slightly in excess of full load, 
the difference being approximately twice the losses of the machines. Under these condi, 
lions the total power drawn from the line is equal to twice the loss of either machine. Tem-
perature readings are taken as in other temperature tests. 
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Pin. 6,859.—Direct motor or dynamo magnetization test. The object of this test s to de-
termine the variation of armature voltage without load, with the current flowing through 
the field circuit. The armature should be driven at normal speed. The adjustment re-
sistance in the field circuit is varied and the voltage across the armature measured. The 
curve obtained by plotting these two figures is usually called magnetization curve of the 
dynamo. It is usual to start with the higher resistance in the field circuit so that very small 
current flows, gradually increasing this current by cutting ot:t the field resistance. When 
the highest no load voltage required is reached, the field current is then diminished, and 
what is called the descending (as opposed to the ascending) magnetization curves are ob. 
tamed. The difference in the two curves is due to the lag of the magnetization behind the 
magnetizing current, and is caused by the hysteresis of the iron of the armature core. 
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6.860.—Shunt dynamo, external characteristic test. The shunt field is so adjusted that 
the machine gives normal voltage when the external circuit is open. The field current is then 
maintained c..,nstant and the external current varied by varying the resistance in the circuit. 
By plotting voltage along the vertical, against the corresponding amperes represented along 
the horizontal, the external characteristic is obtained. 

PIG. 6,861—Load and speed test of direct current shunt motor. The object of this test is 
to maintain the voltage applied to the motor constant, and to vary the load by means of 
a brake and find the corresponding variation in speed of the machine ani the current dream 
from the circuit If the motor be a constant speed motor, the ficli resistance is maintained 
constant. The above indicates the method of connecting instruments for the test alomas 
for starting the machine the ordinary starting box should, of course. Le inserted. 
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Fin. 6,862.—Alternator excitation or magnetization curve test. The object of this test is to 
determine the change of the armature voltage due to the variation of the field current when 
the external circuit is kept open. As here shown, the field circuit is connected with an 
ammeter and an adjustable resistance in series with a cirect current source of supply. The 
adjustable resistance is varied, and readings of the voltmeter across the armature, and of 
the ammeter, are recorded. The speed of the generator must be kept constant, preferably 
at the speed which is given on the name plate The excitation or magnetization curve 
of the machine is obtained by plotting the current and the voltage. 
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6,88.3.—Single phase motor test. In this method of measuring the input of a s ogle phase 
motor of any type, the ammeter, voltmeter and wattmeter are connected as shown in the 
illustration. The ammeter measures the current flowing through the motor, the voltmeter, 
the pressure across the terminals of the motor, and the wattmeter the total power which 
flows through the motor circuit. With the connections as shown, the wattmeter would 
also measure the slight losses in the voltmeter and the pressure of coil of the wattmeter, 
but for motors of X, H.P. and larger, this loss is so small that it may be neglected. The 
power factor may be calculated by dividing the true watts as indicated by the wattmeter. 
by the product of the volts and amperes. 

NOTE .—In motor testing, by the methods illustrated in the accompanying cuts, it is 
assumed that the motor is loaded in the ordinary way by belting or direct connecting the 
motor to some form of load, and that the object is to determine whether the motor is over or 
under loaded, and approximately what per cent, of full load it is carrying. All commercial 
motors have name plates, giving the rating of the motor and the full load current in amperes. 
Hence the per cent, of load carried can be determined approximately by measuring the current 
input and the voltage, 
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6,864.—Three phase motor, one watt meter and Y box method. This method is of service, 
only, provided the voltages of the three phases are the same. A slight variation of the 
voltage of the different phases may cause a very large error in the readings of the watt-
meter, and inasmuch as the voltage of all commercial three phase circuits is more or lees 
unbalanced, this method is not to be recommended for motor testing. With balanced volt-
age in all three phases, the power is that indicated by the wattmeter, multiplied by three. 
Power factor may be calculated as before. 
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PIG. 6,865.—Three phase motor test; one watt meter method .This method is equivalent to 
the two watt meter method with the following difference. A single volt meter (as shown 
above) with a switch. A. can be used to connect the volt meter across either one of the two 
phases. Three switches, B, C, and D, are employed for changing the connection of the 
ammeter and watt meter in either one of the two lines. With the switches B and D, in the 
position shown, the ammeter and watt meter series coils are connected in the left hand line. 
The switch C, must be closed under these conditions in order to have the middle line closed. 
Another reading should then be taken before any change of load has occurred, with switch 
A. thrown to the right, switch B, closed, switch D, thrown to the right and switch C. opened. 
The ammeter and the current coil of the watt meter will then be connected to the middle 
line of the motor. In order to prevent any interruption of the circuit, the switches B, D and 
C. should be operated in the order given above. With very light load on the motor the watt 
meter will probably give a negative deflection in one phase or the other, and it will be ne-
cessary to reverse its connections before taking the readings. For this purpose a double 
pole, double throw switch is sometimes inserted in the circuit of the pressure coil of the 
watt meter so that the indications can be reversed without disturbing any of the connec-
tions. It is suggested, before undertaking this test, that the instructions for test by twe 
watt meter and by the polyphase watt meter methods be read. 
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THREE PHASE 
MOTOR WITH 
NEUTRAL 

BROUGHT OUT 

NEUTRAL 

PIG. 8,868.—Test of three phase motor with neutral brought out; single watt meter method. 
Some star connected motors have the connection brought out from the neutral o the winding. 
In this case the circuit may be connected, as here shown. The volt meter now measures 
voltage between the neutrol and one of the lines, and the watt meter the power in one of 
the three phases of the motor. Therefore, the total power taken by the motor will be three 
times the watt meter readings. By this method, just as accurate results can be obtained 
as with the two watt meter method. The power factor will be the indicated watts divided 
by the product of the indicated amperes and volts. 

'1FIRI1i0 0000 

ADJUSTABLE 
RESISTANCE VICILTMETER 

, cc 3 PHASE' 
ALTERNATOR OR  
1\ SYNCH ROMOUS 
L." ,1 MOTOR 

I 

Pro; 6,887.—Three phase alternator or synchronous motor temperature test. Supply the Se 
with normal field current. The armature is connected in open delta as illustrated, and 
full load current sent through it from an extemal source of direct current, care being takes. 
to ground one terminal of the dynamo so as to avoid danger of shock due to the voltage on 
the armature winding. The field is then driven at synchronous speed. If the armature be 
designed to be connected star for 2,300 volts, the voltage generated in each leg of the delta 
will be 1,330 volts, and unless one leg of the dynamo were grounded, the tester might re-
ceive a severe shock by coming in contact with the direct current circuit. The insulation 
of the dynamo would also be subjected to abnormal strain unless one terminal were grounded. 
By the above method the field is subjected to its full copper loss and the armature to full 
copper loss and core loss. Temperature readings are taken as per standardization rules of 
the A. I. E. E. This method may also be used with satisfactory results on large three phase 
motors of the wound rotor type. If the alternator pressure be above 800 volts, .t pressure 
transformer should be used in connection with the voltmeter. 
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6.868.—Three phase motor test; voltmeter and ammeter method. If it be desired to 
determine the approximate load on a three phase motor, this may be done by means of the 
connections as shown in the figure, and the current through one of the three lines and the 
voltage across the phase measured. If the voltage be approximately the rated voltage 
of the motor and the amperes the rated current of the motor (as noted on the name plate) 
it may be assumed that the motor is carrying approximately full load. If, on the other 
hand, the amperes show much in excess of full load rating, the motor is carrying an over-
load. The heat generated in the copper varies as the square of the current. That generated 
in the iron varies anywhere from the 1.6 power, to the square. This method is very con-
venient if a wattmeter be not available, although, it is, of course, of no value for the deter-
mination of the efficiency or power factor of the apparatus. This method gives fairly accu-
rate results, providing the load on the three phases of the motor be fairly well balanced. 
If there be much difference, however, in the voltage of the three phases, the ammeter should 
be switched from one circuit to another, and the current measured in each phase. If the 
motor be very lightly loaded and the voltage of the different phases vary by 2 or 3 per cent., 
the current in the three legs of the circuit will vary 20 to 30 per cent. 

THREE 
PHASE 
MOIOR 

PIG. 6.869.—Three phase motor test by the two wattmeter method. If an accurate test of 
a three phase motor be required, it is necessary to use the method here *ndicated. Assume 
the motor to be loaded with a brake so that its output can be determ'ned. This method 
gives correct results even with considerable unbalancing in the voltages of the three phases. 
With the connections as shown, the sum of the two wattmeter readings gives the total power 
in the circuit. Neither meter by itself measures the power in any one of the three phases. 
In fact, with light load one of the meters will probably give a negative reading, and it will 
then be necessary to either reverse its current or pressure leads in order that the deflection 
may be noted. In such cases the algebraic sums of the two readings must be taken. In 
other words, if one read plus 500 watts and the other minus 300 watts, the total power in 
the circuit will be 500 minus 300, or 200 watts. As the load comes on, the readings of the 
instrument which gave the negative deflection will decrease until the reading drops to zero, 
and it will then be necessary to again reverse the pressure leads on this wattmeter. There-
after the readings of both instruments will be positive, and the numerical sum of the two 
should be taken as the measurement of the load. If one set of the instruments be removed 
from the circuit, the reading of the remaining wattmeter will have no meaning. As stated 
above, it will not indicate the power under these conditions in any one phase of the circuit. 
The power factor is obtained by dividing the actual watts input by the product of the aver-
age of the voltmeter readings X the average of the ampere readings X 1.73. 
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CHAPTER 18 

Wires and Wire 
Calculations 

To acquaint the reader with the terminology employed in this 

and subsequent chapters, the following definition of terms most 
commonly used are given: 

Appliance.—Appliances are current consuming equipment, fixed or 
portable for example, heating, cooking and small motor operated equipment. 

Branch Circuit.—That portion of a wiring system extending beyond 
the final overcurrent device protecting the circuit. A device not approved 
for branch circuit protection, such as a thermal cutout or motor overload 
protective device, is not considered as the overcurrent device protecting 
the circuit. 

Branch Circuits (Appliance).—Appliance branch circuits are circuits 
supplying energy either to permanently wired appliances or attachment 
plug receptacles, that is, appliance or convenience outlets or to a combina-
tion of permanently wired appliances and additional attachment plug 
outlets on the same circuit; such circuits to have no permanently connected 
lighting fixtures. 

Branch Circuits (Combination Lighting and Appliance).—C,om-
bination lighting and appliance branch circuits are circuits supplying energy 
to both lighting outlets and appliance outlets. 

Branch Circuits (Lighting).—Lighting branch circuits are circuits 
supplying energy to lighting outlets only. 

Branch Circuits (Motor).—A motor branch circuit is a branch circuit 
supplying energy only to motors. 

Cabinet.—A cabinet is an enclosure designed either for surface or flush 
mounting and provided with a frame, mat or trim in which swinging doors 
are hung. 
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Conduit Box.—A conduit box is a metal box adapted for connection 
to conduit for the purpose of facilitating wiring, making connections, 
mounting devices, etc. 

Distribution Center.—A distribution center is a point at which is 
located equipment consisting generally of automatic overload protective 
devices connected to buses, the principal functions of which are the sub-
division of supply and the control and protection of feeders, sub-feeders or 
branch circuits or any combination of feeders, sub-feeders or branch circuits. 

Distribution Center (Branch Circuit).—A branch circuit distribution 
center at which branch circuits are supplied. 

Distribution Center (Feeder).—A feeder distribution center is a 
distribution center at which feeders or sub-feeders are supplied. 

Distribution Center (Main).—A main distribution center is a dis-
tribution center supplied directly by mains. 

Feeder.—A feeder or feeder circuit is a conductor or group of conductors 
of a wiring system between the service equipment or the generator switch-
board of an isolated plant, and the branch circuit overcurrent device. 

A feeder or feeder circuit in an interior wiring system, is a set of conduc-
tors extending from the original source of energy in the installation to a 
distributing center and having no other circuits connected to it between 
the source and the center. 

Sub-Feeder.—A sub-feeder is an extension of a feeder, or of another 
sub-feeder, from one distribution center to another and having no other 
circuit connected to it between the two distribution centers. 

Junction Box.—A junction box is a metal box with a blank cover which 
serves the purpose of joining different runs of conduit, tubing wireway or 
raceway, and provides space for the connection and branching of the 
enclosed conductors. 

Knockout.—A knockout is a portion of the wall of a box or cabinet so 
fashioned that it may be removed readily by the blow of a hammer at the 
time of installation in order to provide a hole, usually circular in shape for 
the entrance of wires or the attachment of conduit, cable, etc. 

Mains.—A main is any supply circuit to which other consuming circuits, 
sub-mains or branches, are connected through automatic cutouts (fuses 
or circuit breakers) at different locations along its length. An energy con-
suming device is never connected directly to a main, a cutout is always 
being interposed between the device and the main. 

Mains (Interior Wiring).—Mains are the conductors extending from 
the service switch, generator bus or converter bus to the main distribution 

center. 
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Service Conductors.—That portion of the supply conductors which 
extends from the street main or duct or from transformers to the service 
equipment of the premises supplied. For overhead conductors this includes 
the conductors from the last line pole to the service equipment. 

Service Equipment. — The necessary equipment, usually consisting of 
circuit breaker or switch and fuses and their accessories located near the 
point of entrance of supply conductors to a building and intended to con-
stitute the main control and means of cutoff for the supply to that building. 

Service (Master).—A master service is a service supplying the service 
equipment which supplies a group of buildings under one management. 

Pull Box.—A pull box is a metal box with a blank cover which is inserted 
in a run of conduit, raceway or tubing to facilitate pulling in the conductors, 
or which is installed at the termination of one or more runs of conduit, 
raceway tubing or wireway for the purpose of distributing the conductors. 

Direct Current Wiring 

By direct current wiring we generally mean a system of wiring 
in which the current flowing in the wires is supplied by means 
of direct current generators, rectifiers or batteries. 

Direct current although occasionally found as a source of 
power and light in industrial plants is not used to any large extent 
except for electric railroad operation where the third rail system 
of power distribution is being used. Other locations where direct 
current has found employment is in metal refinery and electro-
plating processes and also in certain industries where close regu-
lation of motor speed is required. 

The possibility of obtaining a wide range of speed adjustment and main-
tenance of nearly constant speed relations makes the direct current motor 
useful particularly in reversing steel mill drives and other locations where 
close speed regulation is necessary. 

Wiring Systems.—There are two wiring systems in general 
use for direct current work. They are: 

1. Two wire, and 
2. Three wire systems. 
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The source of electrical supply may be a central or an isolated 
plant. The greater part of interior wiring is done on the two-
wire system, the three-wire system being used primarily for 

feeders and mains. 

BUSES 

EQUALIZER BUS 

EQUALIZER CONNECTION j ( When needed ) 

L__ 

FIELD 
RHEOSTAT 

2 - WIRE D.C. 
GENERATOR 

SERIES FIELD 

SHUNT FIELD 

6.870.—Typical connection diagram of two-wire direct current generator protected by a 
single pole circuit breaker. 

CIRCUIT 
BREAKER 

TRIP 
COIL 

SWITCHES 

Direct current three-wire systems usually employ a three-wire 
generator with an external balance coil, although instead of one 
balance coil two such coils are sometimes used. In a system of 
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this type the center tapped balance coil or coils act as a neutral 
and is therefore usually referred to as the neutral or third wire. 

}EQUALIZER BUSES 

MAIN 
} BUSES 

DOUBLE POLE 
CIRCUIT 
BREAKER 

TRIP 
COILS 

NEUTRAL 
WIRE 

_COMMUTATING 
FIELD —, 

SERIES 
FIELD 

3 - WIRE D.C. 

GENERATOR 
SERIES 
FIELD 

BALANCE 
COIL 

SUP RINGS 
FIG. 8,871.—Typical connection diagram for three-wire generator having one balance coil and 
a double-pole, double-coil circuit breaker. 

With the direct current three wire system, the neutral wire is 
generally made of the same size as either of the two outer wires. 
The reason for having the three wires of the system of the same 
size is because if one of the outer fuses should burn out, one side 
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of the system would be loaded while the other wire would have 
no current flowing. Where a grounded neutral has the same area 
or cross section as either of the outer wires, the fuse is generally 

omitted. 

EQUALIZER 
BUSES 

TRIP 
COIL 

SERIES 
FIELD 

1 4 - POLE DOUBLE 
-) COIL CIRCUIT 

BREAKER 

TRIP 
COIL 

SHUNTS 

rC—OMMUTATING 
I r-- FIELD 

e 

BALANCE 
COIL 

3 - WIRE D.C. 

GENERATOR 

SERIES 
FIELD 

BALANCE 
COIL 

NEUTRAL 
WIRE 

MAIN 
BUSFB 

8,872.—Typical connection diagram for three-wire generator having two balance coils 
and a four-pole two-coil circuit breaker. 

When designing a three-wire distribution system some effort should be 
made to arrange the load so that the unbalanced current be kept at a mini-
mum, and in any event not to exceed 25% of the full load current flow;n7 
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in the outer wires. Motors unless very small, are generally connected 
across the outer wires, and will therefore receive approximately twice the 
voltage of the lamps, which are connected across one of the outer wires and 
the neutral. 

e POS. BUS 
NEUTRAL BUS 

  NEG. BUS   

CIRCUIT 
BREAKER 

e TRIP 
I. COILS 

E VOLTS be 

 -17 

•  

MAIN GENERATOR 

FIG. 6873.— Typical connection diagram of balancer set operated in connection with a two-wire 
generator to supply a three-wire direct current system. On a balanced load both machines 
constituting the balancer set run light as motors, but with an unbalanced load one machine 
runs as a motor, thus driving the other machine which runs as a generator, since they are 
both mechanically as well as electrically connected. According to Code requirements, two 
wire generators used in conjunction with balancer sets to obtain neutrals for three-wire 
systems shall be equipped with overcurrent devices which will disconnect the three-wire 
system in the case of excessive unbalancing of voltages. 

-4—E/2 VOLTS ---ii•-•«—E/2 VOLTS 

BALANCER SET 

1207240 
VOLTS 
D.C. 

SOURCE 

FU. POSITIVE WIRE LAMPS 

NEUTRAL WIRE 

FU. \_NEGATIVE WIRE 

NEUTRAL GROUNDED 
AT SERVICE 

FIG. 6,874.—Three-wire direct current system of distribution. When the same number of 
lamps of equal size be connected in the manner shown, there will be no current flow in the 
neutral wire. 

BALANCED 3 - WIRE SYSTEM 
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LAMPS 

LAMP 
CIRCUITS 

PANELBOARD I I I I PANELBOARD 

SW: FU FU.SW. SW.. FU. F1,1. SWij 

MAINS 

MAIN PANELBOARD 

1 

BUSES 

, WATT • HOUR 
METER 

1 T 

FUSES 

TO 120 VOLTS 
D.C. SOURCE 

MAIN 
CIRCUIT 
BREAKER 

FIG. 6.87:J.—Showing general scheme of wiring for two-wire system. 
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TO 

SOURCE { 
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VOLTS 

MAINS 
_ 

FUSE 
FUSE 

LAMPS 

FUSE _ 

NEGATI 
AT SEGROUNI FK 

1240V. 

1--- 

i 

120V. 

1----- ft 600 120V. 
VOLTS 

.1----
120V. 1 

1 — 

120V. 
i 

•‘, 

SERIES LAMP 
CIRCUITS 

VE 
ED 
CE 

FIG. 6,876.—Series lamp System of distribution. A system of this type is used for lighting 
chiefly in certain railroad operations where the lamps are connected directly between the 
third rail and negative conductor. The difference in pressure between any two points in 
the circuit is equal to the lamp voltage, (about 120 volts) multiplied by the number of lamps 
in the circuit. The obvious disadvantage in using a system of distribution of this sort is 
that if one filament burns out the whole circuit will fall (since all lamps are connected in 
series) in addition if the circuit becomes grounded between any one of the lamps, the lamps 
will receive an excessive voltage usually ending in failure of the filament or filaments. 
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\*Hq  

2 - WIRE 
CIRCUIT 

2 - WIRE 
CIRCUIT 

FIG. 6.877.—Showing typical lamp connection to a distribution panel supplied from a two-wire 
direct current source. 
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FIG. 6,S78.—Showing typical lamp connection to a distribution panel, supplied from a three-wire direct current source. In a 
three-wire distribution system of this type, the load should be balanced as closely as possible between the two outer wires and 

the neutral. 
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GENERATOR PANEL #2 
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FUSES 
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D.C. 
GENERATOR 

BUSES 

BALANCE 
COIL 

GENERATOR PANEL #1 
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6,879.—Showing typical switchboard wiring for parallel operation of two direct current 
generators. According to Code requirements, three-wire direct current generators, whether 
compound or shunt wound, shall be equipped with overcurrent devices, one in each armature 
lead, and so connected as to be actuated by the entire current from the armature. Such 
overcurrent devices shall consist either of a double-pole, double-coil circuit breaker, or of 
a four-pole circuit breaker connected in the main and equalizer leads and tripped by two 
overcurrent devices, one in each armature lead. Such protective devices shall be so inter-
locked that no one pole can be opened without simultaneously disconnecting both leads of 
the armature from the system. 
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Load Center.—The load center of a circuit is that point at 
which it can be assumed that the total load is concentrated. 
Thus the load center of a group of equally spaced motors or lamps 
each of the same size will be at the middle of that group as shown 
in fig. 6,880. 

To determine the load center of a group of appliances of un-
equal size and spacing proceed as follows: 

1. Multiply the current taken by each appliance by its 
distance to the point of distribution or mains. 

2. Add all the products thus found and divide this sum by 
the total current of the circuit. 

A typical example showing the method used for determination 
of the load center of a circuit is shown in fig. 6,881. 

DISTANCE TO LOAD CENTER 

FUSES 

SWITCH 

-- MAINS 

> BRANCH CONDUCTORS 

LAMPS OR 
APPLIANCES 

("M 
NT ER 
AD 

PIG. 6,880.—Showing load center of equally spaced lamps or appliances all of which have the 
same capacity or current demand. 

USES   

SWITCH 

100 FT. 40 Fr.  a 25 FT.-1 

BRANCH CONDUCTORS 

"-boats 
123.24 FT. \ LOAD CENTER 

6,881.—Illustrating method of calculating load center distance of a circuit having unequal 
loads unsymmetrically spaced. With reference to text calculation for the above circuit 
is as follows: Number of ampere feet for the complete load = 100 X90+140 X50+165 X30= 
20,950. The total amperage of the circuit =90+50+30 or 170. The distance in feet from 
the switch terminal =20,950/170 or 123.24 feet. 
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Conductor Economy.—In interior and exterior wiring in-
stallations it is often necessary to increase the conductor size 
beyond that which is required by the National Electrical Code 
because of economical considerations. Obviously any conductor 
selected for a particular installation must fulfill the requirements 
of mechanical strength and carrying capacity and the voltage 
drop must not exceed practical limits. 

In most cases one of the foregoing requirements will determine 
the size of the conductor. It may be well, however, also to 
consider the power loss (I2R) which calculation may indicate 
that it will be desirable to use a larger conductor than contem-
plated because of the cost of the power wasted due to the ex-
cessive resistance in the conductor. 

It has been laid down as a general rule, that for the trans-
mission of any given amount of energy, the most economical 
conductor is one having such a resistance that the value of the 
energy wasted in heat annually is equal to the interest per annum 
on the original outlay upon the conductor. This rule is known 
Kelvin's Law. This law is also frequently stated as follows: 
The most economical cross-section of a conductor is that for which 
the annual cost of energy wasted is equal to the interest on that portion 
of the capital outlay, which can be considered proportional to the 
weight of copper used. 

Stated mathematically the cross-section of the most economical 
conductor is: 

A = 5931 \i clzh  
C X p 

circular mils (1) 

Where I = current in amperes for (h) hours per year. 
c1 = cost of electrical energy in dollars per KWH. 
c = cost of wire in dollars per pound. 
p = annual percent interest on capital invested in line 

wires, including depreciation and taxes. 
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Wiring Calculation.—Because of its favorable electrical and 
mechanical characteristics copper is nearly always used as a 
conductor for both exterior and interior wiring. Every conduc-
tor offers a certain amount of resistance to the flow of current 
and this resistance varies directly as the length of the conductor, 
and inversely as its cross-sectional area. 

Therefore, if a length of a conductor be known and its cross-
sectional area as well as the conductivity of the material, its 
resistance may easily be calculated. Accordingly, the resistance 
of any conductor is equal to its length in feet multiplied by its 
resistance per mil foot, thus: 

Length in feet x Resistance per mil foot. 
Resistance in ohms 

Circular mils 

ce briefly, Ohms 
Feet x 10.8* 

Circular mils 
(2) 

If letters be used, we obtain the customary formula for a two 
wire circuit: 

L x 21.6 
R — 

A 
(3) 

Where R = resistance in ohms. 
L = Length one way or the single distance of the circuit 

in feet. 
A = cross-sectional area of conductor in circular mils. 

*NOTE 1.—The resistance of a circular mil foot of commercial copper (a wire one foot in 
length having a cross-sectional area of one circular mil) is usually quoted at from 10.8 to 11 
ohms per mil foot at normal temperatures. For practical wiring calculations 10.8 ohms per 
mil foot is sufficiently accurate to give an acceptable result. 

NOTE 2.—In countries where the meter system is being used, the resistance value for 
commercial copper is quoted as 0.0175 ohm per meter, when the cross-sectional area of the con-
ductor is one square millimeter. The formula for resistance in ohms of a single conductor then 
becomes: R Length in meters X 0.0175  

Area in square millimeters 
For a complete circuit, we obtain: 

R 2 X Length in meters X 0.0175 
Area in square millimeters 
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Effect of Resistance.—The effect of resistance to an electric 
current is to cause a drop in voltage, and the energy lost in over-
coming this resistance appears in the form of heat. Now, ac-
cording to Ohm's law, 

Volts = Amperes X Ohms (4) 

With the assistance of the foregoing expression the voltage drop in any 
direct current circuit may readily be obtained. Thus, for example, if the 
circuit carries a current of 200-amp. and the total resistance be say 0.035 
ohm, the voltage drop = 200 X0.035 or 7 volts. 

re--- L.001 INCH — 1 r__ 0.001 INCH --1 

AREA 

1 SQUARE 
MIL 

FIG8. 6.882 to 6.884.—Showing greatly enlarged views of circular mil and square mil. Fig. 6,884 
indicates relative size of the two units. 

r  
• 

RESISTANCE 10.8 OHMS 

1 FOOT IN LENGHT 

 'Irk 

.1 ----"f 
0.001 IN. 
DIAMETER 

PIG. 6,885.—Illustrating dimensions and approximate resistance of one circular mil-foot 
of copper. 

By substituting in (4) the value for the resistance in ohms as 
obtained in (2) we have 

Amperes X Feet X 10.8 
Volts =-

Circular mils 
(5) 
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If the customary symbols be used, we may write, 

I XL X 10.8 
E — 

A 
(6) 

Where E is the voltage drop, I the current in amperes and A 
the cross-section of the conductor in circular mils. 

In the foregoing formula therefore E means that the volts lost, or drop 
between the beginning and the end of a circuit is equal to the current flowing 
through the circuit multiplied by the product of the conductors' length in 
feet, multiplied by the resistance of one mil foot of wire, divided by the 
area of the conductor in circular mils. 

Since the length of the circuit is given as the "run" or distance 
one way, that is, one half the total length of wire in the circuit, 
formula (6) must be multiplied by 2 to get the total drop, there-
fore we may write: 

/ XL x2 x 10.8 /xLx 21.6 
E — A A (7) 

If equation (7) be solved with respect to the wire size in circu-
lar mils, we have 

/ x L x 21.6 
A —  E (8) 

E X A  
Similarly I — (9) 

21.6 XL 

E X A  
and L — (10) 

21.6 x I 

Where it is desired to have a working formula for N lamps each 
of which requires / amperes, we obtain 
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21.6N XI XL 
A = 

E 

If on the other hand, it is desired to find the number of lamps 
which a given size of wire will supply with a given voltage drop, 
another formula may be written as follows, 

A xE  
(12) 

N — 21.6 XL X/ 

It should be remembered that all of the foregoing formulas apply to 
direct current heating appliance and lamp circuits only. In the case of 
calculations for direct current motors, the formulas should include provision 
for overload current and efficiency of motor as determined by the National 
Electrical Code. 

Power Loss Calculation.—If it be assumed that 10.8 ohm 
is the resistance of a circular mil foot of copper wire, the power 
loss in watts in any electrical copper conductor may be found 
thus: 10.8 X P XL 

P = (13) 
A 

Where P is the power loss in the conductor in watts 

I is the current in amperes flowing in the conductor. 

L is the length of the conductor in feet (one way). 

A is the area of the conductor in circular mils. 

For a two wire direct current circuit, we have: 

21.6 X P XL  
P — 

A 
(14) 

Where the resistance of circuit is given, the power loss in watts 
may be obtained from the expression: 

Power loss in watts = PR (15) 
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Direct Current Motor Circuit Calculation.—With respect 
to direct current motors, the Code requires each motor to have a 
name plate with the name of the manufacturer, capacity in volts, 
current in amperes, horsepower ratings and the normal speed in 
revolutions per minute, etc. In calculating for such motors it is 
only necessary to take the efficiency of the motor and the overload 
into consideration to arrive at an acceptable value for the re-

quired wire size. 

The formula for the size of wire in circular mils necessary for a 
direct current motor rated in horsepower will therefore be as 

follows: 

HP x 746 x L x 21.6 x 1.25  
A — (16) 

E x Et X efficiency 

Where HP is the rating in horsepower of the motor; L, distance 
in feet to the motor; E, voltage drop; Et terminal voltage. The 
overload factor is here taken as 1.25 since branch circuit conduc-
tors supplying an individual motor must have a carrying capacity 
not less than 125 percent of the motor's full load current rating. 

For long runs, it may be necessary in order to avoid excessive 
voltage drop to use conductors of sizes larger than obtained by 

the foregoing formula. 

Calculations of direct current circuits may be made directly from the 
foregoing formulas, although in practice, voltage drop tables and curves 
are usually resorted to in designing of conductor sizes. The following 
examples will serve to illustrate calculation procedures. 

Example.—A copper transmission line 1.5 miles in length is used to trans-
mit 10 kilowatts from a 600 volt generating station. The voltage drop in the 
line is not to exceed 10% of the generating station voltage. 

Calculate 
(a) Line current. 

(b) Resistance of the line. 

(c) Cross-section of wire. 
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10,000  Solution.—(a) Line current IL =  — 16.67 amp. Ans. 
600 

Voltage drop = 600 X 0.1 = 60 volts. 

60  
(b) Resistance of the line — — 3.6 ohms. Ans. 

16.67 

Substituting the foregoing values in formula (3) we obtain 

5,280 X 2 X 1.5 X 10.8 
3.6 =  A or 

X 3 X 10.8 
(e) A — — 47,520 C.M. Ans. 

3.6 

The nearest size of wire having an area equal to or greater than this is a No. 3 
wire and this should be used. (See table page 540-9). 

Example.—A certain wiring scheme requires a circuit 50 feet in length 
which is to be made up of a No. 10 wire. The current is 35 amperes. Caku-
late the voltage drop in the circuit. 

Solution.—Substituting the values in formula (7) we obtain: 

35 X 50 X 21.6 
E — — 3.6 volts. Ans. 

10,380 

Example.—What size wire should be used on a 250-volt circuit to transmit a 
current of 200 amperes a distance of 350 feet to a center of distribution, with 
a loss not to exceed 3% under full load? 

Solution.—Substituting the given values in formula (8) we obtain, 

200 X 350 X 21.6  
A — — 201,600 C.M. Ans. 

0.03 X 250 
The nearest size conductor having an area equal to or larger than this is a 
0000 conductor. 

Example.—A two-wire circuit is to carry a load of 50 amperes a distance 
of 300 feet with a permissible voltage drop of 2.5 volts. What size of conductor 
must be used? 

Solution.—Substituting our values in formula (8) we obtain, 

50 X 300 X 21.6  
A — = 129,600 C.M. Ans. 

2.5 

The nearest size conductor having an area equal to or larger than this is a 
00. A.W.G. which should be used. 
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Example.—It is desired to connect 80, 50-watt incandescent lamps on 
a 110 volt circuit. The distance from the mains to the center of the lamp group 
is 200 feet. What size wire is required if a maximum voltage drop of two 
volts be permitted? 

Solution.—Since each lamp takes 50 watts, the current flow is 50 X "ilia 
or 36.36 amperes. Substituting the given values in formula (8) the size of 
wire is found to be: 

21.6 X 36.36 X 200 
A =.• = 78,538 C.M. Ans. 

2 

The nearest size of wire having an area equal to or greater than this is & 
No. 1, and this should be used. 

Example.—A combined lamp and heating appliance load requires 70 
kilowatts. The distance between the load center and the distributor pond is 
250 feet. The voltage at the distribution panel is 230 volt and it is desired to 
keep the voltage drop within 2%. What size conductor is required? 

Solution.—The current flow is 70,000/230 or 304.3 amperes. Applying 
formula (8) the size of the conductor is found to be 

304.3 X 250 X 21.6 
A — 0.02 X 230 — 357,550 C.M. Ans. 

The nearest size of conductor having an area equal to or greater than this 
is a 400,000 circular mil cable. 

Example.—A 20 kilowatt balanced lighting load is to be supplied by a 
three-wire 115/230 volts generator. The length of the run between the generator 
switchboard mains and the lighting load center is 250 feet. What size of 
conductor should be used if maximum voltage drop permitted is 2%? 

Solution.—On a balanced three-wire system the current in each of 
the outer conductors would be 20,000/230 or 87 amperes. The permissible 
voltage drop is 0.02 X 230 or 4.6 volts. Substituting our values in formula 
(8) the conductor size is found to be 

87 X 250 X 21.6  
A — — 102,130 C.M. Ans. 

4.6 

The nearest size conductor having the required area is No. 1/0, since 
No. 1 conductor has an area of only 83,690 circular mils. 

Example.—It is required to calculate the voltage drops on an unbalanced 
direct current three-wire circuit having the following data: Length of circuit 750 
feet; Positive and negative conductor each No. 000 A . W W.G. Neutral conductor 
No. 1 A .W W.G. The positive and negative conductor carries 125 and 100 
amperes respectively. 
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Solution.—With reference to table giving properties of copper conduc-
tors (page 540-9) we obtain the resistance of 1,000 feet of No. 000 = 0.0642 
ohm and that of No. 1 = 0.129 ohm per 1,000 feet. 

The respective voltage drops are calculated as follows: 

E = IR = 125 X 0.0642 X 0.75 = 6.02 volts 
(drop on positive conductor). 

E = IR = 100 X 0.0642 X 0.75 = 4.82 volts 
(drop on negative conductor). 

E = IR = (125 — 100) 0.129 X 0.75 = 2.42 volts 
(drop on neutral conductor). 

in at -eultage drop calculation of this type the voltage drop in the neutral 
(Le:Inducer is added to the drop on the side having the larger current and 
subtractedl from the side having the smaller current, thus making the total 
voltage dzop 6.02 2.42 = 8.44 volts on the "heavy" side, and 4.82 — 
2.42 = 2..40 volts on the "lighter" side. Ans. 

Example.—Cakulate the conductor size required to connect a direct current 
motor rated at 50 amperes, when the supply voltage is 230, the circuit length is 
50 feet and the voltage drop 4 volts. 

Solution.—By applying formula (8) we obtain 

50 X 50 X 21.6 
A = — 13,500 C.M. Ans. 

4 

Since a No. 10 conductor contains only 10,380 circular mils the next larger 
size or a No. 8 conductor should be used. 

Example.—What is the approximate number of amperes drawn by a 
30 horsepower direct current motor having an efficiency of 90% when connected 
to a 230 volts source? 

Solution.—The current drawn by the motor is 

Horsepower X 746  30 X 746  
/ — = --,-- 108 amperes. 

Impressed voltage X Efficiency 230 X 0.9 

Example.—A 25-h.p. 230-volt d.c. motor is to be supplied with power 
from a switchboard bus located at a distance of 75 feet from the motor. The 
line drop is not to exceed 5% of the receiver voltage, when the motor is delivering 
full load at 86% efficiency. 

Calculate 
(a) Cross-section area of feeder in C.M. 

(b) Kilowatts supplied to switchboard. 
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Solution.—The current drawn by the motor is 

25 X 746  
I — = 94.3 amperes. 

230 X 0.86 

The voltage drop in the conductors 

E = 0.05 X 230 = 11.5 volts. 

(a) Cross-sectional area of conductors 

94.3 X 75 X 21.6 
A = — 13,300 C.M. Ans. 

11.5 

(b) Power supplied at switchboard 

94.3 X 241.5  
Ps .= — 22.77 kilowatts. Ans. 

1,000 

Example.—Determine the power loss in a circuit 80 feet in length consisting 
of No. 1 conductors when the current density is 75 amperes. 

Solution.—Applying formula (14) the power loss is, 

21.6 X 752 X 80 
P — 116 watts 

83,690 

Example.—What size wire should be used for a 20 horsepower 220-volt 
motor having an efficiency of 90% when the length of the circuit is 80 feet and 
the drop 2 volts? 

Solution.—Applying formula (16) with proper constants, we obtain, 

20 X 746 X 80 X 21.6 X 1.25 
A = — 81,400 C.M. 

220 X 2 X 0.9 

The nearest standard size conductor is a No. 1 A.W.G. which has an area 
of 83,690 circular mils. 

Example.—What is the proper size of wire for a 10-h.p., 220-volt motor 
having an efficiency of 90% when the length of the circuit is 200 feet and the 
maximum allowable voltage drop is 2%7 

Solution.—Substituting the given values in formula (16) we obtain, 

10 X 746 X 200 X 21.6 X 1.25 
A = — 46,240 C.M. 

220 X 4.4 X 0.9 

The nearest size conductor having an area equal to or larger than this is a 
No. 3 conductor and this should be used. 
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Alternating Current Wiring 

Alternating current wiring differs from that of direct current 
mainly in certain effects which must be considered and which do 
not enter into direct current calculations. They are: 

1. Inductance ( Self-inductance 
Mutual-inductance. 

2. Capacity. 

3. Skin effect. 

4. Frequency. 

5. Power factor. 

For interior wiring where incandescent lamps are fed by an alternating 
current, none of the foregoing factors needs consideration, since mutual 
inductance, capacity and skin effect are so small as to be almost negligible. 
Therefore, in lamp wiring the previously given formulas may be applied to 
alternating current as well. 

Self - Inductance.—Self-inductance is the property of an elec-
tric circuit which determines, for a given rate of current change in 
the circuit, the electromotive force induced in the same circult. 

Mutual Inductance.—Mutual inductance is the common 
property of two associated electric circuits which determines for a 
given rate of current change in one of the circuits, the electro-
motive force induced in the other. 

Capacity.—In a system of more than two conductors a voltage 
difference between them corresponds to the presence of a quantity 
of electricity in each. All alternating current circuits have a 
certain capacity because each conductor acts like the plate of a 
condenser, and the insulating medium acts as a dielectric. The 

capacity between two or more conductors depends upon the in-
sulation of each 
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Skin Effect.—Skin effect is the phenomenon of non-uniform 
current distribution over the cross-section of a conductor caused 
by the variation of the current in the conductor itself. The 
tendency of an alternating current to confine itself to the outer 
portions of the conductor has the effect of increasing its ohmic 
resistance. 

If the conductor be large, or the frequency high, the central portion 
of the conductor carries little if any current, hence the resistance of a 
conductor is greater for alternating current than for direct current. 

Frequency.—The frequency of an alternating current in 
ordinary light and power circuits depends upon the construction 
of the generator (number of poles) and the revolutions per minute 
(speed of the machine). In the United States the commercial 
frequency is usually 60 cycles per second, although certain power 
systems are designed for 25 and 50 c.p.s. The number of cycles 
per second has a direct effect upon the inductance of the circuit. 

Power Factor.—The power factor is the ratio of active power 
to apparent power. Where the load consists of incandescent 
lamps only, the power factor is unity or one hundred per cent. 
In all alternating current circuits having an inductive load, such 
as fluorescent lamps and motors, allowance must be made for the 
power factor because of the inductive characteristic of this type 
of load. 

Voltage Drop (Lighting Load Only).—The maximum volt-
age drop to the lamp in a well designed lighting system, should 
not exceed three per cent. Many designs limit the drop to two 
per cent or less. If, on the other hand, the illumination is not 

used for work, and if economy demands it, voltage drops of five 
per cent or more, may have to be allowed. 
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The fluctuations at the service and the additional lowering of the service 
voltage due to regulation of the service transformers (where employed) 
by any connected motor loads to the same transformers must also be taken 
into account when deciding the maximum value of the permissible voltage 
drop. 

6,886.—General Electric a.c. reduced voltage autotransformer type starter for squirrel 
cage induction motors. This compensator consists principally of an autotransformer, a 
manually operated set of contacts. and a temperature overload relay. 
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Voltage Drop (A.C. Motors Only).—For feeders serving 
power loads only it is necessary to consider the behavior of the 
alternating current motor at reduced voltages. Roughly, the 
full-load current of an induction motor varies inversely with the 

If solenoid brake 
is used, connect 
per dotted line 

Undervoltoge coil 

Temperature 
overload relay 

Stop-reset button 

Running contacts 
(back) 

fi 

P 
Movable contacts , 
Starting_contacts__.,1 — 4 i 

(front) 
eutatransformer 

Finish —,»; 
Tap no.3—  I 
Tap n I 
Top no— 
Start I 

L _1 
FIG. 6,887.—Wiring diagram of General Electric a.c. reduced voltage autotransfortner type 

starter for squirrel cage induction motors. Operation: With reference to fig. 6,886, when 
the operating handle is pushed away from the operator, the autotransformer is connected 
to the power sourer, and at the same time, the motor which is being controlled is- connected 
to the taps of the ovatotransformer. These taps apply a certain percentage of the line voltage 
to the motor. After the motor speed has reached a normal value, the operator pulla back 
the handle to the running position, which connects the motor to full line voltage. The 
handle is held in the running position by an under-voltage tripcoil. If the overload relay 
trips out, if the line voltage fails momentarily, or if the cover is removed, the under-voltage 
coil is de-energized and this allows the handle to return to the off position. To restart the. 
motor, the overload relay must be reset by pushing a reset button on the outside of the.case. 
Then the operating' handle is thrown first to the starting then to the running position» to. 
start the motor. 
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ventage; both the starting torque and the pull-out torque vary 
'directly with the square of the voltage; the slip at a given load 
varies about inversely with the square of the voltage. 
The reduction of terminal voltage at the motor has very little 

effect on the speed; it increases the current (and thereby the 
calculated voltage drop also) and considerably reduces the start-
ing and pull-out torques. Where these torques are not of prime 
importance, as with fan and pump drives, the values of voltage 

FIG. 8.888.—Combination a.c. magnetic motor starter with cover open. The cover of the 
starter is so interlocked with the safety switch handle that the cover cannot be opened when 
the safety switch is in the an position, nor can the safety switch be closed when the cover is 
open. This arrangement provides protection for the motor maintenance man or operator.— 
C ourtesy General Electric Co. 
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drop within certain limits is mostly subject to economic considert-

tion. 

(b130M) 
Operating handle 
of motor control 
switch 

SP switch 

23 

I2 L2L3 LI 3 I 

T2 

TI 

;Start 

3 
2 1;stop 

Push-button)  station 

I usea 

Motor 

FIG. 6,889.—Wiring diagram for a .c . magnetic motor starter shown in fig. 6,888. This starter 
in addition to the two-element temperature overload relay incorporates facilities for remote 
control operation by means of a push button station when desired. Operation: Assuming 
the start-stop push button be used with the starter, pushing the start button closes the starting 
contactor, and thus connects the motor to the line. The motor is disconnected from the line 
by pushing the slop button. The action of the contactor is controlled by means of an operat-
ing coil incorporated in the motor starter. Directly across-the-line starters of this type are 
usually limited in sizes to about 25 h.p. in the lower voltage ranges ( 110 to 220 volts) because 
of undesirable line-voltage fluctuations encountered.—Couriesy General Electric Co. 
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A voltage drop of five per cent or less based on full-load motor 
current and power factor represents good conservative practice, 
but a voltage drop of as much as ten per cent will still result in 
satisfactory operation provided it includes the voltage drop at 

the service resulting from fluctuations of the supply voltage. 
This practice agrees with that of manufacturers in general, who 
guarantee satisfactory operation of motors at ten per cent above 
or ten per cent below the nominal voltage. 

In order to determine the size of wire necessary for an alternating current 
motor rated in horsepower it is necessary to know the efficiency of the motor 
and the power factor. Where the power factor cannot be accurately deter-
mined an assumed average value of 80 to 85% will generally produce an 
acceptable result. The efficiency of motors generally depend upon their 
horsepower ratings and may vary from 70 to 05%, the latter value being 
reached for very large motors only. 

Wire Calculations.—In wiring layout for incandescent lamp 
circuits operating on alternating current, the calculation of wire 
sizes will be the same as for direct current. With alternating 

current motors and other appliances having an inductive load, 
however, it is necessary to know the efficiency of the motor and 
the power factor. 

The product of the power factor and the actual efficiency of the 
motor gives the apparent efficiency and this last quantity de-
termines the size of the starting apparatus, wire, etc., necessary 
to properly operate the motor. 

For correct functioning of any motor it is important to observe 
that the voltage of the source conform with that of the motor name 

plate rating (within the limits usually given for voltage drop). 
In addition the name plate gives information as to whether the 
machine is to be employed for alternating or direct current; if 
alternating, for what frequency and how many phases, the maxi-

mum current for continuous operation, winding connections, 
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torques, etc. A service factor (sometimes called overload factor) 
is also given which allows the motor to be overloaded a slight 

amount. 

In laying out the wiring for a motor which requires a hgavy starting 
current, allowance should be made for this momentary current increaxe, 
otherwise the terminal voltage may drop below the point where the motor 
will not start. 

To appreciate the value of the starting current for various 
types of motors the fusing practice according to the National 

Electrical Code recommendations, require that: 

1. Squirrel-cage motors should be fused at not more than 
300 per cent of rated motor current. 

2. High-reactance motors rated at not more than 30 amperes 
should be fused at not more than 250 per cent of rated 
motor current, or, if rated at more than 30 amperes, 
should be fused at not more than 200 per cent of rated 

motor current. 

3. Wound-rotor motors should be fused at not more than 
150 per cent of rated motor current. 

The size of wire for any alternating circuit may be determined 
by slightly modifying the formula used in direct current work, 

which as derived on page 373, is: 

amperes X feet x 21.6 

drop 
circular mils — (1) 

It is sometimes however convenient to make the calculation in terms of 
watts. Formula (1) may be modified for such calculation. 

In modifying the formula, the "drop" should be expressed in percentage 
instead of actual volts lost, that is, instead of the difference in pressure 
between the beginning and the end of the circuit. 
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In any circuit the loss in percentage, or 

drop  
% loss —   X 100 

impressed pressure 

% loss X impressed pressure 
drop — 

100 

Substituting equation (2) in equation (1) 

amperes X feet X 21.6 

circular mils — % loss x imp. pressure 
100 

(2) 

amperes X feet X 2,160 
(3) % loss x imp. pressure 

Equation (3) is modified for calculation in terms of watts as 

follows: The power in watts is equal to the applied voltage 
multiplied by the current, that is to say, the power is equal to 
the volts at the consumer's end of the circuit multiplied by the 
current, or simply 

from which 

watts = volts x amperes 

watts  
amperes — (4) 

volts 

watts 
2,160 circular mils _ volts X feet X  

% loss X volts 

watts X feet X 2,160 

% loss X volts2 (5) 
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This formula (5) applies to a direct current two wire circuit, 
and to adapt it to any alternating current circuit it is only neces-
sary to use the letter M instead of the number 2,160. thus 

circular mils - watts x feet x M 
% loss x volts2 (6) 

in which M is a coefficient which has various values according 
to the kind of circuit and value of the power factor. These 

values are given in the following table: 

VALUES OF M 

SYSTEM 
1.00 .98 

POWER FACTOR 

.95 .90 .85 .80 .75 

Single phase 
Two phase 
(4 wire) 

Three phase 
(3 wire) 

2,160 
1,080 

1,080 

2,249 
1,125 

1,125 

2,400 
1,200 

1,200 

2,660 
1,330 

1,330 

3,000 
1,500 

1,500 

3,380 
1,690 

1,690 

3,840 
1,920 

1,920 

.70 

4,400 
2,200 

2,200 

.65 .60 

5,112 6,000 
2,556 3,000 

2,556 3,000 

It must be evident that when 2,160 is taken as the value of M, 
formula (6) applies to a two wire direct current circuit and also 
to a single phase a.c. circuit when the power factor is unity. 

In the table, the value of M, for any particular power factor is 
found by dividing 2,160 by the square of that power factor for 
single phase and twice the square of the power factor for two 

phase and three phase. 

NOTE.-The above table is calculated as follows: For single phase M = 2,160 ÷ power 
factor' X 100; for two phase four wire, or three phase three wire, M (2,160 ÷ power 
factor') 100. Thus the value of M for a single phase line with power factor .95 = 2,160 + .952 

X 100 .• 2,400. 
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For ordinary calculations however, it is customary to use tables 
which take into account such factors as wire spacing, power 
factor, frequency, etc. Accordingly in order to determine the 
voltage drop of an alternating current circuit, the following 
formula may be used: 

% Loss x E 
Voltage drop - X S 

100 

VALUE OF "S" FOR 60 CYCLES 

(7) 

..--,-,-. 

See 
of 

- 

Area 
in 

circu lar 
EE. 

.98 power factor .90 power factor .80 power factor .70 power teeter 

Spacing of 
conductors 

Spacing of 
conductors 

Spacing of 
conductors 

allowing et 
conduct 

1" 3" 8" 12" 24" 1" 3" 6" 12" 24" 1" 3" 6" 12" 24" 1" 3" 8" 12" 24" 

, 

600.000 500.000 1.21 1.45 1.61 1.77 1.92 1.32 1.202.11 2.44 2.75 1.27 1.89 2.252.64 3.031.14 1.72 2.12.2.st 192 
300,000 300.000 1.15 1.29 1.38 1.48 1.57 1.19 1.47 1.66 1.84 2.02 1.11 1.46 1.681.90 2.12 1.061.33 1.5§1.78 2.01 

0.000 211.600 1.12 1.22 1.28 1.34 1.41 1.13 1.33 1.45 1.58 1.63 1.03 1.27 1.43 1.58 1.75 1001.14 1.291.45 1.69 
000 167.800 1 09 1.18 1.22 1.28 1.29 1.08 1.23 1.33 1.44 1.53 1.001.16 1.28 1.41 .153 1.001.02 1.151128 1.50 
00133.100 1.07 1.10 1.18 1.21 1.25 1.03 1.161.24 1.32 1.401.00 1.07 1.17 1.27 1.36 1.00 1.00 1.03 1.131.21 
0 tos.sno 1.05 1.10 1.14 1.17 1.20 1.001.09 1.16 1.22 1.28 1.001.00 J.07 1.15 1.22 1.00 1.00 1.00 1.01 1.09' 
1 83.690 1.1301 1.081 101.13 1.15 1.001.05 1.09 1.14 1.191.00 1.00 1.001.05 1.11 1.00 1.00 1.001.001.00 
2 66.370 1.02 1.05 1.08 1.10 1.12 1.001.00 1.04 1.08 1.12 LOD 1.00 1.001.00 1.02 1.001.00 1.001.00 1.00 
3 52.630 1.02 1.04 1.061.07 1.09 1.001.001.00 1.03 1.06 1.00 1.00 1.001.00 1.001.001.00 1.001.00 1.00 

6 41. 
740} 

33.100 
1.00 1.02 1.03 1.04 1.07 1.001.001.00 1.001.001.001.00 1.001.00 1.00 1.001.00 1.00 1.00 00 

6 

7 
26.28°} 

20,820 
1.00 1.00 1.001.00 1.00 1.001.001.00 1.001.00 1.001.00 1.001.00 1.00 1.001.00 1 1.00 .00 t4 8 16,510 9 13.090 1.00 1.00 1.00 1.00 1.011.001.001.00 1.001.001 001.00 1.001.00 1.00 1.00 1.00 1.001.00 1 

10 1%380 

Where the % loss is a percentage of the applied power, that is, 
the power delivered to the motor or apparatus and not a per-
centage of the power at the a.c. generator; E, is the voltage at 
the consumers end of the circuit. The coefficient S, has various 
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values as given in the accompanying table. These values are• 
substantially true for transmission lines having a length of up to. 
20 miles and for voltages up to 25,000. On longer lines, due to 
the capacity effect the voltage drop will be somewhat inaccurate. 

Current Calculation.- As previously stated, the effect of 
power factor less than unity, is an increase in current, and con-
sequently a conductor of somewhat larger capacity is required 

for a lower power factor. 
For single phase alternating current, the current flowing at the 

motor terminal, is: 

HP x 746  
/ =   (8) 

E X Power factor X Efficiency 

Similarly for a two phase motor 

HP X 746   
— (9) 
2 E x Power factor x Efficiency 

and for a three phase motor, the current 

HP X 746  
I — (10) 

1.73 X E X Power factor x Efficiency 

Motor Horsepower.—Motor horsepowers may conveniently 

be calculated from instrument readings when desired. The 
formulas are as follows: 

D.C. Motors. 

HP
Volts X Amperes X Efficiency 

— 
746 

Single phase A . C. Motors 

HP
Volts X Amperes X Efficiency X Power Factor 

— 
746 

(12) 
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Two phase A.C. Motors 

HP -= Volts x Amperes X Efficiency X Power Factor x 2 (13) 

746 

Fin. 6,890.—Illustrating typical a.c. magnetic reversing motor starter with front cover re-
moved. This starter consists essentially of two magnetic contactors (one of which is being 
used for operating the motor in the reverse direction), one temperature overload relay, and 
a three-button push button station, or their equivalent to control the starter.—Courtesy 
General Electric Co. 

Three phase A.C. Motors 

HP -= Volts x Amperes x Efficiency X Power Factor X 1.73 

746 
(14) 
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Power supply 

l 1 1.3 L2 

Forward 

Reverse 

Stop 

1 

F 
2 

; 4 I  

la i 
1 5 i 

L____.; 
Push-button 

station 

Nomenclature 

R 
3 

F-- Forward contador I Mechanically 
R--Reverse contactor I Interlocked 
CL--Overload relay ( hand-reset) 

L3 eL2 
14  «L'• 

Back view 

  —1 

  _ 

L 

T 1 13 12 

Motor 

Fm. 6,89I.—Wiring diagram for a.c. magnetic reversing motor starter shown in fig. 6,890. 
Operation: When the forward button is depressed contactor F closes and applies power to 
the motor. A holding circuit for the coil of F is established around the foreward push button 
by auxiliary interlock F. The motor continues to run until shut down by depressing the 
stop button, by tripping of the overload relay, or by rower failure. Following an overload 
condition which causes relay OL, to trip, it is necessary to reset the relay contact by hand 
before the motor can be restarted. Operation of the motor in the reverse direction is obtained 
by the reverse button. The back, or normally closed contacts of the directional push-button 
units are used for electric interlocking and prevent the coils of contactors F and R being 
energized at the same time. With this arrangement it is also possible to reverse the motor 
direct from the forward and reverse button, without first operating the stop button.—Courtesy 
General Electric Co. 

Example.—What size wire must be used on a single phase circuit 2,000 
ft. in length to supply 3 kw. at 220 volts with a loss of 4%, the power factor 
being 905? 
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Solution.—Inserting values in formula (6) we obtain: 

31e° X 2,000 X 2,660 _ 
Circular mils = 82,438 

4 X 220' 

With reference to wire table (page 540-9) the nearest larger wire size is No. 1 
A.W.G. which has an area of 83,690 cir. mils, and this should be used. 

PIG. 6,892.—Typical automatic primary resistor motor starter with front cover removed.— 
Courtesy General Electric Co. 

Example.—A 50 h.p. 60 cycle single phase 440 volt induction motor. 
having a full load efficiency of 92% and a power factor of 80% is to be operated 
at a distance of 1,000 feet from the alternator. The wires are to be spaced 6 in. 
apart and the voltage drop is 5%. 

Calculate.—(a) Electrical horsepower; (b) Watts; (c) Apparent load; 
(d) Line current; (e) Size of wires; (f) Voltage drop; (g) Voltage at the 
alternator. 

Solution.— 

Brake horsepower  
(a) Electrical horsepower = 50— M.3 Ans. 

Efficiency 0.92 
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(b) Watts = 54.3 X 746 = 40,508 Ans. 
_  Watts 40,508 

— (c) Apparent load 50,635 Ans. 
— Power factor — 0.8  
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If SP master switch is used in place of push-button 
station, connect as shown 

FIG. 6,893.—Wiring diagram of automatic primary resistor motor starter shown in fig. 
6,892. A motor starter of this type applies approximately 80% of line voltage to the motor 
for starting, thus limiting the inrush current to approximately 80% of the full-voltage locked-
rotor value and producing a starting torque of approximately 64% of the full voltage locked-
rotor value. Operation: When the start button is depressed the line contactor closes its 
contacts connecting the motor to the line through the series line resistors R, at reduced 
voltage. The transfer from reduced voltage to full voltage is made by means of definite 
time interlock TC mechanically actuated by the closing of the line contactor. After a 
predetermined time contacts TC operates which in turn energizes the coil of the accelerating 
contactor which in closing short-circuits the series line resistors without interrupting the 
circuit.—Courtesy General Electric C.,. 
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(d) Line 
Apparent load 50,635 

current Volts 440 — 115 Ans. 

(e) Size of wires. Cir. Mils = 

Watts X Feet X M 40,508 X 1,000 X 3,380  
%Loss X Volts' = 5 X 440 X 440 — 141,443 Ans. 

From table (page 540-9) nearest size larger wire is 3/0 A.W.G. which should 
be used. 

(f) Voltage drop = % LowossXE xs = 5X 44010())< 1.28 — 28.16 Ans. 

(g) Voltage at alternator = volts at motor -I- drop = 440 -I- 28.16 = 
468.16 Ans. 

Example.—A circuit supplying current at 440 volts, 60 cycles, with 5% 
voltage loss and a power factor of 80% is composed of No. 2 wires spaced one 
foot apart. What is the drop in the line? 

Solution.—Substituting the given values in formula (7) and the value 
of S, as obtained from the table, we obtain: 

5 X 440 X 1  
Voltage drop = 100 — 22 volts. Ans. 

Example.—A single phase 50 horsepower 440 volt motor has a full load effi-
ciency of 90% and a power factor of 80%. How much current will the motor 
draw from the line? 

Solution.—Applying formula (8) a substitution of values gives: 

50 X 746  
/ = 440 X 0.9 X 0.8 = 117.7 amp. Ans. 

Example.—A 10 kw. 220 volt single phase motor and light load has a 
combined power factor and efficiency of 85 and 80% respectively. What is 
the current? 

Solution.—With reference to formula (8) page 391, we have: 

10,000  
/ = 220 X 0.85 X 0.8 = 67 amp. (nearly) Ans. 

Example.—A 25 h.p. three phase induction motor has a full load effi-
ciency of 85% and a power factor of 80%. How much current will the motor 
draw from the 220 volt line? 

Solution.—By substituting our values in formula (10) we obtain: 

25 X 746  
=  1.73 X 220 X 0.8 X 0.85 -= 72 amp. (approximately) Ans. 
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Example.—A 440 volt, three phase induction motor draws 40 amp. from 
the line. Calculate the motor output in horsepower when the efficiency of the 
motor and power factor are g S and SOU respectively. 

Solution.—A substitution of values in formula (14) gives: 

440 X 40 X 0.85 X 0.80 X 1.73  
Horsepower = = 27.8 Ans. 

746 

Example.—An industrial load of 450 kilowatts is operated at a power 
factor of 65%. What will be the rating of a synchronous condenser (over-
excited synchronous motor without load) to raise the power factor to 90%? 

Solution.—Since the voltage is constant, the kilowatts and quadrature 
kilovolt-amperes are proportional to the energy quadrature currents re-
spectively. In our particular problem the apparent power component is: 

450  
Kva. = 0.65 692 

The reactive power component is: 

V6922 — 4502 = 525 kva. 

With the power factor raised to 90' the reactive power will be: 

450 
= 500 kva. 

0.9 

which will have a wattless or apparent power component of 

V 5002 — 4502 = 218 kva. 

It is obvious that the synchronous condenser must supply the difference 
between 525 and 218 kva. or 307 kva. A 300 kva. synchronous condenser 
would therefore meet the foregoing requirements. Ans. 

Example.—A direct current motor takes 720.8 amperes at 115 volts and 
has an efficiency of 90%. How many horsepower does it deliver? 

Solution.— 

Input to motor = 720.8 X 115 = 82,892 watts 

Output of motor = 82,892 X 0.9 = 74,603 watts 

Horsepower (at motor pulley) 

74,603 
= 746 — 100 h.p. (approximately). Ans. 
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Example.—A 25 h.p. engine drives a d.c. generator. If the generator has 
an efficiency of 84% how many (a) kilowatt and (b) horsepower does it deliver? 

Solution.— 

(a) Kilowatt delivered 

= 0.84 X 25 X 0.746 = 15% k.w. Ans. 

(b) Horsepower delivered 

= 0.84 X 25 = 21.0 h.p. Ans. 
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(l'Avr-EP, 19 

Inside Wiring 
The different methods of interior wiring may be conveniently 

grouped into the following general classes: 

1. Open or exposed 3. Concealed knob and 5. Flexible conduit 
wiring; tube wiring; wiring; 

Wires run in mould- 4. Armored (B.X.) 6. Rigid conduit wiring 
ings; cable wiring; 

NAIL De, 

8.933.—Correct knob fastening. Unless the member to which knob is fastened be deep 
enough to permit a nail penetrating to a depth of one half the height of the knob as here 
shown, use wood screws or nails. On stone or tile walls, special bolts should be used. 

1. Open or Exposed Wiring 

This method of wiring possesses the advantages of being 

cheap, durable and accessible. 

It is used a gerat deal in factories, mills and buildings where the unsightly 
appearance of the wires exposed on the walls or ceilings is of no consequence. 
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The kinds of wire used is either rubber covered or slow burning weather 
proof wire. 

Rubber insulation should always be used where the wire is in a damp 
place, such as a cellar, and either. weather proof or rubber insulation may 
be used to protect it against corrosive vapors. 

For wiring in bakeries, mills, heat treating rooms, boiler rooms and all 
other warm rooms, slow burning asbestos covered wire is required. 

There are two methods of open or exposed wiring; known as 

1. Knob wiring; 2. Cleat wiring. 

8.934 tc 8.938.—Various porcelain blob--

Knob Wiring—This is the simplest and 
cheapest method. It is forbidden in some cities. 
except for temporary decorative work. 

PIG. 8,939: —Knob complete with nail and leather head The leather head is pinched over on 
the ride ào chat nail cannot fall out. 

PIGS. 8.940 and 6.941.—Strain insulators as used on ends of wire when run on mill timbers. 



INSIDE WIRING 401 

The knobs should be placed every 4¡ ft. and the wires not less than 8 
inches apart. 

Knobs are secured by means of wood screws or nails, when nails are 
used, leather washers called leather heads are slipped over the nail so that 
the head of the knob will not be broken when the head of the nail is hit by 
a hammer. 

Piss. 6.942 to 6,944.—Crossing of wires. Where wires cross each other , tubes should be used 
except in case of large stiff wires as in fig. 6.942; here one wire may be bent down and carried 
-under the other; fig. 6,943, short bushing strung on the wire—this method is usually unsatis-
factory. especially where a large number of wires cross each other; fig. 6,944, wires crossing 
each other through tubes. Flexible tubing, such as circular loom may be used in crossing 
wires in dry locations. Insulators should always be provided where wires cresa to support 
the wires, thus preventing the upper wires sagging and touching those below, 

UNDER 

OVER 

TIE WIRE 

RIGHT 
WAY 

PIGS. 6.945 and 6.946.—Right and wrong methods of tying wires to grooved knobs, called 
lying in. ln fig. 6.945. one end of the tie wire passes over the wire, the other passes under. 
Pliers must be used so that the wires will be firmly secured. In tying in the wires, the first 
and last knob should be tied in and the intermediate knobs tied in last. Where the wires 
are of a large size a block and tackle should be used, care being taken not to pull too tight 
as this will stretch the wire. The tie wires should be of solid wire and of the same size as the 
wire to be secured, one wire is passed underneath the wire and the other wire is passed over 
so that rt is secured at both ends. Pliers should be used as tie wire cannot be properly secured 
by hand, 

In crossing over pipes or wires, porcelain tubes should be used. When it 
is impossible to use porcelain tubes flexible loom can be used. Where the 
wires are run over, sweating, or dripping water, pipes, the loom or tubes 
should be placed on top of the pipe to prevent the water eating into the 
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insulation. The ends of the tubes or loom should be taped to prevent them 
working loose and moving away from their original positions. 

When passing through walls and partitions, the wires should be pro-
tected by tubes; where this is impossible loom can be used. 

Knobs must not be run down side walls any farther than 7 ft. from 
the floor at this point they should be boxed in, or run in loom a continuous 
piece of loom into a conduit. 

Knob wires can be run on rafters provided they are in blind attics or in 
places out of reach. Knob wires should not be run on cellar joists, unless 
protected from each side by guard strips. 

In buildings of mi'.1 construction,where the wires are not less than number 8, 

Plo. i3.947.—Common two wire cleat for wire sizes No. 14 to No. 10. 

FIG. 8,948.—B. & D. one wire cleat for wires No. 8 to No. O. 

FLOOR 

GUARD STRIP 

CIRCUIT 
8,949.—Metn.4 of protecting exposed wiring on low ceilings by two guard strips. 

Pies. 8,950 and 8.951.—Cleat wiring methods. Fig. 8,950, cleat work across beams, the duds 
are carried by boards attached to the beams; fig. 8.951, method of carrying wires on c1mats 
around beams. 
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B. & S. gauge, the wires may be run from timber to timber if they be 
spaced six inches apart. Where wires are run in this manner, they should 
be dead-ended by strain insulators or by using double knobs. Heavy wires 
such as used in mills or for outside work can be supported ("tied in") on 
grooved knobs. 

Cleat Wiring.—This method of wiring cannot be used in 
theatres, public buildings or garages that contain more than two 
cars. 

6,952.—Cleat wiring for snap switch to operate receptacle. On long runs such as in 
factories, the wire' should be deadened to a cleat located not less than one ft. from the last 
light, receptacle ot drop. 
FIG. 6,953.—Cleat wiring method of making a tap for branch circuit. Tubes always should be 

used, the tube being placed over the wire so that it rests upon the main wire, a cleat should 
then be installed so that the tube cannot slip away leaving the wires unprotected. 

RIGHT WAY 0 

FIGS. 6,954 and 6,955.—Right and wrong methods of making a turn with cleats. In fig. 6.955. 
-in additional cleat is used adding unnecessary expense. 

Before making a cleat installation, the local inspection bureau should be 
consulted, as cleats are fast becoming outlawed in many states. 

Cleats.—They are constructed of porcelain, the tops and bottoms being 
alike and inter-changeable. They may be obtained with grooves for two 
or three wires. Cleats are best secured to wooden surfaces by wood screws. 
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but for quick and rough work nails protected by leather washers called nail 
heads or leather heads may be used. 

For securing cleats to wood 2 inches number 8 flat or round head screws 
should be used, where nails are to be used the ten 
penny 10D size should be used. For metal ceiling 
work, toggle bolts similar to those used for metal 
moulding should be used, except in places where the 
metal overlaps each other wood screws may be 
secured to the wooden furring strips. For plastered 
ceilings constructed with wooden lath 2M m. No. 8 
wood screws should be used. Where the ceiling is 
constructed with metal lath, the only means of 
securing the cleats are with commercial toggle 
bolts. On concrete ceilings, holes drilled 
and filled with wooden plugs are good cleat 

FIG. 6,956.—Toggle bolt for securing cleat to metal ceilings, or 
ceilings on which plaster is laid on metal lath. A hole is 

ethrough "ti the ceiling with a 20 penny nail or a brad aw l, the bolt is then inserted 
h the cleats and is shoved up into the ceiling. 

FIG. 6,957.-81:lap switch sub-base as used under snap switches for cleat wiring. 
Pics. 6.958 and 6.959.—Exposed and concealed contact cleat receptacles. The concealed 

contacts are more desirable, as the live wires are protected. 

FIG. 6,960.—Method of dead ending wires on cleats. The line is simply secured by the cleats 
the ends are wound around the wires on the cleats. Four or five turns will do. 
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supports, lead shields may be used but wood plugs are quicker and more 
secure. 
Spacing of Cleats.—They should be spaced not over 4% ft. apart, 

the wire at all times being taut and insulated from the surface wired over. 
In practice it will be found that it is impossible to maintain the standard 
spacing of 4% ft., so therefore in order to make the job appear neat and 
workmanlike the cleats should be installed so that their spacing is sym-
metrical. 
Running the Wires.—The kinks should first be removed from the 

wires, otherwise they will appear slack and poorly installed. This is best 

FIGS. 6,961 to 6,963.—Wiring across pipes. The wires should preferably run over rather than 
under the pipes. Fig. 6,961 shows crossing with circular loom, and fig. 6,962, one in which a 
tube is used. Both of these methods are satisfactory in the case of gas pipes, but for steam 
pipes or water pipes which are liable to leak or sweat and drip moisture, the crossing should 
he above as shown in fig. 6,983. On side walls where vertical wires run across horizontal 
water pipes, the latter should be enclosed and the moisture deflected to one side. 

PIGS. 6,964 to 6,966.—Wiring through floors. The bushing must be continuous. Porcelain 
tubes may be used as in fig. 6,964, or short bushings may be arranged on iroi. pipes as in 
fig. 6,965. Fig. 6,966 shows method employed in case of offset in the wall. Sometimes 
the floor can be taken up and an iron conduit, properly bent, put in place, the wires being 
reinforced with flexible tubing. Another method is to attach the wires to insulators; in this 
case the floor must not be put down until the wiring has been examined by the inspector. 

done by running the handle of a hammer over the wire. The wires are then 
secured to the first and last cleats of the run and drawn up as tight as 
possible. This is only accomplished by pulling the wires by hand; never 
use pliers as this method causes the wire to kink and break. The cleats 
should be screwed down as firm as possible so that the wire will not slip 
through. If nails be used on long runs for securing the cleats, it is advis-
able to use screws on the first and last cleats, as nails have a tendency to 
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work loose. The intermediate cleats are then installed so that the spacing 
is symmetrical. 

Cross Overs.—When crossing over wires, metal beams, protruding 
pipes, the wires should be protected by porcelain tubes. Where it is impos-
sible to install tubes, loom can be used. Always place tubes or loom over 
instead of under dripping pipes so that the moisture will not ground the 
wires. 
Side Wall Protection.—On side walls the cleats should not be run down 

any further than 7 ft. from the floor line. At this point they must be pro-
tected from mechanical injury by installing them in wood moulding or in 
conduit, or by boxing in. 

-.-..: 
FLOOR 

WIRE 

FIG. 6,967.—Exposed wiring passing through beams, showing the usual objectionable method 
of boring the holes at an angle as practiced b/ workmen not equipped with the proper boring 
tool. Insist on the holes being bored parallel to the floor. When the holes are bored at the 
middle of the beam, that is, through the neutral axis, the beam is not perceptibly weakened 
by the cut. Porcelain tubes are used where the wire passes through the beams. 

ems. 8,968 to 6.970.—Open and concealed contact drop cord rosettes for cleat wiring. The 
open type is the most economical to use as it is in one piece but the covered or concealed 
is the safer. 

Passing Through Floors.--The same methods are employed as in 
knob wiring, as shown in figs. 6,964 to 6,966. The same kind of protection 
applies to passing through partitions and large beams. Loom must never 
be used unless it be actually impossible to use tubes. 

Cleats in Cellars.—Clea ts must never be attached to cellar joist unless 
protected by a guard strip 2 ins, high on each side, or they may be 
mounted on a running board of pine not less than 4 in. X 74 in. Before 
using running board or guard strip it should first be ascertained whether 
it is possible to run the wires on cellar beams. These generally run through 
the center of the cellar 
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rIG. 6,971.— Receptacle 
suitable for use with open 
wiring, the requirement 
being that the contact 
ears should not be ex-
posed. 

Practical Points Relating to Exposed Wiring 

1. In interim wiring no wires smaller than 
No. 14 B. & S. gauge should be used, except as 
allowed by the underwriters, and no more than 
660 watts should be allowed to a circuit. 

2. Tie wires should have an insulation equal to 
that of the conductors which they secure. 

3. In all cases, whether the wires be run on 
knobs, split insulators, or cleats, the wires should 
be supported at intervals of at least 4% feet, and 
if exposed to mechanical injury, the supporters 
should be placed at closer intervals. 

4. Wires run on bare ceilings of low basements, 
especially where they are liable to injury, should be 
protected by two wooden guard strips as shown in 

fig. 6,951. The protective strips should be at least % inch in thickness 
and slightly higher than the knobs, insulators, or cleats. Wires should 
not be run closer than 6 inches apart and 2 inches from the surface wired 
over. Wires run near water tanks must be rubber covered so as to render 
them moisture proof. 

5. Cleats should be used for the wiring of stores, offices, or buildings 
having flat ceilings, provided the wiring is installed in dry locations. 

6. When the installation is exposed to dampness or acid fumes such as 
those developed in stables, bakeries, etc., the wires should run on lambs 
or split insulators, and should be rubber covered. 

7. When wires are run at right angles to beams which are more than 
4% feet apart, a running board should be used and the wires cleated to 
it as shown in fig. 6,949. It is desirable, however, to avoid the use of running 
boards, whenever possible by running the wires parallel with the beams, 
thus reducing the cost of insulation. 

8. In factories or other buildings of open mill construction, mains of 
No. 8 B. & S. gauge or larger wire, where they are not exposed to injury, 
may be placed about 6 inches apart and run from timber to timber, not 
breaking around, and may be supported at each timber only 

9. The best location for feeders is on the walls. In dry buildings the 
the and weather proof wire can be used with safety: but covered wire 
must be used on buildings subject to any form of dampness. In all cases 
where feeders are run on the walls, they should be protected from mechanical 
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injury by boxing at least 6 feet high on each floor. If floor switches be used 
they may be mounted on the front of the boxing. In such cases, the holes 
in the boxing through which the wires pass to the switches, should be pro-
vided with porcelain bushings. 

10. The rosettes, receptacles, sockets, snap switches, etc., used in con-
nection with exposed wiring should conform in all respects to the standards 
specified by the Underwriters. 

2. Wiring Run in Mouldings 
(Raceway Systems) 

Surface metal raceway may be used in dry locations. It shall 
not be used (1) where concealed, except that the back and sides 
of multi-outlet assembly may be surrounded by the building 
finish, and metal raceways approved for the purpose may be used 
for under-plaster extensions; (2) where subject to severe me-
chanical injury unless approved for the purpose; (3) where the 
voltage is 300 volts or more between conductors unless the metal 
has a thickness of not less than 0.040 inches; (4) where subject to 
corrosive vapors; (5) in hoistways; (6) in storage battery rooms; 
nor (7) in any hazardous location. 

Size of Conductors.—No conductor larger than No. 6 shall 
be installed in a surface metal raceway. 

Numbers of Conductors in Raceway.—The number of 
conductors installed in any raceway shall not be greater than the 
number for which the raceway is approved, and in no case shall 
more than 10 conductors be installed as permitted for signal and 
control systems. 

Extensions Through Walls and Floors.—Except in multi-
oulet assemblies raceways may be extended through dry walls, 
dry partitions and dry floors, if in unbroken lengths where passing 
through. 

Multi-Outlet Assembly.—Multi-outlet assembly and all 
fittings used in connection with the assembly, shall be approved 
for the purpose. 
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Metal Moulding.—This kind of casing for wires, also known 
as raceways, consists of a base and capping or cover made of 
steel. It is Se wide and 'He high, shipped in lengths of 
8' 4", with twelve lengths per unit package. 

'SASE CAP WIRES 

Fms. 6,997 to 6,999.—Metal moulding. An approved form consists, as shown, of two pieces: 
base (fig. 6,997), and cap (fig. 6.998), so formed as to snap together, the cap snapping over 
the base as in fig. 6,999. The entire moulding should be galvanized or coated with a rust pre-
ventive. When the base is held in place by screws or bolts from the inside, depressions 
must be provided so that the heads of the screws will be flush with the surface of the moulding. 

Fics. 7,000 to 7,006.—National metal moulding fittings. Fig. A, cross; fig. B, tee; fig. C. 
90° flat elbow; fig. D, 45° flat elbow; fig. E, external elbow; fig. F, internal elbow; fig. G, 
fitting coupling. 

FIG. 7.007 IO 7,010.—Various outlet connectors tor attaching molding to condu;t outlet hoar* 
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Code Requirements.— Metal moulding is permitted in circuits re-
quiring not more than 1,320 watts with not over 300 volts. Splices are not 
allowed; use approved junction boxes or outlet plates. Four No. 14 wires with 
approved rubber insulating covering may be installed in the moulding. 

All sections must be 
secured together both 
mechanically and elec-
trically, and must be 
grounded. Mould-
ing mil be used on 
plastered walls, side 
walls with proper pro-
tection; must not be 
used in cellars, damp 
places, hot rooms, or 

WRONG KIND for outside work. 

FIGS. 7,011 and 7,012.—Right and wrong kind of hack saw blade for cutting metal molding 
showing eftect of using a coarse tooth blade. A blade with fine teeth as in fig. 7,011 will rids 
the molding and prevent stalling or catching. 

'FINNED COPPER 
GROUND STRAP 

5OLDERED 

FIG. 7.013.—Metal molding ground clamp. 

BASE 

GRO CLAMP ,' 
SOLDER 

_tx ASE 

GROUND WIRE CAPPING 

WIRE 

—STOVE   
  BOLTS   

/ 

METAL STRIP 

PIGS. 7014 to 7,019.—Method of bonding and grounding metal moulding. 

SE CAPPING 
COVERS 

Pica. 7.020 to 7.022.—Method of running metal moulding around beams. 
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Where metal moulding passas through 
floors it should he encased in a pipe to _pre-
vent scrub water entering and to afford 
additional mechanical protection. On side 
walls, the continuous length of iron pipe 
should, where the moulding might be 
exposed to mechanical injury, extend a 
distance of at least 5 feet above the floor 
and downward from floor to a few inches 
below ceiling. 

Installation of Metal Mould-
ing.—There are two methods of 

7,023.—Method of cutting metal moulding with three cornered file. In cutting, use • 
small piece of capping for a straight edge, as shown; mark the base or capping deeply and 
break it off, being very careful to mark the moulding deeply on both sides. 

METAL MOLDING 
CONDUCTORS 
PIPE SUPPORT 

PIGS. 7,024 and 7,025.—Methods of protecting metal inouMing in passing through a floor. I tg. 
7.024. Protection against mechanical ininrY; fig. 7.025. protection in exposed locations. 
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Fla. 7,028.—Method of installing wire in metal molding: first put up all base plates of fitting, 
and then lay wire into each length of capping as it is snapped on, as shown. 

has. 7,027 and 7.028.—Shear and punch for cutting and punching metal molding. 

Pis. 7,029 to 7,031.--Coupling and connecting ends of metal molding, showing screws and screw 
holes. 

Pica. 7,032 and 7,033.—Method of installing metal molding device at the end of a run. 

el 

A B C D E F 
PIGS. 7,034 to 7,030.—Methods of supporting National metal molding. Fig. A, on wood 

surfaces use a No. 8 flat head wood screw; fig. B, on lath and plaster use a l3 in. No. 8 
flat head wood screw; fig. C. on metal ceilings use oone toggle bolts 2 ins. long; fig. D, 
on plastered ceilings of metal lath, use flat toggle belt; fig. E, on tile use flat toggle ca 
7vme toggle bolt; fig. F. on concrete use lead shields. 
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cutting the moulding—by hack saw or by e special shear. 

If a hack saw be used, select only a fine toothed flexible back saw with 
tempered edges; coarse toothed blades crack and break on moulding. 

When cutting moulding with a hack saw it is not necessary to cut all the 
way into moulding, but only just nick the moulding so, if it be given a 
slight lip and down motion it will break apart. Files also may be used, the 
three cornered being the best. Holes must be punched in tb-2 base for 

FIGS. 7,040 to 7,043,—Method of wiring receptacles for use on metal molding. 

Pius. 7,044 and 71045.—Metal moulding branching fittings. Fig. 7,044 shows the moulding 
running up the sidewall, branching both ways close up in the corner on the sidewall, running 
out onto the ceiling and a tap passing up through to the floor above in Y¡ inch conduit. 
Fig. 7.045 shows the moulding running up the sidewall, branching both ways close up in the 
corner on the ceiling and running out onto the ceiling. 

FIGS. 7,048 to 7,048.—Base, cover, and canopy for fixture outlets; note knock out holes ià 
base for picking up concealed wiring. 
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screws, this can be made with a special punch or may be drilled by a twist 
drill in a brace or breast drill. 

Bending.—The base and capping must be assembled and bent as one 
piece of moulding. The moulding is quite soft and is easily bent over the 
knee or the edge of a table; Hickeys may be obtained for this purpose. 

Pzcs. 7,049 to 7,051.— Moulding adapters for connecting metal moulding to wooden moulding. 

rics. 7,052 to 7,058.—Various wiremold fittings. Fig. 7,052, 90° fiat elbow; fig. 7,053, 45° 
fiat elbow; fig. 7,054, external elbow; fig. 7,055, corner box; fig. 7,056, external elbow; fig. 
7,057, tee; fig. 7,058, cross. 

After moulding is snapped together and bent, it should be separated by 
means of a screw driver pried under the end and pull down, do not separate 
by pulling apart by hand as this bends capping and base out of shape. 

Installing.—The base is first put in place after which the wires are 
laid in the capping and snapped in place by slightly rapping capping with 
a light hammer. If capping persist in springing away on the ends, bend 
over edges with hammer so that they will fit base snugly. 
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Avoid crossing the wires in the capping as this causes capping to bulge 
and short circuit. The moulding is coupled together by means of special 
couplings. 

In running around beams the base only is bent by cutting a 90° V with 
a hack saw at the bend. Both internal and external bends may be made 

FrG.7,064.—Wire-
mold ground 
clamp. 

Pica. 7,059 to 7,003.—Knee method of bending wiremold. Fig. 7,059 shows a wiremaa 
starting offset at what will be the center of the finished bend; figs. 7,060 to 7,062 show the 
points selected for progressive "bites"; fig. 7,063, finished bend. On internal bends the 
capping will sometimes tend to spread if bent too fast but can be easily drawn into place 
again by tapping with the handle of a hammer or a heavy screw driver. Wiremold can also 
be easily offset to pass from side wall to the baseboard or to break around similar shallow 
obstructions, and through the exercise of a little care and the use of a bench vise can be offset 
edgewise to a limited extent when occasion demands. 

FIGS. 7,065 to 7,067.—Method of coupling wiremold by use of coupling fitting 

IrIGS, 7.068 to 7,071.—Various wiremold corner boxes. 
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by means of these notches. The capping is then laid in place after which 
the corners are covered over with special elbow covers. 

FIG. 7,072.—Method of joining receptacle to wiremold. 

PIG. 7,073.—Round fixture outlet base for wiremold. 

FIGS. 7,074 to 7,077.—Method of passing around beams with wiremold. Mark off the face and 
depth of beams on a length and slot the capping only on these centers. Take out two I% in. 
sections of capping where wiremold is to break around the bottom of the beam, and two 
4 in. sections where it breaks from the ceiling, as in fig. 7,075. Bend base to form around 
beam as in fig. 7,076 and fish in wires. Snap on external and internal elbows as in fig. 7,077 
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All fittings are connected to the moulding by means of a set screw which 
clamps down the moulding. 

"Wiremold" Metal Moulding.—This is a form of metal 
moulding raceway that is quickly installed. 

It is smaller than the usual type of metal moulding and only two No. 14 
wires can be inserted in it. It is in reality a form of conduit, only it is 
not air or water proof. 

—  
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Pies. 7,078 to 7,087.—Methods of tapping various wiring systems with wiremold. A, cleatworki 
Et, wooden molding; C, concealed knob and tube; D, armored cable; E, metallic flexible 
conduit. 

The wires are fished or pushed through the raceway. There is no base 
or capping, they being permanently assembled at the factory. 

Code Requirements.—Wiremold is permitted on circuits of not over 
300 volts or 1,320 watts. It must be grounded to a water pipe. No splices 
are allowed inside of wiremold, use junction boxes. It must not be con-
cealed or installed in damp or very hot places, such as bakeries. 

Installation of Wiremold.—Use a fine tooth hacksaw for 



PIGS. 7,088 to 7,097.—Method of tapping various fittings with wiremold. 
A, concealed conduit box no fixture; B. concealed conduit box with fixture; 
C, concealed conduit box having open cover in. deep; D, metal surface 
type switch and cut out cabinet; E, metal concealed type switch and cut out 
cabinet. 

cutting. The ends of wiremold 
must be brushed to prevent the 
rough edges cutting into the 
wire. 

In coupling lengths of wiremold, 
a coupling fitting is used which serves 
also as a support; it is first fastened 
to the ceiling or wall before making 
the joint. 

Wiremold can Le easily bent with. 
out the use of any special tools or 
hickey and with a little practice can 
be worked down to a 3 in. or a 3% 
in. radius without trouble, particu-
larly on internal bends. It is also 
easily worked in passing around 
beams, etc. 

2. Concealed 
Knob and Tube 

Wiring 
This is one of the cheapest 

forms of house wiring in use 
today, but it is fast becoming outlawed in many cities by municipal rules. 

The objections being that it is subject to mechanical injury, is liable to interference from rats, mice, 
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• etc., and as the wires are liable to sag against beams, laths, etc., or likely 
to be covered with shavings, a fire could easily result in case of an over-
heated wire or short circuit. 
The advantages are cheapness, especially in wiring completed buildings 

and the absence of any wires or mouldings on the walls. Knob and tube 
wiring consists in running the wires concealed between the floor beams 
and studs of a building, knobs being used to support the wires when run 
parallel to the beams or studs, and porcelain tubes, when run at right 
angles through the beams or studs as shown in fig. 7,098. 

Code Requirements.—Wires with rubber covered insulation must be 
used, and rigidly supported on mon-combustible, non-absorptive insula-

7,098.—Concealed knob-and tube wiring. The wires are carried onporcelain knobs attached 
to the beams. If run perpendicular to the beams, holes are bored in the latter and porcelain 
tubes with a shoulder at one end, inserted in the holes through which the wires pass. The 
knobs should support the wires at least one inch from the surface over which they run, and 
should not be spaced further than 434 feet apart. The use of split knobs does away with the 
necessity of using tie wires. The conductors must be at least 5 inches apart and it is better 
to support them on separate beams when possible. Each wire must be encased in a piece of 
flexible tube at all switches, outlets, etc., and this piece of tubing should be sufficiently long 
to extend from the last insulator and project at least one inch beyond the outlet. 

tors which separate the wire at least one inch from the surface wired over. 
Wires must be 5 ins, apart, taut, and separated from contact with the 
walls of floor timber and partitions through which they pass by insulating 
tubes of glass or porcelain. Maximum spacing for rigid supports of hori-
zontal wires 4% ft. 

Installation of Knob and Tube Wiring.—Usually nothing 
need be disturbed on the first floor as the various outlets can be 
reached from the basement and from the second floor. 
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In boring holes in floor beams for the porcelain tubes they should be 
bored at the center of the beam to prevent nails being driven into the 
tubes and cutting the wires. A competent workman will have a special 
boring machine so that the holes can be bored parallel to the floor instead 
of at an angle as is done with the ordinary brace and bit. This latter 
method is very objectionable and should not be tolerated on first class 

iemper7unausuenamrm..4gtmemtie-ggif* 

Pro. Y'.000.—Porcelain tube as used in knob and tube wiring. The standard tube as used in 
house wiring comes in all lengths and is 646 in. in diameter. 

work. In wiring, say the first floor, a strip of flooring is removed from 
the floor above so as to expose the beams. Then two holes are bored 
through each of the beams spaced 5 ins, apart, the porcelain tubes in-
serted in the holes and the wires threaded through these tubes, the outlets 
made, as later described, and the strip of flooring replaced. Where it is 
impossible to insert a tube, loom may be used. 

When passing through floors with wires, an additional tube must be 
placed over the wire so that the wire will be encased and protected at least 

STUD STUD 4 ins, from above 
the floor so that 
the wires will be 
prlotected from 
falling plaster and 
other objects. 

KNOB KNOB i&JIJL I When passing 
through portions 
that contain 
brick, tile or con-

crete fire stops, 
A the wires should 

be encased in 
loom and should 

LOOM then be encased in 
a metal pipe, the 
loom being in one 
continuous piece 

3" and extending /8   
from knob to 
knob. 

SECTION A- A 
Fes. 7,100 and 7,101.—Elevation and sectional view showing arrangement of switch outlet 

in concealed knob and tube wiring 
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eSTUD STUDS 

KNOB KNOB 

LOOM LOOM 

CONDUCTORS 
CLEAT 

BEFORE LATHIN6 

CLEAT 

LATHS 
SWITCH IN PLACE 

LAJ 

FIGS. 7,102 and 7,103.—Arrangement of surface switch in conceal: I knob and tube wiring. 
For a surface snap switch outlet, an iron box is not necessary, but a 74 in. cleat must be 
installed to hold the tubing in place and to provide a proper support for the screws that 
hold the switch. In wiring old buildings where supporting cleats were not provided back 
of the plaster, a 1,4 in. wooden block or plate should be installed on the surface, to which 
the switch can be attached.; 

ADM 

CASES 

• JOINTS ARE MADE AFTER WIRES ARE KNOBBED 

KNO6 
incuRt BOARD 

TAP,' 
JOINT 

6« TUNIS 
wAin IAA AM 1'4 
1.0.4 AND 5510115 
TOGETHER 

SOFT WOO 

HOLES 
6-D NAILS 

UPRIGHT STU 

HEIGHT FOR BRAME 
66' FRON FLOOR. 
SNAP SWITCH 54' 
FROM FLOOR. 

SUM PROTECTS HI 
FRAM INJURY FROM 
PLASTER ETC. 

FLOoR 

7,104.—Method of installing wires where spacing of 5 ins, cannot be made. All wires 
spaced less than 5 ins., must be encased in loom. The loom must be continuous and in one 
piece from the tube to the wall case where at this point it must be secured by a clamp to 
the box. As shown, there is room for wires on the side of the studs; these wires need not 
be encased in loom. 

7,105.—Method of avoiding cross stud by locating wall cases a little above center of parti-
tion. 
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Never attempt to pull wires taut with the claw of a hammer or with a 
pair of pliers as these methods cause the wire to become kinked which in 
turn break the wires causing open circuits and endless trouble. Wires 
should be pulled taut by hand and the knobs should be nailed down se-
surely. Sagging wires are considered violations and are not allowed by 
inspectors. Knobs with two grooves should be used as they save time 
and money when making taps for side lights or base plugs. 

Joints.—All joints should be well taped and soldered. In houses under 
construction where there are no windows, it is suggested as a time saver, 
that all joints should be covered with soldering paste to prevent them 
being coated with a film of acid that comes from factory smoke and fumes, 
as it will be found that solder will not stick to joints unless protected in 
this manner. A gasoline torch of one pint capacity should be used for 
soldering joints as in this mode of wiring there are numerous joints and 
much time will be saved if all the joints are soldered and then taped, as 

SWITCH 
OUTLET 

STUD 

CLEAT 

SECTION AT A-A 

OUTLET FOR BASEBOARD 
RECEPTABLE 

rms. 7,106 and 7,107.—Arrangement of switch and receptacle outlets in knob and tube wiring. 
In wiring for switches, flexible tubing must be used on the conductor ends from the last 
porcelain support, as shown, the same as on conductor ends far other outlets. A pressed 
steel switch box should be used to encase each flush switch mecitenism , even though it already 
be encased in porcelain. A N in. wood cleat or cleats are arranged to support the switch 
box. These wooden cleats should not be set out flush with the outer edges of the sheets, but 
should be set about ei in. back as shown to allow a apace in which the plaster can "grip." 
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HOLES FOR 

if the wiremen go to a joint and solder it and then tape it. he will lose much 
time and will waste gasoline. 

Wall Cases.—These are metal boxes for supporting and encasing flush 
switches and receptacles, switches and receptacles should not be installed 
without these as they are a great protection against starting fires from spark-
ing switches. 

Wall cases in sections are called gangs, thus a wall case for two switches 
would be called a two gang box. 
When installing bare receptacles, a board in. thick should be cut 

out the same size as the wall case—the ears of the wall case should be 
adjusted so that the front edge of the wall case will extend out 74 in., the 
wall case should then be screwed to the board (not nailed) and the board 
is then nailed against the upright studs, so that the front surface of the 
box will be 1U ins. from the edge of the studs. This will bring the wall case 

FOR 
SU HOLESPPORTIN6 SCREWS SWITCH SCREW 

Thos. 7.108 to 7,110.—Switch boxes for concealed knob and tube wiring. These are for flush 
switches and ere formed from sheet steel. A single switch box can be expanded for any 
number of switches, by using the proper number of spacers. Single and double switch boxes 
can be supplied already assembled and are used where feasible, because it is cheaper to buy 
them this way than to assemble them. Holes partially punched, which can be knocked 
out with a hammer blow, are provided in the sides and back through which the flexible 
conduit wire protection can be extended. 

or box just flush with the finished base or mop board. Thicknesses of base 
boards are about 74 in., but this should be ascertained before installing the 
wall case. The above directions are based on base boards having a thick-
ness of in. A good rule to remember is that lath and plaster take up 

in. Wires entering wall case should be encased in loom, which should 
in turn be secured to the box by clamps. 

After wires are brought into a wall case they should be twisted and 
marked so that they will easily be identified when the switches are to be 
installed. Switches and receptacles are never installed in wall cases until 
after all the plastering has been done. All wall cases should be stuffed 
with newspaper or rags so that they will not be filled with plaster and 
should have a stick extend at least 4 ins, out of them so that they will not 
be plastered over, the stick serving as a mob mark. 
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Wall cases should be installed so that the front edge of the box extends 
$4 in. from the edge of the studs. Wall rnqes should be supported on strips 
of wood which are not less than in. thick. Laths will not do. The 
strips should be placed so that they are flush with the front edge of the studs. 

Fixture Supports.—A good method of installing a fixture support is 
to take a piece of wood in. thick by 6 ins, wide and nail flush with the 
lower edge of the beams; this is for straight electric fixtures. 

In case of a combination gas and electric fixture no board is required. 
The looms should be secured to the gas pipe so that they will not slip down, 
the wires at all outlets should be twisted together so that they will not be 
lost singly. 

F LO OR FLOOR 

ABOUT-1 
APART" WIRE 

81NOINO 

BOTTOM VIEW OF CLEAT 
Fics. 7,111 to 7,113.—Methods of making fixture outlets in concealed knob and tube wiring; 
A cleat consisting of a piece of board at least .7,4 in. thick, should be nailed between the joists 
or studs into which the wood screws supporting the electrolier can be secured. Holes are 
then bored through the cleat, through which the flexible tubing can pass. With a combina-
tion gas and electric fixture as shown in fig. 7,112, no cleat is necessary, because the gas pipe 
supports the fixture. The flexible tubing should be wired to the gas pipe, to prevent das' 
placement by artisans who have occasion to work around the outlet. 

In some cities municipal laws require the use of outlet boxes for loom. 
at all outlets in knob and tube work, although not shown in the drawings, 
they are not required by the Code but they only recommend their use. 

Location of Outlets.—The standard height for side wall outlets are 
68 ins, from the floor. Flush switch outlets should be installed at a standard, 
height of 54 ins, from the floor to the center of the switch box. 

Wall receptacles, such as used for electric irons, etc., shoula be in-
stalled at the same height as switch outlets. 
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Base plug outlets should be installed in the center of the base board, 
not lower than 2 ins, from the floor. 

Points on Wiring Houses Under Construction.—The 
plans and specifications of the house should first be gone over 

very carefully. 

For one family houses 
it is suggested that a 
separate circuit be made 
for each floor, the cellar 
light being taken off at the 
first floor circuit, attic 
light being taken from 
second floor circuit. 

Cellar light sometimes 
can be tapped off of base 
receptacles or vice versa. 

Always arrange the cir-
cuits so that they will drop 
down over the meter or 
distribution panel. 

7,114.—Boring machine for boring porcelain tube holes in knob and tube work. It will 
bore a hole parallel with the floor (avoiding slanting tubes) and in less time than with a brace. 

'71c. 7,115.—Electrician's bit designed for rough usage. It has a coarse worm and sharp 
cutter so that it will pull itself into the wood without much effort. Ordinary fine worm 
carpenters bits are not suitable as they easily clog in the hole. 

Always try to place base plugs under switLhes as this saves wire and 
labor. Group as many switches as possible at one point, this also saves 
labor and material. 

The holes should be bored with a boring machine. If this be not pos-
sible it is suggested that the wireman have the apprentice bore the holes. 
All holes should be bored before wiring is begun. 

For 2 in. joists, 3 in. tubes should be used; foi 3 in. joists 4 in. tubes 
should be used. 

Tubas should be inserted as the holes are bored; this saves time in going 
back to the same place to insert tubes. 

A time saver is to have the wiretnan wear an apron that is similar to 
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those worn by carpenters with two compartments, one for tubes, the other 
for knobs. 

Always make joints as branch circuits or taps are made; this saves time. 
Also cover joint with soldering paste as soon as made. 

In general on knob and tube work there are many details that should 
be borne in mind mainly that time must be saved; this is only accomplished 
by having a system about your work such as outlined above. Never go 
back to an outlet; always finish the work at one particular spot, going back 
and forth is costly. 

Always locate centers of rooms for outlets and install outlet boards for 
fixtures supports before wiring, install wall cases, receptacles, etc. Sol-
dering should not be attempted until all the joints and all wires have been 
mn. 

WIRE 
HOLES BORED BY' 
BRACE AND BIT ON 
SLANT, MAKING   

HOLES BORED BY DIFFICULT INSERTIOt, 
_BORIHG MACHINE ALL AND USING MORE 

HOLES HORIZONTAL WIRE AND LABOR — 

Pic. 7.118.—Comparison of porcelain tube holes as bored with brace and bit and with boring 
machine. The use of a brace and bit is not only a waste of time but makes an objection. 
able job. 

As a final reminder neatness counts, tight wires and neat joints insuria 
d good installation. Always trace out all circuits before house is consid-
ered as finished. 

5. Armored (I3.X.) Cable Wiring 

Armored cable> hereafter called by its trade name, B.X. 
Cable, consists of a duplex or two wire cable covered by a specially 
wound steel casing. B .X. cable is manufactured in long lengths 
(coils of 250 ft. and less) and may be obtained with either 2 or 3 
conductors, also with a lead covering for outside and underground 
nziring. 
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B.X. cable is flexible and the conductors are well protected from me-
chanical injury. While this form of wiring has not the advantage of the 
conduit system—namely, that the wires can be withdrawn and new wires 
inserted without disturbing the building in any way whatever—yet it has 
many of the advantages of the flexible steel conduit, and .t has some ad-
ditional advantages of its own. For example, in a builidng already erected, 
this cable can be fished between the floors and in the partition walls, 
where it would be impossible to install either rigid conduit or flexible steel 
conduit without disturbing the floors or walls to an extent that would be 
objectionable. 

B.X. cable is less expensive than the rigid conduit or the flexible steel 
conduit, but more expensive than cleat wiring or knob and tube wiring, 
and is strongly recommended in preference to the latter. 

FIGS. 7,117 and 7,118.—Greenfield flexible armored (B. X.) cable and length of cable coiled. 

PIG. 7,119.—Greenfield flexible armored cable, lead covered conductors (B.X.L.) for use in 
wet places. 

Code Requirements.—Must be continuous from outlet to outlet. 
Must be equipped at every outlet with an approved outlet box or plate. 
\lust have metal armor grounded. Must have approved terminal fittings 
when entering junction boxes. Armor must not be injured in bending; 
minimum bend, 1% ins, inner radius. 

Installing B.X. Cable.—In order to properly remove the 

metal casing or armor, a fine toothed hack saw should be used. 

The armor is cut diagonally across. The cut should not entirely cut 
tluough the sheath, but should be deep enough so that it will break if given 
a slight ;nward bend Do not cut too deep as this may sever the wires or 
puncture the insulation. 

After armor sheath has been removed, the outer protecting braid must 
be removed from the duplex conductors. This is best done by making a 
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slit one inch below the sheath about one inch long, and then by pulling 
on the outer braid it will readily come off without much effort. 

Before the cable is installed it should be examined at each end to see 
whether any parts of the sheath punctures the insulation. 

This is very important as grounds and short circuits are often thus 
accidentally made. 

In installing on concealed work, the cable is drawn through a hole in 
every joist and beam that it passes through, notching out or cutting grooves 
in joists is not permitted. Care should be taken that the cable should be 
installed so that no nails will puncture the armor when the floor is laid 

PIGS. 7,120 and 7,121.—Right and wrong way to cut B.X. cable with a hack saw. 

FIG. 7,122—Cable connector for securing B.X. cable to outlet boxes, etc. 

7,123.—Bushing for B.X. cable. Where the cable enters wall cases, they should be 
s.curely clamped to the box and be equipped with a bushing. 

PIGS. 7,124 and 7.128.-45° and 90° elbows for making sharp turns from outlet box with B.X. a. bus. 
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back as nails will cause short circuits and grounds, which are very difficult 
to find. 

It is not necessary to draw the cable through the joists in blind attics; 
the cable may be laid on top of the joists. 

By blind attics it is meant where the cable would not be disturbed by 
walking around. 

No junction boxes are permitted to be concealed under floors or walls. 
Make all splices at fixture or switch outlets, if junction boxes be necessary 
they should be installed in a clothes closet or pantry or in open accessible 
attics. 

Where the B.X. cable enters an outlet box, plate, or cabinet the cable 
should be securely fastened to it by B.X. connectors; also, it is important 

Pies. 7,126 and 7,127.—Dead ground cable boxes. For straight electric work male boxes 
should be used, these come already w•th a threaded fixture stud. A female or combina-
tion box is used where the electric fixture is attached to a gas pipe. 

that these connectors be screwed up as tightly as possible, as it is essential 
that the entire installation be one straight metallic system. 

When running B.X. through floors, it also must be protected by a piece 
of pipe which should extend at least 4 inches above and below the floor. 

B.X. should be supported by straps or clamps which should be spaced 
about every 18 ins. 

B.X. can be run on top of cellar joists without any running board. It 
is advisable to strap the cable at every other joist. 

On exposed work the cable should be secured by straps, nails being 
prohibited. 

B.X. cable must never be run in damp cellars, or exposed to the weather 
or laid in concrete. in which the concrete is poured, unless it is ie.ed covered 
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(B.X.L.). B.X. cable however may be run against brick walls or may 
be laid in plastered walls and ceilings provided however that they are dry. 
Never bend B.X. cable in any manner whereby the sheath may become 
injured, as this may cause a ground: minimum inner radius 134 ins. 

Where it crosses water, a steam or water pipe, for ordinary common 
2 or 3 wire B.X., 34 pipe will easily slide over. The sleeve should also 
be screwed so that it will not slide away. This can be best done by strap-
ping both ends of the sleeve to the cable. 

When wiring for 3 way switches 3 wire cable should be used, as it is 
more economical to use one 3-wire cable instead of two 2-wire cables. 
By following the general outline for concealed house wiring, little trouble 
will be experienced in installing a good job. 

AGS. 7,128 and 7.129.--:,reenficli flexible steel conduit; fig. 7,128 single strip type; fig. 7,139 
double strip type. The former (fig. 7,128) is formed with a single strip of galvanized steel, 
interlocked and gasketed in such a manner as to be suitable for concrete construction. The 
double strip type (fig. 7,129) is constructed of a concave and convex steel strip, spirally 
wound upon each other in such a manner as to interlcck their concave surfaces. Thus the 
convex surfaces of the two strips form respectively the outer and inner surfaces of the con-
duit. This construction insures a smooth interior surface, thus reducing the possibility of 
friction in the drawing in of conductors. A gasket is provided between the inner and outer 
strips rendering the conduit moisture proof. This form of flexible conduit is especially 
adapted to use where the wiring is installed after completion of building, because it is very 

5. Flexible Conduit Wiring 

Flexible conduit is a continuous flexible steel tube composed of 
convex and concave metal strips, wound spirally upon each other 
in such a way as to interlock their concave surfaces. 
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It possPrees considerable strength and can be obtained in long lengths 
(50 to 200 feet); elbow fittings are not required as the conduit may be 
bent to almost any radius. The fissures of the conduit provide some 
ventilation; this is an advantage in some places and a disadvantage ir 
others. 

Flexible conduits are used to advantage in many cases where lied con-
duits would not be desirable. It is especially adapted to completed buildings 
where it is desired to install the wiring by "fishing" without greatly dItlirbing 

ems. 7,130 to 7,132.—Greenfield flexible steel conduit and fish plug, showing method of in 
sertion. Fish plugs are made for ›¡ inch, 4 inch, and inch conduit and are useful in draw-
ing in the conduit in finished buildings where it is desired to fish it under doors or in parti-
tions. After the conduit has been cut off square in the special vise, the fish plug may be 
screwed into the tube and the fish wire or drawing in line should then be attached to the 
eyelet on the end of the plug. 

rms. 7,133 to 7,137.—Greenfield flexible conduit tools. Special tools are necessary for installing 
this type of conduit. Fig 7,133, bushing; fig. 7,134, reamer; fig. 7,135, bushing tool; fig. 
7,136, cable armor cutter; fig. 7,137, vise for holding conduit. To remove cable armors, clamp 
the conductor firmly in the armor cutter and with a pair of cutting pliers back the armor 
off, one strip at a time, to the point of contact with the cutting edge of the tool. The 
vise for holding conduit takes all sizes. The conduit can be cut with an ordinary hack 
saw. To protect the insulation against any possible injury while the wire is being drawn 
in. a soft metal bushing should be inserted in the end of the tube and secured permanently 
thereto by means of the bushing tml. The bushing provided for this purpose has an out-
side thread, which permits its being screwed into the end of the tube and then expanded by 
the use of the tool. The tool should always be used after the bushing has been screwed 
imo the pine, then the bushing tool should be inserted. 
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the walls, floors, or ceilings. It should not be used in damp places because 
of the fissures. 

In installing flexible conduit, it is "fished" under floors, in 

partitions between the floor and ceiling, by making pockets in 

the floors, walls or ceilings, say every 15 or 20 feet, and fishing 
through first a stiff metal wire called a "snake," and then attach-
ing the conduit to same and pulling the conduit in place from 
pocket to pocket. 

On vertical runs, a chain or weighted string is used which is dropped 
from the outlet to the floor and its lower end located by sound of the chain 
end or weight striking the floor. 

Black Enameled and 
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COP 1114/1 18 

ale 
 rt?'•:: " 

.t 

e;t:t 

Thres. 

l'n'el 

I 
14 
14 
a 
34 
3 
34 
• 
44 
8 
• 

.840 

0" 315 
660 
900 
an 
675 
$00 
000 
600 
000 
563 
625 

622 

?et 
3110 
610 
067 
406 
011.6 
045 
076 
506 
047 
061 

Ila 

e: 
I. 
/45 
154 
203 
216 
376 
217 
247 
204 
280 

1152 

;113?? 
2 281 
2 731 
II 678 
5 610 
7 616 
9 202 
In 889 
12 1142 
14 510 
ID ,es 

14 

II 
11 
II 
II 

7,l38.—Rigid conduit. The dimensions of the vari-
ous sizes are given in the table at the left, from which 
it will be seen that the dimensions and threads are the 
same as for standard (so called) wrought iron pipe. 

6. Rigid Conduit Wiring 
Rigid conduit, commonly called pipe (but different from 

ordinary pipe used for other purposes) comes in lengths of 10 ft. 

or less, and must never be used in sizes smaller than one-half inch 
pipe rn* nominal size. 

There are twa kind:, of rigid conduit, the unlined and the lined. Unlined 
conduit consist<. of an iron or steel pipe, similar in size, thickness, and in 
every other W3 y tC• 2aS pipe, except that special precautions are taken to 
free it inside prom scale or any irregularities; it is then coated inside with 
enamel. outside it ir sometimes enameled and sometimes galvanized. 

Lined conduit usually consists of a plain iron pipe lined with a tube 
of paver which has been treated with an asphaltic or similar compound. 
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this paper tube is cemented or fastened to the inside of the iron pipe so 
that it forms practically an integral part of the same. 

As compared with lined conduit, unlined conduit is cheaper, because 
having no lining, a smaller size of conduit can be used for any given size of 
conductor; it is also cheaper to install, as it can be bent, threaded, and cut 
more readily than the lined conduit. Wires may be more easily inserted 
and withdrawn as the inside is smoother than that of the lined conduit. 

A disadvantage of unlined conduit is that the Code requires the use of 
double braided conductors instead of single braided which are allowed for 
lined conduits. 

The installation of wires in conduits not only affords protection from 

eiAmilkop 

WROUGHT IRON PIPE 

ORDINARY FORM 

COMMERCIAL FORM 

?sc. 7,139.--Ordinary form of hickey or conduit bender. It consists of a piece of one inch steam 
Mpe about three feet long with a one-inch cast iron tee screwed onto one end of the pipe. 
This device is used as follows: the conduit to be bent is placed on the floor r.nd the tee 
slipped over it. The workman then places one foot on the conduit close tc the tee, and 
pulls the handle of the bender towards him. As the bending progresses, the workman should 
take care to continually move the bender away from himself, to prevent the buckling of 
the conduit. 

FIG. 7,140.—Commercial form of hickey or conduit bender. 

mechanical injury, but also reduces the liability of a short circuit or ground 
on the wires producing an arc which would set fire to the surrounding 
material; the conduit being of sufficient thickness to blow a fuse before the 
arc can burn through the conduit. 

Code Requirements.—Rigid conduit must be continuous from outlet 
to outlet or to junction bores, and must properly enter and be secured to 
all fittings, and the entire system be mechanically secured in position. 
In case of service connections and main wires, this involves running each 
conduit continuously into a main cut out cabinet or gutter surrounding 
the panel board as the case may be. Conduits must be equipped at every 
outlet with an approved outlet box or plate. Outlet plates must not be 
used where it is practicable to install outlet boxes. The outlet box or plate 
must be so installed that it will be flush with the finished surface, and if 
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this surface be broken, it shall be repaired so that it will not show any gaps 
or open spaces around the edge of the outlet box or plate. 

In buildings already constructed where the conditions are such that 
neither outlet box nor plate can be installed, these appliances may be 
omitted by special permission, providing the conduit ends are bushed and 
secured. It is suggested that outlet boxes and fittings having conductive 
coatings be used in order to secure better electrical contact at all points 
throughout the conduit system. 

Metal conduits where they enter junction boxes, and at all other outlets, 
etc., must be provided with approved bushings or fastening plates, fitted 
so as to protect wire from abrasion, except when such protection is ob-
tained by the use of approved nipples, properly fitted in boxes or devices 

CEILING 

C04,00/7. 

BEAM CLAMP, A 

BEAM CLAM* 

BLOCK 

13 

F LOON' 

Fics. 7,141 and 7.142.—Methods of bending large conduits. A substantial support is necessary 
which may consist, as in fig. 7,141, of two pieces of 2X4 studding A and B, securely fastened 
to an upright. The conduit is placed under the block A and over the block B, and then bent 
by a downward pressure exerted at C. the conduit in the meantime being giadually advanced 
in the direction C. to give a curve of the required radius. The method shown in fig. 7,142. 
may be used wherever a ring A, can be attached to a beam or girder by means of clamps 
or otherwise to serve as a support. In this case the conduit is slipped through the ring and 
placed on the top of blocking B. The bending is accomplished by means of a block and 
tackle rigged to an overhead beam as shown. Where ring supports cannot be arranged, 
the application of frame bending methods give the most satisfactory results. 

Conduits must have the metal of the conduit permanently and effec-
tually grounded. Conduits and gas pipes must be securely fastened in 
metal outlet boxes so as to secure good electrical connections. If conduit, 
couplings, outlet boxes or fittings having protective coating of insulating 
material, such as enamel, be used, such coating must be thoroughly re-
moved from threads of both couplings and conduit and from surfaces of 
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boxes and fittings where the conduit is secured in order to obtain requisite 
good connection. 

Where boxes used for centers of distribution do not afford good electrical 
connection, the conduits must be joined around them by suitable bond 
wires. Where sections of metal conduit are installed without being fast-
ened to the metal structure of buildings or grounded metal piping, they 
must be bonded together and joined to a permanent and efficient ground 
connection. Junction boxes must always be installed in such a manner 
as to be accessible. All elbows or bends must be so made that the conduit 
or lining of same will not be injured. The radius of the curve of the inner 
edge of any elbow must not be less than 354 ins. Must have not more 
than the equivalent of four quarter bends from outlet to outlet, the bends 
at the outlets not being counted. 

CONDUIT TO 1. ffEE 

HOLE BEJ3ENT CONDUIT 
DIFFERENTIA 

TACKLE 

RING IN 1 

1\it',e1,1'si 
FIRE HORSE DOWN ' 

PULti_.1 

I CONDUIT 

FLOOR 

ESEAM R COLUMN _ _ .."........-....._  

Fics. 7,143 to 7,145.—Methods of bend.ng large conduits. Fig. 7,143, by heating. Largt, 
conduit such as sizes above 3" may be bent if they be first filled with dry sand to prevent 
kinking and heated until cherry red over a coal fire, then bending as shown. In fig. 7,144, 
the conduit is inserted into a ring secured to the floor and bent over a horse by pulling 
down on the end. The pipe will not kink as the wooden horse is softer than the pipe. An. 
other method, as shown in fig. 7,145, consists of inserting the conduit in the V of a tree and 
bending by attaching block and tackle, worked by team of horses, or preferably by e differ-
ential tackle as shown. 

Ftc. 7.145 —Rittenhouse conr.luit bender. 
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Installing Rigid Conduit.—Cutting should be done with 
a hack saw unless the pipe be thoroughly reamed to remove the 
burr. 

The presence af a burr with its sharp edges might cut into the insulation 
of the wire and cause short circuits or grounds. 

Bends.—The best method of bending small size conduit is by the use 
of a bending tool called a hickey, of which there are various types. A 
cheap and serviceable hickey can be made out of a 1 in. tee screwed on to a 
piece of í in. water pipe about 36 ins. long. 

In place of a hickey, a vise, or the conduit may be bent by drilling a 
hole in a large upright or horizontal beam. Some wirernen bend in. 

FIG. 7,147.—Machine for making quarter bends. This type of a tool should be used on large 
jobs where a number of bends the same size is desired. 

PIGS. 7,148 to 7.150.—Correct method of making a quarter bend with a hickey. The pipe 
should be marked at the place where the bend is to be made, grasp pipe with hickey and 
raise pipe from floor a few inches, shift hickey and bend conduit a little more; keep shifting 
hickey until the proper bend is made. Unless hickey be shifted, the pipe will be kinked, 
thus making it difficult to pull the wires through the pipe; kinked bends will not pass in-
spection. To make an offset: Stand hickey on floor in an upright position with the bend-
ing part up. insert pipe into opening and pull down on the pipe, using the length of the pipe 
as a leverage, having made the bend as far as desired, turn the 13,-n1 up and repeat as aboVe. 
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conduit over the knee, small offsets and saddles for particular work should 
be bent with a hickey. 

Other methods consist in utilizing trolley tracks, crutches of a tree, 
spaces between cast iron sewer pipes and catch basins, street man hole 
covers, machinery, etc. 

Always make sure that the bends are true, otherwise the offset will 
have a crook or bow in it. 

For small and close work use a hickey, but for rough work use a hole in 
a wall, etc. 

PIGS. 7,151 to 7,154.—Conduit fittings. Fig. 7,151, round style outlet box; fig. 7,152. insulated 
fixture stud for use in outlet boxes (note insulated studs are used instead of insulating joints); 
fig. 7,153, outlet box cone; fig. 7,154, spider cones for snap switches and receptacles to fit 
mend boxes. 

f'16s. 7,155 and 7.156,—Conduit tee fitting. Fig. 7,155 shows method of pushing wires through 
conduits from tee fitting, and fig. 7,156, how a splice or branch tap appears from the fitting— 
note method of tapping. 

Instead of bending the conduit standard elbows or bend fittings may h 
used. These have female threads at each end into which the threaded ends 
of the conduit is screwed. 

These are very valuable for the larger sizes above 1 in. but for smaller 
sizes 3i to 1 in.. it is best that the conduit itself should 1;:e bent. 
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sà> 

PIG. 7,158.—Method of securing conduit to 
outlet or junction boxes. Two locknuis and 
o bushing must be used as shown. 

Water and gas pipe fittings are not permitted to be used in electrical 
and conduit work as they are not constructed to receive electric wires. 

Threading.—To successfully cut threads, the dies should be 
and plenty of lubricant should be used, otherwise the dies are overheated, 
lose their temper and soon become dull with resulting poor thread and 
much physical effort required to cut the threads. Do not expect to obtain 
perfect threads unless the dies be ground to the correct cutting angle— 
as usually manufactured this angle is not correct. 

FIG. 7,157.—Fitting for tapping a branch circuit from an existing conduit installation. 

In joining conduit lengths, running threads are used for the same pur. 
pose as the thread on unions in steam fitting. 

The proper method for making a running thread is to cut a thread on 
the conduit the same length as the length of the coupling; the thread should 

be made loose so that the coupl-
ing will turn easily. A lock-nut 
is placed in back of the coupling 
to look coupling in place. 

In cutting, do not lubricee by 
the spasmodic flooding with oil, 
as this immediately runs off and 
does little good. Instead of oil 
provide a small can of lard and 
apply to pipe end with a brush. 
Evidently as the die advances, the 
heat of cuttingprogressively melts 
the lard, thus giving a continuous 
supply of lubricant with no waste. 
Only right hand threads are used 
for electrical work.• 
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In this joining together lengths of conduit butt the ends of conduit to-
gether and run coupling over pipe to be coupled, after running the coup-
ling up as far as it will go, lock the coupling with the lock nut so that a 
good tight joint will be made. 
Running threads should not be made on pipe for underground purposes, 

unless joints are tight and painted with lead and conductors in conduit 
are lead covered. 

Outlets.—All conduits should be secured to all outlet boxes by means 
of two lock nuts and a bushing, the lock nuts to prevent shifting of the 

TME PENNY 

FIGS. 7,159 to 7,163.—Conduit fittings. Fig. 7,159, lock nut; fig. 7,160, bushing; fig. 7,161 
Erickson's coupling or running thread union; figs. 7,162 and fig. 7,163, penny plug to preveni 
foreign objects falling into conduit. 

pipe, and the bushing to protect wire from abrasion. The lock nuts must 
be made up as tightly as possible to make the conduit system one. 

The ends of all conduits where they terminate such as on meter loops, 
motors, and apparatus must be equipped with a porcelain or other insu-
lated bushed fitting. Plain iron bushings are not to be used only on conduits 
protecting ground wires. 
Where it is desired to install a number of conductors in one large conduit 

and distribute them from a central point, junction boxes should be used. 
These should be used on long conduit runs as pull boxes to facilitate in-
stalling the wires in the conduit. 

Laying Conduit.—For concealed work in houses, a strip of the flooring 
is removed and the joists are all notched out by making saw cuts and 
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setting in the conduits so that the conduit is flush with the top of the 
joists. Pan cake boxes are used so that all wires enter at the back of each 
box. 

In laying conduit in concrete, it should be bent at each end and brought 
into the back of the outlet boxes and secured by locknuts and bushings. 
Pancake of flush boxes should be used. The pipe is looped from outlet 

making all joints at outlets. 

FIGS. 7,184 and 7,165.—Conduit clamps Fig. 7,164, old style requiring two screws; fig 7,16.5 
new style, single screw. 

FIG. 7,188.—Conduit ground clamp. 

Ems. 7,187 and 7,I68.—Receptacle wired to a conduit fitting and receptacle cover. Note metho. 
of securing wires to terminal screws. 

FIG. 7.189.—Method of locking fitting to conduit by screws, 



INSIDE WIRING 441 

Lofts and factory buildings of beam construction offer much difficulty 
in installing conduits. Bending the conduit to pass around beams requires 
a lot of labor, causes difficulty in pulling in the wires, and presents an un-
sightly appearance. These objections may be overcome by the use of fit-
tings called pipe tap/ets which can be obtained in various types. In this 
method short lengths of scrap pipe may be utilized; all the pipe may be 
cut to measgre on the bench and installed in sections. 
The wires are easily pushed through and extra extensions may be made 

from tnese fittings. 

Methods of Securing Conduits.—On wood or plaster ceilings conduit 
snould be secured by means of straps. These may be obtained in various 
forms and may be fastened either by nails or screws. 

On metal ceilings toggle bolts should be used, the same on ceilings of 
metal lath. On concrete ceilings wooden plugs or lead shields should be 
;nserted into holes dulled by means of brick drills. 

Conduits may be secured to iron beams or girders by means ot specially 
constructed beam clamps. 

CEILING 

CONDUITS 

LEILING 

0000 

CONDUITS 

) PULL 
BOX 

—ins. 7,170 to 7,173.—Pull boxes and their use in conduit work. A pull box is a convenient de-
vice used for the purpose of avoiding the disadvantages 01 inving too many bends in one 
continuous line of cDnduit; too many bends will give trouble when the conductors are drawn 
in. Pull boxes are also useful in places where the arrangement of the conduit is such that 
trouble would be experienced in bending it to a fit, and also in the case of conduits winch 
-,,re first run on a side wall and then have to be carried across the ceiling at right angles to 
..he wall. Fig. 7,170 shows an example of objectionable bends, and fig. 7,171, the method of 
overcoming the difficulty by the use of a pull box. It is evident that it would be impossible 
to make some of these bends so as to permit the drawing in of the conductors. This diffi-
culty is overcome, as shown, by placing a pull box on the wall, with its top close to the 
ceiling. A board B, having the proper size holes for the conduits is fastened to the front 
uf the box and close to the ceiling. After the conductors have been drawn into the conduits 
along the wall as far s the pull box, they can be readily pulled away from the box through 
the holes in the board into the corresponding conduit on the ceiling. Fig. 7,173, shows the 
use of a pull box in a case where it is necessary to rte. conduit through partitions at right 
angles to each other, 



442 INSIDE WIRING 

Grounding of Conduits.—Ground connections should be made either 
by ground clamps or by special methods in which ground clamps are not 
used. In installing ground clamps at least one clamp is used on the conduit 
and one on the pipe which affords the ground. A ground wire is arranged 
between the two and soldered in the lug of each. More than one ground 
is desirable. At all combination outlets, ground the outlet box to the gas 

pipe. Ground wires should be large enough to give ample 
mechanical strength, No. 10 copper wire being the smallest that 
should be used. 

PuUing Wires in Conduit.--The wires should be free from 
all kinks and bends and should be straightened out and laid 
parallel as they enter the conduit, and wherever possible they 
should be pushed in by hand. 

Never push wires up in vertical conduits as this is double 
work, pushing against gravity; always push down whenever 
possible. 

Never apply oil or grease to wires so that they will slide easy, 
this rots the insulation. Powdered talcum or soap stone should 
be used especially in the hot weather when the insulation is 
sticking. 

If wires can not be pushed by hand they shold be pulled or 
snaked in by attaching them to snake wires. 

Do not attempt to pull wires into runs of conduit that have 
extra long lengths as it is much easier to insert a pull box at 
certain points in the run to relieve excess labor in pulling ir 
wires. 

FIG. 7,115.—Special branch or tee conduit 
fitting which requires no splicing of wires. 

.tero. 7.174.—Method of making a border of lights with conduit fittings. Set screws persh 
aligning fittings in nla:c 
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The obsolete method 
of hooking snakes 
pushed in from each 
end of the conduits, 
requires a lot of labor, 
which may be avoided 
by the use of pull 
boxes properly placed. 

Flu. 7,176.—Method of installing wires in con- In pulling wires in 
long conduits, much 
time can be saved if a 

cord with a paper ball attached to one end is blown through 
the concha with an air hose. 

Clogged conduits can be easily cleaned of foreign objects if 
an air hose be attached to one end. 

Wire Supports in Vertical Conduits.—All wires in vertical 
conduits are required to be supported as follows: 

No. 14 to 0 inclusive every 100 feet. No. 00 to 0000 inclusive every 80 
feet. Above 0000 to 350,000 C. M. inclusive every 60 feet. Above 350,000 
C. M. to 500,000 C. M. inclusive every 50 feet. Above 500,000 C. M. to 
750,000 C. M. inclusive every 40 feet. Above 750,000 C. M. every 35 feet. 

In supporting wires approved clamping devices are used or insulating 
wedges are inserted in the end of the conduits. On long vertical runs 

duit fittings. 

FIGS. 7,177 and 7,178.—Two methods of passing eround ceiling beam with conduit. Fig. 7.177. 
bending method—laborious and presents unsightly appearance. Fig. 7,178, using fittings 
instead of bending the conduit. An easy and neat way and one which permits using scrap 
cir shnrt lengths of conduit. 
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junction boxes may be inserted at the required intervals in which the 
insulating supports are installed. 

Practical Points Relating to Inside Conduit Wiring.— 
The following instructions apply to the installation of wiring in 
both rigid and flexible conduit: 

1. All conduits should be made continuous from one junction or outlet 
box to another, or to the various fixtures. A conduit installation is made 
a complete system by the use of outlets, outlet boxes, switch or junction 
boxes, and panel boxes with doors and locks, which serve to thoroughly 
protect the circuit at all points. 

2. In the installation of interior conduit wiring, the tubes are usually 

FINISHED 
FLOOR 

WOOD FLOOR 
CONCRETE FILLIN6 SLEEPERS CONDUIT 

CEILIN6 TERRA-COTTA OUTLET 

FIG. 7,IJ7.—Method of installing conduits in fire proof buildings. The Installation of the con 
duit includes the placing of all outlet boxes, and when this has been completed, the lathing 
or plastering work is executed, and after that is finished, the wire is pulled into the tubes, 
and the receptacles, switches, etc., put in position. The work of pulling in the wires may 
be greatly facilitated by the use of pull boxes as shown in figs. 7,171 and 7,173. 

put in place as soon as the partitions of the buildings have been constructed. 
In non-fire proof buildings, the tubes are usually supported from the under-
side of the floor beams, but in fire proof buildings they are placed on top 
of the floor beams and under the floor as in fig. 7,197. 

3. When conduit is used in damp places, lead encased wires should be 
used, and the wires drawn in very carefully so as to prevent any injury to 
the casings. 

4. For wiring installations in buildings constructed entirely of reinforced 
concrete, the preliminary work should be laid out during the progress oi 
the building operations so as to avoid, as much as possible, the necessity 
of drilling holes in the finished concrete work. 

5. For concealed wiring, the location of all the outlets should be marked 
by sheet iron tubes large enough to hold the conduits. These tubbs should 
be properly plugged, and set in the false work before the concrete is rcured 
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in. In a similPr manner, threaded pieces of conduit of the proper size, 
should be placed in the false work for risers. 

6. For exposed wiring on concrete walls and ceilings, suitable cast iron 
supports should be set in the moulds at regular intervals. When liberally 

these supports will also serve as good supports for other pipes. 

7. Where a conduit line terminates on the outside of a building some 
suitable fitting such as a pipe cap should be used, as shown in fig. 7,180, 
to prevent the entrance of moisture into the conduit system. 

8: Where it is desirable or necessary to continue open wiring from con-
duits, or where the character of 
the wiring makes it necessary to 
bring the wires over from the 
conduit, as in an arc lamp, neat 
and safe work can be done by use 
of a suitable form of condulet as 
shown in fig. 7,181. 

9. Where a conduit line ter-
minates in a switch or panel 
box. the lining or casing 
of the panels should be of iron , and 
the conduit firmly secured to 

7,180.—Service entrance to interior conduit system; showing method of preventing moister' 
reaching the interior of the conduit system. 

PIG. 7,181.—Outlet to arc lamp from conduit by use of cundulet. The wires are brought out 
from the conduit system at a distance of 2;¡ inches apart. Conduits are made in a great 
variety of design with interchangeable porcelain covers which render them adaptable to 
almost all cases requiring the installation of outlet boxes. 

OFFSET CORRECT METHOD 

—  
%-111111111 

OUTLEI BOX INCORRECT METHOD 

CORRECT METHOD WHERE THE BOXES ARE LESS THAN re APART 
PIGS. 7.182 to 7,184.—Right and wrong methods of installing conduit to outlet boxes. Whet: 
the conduit hole is in the center of ..he box, a much neater job is made if the conduit be 
bent at each outlet where the pipe enters the box. On borders or decorative work where the 
outlets are close to each other, as in fig. 7,184, short pieces of pipe need not be bent, because 
of the considerable labor required in making a multiplicity of bends. Pig. 7,183 show 
incorrect method where boxes are over 12 ins. apart. 
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it so as to make good electrical contact. Vertical lines of conduit should 
be fastened to the wall or other supports in such a manner as to prevent 
the weight of the conduit coming on the panel box, and each length of 
conduit installed should be fastened so as to bear only its own weight. The 
best method of fastening conduit to brick walls is by the use of expansion 
belts and screws. In the case of fire brick ceilings or other plastered walls, 
toggle bolts should be used. When conduits are run on wooden or iron 
beams, various kinds of pipe hanger may be employed. 

10. There are numerous devices on the market for bending conduit for 
the making of elbows, offsets, etc., but the majority possess the disadvan-
tage that the conduit must be taken to them to be bent. In the case of the 
smaller sizes, this difficulty is avoided by the use of some form of conduit 
bender such as shown in figs. 7,139 and 7.140. 

Ú. In all cases, the interior diameter of the conduit installed should be 
amply sufficient to permit of the wires being drawn in easily, thus providing 
a substantial raceway for the conductors. The practice of pulling wires 
through conduit by means of a block and tackle is very objectionable. It 
is evident that if the wires be pulled in by the application of much force the 
insulation is very liable to become damaged; furthermore, much difficulty 
will be experienced in pulling them out again, especially in warm places 
where the heat tends to soften the lining of the conduit, and also the rubber 
covering of the wire. Powdered soapstone put in the pipe while the wires 
are being drawn in will lessen the friction and permit the wire to go in more 
readily. 
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VARIOUS LAMP CONTROL SCHEMES 

C 

D 

E 

SINGLE POLE 
SNAP SWITCH 

LAMPS 

CONTROL OF LAMPS FROM ONE LOCATION 

1 SOURCE 
SINGLE POLE 
SNAP SWITCHES SOURCE 

EACH LAMP CONTROLED FROM ITS OWN SWITCH 

?.WAY 
SWITCH 

CONTROL OF LAMPS BY ONE 3.- WAY SWITCH 
One Lamp Al'ways Lit) 

4.WAY 3.WAY 
SWITCH SWITCH 

}SOURCE 

CONTROL OF LAMPS FROM -2 LOCATIONS 
(One Lamp AI!ways Lit) 

CONTKIL OF LAMPS FROM 2 LOCATIONS 

NGLE POLE 
SNAP SWITCH 

3-WAY 
SWITCHES 

}SOURCE 

ISOURCE 
ARRANGEMENT WHEREBY A SWITCH WILL OPERATE 
ITS OWN LIGHT FOR CERTAIN POSITIONS OF THE 

Two OTHER SWITCHES. 

FIG. 7,185.—In the lamp control diagrams represented above A, illustrates the connection 
when one single pole snap switch is used. B, shows how two lights (or two groups of lights) 
can be controlled individually from a set of two single pole switches. C to E, illustrates a 
series of special types of lamp control used in, for example, test circuits, or in any location 
where a particular control scheme be desired. 
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LAMP CONTROL FROM 2-LOCATIONS 
3- WAY SWITCHES 

2nd POSITION 

BOTH bWITCHES 
IN OFF POSITION 

POSITION OF SWITCH #2 
CHANGED (Current on) 

POSITION OF SWITCH #2 CHANGED 
BACK TO ORIGINAL POSITION 

(Current Off) 

POSITION OF SWITCH #1 CHANGED 
(Current on) 

POSITION OF SWITCH #1 CHANGED 
BACK TO ORIGINAL 'POSITION 

(Current off) 

1 SOURCE 

}SOURCE 

}SOURCE 

1 SOURCE 

SOURCE 

FIG. 7.186.—A convenient and often used method for control of a lamp or a group of lamps 
from two points by means of 3-way switches is shown in the diagrams. The lamps may be 
extinguished or lighted from either switch regardless of the position of the other. When both 
switches are in the position shown at A, the lamps are extinguished, and can be illuminated 
by the operation of switch No. 1 or 2. If as shown in diagram at B, No. 2 switch is operated, 
the lamps will be illuminated and can now be extinguished from either switch. A typical 
sequence of operation is shown diagramatically in A to E. 
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CONTROL OF LAMPS FROM MORÉ THAN ONE 
LOCATION BY MEANS OF 3.AND 4-WAY 

SWITCHES 

3-WAY 
SWI I CFI 

+++ LAMPS 

4-WAY 
SWITCH 

USE OF TWO 3-WAY AND ONE 4-WAY SWITCH 
FOR CONTROL OF LAMPS FROM 3 LOCATIONS 

3-WAY 4-WM 
SWITCH • SWITCH 

 +44 

3-WAY 
SWITCH 

}SOURCE 

USE OF TWO 3-WAY AND TWO 4-WAY SWITCHES 
fOR CONTROL OF LAMPS FROM 4 LOCATIONS 

 (g)14.-- 4 - WAY SWITCH 

.4 44  
USE OF FOUR 4 WAY SWITCHES FOR CONTROL 

OF LAMPS FROM A LOCATIONS 

•WAY 
SWITCH 

WAY 
SWITCH 

3-WAY 
SWITCH 

+4+  
USE OF TWO 3-WAY AND THREE 4-WAY SWITCHES 
FOR CONTROL OF LAMPS FROM 5 LOCATIONS 

}SOURCE 

Fir;. 7,187.—The series of connection diagrams shown in A to D, illustrate the conventional 
methods of lamp control when using 3- and 4-way switches. With reference to A, it is 
lirdous that for any additional point of control desired. a 4-way switch connected the same e s 
the middle switch must be used. See diagrams B to D. 
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LAMP CONTROL FROM 2-CIRCUIT 
ELECTROLIER SWITCH 

LAMPS 

2-CIRCUIT 
SWITCH 

2 
GROUP-1 

3 

GROUP-2 

1 

1st POSITION OF SWITCH 

2nd POSITION OF SWITCH 

GROUP-1 

3 

GROUP-2 

1 

3rd POSITION OF SWITCH 

GROUP-1 

3 

GROUP-2 

1 SOURCE 
.1 

/ SOURCE' 

/ SOURCE 

SOURCE 

4th POSITION OF SWITCH 

PIG. 7.188.—Showing sequence of operation for control of two groups of lamps from typical 
two-circuit electrolier switch. As shown in the diagram the two groups of lamps are ex-
tingui-hed in the first position of the switch. When operating the switch to second position. 
group No. 2 will be illuminated. In the third position the maximum amount of brightness 
is obtained as both groups of lamps are illuminated, and finally in the fourth position. group 
No. 1 only is lit. This switch may not be considered as standard—it is only one of several 
arrangements. 
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LAMP CONTROL FROM 3-CIRCUIT 
ELECTROLIER SWITCH 

SOURCE 

SOURCE -[ 

2 

3-CIRCUIT SWITCH 

1st POSITION OF SWITCH 

SOURCE { 

SOURCE { 

GROUP•1 

3 

GROUP-2 

GROUP- 3 1110 • 
2nd POSITION OF SWITCH 

GROUP 1 le,) 

3 

GROUP-2 le1/4 )i 

GROUP 3 é 

3rd POSITION OF SWITCH 

4th POSITION OF SWITCH 

FIG. 7,189.—A 3-circuit electrolier switch from which three groups of amps are controlled is 
shown above. The sequence of operation is depicted diagramatically and is principally the 
same as shown in the previous 2-circuit switch. In the 4th position maximum illumination 
is obtained, with all lamps lighted. The switch shown is typical only among a great variety 
of switches manufactured for electrolier or dome lamp control. The current carrying 
capacity of the switch as well as potential of the source to be connected should be considered 
for each individual application. 
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LAMP CONTROL FROM 2-LOCATIONS 

BOTH SWITCHES IN OFF POSITION 

#1 

POSITION OF SWITCH #2 CHANGED (Current on) 

#1 

4 + 4. 
POSITION OF SWITCH #2 CHANGED BACK TO ORIGINAL *POSITION (Current off) 

D 

E 

#2 

POSITION OF SWITCH #1 CHANGED (Current on) 

POSITION OF SWITCH #1 CHANGED BACK TO ORIGINAt POSITION 
(Current off) 

Pm 7.190.—This connection provides an economical means of lamp control from two locations. 
Although not Permissible under the National Electric Code, it is shown only as an electrically 
possible circuit. As a in previous connection shown, both switches are in off position at A, 
the lamps extinguished, and can be lit by operating either switch. If switch No. 2, at B. is 
operated to position "S" the lamps will be illuminated, and can be extinguished again from 
any one of the two switches. A to E, inclusive, shows the lamps lighted or extinguished 
depending on position of switch No. 1, relative to the position of switch No. 2. 
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STAIR-WAY LAMP CONTROL WIRING 

iimmaimmummillm mum POLE 
MASTER SWITCH 

+ — 
DOUBLE POLE 
MASTER SWITCH 

7,190A.—Typical stair-way lamp control wiring. As shown in circuit diagram, the 
switches used in this type of light control consist of two double pole switches, inter-connected 
on the first and last floor, and one 3-way switch for each floor. The sequence of operation 
is as follows: Closing switch on the first floor lights lamp on first and second floor. Turning 
the switch on the second floor extinguishes the light on the first floor and lights the lamp 
on the third floor, etc. This operation is continued until the top floor is reached, in other 
words the switch on each floor should be turned in psssing. 
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CHAPTER 20 

Wiring Finished Buildings 

The wiring of finished houses is not as easy L..). it may appear, 
as there are no two houses built alike, and there are no two wire-
men who would wire the same house in the same manner. 
Then there are numerous setbacks that make it difficult to 

proceed with the work quickly, such as parquet floors, double 

floors, clogged parti, 
tions and other ob-
structions which art 
outlined so that if the 
instructions are care-
fully followed no diffi-
c4.11ty will be experi-
enced. 

By laying out the job 
and drawing a rough 
sketch much labor and 

material will be saved 

In many cases the only 
instructions given the 
electrician who does the 
wiring is simply a plan 
showing the location and 
number of lights, from 
which he must figure 
out how to install them 
using the least amount of 

P. 1,191.—Plan showing one floor of a dwelling house wired with conduits. The numbers 
on the various outlets indicate the number o lamps supplied. The wiring is carried out 
on the loop system, and it will be noticed that no branches are taken off between 
outlets. Four circuits are used in order that there may not be more than ten lamps or, 
¡ay one circuit. 
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material and labcr consistent with a good installation that will pass in-
spection. 

It should be ascertained how many sockets are to be attached to each 
outlet, as the code allows only 660 watts to each 2 wire circuits on 40 watts 
per socket, base plugs are counted as sockets. 

After having laid out the number of lights per circuit and the number 
of circuits, the center of distribution should then be found—if a large 
house having over 4 circuits, it is advisable to install a panel 5oard that will 
feed the various circuits, this panel should be installed at a central point. 

Panel boards in loft buildings or in any building requiring 8 to 10 circuits 
o a floor should be distributed one to a floor. 

DISTRIBUTINO 
CRNTER 

SUB- FEEDER S9B-fEEDER 

SWITCHBOARD 

IBENERATOR 

PIG. 7,192.—Two wire parallel system as used with isolated plant. 
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Pm. 7,193.—Double throw switch for use in isolated plants when auxiliary power is used from 
the central station is case of breakdown. 

PIG. 7.194.—Double throw three pcle switch for use in isolated plants where auxiliary power is 
brought in through three wire system. The side of the switch controlling the current it 
bridged as shown. 
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In a building covering a large area it is often advisable to install two 
panels or centers to a floor, with two sets of feeders. It is advisable to 
keep circuit lengths down to 100 feet or less, and the judicious laying out 
of circuit centers will save many feet of wiring. 

The distributing centers or cut out cabinets should be installed near a 
partition that is so located as to make the running of risers easy, and should 
be on an inside wall to guard against dampness. 

If only one distributing point be used, it should be either in the cellaf 
or attic and risers run to the different floors. 

In private houses it is sometimes advisable to install only one panel fot 
the entire house. This is good practice for a three story house not requiring 
over twelve circuits. 

In some cases it is not advisable to install a panel, but to bring the wires 

TO DYNAMO 

7,I95.—Three wire convertible, or three wire two wire system; used to advantage where 
power is supplied from an outside source and brought in through the three wire system. 
The only difference between the three wire convertible, and the straight three wire system 
is that the center, or neutral, wire of the mains and feeders should have a current capacity 
equal to the other two. The reason for this is that it allows the system to be readily changed 
over to a two wire system for use in connection with a private plant. It sometimes hap-
pens that after using power from the local electric illuminating company fcr some time, 
conditions arise which make it expedient for the owners to install a private electric plant. 
If a straight three wire system had been originally installed, the mains and the feeders when 
used on a two wire system would not be heavy enough by 25 per cent., as the neutral wire 
of a straight three wire system is the same in size as one of the two outer wires, and 
theoretically carries one-half the current or less. 

PIG. 7,I96.—Diagram showing reinforcement of neutral wire necessary to change regular three 
wire system to two wire system. The capacity of the neutral wire must equal that of the 
gum of the two other wires. 
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down to the cellar, to the meter board where fuse blocks for the variout 
circuits are installed on the meter board. 

Feeders and Mains.—Making a feeder layout for a large 
building, a good method is to draw an elevation of the building 
as in fig. 7,197, and note on each floor the current requirements. 

The best plan is to furnish a feeder for every floor, especially in large 
installations. In smaller installations one or two feeders arc sometimes 
all that are required. 

Feeders for motors should be independent of lighting feeders. In calcu-
lating sizes, feeders requiring over 2 inch pipe should not be used. It is 
better to subdivide them, especially if there be many bends or offsets, since 
two inch pipe is about the limiting size for economical handling. 

Feeders should radiate from a distributing panel, having a proper sized 
switch and fuse for each feeder. 

If the system of wiring be such that 
auxiliary power is taken from a local 
lighting company, it is a good plan to 
have each circuit corntolled by a double 
throw switch so that in case of over-
load, any circuit can be fed from the 
illuminating company's mains as in 
fig. 7,193. 

It is advisable to install feeders and 
mains in conduit even though the 
circuit wires be run otherwise. Since 
the former carry the main supply of 
current it is important to have them 
well protected as they usually run up 
side walls. 
The underwriters make numerous 

restrictions against open or moulding 
work en brick walls and require good 
% protection, and this is an addi-
tional reason for piping the mains 
and feeders. 

r-i 
7,197.—Diagram showing current required on each floor of building. A sketch of this kind 

is useful n laying out the feeder system. In the building nere shown it will be seen that 
the basement and first floor require the most power. In such a case a feeder is run for these 
floors, and a sub-feeder from the basement to the first floor. It is not worth while to re-
duce the size of the sub-feeder unless the amount of current used on the sub-feeder be a 
small percentage of that used in the feeder. Another reason is that in changing the size of 
a wire, the underwriters require a fuse to be inserted. This makes it necessary to install a 
larger panel with larger trim, etc., and the consequent expense casily offsets any gain made 
by installing a smaller wire. 
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In laying out the branch circuits, it is not good practice to use up the 
underwriters' circuit allowance of 660 watts. 

If a circuit be wired with the full allowance of lamps, no additions could 
be made without violating the Code requirements. 

Locating Outlets.—If concealed wiring is to be installed, the 
outlets should be marked on the ceilings and walls with a pencil 
cross at the spot, marking also the location of switches, etc. 

If a ceiling outlet is to be placed at the center of the ceiling, it is first 
located on the floor and then transferred to the ceiling by means of a plumb 
bob. 

OUTLET 

kLa  

604,4 

RECEPTACLE CAA, 

OUTLET 

SWITCH 

Y7  PLUMB 
BOB 

PIG. 7,198.--Marking for outlets and method of locating ceiling outlet on floor and transfer' ing 
it to the ceiling with plumb bob. 

Furring Strips.—After locating the outlets a small portion 

of flooring is removed to find out whether or not there are 
seventh-eighths inch furring strips between the joists and the 
ceiling plaster. 

If house have hot air registers set in the floors, they may be lifted up, 
instead of taking up flooring. If it be found that there are furring strips, 
much labor will be saved, as the wires may then be fished from outlet to 
outlet and little flooring need be removed. All houses however are not so 
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built, so in case there be no furring strips it will be necessary to take up 
the floor and bore a hole in each joist or beam. 

Cutting the Outlets.—After locating the centers for the 
outlets, the plaster must be cut out so that the outlet box will 
set in. 

FLOOR PLANKS 

JOISTS LATH 

PGs. 7,199 and 7,208.—Floor and joists with furring strips showing space between lath and 
joist introduced by the furring strips permitting wires to be fished without taking up flooring 
and boring joists. 

Pies. 7,201 and 7,202.—Cone dirt catcher for bit and application in boring ceiling outlets. 
it consists of a suitable size cone, made of stiff cardboard and provided with a guide A., 
to hold it central with the bit. Attached to the lower end is a cloth tube B, which is fastened 
with a string to the shank, Fig. 7.202 shows the cone in use. 
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PIG. 7,203.—Method of making a ceiling outlet 
for a combination gas and electric fixture. 

For this purpose a special tool 
has been designed, this plaster 
drill is constructed so that it 
may be fitted over a gas pipe, 
the cutters arc adjustable so that 
any size hole may be cut. A bell 
shaped cup catches any dirt that 
may be removed so that a neat 
and clean job is made, if drill of 
this type is used. But if a 
plaster drill be not obtained, the 
outlet box should be traced over 
with a pencil and the plaster 
should be chiseled around this 
mark with a 1/4', inch blade screw 
driver. 

Outlet Boxes.—After the 
plaster has been removed, the 
outlet box should be set in, so 
that it will fit snugly. The Code 
requires that the lower edge of 

all outlet boxes should not be set back in plaster any farther than 
3/. inch. 

The box should be fitted to the hole in the plaster, and the lath should 
then be marked and notched out with a ack knife to allow the cable to 
properly pass through into the box. 
Securing outlet boxes to laths is not 
allowed as this is not considered as a 
support, and in time loosens up the 
plaster. 

The only places where a board is 
not required is where an outlet happens 
to be located on a beam, joist or stud. 
Side lights can be located on upright 
studs which are the best supports to be 
obtained, but it is not always possible to 
locate outlets on joists, and still have 
the outlet in the center, for this reason 
outlet boards should be installed. These 
should be very carefully installed so as 
not to mar the ceiling. 

Where the outlet is to be made to 
existing gas pipe outlets combination 
boxes should be used. No board is re-
quired, except that the box be securely 
fastened to the gas pipe. 

\\ 

4' 

11 

FIG. 7,204 .—Device for examining parti-
tion interiors. A pocket flash lamp 
and a little mirror are the only appa-
ratus required to inspect the interior of 
a wall or partition which would ordi-
narily be inaccessible. For fishing 
wires, retrieving cable and inspecting 
finished work, the lamp and mirrers 
will be found most useful. 
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The Code requires that the box; should 
fit snugly around the plaster, where 
the plaster is broken, it should be 
mended with plaster of paris. 

Obstructions in Partitions.— 
In the older houses constructed 
when builders had some regard 
for strength, partitions were rein-
forced with cross studs so that it 
is impossible to get by them. 

PIG. 72O5.— Exploring in partition for cross stud. 

CROSS 
STUD 

450 

45° 

REMOVE 
DOOR TRIM 

BORE UP 

FISH 
iN CABLE 

REPLACE 
DOOR 

1RIM 

Pins 7.206 to 7.209 —Method of passing by cross stud in partition when wires are run next 

to ere, . 
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PLASTER 
BROKEN 
AWAY 

LATH 

CHANNEL CUT 

FOR W IRES 

CROSS CABLE 
STUD FISHED IN 

PIGS. 7,210 to 7,214.—Method of passing by cross stud in partitition when plaster must ba 
cut. Locate cross stud as in fig. 7,210, 4A ft. below ceiling. With sharp knife cut wall 
paper along two diagonals AC, and BD. -Thoroughly moisten paper with a sponge. Peel 
back the ends 1, 2, 3, 4, to the position shown in fig. 7,212 and fasten with pins. Cut out 
the plaster in the square thus opened up and cut a channel in the cross stud as in fig. 7.213 
Fish in the cable as in fig. 7,214, replaster and fold back wall paper, pasting it to cover the 
square just plastered. 

t•........... s--,,- 

LONG PIPE 

CROSS STUD 

CROSS STUD 

IT 

LONG EXTENSION 

CELLAR 

PIGS. 7,215 and 7 216.—Two methods of passing by cross stud in partition: I, by inserting 
from above a long pipe and breaking stud by hammering; 2, by boring up from cellar wits 
brace and bit having a long extension. 
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When a cross stud is encountered, the switch outlet may be located 
above the stud, the standard height being 54 inches above the floor. 

Before attempting to drop down a partition it should first be ascertained 
whether or not a cross stud or concrete, mineral wool, brick or rubbish 
filling, is in the partition. A hole is drilled in the top header of the partition 
and a string with a lead weight lowered if the weight reach the floor (this 
can be ascertained by sound) the partition is clear. 

Cutting Out Wall Case or Switch Outlets.—This is a 
difficult operation and must be performed carefully. 

After having first ascertained that it is possible to drop down the par-
tition, 54 inches is measured up from the floor, the plaster is punctured 

OUTER 
LATHS CUT 
AWAY 

Ehos.7.217 to 7,222.—Method of cutting out wall case outlet as described in the accompanying 
text. 

with a screw driver, if the screw driver go between the lath, another hole 
should be punctured, and so on until the plaster has been broken away and 
shows a whole lath; now take the wall case and center the lath with the 
center of the wall case, with a pencil, run over the outer edges of the wall 
cases. Now with a hammer and screwdriver, carefully chisel out the plaster 
on the pencil lines. After the plaster has been removed, with a fine key hole 
saw, carefully cut away the center whole lath, after this has been cut away, 
the other lath should be trimmed with a sharp jack knife so that the box fits 
snugly. The ears of the box should be adjusted so that the box fits just 
flush with the finished plaster. Now screw box to lath with 1 u, inch No. 8 
wood screws, any larger than these will crack the lath. 
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ATTIC 

MOUSE 

OBSTRUCTION 

Dropping Wires Down 

Outer Walls.—First a hole 

should be bored in the header 

and the mouse lowered until it 

reaches the cellar, or hits an 

obstruction. 

Usually obstructions are encoun-
tered as fire stops are placed at each 
floor to prevent the enclosed space 
acting as a flue in case of fire. 
These stops usually consist of 2 X 4 
strips or brick. To reach them the 
baseboard must be removed. This is 
easily pried off with a floor chisel, 
sometimes it is necessary to set in 
the nails with a nail set. If walls 

7,223.—Exploring between inner and outer walls with mouse. At A. an obstruction it 
encountered. This must be cut or bored to permit wires to pass. It may be reached b, 
removing the base board, or may be bored from above with a multi-extension bit. 

be of brick, the entire distance 
from attic to cellar may be fished 
with a steel fish or snake wire, as 
the laths are attached to a g strip 
which is nailed to the brick. 

Fishing.—This is a method 
of running wires through walls, 
floors and ducts by the aid of 
another wire called a snake or 
fish wire attached to the con-
ductors, threaded and drawn 
through in advance 

BASEBOARD eg FLOOR ARE 
REMOVED 50 IBM HOLES 
MAY BE BORED IN HEADERS 

CEILING 
OUTLET 

PIG. 7,224.—Method of dropping down a partition that has headers, also showing method ol 
bringing circuits down to meter. 



WIRING FINISHED BUILDINGS 465 

Snake or fish wires are made of the best steel and tempered in oil. All 
snakes should have a hook bent at each end, and to do this the wire must 
first be annealed. 

The proper method of annealing is to hold the end of the snake in the 
flame of a torch until it becomes cherry red, then bend into shape, heat 
again to cherry red color and quickly insert the heated end in a pail of 
water; this hardens the wire. so that the hook will not pull apart. 

Oics. 7,225 to 7,228.—Method of malcing a snake. Hold w«re in flame till cherry red (fig 7,226) 
bend to shape (fig. 7,226); heat again (fig. 7,227), and submerge end in cowl water while 
cherry red (fig. 7,228). 

Snake wire may be obtained in various shapes but the type best adapted 
for house work is inch wide, We inch thick. 
The proper way to attach the wires to be pulled into the snake is to 

just loop them through the hook of the snake and fold them ayei with 
pliers. 

If wires are to be pulled through a long run, they should be taped. 

OPEN HOLM., CLOSED HOOK \  

Pm. 7,229 and 7,230.—Open and closed snake hooks. The open hook ts used in hookin, 
one snake to another. The closed hook is used for fishing. 

In fishing in a house constructed with furring shifts between 
the joists and ceilings there will be plenty of room to draw 
through the loom or cable. 
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Furring strips in old houses having single floors will be found to rim 
parallel with the floor boards. 

After having cut the outlet as just described, a steel wire or snake is 
inserted into the hole so that it may be pushed into the space made by the 
furring strip, having inserted the end of the snake, it is gently pushed as 
far as desired; if the snake encounter an obstruction, it may be caught 
against a piece of plaster or become twisted. 

With a little practice a snake may be fished over 50 ft. with ease, having 
reached the outlet, another snake or piece of wire is pushed up into the 
hole at the outlet and the snake is hooked, and then gently drawn through 
the outlet; the wires are then attached and pulled through. If a man ba 
at each end consicl'erable labor will be saved. 

7 FRICTICN TAPE CABLE 
SNAKE1 

7,231.—Method of taping end of snake. 

1«,111i, 

Pia. 7,232.—Method of attaching wires to snake for pulling. 

\ SIDE LIGHT OUTLET 

CEILING OUTLET 

HOLE BORED FROM CELLAR 

Pir„ rr..n outlet to outlet. 
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When pulling through the wires it is also necessary that some one be at 
each end so that one will feed the wires in and the other will pull them out. 

The wires should be gently pulled so no damage will be done to the 
plastered ceiling. ' 

If, in pulling the snake, the wires get stuck, the snake and the wires 
should be pulled back and forth as most likely the wires are caught against 
a plaster clinker. This operation will break off these clinkers. 

Sometimes a whole house may be fished without taking up any floors, 

FISH WIRE 

CEIuNG 
OUTLET 

FIRST FLOOR 

CELLAR 

BASE & FLOOR bOAR.i REMOVED 50 HOLE 
CAN BE BORE IN HEADERS. 

FIG. 7,234.—Method of fishing in wires without removing floors or base board. The fish or 
snake wire is pushed up from cellar and hooked as shown. This method is only possible wheo 
there are no headers. 

PIG. 7,235.—Method of fishing in wires through headers. 

but it may be necessary to take off base boards and flooring to drop down 
to the meter board or switch outlets. 

Sometimes it is necessary to use two snakes on long runs and hook them 
underneath the ceiling. 

In this case the ends of the snakes should be connected to a bell and 
battery so the bell will ring when the ends touch each other. 

Taking Up Floor.—Various kinds of flooring are to be 
encountered in wiring houses. 
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In those built previous to 1875 the floor boards are as wide as 10 to 12' 
and are smoothed edged, unlike the present day type of board which has 
a tongue and groove. This type of flooring is very simple to take up. 

If when cutting the outlets, a small hole be bored through the ceiling 
and the bit pushed up till it comes in contact with the flooring of the room 
above, and this flooring be also bored, it will show where to take up the 
flooring to install the wires when they run parallel with the joists. When 
the wires must run perpendicular to the beams all the flooring must be 
taken up so that the holes can be bored in the joists through which the 
wires must pass. 

Floor planks are properly removed by driving the nails down with a 
nail set and lifting up the board. If double floors be encountered, it will 

STARTING TEETH 

STARTING CUT 
BACK SIDE 

FINISHIN G TEETH 

FINI SHING 
CUT FRONT 

SIDE 

PIGS. 7,236 and 7,237.—Floor saws. Fig. 7,236 ordinary compass saw. It should be about 
8 to 12 ins. long, very thin blade and tapered to .4, in. at the end; fig. 7.237, special double 
edge saw for finished floors. 

RIGS. 7,238 and 7,239.—Method of working the double dge saw. Fig. 7,238, starting the cut 
with back edge; fig. 7.239 finishing cut with front edge. 

be found very difficult as double floors are coustructed of hard wood such 
as oak, or maple, and must be handled with extreme care and patience. 
For this type of floor, the tongue is split by inserting a carpenter's floor 
scraping blade, which is a sheet of steel about 4 X6 X1,4". These can be 
purchased at any hardware store at a small sum. 

The scraper should be hammered down so that the tongue is split, both 
sides of the board should be split, so that no difficulty will be experienced 
when lifting up the board. 

After both sides of the board that is to be removed has been treated 
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5-. LONe4-1NGH 611 

as above, a floor chisel should be inserted where the ends of the board 
meet with another and the board gently raised. 

In raising the board, it is better to take more time and proceed 

FLOOR-.,1 
BOARD TO BE 
REMOVED 

PIGS. 7,240 and 7,241.—Two methods of cutting tongue of floor planks. Fig. 7,240, with chise, 
at angle—this cuts off tongue and also lower lip of adjacent plank; fig. 7,241. with scraper 
making a vertical cut. 

KEY HOLE SAW 
FLOOR 
—  

PRY WITH CHISEL 

7.242.—Sentional view showing method of cutting a pocket or opening in floor for the 
insertion n. wire<. 
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cautiously, as the finest floors may easily be ruined by having one board 
sp:it, chipped or marred. 

After the boards have been removed, they should be numbered or marked 
so that they will go back in place without any confusion. They should 
be placed away in a safe place until ready to lay back the floor. 

Holes for wires should be bored in the center of the joists so that when 
laying back the flooring, the nails will not penetrate the metal sheath 
and short circuit or ground the wires. 

Cutting Pockets.— The center of each pocket is indicated 

COVER SUPPORTS - 1"x 2" 

OUTLET 

BASE BOARD 

PIG. 7,243.—View of outlet pocket showing base board, and cover supports in position. 

by the small hole which was bored in through the flooring 
when cutting the ceiling outlets. 

In opening a pocket Yi in. holes are bored to insert a keyhole saw through 
the joint between two boards at each end of the pocket, and as near the 
beams as possible, then the board is cut at an angle as indicated in fig. 7,242. 

Next saw the tongue of the matched board on each side of the pick 
and pry up the boards with a chisel as shown. Having taken up the boards, 
nail a cleat on the side of each joist as in fig. 7,243 so that when the floor 
is laid back there will be a good support. 

A baseboard is next installed as in fig. 7,243 to give a secure hold for the 
screws used in fastening the fixtures. Two holes are then bored diag-
onally with a 1146 inch bit inserting the bit in the small hole bored in the 
ceiling as in fig. 7,242. The outlet wires are then tied around the knobs 
and the upper ends being bared and tapped on to the main wire. A niece of 
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loom is slipped on each outlet wire after which it is thrust through the 
outlet as in fig. 7,244. 

Replacing Floors and Trim.—In replacing floors, small 
finishing nails should be used; these are inconspicuous and will 
not split the wood when being driven. 

When replacing base boards and other finished trim that has been pried 

POCKET COVER 

KNOB 

-SOLDEREDJOINTS 

MAIN WIRES 
BASEBOARD 

OUTLET WIRES 
CIRCULAR LOON 

PIG. 7,244.—View of completed pocket and ceiling outlet showing method of bringing out 
the wires. 

off do not attempt to drive back the nails, but cut them off with cutting 
pliers, as driving the nails back will knock off large chips from the trim. 

After the nails have been cut oft, the head of the nail should be set in 
with a nail set and a new nail driven in the same hole. 

Hard wood floors and trim should be gone over with floor wax to remove 
all scratches and mars. 

RAGGED CRACKS FINISHED SURFACE 
PIG. 7,245—Appearance of a varnished base board after nails are driven out. The proper 
way is to leave nails in the board. cutting them off close with cutting pliers. 
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Installing Flush Switches and Receptacles in Wall Cases, 
—Care should be taken that the switch fits flush with the edge 
of the plaster. 

In order for the switch to fit flush, the case should fit flush, otherwise 
it will be necessary to insert small washers under the switch ears. 

Switch plates will not fit properly unless the switch be flush; if the switch 
be not flush, the plate will buckle and bend in the center. 

7,246.—Two family house meter board arrangement as used throughout Connecticut: 
note method of service pipe and meter loop arrangement. 

Perfect fitting switch plates give an artistic and workmanlike appear 
suce to any installation. 

Meter Boards.—A meter board should be constructed of 
seven-eighths inch soft wood (pine) of sufficient size to accommo-
rlAte the meter and cut-out box. 
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Secure the board against the foundation wall of the building. Paint 
board two coats of black asphaltum or other insulating paint. 

Do not nail boards to foundation wall unless there be an air space back 
of it. The use of 2X4 studs makes a secure board. 

For one single meter, a board 24X 18 is amply large with room to spare 
for future additions. 

The main switch is mounted on the left side of the board. 

All modern meters feed the left for mains, and feed out to the right for 
house cut outs. 

Do not place a meter board any lugherethan 7 ft., or lower than 41A ft. 

Service Connections.—This inOtides the wiring from the 
street supply to the meter board 

/WOODEN PANEL 

TO SOURCE 

a  

nF 

IEJN 
HITCH 

J SE 

CONDUIT 

TO FUSE 
BOXES 

PLUG 
FUSES 

PLUG 
FUSES 

FUSE 
BOX 

0 CROL/ND BUS 
Seara. 

GROUND 
BUS 

GROUND CLAMP 
WATER PIPE 

10 FUSE 
130xEs 

GROUND CLAMP 

3-WIRE SERVICE CONNECTION 

Fie. 7,247.—Illustrating wiring arrangement of a three-wire service installation, for a single 
family dwelling. 
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TO SERVICE SWITCHES 
THREE WIRE 
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CIRCUITS 
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BLACK 

PLUG-FUSE 

BLACK 

BRANCH-CIRCUIT 
BRANCH FUSE BOX 
CIRCUITS 

,v-BLACK 

  WHITE 

BRANCH-CIRCUIT FUSE BOX 
3 WIRE UNFUSED NEUTRAL 

PLUG-FUSE 

BRANCH-CIRCUIT FUSE BOX 
2 WIRE UNFUSED NEUTRAL 

PLUG-FUSE 

SWITCH BOX 

RAO( 

VVHI/E 

TUMBLER 
SWITCH 

WHITE TO GROUND. 
BRANCH BRANCH ED SIDE OF LINE 
CIRCUIT CIRCUIT 

GROUND BUS 
(Not connected) 

BRANCH-CIRCUIT FUSE BOX 

2-WIRE BOTH SIDES FUSED 
FIGS. 7,248 to 7.259.—Wiring diagram of various branch circuit fuse boxes. In the past it has 
been the practice to locate all circuit protective disconnects in one location. This location 
all too frequently was in the basement or other equally inconvenient space. It is becoming 
more and more common to place these control centers near the load centers. In residence 
wiring the kitchen, laundry and utility rooms have the greatest portion of the electrical 
load. For this reason, it is desirable to locate at least one of the control centers in such 
area. This will result in the branch circuits being short in length, because of their prcaimity 
to the various lighting and appliance outlets. 

BLACK-TO HO/ 
SIDE OF LINE 
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The wires outside should be run only in galvanized conduit, although the 
black enamelled form is approved. 

The service pipe should be run up the side of the building where directed 
by the looal lighting company. 

The top of the service cap must be equipped with a service cap or pipe 
cap; this cap must have a non-combustible, non-absorbtive bushing where 
the wires pass through. 

Where the conduit enters the building the right angle turn may be made 
by using an approved pipe fitting, or by a goose neck bend. 

The Code requires that all wires, where they enter a building be pro. 
tected by a fusible switch and cut out. 

PB:\\\\\\\;[\IMENifil ia llfiil!IM  

HOLES BORED 3A5E. BOARD 
FOR SAWING 

*I— OUTLINE. 
MARKED 

In case it he impossible 
to place this at point of 
entrance, a :rut out can 
be placed there and sub-
mains run to the meter 
board. 

All switches and cut 
outs must be mounted in 
iron boxes with a hinged 
cover deep enough to 
cover the switch and cut 
out and large enough so 
that a switch can be open-
ed or closed in the box. 
Also wide enough to allow 
a space around the switch 
or cut out. 

FIG. 7,260.—Installing switch box in base board. 1, mark outline of box on base board; 2, 
bore two holes as shown to start saw; 3, saw to outline; 4, clear opening to bring box flush; 
5. install box in opening after removing suitable knock outs. 

Switches for Lighting Installations.—Plug fuse switches 
are only approved for use on voltages up to 125 volts and to 

stand a load of 30 amperes. 

In the case of a fair size residence a 30 ampere switch of the plug type 
could probably be used (note types of switches are optional with local 
central stations). 

In the case of a large installation having a load exceeding 30 amperes, 
cartridge fuse switches and cut outs must be used. 
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These are designed for pressures up to 600 volts. 

Cut out boxes usually have 54 in. knock outs; if a larger size conduit 
be used, these knock outs must be enlarged by reaming unless boxes with 
larger size knockouts be obtained. The conduit is secured to the box 
by two locknuts and a bushing. 

Wires leaving the cut out box should pass through porcelain insulators 
or bushings. 

The box should be secured to the board by means of W wood screws. 

The switch or cut out 
should be secured in the box 
by means of holes drilled or 
punched through the box, 
wood screws passing through 
the cut out box and screwed 
into the wood meter board 
will securely hold any cutout 
or switch. 

Installation of Knife 
Switches.—When in-
stalled in a vertical posi-
tion, the switch should be 
so placed that gravity will 
tend to open it. 

Where a three wire switch 
is used, the middle or neutral 
fuse clip must be made solid, 

7,261.—Right and wrong way ot installing knife switches. They should always be 
installed so that gravity tends to open them, otherwise when the hinges become worn, the 
switch might close. 

so that no fuse may be installed in the center clip (this is for lighting 
installations on a single phase, or a d.c. system). 

Drop Cords.—According to the Code, only reinforced cord 
not smaller than No. 18 can be used for drop cord purposes and 
must be used without adjusters. 
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Only 3A  sockets may be used equipped with a porcelain bush-
ing, or sockets with pendant caps, or all porcelain sockets must 

be used. 
Hard rubber or composition bushings are not allowed. 

Where the wires enter a socket, rosette, or an outlet box, 
they should be relieved of any strain by making an Underwriter's 
knot so that the weight of the socket, shade and lamp will not 

be on the joint 

\PORCELAIN 
BUSHING 

7,262.—Drop cord fixture leaving conduct outlet box cover. A porcelain bushing must 
be used with all metal covers. 

FIG. 7,283.—Fixture stud for supporting fixtures to outlet boxes. 

Square or granny knots are not approved, sockets may be 
obtained with strain relief devices attached. 

Stripping Drop Cord.—With a sharp knife cut around the outer braid 
just deep enough to cut the braid and re-enforced rubber covering. Then 
cut a slit parallel with the cord just deep enough to cut only the outer 
braid. Remove outer braid and with each hand pull on each wire and re-
enforced rubber braid will fall away. About 2 ins, is sufficient for sockets, 
and rosettes; 6 ins, to be allowed where the cord is to he spliced to other 
wires such as in outlet boxes, etc. 

Uses of Drop Cord.—For inside of residences, re-enforced cotton cord 



.in. 7,264.—Austin straight bar hanger and stud. The smd is slotted allowing free movement along the bar, yet may be easily 
tightened by the loclmut in any selected place, making it possible to set box at desired spot although conduit may bear a little o:f length. 

7,265.—Austin universal box cleat used chiefly for side wall co,,struction can also be used on ceiling work. By nailing 
across the front of joists a flush position for the box i. obtained. 

PIGS. 7,266 to 7,269.—Application of Austin straight bar hanger and view of stud and lock 
nut. All four knock outs are accessible in standard outlet boxes; especially suited to loom 
box, all eight knock outs can be used. 

can be used with a light outer braid. For factories, the heavy type should 
be used. For cellars, the slicked or weatherproof type should be used. 
For bakeries or places where they are subjected to a large heat or where 
the cord is attached to heating appliances, regular asbestos heating cord 
must be used. 

For auto garages, extra heavy marine deck cable should used, or the same 
encased in a specially wound metalic sheath. 
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Fins. 7,270 and 7,271.—Austin ''Economy" old work hanger. 
Application: The plaster s. cpened only large enough to 
perm t t e stud ta pass through. The stud is then slipped 
to the end of the bar as shown and the assembly slipped 
through the Foie. When the box is in a horizontal position. 
the wire leader is drawn through the stud. This slides the 
bar into position and centers the stud on the bar. The outlet 
box is fastened to the stud with a lock-nut and secured tightly 
in place. 
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fin. 7,273--Adapting ring. 

FIG. 7,272.—Austin adjustable floor outlet box. It is water tight. The cover 
can be tilted half an inch in any direction and raised or lowered more than 
half an inch. All adjustments are made on the inside. Electrical connec-
tions can be made in the box without breaking joints at the floor flange. 
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For show windows B. X. drop cord must be used. 

Clusters of more than one light must not be attached to drop cords. 

Drop cords may be extended from their outlets to another position by 
means of ceiling buttons. 

Fixture Wiring.—Chain fixtures must be wired with flexible cord 
preferably single conductors so that each one may be laced through each 
link of the fixture chain. 

Chain fixtures are suitable for show windows. 

One-eighth inch trade size sockets should be used so that loop:. may be 
screwed into the socket caps. 

Chain fixtures that are attached to concealed knob and tube wiring cm 
wooden moulding may be attached with fixture crow feet or tripods. 

Pro. 7,274.—Austin conduit plugs for corking conduit systems during construction to keep out 
dirt, plaster, concrete, etc. These plugs are especially needed in poured concrete work. 

If the ceiling be of metal or plaster containing metal lath, a fibre or 
rubber canopy insulator must be used. 

Brackets or side wall fixtures must be wired with No. 18 fixture (solid 
wire) or larger. 

The ends of all pipes and bodies being reamed so that the burrs will not 
cut into the insulation. 

Pendants or fixtures that are constructed of tubing must be wired with 
solid fixture wire. 

Combination fixtures that are attached to gas pipes must be equipped 
with insulating joints so that the fixture will be perfectly insulated and free 
from grounds, likewise must all fixtures that are attached to metal outlet 
boxes of B. X. and conduit wiring or knob ^-tcl tube wiring where the fixture 
's to be secured to a gas pipe. 
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Fusing of House Circuits.—For lighting circuits no fuse 
larger than 10 amperes may be used except with special permission 
from the local inspector or where all the lights are controlled by 
one switch; also no lighting circuit should have a load in access 
of 660 watts except in factories where all the lights are connected 
with porcelain sockets and a wire not smaller than a No. 14 
is used, but in houses the 660 watt rule must prevail. 

Thus on a 110 volt system it is best to figure 7 amperes per circuit. 

For each circuit a cut out must be provided. These cut outs must be 

CEIL‘NC, 

MAGNETIZED 
FILE 

?to. 7,275.—Metàod of beating outlet with a compass. A strongly magnetized file is placed 
at the point selected fur outlet. t .en by exploring on the floor above with a compass, the 
needle wil, be agitated w:It.n moved directly over the file. 

OUTLET 
HOLE 

e 

DRY —.— 
CELLS 

SNAKE 

PIG. 7.276.—Method -tf fishing w th snake and electric bell 

HOLE THROUGH 
CEILING PLATE 

COPPER WIRE 
CONNECTED 

5NAKI 
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installed in metal cabinet or boxes and preferably mounted directly on 
the meter board. Cut out boxes should not be mounted any higher than 
7 ft. from the floor and no lower than 4A ft. 

If the cut outs be grouped in one box, all ovet 4 circuits must have a 
box with a gutter around it unless a box be made so that the wires enter 
opposite the cut out terminals. 

The use of water or gas pipe fittings on services are prohibited. 

BRACE 

BIT 
THROUGH 
STUD 

STUD 
HOLE 
IN, BIT 

FISH BIT 

LATH AND 
PLASTER WIRE IN 

BIT HOLE 

WIRE 
BEING 
DRAWN 
THROUrill 

PIGS. 7,277 to 7,279.—Method of using s eel fish bit. After boring through as in fig. 7,277, 
thread end of wire through hole in bit ( g. 7,278), and withdraw bit bringing with it the wir, 
that is t.) be passed through the bored hole as in fig. 7,279. 

Main switches should be fused in accordance with the carrying capacity 
of the wires to which they are connected, according to the following: 

Fusing Table 

Load (amperes)  1 3 I 6 10 15 I 20 25 I 30 

Fuse (amperes)    3 6 10 I 15 20 25 I 30 35  

Types of Fuses.—Plug 
fuses are largely used for 

loads up to 30 amperes at 
pressures up to 125 volts. 

Cartridge fuses are used up to 
1,000 amperes and up to 100,000 
volts. Drop cord rosettes used 
in mills are fused with fuse wire 
or links which screw under the 
terminals on the rosette. The 
largest size fuse wire permissible 
is 3 amp. size. 

F.c. ' 280.—Method of exploring between floor and ceiling with flash lanm and mirror. 
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Small transformers for wireless work, bell ringing, etc., should be fused 
with the minimum size fuse permissible, which is 3 amperes. 

Three and Four Way Switches.—These are used for con-
trolling one or more lights from two or more points. 

Wiring diagrams for different types of switches are shown in the ac-
companying cuts. Three way switches are always installed with hall 
lights. Three wire cable should always be used, as, if one wire be used 
in a cable, it will heat up due to the inductive effect of the grounded cable. 
This is an important matter and should not be overlooked. 

Three way switches are similar to 3 point return call bell push buttons. 

FIG. 7,281.—Austin tempered steel fish tape. /t 18 made of fiat tempered spring wire. The 
fiat shape lends to its flexibility which is necessary for long runs of conduit having several 
bends. The tempering prevents the tape curling after long use. It comes in lengths. 
multiples of 25 feet. 

One side of the circuit is in contact all the time, the mechanism of the 
switches serving also as a reversing switch. The two wires connected be-
tween each switch are called the travelers. 
Four way switches are used where more than two 3 way switches are 

required, 4 way switches operate the same as 3 ways, but are connected 
differently, the 4 ways being placed in the traveler wires; any number 
of 4 way switches may be installed with a set of 3 way switches. 

In connecting up 4 ways care should be taken that one wire of the trav-
elers is reversed to the switch, otherwise the switches will not operate. 

Pics. 7,282 to 7,284.—Austin Hickeys. Fig. 7,282, adjustable: fig. 7.283. "bull dog" non-skid: 
fig 7.284. Lakin for short bend in awkward positions. 



184 WIRING FINISHED BUILDINGS 

Wiping Joints.—Large splices can best be soldered if the solder be first 
roughly applied with a good gasoline torch. Then a moleskin or canvas 
joint wiping pad is quickly run around the joint so that it will be smooth. 
By melting a little paraffin wax on the joint, it will appear smooth and 
shiny. 

Surplus solder should be removed, when soldering large joints, a metal 
drip pan to catch the dripping should be placed underneath the joints so 
that the drippings can be caught and melted over again. 

Taping.—The Code states that the same form of insulation must be 
placed on joints as removed. Thus if rubber covered wire be used, rubber 
tape must be put over the joint and this covered with friction tape. In 
taping at least three layers of each kind of insulation must be wound 
tightly over the splice. 

Always hold the hand over a splice that has been taped so the heat of 
the hand will vulcanize the tape. 

Plea. 7,285 ana 7,286.—Austin adjustable ground clamps, made in three sizes being adjust 
able in various ranges from three-eighths to three inch pipe. 

Or arge size cables and wires, after the wires have been taped it is sug-
gestr., that all joints should be painted over with two coats of insulatinu 
paint at olack asphaltum especially where the joints are exposed to the 
weathei. 

Wire and Cable Splicing.—In splicing a cable the. insulation 
must first be removed. To do this a sharp knife is necessary, as it 
is impossible to hold an edge on a knife it is suggested that a 
knife having extra hard steel be used so that it will hold its edge 
longer than the inferior type, old files, ground down to an edge 
and fitted with a suitable handle, make very excellent knives. 
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Removing Insulation.—First, mark off the desired amount of insulation 
that is to be removed and with a sharp knife cut all around the insulation 
just deep enough so that it barely touches the metal of the wire, then hold 
the joint of the knife parallel with the wire and cut a long gash into the 
insulation as deep as the blade will enter. With a pair of pliers pull off the 
insulation and it will be found that the insulation will come off easily leaving 
the wire clean and bare. If the insulation be removed as with solid wire, 
it will be found that the insulation will stick to the wire and will be very 
difficult to remove. Note flexible re-enforced drop cord insulation should be 
removed in the same fashion as stranded wire. 

The insulation of stranded cable should be removed in the same fashion 

cialigSSMeinniSS911111> 

Fies. 7,287 to 7,289.—Splicing, Fis. 7,287 and 7,288, making a wire splice, and the twist 
completed; fig. 7,289, a wrapped joint on large wire. The joint should be carefully tinned 
and soldered in order to give good electrical contact and to avoid corrosion along the 
contact surface. Where wires are too large to be twisted together, the ends are given a 
short bend and the two wires wrapped firmly together with a smaller bare copper wire, after 
which the joint is thoroughly tinned and soldered, preferably by pouring hot solder over the 
joint. The joint is then insulated by wrapping it with two layers of pure rubber, and 
three layers of tape, sufficient to make the insulation thickness equal to that of the wire, 
after which the whole joint should be painted with water proof paint. 

as stranded wire. Use a hack saw to cut around the wire and a large 
hunting knife or razor to cut the insulation. 

Splicing.—The Western Union type of joint is used for making running 
splices such as are used for continuing a run of wire Figs. 7,290 and 7,291, 
show the method of making the joint, and fig. 7,292, a tee or branch tap 
joint. 

Pig Tail Splice.—This splice is used for making splices in junction 
boxes, fixture outlets, and all other places where a number of wires ter-
minate. 

The insulation is removed on all the wires, the same amount of insulation 
being removed from each wire so that the wires all come out evenly skinned. 
Bunch them all together and with a long pair of pliers twist them all together 
either to the right or left, keep twisting them until they are all tight, with 
the cutting edge of the pliers, trim off the ends se that there are no sham 
points. 
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Soldering.—Small size solid and stranded wires can be sol-
dered with the heat of alcohol torch although a gasoline torch 
gives better results. 

In order that the solder will properly stick, it is essential that the wire 

PIGS. 7,290 and 7,291.—Western Union joint. In splicing ends of the wire bath being prop-
erly cleaned, are twisted together in opposite directions, as in fig. 7.290, then take one end 
and wind it around 4 or 5 times around the bare surface of the other wir›, treat the other 
end in the sanie manner, use pliers in pulling the wire around the tur , otherwise they 
will not be tight, be sure that the ends of the splice terminate at the insvlation do not make 
the joints too long or too short. 4 or 5 times on each end, as in fig. 7,291, is sufficient. 

Pia. 7,292.—Tee or branch tap joint. This joint is used in junction boxes. The splice is 
made the same as the running butt splice only all the wires are wound around the same wire. 
In splicing, the wire to be tapped is skinned so that just enough insulation is removed so 
that the prope, number of turns may be wound around it. Hold the new wire that is to be 
tapped parallel with the wire that is already installed, and with a pair of pliers wind the 
wire around 4 or 5 times and clinch end of wire so it will not protrude. 

should be thoroughly cleaned. Having cleaned the wires they should be 
coated with a thin film of a non-corroding soldering paste: this is to further 
remove the dirt and oxidization that is on the wire; unless soldering paste 
be used, the solder will not stick to the joint, apply the heat and do not 
apply the solder until the soldering paste ou the joint begins to bubble, 
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then apply a little solder until the solder runs, turn the wire all around so 
that the solder runs all around the joint. Allow joint to cool. 

Joints also may be dipped in a pot of solder, provided they are covered 
with paste before dipping. 

Remember that the metal to be soldered must be as hot as the solde/ 
anti vice versa. 
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PIG. 7.293.—Wiring for heat appliances; plan of first floor. The location of the outlets 13 or 
importance. Usually a flush receptacle in the base board meets the requirements. Where 
several heating circuits are used it is essential that an appliance taking a large current be not 
placed on the regular lighting circuit. To guard against this possibility, special receptacles 
should be installed, constructed for plugs which will not fit any other receptacle. 

NOTES 
NOTE.—Sewer catch basin covers and street manhole covers may be used as a bending 

device, the pipe being inserted through the holes in the covers, and weight born down on pipe. 

NOTE.—To prevent terminal lugs becoming dirty and covered with solder they 
shoed be covered with laundiy soep Eefrre applying heat of torch. 
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NOTE.—A handy angle soldering copper 
may be made from an ordinary soldering cupge 
by cutting a 90° V notch at about the middle of 
the copper and bending over 90°. 

NOTE.—Metal tubing may be easily broken 
apart if a notch be filed all around the outer surface 
with a 3 cornered file. 

NOTE.—An old umbrella inverted and hung 
on a gas fixture will prevent dirt and plaster falling 
on the floor while cutting out mound gas pipes. 

NOTE.— To prevent ceilings and walls 
becoming scorched while soldering with a torch. 
a sheet of asbestos bo..^A should be held arrund 
and above joint to be soldereu, sheet 
substituted. 

NOTE.—By cutting off the head of a ten 
penny nail and inserting nail in a brace, it may be 
used as a wood drill through any kind of soft 
wood; try it. 

NOT screws or bolts may be re-
moved if a slot be cut into the screw with a hack 
saw, use the thumb nail as a guide for the saw, after 
a deep slot is cut, insert screw driver into skit and 
remove broken screws. 

NOTE.—Locking screws that work loose 
such as on fans, and motors may be locked in place 
if chisel marks be made opposite the slots. 

NOTE .—Mica washers may be obtained from 
old burnt out fuse plugs, for repairi„g electric irorn 
and appliances. 

NOTE.—When short a lock nut rather than 
go back to the shop, cut a lock nut from a coupling 
with a hack saw. 

NOTE.—Porcelain tubes may be cut off if 
they be scratched with a file and heated in a flame, 
a sharp blow at joint of scratch, when cooled will 
break off part not desired. 

NOTE.—Pulling in wires in fixture arms 
after first having tried to push wires in. If found 
difficult, drop a piece of pull chain, such as used 
on pull chain sockets, this will easily slide through 
any bend, attach wires to end and pull through. 

NOTE.—Splits in hard wood floors and trim 
may easily be repaired by using common pins in 
the same manner as nails. 

NOTE.—Plaster of Paris may be prevented 
hardening by mixing a little lime with the plaster. 
Plaster surfaces may be ssnoothed off with a brush 
soaked in water. 
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NOTE.—Stillsor. wrench jaws that do not grip can be made like new by filing out the jaws 
with a three cornered file. 

NOTE.—A brick drill may be easily made from any piece of scrap water pipe by cuttin_ 
a number of knotches on the end; use a hack saw and a three cornered file. 

NOTE.—Wood bits may be sharpened with a fine manicuring file, never file the outer 
surface of a hit as it makes the cutters smaller and will be more difficult to turn bit through 
hole, as twist of bit is larger. 

NOTE .—Vinegar (white) may be used as a substitute soldering flux, so may bicarbonate 
of soda or borax. 

NOTE.—Stripped threads on screws or bolts may be replaced by filling it. worn and 
stripped threads with hard solder and rethreading. 

NOTE.—Driving a nail I-2 brick walls. If it do not hold, another nail should be 
driven diagonally across the nail so that it will cross and bind the nail, this method is very 
effective and secure. 

NOTE .—A 20 penny nail makes a good substitute for a prick punch for punching holea 
in cut out boxes. Nails also may be used as nail sets. 

N'TE.—A good meter board paint may be made from dissolving lamp black in gasoline. 
This also makes a good motor paint. 

NOTE.—Cutting line shafting. To cut off a section of line shafting, a hack saw should 
he held on the place to be cut and the shaft should be run by power. this will cut off the shaft 
smoothly and quickly. 

NOTE.—Old broom sticks cut up into pieces 4 inches long are good plugs for concrete 
walls to fasten outlet boxes and pipe, etc. 

NOTE.—Knife sharpener. A common porcelain tube may be used for the frequent 
sharpenirg of a knife blade dulled by scraping insulation and wires. 
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CHAPTER 21 

Outside Wiring 
Materials for Outside Conductors.—Copper wire is now 

considered to be the most suitable material not only for the 
transmission of current for electric light and power purposes, 
but also for telegraph and telephone lines, in place of the iror 
wire formerly employed. 

Tensile Strength of Copper Wire 

Size of wire 
B. & S. gauge 

Tensile 
strength, lbs. 

Size of wire 
B. &: S. gauge 

Tensile 
strength, lbs. 

0000 9971 9 617 
000 7907 10 489 
00 6271 11 388 
0 4973 12 307 
1 3943 13 244 
2 3127 14 193 
3 2480 15 153 
4 1967 16 133 
5 1559 17 97 
6 1237 18 77 
7 980 19 C I 
8 778 20 48 

Hard drawn copper wire is used in outside construction, because its 
tensile strength ranges from 60,000 to 70,000 pounds or about twice that 
of soft copper. This is desirable to withstand the stresses to which the wire 
is subjected which, in the case of lone spans, are considerable 

Pole Lines.—Various species of northern pine, cedar and 
cypress, because of their size and straightness, are suitable for 
large poles. 



ra,  

Degamummagganagnamme 
Im__ 7,295 to 7,306.—Pole construction tools. Fig. 7,295, long handled digging shovel; fig. 7,296, digging bar, fig. 7,297, 
crow and digging bar; fig. 7,298, tamping and digging bar; 7,299, wood handle tamping bar; fig. 7,300, slick digging tool; fig. 
7,301, post hole auger; fig. 7,302, carrying hook; fig. 7,303, tamping pick; fig. 7,304, split wooden handle post hole auger fig. 7,305. 
cant hook; fig. 7,306, socket peavey. 

The preservation of wooden poles is important. Decay of the pole occurs especially at or near the soil 
line. There are several preservation processes, such as creosoting, burnettizing, kyanizing, carbolizing, 
and vulcanizing. The application of pitch and tar oftentimes results in more harm than good. 

Methods of Setting Wooden Poles.—Where poles have to be planted in low, 
swampy ground, or where the climatic conditions are such that timber decays rapidly 
it has been found advantageous to place the poles in concrete settings. 

This method is often used in the Southern States, square poles being placed in settings about 7' deepand 3W 
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square. In very soft ground the employment of a concrete setting is 
sometimes impracticable. In such cases piles are driven deep into the 
soil, and the pole bolted to the part of the pile extending above the ground. 

Reinforced Concrete Poles.--Untreated wooden poles 
must be replaced by new poles about every six years whereas 
reinforced concrete poles will last indefinitely. 

One form of reinforced concrete pole consists of a skeleton frame wnrk 

RIGS. 7.307 to 7,309.—Glass insulator and insulator pin in. racket. The insulator here shown 
is of the pony double petticoat type. Insulate pins are used with cross arms brackets are 
attached direct to the pole. 

of four corrugated iron rods covered with ordinary concrete. The pole 
is octagonal in shape, 30 feet long, and provided with mortises for cross 
arms, the latter being f istened in place by means of iron bolts. It is 
stated that they are less expensive than pine poles, and that each pole 
can be ni tnufactured at the point on the line at which it is to be installed 
or planted. 

- 

PIG. 7,310.—Lross arm which carries the insulator pins. The standard cross arm is 3% X4% 
inches, double painted, and bored for l3 inch pins and two 1,¡ inch bolt holes. Telephone 
arms are 2% X3% inch, bored for 1% inch pins and two inch bolts. 

Cross Arms.--These are usually attached to the poles before 
they are erected. 

They are commonly made from yellow pine wood, generally 3j X4% 
inches, and are freely coated with good mineral paint as a preservative. 
Attachment is made to the pole by cutting a gain one inch deep and of 
sufficient breadth to allow the longest side of the cross arm to fit accu-
rately. It is then secured in place by a lag screw, with a square head, 
so that it may be driven into place with a wrench. The cross arm is further 
secured to the pole by galvanized 4X1U flat iron braces. 



OUTSIDE WIRING 493 

The cross arms are bored with holes for the insertion of the insulator 
pins, which are made of locust wood and threaded at the upper end to re-
ceive the glass insulator. 
The cross arm is made of such a length as to accom-

modate the number of pins to be inserted. An arm 
for two pins is made three feet long, according to the 
standard usually followed, with holes for the pins at 
center points three inches from either end and a space 
of 28 inches between them in the center. 

PIGS. 7,311 to 7,314.—Pole line construction tools. Fig. 7,311, pike pole; fig. 7,312, raising 
fork; 5g. 7,313. mule pole support; fig. 7,314, jenny pole support. 

FIG. 7,315 —Guy anchor log in position. 

FIG. 7 ,316.--Stombaugh guy anchor. It is made of cast iron and can be screwed into the grounc 
like an augzer 
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Light and power wires must not be strung on the same cross arm with tele-
graph or telephone wires. 

ete 

Spacing the Poles.—This is governed by the weight of the 
lines the poles must carry, the heavier the lines, the greater 
the number of poles. 

7,317.—Method of pulling an anchor into place before the guy wire is fastened to the to; 
of the pole, thus obviating the liability of pulling the pole out of plumb. 

The spacing of poles also depends on their liability to injury from storms 
and wind in any given locality, and the nature of the service. Poles for a 
telephone line may be spaced twenty to fifty to the mile—that is, from 
about 260 to 100 feet apart. 

Erecting the Poies.—The holes must be dug to as nearly tu'e 
required depth as possible. 

Holes for poles are dug very little wider than their diameter at the butt, 
and the depth is usually computed according te the nature of the soil 
and the weight of the proposed line. Excavation, while sometimes accom-
plished with patent post hole augers, cal even dynamite, is usually done 
with a long handled digging shovel, and the earth removed with a spoon 
shovel. 

The poles are rolled or carried on hooks to the holes. In erecting, a 
piece of timber is inserted in the hole as a slide to prevent crumbling of 
the earth as the pole is slid into place. The end is raised by hand suffi-
ciently to allow the "dead man." or pole hoist, to be placed beneath, and 



a'IGS. 1,318 to 7,322.—Lineman's tools. Figs. 7,318 and 7,319, Eastern pole climbers, with ano without strap .01 attaching to 
legs; fig. 7,320. portable vise with strap for pulling up the slack in splicing; figs. 7,321, one form of "come alonv.." The 
wire is inserted between jaws and is held fast when tension is applied to the nng; fig. 7.322. an improved form of "come 
along" or wire stretcher. The jaws which grip the wire are smooth and remain parallel in closing, thus the wise is not 
scratched or indented, as with circular jaws having teeth. 

this is moved along regularly as the pole is lifted with pike poles, until it slides into place through the 

force of gravity. 

Guys for Poles.—These are attached near the top and secured either to the base 
of the next pole, to a suitable guy stub or post, or to a guy anchor, which is buried 
about eight feet in the earth and held down by stones and concrete. 

Wiring the Line.—In stringing the lines, either one or the full number of wires 

may be put up at the same time. 
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PIGS. 7,323 and 7,324.—Pay out reels. Fig. 7,323, type used for telephone or telegraph work: 
fig. 7,324, type used for electric light work. 

Flu. 722 -Lin-in 's block and fall with "come alongs" for stretching wire and holding sam. 
when making splices. 

7.326.—Wireman's "come along" with hook and tackle. 

Trolley zdres.—National Electrical Code. 

12-i.— Must not be smaller than No. O. B. & S. gauge copper or No. 4 B. & S. gauga silicon bronze, and must readily stand the strain put upon them when in use. 

I2-j.—Must have a double insulation from the ground. In wooden pole construction the 
pole will be considered as one insulation. 

12-k .—Must be capable of being disconnected at the power plant or of being divided into 
sections, so that in case of fire on the railway route, the current may be shut off from the 
pa-ticular section and not interfere with the work of the firemen. This rule also applies to feeders. 

12-1.—Must be safely protected against accidental contact where crossed by other con-
.'uctors. 

Where guard wires are used they must be insulated from the ground and electrically 
,lisconnected in sections of not more than 300 fees in length. 
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When one line only is to be strung, the operation consists simply in 
reeling the wire and running it off from a hand reel. At each pole the 
wire is drawn up to its place, pulled out to the desired tension, and at-
tached to the insulator. 

In the operation of stringing a number of lines at once, the method is 
different. The reels are placed at the beginning of a section, each wire 

INSULATOR TIE WIRE 

UNDER PLAN OVER 

OVER 

FIVE TURNS 

ELEVATION, 

eLEVATION PLAN 
UNDER 

1,1Gs. 7,327 to 7,330.—Methods of tying in wires to insulators. A separate wire is usedloriyins 
in the wire to the insulator. This is called a tie wire it should be about 18 to 24 ins, long, 
must be of hard drawn wire, and of the same size wire as the line wire. The wire is twisted 
around the main wire, as in fig . 7,327, but it is more difficult to make the tie in than it appears 
A tight tie in can not be made by hand, pliers must be used. First the tie wire is looped 
around the insulator, one end of the wire over and the other end under the main wire, as 
in fig. 7,327, separately each end is wound around the line wire with pliers, five turns or 
more, so that the strain will be both ways. 

7,331.--American wire joint. This is a simple method of connecting the ends of the secr 
tions of wire by tightly twisting the ends around each other for a few turns; it is the stendorr 
Western Union wire joint. 

Flog. 7,332 and 7,333 .—McIntire sleeve and sleeve ioint. An approved method of making tbo 
joints of telephone lines is by the use of some form of sleeve, such as is shown in fig.7,332. 
This consists or two copper tubes of the required length, and of sufficient inside diameter, 
to admit the ends of the wires to be joined, fitting tightly. The tubes are then gripped 
with *001, shown in fig. 7,336, and twisted around one another, so that the wine are securely 
joined and locked, as shown in fig. 7,333. 
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FIGS. 7,334 and 7,335.—Approved method of attaching wire to an insulator; elevation and plan 
of insulator and tie. The line wire is first laid in the groove of the insulator, after which 
a short piece of the same size of wire is passed entirely around to hold it in place, then it 
is twisted to the line at either side with pliers. 

FIG. 7 ,336.— :.:c:reire's twisting clamp for wires 00 to 16 13. & S. gauge. 

FIG. 7,337.—Tree insulator for temporary or repair work. /t is made of a single piece of 
glass, and is provided with a slot which the wire cannot leave accidentally. The back of 
the device is concave and provided with ribs which prevent sliding, It can be readily slipped 
over wires already in place, is available for electric light circuit, and will take wires up to 
54 inch, in diameter. 

rzns. 7,338.—Overhead cable construction. In some cases, particularly on short lines 
exposed to inductive disturbances from power and other electrical circuits, it is usual to 
string the cables on poles such as usually carry the bare conducting wires. It is not neces-
sary. however, to insulate tue cable in any way; consequently it is merely hung to a support-
ing wire rope or cable, called the "messenger wire." being attached either with some form 
of hanger or by loops of tarred marline. The marline is sometimes wound over the cable 
and messenger wire from a bobbin, but frequently it is merely wound on by band. 
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being inserted and secured through a separate hole in a board, which is 
perforated to correspond with the spacing of the insulators on the cross 
arms. A rope is then attached to this running board, which is drawn by 
a team of horses through the stretch to be wired, being lifted over each 
pole top in turn. When a certain length has thus been drawn out, the 
wires are drawn to the required tension between each pair of poles and 
secured to the insulators. 

In applying tenting to the wires in stringing, some sag must be allowed. 
A general rule is to make the tension on a wire equal to of its breaking 
load. The sag usually allowed is given in the following table: 

Sag Table 

srinei° 

Temperature Fahr. 

3o. 1 60° 1 80° 

Sag in Inches 

75 1% 2% 3% 

ioce 3 4,4 5% 

a S in 

Temperature Fahr. 
I 

3°.  
Sag in leehes 

130 5% 7 8% 

150 6% 0 11 ,4 

In drawing out the wire, it is customary to use a wire clamp, or "come 
along." This tool is attached to a block and tackle, or drawn in by hand. 
and, as soon as the proper force has been applied, the wire is held, while 
the lineman secures is to the insulator. 

Another contrivance for this purpose is the pole ratchet, by which the 
wire is drawn tight and helc, until attached to the pole. 

''. 
el 

l 10 
0 0 
.1 
mi 

FIG. 7,339.—Method of making a series "loop" service connection. 

Pte. 7,340.—Parallel service connection. Service wires tapped to the main wires, are run to 
inslators on an auxiliary cross arm, thence to insulators on the side of the building, and 
thrun.,gh the drain tube to the service sivir,s* 
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The methods of attaching wires to insulators, splicing, etc., are shown 
in the accompanying cuts. 

Transpositions.—Due to rapid current changes in telephone 
and telegraph lines, transpositions are necessary to avoid 
inductive disturbances. 

FIG. 7,341.—Method of making a "transposition." This is usually done by means of trans-
position insulators, which are either double insulators, one being screwed to the pin above 
the other, or else such caps as are shown in fig. 7,344. Such insulators are intended to act 
as circuit breakers, the particular wire to be transposed being cut and " dead ended", or tied 
around, on both the upper and lower grooves of the cap. The free end of each length is 
then passed back and around the insulator and twisted, or sleeve jointed to the other limb 
of its own circuit. 

FIG. 7,342.—Clark's "antihtun"; a device designed to prevent the humming of telegraph wires, 

For short lines and pole systems with only a few wires it is not neces. 
sary to transpose very frequently. On longer lines it has been found 
amply sufficient to transpose once every quarter mile; that is to say to 
change the relative position of the wires of the different circuits at posts 
situated about that distance apart. This does not mean, however, that 
each pair of wires is transposed so often, but that on ordinary sized sys-
tems, the transposition of some one circuit is amply sufficient to secure 
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balanced relations and effectually counteract the effects of cross induc-
tion. It is a matter which must be carefully calculated and planned in 
each particular instance in order to secure the best advantages. 

Insulators.— Glass and porcelain are employed almost uni-

versally for supporting overhead wires. 

• 7,343.-Telegraph and telephone line glass insulator. 

• 7,344.—Type of insulator used in making a transposition. 

Insulators made of these materials are superior to those made of other 
material such as hard rubber, or various compounds of vegetable oi 
mineral matter, with the exception perhaps of mica insulators used on 
the feeders of electric railway lines. 
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CHAPTER 22 

Underground Wiring 
In large cities, tne best method of running wires for all varie-

ties of electrical power transmission is to place them underground. 

The expense of installing an underground system is very great in com-
parison with that of overhead construction, but the cost of maintenance 
is much less and the liability of interruption of service greatly reduced. 

The various underground systems may be divided into three 

classes: 
1. Lead encased cables laid directly in the ground; 

2. Solid or built in systems; 
3. Drawing in systems. 
Where cables are laid directly in the ground, the metallic 

covering, consisting usually of a lead tube, which is placed over 

the insulation is depended upon for mechanical protection. 

Such cables are largely used for short private lines and the first cost 
is less than that of the others, but in case of repairs it has to be dug up. 

In the drawing in systems, the cables are drawn in after the 

conduits are built. 

The conduit of the drawing in system may consist of various forms 
cf pipe or troughs of iron, earthenware, concrete, wood or fibre, while 
those of the solid or built in systems are composed of either iron tubes 
or concrete trenches. 

Vitrified Clay Pipe.—Various forms of vitrified clay conduit 
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appear to possess the qualifications, desirable in underground 
construction, to a higher degree than any other type. 

They are made in both single and multiple duct, the single type being 
about 3Y2 inches in diameter, or 3M inches square, and 18 inches long. 
Multiple conduit is made in two, three, four, six and more sections, rang-
ing from 2 to 3 feet in length. 

Single conduit is best suited where there is great crowding of gas, water 
and other pipes, as the conduit can be divided into several layers so as 
to cross over or under such pipes. 

PIC. 7,345.—A few forms of vitrified clay pipe conduits; v'ew showing single and multiples 
types. The dimensions of each duct are about 334 Xffl. The lengths vary from two to 
three feet. 

The multi-duct conduit can be laid somewhat cheaper, especially in 
lines of about two to four ducts; it is best suited to districts free from 
sub-surface obstructions. 

In laying conduit, a trench is dug, usually sufficiently wide to allow 
the placing of three inches of concrete on each side of the ducts, and 
sufficiently deep to hold at least thirty inches of concrete on top of the 
upper layer of concrete forming the conduit, and to allow for three inches 
of concrete in the bottom. The trench is graded from some point near 
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the middle of the block to the manhole at each intersection, or from one 
manhole to the next manhole, at a gradient not less than 2 inches to 
"1.00 feet. 

The tiles of the several ducts are placed close together, and the joints 
.gastered and filled with cement mortar consisting of one part of Portland 

i cement to one part of sand. When the conduit s being laid, a wooden 
mandrel about four or five feet long, three inches in diameter, and carrying 
a leather or rubber washer from three to eight inches larger at one end 
is drawn through each duct so as to draw out any particles of foreign 
matter or cement which may have become lodged in the joints, and also 
to insure good alignment of the tiles. 

Single duct conduits are usually laid by brick layers. This fact accounts 
for the somewhat greater cost of the single over the multiple conduit which 

PIG. 7.348.—Vitrified clay or earthenware trough conduit; this type of conduit consists of 
troughs either simple or with partitions, the latter type being shown in the figure. 

is usually laid by ordinary laborers. One good brick layer and helper, 
however, will lay from 200 to 300 feet of single duct conduit per hour. 

Vitrified Clay or Earthenware Trough Conduit.—It con-
sists of troughs either simple or with partitions as shown in fig. 
7,346. 

They are usually made in tiles 3 or 4 inches square for each compart-
ment, with walls about one inch thick. The length of the tiles ranges 
from two to four feet. Each of the two foot form duct troughs weighs 
about 85 pounds. When laid complete, the top trough is covered with 
a sheet of mild steel, about No. 22 gauge, made to fit over the sides so as 
as to hold it in position, and then covered aver with concrete. 

In laying multiple duct earthenware conduit, the ducts or sections are 
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centered by means of dowel pins inserted in the holes at each joint, which 
is then wrapped with a six inch strip of asphalted burlap, or damp cheese 
cloth, and coated with cement mortar as shown in fig. 7,348. Economy of 
space and labor constitutes the principal advantages derived from the 
use of multiple duct conduit. 

Concrete Duct Conduits.—These are usually constructed 

by placing collapsible mandrels of wood or metal in a trench 
where the ducts are desired and then filling the trench with 
concrete. 

After the concrete has solidified, the mandrels are taken out in pieces, 
leaving continuous longitudinal holes which serve as ducts. Some builders 

TAPE 

' 91,))).1 )rai) 
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PIG. 7,347.—Method of laying single duct vitrified clay conduit. The tiles of the several ducts 
are placed close together as shown in the figure, and the joints plastered and filled with 
cement mortar consisting of one part Portland cement and one part sand. 

7,348.—Method of laying multiple duct vitrified clay conduit. The section .are centered 
by the dowel pins shown in the cut. 

produce a similar result by placing tubes of sheet iron or zinc in the con-
crete as it is being filled into the trench. These tubes have just enough 
strength to withstand the pressure to which they are subjected, and are, 
therefore, very thin and liable to be quickly destroyed by corrosion, but 
the ducts formed by them will always remain unimpaired in the hardened 
mass of concrete. 

Wooden Duct Conduits.—In this type of conduit, the ducts 
are formed of wooden pipe, troughing, or boxes, and constitute 
the simplest and cheapest form of conduit. 

A pipe conduit consists of pieces of wood about 4 inches square, 
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and three to six feet long, with a round hole about three inches in diameter 
bored through them longitudinally. As shown by fig. 7,349 a cylindrical 
projection is turned on one end of each section, which, when the conduit 
is laid fits into a corresponding recess in one end of the next section. The 
sections are usually laid in tiers, those of one tier breaking joint with those 
of the tiers above or below. 

The trough conduit consists of ducts about 3 inches square made of 
horizontal boards and vertical partitions, usually of yellow pine about 
one inch in thickness. This form of conduit can be laid in lengths of 11 
and 12 ft., or it can be built along continuously. The life of wooden 

FIG. 7,349.—Wooden pipe tyoe of conduit. if t consists of pieces of wood about 4% inches 
square, and three to six feet long, with a wide hole about three inches in diameter, bored 
through them longitudinally. 

Pie. 7,350 .—Perspective view of wooden built-in conduit. It consists of an outer rectangular 
casing of wood which is lined inside with impregnated felt 

FIGS. 7.351 and 7,352.—Porcelain bridgework or carriers for supporting underground con. 
ductors. 

conduit may be increased by the application of sterilizing processes. 
Wooden conduit is best adapted for temporary installations. 

Wooden Built-in Conduits.—The chief advantage of these 
are high insulating quality, the capability of using bare wire and 
rods for underground conductorp, and reduced cost. 
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In construction, a wooden trough is laid in a trench about 18 inches 
deep. Porcelain carriers are placed in the trough at intervals of 4 to 5 
feet, to act as bridgework for supporting the conductors. This bridgework 
is placed on and is surrounded by impregnated felt or similar material, 
and the spaces between the carriers, after the conductors have been placed 
in position on them is filled with voltax, which hardens rapidly and forms 
a solid insulating material throughout the conduit. 

Wrought Iron or Steel Pipe Conduits.—These are formed 
of pipes similar to gas or st\cam pipes, with screw or other con-

nections. 

STREET SURFACE 

7,353.—Cross section of wrought iron pipe conduit laid in hydraulic cement. 

They are laid either simply in the earth, or in hydraulic cement, ano 
are the strongest and one of the most satisfactory forms of underground 
conduit. In construction, a trench, the width of which will depend upon 
the number of pipes to be laid, is first dug in the ground, and after its 
bottom has been carefully leveled, is braced with side planking and filled 
to the depth of two to four inches with a layer of good concrete, consist-
ing of two parts of Rosendale cement, three parts of sand, and five parts 
of broken stone capable of passing through a one and one-half inch mesh. 
This concrete is well secured in place and forms the bed for the lowermost 
layer or tier of pipes. 
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Ordinary wrought iron pipe is employed, in 20 foot lengths about three 
to four inches in diameter, depending upon the size and number of cables 
they are intended to carry. After the last tier of pipes have been put in 
place, and a layer of concrete from two to four inches placed over it, a 
layer of two inch yellow pine planking is laid over the whole. 

The principal object of the top covering is to protect the conduit against 
the tools of workmen making later excavations. 

Practical experience shows that workmen will dig through concrete 
without stopping to investigate as to the character of the obstruction, 
but under similar circumstances, will invariably turn away from wood. 

In best construction the pipes are lined with a layer of cement in. 
thick and containing no sand. 

Cast Iron Pipe and Trough Conduit.--Cast iron pipe for 

" ". ÎM;r1 ,, II .. ;P . 1 11,1 1 Ili 11 1111 III It. 

I1M 

7,354.—Fibre conduit. It consists of pipes made of wood pulp, having about the same thick-
ness as cast iron pipe. Slip joint conduit for electrical subways is three inches inside dia-
meter. The socket joints keep the lengths centered and make it easier to lay than a mere 
butt joint. It is laid in cement like iron pipe. 

underground conduits is similar to ordinary wrought iron pipe, 
except that it is thicker. 

The additional thickness is necessary to make the strength equal to that 
of wrought iron; it is therefore heavier to handle and more expensive. 

The trough conduit consists of shallow troughs of cast iron in six foot 
lengths, laid directly in the earth so as to form a system of continuous 
troughing in which the conductors are placed and then covered over by 
cast iron covers which are bolted to the trough. 

The advantages are that the cables can be laid directly in place, thus 
eliminating any chance of injury during the process of drawing in, and 
second, the cables are easily accessible at any point by simply removing 
one or two of the sectional cast iron covers, thus permitting of their being 
readily inspected and repaired. 

Fibre Conduits.—This form of conduit consists of pipes 
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made of wood pulp impregnated with a bituminous preservative 
and insulating compound. 

Those pipes are laid in concrete in a manner similar to iron pipe. Fibre 
conduits are made in sizes ranging from 1 inch to 4 inches in diameter 
and from to 5 feet in length, with walls ranging from 3 to M ineb 
in thickness. 

In laying the socket joint type of fibre conduit, after the trench has 
been dug to the required width and depth, depending upon the number 
of pipes to be placed in a tier and the number of tiers, a bed of concrete 
about 3 inches deep is placed on the bottom and a line drawn on one side 
for the alignment of the first line of pipes. The other lines of pipe or 
ducts are laid parallel to the first line, and are separated from it and from 
each other by means of VI inch or )A inch wooden or iron pegs. 

SLE vE COUPLING 

7,3à5.—Sleeve joint type of fibre. Both the socket type and the sleeve type are easily. 
aligned without the use of a mandrel. 

PIG. 7,358.—Screw joint type of fibre conduit. This met hod of connection will form a tight lins 
and is suitable for running under the lawns of private houses and parks, under the streets 
of towns and villages, and in other places where the cost of building electric subways is 
prohibitive. 

The pipes are well grouted and covered with a layer of concrete to the 
depth of or inch, and the next tier laid in place in the same manner. 

When the final tier of pipes has been installed, it is covered with a layer 
of concrete about 2 to 3 inches deep. 

When necessary to cut a length of pipe to break joints or to enter a 
manhole, the remaining part of the length may be utilized by using a fibre 
conduit sleeve having an inside diameter M inch greater than the pipe 
being used on the system. 

Edison Tube System.—This arrangement consists of a series 
of iron tubes or pipes containing one or more copper conductors 
which are placed therein before each complete section or pipe 
leaves the factory, so that they only need to be joined together 
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to form a continuous line of underground conduit with conductors 
in place. 

Underground Cables.—Electric light and power cables for 
use in conduit may be divided into two classes: moisture proof, 
and non-moisture proof, according to the character of the insu. 
lator. 

In the moisture proof cables, the insulation consists of some form of 
rubber, or of bitumen, and a metal sheath or covering, usually of lead, 
is provided to protect the cable from mechanical or chemical injuries. 
The non-moisture proof cables are insulated with paper impregnated with 
oil, wax, or resinous compounds. 
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7,357.—Cross section of Edison "feeder" tube. This runs from the power station to the 
centers of distribution, and contains two principal conductors and a smaller conductor to 
serve as a neutral wire and also three insulated cables of seven strands of ho. 19 B. W. G. 
wire each. These cables form independent circuits and enable the voltages at the distant 
end of the feeder to be read at the central station. For this reason they are commonly 
called pressure wires. 

Pro. 7,358.--Cross section of Edison "main" tube. A number of these tubes, which radiate 
from the center of distribution and loop the ends of the feeders together, have three con-
ductors of the same size. These tubes are placed in the ground so as to bring the positive 
and negative conductors on one side of the center of the tube, and the neutral conducto  
on the other side. The mains are always laid with the neutral conductor adjacent to the 
curb line and for convenience, this side of the tube is commonly called the imidc. The 
feeders are always laid with the positive conductor on the right hand side. 

Metal Sheaths on Underground Cables.—Metal sheaths 
are used on rubber covered cables to protect the insulating 

compounds from the deteriorating effects of electirolysis and 
various kinds of acids and gases which, under present methods 
of construction, are ever present in the underground conduits. 
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It is a fact, however, that the lead sheath on a low tension cable, which 
is used as one side of a grounded circuit, has been, in some cases the cause 
of, instead of, cure for electrolysis. The proper cure lies in the omission 
of the sheath altogether, but as this is not practical except in the case of 
very large conductors, the best thing that can be done is to interrupt the 
continuity of the sheath by some form of insulating joint. 

Pot Heads.—The upper end of a lateral cable is equipped 
with a discharge bell, which is commonly called a pot head. 

7,359.—Bottom of General Electric manhole junction box; view from manhole interior. 
The cables enter the bottom of the box as shown through composition nozzles to which 
the lead sheathes are united by a wiped solder connection, forming a permanent water and 
gas tight joint. Stuffing boxes are sometimes substituted, doing away with the wiped joint. 
rendering the boxes suitable for use with unleaded or braided cables. The normal position 
of the distributing cables is in the upper ducts so that they may be brought to the junction 
box without crossing other lines. The entrance nozzles and seats are so arranged that all 
terminals are soldered to cables outside of box and any cable may be removed without dis-
turbing any soldered joint. The wiped joints unite electrically the lead sheathes of all 
*stiles entering the box and by connecting a single earth bond to the shell of the box all 
cable sheathes are solidly grounded. Incombustible shields prevent the arc from a blown 
fuse making a ground connection to the shell or inner cover. 

The purpose of a pot head is to hermetically seal the end of the cable 
and bring the conductors out in such a manner as to permit of their being 
conveniently connected to the primary service boxes. 

Pot heads are usually made in three parts, the base being of cast brass, 
having a diameter depending upon the size of the conductors, with a 
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hole in the lower end threaded within in such a manner as to make a tight 
fit on the cable. 

In connecting the head tu a cable, after the cable has been bent in to the 
proper position, the brass base is slipped down over it with the larger end 
up, and then screwed down on the lead sheath. The threads cut down into 
the lead sheath to a distance of about AI inch along the sheath, thus 
making an air tight connection without necessitating the making of a 
wiped joint. 

The separate conductors are now bared of their insulation for a distance 
of about two inches, and then spliced to heavy rubber covered brafded 
wire of sufficient length to reach the primary service boxes. The joints 
connecting these rubber covered wires and the cable conductors are spliced 
in the same manner as straight splices, the paper sleeves used being of 
sufficient diameter to be backed out of the way over the rubber insulation. 

When the splice is completed, a brass shell threaded at one end to fit a 
female thread in the upper end of the brass base, is slipped over tne end 
of the rubber covered wire and screwed into the base. A hood of sheet 
copper having the form of a quarter section of a ball is slipped over the 
top of the frame and its lower edge tracked in position below the horizontal 
shelf. This hood makes the pot head water, snow, and insect proof 

• 
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CHAPTER 23 

Power Wiring 
Wiring of Motors (Code Provisions).—All motor wiring 

should be performed according to the requirements of the National 
Electrical Code in addition to existing local Codes and requirements 
in force at the place of installation. 

Since the detailed requirements of the Code with respect to 
motor circuits are too numerous to be fully enumerated only the 
basic general rules for motors are abstracted here. 

Fig. 7,360 represents a schematic diagram of a motor circuit 
together with feeder and branch circuit equipment all lettered for 
proper identification. 

.(Note A) Feeder Overcurrent Protection.—A feeder which supplies 
motors shall be provided with overcurrent protection which shall not be 
greater than the largest rating or setting of the branch circuit protective 
device'for any motor of the group (based on tables 26 and 27, pages 540-16 
and 540-17) plus the sum of the full load currents of the other motors of the 
group. 

(Note B) Feeder Conductors.—Conductors supplying two or more 
motors shall have a current carrying capacity of not less than 125% of the 
full load current rating of the highest rated motor in the group, plus the 
sum of the full-load currents of the remaining motors supplied by the feeder. 

(Note C) Motor Branch Circuit Conductors.—Branch circuit con-
ductors supplying an individual motor shall have a current carrying capacity 
of not less than 125% of the motor full load current rating. If the circuit 
supplies two or more motors, computation of the conductor size should be 
made in the same manner as that given for feeder conductors. 

(Note D) Motor Branch Circuit Overcurrent Protection.—The 
motor branch circuit overcurrent device shall be capable of carrying the 
starting current of the motor. The Code specifies the maximum permissible 
size as a percentage of the full load circuit of the motor, depending upon 
its type, starting method and locked rotor current. These maximum values 
are given in table 20, pages 540-10 to 540-13. 
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Note E) Disconnecting Means.—The disconnecting means for each 
motor and controller shall consist of an indicating type disconnecting switch 
or circuit breaker, having a current carrying capacity of not less than 115% 
of the motor name plate current rating, and arranged so as to disconnect 
the ungrounded conductors. 

For motors less than 50 h.p. the switch is generally rated in horsepower 
whereas motors rated at more than 50 h.p. have their disconnecting means 
rated also in amperes. 

The disconnecting means serving a group of motors may be a single 
disconnecting switch when driving a single machine or piece of apparatus, 
or protected by one set of overcurrent devices, or in a single room within 
sight of the disconnecting means. 

(Note F) Motor Running Overcurrent Device.—Continuous duty 
motors rated at more than one horsepower shall have a running overcurrent 
protection not greater than 125% of the full load rating of the motor. The 
motor- running overcurrent device may be shunted out during starting 
period of the motor, provided the device by which the overcurrent protec-
tion is shunted out or cut out cannot be left in the starting position, and 
the motor shall be considered as protected during the starting period if 
fuses or time delay circuit breakers rated or set at not over 400% of the full 
load current of the motor, are so located in the circuit as to be operative 
during the starting period of the motor. 

(Note G) Motor Controller.—A controller shall be provided for each 
motor or group of motors as in paragraph (E) above. 

Each controller shall normally be in sight of the motor and shall be 
capable of starting and stopping the motor which it controls, and for an 
alternating current motor shall be capable of interrupting the stalled rotor 
current of the motor. Controllers generally are rated in horsepower. 

(Note H) Secondary Circuit Conductors.—Conductors connecting 
the secondary of a wound rotor alternating current motor to its controller 
shall have a current carrying capacity which is not less than 125% of the 
full lbad secondary current of the motor if for continuous duty. The ca-
pacity of the conductors between controller and resistor shall not be less 
than 110% of full load secondary current for continuous duty motors. 

Motor Circuits 

The following general groupings or types of circuit layouts 
should be followed in wiring of motors, in order that the instal-
lation will conform with the requirements of the Code. 
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FROM 

SUPPLY 

FEEDER OVERCURRENT 
PROTECTION ( See Note A ) FEEDER CONDUCTORS 

( See Note B ) 

MOTOR BRANCH-
CIRCUIT CONDUCTORS 

( See Note C ) 

SECONDARY CIRCUIT 

CONDUCTORS ( See Note H ) 

MOTOR BRANCH CIRCUIT 
OVERCURRENT PROTECTION 

( See Note ) 

DISCONNECTING MEANS 
( See Note E ) 

MOTOR RUNNING 
OVERCURRENT DEVICE 

( See Note F ) 

*MOTOR CONTROLLER 
( See Note G ) 

NOTE: 
*Usually Mounted in 
the Same Case. 

MOTOR 

SECONDARY CIRCUIT FOR 
WOUND • ROTOR MOTORS 

SECONDARY CONTROLLER 

SECONDARY RESISTOR 

PIG. 7.360.—Schematic diagram showing typical motor feeder and branch circuits. For notes 
see text. 
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In general there are five different types of motor wiring as 
follows: 

Type 1.—A separate branch circuit to each motor from a power panel-
board or distribution center as illustrated in fig. 7,361. 

MOTOR 

 BRANCH CIRCUIT PROTECTIVE DEVICES 

BRANCH CIRCUITS 

MOTOR MOTOR 

CONTROLLER AND MOTOR RUNNING PROTECTIVE DEVICES 
DISCONNECTING - SAME AS MEANS 

SAME AS 

FEEDER 

FIG. 7.361.—Showing general layout for type 1 wiring. A wiring layout of this type is very 
common and may be used for almost any condition. 

SUS• FEEDER 
i  

PROTECTIVE 
• n FUSES  

FEEDER. 
BRANCH CIRCUIT PROTECTIVE DEVICES 
DISCONNECTING MEANS 

TSUB• FEEDER 

%!. DISCONNECTING 
AND  HMOTOR RUNNING   PROTECTIVE DEVICES 

SAME AS 

..---- SAME AS 

SAME AS 

MOTOR MOTOR MOTOR 

Flu. 7,362.—General layout for type 2 wiring. A wiring layout of this type is used chiefly in 
industrial plants where a large numl>, of motors are used to drive individual machines. 
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Type 2.—A feeder or subfeeder may supply all motors with branch 
circuits tapped to the subfeeder at convenient points as illustrated in fig. 
7,362. This wiring method is similar to that shown in fig. 7,361, except 
that the branch circuit overcurrent protective devices are mounted indi-
vidually at the points where taps are made to the subfeeder instead of at 
the branch circuit distribution center. 

Type 3.—A feeder or subfeeder may supply all motors with branch 
circuits tapped to the subfeeder at convenient points as illustrated in fig. 
7,363. This wiring method is similar to that shown in fig. 7,362, except 

r--

I . 

SU B. FEEDER 
• PROTECTIVE 

FUSES 
SUB - FEEDER 

FEEDER 

MOTOR 

DISCONNECTING 
MEANS 

CONTROLLER AND 
MOTOR RUNNING 

PROTECTIVE DEVICES 

FIG. 7,363.—Showing layout for type 3 wiring. 

SUB. FEEDER 
•  PROTECTIVE 

FUSES 
SUB FEEDER 

MOTOR 

— _J ..___DISCONNECTING 
FEEDER MEANS 

CONTROLLER AND 
MOTOR RUNNING 

PROTECTIVE DEVICES 

SAME AS 

SAME AS 

SAME AS 

— SAME AS 

MOTOR 

MOTOR MOTOR MOTOR 
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that no overcurrent devices are provided to protect the subfeeder taps. 
In this case the motor branch circuits are considered as originating at the 
controller. 

Type 4.—A feeder or subfeeder may be carried directly to the discon-
necting means or controller for each motor as illustrated in fig. 7,364. In 
all other respects this wiring method is similar to that shown in fig. 7,363. 

Type 5.—A group of small motors each having a full load rated current 
not exceeding 6-amp. each may be used on a motor branch circuit protected 
at not more than 15-amp. at 125 volts or 10-amp. at 250 volts, or with 
lamps and other appliances on the 15, 20 and 25-amp. branch circuits, as 
illustrated in figs. 7,365 and 7,366. Motors connected in these circuits are 
required to be provided with running overcurrent protective devices in 
special cases. 

#14 WIRE 

L _ 
15 AMP 
FUSE 

MAINS 
I LI I 

HEATING 
APPLIANCE LAMPS 

SMALL MOTORS ( Not Over 6 Amp. Each ) 

FIG. 7.385.—Layout for type 5 wiring. In this wiring scheme a 15-amp, branch circuit is 
supplying small motors and other loads. 

- 

L._._ 

—.T ,110 WIRE 

25 AMP 
FUSE 

"•—•-•--MAINS 

) 

HEATING 
APPLIANCE ci 

APPLIANCE 
OUTLET 

SMALL MOTORS ( Not Over 6 Amp. Each) 

FIG. 7,366.—Layout for type 5 wiring. Here a 25-amp. branch circuit supplies small motors 
and other loads. 
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Branch Circuits.—By definition a branch circuit is that por-
tion of the wiring system extending beyond the final overcurrent 
device protecting the circuit. The essential parts of a typical 
motor branch circuit as previously described consists of: (a) the 
branch circuit conductors; (b) the branch circuit overcurrent devices, 
and (e) the motor running protective devices. These parts of a 
motor circuit are shown in fig 7,367. 

MAINS 

BRANCH CIRCUIT 
CONDUCTORS 

CIRCUIT CONDUCTOR 
PROTECTION. ( Fuses 
or Circuit Breaker ). 

DISCONNECTING 
MEANS 

CONTROLLER I 
WITH RUNNING; 
OVERCURRENT 
PROTECTION 

CURRENT CARRYING 
CAPACITY OF CONDUCTORS 
125".; OF MOTOR RUNNING 

FULL LOAD CURRENT 

MOTOR 

1 

FIG. 7,367.—Showing essential component parts of typical branch circuit motor wiring. 

Size of Conductors for Motor • Circuits 

Branch circuit conductors supplying an individual motor shall 
have a current carrying capacity of not less than 125 percent of 
the motor full load current rating; provided that conductors for 
motors used for short time, intermittent, periodic or varying 
duty, may have a current capacity of not less than the percentage 
of the motor name plate current rating as shown in the following 
table, unless the authority enforcing the Code grants special 
permission for conductors of smaller size. 
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As noted in the table, the necessary carrying capacity of conductors depend 
upon the class of service and upon the rating of the motor. A motor having 
a 15-minute rating for example, is designed to deliver its rated horsepower 
during periods of approximately 15 minutes each, with cooling intervals 
between the operating period. For long runs, it may be necessary in order 
to avoid excessive voltage drop, to use conductors of larger sizes than that 
found by reference to tables. 

Percentages of Name Plate 
Current Rating 

Classification of Service 

Minute 
Rating 

15 
Minute 
Rating 

Short- Time Duty 
Operating valves, raising or lower-
ing rolls  

Intermittent Duty 
Freight and passenger elevators, 
shop cranes, tool heads, pumps, 
drawbridges, turntables, etc.   

Periodic Duty 
Hoists, rolls, ore and coal-handling 
machines  

Uarqing Duty 

30 & 60 
Minute 
Rating 

110 120 150 

85 85 90 

Con-
tinuous 
Rating 

140 

85 90 95 140 
110 120 150 200 

or lower at the discretion of 
the authorities enforcing the 
regulations. 

Wound Rotor Motors.—Conductors connecting the secobd-
ary of a wound rotor a.c. motor to its controller shall have a 
current carrying capacity, which is not less than 125 per cent of 
the full load secondary current of the motor if for continuous 
duty. For other than continuous duty, these conductors shall' 

have a carrying capacity in per cent of full load secondary current 
not less than that specified in the foregoing table. 
Where the secondary resistor is separate from the controller, 

the carrying capacity of the conductors between 'controller and 
resistor shall be not less than that given in the following table. 
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Resistor, Duty Classification 
Carryina capacity of wire in 

per cent of full load 
secondary current 

Light starting duty  
Heavy starting duty  
Extra heavy starting duty  
Light intermittent duty  
Medium intermittent duty  
Heavy intermittent duty  
Continuous duty  

35 
45 
55 
65 
75 
85 
110 

The full load secondary current of wound rotor type motors shall be ob-
tained from the manufacturers name plate. 

Starters or combined starters and speed regulating devices as used in the 
secondary circuits of wound rotor induction motors usually consist of a dial 
type or drum controller with accompanying resistor units which in the case 
of the dial type controller is a part of the controller itself, whereas drum 
controllers have separately mounted resistors which are connected to the 
controller proper according to the manufacturers diagram. 

FUSES 

BRANCH CIRCUIT 
CONDUCTORS 

MAINS 

DISCONNECTING 
MEANS 

STARTING SWITCH 
WITH RUNNING j 
OVERCURRENT 
PROTECTION I 

BRANCH CIRCUIT 
CONDUCTOR 

MOTOR 

RESISTORS 

SECONDARY 
RESISTANCE 

WIRE 

DRUM 
CONTROLLER 

SECONDARY 
CONDUCTOR 

7,368.—Wiring diagram of typical wound rotor motor with drum controller. Speed 
regulation drum controllers may be of either the motor reversing or non-reversing type. 
Secondary resistors for wound rotor motors are as a rule designed for star connection. 

Conductors Supplying Two or More Motors.—Conductors supplying 
two or more motors shall have a current carrying capacity of not less than 
125% of the full load current rating of the highest rated motor in the group, 
plus the sum of the full load current ratings of the remainder of the motors 
in the group. (See example, page 540-3.) 
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Motor Overcurrent Protection 
The following provisions specify overcurrent devices intended 

to protect the motors, the motor control apparatus and the 
branch circuit conductors against excessive heating due to motor 
overloads. Continuous duty motors shall be protected against 
overload as follows: 

Motors of More than One Horsepower.—For a motor rated more 
than one horsepower, this protection shall be secured by the use of one of 
the following means: 

1. A separate overcurrent device which is responsive to motor current. 
This device shall be rated or set at not more than 125% of the motor full 
load current rating for an open type motor marked to have a temperature 
rise not over 40C, and at not more than 115% for all other types of motors. 

2. A protective device integral with the motcr which is responsive to 
motor current or to both motor current and temperature. This device 
must be approved for use with the motor which it protects on the basis 
that it will interrupt current to the motor when the motor is operated in an 
ambient temperature of 40C and with overcurrent of the percentage values 
given in paragraph 1. If the motor current interrupting device is separate 
from the motor and its control circuit is operated by a protective device 
integral with the motor, it must be so arranged that the opening of the 
control circuit will result in interruption of current to the motor. 

Motors of Less than One Horsepower.—Motors of one horsepower 
or less which are manually started, and which are within sight from the 
starter location, shall be considered as protected against overcurrent by the 
overcurrent device protecting the conductors of the branch circuit. This 
branch circuit overcurrent device shall not be larger than that specified 
in table 20, page 540-10, except that any such motor may be used at 125 volts 
or less on a branch circuit protected at 20 amp. Any such motor which 
is out of sight* from the starter location shall be protected as specified in 
the following paragraphs for automatically started motors. 

Any motor of one horsepower or less which is started auto-
matically shall be protected against overcurrent by use of one of 
the following means: 

1. A separate overcurrent device which is responsive to motor current. 
This device shall be rated or set at not more than 125% of the motor full 
load current rating for an open type motor marked to have a temperature 
rise not over 40C, and at not more than 115% for all other types of motors. 

*NOTE.—A distance of more than 50 feet is considered equivalent to being out of sight. 
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2. A protective device integral with the motor which is responsive to 
motor current or to both motor current and temperature. This device 
must be approved foi use with the motor which it protects on the basis 
that it will prevent dangerous overheating of the motor due to overload or 
failure to start. If the motor current interrupting device is separate from 
the motor and its control circuit is operated by a protective device integral 
with the motor, it must be so arranged that the opening of the control 
circuit will result in interruption of current to the motor, 

3. If part of an approved assembly which does not normally subject 
the motor to overloads and which is also equipped with other safety controls 
(such as the safety combustion controls of a domestic oil burner) which 
protect the motor against damage due to stalled rotor current. Where 
such protective equipment is used it shall be indicated on the name plate 
of the assembly where it will be visible after installation. 

4. If the impedance of the motor windings is sufficient to prevent over-
heating due to failure to start, the motor may be protected as previously 
stated, for motors of less than one horsepower manually started. 

Many alternating current motors of less than 1/20-h.p., such as clock 
motors, series motors, etc. and also some larger motors such as torque 
motors, come within this classification. It does not include split phase 
motors having automatic switches to disconnect the starting windings. 

The secondary circuits of wound rotor (slip ring) alternating current 
motors, including conductors, controllers, resistors, etc., shall be considered 
as protected against overcurrent by the motor running overcurrent device. 

Intermittent and Similar Duty Motors.—A motor used for 
a condition of service which is inherently short time, intermittent, 
periodic or varying duty is considered as protected against over-
current by the branch circuit overcurrent device, provided the 

overcurrent protection does not exceed that specified in tables 26 
and 27 pages 540-16 and 540-17. 
Any motor is considered to be for continuous duty unless the 

nature of the apparatus which it drives is such that the motor 
cannot operate continuously with load under any conditions of 
use. 

Size of Protective Devices.—Where the values specified for 
motor running overcurrent protection do not correspond to the 
standard sizes or ratings of fuses, non-adjustable circuit breakers, 
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thermal cutouts, thermal relays, the heating elements of thermal 

trip motor switches, or possible settings of adjustable circuit 

breakers adequate to carry the load, the next higher size, rating 

or setting may be used, but not exceeding 140 per cent of the 

motor full load current rating. If not shunted during the start-

ing period of the motor, the protective device shall have sufficient 

time delay to permit the motor to start and accelerate its load. 

Shunting During Starting Period.—If the motor is man-

ually started, the running overcurrent protection may be shunted 

or cut out of circuit during the starting period of the motor 

(as shown in fig. 7,369), provided the device by which the over-

current protection is shunted or cut out cannot be left in the 

starting position, and the motor shall be considered as protected 

against overcurrent during the starting period if fuses or time 

delay circuit breakers rated or set at not over 400 per cent of the 

full load current of the motor, are so located in the circuit as to 

be operative during the starting period of the motor. The motor 

running overcurrent protection shall not be shunted or cut out 

during the starting period if the motor is automatically started. 

Fuses.—If fuses are used for motor running protection a fuse 

shall be inserted in each ungrounded conductor. 

Devices Other Than Fuses.—If devices other than fuses are 

used for motor running protection, the following table shall 

govern the minimum allowable number and location of over-

current units such as trip coils, relays or thermal cutouts. 
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Kind of Motor Supply System 

Number and location of over-
current units, such as trip 

coils, relays or therma. 
CILIt-011ts 

1-phase a.c. 2-wire, 1-phase a.c. or 1 in either conductor 

or d.c. d.c., ungrounded 

1-phase a.c. 2-wire, 1-phase a.c. or 1 in ungrounded eon-

or d.c. d.c., one conductor 
grounded 

ductor 

1-phase a.c. 3-wire, 1-phase a.c. or 1 in either ungrounded 

or d.c. d.c., grounded-neutral conductor 

2-phase a.c. 3-wire, 2-phase a.c., un- 
grounded 

2, one in each phase 

2-phase a.c. 3-wire, 2-phase a.c., one 2 in ungrounded con-
conductor grounded ductors 

2-phase a.c. 4-wire, 2-phase a.c., 
grounded or ungrounded 

2, one per phase in un-
grounded conductors 

2-phase a.c. 5-wire, 2-phase a.c., 
grounded neutral or un- 
grounded 

2, one per phase in any 
ungrounded phase wire 

3-phase a.c. 3-wire, 3-phase a.c., un- 
grounded 

2 in any 2 conductors 

3-phase a.c. 3-wire, 3-phase a.c., one 2 in ungrounded con-
conductor grounded ductors 

3-phase a.c. 3-wire, 3-phase a.c., 
grounded-neutral 

2 in any 2 conductors 

3-phase a.c. 4-wire, 3-phase c.c., 
grounded-neutral or un- 
grounded 

2 in any 2 conductors, 
except the neutral 

Number of Conductors Disconnected by Overcurrent 
Device.— Motor running protective overcurrent devices, other 
than fuses or thermal cutouts shall simultaneously disconnect a 
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sufficient number of ungrounded conductors, to interrupt current 
flow to the motor. 

It is recommended that all ungrounded conductors be opened 
if devices accomplishing this are available. 

Motor Controller as Running Protection.—A motor con-
troller may also serve as the running overcurrent device if the 
number of overcurrent units complies with the table• shown on 
page 525 and if these overcurrent units are operative in both the 

starting and running position in the case of a direct current motor 
and in the running position in the case of an alternating current 
motor. 

BRANCH CIRCUIT 
FUSES 

— MAINS 

BRANCH CIRCUIT 
CONDUCTOR 

RUNNING SIDE 
OF SWITCH 

MOTOR 
RUNNING 
FUSES 

STARTING SIDE 
OF SWITCH 

DOUBLE THROW 
MOTOR SWITCH 

MOTOR 

7,369.—Wiring diagram showing across the line method of motor starting. The double 
throw switch is thrown in the lower position at starting, thus shunting out the running fuses. 
After the motor has attained its normal running speed the switch is thrown in the upper 
position. The switch must be so constructed that it cannot be left in the starting (or lower> position. 

Thermal Cutouts and Relays.—Thermal cutouts, thermal 
relays and other devices for motor running protection which are 
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not capable of opening short circuits, shall be protected by fuses 
or circuit breakers of not over four times the rating of the motor 
for which they are designed, unless approved for group installa-
tion, and marked to indicate the maximum size of fuse by which 

they must be protected. 
Motor running overcurrent devices other than fuses shall have 

a rating of at least 115 per cent of the full load current rating of 

the motor. 

Automatic Restarting.—A motor running protective device 
which can restart a motor automatically after overcurrent trip-
ping shall not be nstalled unless approved for use with the motor 
which it protects. A motor which can restart automatically 
after shut-down shall not be installed so that its automatic re-

starting can result in injury to persons. 

Motor Branch Circuit Overcurrent Protection 

The following provisions specify overcurrent devices intended 
to protect the motor branch circuit conductors, the motor control 
apparatus, and the motors against overcurrent due to short 

circuits or grounds. 

Ratings or Setting for Individual Motors.—The motor 
branch circuit overcurrent device shall be capable of carrying the 
starting current of the motor. Overcurrent protection shall be 
considered as being obtained when this overcurrent device has a 
rating or setting not exceeding the values given in tables 26 or 

27 pages 540-16 and 540-17 provided that where the overcurrent 
protection specified in the tables are not sufficient for the start-
ing current of the motor, it may be increased but shall in no 
case exceed 400 per cent of the motor full load current. Fuse 

ratings calculated on this basis are given in columns 7, 8, 9 and 

10, table 20, page 540-10 to 540-13. 
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Several Motors on One Branch Circuit.—Two or more 
motors may be connected to the same branch circuit under the 
following conditions: 

a. Two or more motors each not exceeding 1 horsepower in rating and 
each having a full load rated current not exceeding 6 amperes, may be used 
on a branch circuit protected at not more than 20 amperes at 125 volts or 
less, or 15 amperes at 600 volts or less. Individual running overcurrent 
protection is unnecessary for such motors unless required by the provisions 
of pages 522 and 523. 

b. Two or more motors of any ratings each having individual running 
overcurrent protection, may be connected to one branch circuit provided 
all of the following conditions are complied with: 

1. Each motor running overcurrent device must be approved for group 
installation. 

2. Each motor controller device must be approved for group installation. 

3. The branch circuit must be protected by fuses having a rating equal 
to that specified on page 527 for the largest motor connected to the branch 
circuit plus an amount equal to the sum of the full load current ratings 
of all other motors connected to the circuit. 

4. The branch circuit fuses must not be larger than allowed by specifica-
tions covering the thermal cutout or relay protecting the smallest motor 
of the group. 

5. The conductors of any tap supplying a single motor need not have 
individual branch circuit protection, provided they comply with either of 
the following: (1) No conductor to the motor shall have a current carrying 
capacity less than that of the branch circuit conductors, or (.2) no conductor 
to the motor shall have a current carrying capacity less than one third that 
of the branch circuit conductors, with a minimum in accordance with table 
on page 520, the conductors to the motor running protective device being 
not more than 25 feet long and being protected from mechanical injury. 

Combined Overcurrent Protection.—Motor branch circuit 
overcurrent protection and motor running overcurrent protection 
may be combined in a single overcurrent device if the rating or 
sett ng of the device provides the running overcurrent protection 
specified on pages 522 and 523. 

Fuses.—If fuses are used for motor branch circuit overcurrent 
protection a fuse shall be placed in each ungrounded conductor. 
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Capacity of Fuseholder.—If fuses are used for motor branch 
circuit overcurrent protection, the fuseholders shall not be of a 
smaller size than required to accommodate the fuses specified by 
table 20, page 540-10, except that where the authority enforcing 
this code is satisfied that the conditions of maintenance and 
supervision provide that appropriate fuses for the starting char-
acteristics of the motor will be continually available, fuseholders 
of smaller size than specified by table 20, may be used. 

MAINS 

CONDUCTORS OF SAME 
SIZE AS MAINS 

DISCONNECTING 
MEANS 

CONTROLLER r 
WITH MOTOR I 
RUNNING, i 
PROTECTIVE ¡ 

DEVICE 

CONDUCTOR CARRYING 
CAPACITY 125% OF 
FULL LOAD MOTOR 

CURRENT 

MOTOR 

7.370.—Motor wiring diagram where the branch circu't conductors are of he same size 
as the mains. In this case branch circuit protective devices may be omitted. 

Rating of Circuit Breaker.—Circuit breakers for motor 
branch circuit protection shall have a continuous current rating 
of not less than 115 per cent of the full load current rating of the 
motors. 

Feeder Taps in Inaccessible Location.--If the location of a 
tap to the feeder conductors s not accessible, the motor branch 
circuit overcurrent device may be placed where it will be ac-
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cessible, provided the conductors between the tap and the over-
current device have the same overcurrent capacity as the feeder; 
or provided they have a current carrying capacity of at least M 
of the feeder and are not more than 25 feet long and are protected 
from mechanical injury. 

CONDUCTORS WITH 1/3CURRENT CARRYING 
/CAPACITY OF FEEDER, 25 FEET IN LENGTH 

OR LESS, PROTECTED FROM MECHANICAL 
INJURY.  

DISCONNECTING 
MEANS 

CONTROLLER WITH,• 
MOTOR RUNNING, ! 

PROTECTIVE I 
DEVICE 

MOTOR 

FIG. 7,371.—Wiring diagram of motor circuit where the conductors to motor controller have 
one-third the current carrying capacity of the feeder. In this case branch circuit protective 
devices may be omitted. 

Selection or Setting of Protective Device.—If the values for 
branch circuit protective devices given in table 26, page 540-16, 
or table 27, page 540-17, do not correspond to the standard sizes 
or ratings of fuses, non-adjustable circuit breakers, or thermal de-
vices, or possible settings of adjustable circuit breakers adequate 
to carry the load, the next higher size, rating or setting may be 
used. 
A distance of more than 50 feet is considered equiyalent to 

being out of sight. 
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• Motor Feeder Overcurrent Protection 

The following provision specify overcurrent devices intended to 
protect feeder conductors supplying motors against overcurrent 

due to short circuits or grounds. 

Rating or Setting; Motor Load.—A feeder which supplies 
motors shall be provided with overcurrent protection which shall 
not be greater than the largest rating or setting of the branch 
circuit protective device, for any motor of the group, plus the 
sum of the full load currents of the other motors of the group. 

If two or more motors of equal horsepower rating are the largest 
in the group, one of these motors shall be considered the largest 

for the foregoing calculations. 

If two or more motors of a group must be started simultane-
ously, it may be necessary to install larger feeder conductors and 
correspondingly larger ratings or settings of feeder overcurrent 

protection. 

Ratings or Settings; Power and 
supplies a motor load and in addition 
appliance load, the feeder overcurrent 
a rating or setting sufficient to carry 

and appliance load as determined in 
and 27, pages 540-16 and 540-17. 

Light Loads.—If a feeder 
a lighting or a lighting and 
protective device may have 
the lighting or the lighting 
accordance with tables 26 

Motor Controllers* 

The following provisions are intended to require suitable con-

trollers for all motors. 

*NOTE.—As used in this chapter the term controller includes any switch or device which is 
normally used to start and stop the motor. 
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Suitability.—Each controller shall be capable of starting and 
stopping the motor which it controls and for an alternating cur-
rent motor shall be capable of interrupting the stalled rotor cur-
rent of the motor. 

Rating.—The controller shall have a horsepower rating, which 
shall not be lower than the horsepower rating of the motor except 
as follows: 

a. For a stationary motor rated at X3 horsepower or less that is normally 
left running and is so constructed that it cannot be damaged by overload or 
failure to start, such as clock motors and the like, the branch circuit over-
current device may serve as controller. 

b. For a stationary motor rated at 2 horsepower or less, and 300 volts 
or less, the controller may be a general use switch having an ampere rating 
at least twice the full load current rating of the motor. 

c. For a portable motor rated at Yt horsepower or less, the controllef 
may be an attachment plug and receptacle. 

d. A branch circuit type circuit breaker, rated in amperes only, may be 
used as a controller. When this circuit breaker is also used for overcurrent 
protection, it shall conform to the appropriate provision of this chapter 
governing overcurrcnt protection. 

Opening of Conductors.—Except when the controller serves 
also as a disconnecting switch, the controller need not open all 
conductors to the motors. 

In grounded conductors one pole of the controller may be 
placed in a permanently grounded conductor provided the con-
troller is so designed that the pole in the grounded conductor 
cannot be opened without simultaneously opening all conductors 
of the circuit. 

In Sight of Motor.—A motor and its driven machinery shall 
be within sight of the point from which the motor is controlled, 
unless one of the following conditions is complied with: 

a. The controller and its disconnecting means is capable of being locked 
in the open position. 
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b. A normally operable switch, which will prevent the starting of the 
motor, is placed within sight of the motor location. This switch may be 
placed in the remote control circuit of a remote control type of switch. 

c. Special permission is given by the authority enforcing the National 
Eleetrical Code. 

Number of Motors Served by Each Controller.—Each 
motor shall be provided with an individual controller, except that 
for motors of 600 volts or less a single controller may serve as a 
group of motors under any one of the following conditions: 

CIRCUIT FROM D. 
PAN ELEtOARD 
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1 1 
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RHEOSTAT 
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HOLDING 
COIL 

0 0 
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SHUNT 
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I 2 A 1 

PIG. 7,372.—Wiring diagram of starting rheostat for compound wound direct current motor. 
For shunt wound motors the series field coil is omitted. 
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RHEOSTAT 

CIRCUIT FROM D.C. 
PANELBOARD 

1.2 L. 

Notes: When used on 275 volts 
or over remove connection 
from L2 to holding coil" and 
make connection shown 
dotted. 

r STARTING RES 

! 

II 4/ I BLOWOUT ii FIELD p. 
• i COIL 0°0 ' R. RES. \ i  

Ply I 

I I  
o!y„v., v„,5,,,,,,,,e_.,;, .. ,.,s,•r, 

r  4 rlf-el":.9 i l 

m , .0... i• 

Connections shown dot dash 
are on rear of panel. 

MOTOR 

I  ¡Aiwa-vim  
s\mmvwi ! 

SERIES FIELD s 2 

FIG. 7,373.—Typical wiring diagram for starting and speed regulating duty by field control only. 
Diagram is for direct current compound wound motors. For shunt wound motors the series 
field coil is omitted, 
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a. If a number of motors drive several parts of a single machine or piece 
of apparatus such as metal or woodworking machines, cranes, hoists and 
similar apparatus. 

b. If a group of motors are under the protection of one overcurrent 
device. 

c. If a group of motors is located in a single room within sight of the 
controller. 
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I F, 
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FIG. 7.374.—Typical wiring diagram for starting and speed regulation; regulating duty 50% 
speed reduction by armature control. Diagram is for direct current compound wound 
motors. For shunt wound motors the series field is omitted. 
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Adjustable Speed Motors.—Adjustable speed motors, if 
controlled by means of field regulations, shall be so equipped and 
connected that they cannot be started under weakened field, 
unless the motor is designed for such starting. 

RHEOSTAT 

PANELBOARD 
— 125. CIRCUIT FROM D.C. 

: 10 ° 1O,L2 L1 oR7 
Ri fig 

Rovi BLCOOWIOLUTH_ VI 

r"\ Vo 
SWITCH 3vv5°0 v 

HOLDING 
COIL I 

RELEASE L 1 Oi .2 
SWITCH " 

SHUNT MOTOR 

HEW  SERIES I riftifflenr , 
FIELD : 1 

I Si 

2 

A1 

FIG. 7,375.—Typical wiring diagram for starting and speed regulatiori,• regulating duty 50% 
speed reduction by armature control and 25% speed increase by field control. Diagram is 
for direct current compound wound motors. For shunt motors the series field is omitted. 
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Speed Limitation.—Machines of the following types shall be 

provided with speed limiting devices, unless the inherent char-
acteristics of the machines, the system, or the load and the 
mechanical connections thereto, are such as to safely limit the 
speed, or unless the machine is always under manual control of a 

qualified operator. 

a. Separately excited direct current motors. 

b. Series wound motors. 
c. Motor-generators and converters which can be driven at excessive 

speed from the direct current such as by a reversal of current or decrease in 
load. 

Fuseholder Rating.—The rating of a combination fuse-
holder and switch used as a motor controller shall be such that 

the fuse holder will accommodate the size of the fuse specified 
in table 20, page 540-10 for motor running protection. 

Disconnecting Means 

The following provisions specify disconnecting means for 
motors and controllers capable of disconnecting them from the 

circuit. (See diagram fig. 7,360.) 

Type.—The disconnecting means shall be a motor circuit 

switch, rated in horsepower or a circuit breaker except as per-
mitted in the following paragraphs. Every switch in the motor 
branch circuit within sight of the controller location shall comply 
with these requirements. A distance of more than 50 feet is 

considered equivalent to being out of sight. 

a. For stationary motors of X horsepower or less the branch circuit 
overcurrent device may serve as a disconnecting means. 

b. For stationary motors rated at 2 horsepower or less and 300 volts or 
less, the disconnecting means may be a general use switch having an ampere 
rating at least twice the full load current rating of the motor. 
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c. For stationary motors rated at more than 50 horsepower, th s dis-
connecting means may be a motor circuit switch also rated in amper, a 
general use switch, or an isolating switch. 

It is recommended that isolating switches for motors exceeding 50 horse-
power, not capable of interrupting stalled rotor current be plainly marked 
Do not open under load. 

d. For portable motors an attachment plug and receptacle may serve 
as the disconnecting means. 

Carrying Capacity.—The disconnecting means shall have a 
carrying capacity of at least 115 per cent of the name plate cur-
rent rating of the motor. 

Grounded Conductors.—One pole of the disconnecting 

means may be placed in a permanently grounded conductor if 
the disconnecting means is so designed that the pole in the 
grounded conductor cannot be opened without simultaneously 
disconnecting all conductors of the circuit. 

To Be Indicating.--The disconnecting means shall plainly 
indicate whether it is in the open or closed position. 

To Disconnect Both Motor and Controller.—The dis-
connecting means shall disconnect both the motor and controller 
from all ungrounded supply conductors. The disconnecting 
means shall be in the same enclosure with the controller. 

Switch or Circuit Breaker as Both Controller and Dis-
connecting Means.—A switch or circuit breaker complying 
with the foregoing provisions may serve as both controller and 
disconnecting means if it opens all ungrounded conductors to the 
motor, is protected by an overcurrent device (which may be a 
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set of fuses) which opens all ungrounded conductors to the switch 
or circuit breaker, and is one of the following types: 

a. An air brake switch, operable directly by applying the hand to a 
lever or handle. 

b. A circuit breaker operable directly by applying the hand to a lever or 
handle. 

c. An oil switch used on a circuit whose rating does not exceed 600 volts 
or 100 amperes, or on a circuit exceeding this capacity if under expert super-
vision and by special permission. 

The oil switch or circuit breaker specified above may be both 
power and manually operable. If power operable, provision 

should be made to lock it in the open position. 
The overcurrent device protecting the controller may be a part 

of the controller assembly or may be separate. 
A compensator type of controller is not included above and will 

require a separate disconnecting means. 

Service Switch as Disconnecting Means.—If an instal-
lation consist of a single motor, the service switch may serve 
as the disconnecting means, provided it conforms with the fore-
going requirements of this chapter, and is within sight of the 

controller. 

In Sight of Controller.—The disconnecting means shall be 

located within sight of the controller or be arranged to be locked 

in open position. 

Motor Served by a Single Disconnecting Means.—Each 
motor shall be provided with an individual disconnecting means, 
except that for motors of 600 volts or less a single disconnecting 
means may serve a group of motors under any one of the following 
conditions. The disconnecting means serving a group of motors 
shall have a rating not less than is required by the foregoing 
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provisions for a single motor whose rating equals the sum of the 
horsepowers or currents of all the motors of the group. 

a. If a number of motors drive several parts of a single machine or a 
piece of apparatus such as metal or woodworking machines, cranes and 
hoists. 

b. If a group of motors is under protection of one set of overcurrent 
devices as permitted by paragraph a, page 528. 

c. If a group of motors is in a single room within sight of the disconnecting 
means. 

Readily Accessible.— The disconnecting means shall be 
readily accessible. 

Requirements for Voltages Over 600 Volts 

The following provisions recognize the additional hazard due 
to the use of high voltage. They are in addition to the amenda-
tory of the provisions of this chapter. 

Voltages of Over 7,500 Volts.—Motors operating at more 
than 7,500 volts between conductors shall be installed in fire 
resistive motor rooms. 

Motor Overcurrent Protection.—Running overcurrent pro-
tection for a motor of over 600 volts shall consist of either a cir-
cuit breaker, or of overcurrent units, integral with the controller 
which shall simultaneously open all ungrounded conductors to 
the motor. The overcurrent device shall have a setting as speci-
fied elsewhere in this chapter for motor running protection. 

Circuit Overcurrent Protection.—Each motor branch cir-
cuit and feeder of more than 600 volts shall be protected against 
overcurrent by one of the following means: 

a. A circuit breaker of suitable rating so arranged that it can be serviced 
without hazard. 
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b. Fuses shall be of the oil filled or other suitable type. Fuses shall be 
used with suitable disconnecting means or they shall be of a type which 
can also be served as the disconnecting means. They shall be so arranged 
that they cannot be refused or replaced while they are energized. 

Disconnecting Means.—The circuit breaker or the fuse as 
specified in the foregoing paragraph shall constitute the dis-

connecting means. 

Protection of Live Parts; All Voltages 

The following provisions specify that live parts shall be pro-

tected in a manner judged adequate to the hazard involved. 

Where Required.—Exposed live parts of motors and con-
trollers operating at 50 volts or more between terminals, except 
for stationary motors having commutators, collectors and brush 
rigging located inside of motor end brackets and not conductively 
connected to supply circuits operating at more than 150 volts to 
ground, shall be guarded against accidental contact by enclosure, 

or by location as follows: 

a. By installation in a room or enclosure which is accessible only to 
qualified persons. 

b. By installation of a suitable balcony, gallery or platform, so elevated 
or arranged as to exclude unqualified persons. 

c. By elevation 8 feet or more above the floor. 

d. So that it will be protected by a guard rail when the motor operates 
at 600 volts or less. 

Guard for Attendants.—If the live parts of motors or controllers 
operating at more than 150 volts to ground are guarded against accidental 
contact only by location as specified in the foregoing paragraph, and if 
adjustment or other attendance may be necessary during the operation of 
the apparatus suitable insulating mats or platforms shall be provided so 
that the attendant cannot readily touch live parts unless standing on the 
mats or platforms. Where necessary steps and handrails should be in-
stalled on or about large machines to afford safe access to parts which must 
be examined or adjusted during the operation 
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Grounding 

The following provisions specify the grounding of motor and 
controller frames to prevent a potential above ground in the 
event of an accidental contact between live parts and frames. 
Insulation, isolation or guarding are suitable alternative for 
motors under certain conditions. 

Stationary Motors.—The frames of stationary motors shall 
be grounded if any of the following conditions exist: 

a. If supplied by means of metal-clad wiring. 

b. If located in a wet place and not isolated or guarded. 

c. If in a hazardous location. 

d. If the motor operates with any terminal at more than 150 volts to 
ground. If the frame of the motor is not grounded it shall be permanently 
and effectively isolated from the ground. 

Portable Motors.—The frames of portable motors which 
operate at 150 volts to ground shall be guarded or grounded. 

.It is recommended that the frames of motors which operate at 
less than 150 volts to ground be grounded if this can be readily 
accomplished. 

Controllers.—Controller cases, except those attached to un-
grounded portable equipment and except the lined covers of snap 
switches, shall be grounded regardless of voltage. 

Meihod of Grounding.—Grounding where required shall be 
performed as prescribed by the National Electrical Code. 

Grounding Through Terminal Housing.—If the wiring to 
fixed motors is in armored cable or metal raceways, junction 
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boxes to house motor terminals shall be provided. These hous-
ings shall be of ample size to properly make connections, they 
shall be of substantial metal construction, and the armor of the 
cable or the metal raceway shall be connected to them in ac-
cordance with provisions of the National Electrical Code. 
The foregoing junction box required may be separated from 

the motor not more than 6 feet, provided the leads to the motor 
are armored cable or armored cord, or are enclosed in flexible or 
rigid conduit or electrical metallic tubing not smaller than % 
inch electrical trade size, the armor or raceway being connected 

both to the motor and to the box. 

Example.— With reference to fig. 7,376, it is required to determine the 
conductor sizes, the motor running overcurrent protection, the branch circuit 
protection and the feeder protection for one 25 horsepower squirrel cage motor 
(full voltage starting) and two 30 horsepower wound rotor induction motors, 
all connected to a 440 volt, 3 phase 60 cycle system. 

Solution 

Conductor Sizes.—The full load current of the 25 horsepower 
motor is 32 amperes (table 24, page 540-15). A full load current of 
32 amperes requires a No. 8 type R, rubber covered conductor 
(column 2 table 20, page 540-11). The full load current of the 30 
horsepower motor is 39 amperes (table 24, page 540-15). A full 
load current of 39 amperes requires a No. 6 type R rubber covered 

conductor (column 2, table 20, page 540-11). 
The feeder conductor capacity will be 125 per cent of 39 plus 

39 plus 32 or 120 amperes, see page 521. In accordance with 
table 1, page 540-6, this would require a No. 0 type R, rubber 

covered feeder. 

Overcurrent Protection 

Running.—The 25 horsepower motor, with a full load current 

of 32 amperes must have a running overcurrent protection of not 
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over 40 amperes (columns 5 and 6, table 20, page 540-11). The 
30 horsepower must have a running overcurrent protection of 
not over 50 amperes (columns 5 and 6, table 20, page 540-11). 

Branch Circuit.—The branch circuit of the 25 horsepower 
motor must have a branch circuit overcurrent protection of not 
over 100 amperes (column 7, table 20, page 540-11). The branch 
circuit of the 30 horsepower motors must have a branch circuit 
overcurrent protection of not over 60 amperes (column 10, table 

20, page 540-11). 

Feeder Circuit.—The rating of the branch circuit fuse for a 
25 horsepower squirrel cage motor is 300 per cent of 32 amperes 
or 96 amperes (table 27, page 540-17); and for a 30 horsepower 
wound rotor , motor is 150 per cent of 39 amperes or 59 amperes 

(table 27). The rating of a feeder fuse is therefore 96 plus 39 
plus 39 or 174 amperes. Therefore a 175 ampere fuse is the 

maximum size which may be used (see page 531). 
The setting of a motor branch circuit breaker for a 25 horse-

power squirrel cage motor is 250 per cent of 32 amperes or 80 

amperes (table 27), similarly for , a 30 horsepower wound rotor 
motor the setting is 150 per cent of 39 amperes or 59 amperes. 
The maximum setting of a feeder circuit breaker is 80+39+39 

or 158 amperes (see page 531). 
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TABLE 1-.ALLOWABLE CURRENT-CARRY. 
ING CAPACITIES OF CONDUCTORS 

IN AMPERES 
Not More Than Three Conductors in Raceway ér Cable 

(Bleed on Room Temperature ne30 C. 88 F.) 

Rubber 
Tyne R 
Type RW 

Paner 

/mpreg-
Thermo-
plastic 

Type RU Asbestos Ashen« nated • 

Size 
(14-6) 

Rubber 
Type TA Var-Cain Asbeatoa Asbestos. 

AWG Thermo- Typo Var-Cam 
TYPO 
AVA TIP 

Type 
MCM Mastic 

Type T 
Type V Type 

AVL 
(14-8) 
Type 

Type AA, 

Asbestos (14-4 /0) 

're W  

AXA 

f%) 
Var-Cam 
Type 
AVB 

14 15 15 25 30 30 30 
12 20 20 30 35 40 40 
10 30 30 40 45 60 66 8 40 45 60 60 65 70 
6 55 65 70 80 85 95 
4 70 85 90 105 115 120 3 80 100, 105 120 130 145 
2 95 115 120 135 14,5 165 1 110 130 140 160 170 190 
0 125 150 155 190 200 225 

00 145 175 185 215 230 250 
000 165 200 210 245 265 285 

0000 195 230 235 275 310 340 
250 215 255 270 315 335 ... 
300 240 28$ 300 345 380 ... 
350 260 310 325 390 420 ... 
400 280 335 360 420 450 ... 
500 320 380 405 470 500 ... 
600 355 420 455 525 545 ... 
700 386 460 490 560 600 ... 
750 400 475 600 580 620 ... 
800 410 490 515 600 640 ... 
900 435 620 555 .- ... ''' 

1,000 455 5.45 585 680 730 
1,250 495 690 645 ... ... 
1,500 520 625 700 ié5 ... ... 
1,750 
2 000 

645 
560 

650 
66A 

735 
/7A iiii 

... ... 

CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 
0 C. 86 F. 

C. F. 
40 104 .82 .88 .90 .94 .95 ... 
45 113 :71 .82. .85 .90 .92 ... 
50 122 .58 .75 .80 .87 .89 ... 
55 131 .41 .67 .74 .83 .86 ... 
60 140 . . . .58 .67 .79 .83 .91 
70 158 .35 .62 .71 .76 .87 
75 167 ... .. .43 .66 .72 .86 
80 176 .. 

.30 .61 .69 .84 
90 194 ... .50 .61 .80 
100 212 ... ... .51 .77 
120 248 ... ... .69 
140 284 .59 

Seo :Notes Following Tables 1 and 2 
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TABLE 2-ALLOWABLE CURRENT-CARRY-
ING CAPACITIES OF CONDUCTORS 

IN AMPERES 
S'ngle Conductor in Free Air 

(Based on Room Temperature of 30 C. 88 F.) 

Use 
AWG 
MCM 

Rubber 
Type R 

Re 
Type RU 
(14-6) 

Rub- 
ber 
Type 
RU 

Thermo. 
,e va:t1e 

88e8t8e 
TA 

As. 
be 
Var- 
Cam 
Type 
Av.& 
Type 
AV'. 

rmpreg. 
nated 
As- 

bestee 
Type 
AI 

(14-8) 
Type 
AXA 

AO. 
beets 
Type 
a 

04-8) 
Type 
AA 

Slow-
Burn. 
1ng 
Type 
Sli 

Var-Çam 
'IPe V Wrath-

et-lent)! 
TYPe 
WP 

ee T 
Thermo- 
9188110 
Type T 
TType 

Asbestoe 
Var-Cam 
Ty pe 
AVB 

14 
12 
18 

20 
.25 
40 
65 

20 
25 
40 
65 

30 
40 
55 
70 

40 
50 
85 
85 

40 
so 
70 
90 

45 
55 
75 
100 

30 
40 
66 
70 

e 80 95 100 12(9 125 135 100 
4 105 125 135 180 170 180 130 

3 120 145 155 180 195 210 150 

2 140 170 180 210 225 240 176 

1 165 195 210 245 265 280 205 

0 195 230 245 285 305 325 236 

00 225 285 285 330 355 370 275 

000 280 310 330 385 410 430 320 

0000 300 380 385 445 475 510 370 

250 340 405 425 495 410 

300 375 445 480 555 460 

350 420 605 530 610 655 .... 610 

400 455 645 575 665 710 .... 555 
600 515 820 660 765 815 .... 630 

800 575 890 740 855 910 .... 710 
700 830 755 815 940 1005 .... 780 

750 655 785 845 980 1045 .... 810 

800 680 .815 880 1020 1085 .... 843 

900 730 870 905 

1000 780 935 1000 1165 1240 .... 985 

1250 890 1065 1130 .... .... .. . 
1500 980 1175 1260 i4e., .... .... 1215 

1750 1070 1280 1370 .... .... 
204)0 1133 1385 1470 17 15 .... .... i888 
CORRECTION FACTOR FOR ROOM TEMPERATURES OVER 

30 C. 86 F.  

C. F. 
40 104 
45 113 
60 122 
55 131 

.82 

.71 

.58 
41 

.88 

.82 

.75 

.67 

.90 

.85 

.8o 

.74 

60 140 
70 158 
76 167 
80 176 

.58 

.35 
.87 
.52 
.43 
.30 

.94 

.90 

.87 

.83 

.96 

.92 

.89 
88 

.79 

.71 

.66 

.81 

90 194 
100 212 
120 248 
140 284 

.50 
• • . • 
• • • • 
• • • . 

.83 

.78 
72 
69 

.81 

.61 

• :::: 

.91 

.87 

.88 

.84 

.8o 

.77 

.69 

.59 

See notes following Tables 1 and 2. 



540-8 POWER WIRING 

TABLE 4—NUMBER OF CONDUCTORS IN 
CONDUIT OR TUBING 

Rubber Covered, Types RF-32, R, RH, RW and RU 
Thermoplastic, Types TF, T and TW 

One to Nine Conductors 

Number of Conductors in One Conduit or Tubing 

...Van 

1 2 a 

1 

4. 5 6 7 8 9 

13 
16 
14 
12 

31 e 
55 

e 
1 

e If 1k 
1 
1 114 

10 

e  %  iq 
*1 
134 
134 
1.4 

5‘ 

 %  iq 
*1 
134 
134 
1.4 

>4 

i 
1 
11£ 
ih 

1 
11( 
lu 

u 
15£ 
1y4 
2 

1M 
15,5 
2 

4 
8 
2 
1 

94 
34 
34 

1 
134 
134 
134 

1% 
134 
2 
2 

th 
2 
2 
294 

2 
2 
2 
2y¡ 

34 
34 

2 
234 
294 
3 

234 
234 
294 
3 

0 
00 

000 
0000 

1 
1 
1 
11£ 

154 
2 
2 
2 

2 
2 
2 
234 

2 
214 
215 
3 

234 
234 
3 
3 

294 
3 
3 
3 15 

3 
3 
14 

g35 

3 

N  
4 

250 
300 
850 
400 
600 

600 
700 
750 
800 
900 

134 
134 
134 
155 
1;5 

255 
234 
3 
3 
3 

255 
214 
3 
3 
a 

3 
3 
314 
355 
394 

3 
314 
315 
4 
4 

334 
4 
4 
4 
4y¡ 

34 

4 
434 

P 
0 

434 
414 
5 
6 
8 

2 
2 
2 
2 
2 

334 
314 
394 
3;y 
4 

31‘ 
334 
314 
4 
4 

4 
434 
414 
435 
5 

414 
5 
5 
5 
6 

5 
.5 
6 
8 
6 

8 
6 
6 

. 

8 
... 
... 
... 

1000 
1250 
1600 
1760 
2000 

2 
214 
3 
3 
3 

4 
434 
5 
6 
8 

4 
434 
5 
6 
6 

6 
6 
8 
8 
. . 

6 
8 
• • • 
•• • 

8 
... 
•• •  
•• • 
• • • 

... 

... 
•• • 
•• • 

••• 

•• • 

• • • 

• • . 

••• 
•• • 

See Note 4 to Tables 1 and 2. 

'Where a service run of conduit or electrical metallic tubing 
does not exceed 50 feet in length and does not contain more 
than the equivalent of two quarter bends from end to end 
two No. 4 insulated and one No. 4 bare conductors may be 
installed in 1-inch conduit or tubing. 
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TABLE 18-PROPERTIES OF COPPER 
CONDUCTORS 

She Area 

Concentric LaY 
Stranded 

Conductors 
Bare 

Conductora 

D.C.Iteeetance 
Ohnui/M Ft. 
At25C.77 F. 

Diem, AWG Cnr.1.111a 
No. Each Diva. *Melt Bare l'In'd. 
Wired Wire Inch« Sq. Cond. Cond. 

Inches Inches 

18 1624 Solid .0403 .0403 0013 6 510 6 77 
16 2583 Solid .0508 .0508 .0020 4.094 4.25 

14 4107 Solid .0641 .0641 .0032 2.575 2.68 
12 6580 Solid .0808 .0808 .0051 1.619 1.69 
18 10380 Bond .1019 .1019 .0081 1.018 1.06 

18510 Solid .1285 .1285 .0130 .641 .660 

0 26250 7 .0612 .184 .027 .410 .428 
4 41740 7 .0772 .232 .042 .259 .269 
3 52640 7 .0867 .280 .053 .205 .213 
2 66370 7 .0974 .292 .087 .162 .169 
1 83690 19 .0664 .332 .087 .129 .134 

0 105500 19 .0745 .373 .109 .102 .106 
00 133100 19 .0837 .418 .137 .0811 .0844 
000 167800 19 .0940 .470 .173 .0642 .0668 
0000 211600 19 .1055 .528 .219 .0509 .0524 

250000 37 .0822 .575 .280 .0431 .0444 
800000 87 .0900 .830 .312 .0360 .0371 
860000 87 .0973 .681 .364 .0308 .0318 
400000 87 .1040 .728 .416 .0270 .0278 
600000 37 .1162 .814 .520 .0218 .0225 

600000 81 .0992 .893 .626 .0180 .0185 
700000 61 .1071 .964 .730 .0154 .0159 
760000 61 .1109 .998 .782 .0144 .0148 
:ism 81 .1145 1.031 .835 .0135 .0139 
9  61 .1215 1.093 .938 .0120 .0124 

1000000 el .1280 1.152 1.042 .0108 .0111 
1250000 id .1172 1.289 1.305 .00864 .00890 
1500000 91 .1284 1.412 1.566 .00719 .00740 
1750000 127 .1174 1.526 1.829 .00817 .00636 
2000000 127 .1255 1.631 2.082 .00539 .00555 

• Area given is that of a circle having a diameter equal to 
the over-all diameter of a stranded conductor. 

TABLE 19-DIMENSIONS OF CONDUIT 
OR TUBING 

Size 
Internal 
Diameter 
Inches 

Area 
Square 
Inches 

Size 
. 

Internal 
Diameter 
Inches 

Area 
Square 
Inches 

e 
.622 
.824 

.30 

.53 
8 
8% 

8.068 
3 548 

7.38 
9.90  

1 1.049 .88 4 4.028 12.72 
13t" 1.380 1.50 435 4.608 15.95 
134 1.810 2.04 6 5.047 20.00 
2 2.067 8.36 6 6.065 28.89 
234 2.489 4.79 



TABLE 20—CONDUCTOR SIZES AND OVERCURRENT PROTECTION 
FOR MOTORS. See Tables 26 and 27. 

Foil 
load 

current 
rating 
of 

motor 
amperes 

Col. No. 1 

• 

Minimum size conductor 
in raceways 

For conductors in air or 
for other insulations 
see tables 1 and 2 

AWG and MCM 

Type R 

Type T 

Type 
Rit 

2 3 

For 
Running Protection 

of Motors**** 

Maxi- Maximum 
mum setting 
rating of 

of adjustable 
non- protective 

adjustable device 
protective 
devices 

Amneres Amperes 
5 6 

Maximum Allowable Rating or 
Circuit Protective 

With Code With Code Letters 
Letters Single-Phase and squirrel 

Single-phase cage and synchronous, 
and squirrel Full voltage, resistor or 
age and two- reactor starting, Code 
bronous. Full letters 11 to E inc. 
voltage, resis- Auto-transformer start-
or and reactor log, Code letters F to It 
.tarting, Code inc. 
letters F to R With Code 

Inc. Letters 
Without Squirrel cage and ern-

Code Letters chronous, auto-trans-
Same as above former starting, High 

reactance squirrel 
cage.••• 

Both not more than 
30 amperes 

7 8 

Setting of Branch 
Devices 
With Code 
Letters 

Squirrel cage 
and synchro-
nous Auto-
transformer 

starting, Code 
letter:1B to E 

Inc. 
Without - 

Code Letters, 
Squirrel cage 
and synchro-
nous, auto-
transformer 

starting, High 
reactance 
squirrel 
cage.•• • 
Both more 
than 30 
amperes. 

9 

With Code 
Letters 

All motors. 
Code letter 

A. 
Without 

Code Letters 
'DC ard 

wound-rotor 
_motors. 

10 

91
11

2I
Ii

ii
 
21
"g
il
iG
ic
l 
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TABLE 21-FULL-LOAD CURRENT* 
Direct-Current Motors 

HP 
115V 230V 550V 

q 

4.6 
8.6 
8.6 

2.3 
3.3 
4.3 

..... 
1.4 
1  8 

1% 
2 
3 

12.6 
16.4 
24. 

8.3 
8.2 
12. 

2.6 
3.4 
5.0 

a 40 20 8.3 
71¡ 58 29 12.0 
10 78 38 16.0 

15 112 58 23.0 
20 148 74 31. 
25 

e 
184 92 38.  

ao. 30 220 110 
40 292 148 61 
ao 360 180 75 

60 430 215 90 
75 538 288 111 
100 355 148 

125 443 148 
150 534 220 
200 712 295 

*These values for full-load current are average for • ail speeds. 

TABLE 22-FULL-LOAD CURRENT* 
Single-Phase A.C. Motors 

HP II5V 230V 440V 

g 3.2 
4.6 
7.4 
10.2 
13. 

1.6 
2.3 
3.7 
8.1 
6.5 

2 
18.4 
24. 
34. 

9.2 
12. 
17. 

5 56. 28. 
7h 80. 40. 21. 
10 100. 50. 28.  

For full-load currents of 208 and 200-volt motors, increase cor-
responding 230-volt motor full-load current by 10 and 15 per 
cent, respectively. 

*These Values of full-load current are for motors running at 
speeds usqal for belted motors and motors with normal torque 
characteristics. Motors built for especially low speeds or high 
torques may require more running current, in which case the 
nameplate current rating should be used. 
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TABLE 24—FULL-LOAD CURRENTS 

Three-Phase A.C. Motors 

Induction Type Synchronous Type 
Squirrel-Cage and Wound Rotor tUnity Power Factor 

Amperes Amperes 

HP 110V 220V 440V 550V 2300V 220V 440V 550V 2300V 

• % 4 2 1 .8 
5.6 2.8 1.4 1.1 

1 7 3.5 1.8 1.4 
1% 10 5 2.5 2.0 
2 13 6.5 3.3 2.6 
3 — 9 4.5 4 
5 15 7.5 6 
7% — 22 n 9 
10 — 27 14 11 
15 — 40 20 16 — — — — — 
20 — 52 26 21 — — — — — 
25 — 64 32 26 7 54 27 22 5.4  
30 78 39 31 8.5 65 33 26 6.5 
40 — 104 52 41 10.5 86 43 35 8 
50 — 125 63 50 13 108 54 44 10  

60 — 150 75 60 16 128 64 51 12 
75 — 185 93 74 19 161 81 65 15 
100 — 246 123 98 25 211 106 85 20  
125 — 310 155 124 31 264 132 106 25 
150 — 360 180 144 37 — 158 127 30 
200 — 480 240 192 49 — 210 168 40 

For full-load currents of 208 and 200 volt motors, increase the 
corresponding 220-volt motor full-load current by 6 and 10 per 
cent, respectively. 

•These values of full-load current are for motors running at 
speeds usual for belted motors and motors with normal torque 
characteristics. Motors built for especially low speeds or high 
torques may require more running current, in which case the 
nameplate current rating should be used. 

tFor 90 and 80 per cent P. F. the above figures should be 
multiplied by 1.1 and 1.25 respectively. 
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TABLE 26—MAXIMUM RATING OR SETTING 
OF MOTOR-BRANCH-CIRCUIT PROTECTIVE 
DEVICES FOR MOTORS MARKED WITH A 
CODE LETTER INDICATING LOCKED 

ROTOR KVA 

Type of Motor 

All AC single-phase and 
polyphase squirrel cage 
and synchronous motors 
with full-voltage, resis-
tor or reactor starting: 

Code Letter A  150 150 
Code Letter B to E  250 200 
Code Letter F to R  300 250 

All AC squirrel cage and 
synchronous motors 
with auto-transformer 
starting: 
Çode Letter A.  150 150 
Code Letter B to E  200 200 
Code Letter F to R  250 200 

FIER CENT OP FULL-LOAD CURRENT 
Fuse Rating Circuit-Breaker Setting 
(See also Instan- Time 

Tablé 20, Col- taneous Limit 
umnse, 8, 9, 10) Type Type 

Synchronous motors of the low-torque, low-speed type (usually 
450 RPM or lower), such as are used to drive reciprocating com-
pressors, pumps, etc., which start up unloaded, do not require a 
fuse rating or circuit-breaker setting in excess of COO per cent of 
full-load current. 

For motors not marked with a Code Letter, 
see Table 27. 
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TABLE 27—MAXIMUM RATING OR SETTING 

OF MOTOR-BRANCH-CIRCUIT PROTECTIVE 

DEVICES POR MOTORS NOT MARKED WITH 

A CODE LETTER INDICATING LOCKED 

ROTOR KVA 

Type of Motor 

Pas CANT OF FULL LOAD CURRENT 

Fuse Rating Circuit-Breaker Setting 
(See also Instan- Time 

Table 20, Col- taneou! Limit 
umns 7, 8, 9, 10) Type Type 

Single-phase, all types  300 
Squirrel-cage and syn-
chronous ( full-voltage, 
resistor and reactor 
starting) ......-- 300 

Squirrel-cage and syn-
chronous (auto - trans-
former starting) 
Not more than 30 am-

peres   250 
More than 30 amperes.. 200 

High. reactance squirrel-cage 
Not more than 30 am-
peres . 250 250 

More than 30 amperes- WO 

Wound-rotor .-..-- 150 

Direct-current 
Not more than 50 H.P. 150 
More than 50 H.P  150 

tummy 

250 
175 

250 

250 

200 
200 

aso 
200 

iso 

150 
150 

Synchronous motors of the low-torque low-speed type (usually 
450 R.P.M. or lower) such as are used to drive reciprocating 
compressors, pumps, etc., which start up unloaded, do not require 
a fuse rating or circuit-breaker setting in excess of 201) per cent 
of full-load current. 

For motors marked with a Code Letter, 
see Table 26. 

Notes (See tables 1 and 2) 

1. Aluminum Conductors.—For aluminum conductors, the allowable 
current-carrying capacities shall be taken as 84% of those given in the table 
for the respective sizes of copper conductor with the same kind of insulation. 
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2. Bare Conductors.—If bare conductors are used with insulated 
conductors, their allowable current-carrying capacity shall be limited to 
that permitted for the insulated conductor with which they are used. 

3. Application of Table.— Por open wiring on insulators and for 
concealed knob-and-tube work, the allowable current-carrying capacities 
of Table 2 shall be used. For all other recognized wiring methods, the 
allowable current-carrying capacities of Table 1 shall be used, unless other-
wise provided in this code. 

4. More Than Three Conductors in a Raceway.—Table 1 gives the 
allowable current-carrying capacity for not more than three conductors 
in a raceway or cable. If the number of conductors in a raceway or cable 
is from 4 to 6, the allowable current-carrying capacity of each conductor 
shall be reduced to 80% of the values in Table 1. If the number of conduc-
tors in a raceway or cable is from 7 to 9, the allowable current-carrying 
capacity of each conductor shall be reduced to 70% of the values in Table 1. 

5. Neutral Conductor.—A neutral conductor which carries only the 
unbalanced current from other conductors, as in the case of normally bal-
anced circuits of three or more conductors, shall not be counted in determin-
ing current-carrying capacities as provided for in the preceding paragraph. 

In a 3-wire circuit consisting of two phase wires and the neutral of a 
4-wire, 3-phase system, a common conductor carries approximately the 
same current as the other conductors and is not therefore considered as a 
neutral conductor. 

6. Ultimate Insulation Temperature.—In no case shall conductors 
be associated together in such a way with respect to the kind of circuit, the 
wiring method employed, or the number of conductors, that the limiting 
temperature of the conductors will be exceeded. 

7. Use of Conductors With Higher Operating Temperatures.— 
If the room temperature is within 10 degrees C of the maximum allowable 
operating temperature of the insulation, it is desirable to use an insulation 
with a higher maximum allowable operating temperature; although insula-
tion can be used in a room temperature approaching its maximum allowable 
operating temperature limit if the current is reduced in accordance with the 
table of correction factors for different room temperatures. 

8. Voltage Drop.—The allowable current-carrying capacities in Tables 
1 and 2 are based on temperature alone and do not take voltage drop into 
consideration. 

9. Overcurrent Protection.—If the standard ratings and settings of 
overcurrent devices do not correspond with the ratings and settings allowed 
for conductors, the next higher standard rating and setting may be used, 
but not exceeding 150% of the allowable carrying capacity of the conductor. 

10. Deterioration of Insulation.—It should be noted that even the 
best grades of rubber insulation will deteriorate in time, so eventually will 
need to be replaced. 
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CHAPTER 24 

Marine Wiring Practice 

The regulations for electrical installation on merchant vessels 
are promulgated by the Maritime Commission, Department of 
Commerce, Bureau of Marine Inspection and Navigation, Federal 
Communications Commission and the American Bureau of 
Shipping, and are designed in accordance with the Marine 
Standard of the American Institute of Electrical Engineers, the 
practices on which this chapter is based. It is recommended, 
therefore, that reference always be made to their latest speci-
fications and requirements. 
The Bureau of Marine Inspection and Navigation has divided 

vessels into the following groups: 

Group No. 1 

Ocean-going vessels which navigate on any ocean or the Gulf of Mexico 
more than 20 miles off-shore. 

Group No. 2 
Ocean-going vessels which navigate on any ocean or the Gulf of Mexico 

but less than 20 miles off-shore. 

Group No. 3 

Vessels navigating Great Lakes only. 

Group No. 4 

Vessels navigating bays, sounds and lakes other than the Great Lakes. 

Group No. â 

Vessels navigating rivers only. 
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Plans.—Every vessel should be provided with plans giving 
complete and detailed information as to circuits, wire sizes, 
loads, etc., for the light, power and interior communication 
systems. A symbol list giving the manufacturer's name, size, 
type, rating, catalog number or similar identification for all the 
equipment on the vessel should also be provided for the vessel's 
operating personnel. 

Type of Current Used.—Distribution of electrical energy 
may be made either by direct or alternating current, but in 
present practice for electric auxiliaries direct current is usually 
employed. On this account, the main body of these recom-
mendations covering auxiliaries relates to direct current 
installations. 

Nature of Supply Source.—The following systems of dis-
tribution are recognized as standard: 

1. Two wire with direct or single phase alternating current. 

2. Three wire with direct current or single phase alternat-
ing current. 

3. Three phase three wire, alternating current. 

Standard Voltages.—The following voltages are recognized 
as standard: 

Direct Alternating 
Current Current 

Lighting  115 Volts 115 Volts 

Power   115 and 230 115-220-440 

Generators    120 and 240 120-230-450 



Marine Wiring Practice 543 

Standard Frequency.—A frequency of 60 cycles per second 
is recognized as a standard for all alternating-current lighting 
and power systems. 

Selection of Voltage and Distribution System—D.C.—For 
vessels having little power apparatus, 120 volt generators are 
recommended with 115 volt light and power distribution sys-
tems. Where an appreciable amount of power apparatus is 
provided, 240 volt generators and 230 volt power distribution 
system with 115 volt lighting distribution system should be 
selected. 

115V LAMPS° 

Floe. 1 and 2.—Direct current distribution systems. In the two-wire srtem the amps are con. 
nected in parallel between the positive and the negative wires. The generator may be either 
shunt or compound wound. In fig. 2 the distribution is accomplished by means of a three 
wire direct current generator (Dobrowolsky system). The third wire (some times mis-
leadingly called neutral) is obtained as follows: To any ordinary generator designed to give a 
terminal voltage equal to that between the two main wires, are added two slip rings as 
shown. From these slip rings two leads are brought out and connected to armature points 
located 180 electrical degrees apart. Colleztors from the slip rings are connected to the two 
ends of the balance coil wound on an iron core and the middle point of this coil is finally 
connected to the third wire. It should be observed that in a system of this kind, it is necessary 
to balance the load between the two main wires and the wire leading from the baiance coil 
as closely as possible, and the amount of unbalance should not exceed the manufacturer's 
specification, usually of from 10% to 15% of the total current. 
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Selection of Voltage and Distribution System—A.C.—For 
small vessels having little power, three phase, 120 volt genera, 
tors may be used with the 115 volt lighting and power distribu-
tion system. For vessels requiring considerable power appara-
tus, three-phase, 230 volt generators are suggested with three-
phase 220 volt distribution for the power system and 115 volt 
single phase two wire or 115 230 volt single phase three wire 

tPHASE A.C. 
GENERATOR 

63 PHASE A.C. 
GENERATOR 

iII5V II V 

11 V 
t 

(1) 230V 
23 

i  

230V 

— 05v-115V -.415V- 05 COILS I r 

BALANCE f ( 
FulsTECsiiEl 

FUSES 

L GHT Abu) L GHT AtttY TO MOTOR TO MOTOR 
POWER POWER 

Fins. 3 and 4.—Typical alternating current distribution systems. When it is desired to utilize 11S 
volts for light supply, balance coils are installed and connected as indicated. In a system 
of this kind, however, it is necessary that the lighting load be reasonably well balanced 
among the phases. 

or 115 volt three phase three wire as obtained through trans-
formers for distribution to the lighting system. Each of the 
three single phases should have about the same load so that cur-
rents will be about equal in each phase wire at the point where 
the three single phase systems are joined into one three phase 
system. For very large vessels with a large amount of power, 
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the use of 450 volt three phase generators with 440 volts or 220 
volts for power distribution and 115 volts for the lighting 
system as described for the 230 volt generator system may be 
considered. 

TO POS,T.E 
SOuRCE 

TO TO 
SOURCE SOURCE 

From. 5A to 5D.—Showing various methods of loop-wiring. In order that all lamps in a circuit 
shall burn with equal brilliance at all times, it is necessary that the resistance of the circuit 
from the supply source to any lamp shall have a constant value, and be equal to the resistance 
through any other lamp. This is best accomplished in the loop system in which the mains are 
run in the form of a closed loop. With reference to figs. 5A and 5B, a break in either leg of the 
circuit will cause no break in the continuity of the circuit and all lamps will burn. It would 
require two breaks in any one leg to extinguish a lamp. If the loop be connected as shown 
in fig. 5C an analysis reveals that if a break occur at a, in the positive main all the lights 
toward the right of the open would be extinguished. Similarly a break in the negative main 
a' b would extinguish all lights to the left of the fracture. 
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Balancer Sets.—Balancer sets are not recommended for 
obtaining 120 volts from the 240 volt, two-wire direct current 
generators. 

Rules Governing Direct Current 
Equipment and Installations 

Installation and Location of Generator Sets.—Generating 
sets should be located in a well ventilated place as dry as pos-
sible. They should not be installed in the immediate proximity 
to water and steam piping, etc., and should be protected from 
dripping water, oil, etc. 

Generating sets should always be installed with the shaft in 
the fore and aft position. There should be at least 18 inches 
between the set and surrounding objects to provide accessibil-
ity, and sufficient room should be provided to permit removal of 
the armature. 

When diesel engine driven generating sets are located in deck houses, the 
enclosing structure should be steel or other approved fireproof material. 

Generating Sets for Ship's Service—Number and Size.—In 
determining the capacities and number of generating sets to be 
provided for a vessel, careful consideration should be given to 
the normal and maximum demands as well as for the safe and 
efficient operation of the vessel when at sea and in port. The 
combined normal capacity of the operating generating sets 
should be at least equal to the maximum peak load, and in 
addition one spare unit should be provided. If the peak load and 
its duration be within the limits of the specified overload capac-
ity of the generating sets, it is not necessary to have the com-
bined normal capacity equal to the maximum peak load 



Marine Wiring Practice 541 

Generating Sets—Emergency.—In addition to the foregoing, 
the Department of Commerce, Bureau of Marine Inspection and 
Navigation requires the installation of a diesel engine driven 
generating set and (or) storage batteries located above the bulk-
head deck for operating the emergency lighting and power 
systems. 

Gasoline and semi-diesel engines are not recommended for 
the operation of emergency generators. 

Generator Windings.—In the case of installations where the 
load does not fluctuate appreciably, shunt-wound generators 
without voltage regulators or the special type compound-wound 
generators may be used in lieu of compound-wound generators. 

COMMUTATING 
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Pros. 6 and 7.—Connections of a shunt-wound generator with commutating poles and schematic 
diagram. 

In the case of installations where the load is apt to fluctuate 
appreciably, shunt-wound generators with voltage regulators, or 
compound-wound generators should be used in the interest of 
substantially constant voltage. 

Unless otherwise specified, all three-wire direct current generators should 
c,e designed for 25% unbalanced current. 
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In order to promote uniformity of practice for two-wire compound-
wound generators, it is recommended that the series field terminal be 
negative. 

POLE YOKE 

FIELD 
RHEOSTAT 

COMPOUND GENERATOR 
(SHORT SHUNT) 

?ios. 8 and 9.—Connection of a compound wound generator with schematic circuit diagram. 

Voltage Regulation and Compounding.—When the lighting 
load is not supplied by the main generator, the main generator 
should be shunt-wound and should have an inherent voltage 
regulation as follows: 

Shunt-wound generating sets of 150 k.w. and above should be designed 
as to speed regulation and governing of the prime mover and inherent regu-
lation of the generator so that at full-load operating temperature there will 
be a rise in voltage of not over 8% when the load is gradually reduced from 
100% load to 20% load, and so that there will be a drop in voltage of not 
more than 12% when the load is gradually increased from 20% load to 
100% load, based on 3.5 per cent speed regulation (drop in speed from no 
load to fuP load) of the prime mover. For each condition the field rheostat 
should be set for normal rated voltage at the beginning of each test. 

Compound-wound generators should be designed as to governing of 
prime mover, compounding and regulation of the generator, so that with 
the generator at full-load operating temperature, and starting at 20% load 
with voltage within 1% of rated voltage, it should give at full load a voltage 
within 1 of rated voltage. The average of the ascending and descending 
voltage regulation curves between 20% load and full load should not vary 
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more than 3% from rated voltage, except for diesel engine driven generators, 
in which case it should not vary more than 4%. 

The voltage regulation of a three-wire generator should be such that 
when operating at rated current on the heavier loaded side (i.e., positive or 
negative lead) with rated voltage between the positive and negative leads 
and a current of 25% of the generator current rating in the neutral wire, 
the resulting difference in voltage between the positive and neutral leads 
and negative and neutral leads should not exceed 2% of the rated voltage 
between the positive and negative leads. 

OVER-COMPOUNDED 

FLAT-COMPOUNDED 

7- UNDER -COMPOUNDED 

COMPOUND 
GENERATOR 

a 

SHUNT 
GENERATOR 

CURRENT CURRENT 

Floe. 10 and 11.—Voltage drop characteristics of a compound and shunt-wound generator 
respectively. The compound generator may be designed to produce an almost constant 
voltage or even a rise in voltage as the load increases by placing on the field poles a few turns 
which may be connected in series with either the load or the armature. When the series 
ampere-turns on the field coils are adjusted so that the terminal voltage of the generator 
is greater at full load than at no-load the machine is said to be over-compounded. When the 
coils are adjusted to cause the generator to deliver the same terminal voltage at both full 
and no-load the machine is fiat-compounded. When the adjustment is such that it causes the 
generator to deliver less voltage at full-load than at no-load the machine is under-compounded. 
See curves a, b, and c, fig. 10, respectively. 

In the foregoing, the speed regulation curve of the prime mover should 
not vary more than 1% from a straight line drawn between the speeds at 
20% load and 100% load. 

The voltage regulation and compounding tests should be made at the 
works of the electrical manufacturer in accordance with his standard testing 
practice, using an approximately straight line speed regulation from 20% 
to 100% in amount as specified by the prime mover builder. 
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Parallel Operation.— Successful parallel operation is attained 
if the load on any generator does not differ more than plus or 
minus 15% of its rated kilowatt load from its proportionate 
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Fro. 12.—Connection diagram of two 120/240 volt three-wire compound-wound d.c. gen-
erators. The generators are arranged for parallel operation and require therefore a set of 
equalizer buses. With reference to diagram each generator has leading from the brushes a 
commutating and a series field on each leg of the circuit. Between these two fields on each 
leg is an equalizer connection. Since each generator has a positive, negative and neutral lead, 
in addition to a positive and a negative equalizer, the total number of outgoing main con-
nectors are five in number. Each of these leads is connected through air circuit breaker 
and switches to their respective buses usually located in the rear of the generator panels. 
To prevent motoring of either unit one pole of each circuit breaker is equipped with a reverse 
current relay, in addition to the over-load trip feature. One voltmeter is provided with each 
generator, and permits the operator by means of the voltmeter switch to read the voltage 
between the positive and negative and also voltage positive and negative to neutral. By 
placing one ammeter in each outgoing leg it is possible to note the amount of unbalance in 
current at all times by a simple subtraction of readings. 
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share, based on the generator ratings, of the combined load, for 
any change in the combined load between 20% and 100% of 
the sum of the rated loads of all the generators. For this test 
the speed of the generators shall be constant or slightly decreas-
ing, with the change in speed approximately proportional to the 
load. For compound-wound machines, series field equalizer con-
nections are required, which, between any two machines, shall 
not have more than 20% of the resistance of the series field 
with resistors, if any, of the smaller machine. 

Prime Movers.—Generating sets may be driven by steam 
engines either of the turbine or reciprocating type, or by diesel 
engines. Each prime mover should be fitted with an efficient 
speed regulating governor as well as an automatic overspeed 
trip. The automatic overspeed trip should function to shut 
down the unit automatically when the speed exceeds the de-
signed maximum service speed by more than 15%. Each prime 
mover should, in addition, be under the control of an efficient 
operating governor capable of limiting the speed, when full load 
is suddenly removed, to at least 5% less than that of the over-
speed trip setting. The overspeed trip should also be equipped 
with a means for manual tripping. Where a turbine prime mover 
is also fitted to utilize auxiliary exhaust, it should be provided 
with a properly arranged automatic shutoff, and where pro-
vision is made for extraction of steam, positive means should be 
provided for preventing a reversal of flow to the turbine. 

All sets of 100 k.w. capacity and above should be provided 
with a coupling fitted to the armature shaft. 

Mountings.—The generator and its driving unit should be 
mounted on a common support to insure proper alignment. Care 
should be exercised to secure a rigid foundation. Where a bed-
plate is used, each unit comprising the set should be provided 
with ample supporting feet secured to the bedplate. 
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Accessibility.—The design of generating sets should provide 
for accessibility to all parts requiring inspection during opera-
tion or dis-assembling for repairs. 

Insulation of Windings.—All assembled armatures and also 
the armature coils for open slot construction should be im-
mersed in insulating varnish and baked. All field coils should be 
treated with varnish or other insulating compound while being 
wound, or impregnated by the vacuum and pressure method. 
The finished winding should be water and oil resistant. 

OIL RING 
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01 L RESERVOIR 

Fro. 13.—Sectional view of a typical self-oiling bearing. As shown the pedestal or bearing 
standard is cored out to form a reservoir for the oil. The rings are in rolling contact with the 
shaft, and dip at their lower part into the oil. In operation, oil is brought up by the rings 
which revolve because of the frictional contacts with the shaft. The oil is in this way brought 
up to the top of the bearing and distributed along the shaft gradually descending by gravity 
to the reservoir, being thus used over and over. A drain cock is provided in the base so that 
the oil may be periodically removed from the reservoir and strained to remove the accumu-
lation of foreign matter. This should be frequently done to minimize the wear of the bearing. 
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Lubrication.—All generating sets should be located with 
their shafts in a fore and aft direction on the vessel and they 
should lubricate and operate satisfactorily when permanently 
inclined to an angle of 15° athwartship and 5° fore and aft, and 
arranged so that they will not spill oil under a vessel roll of 30° 
each side of the vertical. Turbine driven generating sets depend-
ing on forced lubrication should be arranged to shut down 
automatically on loss of oil pressure. 

Corrosion-Resistant Parts.—To prevent deterioration and 
corrosion of interior bolts, nuts, pins, screws, terminals, brush-
holder studs, springs, etc., and such other small parts as would 
be seriously damaged and rendered ineffective by corrosion, 
these should be made of corrosion-resistant material or steel 
suitably protected against corrosion. Steel springs should be 
treated to resist moisture in such a manner as not to impair 
their spring quality. 

Terminal Arrangements.— 

(1) Generators 50 k.w. and above 

(a) Side location 

Generators should be provided with an insulating terminal board having 
secured terminals to which the lugs of the incoming cables can be readily 
fastened. The terminal board should be enclosed in a drip-proof terminal box 
so constructed that the incoming cables can be led individually through an 
insulating cover screwed or bolted to the bottom or through a metal strip 
at least Vt in. thick. If the cables enter through the bottom, ordinary clear-
ance holes are recommended. If the cables enter through the top, individual 
terminal tubes should be used. 

(b) Top location 
Generators should be provided with an insulating terminal board as 

recommended in (a) enclosed in a drip-proof box having top and side sec-
tions at least VI. in. thickness through which the individual cables can be 
entered through terminal tubes. 
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(c) Bottom location 

Generators should be provided with strap terminals, secured to an insu-
lating block, to which the connections (or straps) of the incoming cables can 
be fastened. The terminal board should be suitably protected. 

(2) Generators below 50 k.w. 

Generators should be provided with a side located, drip-proof conduit box 
with removable cover plate. The generator cables should be secured inside 
the conduit box. The arrangement should be such as to permit ready con-
nection of the incoming cables. 

Storage Batteries 
Installation and Location.—Storage batteries of either the 

lead-acid or nickel-alkaline type should be installed in a well 
ventilated room, but if no room be available, they may be 
installed in special deck boxes. The battery room should be 
large enough to provide adequate access for inspecting, testing 
and watering the battery. 
For a lead-acid battery, the exposed metal in the battery 

room, including the battery and its connections, should be 
printed with corrosion-resistant paint. The floor of the battery 
room should be lined with 8 pound sheet lead, carried about 6 
inches up the sides of the room and secured thereto or the bat-
teries should be installed in lead-lined shelves with the lead car-
ried up not less than 3 inches at the front, back and end of 
shelves. All joints in the lead lining should be lead burned water-
tight. A two inch space should be provided in back of the bat-
tery shelves to prevent pocketing of gases. 
For a nickel-alkaline battery, the exposed metal in the bat-

tery room should be painted with corrosion•resistant 
When the decks are made of ferrous metal, a steel pan should be 
provided with side walls 6 inches high and made liquid tight. 
Battery trays can be arranged in tiers, but each tier should be 
fitted with a pan to take the battery tray. 
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Wheie the decks are made of wood or non-ferrous metal, a 
steel pan of satisfactory thickness with side walls 6 inches high 
and made liquid tight should be provided. Where the battery 
rack is located in close proximity to a wooden or non-ferrous 
bulkhead, the size of the steel pan should be carried up the bulk-
head to a point at least 1F2, inches above the filler caps of the 
battery. 
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0-0 0•••-0 
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Fros. 14 to 16.—Three principal methods of connecting batterie For best results it is necessary 
that all inter-connected batteries be of an equivalent typc, that is, their terminal voltage 
and internal resistance be equal. 

The ventilating system for battery rooms should be carefully arranged to 
prevent the accumulation of pockets of inflammable gases. If the battery 
room be located in a deck house, natural ventilation may be used with 
adequate openings overhead, and near the deck. If the battery room be 
below deck, a motor driven exhaust fan, capable of changing the air every 
two minutes, should be provided for use when charging the battery. The fan 
should draw from top of room and openings for air inlet should be provided 
near the base of the room. The interior of the fan and ducts, if used, should 
be painted with corrosion-resisant paint. 
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If batteries are installed in engine rooms and machinery spaces, the 
ventilating systems of these spaces should be of a capacity to properly 
carry off all gases during the charging period and prevent the accumulation 
of pockets of inflammable gases. When lead-acid batteries are installed in 
special deck boxes, they should be lined with 4 pound sheet lead to a height 
of 10 inches. Ventilation should be provided by means of an inlet and outlet. 
The inlet should be turned down and the outlet should extend at least 4 
feet above the battery box; both should be suitably protected against spray 
and painted with corrosion-resistant paint. 
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FIG. 17.—Sectional view of Exide battery showing construction. The active material is lead 
peroxide on the positive plate and finely divided or sponge lead on the net cuve plate. The 
plates are immersed in a solution of sulphuric acid and water called electrolyte. On discharge 
of the battery, both these active materials are quantitatively converted into lead sulphate at 
the expense of the acid radical of the electrolyte and the formation of water. Precisely the 
reverse action takes place upon the charge of the battery. 

When nickel-alkaline batteries are installed in special deck boxes, the 
box should be lined with sheet steel of satisfactory thickness to a maximum 
height of 10 inches. The floor of the deck box shall be covered with removable 
wood strips of at least in. thickness. In addition, the battery shall be 
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securely blocked in place by means of wooden strips of 34 in. x 1% in. cross 
section permanently attached to the inner sides of the box and placed at 
least 1 in. apart in such a way that all trays are held at least 3% in. from 
the inner lining. A reasonable amount of ventilation should be provided by 
locating holes as high as possible on opposite sides or ends. Openings on one 
side or end are not enough to insure positive ventilation. All wooden lining 
bases and exposed steel surfaces should be covered with corrosion-resistant 
paint. 
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Fto. 18.—Sectional view of Edison Nickel-Iron Alkaline battery. The positive or nickel plate 
consists of a number of perforated steel tubes heavily nickel plated and filled with alternat.. 
layers of nickel and hydroxide and pure metallic nickel in thin flakes. The negative or iroo 
plate consists of a grid of nickel plated cold rolled steel that holds a number of rectangula. 
rockets filled with nowdeeed iron oxide 
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When radio, emergency radio and auto-alarm batteries of the lead-acid 
type are installed in boxes, the boxes should be lined with 4 pound sheet lead 
to a height of 3 inches. 

When radio, emergency radio and auto-alarm batteries of the nickel-alka-
line type are installed in boxes, the interior of the boxes should be fitted with 
steel pans having a height of 4 inches. 

The location of the battery should be carefully considered at the time of 
installation, and should be such as to protect the battery from damage in 
case of accident, so far as this is possible. Batteries used for emergency 
lighting or to operate radio equipment sets, should be located as high as 
possible, and never below the bulkhead deck level. In selecting the location, 
exposure to extreme heat or cold, vibration, steam or salt water should be 
avoided. 

Storage batteries of either the lead-acid or nickel-alkaline type should not 
be installed in sleeping quarters. 

Capacity.—When only a storage battery is required for the 
operation of the emergency lighting and power system, the 
capacity of the battery should be sufficient to operate the 
system for at least 12 hours. For passenger vessels where storage 
batteries are required for the operation of the emergency light-
ing and power system in conjunction with the diesel emergency 
generating set (s), the capacity of the battery should be suffi-
cient to operate the portions of the emergency lighting and 
power system for at least hours. 

The capacity of the emergency lighting and power storage battery should 
be such that when connected to the line for the purpose of supplying power, 
the initial voltage should not exceed the normal rated generator voltage by 
more than 5% and the final battery voltage at the end of full-rate discharge, 
should not be more than 123/2 per cent below the normal rated generator 
voltage. The initial capacity of a lead plate type battery should be based on 
a specific gravity of electrolyte when fully charged between 1.210 and 1.220 
at a temperature of 25°C. 

The capacity of a battery that is normally floated on the power bus, so 
as to take care of load peaks, should be determined for each particular 
installation. The generators which must operate in parallel with the battery 
should have voltage characteristics suitable for the type and capacity of the 
battery, to insure stable operation. Automatic voltage regulators should be 
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provided to protect the distribution circuits which will not function properly 
if operated above thcir designed voltage. 

The capacity of batteries when provided as the only power supply for 
signalling, communication or alarm systems, should be sufficient to operate 
the equipment connected thereto under normal conditions for at least one 
week without charge. It is recommended that a standby battery be provided 
for such systems to permit operation from alternate sets. 

It is recognized, however, that in special cases there may be some un-
important equipment where a capacity sufficient to operate the equipment 
for 72 hours may be adequate, when a spare set is provided and the ampere 
hour capacity is not less than sixty. 
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FIG. 19.-110-120 volt battery-generator circuit. An economical arrangement is obtained by 
means of a disconnect circuit breaker so located in the control circuit that it divides the heavy 
motor loads from the emergency and lighting loads. This circuit breaker accomplishes two 
purposes: it relieves the generator of any overload condition and because of the close limits 
over which the voltage relay operates it provides the emergency and lighting circuits with a 
continuous source of current through instantaneous transfer of these circuits from generator 
to battery. This transfer is made upon loss of the generator voltage from overload or any other 
cause. The generator is then forced to carry the heavy motor loads whidi are eomeded ahead 

of the disconnect circuit breaker. 
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Batteries for starting marine diesel engines and other service, shall have 
a fully charged specific gravity of not less than 1.275 to 1.2A5 at 25°C. 
Batteries shall have sufficient capacity for the necessary breakaway current 
voltage, and to crank the engine for not less than two minutes at a speed 
sufficient to insure starting the engine at the lowest temperature antici-
pated. 

Batteries used for starting duty only may be furnished in thin positive 
plate construction (.100 to .150 thick); however, when auxiliary duties are 
to be performed from the battery, heavier positive plate construction shall 
be considered (.150 to .250 thick). Exception—Starting batteries which 
will be continuously exposed to tropical temperatures shall have a fully 
charged specific gravity of 1.210 to 1.220 at 25°C. 

Batteries should develop at least 90% of their rated capacity within the 
first three cycles after assembly. 

Accessibility.—The battery should be arranged so that the 
trays are readily accessible for care, inspection and removal. 
Lifting eyes or equipment should be provided over all large 
batteries to facilitate removal. 

Voltage.— The emergency lighting and power batteries should 
supply a voltage equal to that of the vessel's supply. 

Charging Equipment.—Where the voltage of the battery is 
the same as ship's supply, the battery may be split for the pure 
pose of charging. The capacity of the charging equipment 
should allow the entire battery to be charged at once. Emer-
gency lighting and power batteries should be charged at theii 
normal charging rate, and time for complete recharge should 
not exceed 18 hours, based on the 1M hour discharge rate. Tne 
battery and charging equipment should be protected against 
overload and reversal of current by means of efficient circuit 
interrupting devices. 

The charging panel should include an ammeter and voltmeter of suitable 
range, provided when desired, with switches to read different circuits. A 
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fixed resistor should be provided for each battery. The charging circuit of 
the battery should include an overload and underload, or overload and 
reverse-current circuit breaker. The use of an automatic charging panel is 
recommended. 

Switches and other electrical fittings which are liable to cause an arc are 
not to be located in the battery room. Each conductor is to be fitted with a 
protective device which may be located in the battery room if it is enclosed 
in an explosion-proof casing; otherwise a protective device is to be fitted in 
each conductor immediately outside the room. Fuses on the battery charging 
switchboard, when in adjoining compartments, will meet this requirement. 
Fuses may be used for the protection of emergency lighting storage batteries 
instead of circuit breakers, up to and including 600 ampere rating. 

Where conductors enter the battery room, the holes are to be substan-
tially and tightly bushed as required for watertight bulkheads. 

All connections within acid battery rooms should be lead covered cables, 
sealed tightly to resist the entrance of electrolyte by spray or creepage. 

Switchboards 

Installation and Location.—Switchboards should be installed 
in the same compartment with generating sets, in a dry place 
away from the vicinity of steam, water and oil pipes. The 
switchboards should be so located as to be accessible from 
front, rear and one end. The space in rear of switchboard should 
be ample to permit maintenance and should, in general, be not 
less than 18 inches in the clear. Ample clearance should be given 
for current carrying parts to ground.Asbestos barriers should be 
installed above the secondary contacts of air circuit breakers if 
less than 12 inches from ship's structure. If the space in the 
rear of the switchboard is accessible to unauthorized personnel, 
the space should be completely enclosed with metal grill pro-
vided with either sliding or hinged doors equipped with a lock. 

An insulating grating should be provided on the deck in front and rear of 
switchboard, and grating should extend the entire length and be of sufficient 
width tt--, provide adequate operating space. A non-conducting horizontal 
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hand rail should be provided in front of the switchboard. When current 
carrying parts are located close to the deck, a guard should be provided to 
prevent accidental contact with live parts. Wood should not be used in the 
construction or protection of switchboards except for hand rails. For bulk 
oil carriers and vessels carrying oil having a flash point of less than 150°F., 
switchboards should not be located in spaces where vapor or gas is liable to 
accumulate. 

Construction 

1. Panels.—These should be of non-combustible, non-
absorbent , insulating material, free from metallic veins, spots, 
etc., such as impregnated ebony asbestos lumber, or similar 
material. Impregnated material should be impregnated all the 
way through and properly buffed and finished a dull black on all 
surfaces to prevent accumulation of dust and moisture. Each 
panel should have a bevel on the front edge. The thickness of 
panels should be not less than one inch and generally not over 
two inches, depending upon the equipment installed and the 
size of the panel. Small panels are preferable. 

2. Framework.—The supporting framework should consist 
of metal angle, channel or other shapes with a cross member or 
sill of liberal dimensions under the panels and rigid tie rods to 
the bulkhead or flexible ties to the deck above to allow for 
deflection of the deck without injury to the switchboard. A 
continuous strip of Y8 in. rubber should be used between all 
non-metal panels and the vertical supports and a double strip 
between the bottom of panels and the horizontal member under 
them. Any other members necessary to make a rigid construc-
tion should be provided. Where self-supporting switchboards 
with complete box framing are used, the rods or braces to 
the ship structure should not be required. 



Marine Wiring Practice 563 

3. Dead Front Switchboards.—It is recognized that this 
type of switchboard protects against accident or shock, and the 
use of such switchboards is desirable in certain installations. 
Metal panels may be used, providing all current carrying parts 
are properly insulated. 

Equipment for Generator Switchboards.—The following 
should be supplied for a two-wire system: 

Each generator of 25 k.w. and above should be protected by 
an independent arm or trip-free-from-handle circuit breaker 
with a separate pole for each power cable. These should be 
arranged to open at a predetermined overload and should be 
provided with a suitable overload time-limiting device. Genera-
tors of less than 25 k.w. may have fused knife switches or circuit 
breaker type switches. Compound-wound ordinary type gen-
erators arranged for parallel operations should be provided with 
equalizer switches and circuit breakers having overload and 
reverse current trip attachments. 

An unfused generator switch which will completely discon-
nect the generator and the circuit breaker from the bus. 

An ammeter for each generator. 

A voltmeter with selector switch for one generator and at 
least two voltmeters and selector switches for two or more 
generators. 

A field rheostat for each generator. 

A pilot lamp for each generator connected permanently be-
tween generator and circuit breaker which, in event of the 
tripping of the circuit breaker, will provide light for restoration 
of service. 

For ungrounded systems, ground detector lamps and volt-
meter connection or equivalent. 
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For generators of 500 k.w. rating and above, a single-pole 
field switch with discharge clips and resistor and a watt-hour 
meter are recommended. 
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Figs. 20 and 21.—Typical wiring diagram and switchboard arrangement for a three-wire direct 
current generator. It is customary when using a supply system of this kind for operation of 
power and light, to connect the motors between the outside wires and the lights equally 
distributed between the positive and neutral and negative and neutral. 
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For a three-wire system the above recommendations should be 
followed except: Circuit breaker and disconnecting switches 
should be arranged in one of the following ways: (The first ar-
rangement is recommended.) 

1. A three pole circuit breaker and a five pole disconnect switch with one 
pole of the circuit breaker and disconnect switch in the neutral lead. The 
machine side of one breaker pole is connected to the positive armature lead. 
The other side of this breaker pole is connected through a pole of the dis-
connect switch to the positive equalizer bus and through half of the series 
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Flue. 22 and 23.—Methods of measuring voltage from two or more sources of power. In 
fig. 22 the voltage to be measured is transferred to the meter by the insertion of plug as 
shown. In the arrangement fig. 23 the voltages across the various sources are measured 
by means of a selector switch, the operation of which is accomplished by a rotative movement, 
thus paralleling the meter with the source whose voltage is to be determined. 

field and a pole of the disconnect switch to the positive bus. The machine 
side of the other breaker pole is connected to the negative armature lead. 
The other side of this breaker pole is connected through a pole of the dis-
connect switch to the negative equalizer and through the other half of the 
series field and a pole of the disconnect switch to the negative bus. This 
arrangement requires seven main leads from the generator to the switch-
board. Ammeter shunts should be located on the switchboards. 

2. A five pole algebraic sum circuit breaker with a pole in each armature 
lead, a pole in each equalizer lead and a pole in the neutral lead; and a five 
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pole disconnect switch with a pole in each lead. This arrangement requires 
three main and two equalizer leads from the generator to the switchboard. 
Ammeter shunts should carry the armature current which requires that they 
be located at the generator. 

BUSES EQUALIZER 

SHUNTS 

AMMETER 

VOLTMETER 

VOLTMETER 
RECEPTACLES 

VOLTMETER 
1111 PLUG 

MAIN 
SWITCHES 

FIELD FIELD 
RHEOSTAT RHEOSTAT 

COMPOUND 
GENERATORS 

SWITCHBOARD FRONT VIEW 

Fins. 24 arid 25.—Typical r iring diagram and switchboard arrangements for parallel operation 
of two compound generators. When two over-compounded generators are to be operated in 
parallel, it is necessary for a satisfactory division of loads, to parallel their respective series 
field. This is accomplished by connecting their negatives together and this common connector 
is usually referred to as the equalizer. The instruments and switches shown are connected 
in the usual manner, which are similar to those used for connection of shunt generators in • 
parallel, the only addition being the equalizer and connections thereto. It should, however, 
be noted, that the ammeter for each machine should be connected in the lead from the 
armature to the main bus, and not in the lead from the series field, because if the ammeter 
be placed in the latter it will read the series field current which may be quite different fron, 
the current supplied by the generator to the load connected to the buses. 
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3. With either of these two arrangements an overload device may be 
used instead of a circuit breaker pole in the neutral lead, arranged to trip 
the circuit breaker. The circuit breaker should protect against a short cir-
cuit on the equalizer bus. An ammeter should be provided for positive and 
negative leads for each generator. 

Grounding Three-Wire Dual Voltage Systems.—The neutral 
• connection of three wire 230/115 volt direct current systems 
should be solidly grounded at the main switchboard with a 
center zero ammeter in the ground connection. The center zero 
ammeter should be equipped with a shunt, having a full scale 
reading of 150% of the neutral current rating of the largest 
generator and marked "plus" and "minus" to indicate the 
polarity of grounds. 

The emergency lighting and power system is to be arranged so that when 
operating from a dual voltage emergency generator or storage battery, the 
neutral will be grounded but the ground connection at the emergency gen-
erator or storage battery should not be in parallel with the ground connection 
at the main generator. The ground connection should not prevent checking 
the insulation of the emergency generator to ground before the generator is 
connected to the bus. 

Equipment for Distribution Switchboards.—Fuses in excess 
of 200 ampere rating should not be used for any circuits except 
for emergency system batteries. Circuits not protected by fuses 
should have each ungrounded conductor protected by an over-
load operated circuit breaker or circuit breaker type switch of 
the independent arm or trip-free type. The grounded neutral 
conductors of a three-wire feeder should be provided with a 
means for disconnecting and arranged so that the grounded 
conductor cannot be opened without simultaneously opening 
the ungrounded conductors. Overload protection is not necessary 
in the grounded neutral conductor. Circuit breaker type 
switches should provide overload ande short-circuit protection. 
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Feeder circuits of 200 amperes or less may be provided with multiple lever 
type fused switches with one pole for each conductor instead of circuit 
breakers, except that for three-wire 230/115 volt feeders, no fuse is to be 
provided in the neutral. All fuses other than instrument fuses should be 
mounted on the front of the switchboard, except in the case of dead front 
switchboards. Arc searchlight circuits should be provided with a double-
pole independent arm or a trip-free-from-handle type circuit breaker and 
an ammeter. 

Two feeders should be provided from the main switchboard to the steer-
ing gear room. The overload protection for each steering gear feeder should 
be an instantaneous circuit breaker set at not less than 300% of the rating 
of the steering gear motor. The opening of the main switchboard steering 
gear circuit breaker should operate an audible alarm located adjacent to the 
principal propulsion control station. 

Arrangement of Switchboard Equipment.—When facing 
front of switchboard, left hand contacts should be negative and 
right hand contacts positive. If, in special cases, it should appear 
necessary to use horizontal switches, the top contacts should be 
positive. If the buses are arranged horizontally, the positive 
bus should be nearest the panels; if arranged vertically, the 
positive bus should be at the top. Generator circuit breakers 
should be located at the top of the panels. Below the circuit 
breakers should be located the meters and if the general switch-
board illumination is not sufficient for the scales of these 
meters other means of illumination should be provided. Below 
the meters should be located the ground detector and voltmeter 
switches and the rheostat handwheel, and below these the 
generator switch should be mounted. For small switchboards 
there may be room at the bottom of the generator panel for 
feeder switches. 

On the feeder panels where circuit breakers are mounted above each 
other there should be adequate spacing for the arcing or otherwise protective 
barriers installed. Switches on feeder panels should be located with the 
largest ones at the bottom" Sufficient space should be allowed vertically 
between switches to avoid injury to the hand in operation. No part of any 
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equipment should project beyond the edge of the panel. Metal framework 
and inatrument cases should be grounded. 

Arrangement of distribution boards when separate from the generator 
boards, should be the same as for generator switchboards as far as prac-
ticable. 
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26.—Typical wiring diagram of a twin screw turbo-electric propulsion drive with induc-
tion motors. The propelling machinery consists of one 5,500 k.w. turbo-generator, two 
induction motors, twe water cooled rheostats, one main switchboard and one auxiliary pro-
pelling turbo-generator of 450 kw. The machinery is all contained in one engine room. The 
main turbo-generator is mounted on its bed plate on the center line of the ship. The auxiliary 
generator is mounted on a platform above the main generator on the port side of the engine 
room. The two induction motors are connected directly to the two propeller shafts. The ship's 
3-35 kw. generators one of which may be used for excitation are located on a platform in 
the aft end of the engine room on the starboard side. At 15 knots the turbine makes 2,130 
r.p.m. and the motors run 117 r.p.m., the reduction being approximately 18 to 1. The elec-
trical apparatus except those used for excitation, are of the three phase AC. type. To reverse 
the direction of rotation of the propelling motors, it is only necessary to transpose two of the 
phases. This is easily accomplished by reversing oil circuit breakers operated by means of 

control levers situated on the control panels. 
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SWITCHBOARD FRONT VIEW 
Fro. 27.—Front view of turbo-electric drive switchboard, connected as shown in fig. 26. The 

instrument and apparatus are: 1. ammeter; 2, volt-meter; 3, volt-meter; 4, watt-meter; 
5, ammeter; 6, ammeter; 7, watt-meter; 8. field ammeter; 9, field switch; 10, D.P.-D.T. lever 
switch; 11 to 14, oil circuit breaker reversing switches; 15, field rheostat; 16 and 17, watt-
hour meters. 

Cables — Applications 

Leaded and Armored Varnished Cambric Insulated.—Var-
nished cambric insulated cable may be used for all cable runs, 
and should be used for auxiliary power and lighting cables where 
the ambient temperature is in excess of 50°C. Where varnished 
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cambric is used, the wire size should not be smaller than No. 12 
AWG. (This necessitates the use of No. 12 wire for lighting 
branch circuits instead of No. 14.) 

Leaded and Armored Rubber Insulated.—It is recommended 
that rubber insulated cable be used in all spaces where the 
ambient temperature does not exceed 50°C. 

Steel, Bronze or Aluminum Armor.—Bronze or aluminum 
armor should be used for all cables exposed to weather. Steel, 
bronze or aluminum armor may be used for all other spaces. 

Fros. 28 to 31.—Various cables used in electrical installations. Fig. 28 illustrates varnished 
cambric-insulated cable with interlocked steel armor; fig. 29 glyptal cloth-insulated cable for 
hot and oily locations; figs. 30 and 31 varnished-cambric-insulated extra flexible apparatus 
leads and asbestos-varnished-cambric insulated cable respectively. 

Armored Cable, Varnished Cambric and Rubber Insulated.— 
Rubber or varnished cambric insulated armored cables may be 
used only in quarters for officers and crew and passenger ac-
commodations. Varnished cambric should not be used for wires 
having cross sPrtional w.eas less than No. 12 AWG. 
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Where lighting fixtures or sockets are not vented or designed 
to prevent the connecting wires from reaching an excessive 
temperature, rubber insulated wires should not be used where 
the conductor temperature will exceed 75°C. 

Braided Cable.—Rubber insulated may be used in lighting 
fixtures except as noted in the previous paragraph. In multiple 
lamp fixtures 2,580 circular mils stranded, rubber and cotton 
braid insulated wire may be used for the individual lamps and 
may be spliced in the lighting fixtures. 

Interior Communication Wires and Cables.—For call bell 
circuits of less than 25 volts, within passenger and crew ac-
commodations, single-conductor bell wire may be used, if 
properly installed in protected raceways. 

For interior communication apparatus, such as fire alarms, telegraphs, 
telemotors, signalling circuits, control circuits, etc., requiring two or more 
wires, interior communication cable should be used and should be either 
leaded and armored or armored, in accordance with the locations described 
in the preceding paragraph, except that twin conductor light and power 
cable may be substituted for twin conductor interior communication cable. 

All telephones and telephone systems except those installed for the con-
venience of passengers and not essential for the operation of the vessel 
should be wired with either armored, or leaded and armored telephone cable 
as previously described. 

Inter-cabin telephone cable of either the armored or leaded and armored 
type as described, may be used for the passenger non-essential telephone 
system. 

The American Tel. & Tel. Specification Double-Silk Impregnated Lead 
Sheath Cable without armor may be used for telephone circuits where a 
large number of ship's service telephones are installed in passengers' and/or 
crew's quarters. Bridle wire in accordance with American Tel. & Tel. 
specifications may also be used for local wiring for ship's service telephones 
provided it is rigidly held in place, protected from mechanical injury and not 
exposed to moisture. 
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Portable Conductors 

1. Rubber-sheathed.—Conductors for portable cargo fix-
tures, tools, watertight and non-watertight portables, signalling 
lights and all portable or semi-portable fixtures outside living 
quarters should be two-conductor portable rubber-sheathed. 

2. Armored.—Armored portable conductor cable may be 
used for the foregoing applications and should be used where the 
cable is continuously in contact with oil. 

3. Braided.—Conductors for portable or semi-portable ap-
paratus such as desk lights, flat irons and curling irons used in 
living quarters may be two-conductor portable braided. How-
ever, the parallel conductor rubber-sheathed type portable cable 
is recommended. 

Cable Installation 

Cable Continuity and Grounding.—All cables should be con-
tinuous between outlet boxes, connection boxes, switchboards, 
panel boards, switch outlets, receptacle outlets, terminal equip-
ment, etc. For any cable provided with a metallic sheath or 
armor, the sheath should be continuous from outlet to outlet 
and should be grounded at each end except that for final sub-
circuits the sheath may be grounded at the supply end only. 
Where sheathed or armored cable enters any box or wiring 
device the sheath should enter the box and should be secured 
by a clamp or connector to assure good electrical connection 
between the cable sheath or armor and the box. 

Cable Locations.—Feeders of every description should be 
located with a view to avoiding spaces where excessive heat and 
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gases may be encountered such as galleys, fire rooms, pump 
rooms and oil tanks; also spaces where exposed to damage such 
as cargo spaces and exposed sides of deck houses. 

Cables should not be located behind or embedded in structural heat 
insulation and where they pass through such insulation each should be pro-
tected by a continuous pipe, preferably fitted with a watertight stuffing 
tube at each end. 

Generator cables should not be located in bilges unless no other run is 
practicable. 

Cable Protection.—Ali cables in bunkers and where particu-
larly liable to damage such as locations in way of cargo ports, 
hatches and tank tops should be specially protected by metal 
coverings, angle irons or other equivalent means. Horizontal 
pipes or equivalent used for cable protection should have in. 
diameter holes for drainage every five feet. 

Cable Support.—Cables where installed in groups should 
preferably be supported in metal hangers arranged as far as 
practicable to permit painting all around without undue dis-
turbance of the installation. Cables grouped in a single hanger 
should preferably be limited to double banking. 

Clips or straps used for cable support should each be secured 
by two screws except that clips for supporting one cable, No. 101 
AWG twin or smaller, may be of the one-screw type. Cables 
supported by clips or straps on under side of beams should be 
run on backing plates or the equivalent. Cable supports should 
be spaced not more than 18 in. where vertical and 14 in. where. 
horizonta 1. 

Metal supports should be designed to secure cables without 
damage to armor or insulation and should be so arranged that 
the cable will bear for a length of at least h in. 
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Cables—Radius of Bends.—Leaded and armored cables 
should not be bent to a radius of less than 8 cable diameters. 
Other cables may be bent to a radius of 6 diameters. 

Cables Through Bulkheads, Dccks, Beams, Etc.—Where 
cables pass through watertight decks or bulkheads, a water-
tight stuffing tube capable of taking packing should be em-
ployed. Where cables pass through non-watertight bulkheads; 
beams, etc., a suitable bushing should be used of such a type 
as will permit drawing of the cable without damage. When the 
thickness of the bulkhead or web is in. or more the bushing 
may be omitted but the edges of the holes should be rounded. 

Cable—Pulling in Force.—No cable should be drawn into 
wireways where the required pull exceeds twenty times the 
weight of the cable within the wireway and no appliance should 
be used which will damage the braid or armor. 

Cables.—(Rat Proofing). During the installation of cables 
due consideration should be given to the feasibility of rat proof-
ing as required by the Public Health Service. 

Installation of Low Voltage Bell Wiring.—Wires serving low 
voltage circuits such as call bells for staterooms, public spaces, 
etc., should be neatly grouped and run together and distributed 
as required. These wires should be protected by molding, split 
fibre tubing or equivalent wrapping. The battery and branch 
leads may be tapped off by splicing. It is recommended that 
protected accessible connection blocks be used wherever possible 
instead of splicing within wireway enclosures. Low voltage cir-
cuits should be run entirely separate from other systems except 
when contained in interior commun;eation cable. 
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Where the public spaces, passages, staterooms, etc., are celled, the call 
bell wiring should be run and secured above or behind the ceiling. Molding 
may be used in similar locations where there is no ceiling. Call bell wiring 
leading through crew's quarters and other living spaces where they may be 
subject to mechanical injury should be protected. 

Holes for Cables.—The size of holes required for the installa-
tion of the cables for various systems should be such that they 
will not affect the structural strength of the various members 
through which they pass. 

Distribution—D.C. 

Distribution—General.—In general the methods of distribu-
tion are as follows: (the number and size of the sub-divisions 
depending on the size of the vessel and electric plant)—From 
the distribution section of the main or emergency generator 
switchboards to:-

1. A branch circuit for an individual controller and motor. 

2. A power panel-board then to a branch circuit for an individual con-
troller and motor. 

3. A lighting branch circuit. 

4. A panel-board then to lighting branch circuit. 

5. More than one panel-board, each panel-board serving to subdivide the 
feeder to a sub-feeder supplying another panel-board or a branch circuit. 

6. Another switchboard, then by any individual or combinations of (1) 
to (5) above, as desired. 

Except in the case of small vessels and small electric plants, it is recoin-
mended that the lighting distribution system and the power distribution 
system be maintained as a separate distribution system from the main gen-
erator and emergency generator switchboards. 

Location and Type of Panel-boards.—All panel-boards should 
be located so that they are readily accessible at all times to 
qualified personnel. They should not be located in bunkers, 
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cargo holds and similar spaces. If the method of operation de-
mands the operation of the switches by unqualified persons, the 
panel-board should be of the safety type. This type panel-board 
should be used for the distribution to all lighting branch circuits. 
Panel-boards located on weather decks or other spaces exposed 
to the weather or other severe moisture conditions should be 
watertight, elsewhere they may be of drip-proof construction. 

Metallic Circuits.—All circuits should be completely metallic, 
and no ground return circuits should be employed except for 
aerial or submarine transmission. 

Grounding of Portable Equipment.—Portable equipment 
such as portable motor units for life-boat hoisting or any other 
portable equipment fitted with portable cables and attaching 
devices and which operate on either two or three-wire circuits 
of 220 volts or more should have their frames grounded. 

This should be accomplished by an additional conductor in 
the portable cable and grounding device in the attachment plug 
and receptacle. 

Demand Factor and Voltage Drop for Generator and Bus.— 
Conductors from each generator to the generator switchboard 
should be calculated for the rating, including the two-hour over-
load rating (if provided) of each generator. 
Conductors between generator switchboards of different 

generating stations should be calculated on the basis of 75% of 
the station having the greatest generating capacity. The drop in 
voltage from each generator to its adjacent generator switch-
board should not exceed one per cent. 

Conductors from storage batteries to the point of distribu-
tion should be calculated for a maximum charge, or discharge 
rate of the storage batteries, and the drop in voltage from the 
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storage batteries to the point of distribution should not exceed 
one per cent. 

Conductors from generator switchboard to outlet for receiv-
ing shore power should be calculated on the basis of the load 
required for this condition, or as specified, and the drop in volt-
age from the outlet to the generator switchboard should not 
exceed two per cent. Conductors should be continuous throughout 
their length. 

Balance of Circuits for Three-Wire Systems.—Since branch 
lighting circuits are to be of the two-wire type, the three-wire 
system should not extend beyond the final panel-board. The 
115-volt two-wire lighting branch circuits should be so disposed 
that the load will be balanced within 15 per cent at the individual 
panel-boards as well as for the complete lighting system. 

Conductor Identification.—The individual conductors of 
branch circuit cables should have distinguishing colors, and in 
grounded systems, the grounded conductor should be connected 
to the shell of all sockets and all single-pole switches should be 
in the ungrounded conductor. The ungrounded systems, single-
pole switches should be connected to similarly colored con-
ductors. 

Feeder Connections.—Where a feeder supplies more than one 
panel-board, the connection should be of a type that does not 
sever the conductor, and the connection should be within the 
panel-board or in a feeder junction box which is readily accessible 
at all times. In restricted spaces the feeder may be severed at 
the panel-board provided lugs and special bus bars of sufficient 
capacity for the entire load are provided which will permit 
through feed in the event it is desired to disconnect the local 
panel-board. 
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Distribution for Navigating Lights .—A separate feeder from 
the emergency switchboard to the pilot house should be installed 
for the running, and necessary navigating lights in the pilot 
house and on the navigating bridge; any other lights or small 
apparatus connected to this feeder should be on branch circuits 
fitted with fuses of no greater capacity than three amperes. 
Masthead, port, starboard, range and stern lights should be 
provided with duplicate lamps or a single lamp with two fila-
ments. The duplicate lamps may be connected separately, by 
means of portable cable to two two-wire receptacles or as in 
the case of the two-filament lamp, by a single three-conductor 
portable cable to a three-wire receptacle. 

Each receptacle should be connected to an automatic indicator located in 
the pilot house which will give an audible and visual signal on the occurrence 
of an open circuit. Each individual lamp circuit should be fused and pro-
vided with selective switches. The indicator should be enclosed in a steel 
case unless the magnets are properly shielded. 

Distribution for Power Equipment.—In general, power 
feeders for cargo elevators, cargo hoists and cargo winches 
which are to be disconnected when the vessel is underway should 
not be used to supply ventilation sets, drainage pump motors or 
any apparatus required for the phip's operation. 

Separate feeders should be run for engine and fire room auxiliaries, motors 
for cargo handling gear, steering gear, windlass, radio transmitters, search-
lights and ventilation sets. Cargo ventilation fans and fans for ventilation 
of passenger accommodations should not be supplied from the same feeder. 

Two feeders should be provided from the main switchboard to the steer-
ing gear room. These feeders should be widely separated so as to minimize 
failure of both feeders by collision, fire or other casualty. Each feeder should 
have a continuous current carrying capacity of not less than 125% of the 
rating of the motor or motors simultaneously operated therefrom. 

In order to prevent the spread of fire, recent regulations of the Bureau oj 
Marine Inspection and Navigation require arrangements to permit stopping 
all vent fans from a central point. 
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Distribution for Heating Equipment.—Separate feeders 
should be provided for air heaters when extensively used to 
augment or supplant other forms of heating and the aggregate 
capacity of the heaters in any one compartment exceeds 5 k.w. 
Isolated heaters, the aggregate of which does not exceed 5 k.w. 
may be taken from other power feeders which are normally 
energized. An isolated heater, not exceeding 1 k.w. may be 
connected by a separate circuit to a panel-board which is con-
nected to a lighting feeder. 

Motor Branch Circuits.—A separate branch circuit should be 
provided for each fixed motor having a full-load current rating 
of 6 amperes or more, and the conductors should have a carrying 
capacity of not less than 125 per cent of the motor full-load 
current rating. No branch circuit should have conductors less 
than No. 14 wire. 

Heating Appliance Branch Circuits .—Fixed heating appli-
ances having an aggregate rating of not more than 6 amperes 
may be grouped on a branch circuit wired with not less than 
No. 14 wire and fused not in excess of 10 amperes. Fixed heat-
ing appliances having an aggregate rating of not more than 15 
amperes may be grouped on a branch circuit wired with not less 
than No. 12 wire and fused not in excess of 15 amperes. Fixed 
heating appliances having an aggregate rating of not more than 
20 amperes may be grouped on a branch circuit wired with not 
less than No. 10 wire and fused not in excess of 20 amperes. 

In these cases no other outlets or appliance should be connected to the 
branch circuit except that current-on indicating lights may be considered 
a part of the heater. Individual heating appliances with a rating of 15 
amperes or more should be wired with a separate branch circuit having a 
current carrying capacity of not less than the full-load rating of the appli-
ance and protected by a fuse of not greater rating or nearest larger size than 
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the heater. Indicating lights within the heater may be considered to be pro-
tected by the branch circuit fuse. For range units, hake ovens, griddles, 
broilers, in which self-contained fuses are provided for each individually 
controlled heating element only one branch circuit need be provided for 
each assembled unit. 

Motors Larger than One-Quarter H.P .—In general, motors 
larger than 3 h.p. or apparatus consuming more than 660 watts, 
other than incandescent lamps, should not be connected to 
lighting circuits. 

Receptacles for 230 Volt Portable Equipment.—In cases 
-where it is necessary to use 230 volt portable motors the 
receptacles for their attachment should be permanently marked 
indicating the voltage and of a type which will not permit 
attaching 115 volt equipment. 

Lighting &ranch Circuits.—Connected Load.—It is recom-
mended that in designing the lighting system, the maximum 
connected load on any branch circuit should not exceed 880 
watts. 

Lighting Branch Circuits—Wire Size .—All branch circuits 
should be wired with not less than No. 14 AWG conductors. 

Lighting Branch Circuits—Over-current Protection.—Each 
lighting branch circuit should be protected by an over-current 
device in each wire of no greater capacity than 10 amperes, 
except branch circuits supplying only sockets or receptacles 
of the Mogul type and wired with not less than No. 12 AWG 
wire may be protected by fuses having a rated capacity not 
greater than 20 amperes. 
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Wire Connections.—Wire joints or connections should be 
made by screw connections or approved connectors in flame-
proof outlet boxes and wiring appliances. Except for portable 
cords, bell wires and lighting branch circuits the individual 
wires should terminate in lugs. For lighting branch circuits, 
wire lugs may be used or the ends of the stranded wire may be 
formed into eyes and soldered. The lug should be of sufficient 
size so that it is unnecessary to reduce the wire cross section to 
permit proper entry into the lug except where the wire size has 
been increased to reduce voltage drop. Under this latter con-
dition, strands may be removed at the lug entrance but in no 
case should the remaining cross sectional area be less than that 
required to carry the maximum current. This exception may 
not be applicable with some types of mechanical lugs due to 
the inability to obtain uniform bearing on the conductor. 

Use of Outlet and Connection Boxes .—Outlet and connection 
boxes should be located in accessible locations and not in back 
of joiner panels unless the covering panels are hinged to permit 
ready access to the boxes. 

Interior Communication Wire and Feeders .—Conductors for 
interior communication circuits should be calculated for carry-
ing capacities for the rated current of the apparatus connected. 

Interior Communication Circuits—Selection of Voltage .—All 
interior communication circuits should be designed for operation 
from a 20 volt or a 120 volt direct current or alternating current 
supply unless the circuits are simple when 12 or 6 volts should 
be satisfactory. 
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Interior Communication Circuits—Voltage Drop .—The maxi-
mum allowable drop on any circuit shall not exceed 5 per cent 
of the supply voltage from the point of supply to the most 
remote outlet under any operating condition. 

Interior Communication Circuits—Over-Current Protection. 
—Where a common feeder is employed for a number of interior 
communication circuits, each circuit as well as the feeder should 
be fused and the feeder size based on the connected load. 

Interior Communication Circuits—Wire Connections —Ex-
cept for low voltage call bell circuits, all connections should be 
made with approved connector or terminal blocks inflame-proof 
boxes. It is suggested that properly protected and accessible 
terminal blocks be provided for low voltage call bells to facilitate 
maintenance. 

Interior Communication Circuits—Connection Boxes. —Con-
nection boxes where exposed to moisture or used with leaded 
and armored cable should be of the water-tight type and all 
others of the drip-proof type; water-tight boxes may be substi-
tuted for drip-proof wherever desired. 

Special Requirements for Oil Tankers .—For requirements for 
tankers consult the Bureau of Marine Inspection and Naviga-

tion. 
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Conductors and Apparatus in Vicinity 
of Standard Compass 

General.—It is an established fact that generators, motors 
and conductors carrying currents and particularly grounded 
circuits have an effect on magnetic compasses. The surroundings 
of the apparatus and wiring, if in steel houses, may reduce to a 
considerable extent this effect. 
For small cables closely associated, carrying small currents, 

the effect is very slight and for a single lamp for lighting the 
compasses the conductor, when twisted, may be led inside the 
binnacle. 
The compasses should be adjusted to meet the average operat-

ing conditions and the effect of electric circuits in close proximity 
should be checked by turning them on and off during adjust-
ment. 

Direct Current Motors 

General.—All motors should be wound for operation on 230 
volts direct current (except in the case of installations having a 
very limited amount of power apparatus where 1/15 volt motors 
may be used). 

Installation and Location.—Motors for mounting on open 
deck should be of the waterproof type or enclosed in metal 
housings giving the same protection as a waterproof motor 
frame. In the case of tank vessels, only enclosed separately 
ventilated motors should be installed in compartments which 
may be subject to inflammable gases. All other types of motors 
should be strictly prohibited in such locations. 



Marine Wiring Practice 585 

Motors should be installed, as far as practicable, with the armature 
shafts in the fore and aft direction of the vessel. In case motors for service 
at sea are to be mounted in an athwartship position, the manufacturer should 
be notified. 

Accessibility .—All motors should permit ready removal of 
the armature and field coils and bearings should be arranged to 
facilitate lubrication and flushing. Eye bolts should be pro-
vided for lifting motors of over 150 lb. in weight. All motors 
except fractional horse power motors should be provided on the 
commutator end with openings or removable covers of sufficient 
size and number to give easy access to brush rigging, etc., and 
permit direct view of the commutator and/or brushes while in 

operation. 

Insulation of Windings.—All assembled armatures and also 
the armature coils for open slot construction should be immersed 
in insulating varnish and baked. All field coils should be 
treated with varnish or other insulating compound while being 
wound, or impregnated by the vacuum and pressure method. 
The finished winding should be water and oil resistant. 

Lubrication. —Motors should operate successfully for con-
tinuous periods when tilted at an angle of 5° fore and aft, and 
15° athwart ship, and should not spill oil when the vessel rolls 
30° either side of the vertical. (In cases where the shaft will 
be located athwartship, the manufacturer should be advised.) 

Terminal Arrangements .—All motors except those of the 
waterproof type should be provided with drip proof terminal 
boxes and have the terminal leads suitably secured to the motor 
frame. The ends of these leads should be fitted with approved 
connectors. All connections to interior of motors as well as 
those to the current supply should be provided with efficient 

locking devices. 
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The leads of the waterproof motors should be brought out of the motor 
through waterproof junction boxes. All leads should be located on the 
right-hand side (facing the commutator) unless otherwise ordered. However, 
both sides of the motor should be so constructed that the waterproof device 
can be attached in case a change is desired after installation. 

Corrosion-Resistant Parts .—All motor interior bolts, nuts, 
pins, screws, terminals, brush-holder studs, springs, hand-hole 
cover bolts, nuts and such other small parts, which would be 
seriously damaged and rendered ineffective by corrosion should 
be made of corrosion-resistant material or steel suitably pro-
tected against corrosion. Steel springs should be treated to 
resist moisture in such a manner as not to impair their spring 
quality. 

Heating Equipment 
Convector and Radiant Type.—Heaters should be suitable for 

115 or 230 volts. The sizes recommended are 550, 660, 1000, 
1500, 2000, and 3000 watts. The 550, 660, 1000 and 1500 watt 
sizes may be designed for single heat. The 2000 watt size and 
above should be designed for at least two heats. The construc-
tion of the heaters should be such as to heat the surrounding air 
by convection. The heaters should be strong, durable and all 
parts should be of solid construction, capable of withstanding 
abuse under service conditions. The framework should be metal 
of substantial proportion and securely fastened together. They 
should have non-inflammable heat insulating material, or ade-
quate air circulation between the heater and surface, upon which 
it is mounted or to which it is adjacent. When heaters are of the 
portable type, a suitable clip or bracket should be fitted holding 
the heater in a fixed position. 

Heaters installed on or adjacent to decks or bulkhead should be pro-
tected by a perforated or expanded metal covering or equivalent. The ends, 
back and top may be of solid material. Heaters with exposed surfaces in-
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stalled flush with the bulkhead should have such exposed surfaces pro-
tected by a screen or guard similar to the other type with the same per cent 
openings, but the other sides of such heaters should be suitably protected 
by a solid metal enclosure so designed as to meet the specified temperature 
limitations. Heaters for mounting on bulkheads should have their top 
slanted or otherwise designed to prevent hanging towels, etc., on the heater. 

The protecting guard should be strong enough to resist being forced 
against any current carrying part and give full protection from electrical or 
mechanical injury. The openings should be of small size to prevent the heat-
ing elements from being short-circuited or damaged by accident. All metal 
parts of the heater should be suitably protected against corrosion. The heater 
element may be of the open or enclosed types and the resistor material 
should be non-corrodible. If the heating unit is of the enclosed type, the 
enclosing case or jacket should be permanently corrosion-resistant. If the 
heating elements are of the open coil type, they should be so designed and 
supported as to withstand vibrations and prevent short circuit with adjacent 
elements. 

The heating elements should be made up of uniform units easily installed 
and replaced. The elements should be of a material that will not corrode or 
oxidize. Alloys containing zinc are not recommended for this purpose. No 
material should be used which is inflammable. All connections of the heating 
elements should be accessible and so made that they will not become loose 
from vibration. 

The elements should be wired to a terminal block with connectors and 
the leads brought out through insulating bushings. All insulated parts should 
be unaffected by the heat from the heating elements. The external tempera-
ture of the enclosing cases of the heaters should not exceed 125°C. except the 
flush type, in which case the temperature should not exceed 100°C. When 
the heaters are mounted upon or adjacent to the decks or bulkheads, the 
construction of the heater should be such that the nearest deck or bulkhead 
surface will not exceed a temperature of 55°C. For test purposes, an ambient 
temperature of 25°C. should be used. A suitable regulating switch mounted 
on an approved insulating base should be provided. Heaters should be 
equipped with a thermal cut-out of the manual reset type that will prevent 
overheating of the elements. The heater when hot should withstand 500 
volts alternating current, 60 cycles for one minute applied between the 
frame and current-carrying parts. 

Every piece of apparatus should have a name plate attached specifying 
"Marine" manufacturer's name, volts, amperes, watts and designating number. 

Luminous heaters of a type approved by the Underwriter's Laboratory 
may be installed if desired by the owners. 
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Glow heaters of the incandescent lamp type in which the element is 
enclosed in an exhausted glass bulb, are not recommended, but should be 
constructed to recommendations previously stated, as regards fire risk, 
guarding, etc., and in addition the lamps should be supported in sockets of 
ample current carrying capacity, preferably of a spring or flexible type; an 
additional spring support should be fitted at two-thirds of height of lamps to 
prevent breakage from vibration. 

Electric Heaters (Theory) .—Electric heaters used aboard 
ships are for the purpose of cooking or for heating of water or 
space. 
The heating effect received is due to the current flowing 

through its resistance coil. The resistance units are usually 
wound for the full line voltage of the supply. They are classi-
fied in accordance with the number of watts required to operate 
them, and also in accordance with the number of ways in which 
the units may be connected such as, single heat, double heat, 
triple heat, etc. 

Single Heat Type .—In this type the resistance units are con-
nected permanently in series, parallel or series-parallel and are 
operated by closing a switch, fig. 32. 
Assuming a potential (E) across the heater coil or coils of (R) 

ohms resistance, then the heat generated is E2/R joules per 
seconds. 

Double Heat Type .—In the arrangement fig. 33 the heat is 
..ontrolled by two switches connecting two equal resistance 
coils to the source. When closing the double pole switch only 
resistance R1 is being heated. The amount of heat generated is 
E2/Ri joules per seconds. 

If only the single pole switch be closed the heat generated is 
E2/R2 joules, but since RI equals R2 it is evident that the heat-
Mg will be the same in both cases. On the other hand if both 
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switches be closed the heat generated will be (R1H-R2) E2 joules 
RiR2 

per second or twice the amount generated with only one switch 
closed at a time. 

Triple Heat Type.—With reference to fig. 34 low heat is 
obtained when the double throw switch is closed toward the 
right, connecting R, and R, in series. If E is the supply voltage, 
the heat generated is E2/R1-1-R2 joules per second. 

SOURCE SOURCE 
- « 

(MEDIUM) 

SWITCH SWITCH SWITCH 

R (olwns)  

SINGLE HEAT DOUBLE HEAT 

Floe. 32 to 34.—Various heat control circuits. 

SOURCE 
- • 

TRIPLE HEAT 

HIGH) 

When the double throw switch is closed toward the left, 
medium heat is obtained R, is connected across the line and R2 
is cut out. The, heat generated is now E2/R1 joules per second. 

Finally when the double pole switch on:y is closed, R1 and R2 
are connected in parallel. 

RI 
The heat is now ( ±R2 E2 joules per cond. If R1 equals 

RiR2) ) se 

R2 the ratio of the heat obtained is 1/2R : 1/R : 2/R, that is 
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the medium and high heat are two and four times respectively 
as high as that of the low heat. 

Thermal Units.—The unit of heat energy is the B.t.u. (British 
thermal unit) and is defined as the amount of heat necessary to 
raise the temperature of one pound of water one degree Fahrenheit. 
An expression giving the relations between the electrical energy 
in a circuit and the heat in B.t.u. is: 

E2 
H = 0.057t 

Where H = amount of heat in B.t.u. 

E = potential of the source in volts 

R = resistance of the circuit in ohms 

t = time in minutes. 

Example.—An electric heater having a resistance of 12.1 ohms is con-
nected to a potential of 110 volts for one hour. How many B.1.u. are 
obtained? 

Solution.—A substitution of values in the above formula gives 

1102 
H =0.057 X60 X —12.1 = 57 X60 or 3,420 B.1.u. Ans. 

Example.—How much current does a 115 volt 1500 watt heater draw 
from the line? What should its fuse rating be? 

Solution.—The current from Ohm's law is: 

amperes — 
volts 

watts 
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A substitution of values gives 

1500 
amperes = = 13.04 

The fuses should be the next commercial size above 13, say 15 amperes. 

Lighting Equipment 

Location of Fixtures.—Lamps should be located preferably 
overhead, except as a decorative feature in specially equipped 
rooms. The lamps and wiring appliances should have maximum 
protection and should not be obscured by moving or stationary 
objects. When located on bulkheads they should be about six 
feet above the deck. 

Lamps and portable outlets in cargo spaces or on the underside of decks, 
subject to dropping of heavy weights, should not be fastened to decks, but 
to clips secured to the side of beams and brackets and should be protected in 
cargo spaces by metal rods or angles on each side of the fixture or portable 
outlet. 

Attention is directed that some types of high wattage lamps are designed 
to operate only in either "base up" or "base down" position. 

A tell-tale light should be installed outside each refrigerated space to 
indicate when the lights inside are energized. 

Illumination Requirements. — Every compartment, state-
room, office, bath or lavatory should have at least the equiva-
lent of a 25 watt lamp or portable for connecting same. 

Single lamps or fixtures of more than 50 watts should not be used unless 
diffused by colored or ground glass, except for cargo lighting and for ma-
chinery spaces if mounted above range of vision. 
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Lamps.—All lamps should be selected for the voltage on which 
they will operate, generally 115 volts. Intermediate base with 
special shapes and sizes should be used only in spaces as a 
decorative feature. It is recommended except for instrument 
lighting that lamp bases not smaller than the intermediate type 
be used for decorative lighting purposes. 

Arc Lamps.—Arc lamps should not be used except for search-
lights or moving picture projectors. 

Outlets for Portable Lighting Equipment.—Portable outlets 
of watertight type should be provided for chain lockers, wind-
lass, deck machinery, steering gear, boiler man-holes, boiler 
rooms, bunkers, engine room, shaft alleys, refrigerating machin-
ery pump rooms and wherever exposed to moisture. 

Non-watertight outlets may be used in baggage rooms, mail rooms, deck 
lockers, store room, passenger and crew accommodations, deck fan rooms 
and similar places. All portable lights should be guarded, except when used 
for semi-decorative purposes in passenger and crew staterooms. Portable 
lights should not be used for built-in berths. Lights on beds or other furni-
ture connected by portable cable should have the cable secured to the furni-
ture to reduce the amount of loose cable to a minimum. Cords for bed 
lamps, floor lamps, table lamps and desk lamps for new installations 
should in general not exceed five feet in length. 

Lighting for Cargo Handling .—Lighting of cargo spaces, 
hatches and cargo handling gear by large units should only be 
used when the lighting units are out of range of vision of the 
persons employed. Outside lighting for lighters, wharves, gang-
ways, decks and hatches should be from overhead. In cargo 
spaces, lights should be so placed as to protect the light on the 
cargo ports and hatches. 

Permanent Watertight Fixtures.—For outside use, forecastle, 
poop deck houses and mess maces (not used as living quarters) 
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cargo spaces, engine room, fire rooms, steering gear, windlass 
and pump room fixtures should be made of corrosion-resistant 
material and should be made watertight. The globe should be 
protected by a substantial guard. 

trios. 35 to 38.—Represent various types of permanent water-tight fixtures for outside use. 

These fixtures should be so proportioned and constructed 
that when operating continuously with rated size lamp, the 
temperature will not exceed 35°C. above the surrounding air. 
Watertight globes should be flanged or of threaded type. Screw 
threads should conform to the following dimensions: 

Inside 
diameter of 

globe 

Outside 
diameter across 
top of thread 

Inside 
diameter across 
bottom of thread 

Globes for 100 
watt lamps 

Globes for 50 
watt lamps 

-.2 111 3 413 . 

-.227 m. 2 3 

4.859 in. max. 
4.844 in. min. 

3.297 in. max. 
3.282 in. min. 

4.734 in. max. 
4.719 in. min. 

3.1719 in. max. 
3.1569 in. min. 
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4 rh threads per inch with a minimum threaded distance of one 
inch. The radius of the thread should be W3 inch and the center 
of the first thread should be VI inch from the edge of globe with 
threads spaced on VI inch centers. The inside diameter of globe 
may have a variation of 1/32 inch. The base of the fixture should 
have no less than 24 threads for the reception of the globe and 
should be provided with external threads for the reception of 
the guard. 

Fias. 39 and 40.—Water-tight receptacle and plugs for one and two outlets respectively. 

Portable Watert!ght Fixtures.—Watertight portables should 
be similar in construction to the permanent watertight fixtures. 
The guard should be provided with a hook or ring; also a handle 
with a stuffing tube for the cable and means to prevent strain 
on the connections. Portables with bodies of molded insulating 
material may be used. The use of brass shell sockets is not 
recommended. 

Pros. 41 and 42.—Portable water-tight fixtures. 



Marine Wiring Practice 595 

Portable Non-Watertight Fixtures.—These need not have a 
globe or stuffing tube, but should be equipped with guard except 
for semi-decorative desk lights, floor lamps, table lamps, etc., in 
living quarters and should preferably be composed of insulating 
material as far as possible. They should be provided with means 
to prevent strain on the connections. 

FIGS. 43 to 45.—Cabin, stateroom and promenade deck fixtures respectively. 

Interior Fixtures .—Fixtures for passenger accommodations 
and living quarters of crews should be substantially constructed 
and provided with sockets or receptacles which cannot become 
loose or disassembled through shock or vibration. 

Dome fixtures should be ventilated and designed so that none of the 
adjoining woodwork is directly exposed to the heat of the lamps. Fire 
resisting material may be provided as a heat insulator. All fixtures should 
also be adequately vented to prevent excessive temperature from reaching 
the supply wires. 

Emergency Light and Power System 
General.—General requirements for this system will be found 

in Department of Commerce, Bureau of Marine Inspection and 
Navigation Rules and Regulations, and all details of this system 
are subject to the approval of the Bureau of Marine Inspection 
and Navigation. In general, the following recommendations, 
though somewhat more detailed, are in accordance with the 
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Bureau requirements but the latest requirements of the Bureau 
should be used as the authority for each vessel. 

Every vessel equipped with an electric lighting plant should be provided 
with an independent emergency source of power installed above the bulk-
head deck, as described in the following sections: All emergency lights should 
bear a distinguishing mark for ready identification. Emergency lights should 
form a part of the regular lighting system to insure readiness of burning. 

Cargo Vessels.—For all vessels of 1600 gross tons and over 
the emergency source should consist of storage batteries or 
diesel generating set having sufficient capacity for continuous 
operation over a period of at least 12 hours when supplying the 
navigating light circuits, telegraphs, binnacles, and the emer-
gency lighting for machinery spaces, steering gear room, radio 
room, emergency power stations, passageways, exits from 
crew's quarters and other spaces and equipment necessary for 
the operation of the vessel in an emergency. The emergency 
system should comprise independent circuits from the emer-
gency panel, and be normally energized from the main power 
source. 

Cargo Vessels Less Than 1600 Gross Tons.—Approved 
safety lanterns may be used for emergency lighting for vessels 
less than 1600 gross tons. 

Passenger Vessels of 1600 Gross Tons or Over.—The 
emergency source for all vessels of 1600 gross tons and over 
should consist of one or more diesel engine driven generator sets 
having sufficient capacity and fuel supply to carry the full 
emergency load continuously for a period of at least 36 hours, 
and such final emergency source should be supplemented by a 
temporary emergency source of power for lighting, consisting 
of storage batteries having sufficient capacity for continuous 
operation over a period of at least 1 hours. 
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The capacity of the temporary and final emergency sources 
should be determined by the maximum operating loads of the 
following groups of circuits. The temporary emergency circuits 
should provide continuous emergency lighting and power for 
essential communication circuits during the interval between 
the failure of main source and starting of the emergency genera-
tor. 

PANEL 
L.DHT 

VOLT ME TER 

5A FUSES 

GROUND- 6 
DETECTOR 

AMMETER 

o 
i  VOLTMETER SW. 

  L . 

t I  

PRIME 
MOVER 

C. GE NE RAMER 

r r FUSES sw:TCHES 

AEA! E ELECTRIC FATHOmETER PAF 
5wITcHBomis AEHS  

r 1oiP 
; : REVERSE CURRENT 

SHUNT CIRCUIT BREAKER 

SM ICR — 

SWITCHES 

FOES 

SPA € tile. psO 

AA. 

ENGINE RUNNING RADIO 
Room LIGHTS ROOM 

11GH 5 

SWITCHES 

USES 

MORSE 
LIGHTS 

SPARE 
SWITCHES 

FUSES 

OUT SIDE GYRO w E LuiDuSE 
LIGA S COmPASS HARIPOOM 

RRIDGE & BOAT DECK 

FUSES 

LISESr F 
4P DT. SWITCH 

FUSED 
—  

TOC ARCING BATTERY 
SOURCE 

EMERGENCY 
SWITCHBOARD 

Fm. 46.—Typical emergency control switchboard. This switchboard is usually located on the 
boat deck and adjacent to the emergency generator set. Power is supplied to the emergency 
switchboard from the main board on normal operation, and from the diesel driven emer-
gency generator or storage batteries on emergency operation. 
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The circuits recommended for connection to the temporary 
emergency lighting storage batteries are as follows: 

1. Temporary Emergency Lighting, Communication and Power Circuits. 
(a) Navigating lights 

(b) Machinery space lighting 

(c) Radio room lighting 

(d) Passenger and crew exits and passageways (including public spaces) 
adequately to permit passengers and crew to readily find their way to the 
boat deck. Lights should be located at least at each end of each section of 
all fore and aft and athwartship passageways and at each stairway and exit 
on each deck. In no case should the distance between lights exceed 75 feet. 

(e) At least one light on each berthing compartment accommodating 20 
or more persons. 

(f) One or more lights in the galley, pantry, steering gear room, emer-
gency power station, generator space lighting, chart room, pilot house, 
public spaces, and at all other locations, gauge boards, gauge glasses, etc., 
essential for emergency operation of the vessel. 

(g) Boat deck lighting. 

(h) Power for essential communication circuits between bridge, engine 
room, steering station including telegraphs, if electric. 

(i) Watertight door operating gear (if electric) and indicating system. 

(j) General or emergency alarm and fire alarm system. 

(k) Emergency loud speaker system. 

2. Final Emergency Lighting, Communication and Power Circuits to be 
connected to the emergency generator: 

(a) All items enumerated in No. 1. 

(b) Life-boat flood lights. The lighting in the vicinity of the life boats and 
the boat handling equipment, including the flood lighting of water at the 
sides of the vessel, should be sufficient to permit the complete operation of 
loading, lowering and releasing of the life boats. 

(c) Emergency bilge pump, one fire pump, and one sprinkler pump (if 
provided). 

(d) Other interior communication systems essential for the emergency 
operation of the vessel. 
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(e) Radio equipment. (This is in addition to the separate storage battery 
source required by the Federal Communications Commission.) 

The switchboard for the control of the emergency plant should be de-
signed so that all emergency circuits are normally energized through the 
emergency switchboard from the main generating plant. 

The temporary emergency lighting and communication circuits should 
be transferred to the storage battery automatically upon failure of the main 
generator supply. In general, all emergency circuits should be provided as 
independent circuits from the emergency power distribution source. Wire 
sizes, voltage drops and all other details should conform to the recom-
mendations as previously given. 

Passenger Vessels-100 to 1600 Gross Tons.—For passenger 
vessels of 100 gross tons and less than 1600 gross tons, the 
emergency source for lighting and power should consist of a 
diesel engine driven generating set or a storage battery having 
sufficient capacity to carry the full emergency load for a period 

of at least 12 hours. 

Passenger Vessels—Less than 100 Gross Tons.—For passen-
ger vessels of less than 100 gross tons the emergency lighting 
system may be approved safety lanterns. 

Signal and Communication Systems 

General.—Electrical signal systems forming part of the 
essential operating systems of the vessels should be as inde-
pendent and self-sustaining as possible. When dependent on a 
current supply the source of energy should be capable of main-
taining the operation of the systems for .a period of at least 
twelve hours and should be independent of the generating plant 
or as required by the Bureau of Marine Inspection and Naviga-

tion. 

Electrically operated signalling and indicating systems are recommended 
for such applications as engine, steering and docking telegraphs and rudder 
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indicators, in preference to mechanical wire or shaft operated systems where 
the installation necessitates many turns which may be adversely affected by 
the varying stresses and strains due to loaded and light condition of the 
vessel. 

Installation and Location of Instruments.—All instruments 
should be installed with a view to securing the greatest amount 
of mechanical protecticn. Lamp type indicating devices should 
be so located that they do not interfere with the vision of the 
helmsman for light navigation. Pedestal type instruments 
should preferably be installed cn wood deck blocks and caulked 
at the deck to prevent water collecting under the pedestal base. 

Instruments for bulkhead mounting should be rigidly secured in place 
and should be mounted at a convenient height for ease in reading. It is 
recommended that the designation plates and marking for all equipment 
located on the bridge, essential for the operation of the vessel, be of the 
luminous type. 

Any attachments made to machinery or apparatus for the operation of 
electrical or mechanical indicators should be such that the derangement of 
the parts will not interfere with the operation of the machinery or apparatus 
and the deranged parts can be readily removed. 

Instrument Construction.—The construction of the various 
telegraph instruments should be in accordance with the best 
standard practice for marine installation, the salient points for 
consideration being the following: 

Instruments should as far as possible, be water-tight, fitted 
with suitable terminal tubes for cable entrance and a connection 
board with marked terminals for each wire. 

The outer case shbuld be of corrosion-resistant material and may be 
either casting, molding, stamping or fabricated construction. If molded 
composition be used, it should be flame-proof. All small parts should be of 
corrosion-resistant material or steel suitably protected against corrosion. 

The current carrying parts should be of suitable material for the service, 
such as brushes, copper connection blocks, etc., and all wearing parts should 
be of sufficient hardness to prevent excessive wear. 
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All coils should be suitably insulated and impregnated to withstand the 
conditions of heat, oil or moisture that may be encountered within the 
instrument by virtue of its own operation or external conditions. 

In all electrical instruments (transmitter, indicators, etc.) the trans-
mitting segments, brushes, magnets, motors, etc., should conform to the 
best general practice as regards construction. 

Push Buttons, Bells, Buzzers, Etc.—Construction.—The 
push buttons, bells and other fittings required in various sys-
tems mentioned hereinafter should meet the following general 

recommendations: 

All small parts, including screws, contact elements, etc., should be of 
corrosion-resistant material or steel suitably protected against corrosion. 

In all exposed locations, and in boiler rooms, engine rooms, crew's 
spaces, galleys, working passageways and all similar locations, water-tight 
equipment should be used. The water-tight enclosures for the operating 
mechanism should be of corrosion-resistant material. 

Bells and buzzers should be of rugged construction, suitable for marine 
service, and not affected by vibration; the appliance to consist of box en-
closing the mechanism, cover, and a gong, or vibrator; the mechanism 
should be readily accessible. The securing of the cover to the box for water-
tight appliances should be by means of a coarse screw thread, with a ground 
joint, or a suitable rubber gasket with four or more securing screws. The 
box should be provided with at least three lugs for bulkhead mounting, and 
provide for mounting screws of not less than 34 in. diameter. Suitable 
bosses should be provided on the side of the box for tapping for terminal 
tubes for incoming leads. 

There should be at least 14 inch clearance through air, and A inch 
creepage clearance between all live parts of opposite polarity and between 
inside of enclosure and any live parts for 115 volts or less. 

The exterior surface of the bell box should be painted and gongs should 
be given a durable finish. The interior of the bell box should be given two 
coats of suitable insulating paint. 

If the design of water-tight bells and buzzers is such that the bell clapper 
passes through the box, it should be made water-tight. The bell should 
operate on a 20% reduction in voltage. 

Coils should successfully withstand, for a period of 5 seconds, the follow-
ing high potential test between each electric circuit and ground: 
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(a) 1500 volts, 60 cylces, for 115 volt coils, or 

(b) 200 volts, 60 cycles, for coils of 20 volts or less. 

Succeeding the dielectric test the coils should show an insulation re-
sistance of each electric circuit to ground or not less than 1 megohm at 500 
volts. 

SINGLE BELL CIRCUIT 

BATTERY 

o 
BELL 

— BATTERY 

 11111111 

BELLS 

PUSH PUSH BUTTON 

BATTERY 

1111 

PARALLEL BELL CIRCUIT 

BELLS 

PUSH BUTTON 

SERIES BELL CIRCUIT 

PUSH 
BUTTONS -e-

1 
SINGLE BELL, PARALLEL CONNECTED PUSH BUTTONS 

Ficis. 47 to 50.—Various bell circuits. The series arrangement, fig. 49, however, is very seldom 
used. Since the bells are series connected the potential of the battery must be five times 
larger than that required by one bell. Another disadvantage is that an open connection 
anywhere in the circuit will put all bells out of service. 

The operation of bells and buzzers should be unaffected by range of 
temperature from 20°C to 70°C and the winding should be such as to not 
have a rise in temperature above surrounding air of more than 30°C under 
30 minute normal operation. 
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Name Plates.—All current consuming equipment including 
telegraphs, bells, buzzers, etc., should be equipped with a suit-
able name plate, giving manufacturer's name, voltage and cur-
rent consumption or rating. 

Engine Order Telegraphs.—Every vessel should be equipped 
with a repeat-back signal system from the navigating officer's 
station to the engine room. 
Any system installed should check within 3 an indication 

on the transmitter and receiver and the indication should retain 
this accuracy. This accuracy should be met with the vessel 
light and loaded and under the most severe weather conditions. 
There should be an audible signal with every change in the order 
and reply. 

Mechanically operated telegraph transmitters at the forward and after 
end of large vessels should not be connected to the same engine room 
indicator. 

Deck mounted transmitters should be mounted with the dials in a fore 
and aft position, and the movements of the operator's handle should be in 
the direction of the desired movement of the vessel. The dials should 
contain at least the following indications or their equivalent: 

For Port Dial 

Ahead—Full Half Slow 

Standby Stop Finished with engines 

Astern— Slow Half Full 

and should be so constructed that they are plainly visible 10 feet distant 
and the bridges or deck transmitters should be illuminated from behind 
the dial for visibility at night. Indicators in the engine room should be 
mounted as near the operating gear as possible, and equipped with solid 
brass engraved or the equivalent dials. 

Fireroom Order Telegraphs.—Telegraph systems for trans-
mitting orders from engine room to boiler rooms should be of 
similar construction, installation and operation as engine tele-
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graph system; the transmitters need not be illuminated. The 
markings should be suitable for the system of air, fuel and feed 
employed or as required. 

Docking Order Telegraphs .—Telegraph systems for trans-
mitting docking orders between the navigating positions and the 
after bridge, should be of the same construction, installation 
and operation as the engine telegraph systems. Transmitters 
and indicators should be illuminated. 

Steering Order Telegraphs.—Telegraphs for transmitting 
steering orders should have a transmitter at the bridge, con-
nected to an indicator at the after steering station and steering 
gear room. The after steering station and steering gear room 
indicator is to be fitted with a repeat back signal to the bridge, 
unless a rudder indicator is installed on the bridge. 

Rudder Angle Indicator.—On passenger ships and other large 
ships as required, an electric rudder angle indicator system 
should be supplied. The transmitter should be located at the 
rudder head and actuated by the movement of the rudder, the 
angular movements being indicated in the pilot house. The 
angle of the rudder should be indicated automatically at the pilot 
house station and if the indicator does not move synchronously 
with the rudder but operates step by step, the minimum indi-
cations should be by degrees to ten, then 12;,.¡ degrees, 15 de-
grees and by 5's to 35 degrees. Wherever possible, synchronous 
type indicating equipment is recommended. The indicator 
located on the bridge and at the after steering station should be 
illuminated. 

Mechanical Telegraph Installations.—For mechanical tele-
graph systems all wires, pulleys, chains, sheaves, turnbuckles, 
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springs and wearing parts should be corrosion-resistant metal. 
Pulleys should be of at least 334 in. diameter and provided with 
suitable holes for oiling. All wire should be of brass, at least No. 
10 AWG thoroughly stretched before installation. No splices 
in wire should be used. Chains in pulleys should be used at all 
turns; bell cranks should not be used. Wires should be turned 
and wrapped at gongs and pulls. At chains, they should be 
turned and provided with sleeves. Where necessary, systems 
should be provided with springs to take up slack wire in the 
system. 

Mechanical telegraph systems operated by wires should be as direct 
and have as few turns as possible, and should be so installed as to be 
accessible at all times. 

Wires shoult, not be run behind insulation for refrigerator spaces, through 
coal bunkers or cargo spaces, except when unavoidable and then should be run 
through tubes for each wire; the tubes terminating so that wire may be 
removed and renewed with the bunkers and cargo spaces filled. Wires should 
not run behind paneling of rooms unless made readily accessible by suitable 
removable covers. Wire should be supported every three feet or when run 
through members of the ship's structures should be through holes having 
a diameter not less than two diameters of the wire and should be so installed 
that they do not bind on the supports or edge of the holes when in motion. 

Wires should be protected by suitable covers throughout their length, 
except as provided for above and for risers in engine room and between 
decks, where all wires for a single system, not exceeding four, may be run 
in one tube and not less than three inch diameter. Wires should be spaced 
at least ei inch horizontally and WI inch minimum vertically between 
centers throughout system. 

Engine Order Bells.—For some groups of vessels, bell pulls 
instead of telegraphs are permitted by the Bureau of Marine 
Inspection and Navigation. The use of telegraphs is recom-
mended in preference to bell pulls. Bell pull systems employing 
pulls in pilot house, on bridge and on deck houses operating 
hammer gongs and jingle bells in engine room should be pro-
vided with suitable sounding tube with a receiver embracing 
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one-half the gong in the engine room connected by at least 1 
in. brass tubing to a flaring transmitter at all the pull stations; 
the transmission of sound should be such that it can be heard 
anywhere in the enclosure and five feet distant in open spaces. 
The material, installation and operation should be the same as 
described for mechanical telegraphs. The system should be 
provided with a label plate at each mechanical pull, gong and 
sound transmitter, giving the systems used. 
For Great Lakes and River Rules see Bureau of Marine 

Inspection and Navigation Latest Rules. 

Alarms for Cold Storage Spaces.—In order to prevent injury 
to personnel, all refrigerated spaces and ice boxes for the storage 
of ship's stores and provisions should be provided with a mechan-
ical or electrical signal. A pull or push button should be located 
inside and at the exit of each storage space, and the signal 

EMERGENCY SWITCBOARD BUS 

24 V 

SWITCH 
( ALWAYS CLOSED) 

GoNG •2 1 GONG '1 

PUSH BUTTON —I 

REFRIGERATED SPACE 

51.—Cold storage space alarm wiring. This alarm is designed to protect anyone who may 
become locked in the cold storage area. The alarm operates from a push button located 
inside the refrigerated space through gongs or howler located in ship's passageway adjacent 
to the refrigerated area. 
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should be located within hearing distance of a location where a 
person is regularly employed. The signal and pull or push 
button should be provided with a suitable nameplate to desig-
nate its function. 

Anchor Windlass Signal.—When the operator of the anchor 
windlass is out of sight of the man handling the chain, there 
should be installed between the two positions a bell pull system 
with a pull on deck and a six-inch gong at the operator's posi-
tion, or in lieu of this, a 1 in. voice tube. 

General Alarm— (Passenger Ships).—A general alarm system 
is required by the regulation of the Bureau of Marine Inspection 
and Navigation. General alarm system should be provided on all 
vessels over 100 gross tons and should consist of not less than 
eight inch diameter bells producing signals of a distinctive type 
from other bells in the vicinity, and so located that their opera-
tion will be heard by all passengers and crew. These bells should 
be controlled by manually operated contact makers from the 
pilot house, fire control station or stations as determined by 
Bureau of Marine Inspection and Navigation. Each bell should 
be independently fused and the fuses located above the bulkhead 
deck. The system should operate from a source of energy capable 
of supplying the system for a period of at least eight hours and 
independent of the main generating plant or as required by the 
Bureau of Marine Inspection and Navigation. 

Day Passenger Ships.—Same as previous except the bells 
should be so located that their operation will warn all the crew 
and the passengers occupying staterooms. In public spaces and 
open decks alarm to crew should be visual instead of by bell. The 
general alarm system is to comply with the latest Rules of the 
Bureau of Marine Inspection and Navigation. 
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Cargo Ships.—Same requirements as for Passenger Ships. 

Call Bells.—On passenger vessels all staterooms should be 
equipped with a push button located at the head of the berth 
to permit a call for assistance, the bell or annunciator being 
located where there is someone always in attendance. The 
voltage for this system should not exceed twenty volts. Annun-
ciators should be of a type requiring the attendant to restore 
the drop. Annunciator cases should be perfectly tight with 
holes for entrance of wire only. The wire should be a neat fit 
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Fto. 52.—Typical arrangement of a general alarm system. The alarm gongs are simultaneously 
operated from a manual contactor or master switch located in the wheelhouse or at a fire 
control station. The gongs are spaced throughout the vessel where they may be heard by the 
crew and passengers at all times. 
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to exclude vermin. This should, if water-tight, be provided with 
a gasket between the fixed and movable sections. 

If passenger staterooms are equipped with a telephone system that is 
maintained in operation at all times when at sea, the installation of a call 
bell system is not considered essential. 

Other call bell systems such as for officers, smoking rooms, or other 
purposes are to be constructed and installed in accordance with the Rules 
set forth herein. 
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SHIPBOARD ALARM WIRING 
53.—Method of alarm wiring. The left part of the diagram illustrates how any one of fout 

alarm gongs may be operated from any one of three alarm stations by moving the selector 
switch to the contact desired. The current is supplied to the buses through a double pole 
double throw switch connected either to a battery or to the generator. The operation of alarm 
gongs H, 1 and Jis performed by pressing the various push buttons as indicated. 

Whistle and Siren Control Systems.—There should be in-
stalled mechanical means for operating the ship's whistle and siren 
from every navigating station regardless of other systems installed. 
The lead should be as direct as possible, amply protected and 
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when suspended for more than 15 feet should be supported from 
a corrosion-resistant cable with suitable bearers. The systems 
should be provided with amply corrosion-resistant springs to 
relieve all weight on the lever and for the proper functioning of 
the system. All materials should be as described for mechanical 
telegraph systems. 
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etas. 54 and 55.—Typical annunciator circuit. With reference to circuit wiring, it is evident 
that when any one button is pressed it closes the circuit and energizes a bell at some convenient 
point and at the same time by a mechanical or electrical device indicates the location of 
the button. 

When electrically operated whistles and sirens are installed, all parts should 
be independent of the mechanical system. If a motor operated timer is in-
stalled, particular attention should be given to its construction or location 
so that it will be inaudible in the pilot house and does not affect the magnetic 
compass. The supply for electrically operated signals should be taken 
from the emergency system. 
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When the electrically operated valve for this system is located more 
than five feet from the whistle an automatic drain feature for the whistle 
steam pipe should be installed. 

Morse Telegraph Signalling Lamp.—A signalling lamp is 
required by the Bureau of Marine Inspection and Navigation 
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56.—Electric whistle control circuit. Recently built ships make use of both electrically 
operated air and steam whistles. When they are used over a sustained period of time as in 
the case of fog, etc., an electric timer of the cam operated type is commonly employed. 
If it be desired to blow the whistle in some particular manner such as three short blasts 
the switch is pulled to the "AI will" position three times for a short interval each time 

and should comply with the latest rules and regulations of that 
Bureau. The signalling lamp should be of water-tight construc-
tion, fitted with a clear fresnel lens and a 100 watt high-speed 
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lamp bulb, mounted at a height above the pilot, house to show 
completely around the horizon. A number of small size lamp 
bulbs may be used in lieu of a single lamp bulb. 

The signalling lamp should be operated by a Morse telegraph key fitted 
with a condenser. The key may be located in the pilot house, or may be 
provided with a portable cord of sufficient length to reach either wing 
of the bridge from a receptacle in the pilot house. The type of enclosure 
for the key should be weather proof if mounted in the pilot house, or 
water-tight if permanently mounted on either wing of the bridge. 

The supply for the signal lamp should be from the emergency lighting 
system. 

Alarm System for Lubricating Oils, Refrigeration and Other 
Circulating Systems.—Whenever a circulating system is in-
stalled, the functioning of which affects permanent operation 
of the ship or preservation of life such as lubricating oil systems 
for turbine drive, refrigerating systems for passenger or other 
ships, an alarm system for them should be installed. 

On lubricating oil systems, the alarm syqtem should be such as to in-
dicate audibly and visibly at some definite location when the oil pressure 
fails, due to shut down of pump or any other cause. In the refrigerating 
system, the alarm should be such as to ring a bell at a predetermined point 
and shut down the refrigerating machine motor when the pressure in the 
circulating water-line to the machine reaches a predetermined low pressure. 

The contact maker should be of rugged construction. If a pressure 
transmitter be provided which depends on electric current for operation, 
all of the contact parts, coils, etc., should conform to the general require-
ments given elsewhere. 

If the pressure contact maker is of mechanical type, the construction 
should be strong and rugged. 

In either of the foregoing types of pressure transmitters, the electric 
contacts and connection posts should be suitably protected from me-
chanical injury and so constructed as to be easily accessible for necessary 
adjustment. 
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Telephone Equipment.—All telephone transmitters and re-
ceivers substituted for voice tubes or essential for the operation 
of the vessel should be of sound powered type designed specifically 
for marine use, and should be of a type approved by the Bureau 
of Marine Inspection and Navigation. The manufacturer's 
name, type and model number should be stamped on each 
telephone. 
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Fla. 57.—Connection diagram of telephone system. The systems now generally in use are of the 
se f-sufficenl "sound powered telephone" class which derives its power from a permanent 
magnet and a moving coil. It is sometimes termed a moving coil microphone or dynamic 
microphone. This system is used only for short distances, and is therefore limited to ships. 
buildings, etc. On merchant ships the usual arrangement is to have common talking and 
selective ringing, using a station selector switch and a hand operated generator. 

A call signal and magneto should be provided at each telephone station. 
This signal may be a bell or other sound device which provides a distinctive 
signal throughout the space where the telephone is installed. On installa-
tions which are protected by water-tight boxes, all signals should be of such 
character as to comply with the foregoing when the box is closed. Ringers, 
if located outside the box, should be of water-tight construction. All bells 
and push buttons should be constructed in accordance with the require-
ments contained herein. 
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At each telephone installation a suitable hanger for the handset should be 
provided. It should be constructed in such a way as to hold the handset 
firmly in place and away from the bulkhead. The handset should not be 
dislodged from the hanger by the motion of the ship or by a severe shock 
near the mounting. 

Telephones installed at external, locations exposed to the weather or in 
locations subject to severe moisture conditions should be enclosed in a 
substantial water-light cast-metal box. The cover should be hinged at the 
bottom of the box and when closed should be fastened by a simple sub-
stantial mechanism which, when operated, exerts sufficient pressure to 
make enclosure water-tight. The gasket should be fastened to and inserted 
in the edge of the box or cover. The signal generator and switches should 
be of water-tight construction. The generator and all switches should be 
installed inside the box. 

At other locations where a water-tight box is not recommended, the tele-
phone equipment should be of splash-proof construction and should be so 
installed as to mininize possibility of damage by external means. In engine 
rooms or noisy locations, a booth or other suitable auxiliary equipment 
should be provided if necessary in order that a telephone conversation can 
be carried on while the vessel is being navigated. 

The system should be installed independent of any other systems of 
communication or of wiring, but may be extended to cover any other 
locations which are neceeeRnry or desirable. Telephone cable should be of a 
type as recommended and should be run as close to the fore and aft center-
line of the vessel as possible, and protected from external damage. In some 
cases Bureau of Marine Inspection and Navigation requires two sets of cables 
in parallel. It should be so installed as to minimize ingress of water and 
dampness. 

The talking circuit should be electrical independent of the calling circuit. 
A short or open circuit or a ground on either side of the calling circuit 
should not affect the talking circuit in any way. 

Emergency Loudspeaker Telephone Systems.—The Bureau 
of Marine Inspection and Navigation requires the installation 
of a loud speaker system on certain classes of passenger vessels. 
All materials, devices, equipment and the installation should be 
in accordance with the Bureau of Marine Inspection and Navi-
gation Rules. For exact requirements, see Bureau's latest 
regulations. 
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Inter-cabin Type Telephone System.—Commercial type of 
equipment is recommended subject to the construction details 
to suit marine installations. Telephone sets may be of the wall 
type, desk type or hand type to best suit the location. Sets in 
exposed locations should be water-tight. The switchboard should 
be suitable for marine service and the ship's wiring and appli-
ances should conform with the requirements of these recom-
mendations. 

The power supply should be as specified by the manufacturer and 
conform to other sections of these recommendations. 

Other telephone system operating conditions of the larger size vessels 
may make the installation of one or more separate intercommunicaticn 
systems or power amplifier systems with or without talk back desirable. 
All the equipment required for these systems and the installation thereof 
should be in accordance with the applicable recommendations specified 
herein. 

Fire Alarm Systems 
General.—All materials, devices, equipment and the in-

stallation thereof for both fire detection and manual fire alarm 
systems should be suitable for marine use and should be as 
approved by the Bureau of Marine Inspection and Navigation. 

Automatic Fire Alarm System.—Passenger ships with berth 
or stateroom accommodations should be provided with fire 
detecting and alarm systems which should automatically indicate 
audibly and register visually at the fire control station or stations 
the presence or indication of fire in spaces constructed of or stowed 
with inflammable material. 

The fire detection system may be electric, pneumatic tube, pneumatic 
bulb, smoke pipe, or automatic sprinkler, used singly or in combination with 
other equally effective systems. They may be either the fixed temperature 
type or the rate of rise type and the signals from the thermostats may be 
transmitted either pneumatically or electrically. 
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TEST 
SWITCH 

Classification of Types.—Electrical systems using thermo-
stats or thermostatic wire actuated by heat to produce visual and 
audible signals. Pneumatic tube system using thermostats com-
posed of copper tubing containing air, the expansion of which 
produces visual and audible signals, which are transmitted from 
the thermostat either pneumatically by copper tubing or 

electrically. 
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58.—Elementary diagram of a fire alarm system. A modern fire alarm system consists of a 
series of thermostats, located at various points throughout the ship and connected elec-
trically to an automatic, electrically supervised fire alarm circuit panel. The thermostats are 
arranged so as to make electric contact at some predetermined degree of temperature causing 
trie fire bells to ring and dropping two red flags, one on the master section of the panel, 
indicating the bell circuit is closed, and one on the line section indicating the location of fire. 

Pneumatic bulb system using thermostats composed of copper bulb 
containing air, the expansion of which produces visual or audible signals 
which are transmitted from the thermostats either pneumatically by copoer 
tubing or electrically. 

Smoke pipe system in which fire is indicated audibly and visually by 
smoke drawn through pipes, the discharge of which is suitably illuminated. 
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Wiring.—Fire Alarm Systems should not be used for the 
transmission of other than fire alarm signals. In case of smoke 
detecting systems, the pipes may be used for the introduction of 

smothering gas. 

All electrical systems should be normally free of electrical grounds, 
except a ground introduced for supervisory purposes. 

All conductors should conform to the specifications for lighting, power 
and interior communication wiring, and the use of leaded and armored 
cable is recommended throughout the vessel. 

The fire alarm annunciator should be so designed that an accidental 
cross of the fire alarm wiring with the liêhting system will not damage or 
render the fire alarm system inoperable. 

Electrical and Pneumatic Systems.—For detail require-
ments, consult the Bureau of Marine Inspection and Navigation 

requirements. 

Location of Detectors—Electrical Systems.—For detail re-
quirements, consult the Bureau of Marine Inspection and Navi-

gation requirements. 

Pneumatic Systems.—For detail requirements, consult the 
Bureau of Marine Inspection and Navigation requirements. 

Zoning.—For detail requirements, consult the Bureau of 
Marine Inspection and Navigation requirements. 

Manual Fire Alarm System (Passenger Ships).—Manual fire 
alarm system should be provided on all ships and should consist of 
at least one manually operated fire alarm box, having a red finish, 
for each detection zone (except cargo spaces, inaccessible during 
voyage) located in stairway enclosures, corridors and public 
rooms, readily accessible to passengers and crew. 
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The system should register visuallv for each detection zone in the fire 
control station or stations and should automatically ring gongs of a distinc-
tive sound from other gongs in the fire control station or stations, the 
navigating station, the engine room and the quarters of the fire fighting 
crew. 

In vessels fitted with an automatic fire detecting and alarm system 
in accommodation spaces, the manual system may be a part of the automatic 
system. 

All materials, devices, equipment, etc., and the installation thereof are 
to be approved by and in accordance with the latest requirements of the 
Bureau of Marine Inspection and Navigation. 

Smoke Pipe Systems.--iThe smoke pipe systems for fire 
eletection consist of individual pipes installed from collectors 
located in the compartments to be protected to an indicating 
cabinet located in the pilot house or fire station. A circulation of 
air is maintained through the pipes by means of a suction fan 
located adjacent to the indicating cabinet. In case of fire in the 
compartment, the smoke is drawn through the pipe to the indi 
cator cabinet. 

This type of system should be fitted with an audible alarm that will 
call attention to the receipt of smoke in the indicator cabinet. Suction fans 
should be provided in duplicate and arranged so that the idle unit is ready 
for immediate operation in case of failure of the operating unit. All wiring 
should be in accordance with the recommendations given and all electrical 
circuits supervised so as to give a warning in case of failure of motor, 
wiring, main power supply, etc. 

Automatic Sprinkler System.—Each system should have an 
annunciator with lamp or drop for each sprinkler zone. The 
indicating device should be located in the fire control station, 
or stations, and should automatically ring gongs located in the fire 
control station, or stations, navigating control station, the enginq 
room, and quarters of the fire fighting crew. The electrical supply 
for this system should be from the emergency lighting system. 
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Magnet Frame Shell 

Magnet Frame End Piece 

Magnet Frame Supporting Screw 

Calibrating Rod 

Calibrating Tube 

Dust Cover 

Calibrating Nut 

SECTIONALVIEW OF PLUNGER TYPE 01/ERCURRENT RELAY 
FOR APPLICATION AND CONNECTIONS, SEE FOLLOWING PAGES. 
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OVERLOA.0 RELAY 
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RELAY 

.C"Vei?E/Y7" Te4t0Polmet-
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APPL/CAT/ON OF 01C7eZDAD IYOTECT/ON 
TO .57/YGLE PHASE A. C /YErfeeet. 
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OVERLOAD RELAY 
CONNEC770/V 

e  

RNA 

AeARKS 
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3 

cuterivr 
rekvsraReEes  

3 2 

TO LOAD 

TRIP cou. 

4W. shiircli 

FUJI 

+ — 
.D.C.300Fre 

r 

OYEe[oAP 
,eirzAYs 

APPL/CAT/ON OF OVERLOAD PPOTECT/ON 
TO A THREE PHASE A. C. NETWORK, 



OVERLOAD RELAY 
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-1 
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Stev‘ez 
rye, 
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4cl/ream.° PROTECT/ON Of A.C. FEEDER •SHOPY/NG 
APPZ/CATION OF TEST LINKS, FAC/LITAT1NG TEST-
/NG RELAY," AND METERS'. 
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OVER CURRENT 
PROTECT/ON 

SOURCE 
3 2 1 

OIL CIRCUIT 
BREAKER 

AMMETER 

AMMET 
SWITCH D.C. TRIPPING SOURCE 

CIRCUIT 
CLOSING 
RELAYS 

Overload_ protection on Typl CCI I A. C. feeder circuit 
W OPERATION: hérecurrent exceeds the setting of the 

relays, the relays will close their contactsenergizing 
the trip coil, which trips the oil circuit breaker. 

The test links shown are optional but will, ifused, 
facilitate the testing and calibration of-instruments. 

The current in each phase is measured by means 
of ammeter dnd three way 5 w;ich. 
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OVER CURRENT 
PROTECT/ON 

AmMETERS 
3 2 1 

OIL CIRCUIT 
BREAKER 

LOAD 

D.C.TRipPi PJG 
SOURCE 

CIRCUIT 
CLOSING 
RELAYS 

Overload protection on typical A.C. feeder. 
OPERATION: When current exceeds the settingof the 
relays, the relays will close their contacts,energizing 
the tri p coil which tri ps the oi I circuit breaker. 

The test links are optional but will, if used,facilitate 
testing or calibration of instruments. 

The current in each phase is measured by individual 
ammeters. 
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fOVER CURRENT PROTECrION 

OIL CIRCUIT 
BREAKER 

SOURCE 
32 

AMMETER 

000 

00 9 
TRIP 
COIL 

e- o 
TEST t 
LIN.KS 

co o 

CURRENT 
TRANSFORMERS 

o 

FuSE TRANSFORMERS 
— r=1 

111--CZ3   

TEST 
LINKS 

POTENTIAL 

AMMETER 
SWITCH 

DCTRIPPING 
SOURCE 

CIRCUIT 
CLOSING 
RELAYS 

WATT—HOUR 
  METER 

Overload protection on typical A.C.feeder. 
OPERATION: When current exceed the setting or the 
relays, the relays will close their contacts, energizing 
the trip coil which trips out the oil circuit. breaker. 

The energy is measured by means ofa watt-hour 
meter; and the current in each phase by ammeter 
and fhree way swiich. 

Test lInks shown are optional bu 4. wi II, if used,fa-
ci lifcrte the testing of relays and instruments. 
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OVERLOAD I 
PROTECTION  j 

AMM TERS 

SOURCE 
3 2 1 

[
D.C.TRIPPING SOURCE 

OIL CIRCUIT 0 0 
BREAKER 

TRIP 
COIL 
o—•  

TEST 
ro-

LINK 

o o 
O 

• s 
CURRENT 
RANSFC R ME RS 

CIRCUIT 
CLOSING 
RELAYS 

WATT-HOUR 
METER 

TEST 
LI NKS 

TO POTENTIAL 
TRANSFORMERS 

Overload protection on A.C.feeder. 
OPERATION: W hen +e current exceeds the setting of the 
relays, the relays will close their contacts, energizing 
the trip coil which tri ps out the breaker. 

The energy is measured by means of a wat+-hour 
meter, and the current in each phase by individual 
ammeters. Test links are optional but will, if used, 
facilitate the testing or calibration of relays and in-
struments. 
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OVER CUFRENT 
PROTECT/ON I 

OIL CIRCUIT 
BREAKER 

SOURCE 
32 

AMMETER 
SWITCH 

AMMETER 

OAS 'TRIPPING 
/ SOURCE 

 + 

o 
00 

TRIP 
COIL 

TESTer 
LINKS 

Un o 

'Ls4 1 

fj CURRENT 
TRANSFC RME RS 

/TEST LINKS 

POTENTIAL 
TRANSFORMERS 
e  

• oie  
FUSE 

CIRCUIT 
CLOSING 
RELAYS 

WATT—HOUR 
METER 

PERATION: When currentexceeds the setting of the 
re ays,t e relays will close their contacts energizing the 
trip coil, which trips out- the oil circuit breaker. 
The energy is measured by a watt-hour meter. and the cur-
rent. in each phase by ammeter and three way switch. 

Test- links are optional but will,if used, facilitate the 
testing and calibration of relays and instrument. 
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OVER CURRENT 
PROTECT/ON 

AMMETERS 
SOURCE 
3 2 1 

OILCIRCUIT [o ,o 
BREAKER [cc; -  

D.C.TRIPPING 
/ SOURCE 

CIRCUIT 
CLoS1NG 
RELAYS 

WATT-HOUR 
—METER 

To POTENTIAL 
TRANSFORMERS 

Overload protection on A.C. feeder. 
OPERATION: When current exceeds the settirig of the 
relays, the relays will close their contacts energizing 
the trip coil, which trips out the oil circuit breaker. 

The energy is measured by means of a watt-hour 
meter, and the current in each phase by individual 
ammeters. Test links are optional but will, if used, 
facilitate the testing of relays and instruments. 
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TEMPERATZ/I?E OYERCUPRENT 
PROTECT/ON 

2 I 

• i CUic,,,t 
ereAker 

i 

Tr anstvrmar 5 

_ 1 

Gur rent 

ft.Irt, I 
Marks 

Auto 
Trons for rner 

Motor 

temp•rotur • 
%ley 

Temperature over-current  protection forsynchronous motor 
using temperature relays. 
OPERATION: When + e overcurrent exceed 4ie rating at wiiich the 
relays is set fo operate, tfle :leafing effect of the current pass-
ing through the relays will cause the relay contacts to close and 
energize the trip coils which trips the oil circuit breaker. 
The relays operating charactarisfics is usually inverse-time, 
inthatthe time to operate the relay vares inversely with 
the overcurrentapplied. 
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CHAPTER 25 

Cable Splicing 
The proper splicing or jointing of electrical wires and cables 

is very important and unless properly done, costly failures are 
likely to occur. 

In general, splicing of ordinary 600 volt, rubber insulated 
wire is not a very difficult task. The splicing of cables for higher 
voltages and cables of special construction such as armored 
cables or portable cables, however, requires a special technique. 

Electrical Power Distribution Companies consider cable 
splicing a most exacting profession and have accordingly insti-
tuted special schools for the teaching of same to their employees. 
Due to the adoption of higher voltages, a great deal of atten-

tion has been given to the general problems of joints because of 
the difficulties under which they are made. Such difficulties 
are: (1) the necessity of working in cramped positions in moist 
mannoles; (2) the lack of positive control of the workmanship in 
making joints, and (3) the required neatness in the work of handling 
and installing the conductors themselves. 

Also a great deal of attention and study has been given, not only to the 
materials by which the cable itself is insulated, but also to the question of 
securing a suitable compound with which to fill the joints of the cable. 
Obviously the standard of dependability of the joint must be equal to that 
of any part of the cable itself. 

On the average there is about one joint for every 300 feet of lead covered 
underground cable installed in the various duct svaems throughout the 
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United States. There are of necessity a large number ot joints in an under. 
ground cable system of even moderate size. 

Fm. 7,396.—Illustrating various types of cables. Illustrations A represents an impregnated 
paper, lead sheathed power cable: 13, aerial cable: C, asbestos cable; D. metallic armored 
parkway cable; E. super-sheath cable. 
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One of the most widely used methods of insulating joints on cables is to 
first wrap (after the metallic conductors have been properly soldered 
together) each of the exposed sections at the joint with some form of 
insulating tape which is built up in successive layers to the desired thick-
ness. After the conductors are insulated singly, there is a further belt of 
insulation wrapped around the outside of the three conductors in the same 
manner as the insulation placed on the individual conductors. These 

Rubbor sheathing 

Rei.nforcing braid 

  i
Conductor- trieJtation 

rki 
---I--i  

L.-7..-1•4—...i 
8 

2r --.1 a •  
 3 3" 8 — • a ar 

Coppa.  eon...setae, 4/3i thief( 

Ono layer of No. 3b1 
fraction tape, V2 lop 

diaireercd", 
braid 

387 Rubber R-363 splicing gum. 
tapo \it 3/4W wide. Riabbor• 

3hrzething 

FIGS. 7,397 to 7,399.—Showing a step by step method of splicing a portable cable. In fig. 
7,397 the rubber sheathing, reinforcing braid and conductor insulation are removed, and con. 
ductor insulation penciled. Fig. 7,398 shows the copper connector azembled in place and 
rubber sheathing penciled. Fig. 7,399 finally shows splice completed -.vith splicing gum and 
friction and rubber tape applied. The joint should now be vulcanized. 
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wrappings although they may be put on as carefully as the limited facilities 
in the field will permit, cannot be applied as tightly uniformly or with the 
same certainty of the highest grade of workmanship as the insulation on the 
undisturbed section of the cable. The various uncertainties that creep 
into the making of cable joints in the field are due partly to the cramped 
conditions under which such joints are made, the occasional unfavorable 
weather and the impossibility of always insuring the first class quality of 
material and workmanship. 

Ona layer of No.361 friction tape tap, 
Fluor wrapped with 5511-4 reinforcing cord 

(Not applied if rubber fillara are used) 

7,400.—Showing joint for 600 volt portable type W cable, illustrating the staggering foé 
individual splices. — 

Effects of Air Pockets.—An additional factor of vital import 
ance, but not affected by either moisture or careful workmari-, 
ship is the necessity of excluding all air from the wrapped 
insulation as it is built up, or from the space within the sleeve 
which is supposed to be entirely filled with compound. 
The result is occasional, although small air pockets iiithe-

insulation which invite the slow formation of ozone and conse-7 
quently ultimate deterioration due to the resultant chemical. 
action. 
The net result with the best of workmanship, material and 

conditions is uncertain as to the dielectric quality of the joint. 
This uncertainty is particularly emphasized in the higher volt-
age cables due to the more rapid formation of ozone. 

Function of Compounds.—This was formerly thought to be 
that of an insulator which could be put in place in liquid form 
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and which, when so placed, could be sealed in against the 
possibility of escape. 
No further requirements were considered necessary. Later 

investigation however, has shown that the problem of pre-

- reemeeter r 
li-2'—i-Mr7--29*--12T5, length 12 e--2"--41411-el 

• tio.3e1 friction tea Conejtor 
end weatherproof tgo.363 or No.3.10 
point splicing tap. 

Jacket 

Cable tape 

taldle iniadetien 

ft.... 20T 1" Connecter a" e 
Ceir llirt 

Conductor Copper conneetier 
po.261 friction tape- No.363, 330, or 351 
and weather-proof paint epliCing gum 

: • • 
--bletlieeihare°rth  

t 

Cable braid 

Cable tape, 

*Cable Insulation 

etitc361 friction tepe 
and weatherproof 
paint conductor 

'connector Copper shielding braid Nc,m' 3 N o.L 330 • 
119.3u friction tapo No.353.'spingen;ape inUrion 

Cable tape 
Cable 
braid 

ethleiding 
tape 

Eros. 7,401 to 7,403.—Splicing methods for various power cable types. Fig. 7,401 shows 
splicing of a rubber-jacketed single conductor non-shielded cable. Fig. 7,402 splicing of a 
single conductor, braided rubber insulated non-shielded cable. Fig. 7,403 splicing of a 
braided single conductor shielded rubber insulated cable. 
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venting the occurrence of voids and air bubbles is one of the 
greatest importance, because, due to corona effect, ozone is 
formed in these air bubbles and this formation results in slow 
chemical deterioration of the insulation. 

Cable Insulation.—Underground transmission cables as now 
manufactured are insulated with paper tape applied evenly in 
several layers to build up the desired thickness and then 
impregnated with rosin oil compound. 

Tests of this kind of insulation indicate that owing to charac-
teristics of the rosin oil compound, the critical temperature 
above which a cable cannot be safely operated is between 70° 
and 80° C. (158° to 176° F.) Béyond these temperatures the 
dielectric losses increase very rapidly, causing deterioration of 
the insulation and eventual breakdown. 

YerrectpurSeir 

Metal I lc a-rnor wiped joint 
• Sindfrtg 

wire, 

Jute 
covering jaad bheath 

Pipe plug 

Lead sleeve 
No.227 filling compound 

Armor box 
Cable 

Fm. 7,404.—Showing method of installing an armor box over a lead-sleeve joint on leaded 

armored parkway cable. 

Unsatisfactory Compounds.—Hard or waxy compounds an 
unsatisfactory fillers as they require very high temperatures tcr 
keep them in a fluid state so that they will run freely into all 
parts of the joint, and high temperatures as already explained 
are to be avoided as far as possible, so as not to endanger the 
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let. reference 
marl. 

3rd. reference 
mark 

2nd. referenceii.1 
mark 

Conductor joint 

.re'277,Z7V•s. 

Insulation Lead sheath 

Connector 

Solder Fil ling Lead Spacer 
r, hole casing blnd with yarn 

Fula. 7.405 to 7,409.—Showing successive steps when splicing a leaded cable. In fig. 7,405 
the cables are brought together, lead sheath removed and enough insulation removed to permit 
assembling the connector. In fig. 7,406 the connector is assembled centrally over conductor 
joint. Fig. 7,407 shows cable insulation stepped and bound. Fig. 7,408 reinforcement tape 
applied. Finally, fig. 7,409 shows the completed joint -vith spacer and casing in place and 
filled with compound. 
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insulation of the cable, particularly the insulation lying directly 
in front of the filling hole, against which the compound is 
poured at its highest temperature. 

I. --- ., 1--- 1.-- F --: • 1 ' --1` I 

F  

Mittalltc•brald Wrapping 

• ,.  NI A 

'-'lips 

Pews 

Pap* •= 9 'Taps " ep:un 

Floe. 7,410 to 7,415.—Showing completed joints of various type cables. Where dimensions 
are indicated by letters, manufacturers recommendations should be obtained as these dimen-

sions will vary depending upon cable size and voltage. 
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Excluding Moisture in Joint Making.—Moisture in the 
material of the cable itself, or on and in the copper connectors, 
tapes, insulating tubes and lead sleeves must be thoroughly 
removed and thereafter kept away. 

Moisture may result from many causes such as perspiration on 
the hands of the jointer, drippings from the wall or roof of the 
manhole or room in which the joint is made, condensation in a 
damp atmosphere upon the materials and tools used in jointing 
and on the cable itself. Moisture may be guarded against by 
having the jointer keep his hands dry, by protecting the joint 
against drippings, and by warming the tools and materials to 
temperature which will prevent condensation. 

A convenient method of protecting the tapes or other fibrous insulating 
materials against moisture in the air is to have a metal box with a cover, 
filled with transformer oil in which they can be immersed. The small 
tools may also be immersed in a similar manner. Peculiar local conditions 
may produce dangers from moisture from sources other than those men-
tioned. These conditions must be carefully studied and methods provided 
for guarding against their bad effects. 

General Jointing Instructions.—After the interior of the 
cable and the copper connectors, tapes, tubes, etc. used in 
making the joints have been exposed to the atmosphere, all 
operations should be carried through as rapidly as possible 
consistent with good reliable workmanship. 
A little care in this direction will greatly reduce the oppor-

tunity for the entrance of moisture into the joint. When the 
joints are made on a cable installed directly in a trench, as in 
the case of armored cable, a large roomy excavation should be 
made where the joint is to be installed, and the bottom and 
sides of this exc,-wation covered with a good-sized tarpaulin 
or piece of clean canvas so as to prevent dirt getting on the 
joint material. Only the most skilled workman can produce 
reliable joints particularly where the working voltages are 
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high. Only proper tools, carefully maintained in condition, 
are permissible and they must be kept clean and dry. Knives 
or cutters used for cutting the insulation should be kept sharp 
so that the insulation may be cut readily without tearing. 

The removal of the lead sheath must be performed in such a manner as 
to absolutely prevent any cut or indentation in the insulating belt under-
neath. Lead cutters or chipping knives should be used so as to cut the 
lead without producing an indentation in the underlying insulation. The 
belt insulation must also be carefully removed and cleanly cut so as to 
avoid any cutting of the insulation on the insulated conductor; and finally, 
in taking off the insulation from the conductor, strict attention must be 
paid by the jointer so that no cuts or nicks are made on the bare -opper 
conductor. 

Solder and insulating compound, as well as the pots and kettles in which 
they are melted, must be carefully watched and constant attention given 
to them, so as to avoid the presence and accumulation of dirt and foreign 
matter of any kind in these very important materials. A very slight quan-
tity of metallic particles or other more or less conducting materials, iu the 
insulating compound which is poured into a joint, will often result in a 
breakdown. 

Making the Joint.—The various operations to be performed 
in joint making are shown in the accompanying illustrations, 
which are supplied by the courtesy of the General Electric 
Company. 

Cable Maintenance.—Periodic inspection of cable and wire 
is the best assurance of preventing failure. Cable inspections 
need not be made as often as is necessary for electric equipment, 
but are, nevertheless, equally important. If a system of main-
tenance has not been in effect, the first thing to do is to inspect 
all cable and wire circuits for overloads, poor thermal condi-
tions, and for potential danger spots. 

All of these faults, after being listed, can be systematically 
eliminated. After the original inspection has been made, the 
period of inspections can be from six to twelve months. 
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Overloads can easily be checked by means of a hook-on ammeter, thus 
avoiding the necessity of disturbing cable connections. Cable tempera-
tures can best be determined by placing a suitable thermometer on the 
cable surface. 

Cable Testing 

Tests on insulated wires and cables may be divided into two 
classes: ( 1) Factory test and (2) test on samples. 
The factory test (usually made by the manufacturer) consists 

of: High voltage test; ionization test (change in power factor 
with voltage); insulation resistance test and conductor resistance 
test. 

High Voltage Test.—This test is made to detect weak spots 
in the insulation and to determine whether its dielectric strength 
is sufficient to enable it to withstand the voltage it is likely to 
meet in actual service, with a suitable factor of assurance. 

It is made in applying A.C. voltage of suitable magnitude 
between the conductor (or conductors in multiple conductor 
cables) and sheath or water. 
The initially applied voltage must not be greater than the 

working voltage, and the rate of increase must be approxi-
mately uniform, not over 100% in 10 seconds and not under 
100% in 60 seconds. The voltage must be applied for a dura-
tion of time as specified for the various types of wires and cables. 

If for any reason the high-voltage test is interrupted, the total duration 
shall be increased 20% of the specified values. 

The frequency of the test source shall be between 25 and 60 cycles per 
second, preferably 60 cycles. The voltage wave source of energy shall be 
of ample capacity. 

Ionization Test.—This test is made only on paper insulated 
cable designed for over 7.5 kv. operating voltage, and then 
only when specified by the Engineering authorities. 
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The power factor of the dielectric shall be measured at room 
temperature with an alternating current voltage corresponding 
to 20 and 100 volts per mil of the prescribed thickness of the 
wall of insulation under test. In no case shall the high voltage 
(100 volts per mil) be less than 150% of the rated voltage of the 

cable. 
The power factor of a cable may be determined as follows: 

Power factor = —EI 

Where W = Dielectric loss (in watts). 
I = Charging current (in amperes). 

E = Impressed potential (in volts). 

The difference between the power factor determined at the 
two prescribed voltage shall not exceed the values specified by 
the Engineering authorities. This test is made to determine to 
some degree, the proper impregnation of the insulation. 

Insulation Resistance Test.—Insulation resistance of cables 
is measured either by a "Megger" or by a high resistance volt-
meter. The formula for insulation resistance for one mile is: 

R 
V 

Where E = Battery potential. 
V =Voltmeter reading. 

= Resistance of voltmeter. 

L =Length of line in miles. 

A voltmeter having a resistance of 100,000 ohms is generally 
used, with a source of potential of 100 to 150 volts. 
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CHAPTER 26 

Sign Flashers 

There are two advantages in favor of using a flasher: 1, it 
causes the passerby to look at the sign, and 2, reduces the cost 
of electricity, because the lamps are switched off periodically. 

There are numerous kinds of flasher, and they may be classified, 
according to construction of the switch contacts, as: 

1. Carbon 2. Brush 3. Knife 

CONTACTS 

WORM GEAR 

BELT DRIVE 

MOTOR 

7.421.—Dulls carbon type flasher. This is a main line flasher; that is, it is set into th« 
main wires instead of carrying down each circuit. The circuits are opened and closed on 
carbon contacts, reinforced with standard knife switches. The blades are opened and the 
current broken by gravity alone. Each switch can be made to hold the lights for any period 
from 18% to 81% of a revolution of the shaft. They can throw on the circuits progressively 
or all on and all off together. Again, the circuits may be closed progressively, remain on 
a few seconds, and then be opened progressively. No circuit or circuits can be closed more 
than once per revolution. 
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Again, with respect to operation or the electrical effects, they 

may be classified as: 

1. Simple on and off 4. Script 7. Carriage 
2. High speed 5. Chaser 8. Talking 
3. Lightning 6. Thermo 9. Electric. 

Carbon Flashers.—In this type of flasher, carbon breaks 
are provided, that is, the arc which is formed when the circuit is 

FLASHER SWITCH SWITCH 

HT 
Mf Mr 

-0-

••••••., 

AMR AMP 

L. Lr 
Fil 

FIGS. 7,422 to 7,424.—Wiring diagrams for Dull's carbon flashers. Fig. 7,422, usual method 
of wiring. The load is balanced by running the neutral wire around the machine, to the 
cut outs, breaking the outside "legs" only of a 220-110 volt sustem. While this method of 
wiring is entirely feasible, it is no harder on the contacts, and permits the use of a cheaper 
machine, but it is technically a violation of the underwriters' rules, which say that all cir-
cuits of more than 660 watts must be broken double pole. If the load be balanced there 
would be double pol, break at 220 volts, and the lamps would be in series, but if the load 
be not exactly balanced, there would be single breaking to the extent of the amperes over 
the average balance. In other words, it is a double break and it is not according to circum-
stances, and the use of this machine wired as above is a matter that should be taken up 
with the local inspector before installing. Fig. 7,423, diagram for connecting a straight 
two wire carbon flasher on a two wire system. Fig. 7,424, diagram for connecting a straight 
three wire carbon flasher on a three wire system and breaking the neutral. 

broken, falls on carbon, while metal switches are provided to 
carry the load. Thus the carbon gets the arc which prevents the 
ewitches burning, while the switches carry the load to prevent the 
carbons becoming heated and disintegrated. The carbons must 
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be adjusted occasionally 
according to the load 
they are carrying. Carbon 
machines are made either 
double, triple, or series 
break. 

Brush Flashers.— 

These machines are pro-
vided with brush contacts. 

These bear on cams con-
stituting a drum, and 
they are usually made of 
several strips of copper. 
Brush flashers are gener-
ally used for spelling out 
signs one letter at a time, 
or work of a similar 
nature. 

Knife Flashers.—This 

type of construction is 
cheaper than the carbon 
type. The switches are of 
the knife type with metal 
contacts. One manufac-
turer states that it is not 
advisable to build knife 

flashers for more than 15 
amperes per double pole 

switch, as they cannot be 
depended upon to break 
a greater load for any 
length of time. 
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Simple On and Off Flashers.—These are used for flashing 
whole signs or heavy loads on and off. A flasher of this type 

7,427.—Simple on and off double pole flasher for "all on" or "all off" sign flashing " t* 
machine is furnished with any number of switches ranging from 5 amperes up. 

7,428.—Dull's high speed flasher. It is mounted on a slate base 12 inches wide, the length 
being governed by the size of the machine. Motion is given to the rotary switches through 
worm and belt gearing. Iron cams are used, the current being taken therefrom by six-leaf 
brushes, provided with stiffeners. The wiring for the machine is simple; 4 c.P. lamps can 
be run on one wire. A border or ornament containing 160 lamps requires 12 wires between 
the sign and flasher. The flasher is made in 4 switch sizes only, viz.: No. 4, 8, 12. la, etc. 
This is due to the fact that there are three parts of light to one of darkness. 
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MMON 
WIRE TO reA,LLAMPS 

Fics. 7,420 and 7,430.—Wiring diagrams for high speeds. Where a high speed flasher is uses 
on a spoked wheel containin mora lamp; in tee rim than the number of spokes, the extra 
rim lamps must be connected to the spoke circuits, so that the number of rim circuits will 
equal the number of spokes; otherwise, the rim w.11 appear to travel slower than the spokes. 

qETURN OR NEUTRAL WIRE i2 (b3 (1)4 (1)3 

• 

2 13 14 

TO FLASHER 

FIG. 7,431.—Diagram showing method of wiring for high speed effects on single lines. This 
wiring diagram would be carried out the same in the case of a travelling border, whether 
it be straight or otherwise. In the case of a fountain, begin numberiug each stream at the 
bottom and carry out the same scheme to the end of that stream. When several streams 
are parallel, all the lamps may be connected in a row the samens though they were an indi-
vidual lamp. Care should be taken not to get more than twenty No. 1 lamps on a circuit. 
Among the effects that may be obtained are a revolving wheel, a column of flame, and a 
straight travelling border with part of the No. I lamps from each effect to the same No. 1 
wire, carry it back to any No. 1 switch on the machine, and the effect will come out right. 
For instance, in a flame effect with sixteen No. I lamps, four No. 1 lamps could be taken 
in the straight border, and put on the same wire, and the effect would come out right. The 
spacings for high speed effects vary, according to the size of the sign. Travelling borders 
around an ordinary sign 3X10 feet should have their lamps spaced about six inches apart. 
In a fountain fifteen feet higb, the lamps should be soaced about nine inches apart. 
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consists essentially of a revolving double pole switch with re-
ducing gear and connection to a small motor for operating same. 
The machine may have only one switch or any number of 

switches. The connection to motor may be by belt or chain, 
or the motor may be directly connected to the worm gear. 

High Speed Flashers.—Machines of this type are used for 
giving what is generally known as high speed effects, such as 

DRIVE PULLEY 

WORM LIEAR 

PIG. 7.432.—Sign flasher transmission gearing. The view shows an oil tight gear case with 
cover plate removed. The gears are equipped with ball bearings and run in graphite grease. 
By means of the worm gear the large speed reduction necessary between the flasher shak 
and motor is obtained without a multiplicity of gear wheels. 

FIG. 7.433.—Dull's lightning type flasher for giving the appearance of a streak of lightnini 
going across a display. 

fountains, water, steam, smoke and fire effects, whirling borders, 
revolving wheels and work of a similar nature. 

Lightning Flashers.—These machines are for giving the 
appearance of a streak of lightning going across a display. Thera 
is very little expense attached to their operation, because not 
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more than two-thirds of the lamps are turned on at one time, 
and this number for only about one-sixth of the time, as com-
pared with the sign burning steadily. 

Lightning strokes can be utilized in various ways, either alone or with 
other advertising pieces. Alone they can 
be placed along a cornice, across the front 
of a building, up and down the corners 

FEEDER leading to a doorway, etc. They can be 
used in the center of a sign with letters 

FLAG DIAGRAM 

4 

I 2 
TOFIJ311 (amineis  

FIG. 7,434.—Wiring diagram for flags. These may be wired for high speed flashers by gradu-
ally increasing the lamp centers between the vertical rows from the flag staff to the end. 

7,435.—Method of wiring for a torch. This wiring diagram gives the correct method 
of wiring smoke, flames, steam, and water effects. It may be the flame in the top of a torch 
as here shown, liquid pouring out of a bottle, smoke rising from a cigar, or dust behind 
an automobile wheel. The only difference being in the direction each goes and the outline 
of the bank of lamps. Wire the lamps in unequal lines across; avoid any straight lines, 
because it gives a mechanical effect which is not natural. If the effect be to rise, mark the 
lower row No. 1, the next row above No. 2, etc. Pick up all the No. 1 rows until there are 
twenty lamps, and attach them to No. 1 wire which will go back to any No. 1 switch on 
the machine. Do the same with the other numbers. Do not overbad line as this will de-
crease the life of the contacts. 

above and below. In this case, it is best to alternate the stroke with the let-
ters, that is, flash the wording on and then off. As soon as it goes out, the 
stroke flies across in the darkness, then the wording comes up again, say 
six times a minute. 

In the case of a sign already in use, on the front of a building or over the 
sidewalk, a stroke can be placed leading to the sign from any point above. 
The flash goes down and when it hits the sign the latter lights up, holds a 
few seconds, goes out, and repeats about four times a minute. 

Lightning flashes are not usually constructed for heavy loads, the one 
shown in fig. 7,433 being designed for two amperes. 
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Chaser Flashers.—This 
class of flasher is designed 
to operate signs whose 
lamps are arranged to give 
the effect of snakes chasing 
each other around the 

border. 

This peculiar effect is 
produced by having a 
separate wire and a sepa-
rate switch on the flasher 
for each two lamps in the 

border. 

The mechanism so 
arranged that when the 
tenth lamp is lighted (as-
suming the snake to be ten 
lamps long) the first lamp 

goes out. 

When the eleventh is 
lighted, the second goes 
out, etc., progressing in 
this way around the entire 
border. 

In operation, the lamps 
are turned on and off so 
rapidly that it produces 
the effect of snakes. 

It is not advisable to build 
these signs small nor cheaply, 
as in order to produce the 
desired effect, the curved path 
taken by the snake should 
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cover at least 10 inches width, which would mean a total of 20 inches 
lateral space for the snake in addition to the electric letters in the center. 
In order to get the proper effect, the sign should be at least ten feet long. 

Chaser signs are expensive because of the care required in their construc. 
tion, large amount of wiring necessary and large flasher required. 

There are several ways of operating these signs. The border is generally 
working continuously, while the center can be flashed or not, as may be 
desired. Flashing the wording reduces the current expense, which offsets 
in a measure the extra cost of the sign. The border, although working 
continuously consumes very little current. 
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7,438.—Chaser wiring diagram for two snakes. Draw a line diagonally through the. sign 
(as shown in dotted line) so that one-half the total lamps will be on either side. Begin to 
number from one consecutively to the line. Over the line commence again at 1, and number 
as before. For three snakes, divide total lamps into three parts and number as before 
In each case, connect all lamps of the same number to the same wire whether the sign be 
single or double face. The wire containing all the No. 1, lamps goes to the No. 1 switch on 
the flasher, and the remaining sets are connected similarly. 

Script Breakers.—Flashers of this type are used for break-
ing large script signs, one socket at a time; that is, each lamp 
is lighted one after another until all are on. After a few seconds 

they all go out simultaneously and repeat. This gives the 
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appearance of an invisible hand, writing the name in the dark-
ness, and is very effective. The result can be accomplished 
only with script, and to get'the proper effect the smallest letter 
in a sign should be not less than two feet. high; the larger the 

letter, the better the effect. 
Script breakers are also used for fancy border signs of other 

kinds, and in order to produce these results, it is necessary that 

PIG. 7,439.—Thermo flasher. It consists of two metal strips, one of brass and the other of 
iron, about 5")(34"X 'ln" each. The brass strip is provided with a winding of fine wire over 
asbestes and the two strips are connected to the base as shown. ' One terminal of the wind-
ing is connected to J, and the other end to M. At the end of the strips is a small contact 
screw N, with locknut 0, and below is a contact plate L, fastened to the base and terminal 
post R. The flasher is connected at P and R, in series with the lamp it is to flash, and N. 
adjusted so that it clears the plate about 1/32 inch when there is no current flowing in the 
winding. When the switch is turned on there will be a current through the tamp and wind-
ing in series. The brass strip will be heated more than the iron and will expand more. 
thus forcing the point of the screw N. down upon the brass plate, which will result in the 
winding about the brass strip being shorted and the full voltage will be impressed upon the 
lamp, and it will burn at normal candle power. When the coil is shorted there will of course 
be no current in its winding and the brass strip will cool down, the screw N, will finally be 
drawn away from contact with the brass plate, and the winding again connected in series 
with the lamp. The lamp will apparently go out wheh the winding is - in series with it, as 
the total resistance of the lamp and winding combined will not permit sufficient current 
to pass through the lamp to make its filament glow. The time the lamp is on and off may 
be varied to a certain extent by adjusting the screw N. 

PIG. 7,440.—Thermal flasher. This simple flasher consists of a brass strip fixed at each end 
to a porcelain base and slightly arched upwards. The amount of this arching, however, ie 
much less than is shown in the figure. The center of the strip carries a platinum contact 
on its upper surface, and opposite this is a platinum tipped contact screw which is carried 
in a brass angle piece fixed to the base. One terminal is fitted on one end of the strip, and 
the other is connected, through the angle piece, with the contact screw. The strip is wound 
from end to end with an insulated resistance wire, one end of this being soldered *to the 
strip, and the other connected to the right hand terminal. When this device is switched 
into circuit with the lamps, the current first flows through the resistance, which cuts it 
down so much that the lamps are not visibly affected. The heat generated in the resistance 
causes the strip to curve still more, till ut length contact is made, the resistance short cir-
cuited, and the lamps lighted. 
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SUPPLY 

7.441.—General Electric thermal flasher. /t consists of a small brass cylinder fixed at 
its left hand end to one of the terminal blocks. The junction between the two is hidden by 
a portion of the cover, which is shown broken away. The right hand end of the cylinder 
carries a cross piece bearing a platinum contact; and opposite this is the platinum tip of a 
contact screw carried in the other terminal block. The cylinder is wound with a heating 
coil of manganin resistance wire, one end being soldered to the cylinder and the other to 
the right hand terminal. When the current is switched on, the coil and the cylinder warm 
up and the cylinder elongates sufficiently to make contact and light the lamps. The coil 
being then short circuited, it end the cylinder cool down and contact is broken, whereupon 
the coil is put in circuit once more, and warms up again. In some sizes of this flasher, the 
contact gap is shunted by a small condenser fitted beneath the base. This helps to eliminate 
the sparking at the contacts. 

9 LAMP GROUP N9 1 TO LAMP GROUP N9 Z 

7,442.—Two way thermal flasher. The moving portion consists of a rocking arm A, 
pivoted at p, and carrying two sealed bulbs, B,13', whose bottoms are united by the tube 
T. Inside there is sufficient mercury M, to fill T, and the bottoms of the bulbs, the remain-
der containing air. At each end of A, is fixed an insulating block 1,1', carrying two contact 
prongs P and P', which are connected together at the top through heater wires II, I', 
sealed in the bulbs B and B', respectively. MC, MC', are pairs of mercury cups, the further 
one of each pair whose stud is marked -I-, being connected together to the positive pole 
of the circuit, while the front ones are joined up to the respective groups of lamps. In 
operation, if the apparatus be in the position illustrated, when the circuit is closed at the 
time A, is down, lamp group No. 1 will light up the current passing through' 1 , on its way. 
The air in B, consequently expands, and gradually forces the mercury down in B, along T, 
and up in B'. The arm A, will gradually become horizontal, and will then over-balance, 
P, being withdrawn from MC, and P', dipped into MC'. Lamp group No. 1 will conse-
quently be extinguished and lamp groupNo. 2 lighted; 11, will cool down, and H', will 
warm up. Thus, in due course, A, will be titled the other way again. 
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Pic. 7..1,13. — Clock monogram or electric :iign clock, operated by the mcchauism shown 

fig. 7,4 44. 

ho. 7,4(..4.—Betts' clock mechanism for openating electric monogram time flasher. The sec-
ondary mechanism consists of a three cylinder flasher and is controlled by a master clock 
which transmits an electric impulse through a relay switch one each minute. This flashes 
the time in figures on the monogram, viz.: 11.45, 11.46. 11.47, 11.48, etc. The first 
monogram to the left consists simply of a vertical row of lights representing the figure 
one. Each of the other monograms of metal compartments so arranged that any figure 
may be produced by lighting the proper corabinatie cd lampe. 
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the return wire of every lamp go back to the flashers inde-
pendently, which means a wire for each lamp. 

Thermo Flashers.—These flashers work on the therm° or 

heat expansion principle, that is, the movement of the contact 
points of the flasher necessary to open and close the circuit is 
obtained automatically by thc alternate heating and cooling of 
the metal of the flasher, which causes it to expand and contract. 

Carriage Calls.—These are 
used to avoid the confusion and 
noise at the theatre, club house 
or department store when veh-
icles are called by a megaphone. 

The flashing of a number is 
controlled by a keyboard or 
switch which may be placed in 

any convenient location. When 
the switch and call are connected 

together, any numeral may be 
flashed by pressing the corre-

sponding key. The numeral 
automatically remains lighted 

until the releasing button is 
pressed. 

7.445.—Monogram or unit for carriage call or talking sign. It consists of a collection of 
metal compartments each arranged to receive an incandescent lamp. The purpose of these 
compartments is to confine the light to a certain space, thus forming a clearly defined num-
ber or letter which can be read from a distance. 

Constant Lighting Signs.—These signs, as shown in fig. 

7,446, are usually placed over door of stores. The frames of all 

signs should be of metal, usually they are made on a frame of 
angle iron and covered over with sheet iron. 

The use of metal is required by ordinances in all large cities. 
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Sign wiring.—These are usually placed on separate cir-
cuits with a double pole if a 2 wire, and a triple pole switch, if 
three wire, to control sign. 

Usually conduit or lead covered B.X. cable is used to connect 
the sign to the service mains. Fig. 7,447, shows how a difficult 
bend around a building cornice is made with Greenfield cable 
with lead covered wires inside. 

PORCELA IN METAL FRAME 
\ BUSHINGS 

WIRING HINGED DOOR 
CONNECTIONS ON carom 

à L. 

FIG. 7,446.—Small constant lighting sign. A one inch pipe supports the sign. This pipe is 
set into a hole drilled into the building wall 6 in. OT more, the size of the pipe depending 
upon the size of the sign, usually a 1 in. or 1% in. galvanized iron water pipe is used, an 
ornament or cap is placed over the end of the pipe to give it a finished appearance and 
to keep out water from the pipe. A stranded galvanized guy wire is attached to the end 
of the pipe to keep the weight of the sign, from the pipe also to keep the sign from swinging 
in all directions. Usually a turn buckle is used to adjust the tension on the guy wires. Note 
on all kinds of outside signs it is advisable to use none but galvanized fittings as fittings 
are always exposed to the weather and soon rust. The height of the bottom of the sign 
from the sidewalk is subject to city ordinances. These should be consulted before a sign kb 
erected. 

etc. 7.447.—Method of wiring the sign with lead covered B.X. cable or Greenfield cable with 
lead covered wires inside. 

CABLE 

ORNAMENTAL CORNICE 

The wires are usually brought out from the frame of the sign in porcelain 
bushings, but on the larger types the conduit is usually brought directly 
into the sign. Sheet metal used in electric signs must not be less than No. 28 
U. S. metal gauge. All metal must be galvanized, enameled or painted 
over three times with black aphaltum or tar paint to prevent rust. Only 
rubber covered wire is permissible on the inside of the sign. All wires must 
be soldered to the terminals of all receptacles. After the wires have been 
soldered to the terminals they should be painted over (the terminals) with 
black asphaltum or any other good insulating paint to prevent rust. 
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Special receptacles must be used for sign work and must be so installed 
so as to prevent them turning. When wiring the interior of signs great 
care should be taken to see that the wires are at least one inch from 
the entire surface wired over. Where the receptacles are placed over 4 ft. 
apart they must be supported on cleats or knobs, where the receptacles 
are placed not over one foot apart and wires are secured to these receptacles, 
a support every 4M ft. will not be required as above. 

Not over 1,320 watts lamp load should be placed on any circuit. 

Interior Wiring of Signs.—Constant burning signs are 
eonnected in parallel for small signs and in series parallel for 
large signs. 

7,448.—Method of wiring the sign with iron conduit. 

PORCELAIN BUSHINGS 

-.— IRON CONDUIT 

Where 500 volt service is only obtained, the lamps should be wired in 
series 5-100 volt lamps of the same size as in fig. 7,451(C). Where it is 
desired to use more than 5 lights on 500 volt sign, they are connected 
in parallel series. Where only 220 volts 2 wire is available, 2-110 volts 
lamps may be placed in series, or 4-55 volt lamps placed in series. See fig. 
5,452(D) and 5,453(E) or fig. 5,454(F) where lamps are wired parallel series. 

Where d.c. service is only available the lamps are wired in series Dr series 
parallel, 2 lamps to a senes the same number of lamps must be in each 
parallel, otherwise they will burn dimmer or brighter than the others. Low 
voltage are used where a great number of lamps are used on a sign; these 
are placed in series of 10-12 volt lamps being used on 120 volt systems. 
The various wiring connections for signs are shown in figs. 7,455 to 7,458. 
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Pics. 7,449 to 7.454.—Various wiring connections for signs. Fig. A, parallel connection 
for a small sign; fig. 13, 500 volt connection-5 one hundred volt lamps connected in 
series; fig. C, five 100 volt lamps; fig. D, two 110 volt lamps in series on 220 volts; 
fig. E, four 55 watt lamps in series on 220 volt; fig. F. ten 110 volt lamps on 220 volt 
circuit. 

110 VOLTS 

PRIMARY 

SECONDARY I I I III 12 VOLT LAMPS 
IN PARALLEL 

FIGS. 7,455 to 7.458.—Various wiring connections for signs using transformers. 
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The principal objection to the use of the series 
parallel system is that if one lamp of a series burn 
out, the rest of the lamps do not burn as shown in 
fig. 7,453, where one letter of a sign forms a series, 
thus if one lamp should burn out the whole lettet 
is dark. 

When signs are to be supplied by a.c. current 
they should be wired in multiple using low voltag• 
lamps (preferably 12 volt) in connection with a lotb. 
voltage sign lighting transformer as shown in fig 
7,455. 

The run from the transformer to the sign ahould 
be as short as possible. Most sign makers fasten 
the transtormer on the bottom of the sign. The 
reason for this is to reduce the drop of voltage 
due to resistance of the wires having such an effect 
on this low voltage (12 volts). This is not notice-
able or. higher voltages but on 12 volts much 
difference can be noticed. Fig. 7,449 shows the 
improper way to connect a parallel as the first lamp 
will burn brighter than the last lamp due to the 
drop of voltage. 

The parallel series connection is used on large 
signs without transformers such as on d.c. or a.c. 
where no transformer is desired. The only objec-
tion to this form of connection is that if one lamp 
will burn out it reduces the resistance causing the 
rest of the lamps in this multiple to burn brighter 
while the rest of the multiples will burn dim. To 
prevent this no less than 10 lamps should be placed 
in a parallel, so that very little difference will be 
noticed. Any number of lamps may be used in a 
multiple but each multiple must have the same 
amount of lamps and their power must not be any 
more than 10 multiples on a 120 volt system, using 
12 volt lamps. 

7.459.--Flashing theatre sign and method of placing trans-
former and flasher near sign. A. transformer: 13, metal 
cabinet containing motor flasher. 

• 
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CHAPTER 27 

Electric Lighting 

Light—Light is the term applied to that form of radiant 
energy which is capable of producing vision. By definition, 
light is radiant energy traveling in the form of electro-magnetic 
waves. It is measured in units such as ergs, Joules, calories 
re kilowatt hours. 

Visible radiation or luminous flux lies roughly between 
0.00038 and 0.00076 millimeters, which is less than one octave 
of the electromagnetic spectrum. 

It may be classified in what is known as the ether spectrum, with other 
types of radiant energy in the form of electro-magnetic waves, all of which 
travel through space at a velocity of approximately 186,000 miles per 
second, and manifest themselves in a variety of ways, depending upon their 
wave length characteristics. 

The longer wave lengths are used in radio communications, whereas the 
extremely short waves appear as X-rays, gamma and cosmic rays as shown 
on page 715. 

The Visible Spectrum.—As previously mentioned, only those 
waves lying between the approximate limits of 0.00038 and 
0.00076 millimeters in length are capable of producing vision. 
These limits are more commonly expressed in terms of a unit of 
length known as the angstrom and equal to 1/10,000,000 of one 
millimeter. In terms of this unit, the visible range is said to lie 
between 3,800 and 7,600 angstroms. It is interesting to notice 
that the upper wave length limit is just twice the lower, so 
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that the visible range may be said to consist of one octave of an 
ether spectrum in which sixty odd such octaves are known to 
exist. 

Within the visible range, the different wave lengths produce different 
color sensations as indicated in the enlarged portion as shown on page 715. 
Colors can be distinguished because of their characteristic hues which are 
produced by the different wave lengths of light. When all wave lengths are 
present in approximately equal intensities, the sensation of white light is 
produced. When white light is broken up, as by passing through rain-
drops, or a prism, the various wave lengths are separated and appear as 
all the different colors of the rainbow, extending from red at the longer wave 
lengths through orange, yellow, green and blue to violet at the shorter 
wave lengths. 

Sensitivity Characteristics of the Human Eye.—The human 
eye is not equally sensitive to all colors in the visible spectrum 
for the same intensity of radiant flux. For example, if a yellow 
light, a blue light and a red light have the same intensity of 
radiant flux, that is, if they radiate to a surface the same 
amount of energy per unit area, per unit time, the yellow light 
produces much more illumination or luminous flux than the blue 
or the red. It has been found that yellow-green light of 5,500 
Angstroms wave length has the greatest luminosity; its visi-
bility is therefore taken as 100% and that of other colors ex-
pressed in terms of it. The average results of a large number 
of observations have been plotted in the form of an eye sensi-
tivity curve, fig. 7460, showing the relative visibility at each 
wave length throughout the visible range. From this curve it 
will be observed that the visibility of the colors at the extreme 
ends of the spectrum is almost insignificant in comparison with 
that of yellow-green. It is interesting to notice in this con-
nection that the radiation from the sun has its maximum inten-
sity at a point corresponding closely to the maximum of this 
human visibility curve. 
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This has led to the theory that the visual sensitivity of the human eye 
has been determined by its development under the influence of sunlight. 
This particular form of its development has, in fact, given rise to the great 
variety of problems with which the illuminating engineer has been faced 
in his efforts to substitute artificial illuminants for sunlight. In almost 
every case a satisfactory solution has come through a study of the visual 

apparatus itself. 
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Fla. 7,460.—Eye sensitivity curve. The eye sensitivity curve indicates the relative visibility 
at each wavelength throughout the visibility range based upon wavelength 5,500 Angstrow 
as 100%. 

Terms and Definitions 

The definition of terms and units which follow should be 
carefully noted. 

Absorption.—The loss occurring when light traverses a designated 
medium or reflects from a designated surface. The ratio of the absorption 
to the incident light is called Absorption Factor. For any surface or medium, 
Absorption+Transmission+Refiection =Incident Light. For any surface 
or medium Absorption Factor + Reflection Factor+Transmission Factor= 

1.00. 
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Brightness.—The degree of brilliancy of any part of a surface or me-
dium, when viewed from a designated direction. It is measured by the 
ratio of the candlepower emitted in that direction, to the area as projected 
in that direction (i.e., the apparent area as seen from that direction). It 
may also be expressed in lumens per unit of area of a perfectly diffusing 
surface of equal brightness. Since most surfaces or mediums are not per-
fectly diffusing, the brightness varies with the point of view. In all 
ordinary cases brightness is independent of the distance of observation. 

The common units of bt ightness and their relation is as follows: 

1 Candle per square inch = 452 foot-lamberts 
=0.487 lamberts 
=487 millilamberts. 

1 Foot-lambert = 1 lumen per square foot reflected or emitted 
=0.00221 candles per square inch 
=1.076 millilamberts. 

1 Lambert = 1 lumen per square centimeter reflected or emitted 
=1,000 millilamberts 
=929 foot-lamberts 
=2.054 candles per square inch. 

1 Millilambert = 0.929 foot-lamberts 
=0.002054 candles per square inch. 

The candle per square inch and lambert are commonly used for high 
brightness such as of light sources. 

The foot-lambert and millilambert for ordinary illuminated surfaces. 

The foot-lambert = incident footcandles X reflection factor, assuming a 
diffusing surface or medium. 

Brightness is assuming more and more importance in planning for 
ability and comfort of seeing. Either extremely high brightness, or 
excessive contrast of brightness—high Brightness Ratio is liable to cause 
glare. Very low brightness lessens ability to see. 

Candle.—The use of the candle in the definition of light units is a natural 
outcome of the fact that measurements of light first were undertaken 
seriously at the time when the newer light sources began to replace the 
candle. A similar situation led to the introduction of the term horsepower 
when steam engines began to replace the horse. It was soon found that in 
order to use a candle as a standard, it had to be made according to strict 
specifications regarding size and ingredients and burned under prescribed 
conditions. The light in a horizontal direction would then have a certain 
intensity which could be taken as a standard. 
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Since 1909 the standard of luminous intensity has been the international 
candle, a unit developed originally from flame standards, and established 
by agreement among the three national standardizing laboratories of France, 
Great Britain, and the United States. The constancy of the standard is 
maintained by a group of carbon filament lamps in the national laboratory 
of each country, which are carefully compared with each other, and oc-
casionally with lamps from other countries. 

A candlepower measurement specifies the luminous intensity of any 
light source in a given direction and represents the light density in that 
direction. However, the candlepower measured in one direction is no 
indication of the total amount of light produced by the illuminant. Candle-
power read in one direction is analogous to the depth of a pool of water at 
one given point, a measurement which is useful for certain purposes, but 
which is of no value in determining the total quantity of water in the pool. 
Just as it is necessary to know the dimensions of a pool and the depths at 
all points before its total contents can be established, so it is necessary to 
know the candlepower of an illuminant in all directions before its total light 
output can be determined. 

A 

Fro. 7.461.—Measurement of candlepower. 

There are three ways in which candlepower measurements are ordinarily 
made, as indicated in fig. 7,461. In A, the candle power of light radiating 
in only one direction is measured. When a number of readings are taken at 
uniform intervals in a horizontal plane, as indicated in B, and then aver-
aged, the result is the mean horizontal candlepower of the light source. 
Instead of taking a large number of individual readings, this result is ob-
tained in ordinary practice by rotating the illuminant rapidly about its 
vertical axis while a single reading is taken. The intensity of light in all 
directions can be ascertained as indicated in C, by measuring the candle-
power at uniform intervals around the light source. An average of these 
readings will give the mean spherical candlepower of the illuminant. In 
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the past, it was quite common to rate light sources in terms of this unit, 
since it is directly related to the total light output of the lamp. At the 
present time, however, a unit known as the lumen is much more commonly 
used for this purpose. 

Color of Light.—Average daylight (color temperature approximately 
6,000°) is scientifically taken as the standard of white light, though day-
light itself is subject to a variation due to position of the sun, state of 
cloudiness, reflection from buildings, foliage and indoors, room finishes. 
North skylight is more blue than average daylight, and has been used as a 
standard in dyeing and other color work because less subject to variation, 
although average daylight would be more representative of conditions of 
use. Direct sunlight is always yellow tinted and when the sun is near the 
horizon decidedly yellow tinted. Incandescent light is yellow tinted, the 
more efficient lamps producing the closer approximation to daylight. 

Diffusion.—A scattering of light rays, so as to cross each other, as 
opposed to regular radiation of light from a point source. Diffusion may 
be introduced by reflection from a matte surface or transmission through a 
frosted or opal glass. This tends to enlarge the image of the light source 
(e.g., lamp filament) reducing its brightness and breaking up its outline. 

Distribution of Illumination.—The manner in which the foot-
candles of illumination vary over a specified area (e.g., the horizontal work-
ing plane-30 in. or 36 in. above the floor). Even distribution occurs 
when there is relatively little variation. Spotty distribution refers to 
extreme variation. In an artistic interior a certain amount of variation is 
usually desirable. 

Distribution of Light.—For a light source or complete luminaire, 
refers to the candlepower emitted in various directions. For most illumi-
nants, the candlepower is substantially equal in all directions about the 
vertical axis. For such symmetrical distribution, it is customary to plot 
polar curves of which the radius representing any angle of elevation is 
proportional to the candles toward that elevation. (See fig. 7,462.) 

Efficiencg.—For electric lamps or luminaries, the lumen output per 
watt of power supplied. For lamps requiring power consuming regulators 
or ballasts, a distinction should be made between the efficiency of the lamp 
proper and the lower over-all efficiency of the practical lighting equipment. 
For reflectors, globes and other accessories used with an incandescent lamp 
or other lamp, the efficiency is the ratio of the lumens delivered by the 
accessory to the total light of the lamp, expressed as a percentage. 

Flux of Light.—Light actually represents a flow of energy and its 
volume is treated scientifically as a time rate or flux. In practice, however, 
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the rate of flow in artificial lighting is usually considered constant and 
treated as a static condition. Flux is measured in lumens. (See Lumens.) 

Footcandle.—The unit of illumination and the measure of density ot 
the light falling on any surface. It is equal to one lumen per square foot of 
area. When light from a point source falls perpendicularly on a plane—the 
illumination in footcandles on the plane is equal to the candles, emitted by 
the source in that direction, divided by the square of the distance in feet 
Footcandles at any point on a plane can be measured by a light meter. 

ANGLE 
CANDLE 
POWER 

o 815 

5 810 

15 787 

25 803 

35 745 

45 6 2 3 

55 525 

65 41E, 

'75 77 

85 10 

90 o 

A 
Fra. 7,462.—Typical candlepower distribution curve. The tabulation in A. shows the result of 

tests on a standard dome reflector equipped with a 200 watt inside frosted Mazda lamp. 
In the table 0° refers to a position directly beneath the unit and 90° represents the horizontal. 
The cnadlepoer at 0° was found to be 815 and for this type of reflector the candlepower at 
90° and all higher angles is zero. 

Glare.—A condition of lighting in which part of the light interferes 
with seeing, causes eyestrain or discomfort. Common causes of glare are 
(1) viewing a brilliant light source, directly or by reflection; (2) high con-
trast of brightness, especially when trying to see in the field of lower bright-
ness; (3) an excessive volume of light reaching the eyes. 

Illumination.—*Illwnination is the density of luminous flux on a sur-
face. It is the quotient of the flux by the area of the surface when the 
latter is uniformly illuminated. (See Efficiency.) 

*NOTE.—The term "illumination" is also commonly used in a quantitative or general sense 
to designate the act of illuminating or the state of being illuminated. Usually the context 
will indicate which meaning is intended, but occasionally it is desirable to use the expression 
amount of illumination to indicate that the quantitative meaning is intended. 
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Fro. 7,463.—Showing typical light meter equipped with a light sensitive cell. The light 
sensitive cell is located on the top surface at right angles to the scale face. This arrange-
ment not only makes it convenient for taking footcandle readings, avoiding observer's 
shadow, but permits the meter to be used for the measurement of reflection factors of ceiling, 
walls or other light reflecting surfaces as well. 

I FT. 

7,464.—Illustrating the inverse square law. 
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Inverse Square Law.—The intensity of illumination produced by a 
point source varies as the square of the distance from the source. With 
reference to fig. 7,464 illustrating this law, it may be observed that if the 
source of light be in candlepower, the illumination on a spherical surface 
one foot distant, as illustrated by A, is one foot-candle. If surface A is 
removed, the same amount ef light passes to surface B, two feet away, and 
here covers four times the area of A. Since light travels in straight lines 
and in this case it may be assumed that none of it is lost, the average level 
of illumination on B, two feet away, is one-fourth as great as that on A, 
one foot away, or one-fourth of a foot-candle. 

If B be removed and the same amount of light falls on surface C, three 
feet away from the source, it will be spread over an area nine times as great 
as at A. The resulting illumination is, therefore, one-ninth of a foot-
candle. At a distance of five feet, the illumination would be only one-
twenty-fifth of a foot-candle. Illumination decreases not in proportion to 
distance, but in proportion to the square of distance. This fact is referred 
to as the inverse square law. It should be emphasized that this law is 
based upon a point source of light from which the light rays diverge as 
shown. Practically it applies with close approximation where the diameter 
of the light source is not greater than about one-tenth the distance to the 
illuminated surface. 

It is obvious that if in fig. 7,464 the light source, which gives one candle-
power in the direction of the surface A, be replaced by a source of two 
candlepower, the illumination at A will become two foot-candles. Like-
wise, the illumination on B, if A be removed, will be twice one-fourth, or 
one-half of a foot-candle, and similarly for C. To sum up, it is possible 
to formulate a general law that the illumination from a point source is equal 
to the candlepower of the source in the direction of the surface divided by the 
square of the distance in feet from the source to the surface. 

Louver.—A shield used in connection with a lamp or luminaire to 
intercept light traveling in undesirable directions, used for glare prevention, 
for accurate control or for other reasons. 

Lumen.—Light, as previously mentioned, is a form of energy in 
motion; it is not a concrete object which may be weighed or touched, but 
light (or more correctly light flux) coming from a source, may be con-
sidered to do so at a constant rate of speed. Hence, for all practical 
photometric measurement, and light considered as a definite quantity. 

The unit of this light flux or light quantity is the lumens. It is equal to 
the flux through a unit solid angle (steradian) from a uniform point source 
of one candle, or to the flux on a unit surface all points of which are at unit 
distance from a uniform point source of one candle. 
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It is more commonly, however, defined as the amount of light falling on 
the surface one square foot in area, every point of which is one foot from a 
uniform source of one candlepower. 

With reference to fig. 7,465 if the opening indicated by area ABC D, be 
one square foot of the surface area of the sphere of one-foot radius, the 
light escaping will be one lumen. If the area of this opening be doubled, it 
will be two lumens. If it be remembered that the area for any sphere is 
4/rr2=rd2=12.57r2, it follows that the total surface area of a sphere with 
one foot radius is 12.57 square feet. Since the total surface area of a 
sphere with a one-foot radius is 12.57 square feet, a uniform one-candle-
power source of light emits 12.57 lumens. Thus a light source of 100 mean 
spherical candlepower emits 125 lumens. Since an area of one square 
foot on the surface of a sphere of one-foot radius subtends a unit solid angle 
at the center of the sphere, the lumen may also be defined as the amount of 
light emitted in a unit solid angle by a source having an average of one 
candlepower throughout the solid angle. From this point of view candle-
power may be considered as the number of lumens in a solid angle and is 
thus a measurement of the light density in a given direction. 

Fro. 7,465.—Relations of candles to lumens. 
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Shallow ceiling coffer 

Summarizing these definitions of candlepower and lumen, it will be seen 
that candlepower measures luminous intensity or light density of a light 
source in one direction only. It is no indication of quantity of light flux. 
The lumen, on the other hand, measures this quantity of light flux and does 
so irrespective of direction. When the various candlepowers in any solid 
angle are averaged (which may be considered as eliminating direction) 
there is then a definite relationship of the candlepower to the lumens in that 
particular solid angle. This is expressed by the statement that a source of 
unit spherical candlepower gives 12.57 lumens. 

Luminaire.—A complete lighting equipment consisting of a light source 
together with its direct appurtenances such as globe, reflector, refractor, 
housing and such support as is integral with the housing. Designates 
completely equipped lighting fixtures, chandeliers, wall brackets, portable 
lamps and other units of which the prime function is the production of 
illumination. 

Luminous Efficiency.—The luminous efficiency of radiant energy is 
the ratio of the luminous flux to the radiant flux. The luminous efficiency 
is usually expressed in lumens per watt of radiant flux. It should not be 
confused with the term efficiency as applied to a practical source of light 
since the latter is based upon the power supplied to the source instead of the 
radiant flux from the source. 

Luminous Flux.—This is the time rate of flow of light. It is expressed 
in lumens. 

Cross lighting of a 
ceiling dome 

Floe. 7,466 and 7,467.—Showing typical mounting of lamps in parabolic reflectors. 

Parabolic Reflector.—A reflector or mirror which has its reflecting 
surface in the form of a paraboloid. Possesses the property of reflecting 
the light from theoretical point source located at the focus with all rays 
parallel to the axis. In practice, high concentration can be obtained. but 
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the divergence of the beam will be proportional to the angle subtended by 
the source in relation to the focal length of the reflector used. The spread 
is increaqed by moving the source away from the focal point. 

Reflection Factor.—The ratio of the light reflected by a designated 
surface or body to the incident light. For surfaces having both diffuse 
and regular reflection, it is the sum of the diffuse reflection factor and regular 
reflection factor. (See Absorption.) 

Transmission Factor.—The ratio of the light transmitted by a trans-
parent or translucent medium (e.g., opal glass) to the light incident upon it. 
Transmission may be regular or diffuse. The Regular Transmission Factor 
+Dew Transmission Factor = Transmission Factor. (See Absorption.) 

Light Sources 

The generation control and transmission of electricity has 
been treated elsewhere, and it remains to study the common 
methods of producing light by electricity. The well known 
devices in use are: 

1. Incandescent lamps; 

2. Electric discharge lamps, and 

3. Arc lamps. 

The Incandescent Lamp.—The modern incandescent lamp 
operates on the principle of heating a wire or filament to in-
candescence by sending an electric current through it. They 
are manufactured in two principal froms; the vacuum and the 
gas-filled types. 

Nitrogen, an inert gas which forms approximately 80% of the 
atmosphere used in early gas-filled lamps, is now largely super-
seded by argon, another inert gas. The reason for using argon 
is that this gas does not conduct heat from the filament as 
rapidly as nitrogen and therefore makes possible a more effi-
cient lamp. 
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It should be pointed out here, that the present incandescent "Mazda" 
lamp is the product of a series of improvements which has been made pos-
sible by the incessant research of our large electrical manufacturers, always 
eager to present the best possible lamp at the lowest possible price. 

With reference to fig. 7,468 the incandescent lamp has three principal 
parts, viz: bulb, base and filament. 

BASE 

EXHAUST TUBE 

STEM' 

STEM PRESS 

ARBOR 

LEAD WIRES 

BUTTON 

SUPPORTS 

FILAMENT 

BULB 

7,468.—Showing principal parts of an incandescent lamp. 

The Bulb.—Every incandescent lamp uses an enclosing glass 
bulb to prevent air from reaching the extremely hot filament, 
as the presence of oxygen would cause the filament to burn 
up instantly. It is important to distinguish here between the 
words bulb and /amp. 

The bulb is the enclosing glassware of an incandescent light 
source; the lamp is the complete light source. Through com-
inon usage, the words bulb and lamp have become almost 
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synonymous. While in most cases this would cause no con-
fusion, the lighting engineer should learn to express himself 
correctly when speaking of his own tools. Lamp, of course, is 
used frequently to refer to an entire fixture. 

The most widely used bulb finish is the inside frost. This 
consists of a very light chemical etching applied to the inner sur-
face of a bulb. A multiple etch process fortifies the bulb resulting 
in high glass strength, and being on the inside of the bulb the 
frosting collects little dirt and the lamp is easily cleaned. The 
frost diffuses slightly the direct rays from the filament, making 
the whole bulb appear luminous rather than simply the filament. 

Inside frosting is applied to all standard 115 volt lamps from 15 to 150 
watts, and to many other lamps in the various voltage and wattage ranges. 
The loss of light due to the inside frosting is less than two per cent. Another 
common finish that is applied to lamp bulbs to diffuse the light is known as 
white bowl. This is a translucent finish applied to the bowl of the bulbs of 
many high wattage lamps when they are to be used in open mouth re-
flectors. The loss of light with this finish is somewhat greater than that 
with inside frost, but better diffusion is obtained. 

Other types of finish are used to produce colored or tinted light. These 
are applied to either the outside or the inside of the bulb, but most fre-
quently to the inside. Inside coloring is protected from the elements and 
the bulb may be cleaned without danger of scratching er removing the 
color. Outside coloring, on the other hand, is suitable only for use indoors. 
While most bulbs are made of colorless glass, there are two types of lamps 
which require bulbs of colored glass. The most common of these is the 
daylight lamp which uses a bulb of special blue glass (either clear or inside 
frosted) to absorb the excess red and yellow rays in the light from an 
incandescent filament, resulting in light more nearly approximating average 
daylight in quality. The loss due to this absorption is about 35 per cent, 
and therefore, these lamps should be used only when this quality of light is 
specifically desired. When substantially pure colored light is desired, 
lamps with natural colored glass bulbs may be used. Although the color 
of these bulbs is permanent, they have the disadvantage of being relatively 
high in price. For this reason, it usually is more economical to produce 
colored light in quantities by the use of color screens with standard clear or 
inside frosted lamps. 
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The Base.—For conveniently connecting the filaments of 
lamps to electrical circuits certain standard types of bases have 
been evolved, as shown in figs. 7,469 to 7,473. 
The most important of these is the screw type base which 

is made in five different sizes. These are, in order of increasing 
size; the miniature, candelabra, intermediate, medium (the size 
commonly used in the home), and the mogul. Types other 
than the screw base are the bayonet, prefocus, and the bipost. 
The bayonet base, made in a number of different sizes, is 
cylindrical in shape, having two projecting side pins which seat 
in slots in the socket. The most common size is the bayonet 
candelabra used on automobile lamps. 

a 
Fios. 7,469 to 7,473.--Showing various types of screw base used in incandescent lamps. 

The prefocus base is also cylindrical (either medium or mogul in size) 
with two side fin projections. It is really a double base, so assembled at 
the factory that when it is placed into a socket, the filament of the lamp 
always assumes a definite position with respect to the optical systems with 
which it is used. This is important for accurate light projection. The 
bipost base consists of two metal pins se'aled into the lower portion of the 
bulb. This type of base offers the means for accurate placement of the 
filament with respect to axial alignment and the light center length, and 
also insures proper positioning of the filament. 

The Filament.---In the modern incandescent lamp, this is 
made of tungsten wire usually coiled in the form of a long 
helical spring. It is connected at each end to lead-in wires, 
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which conduct electricity from the base, and is held in position 
by intermediate supports. In lamps for use in light projecting 
devices, the filament is concentrated into as small a space as 
possible. For ideal control, a point source of light would be 
required, but this is a physical impossibility. In some types 
of projection lamps, the coiled filament is coiled upon itself in 
order to obtain maximum concentration. 

While some lamps are designed to be burned in any position; that is, 
base up, base down, etc., some are restricted in burning position in order to 
gain greater efficiency or more satisfactory performance. For example, 
certain street lighting lamps are designed for burning in either a base-up 
or a base-down position, because by so doing the bottom filament supports 
may he eliminated with a resultant reduction in the cooling effect and a 
gain of 7 to 15 per cent in efficiency. 

The size of the incandescent lamp is usually expressed by the number of 
watts consumed by it. The size (diameter) of the tungsten filament must 
be such as to offer a resistance which will allow the proper current to give 
the desired number of lumens at the voltage for which the lamp is designed. 

The efficiency of ordinary vacuum lamps varies from 6 to 10 lumens 
per watt and that of gas filled lamps from 10 to 30 lumens per watt. In 
general, lamp efficiencies increase with rated wattage, because of a decreas-
ing heat loss in percentage of the total wattage of the lamp and because of 
;:.he ability of thicker filaments to withstand higher operating temperatures. 

Methods of Lamp Manufacture.—With the aid of automatic 
machinery incandescent lamps are manufactured at a rapid 
rate. 

The following description briefly explains the various steps: 

The glass bulbs are blown from molten glass coming from a furnace, and 
by successive puffs of air are shaped to almost the form required and then 
surrounded by moulds which put them into exact shape, the excess glass or 
stem is cut off by gas flame. 

A tube, known as the stem, is blown which afterwards is welded to the 
bulb and contains the leading-in wires and tubes for supporting the fila-
ment and exhausting the air. The tip is not visible on the bulb as the air 
is exhausted from the bottom and the sealed end concealed in the base. 
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Form' 7,474 to 7,488.—Making an incandescent lamp. The stem and inserting machine bring together the flare, exhaust tubing 
and lead-in wires, assembling all in one complete stem, and finally inserting the support wires ready for mounting the filament. 
These stems are then transferred by a conveyor to operators who mount the filament on the supports. The sealing in and 
exhaust machine seals the mount in the bulb after which it exhausts the air, and, in the case of gas filled lamps, fills the bulb 
with inert gas. The operator inserts a mount and places a bulb over it as each successive loading position passes. The bulbs 
are rotated with a gas flame plating on the bulb where the bulb and flare are to be welded together, and at each successive stage 
in their travel, are heated just the right temperature by tongue-like flames to make a perfect seal. When the seal has been made, 
air pumps cut in to exhaust the bulb. On the basing machine the lamp is capped with a brass base having a lining of plastic 

. cement; one lead wire makes contact with the shell and the other is threaded through to the contact to the end. As the lamps 
pass through a heated oven the cement hardens and mechanical fingers drop a touch of solder on the lead wires and the excess 
length is cut off. As the lamp nears the end of its final circle in a lamp making machine, it is lighted for inspection. 
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Leading in wires are made of special metal so that the rate of expansion 
and contraction will be similar to that of the glass and thereby form a solid 
connection between the wires and the glass. Supports are set in the glass 
tube in the bulb for holding the filament and serve as anchors for the 
filament. 

The entire element is then set into the bulb, the bottom sealed and the 
exhaust tube placed on the exhaust pump. When the desired vacuum is 
obtained the tube is sealed, the end broken off and the lamp is ready for 
the base. 

In gas filled lamps, gas is inserted before the stem is sealed. 

Lighting Calculations 

There are three principal methods used in calculating illumi-
nation requirements. They are: 

1. Point by point. 

2. Lumen method, and 

3. Watts per square foot. 

Point by Point Method.—By this method it is possible to 
determine the illumination at any given point by means of 
simple mathematical formulae. 
This involves the candlepower distribution of the light source 

and its position with respect to the point in question. Although 
this method is not commonly employed because of its com-
plicity, it is however, used in certain lighting problems and so 
a description of it is included here. 

The point-by-point method of lighting calculations is based on the 
"inverse square law" (see page 671), that is, that the intensity of the dis-
tance from the light source to the point of measurement. From a candle-
power distribution curve of a reflector, the footcandle at any given point 
may be computed from the formulae: 

Footcandles — 
CP(candlepower)  

D2(distance in feet) (normal to the beam) 
(1) 
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CP 
Footcandles —ro x cosine of angle 0 

(on horizontal plane) 

HORIZONTAL. DISTANCE 
7.489.—Illustrating point by point method of lighting calculation. 

(2) 

Lumen Method.—This method is based upon the average of 
level illumination desired over a given area. Since one foot-
candle is equal to one lumen per square foot, the total number 
of lumens which must be delivered to the area in question may 
be obtained by multiplying this area by the required level of 
illumination in footcandles. To calculate the total number of 
lumens which must be generated by the lamps in order to 
deliver the required lumens to the working plane, proper allow-
ances must be made for the losses due to the absorption of light 
both in the fixture and by the walls of the room as well as for 
the depreciation of the entire system due to the collection of 
dirt and dust. The calculations are carried out by means of 
design tables which are not difficult to use, and yet allow for 
all the important variables. 

The required level of illumination is determined by reference to tables 
listing recommended values for various interiors. Next, the type of lighting 
unit is selected and the mounting Wight and spacings to be used determined 
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from the general dimensions of the room. The relationship of these units 
determines a factor known as the room factor or room index. With this 
information and the efficiency and type of distribution of the lighting equip-
ment plus the reflection factors of the walls awl ceiling, the coefficient of 
utilization can be determined. This coefficient represents the percentage 
of generated light which actually reaches the working plane, a depreciation 
factor must be estimated and then the solution of the following equation 
gives the total number of lumens required from each lamp: 

footcandles desired X Area per lamp in sq. ft. 
Lumens required from each lamp — 

coefficient of utilization X depreciation factor 

or, when computing for lamps of various sizes, the equation becomes: 

Lamp lumens X coeff . of util. X depreciation factor 
Footcandles — 

Area per lamp in sq. ft. 

It is usually not possible, however, to procure a lamp giving the exact 
number of lumens obtained as a result of this calculation, therefore, the 
nearest lamp size is selected. It is then a simple matter to calculate the 
actual illumination expected from the lamp selected. 

Simplified Method of Light Determination.—The previously 
outlined lumen or flux of light method involves a number of 
tabled data and cross references from one to another. 

It is not a difficult matter, but the amount of cross-reference 
required may be reduced by the use of tables which summarize 
the results for the more common types of lighting units. This 
simplified method is thus based on the flux of light method and 
the same procedure is used in determining the footcandles to be 
obtained and in selecting the futures, spacings and mounting 
height. The entire procedure is outlined herewith: 

Outline of procedure (Interior lighting Installation).—When 
designing for a strictly interior lighting system the following 
five principal items should be obtained: 

1. Determine the spacing of lighting units. 

2. Obtain the room factor (Room index). 
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3. Determine the footcandles required. 

4. Determine the wattage of lamp or lamps. 

5. Calculate'wire capacity. 

Spacing of Units.—The correct spacing of units to obtain 
substantially uniform illumination throughout the room 
involves several factors. 

Fra 7,490.—Illustrating variation in footcandle due to improper spacing of lighting units. 
Units spaced too far apart for their height furnish very uneven illumination, in this case a 
4 to 1 variation, and work positions midway between units will be inadequately lighted; 
harsh shadows will also result. The remedy is to mount the units higher, or if that is im-
possible, to space them closer as illustrated in fig. 7,491. 

FIG. 7,491.—Showing normal spacing of lighting units. It will be noted that if the permissible 
ratio between spacing and mounting height is not exceeded, uniform illumination will be 
produced. Note also the overlapping of light which serves to eliminate shadows as the units 
are brought closer together. 
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Mounting Height.—Strictly speaking, the spacing for uni-
form illumination on the work depends upon the height of the 
light source to be illuminated. The ceiling height or rather the 
height which units may be mounted clear of obstructions, 
therefore limits the maximum permissible spacing. The 
spacing of lighting units is not influenced by the size or type of 
lamp used, but is regulated by the distribution characteristics 
of the reflector. 
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Fra. 7,492.—Showing a four units per bay lighting scheme. This is the most common system 
of the square bay of usual dimensions. 
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Fro. 7,493.—Four-two system layout. This system is equivalent to three units per bay and 
alternative to four per bay where spacing allows. 
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Many interiors are divided by columns or beams into a number of definite 
sections or bays, and it is usually desirable in order to obtain a symmetrical 
layout in accordance with the bays, partitions or architectural features to 
space the units as indicated in a number of typical layouts shown in figs. 
7,492 to 7,497. The arrangements in which each bay is treated as a 
separate unit have the additional advantage that no change in lighting 
units will be required it certain bays are later partitioned to make separate 
rooms. 

Room Factor.—A room must be appraised first from the 
standpoint of its general proportions; second, from the reflec-

«.• 4». •I•g• 1.I• 

Fro. 7,494.—Two units per bay layout. A spacing of this type is usually applicable only in 
narrow bays where the width is less than two-thirds of the length. 
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Fra. 7.495.—Two unit ,; per bay staggered layout. Generally acceptable in larger intermit 
where permissible spacing does not dictate fm- ner bay. 
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tion factors of its walls and ceiling in order to determine what 
percentage of light is lost in its travel from the lamp to the 
working level and third, from the type of equipment to be 
used. 

In general, large rooms of average height use light more 
efficiently than do small rooms of the same height because less 
of the total generated light is absorbed by the walls. In order 

I I 
I I 

31  s 
1 i 
I I 

- - - 

ri• 11 31 I t1 

•  

7,496.—Inter-spaced layout. A lighting layout of this type is applicable in rectangular 
bays, but suited only where the center row will not interfere with future structure changes 
such as added office partitions. 

«.«. 

1 

oi• a» ••• 

e e le fr 

e 
e 

e 

7,497.—One unit per bay layout. This system is satisfactory only where the bay side in 
no greater than the maximum allowable spacing. This occurs only in exceptionally high 
ceilinged rooms. 
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to use the simplified method of design described in this chapter, 
it is only necessary to note whether the room width is approxi-
mately equal to two, three or four times the ceiling height. 

Next note color of the walls and ceiling. The illumination in any 
room is dependent upon the amount of light reflected from the walls and 
ceiling. White walls reflect more light than gray walls—gray walls reflect 
more light than black walls. Therefore, in appraising the color of the walls 
and ceiling, three general classifications are used, light, medium and dark. 

Table I, page 687, gives some idea of the colors in these three classifica-
tions and their different reflecting properties. Each paint manufacturer's 
reflection values differ for similar colors, but the values shown in the table 
give some idea of the colors which usually fall in the classification shown. 

Table I.—Per Cent Light Reflected from Typical 
Walls and Ceilings 

Surface Class Color 
Light Reflected 

Per Cent 

Paint White 81 
Paint Light . Ivory 79 
Paint Cream 74 
Caen Stone Cream 69 

Paint Buff 63 
Paint Medium Light Green 63 
Paint Light Gray 58 
Caen Stone Gray 56 

Paint Tan 48 
Paint Dark Gray 26 
Paint Olive Green 17 
Paint Dark Light Oak 32 
Paint Dark Oak 13 
Paint Mahogany 8 
Cement Natural 25 
Brick Red 13 

NOTE.—Each paint manufacturer's reflection values differ for similar colors, but the above 
table gives some idea of the colors in these three classifications and of the average reflecting 
qualities. 
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After having determined these three conditions which affect the room factor, 
refer to Table II, page 688, and obtain the ratings—such as A, B, C, D. 
or E. 

Table II.—Room Factor 

Proportions 
of 

Room 

Color of 
Ceiling 

and Upper 
Sidewalls 

Direct Lighting 

Semi- 
Direct 

Lighting 

Semi-
Indirect 
Lighting 

C 

D 

D 

Indirect 
Lighting 

C 

D 

E 

Distrib- 
uting 

Concen- 
trating 

Width 
Approxim'ly 
Four or More 
Times Ceil-
ing Height 

Light A A C 

Medium A A C 

Dark A 

B 

A D 

Width 
Approxi-
mately 

Twice Ceil-
ing Height 

Width 
Approxi-
mately 

Equal to Ceil 
ing Height 

Light A C C 

D 

D 

D Medium 

Dark 

B B D 

B B D E — 

Light C B D D D 

Medium C B E E E 

— Dark C B E — 

Lighting Equipment.—As a preface to selecting the type of 
lighting units, it is necessary to have a thorough understanding 
of the various type of lighting equipment used. 
The lighting "fixture" is undergoing significant changes with 

the development of new diffusing and reflecting materials, with 
design trends affecting appearance and styling, and with the 
growing acceptance of "built-in" architectural systems. These 
changes are influenced by (1) the generally higher levels of 
illumination desired; (2) refinement in quality and character of 
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illumination with the result that users are becoming less and 
less tolerant of lighting that is uncomfortable and irritating; 
and (3) flexibility and convenience of switching and control. 

The departures from older forms offer a much wider range of choice of 
methods of lighting but affect basic design procedure and calculation very 
little. 

Lighting systems may be grouped into four types; (1) Direct: (2) Semi-
direct: (3) Semi-indirect, and (4) Indirect. The general characteristics 
of any system prevail even though details of equipment design and installa-
tion may vary considerably. 

Direct Lighting.—Defined as any system in which substan-
tially all of the light on the wcrking surfaces is essentially 
downward and comes directly from the lighting units. Direct 
lighting methods may range from concentrating and spotlight 
types of equipment through the many types of bowl and dome 
type reflectors to extended light source areas such as large glass 
panels and skylights. To provide high levels of illumination 
without glare with open type reflectors, though most efficient, 
is difficult unless considerable care is taken in locating and 
shielding such sources. 

udD,REC-E 
1-1LKT 

100 
01.1CT 

PIRECY - GENERAL DIFFUSE--

 SEW OWLET SEMI-INDIRECT 

Flo. 7,498.—Illustrating general classification of luminaires. 
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This has led to many modern systems employing louvered downlights 
with concentrating reflector or lens control to confine the light narrowly to 
the seeing plane, with a minimum of light in the direction of the eyes; 
proper location of equipment is very important to obtain good distribution, 
to avoid harsh shadows, and to minimize glaring reflections from shiny or 
polished surfaces. Large area sources of low brightness and good diffusion 
approach the characteristics of indirect lighting, in that harsh shadows and 
both direct and reflected glare are minimized. 

Semi-Direct.—This classification refers to systems where 
the predominant light on horizontal working surfaces comes 
from the lighting units, but where there is also a considerable 
contribution by reflection from the ceiling, as would be the case 
with enclosing opal or prismatic glass globes. Such units direct 
the light out at all angles, and are likely to be too bright for 
offices, schools and other similar locations unless oversize 
globes are used. 

Installation of such units can oftentimes be greatly improved by equip-
ping the globes with parchment shades to reduce the brightness toward the 
eye and at the same time redirect the light more efficiently to the work 
surfaces. 

Semi-indirect.--Defined as any system in which some light— 
usually from 5 to 25%, is transmitted directly downward but 
over half of the emitted light is upward depending largely upon 
reflection from the ceiling. Luminaires of good design should 
be of such density and diffusion that the surface brightness of 
the bowl will not exceed 500 foot-lamberts. Semi-direct 
illumination has the same general characteristics and field of 
application as indirect lighting, but is sometimes preferred 
because of the luminous appearance yet low brightness of the 
luminaires. Opaque units which employ baffles or shielded 
openings to redirect a small part of the light to their under-
surfaces for decorative effect only would be classed as indirect 
units. 
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Indirect.—Characterized by the soft, subdued atmosphere 
created by low brightness and by the absence of sharp shadows, 
since practically all of the light is diffusely reflected from large 
ceiling areas. Permits a wide range of installation technique 
from simple suspended or portable luminaires to built-in con-
cealed sources in the form of coves, ceiling coffers, column 
urns, and wall boxes. Appearance demands a fair uniformity 
of ceiling brightness. In long, low-ceilinged rooms, large 
expanses of ceiling area are brought within the normal line of 
vision and may become uncomfortable after a few hours in 
installations intended to produce 25 footcandles or more. 
This condition is less serious where ceiling areas are divided 
by projecting crossbeams, or where occasional ceiling valences 
are employed to break up an otherwise flat, expansive ceiling 
area. 

Level of Illumination.—The footcandle values of illumination 
that have been found by research and experience to be desirable 
for quick and comfortable vision are given in table III. 

The desired illumination differs rather widely, depending upon the con-
ditions of any particular installation, such as the accuracy of the operation 
and fineness of detail to be observed and the color of the objects worked on 
or handled. 

Table III.—Footcandles for Interior Lighting. 

These footcandle values represent order of magnitude rather 
than exact illumination. 

Cars Foot candles 

baggage, day coach, dining, Pullman  15 

Mail 

bag racks and letter cases  20 
storage  5 

street railway, trolley, bus and subway  15 
motor bus  10 
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Office Buildings 

bookkeeping, typing and accounting  SO 

Conierence Room 

general meetings  10 
corridors and stairways  5 

Desk Work 

intermittent reading and writing  20 
prolonged close work, computing, studying, designing, 

etc  30-50 
reading blueprints and plans  30 

Drafting 

prolonged close work-art drafting and designing in detail. 30-50 
rough drawing and sketching  30 

filing and index references  20 
lobby  iC 
mail sorting  3G 
reception rooms  10 

Stenographic Work 

prolonged reading shorthand notes  30-50 
vault  10 

Professional Offices 

waiting rooms  
consultation rooms  
general offices  

Restaurants, Lunch Rooms and Cafeterias 

dining area  1C 

Schools 

auditoriums  10 
class and study rooms—desks, blackboards  20 
corridors and stairways  5 
drawing room  30-50 
gymnasium  90 

Laboratories and Manual Training Rooms 

general  20 
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Lecture Rooms 
general  10 

library and offices  20 

Sight-Saving Classrooms 
desks, blackboards  30-50 

Service Space 
Corridors  5 
elevators—freight and passenger  10 
halls and stairways  5 
lobby  10 
Storage  5 
toilets and wash rooms  5 

Telephone Exchanges 
operating rooms  10 
terminal rooms  15 
cable vaults  5 

Theatres 
auditorhuns  5 
foyer  10 
lobby  15 

Armories 
drill sheds and exhibition halls  10 

Art Galleries 
general  5 

Auditoriums  5 
Automobile showrooms  20 

Banks 
lobby  15 
offices  20 

Churches 
auditoriums  5 
Sunday school rooms  10 
pulpit or rostrum  20 
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Club or Lodge Rooms 

lounge and reading rooms  20 
auditoriums  5 

Courtrooms  10 
Dance halls  5 
Drafting rooms  30-50 

Fire Engine Houses 

when alarm is turned in  10 
at other times  

Garages—Automobile 

storage—dead  2 
live  10 

Hangars—Airplane 

storage—live  10 

Hospitals 

corridors  5 
laboratories  20 
lobby and reception room  10 
operating room  20 
private rooms and wards (with local illumination)  20 

Hotels 

Lobby  10 
dining room  5 
kitchen  20 
guestrooms  10 
corridors  2 
writing rooms  20 

Libraries 

reading room  
stack room  

Moving Picture Theatres 
during intermission  5 
during pictures  0.1 

Museums 

general  10 
Night clubs and bars  5 

• 20 
10 
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Lamp Wattage ,,—Having selected the illumination level from 
Table III it is now possible to obtain the lamp wattage from 
Tables IV to VII. 

Locate the spacing value already decided upon in the second 
vertical column. Check the minimum mounting height given 
in the first column to make sure the mounting height to be used 
is greater than the minimum height listed for the spacing being 
considered. To the right in the column headed Room Factor, 
select the factor previously determined (A, B, C, D, or E, as 
the case may be). Following horizontally to the right on this 
line, locate the column which contains the footcandle value 
recommended for the installation. At the head of the column 
will be found the size of the Mazda lamp required. 

Wire Capacity.—The need for adequate wire capacity cannot 
be too strongly emphasized. Not only does the operation of 
lighting systems under poor wiring conditions prevent the user 
from obtaining the benefits of better lighting, but in many cases 
of overloaded circuits, present operation is uneconomical to the 
extent that losses are suffered each year sufficient to pay for 
good wiring. Overloaded circuits are not only a nuisance from 
the standpoint of fuse trouble, which is indicative of a hazard, 
but unstable voltage conditions, which are inevitable, cause 
unsatisfactory performance of electrical devices. Lamps 
operated below their rated voltage are inefficient in the pro-
duction of light. Much current is wasted in heating the wire& 
instead of being converted into light—the main purpose of the 

system. 

Where an at+empt to correct this is made by substituting lower voltage 
lamps, some compensation is obtained, although this results in erratic per-
formance of lamps, and early burnouts due to over-voltage operation when 

the load is reduce:. 



Table IV.—Design data for R.L.M. Dome reflectors (Direct lighting luminaries). 
rne value. In thlw tnble Lave been 

calculated ualng the following data, 

Reflector epriolenoy ( white bowl loop) 65 9 
Allowance for deprealatIon 30 to % 40 

2... 

-\ 
11.44 data WO., to 8.1.11. Jon. reflectora wesupp4.1 withwhite bowl Mazda laupe or 01145117 •tched glaea oover plate 

or (lame ring when ...d. lila wi High Intently Mercury Vapor 
Leop. Foriplear or Inside [...tea Wad. lamp. manolo the 
avarage fool-candle value.. 10s. 

mini.. 
Mounting 
Melght 
(re«) 

Approalwate 
Luelnaire 
5600106 
(Feet) 

floor 
Area per 
Outlet 
(5.1.Ft.) 

Room 
Factor 

Average Foot - eandrea 

Mazda Laapa Mercury Lampe 

100..111,tt 150 twat 200 Vett 300 Volt 500 Watt 750 anti 1000 Watt 1500 Watt 250 Watt 400 Watt 

8 0 a 8 00 - 70 
A 
8 
C 

0.5-12 
0.5-8.5 
5.0-6.5 

15-19 
11-15 

8.5-11 

21-27 
16-21 
tv-16 

35-44 
20-35 

56 - 75 
43-56 
33-4y 

40-58 
32-42 
25-32 

84 9 a 9 70-90 
A 
9 
C 

7.5-10 
5.5-7.5 
4.9-5.5 

12-17 
8.5-12 
0.5-8.5 

17-23 
13-17 
9 5-li 

gli 

20-27 
47-05 
35-47 
26-35 

35-49 
26-35 
19-M 

94 10 a 10 90-110 
A 
9 
C 

0-8 
4.5-0.0 
3.5-4.5 

10-13 
7.5-10 
5.5-7.5 

13-1 
10-13 

_ILIca0 

.5_,..) 
2=30 

16-22 
12-10 

35-50 , 
27-35 
21- 

52-73 
40-52 
31 -40 

20-37 
20-26 
10-20 

57-80 
44-57 
34-44 

10; 11 o 11 110-130 
A 
8 
C 

5.0-6.5 
4-5 
3-4 

8-11 
0-8 

4 5-6 0 

-11=15 
8.5-11 
0.5-8.5 

18-24 
13-18 
1.-13 

30- 
23-30 
8-23 

44-00 
34-44 
26-34 

22-31 
17-22 

7 

46=63-
37-48 
22-37 

11 12 a 12 130-.50 
A 
8 
C 

4.5-5.5 
3,5-4.5. 
2.5-3.5 

7-9 
5.5-7.0 
4.0.5.5 

0- 
7.5-10 
5.8:1i5 

6- 
11-10 
9-2 

- 5 
20-26 
15-20 

3d-50 
29-38 
22-29 

55-72 
42-55 
32-42 

15-19 
11-15 

42-55 
32-42 
24-32 

116 13 a 13 150-1110 
A 
II 
C 

643 
4.5-0.0 
3.5-4 5_ 

6-8 
4.5-0.0 

10-13 
7.5-10 

22-30 
17-22 
13-17 

33-44 
25-33 
19-25 

44-62 
34-44 
20-34 

17-23 
13-17 

9.5-13 
14-12 
11-14 
13-11 

38-48 . 
27-30 
21-37 
30-40 
2.3-30 
20-23 

12 14 a 14 180-210 
A 
9 
O 

5.5-6.5- 
4.0-5.5 

3-4 

7;5-2.0 
5.5-7.5 
4.0-0.5 

- 
8.5-11 
4.5-8.5 

18-25 
14-18 
11-14 

27-36 
21-27 
16-21 

39-52 
30-39 
23-30 

124 15 a 15 210-240 
A . 
8 
C 

4.5-5.5 
3.5-4.5 
2.5-3 5 

0-8 
4.5-6.0 
3.5-4.5 

y-13 
7-6 

5,5-7.0 

17-22 
13-17 

9.5-13 

23-31 
18-23 
14-18 

34-44 
20-34 
20-26 

53-70 
40-53 
31-40 

13-10 
10-13 
7-10 

11-14 
8-11 

8.5-8,0 

25-34 
20-25 

23-30 
18-23 

le-10 

134 10 a 10 240-270 
A 
a 
C 

3.5-5.0 
2.5-3.5 
2.0-2.5 

6-7 
4-5 
e-4 

8.5-11 
6.5-8.5 
5.4)-8.5 

11.14 
8.5-11 12-14 

30-38 
23-33 
18.2y 

36-47 
28-341 

14 1, A 17 270-300 
A-10 
9 
C 

4-5 
4 

0-8 
4.5-6.0 

13-17 
9.5-13 
7.5-9 5 

18-24 
14-18 
11-14 

27-35 
21-27 
16‘21 

42-54 
32-42 
25-32 

0-13 
7-10 

5.5-7 0 

20-2e 
16-20 
12-10 

15 18 x 18 300-340 
A 
9 
C 

4.t:5.5 
3.5-4.5 
2.5-3.5 

6.5-110 
5.0-0.5 

4/, 

11-1g 
9-11 
7-9 

IV -22 
13-17 
10-13 

23-31 
18-23 
14-15 

37-49 
28-37 
22-28 

o -1i 
7-0 
5-7 

19 -24 
15-19 
11-15 

154 19 a 19 340-380 
A 
8 
C 

3.5-5.0 
2.5-3.5 
2.0-2.5 

6-0 
4.5-6.0 
3.5-4.5 

10-13 
9-10 
6-8 

15-19 
12-15 

22-27 
17-22 

33-43 
96-33 
20-20 

7.5-10 
6.0-7.5 
4.5-0.0 

17-21 
13-17 
10-13 

10 20 a 20 300-420 
A 
a 
C 

5.5-7.0 
4.0-5.5 

3-4 

2-12 
7-9 

5.5-7.0 

13:11 
10-13 
8-10 

it:1 
14-10 
11-14 

30-39 
23-30 
18-23 

7-9 
5-7 
4-5 

15-19 
11-15 
2-11 

IT 21 a 21 420-400 
A 
11 
C 

5.0-6.5 
4-5 

8.5-11 
0.5-8.5 

51: 

13-16 
10-13 

1/-22 
13-17 
0-13 

26-35 
20-96 
16-20 

0.5-0.0 
5.0-6.5 

4-5 

15-18 
11-15 
8-1 

18 22 . 22 400-500 0 
C 

4.g.0 
3.5-4.5 
2.5-3.5 

0" it:i'4' 
6-8 

4.5-6.0 
8.5-11 
0.5-0.5 

6-20 
12-16 

9,5-12 

24-32 
12-24 
15-19 

0.0-7.5 
4.5-0.0 
3.5-4.5 

19-16 
9.5-12 
7.0-9.5 

19 03 x23 500-550 
A 
8 

4.0-5.5 
3-4 

2.5-3.0 

8.5-2.0 
5.4-0.5 

4-6 

10-13 
0-10 
0-0 

14-19 
11-14 

8.3-11 

23-29 
10-23 
14-18 

5-7 
4-5 
3-4 

11-15 
9-11 

6.5-0.0 

D
N
I
i
1
1
9
1
7
 3
1
2
1
1
3
g
7
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General Wiring Data.—The National Electrical Code merely 
specifies wiring conditions with regard to fire hazards, with 
little consideration to economy of operation. The size of wire 
for a lighting installation may conform strictly to the Code and 
yet, because of length of circuit, produce excessive voltage drop 
with consequent inefficient lamp performance and unsatisfac-
tory lighting. 
On new or remodeling jobs where actual wattage to be in-

stalled is known, wiring specifications should be based on this 
load with capacity allowed for the next larger size lamps to be 
used in the future. In general, double the capacity can be 
installed initially at about one-third extra cost. 
The following wiring recommendations may serve as a guide 

in good wiring practice: 

Branch Circuits for General Blumination.—The allowable 
voltage drop should not exceed 2 volts between panelboard and 
outlet. 

Load and Length of Run.—For 15 amp. circuits the initial 
load per circuit should not exceed 1,000 watts with No. 12 
minimum wire size to be used where length of run does not 
exceed 50 feet; No. JO wire for runs between 50 and 100 feet; 
No. 8 wire for runs between 100 and 150 feet. 

For heavy duty lamp circuits (the National Electrical Code permits 
8 mogul sockets, 40 amperes per circuit) 3,000 watts with No. 8 wire up 
to 50 foot runs; No. 6 wire 50 to 100 foot runs; No. 4 wire for runs from 
100 to 150 feet. It is recommended that panelboards be so located that 
the length of run does not exceed 100 feet, if practical to do so. 

Panelboards.—One spare circuit should be provided for each 
five circuits used in the initial installation. Concealed branch 
circuit conduit should be large enough for one additional cir-
cuit for every five or less circuits it contains. 



Table VIII.—Wire size required (Computed for maximum of 2-volt drop on two-wire 

120 volt circuit). 

Load per 
cfrcuit 

Current 
120-Volt 
Circuit 

LENGTH OF RUN (Panel Box to Load Center)— Feet 

Watt» Arnim. 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 

500 4.2 14 14 14 14 14 14 12 12 12 12 12 12 10 '10 10 10 10 10 

600 5.0 14 14 14 14 14 12 12 12 12 10 10 10 10 10 10 10 8 8 

700 5.8 14 14 14 14 12 12 12 10 * 10 10 10 10 10 8 8 8 8 8 

800 6.7 14 14 14 12 12 12 10 10 10 10 10 8 8 8 8 8 8 8 

900 7.5 14 14 12 12 12 10 10 10 10 8 8 8 8 8 8 8 8 6 

1000 8.3 14 14 12 12 10 10 10 10 10 8 8 8 8 8 8 6 6 6 

1200 10.0 14 12 12 10 10 10 10 8 8 8 8 8 6 6 6 6 6 6 

1400 11.7 14 12 10 10 10 8 8 8 8 8 6 6 6, 6 6 6 6 6 

1600 13.3 12 12 10 -10 8 8 8 8 6 6 6 6 6 6 6 6 4 4 

1800 15.0 12 10 10 10 8 8 8 6 6 6 6 6 6 4 4 4 4 4 

2000 16.7 12 10 10 8 8 8 6 6 6 6 6 6 4 4 4' % 4 4 

2200 18.3 12 10 10 8 8 8 6 6 6 6 6 4 4 4 ill 4 4 2 

2400 20.0 10 10 8 8 8 6 6 6 6 6 4 4 4 4 4 4 2 2 

2600 21.7 10 10 8 8 6 6 6 6 4 4 4 4 4 4 4 4 2 2 

2800 23.3 10 8 8 8 6 6 6 6 4 4 4 4 4 4 4 2 2 2 

3000 25.0 10 8 8 6 6 6 6 6 4 4 4 4 4 4 2 2 2 2 

3500 29.2 10 8 8 6 6 6 4 4 4 4 2 2 2 2 2 2 2 2 

4000 33.3 8 8 6 6 6 4 4, 4 4 2 2 .2 2 2 2 1 1 , 1 

4500 37.5 8 6 6 6 4 4 4 2 2 2 2 2 2 1 1 1 
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Service and Feeders (Maximum feeder drop-2 Volts).— 
The carrying capacity of service wiring and feeders should be 
sufficient for the normal branch circuit load with no more than 
a 2 volt drop. Normal diversity of branch circuit load in many 
cases reduces required feeder capacity below the actual total 
branch circuit load; the National Electrical Code allowances 
for this demand factor should govern. Provision should be 
made for increasing feeder capacity to take care of next larger 
lamp size (50% increase) than installed initially. 

Convenience Outlets for Lighting.—Should not be connected 
to branch circuits which supply fixture outlets as a part of the 
general illumination system. No wire smaller than No. 12 
should be used; No. 10 if the length of run exceeds 100 feet. 

In office space there should be one convenience outlet circuit for each 800 
square feet of floor area with at least one duplex outlet for each 20 linear 
feet of wall. 

In manufacturing spaces there should be one convenience outlet for each 
1,200 square feet or fraction of floor space with at least one duplex outlet 
in each bay. 

In stores there•should be at least one convenience outlet in each support-
ing column or at least one floor outlet for each 400 square feet or fraction 
of floor space. For windows, at least one outlet for each 5 linear feet of 
plate glass, with an additional floor outlet for each 50 square feet of plat-
form area. Provision for signs should be made by installing a 1-inch conduit 
from the distribution panel to the front face of the building for each indi-
vidual store space. 

Watts per Square Foot 
In determining the illumination on a "watt per square foot'' 

basis, the floor area shall be computed from the outside dimen-
sions of the building, apartment or area involved and the 
number of floors, not including open porches, garages in con-
nection with dwelling occupancies, nor unfinished spaces in the 
basements or attics. 
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Although the "watts per square foot" basis is not exact, the 
level of illumination may be fairly well established in this 
manner. 

One watt per square foot may produce from 3 to 10 footcandles depend-
ing upon the size of the room, color of ceiling and walls, and type of lighting 
units or method of lighting employed. For that reason any "watt per 
square foot" load estimates should be based not only on the footcandle to be 
provided, but should be tempered always by the knowledge of the utiliza-
tion factors which so vitally affect the attainment of the desired level. 

In the following paragraphs a brief outline is given of wattage per square 
foot, allowing for various classes of occupancies. 

One Watt per Square Foot.—For corridors, locker rooms, 
dead storage areas and inactive spaces where the illumination 
requirements are of the order of 5 footcandles. In factories, 
commercial buildings, and public interiors, it is often desirable 
to convert storage spaces into active work areas to meet imme-
diate needs; it is recommended that such areas be wired for at 
least two watts per square foot. 

Two Watts per Square Foot.—Will provide for illumination 
levels of 10 to 15 footcandles in industrial areas, 8 to 12 in com-
mercial areas with standard reflecting equipment. This order 
of illumination is the lower range of recommended values suit-
able for rough manufacturing work, packing, crating, storage 
and such areas occupied by mechanical and processing equip-
ment where only casual and intermittent attention is required. 

Four Watts per Square Foot.—Minimum provision to attain 
average levels of 20 footcandles; recommended for schools, 
offices, stores and for the large proportion of general industrial 
areas. In large areas with direct lighting industrial reflectors, 
this allowance with a combination of favorable conditions would 
be sufficient for as high as 30 footcandles. In small offices or 
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stores with indirect lighting, this allowance would permit only 
15 footcandles which represents the lower limits of modern 
practice, and is not sufficient for any future increase in the level 
of illumination. 

Six Watts per Square Foot.—Should be allowed as a mini-
mum in all areas where general illumination of 30 footcandles 
is recommended, but particularly in general offices, stores, and 
other commercial interiors. In small offices and similar small 
interiors such as sight-saving classrooms where indirect lighting 
would logically be used, even higher allowance should be made. 

Eight Watts per Square Foot.—Rooms less than 20 x 20, 
typical of the small private office, lighted by modern indirect 
systems, require installed wattage of this order to attain the 
30 to 35 footcandles that are being provided today. This 
order of wattage is also necessary for the many forms of 
louvered units, troughs and luminous architectural panel 
treatments where illumination of the order of 20 to 30 foot-
candles is desired. 

Many of the more modern examples of lighting practice, where unusual 
treatment and lighting effect are desired, have as high as 12 to 15 watts per 
square foot installed. In the achievement of atmosphere and decorative 
effect, efficiency is of secondary importance and in such cases the actual 
illtuninaton secured may be as low as 1 to 2 footcandles per watt per square 
foot as compared with 5 to 7 to be expected from conventional methods 
with average conditions prevailing. 
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CHAPTER 28 

NEON 
and Other Discharge Lamps 

The difference between the incandescent lamp and the dis-
charge lamp is mainly that while the incandescent type 
produces a continuous spectra dependent almost entirely upon 
the temperature of the filament, the electric discharge lamps 
produce lines of discontinuous spectra which are characteristic 
of the particular gas or vapor used. 
An addidonal difference is, that generally the electric dis-

charge group requires a current limiting device, consisting of an 
impedance coil, transformer or resistor, depending upon the 
particular lamp or circuit used. 

The electric discharge group includes: 

1. Neon lamps 
2. Mercury vapor lamps 
3. Sodium vapor lamps 
4. Ultra-violet lamps 
5. Fluorescent lamps 

Neon Lamps.—The neon lamp, well known due to its em-
ployment in neon signs. contains a small amount of neon gas 
and an electrode at each end of the sealed glass tube. 
From 2,000 to 15,000 volts is applied across the electrodes 

from its transformer. 
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Color Effect.—To obtain the brilliant orange-red color 
effect generated by the gas, the gas must be extremely pure, 
since a mixture of as little as 1% of nitrogen, for example, will 
result in a radiation completely dominated by the latter gas. 

Various other gases such as argon or helium alone or in combination, 
are used to obtain a variety of colors. For a blue light, for example, mercury 
is introduced into the tube. Color effects can be further modified by the use 
of various colored glass to obtain the wide variety needed for decorative 
lighting and sign advertising. 

SPACE 
FOR 

PRIMARY 
WINDING 

SPACE 
FOR 

SECONDARY 
WINDING 

SHUNT 

-"e-----TRANSFORMER CORE 

Fm 1.—Outline of neon sign transformer core. 

Neon Tube Auxiliaries.—When the neon tube is utilized for 
sign service, the important auxiliaries besides switches, high-
voltage cable and insulators, is the step-up potential trans-
former. 
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This transformer differs in certain respects from the well 
known light and power type, in that it generally has: 

1. A large ratio of transformation 
2. Small power requirement 
3. A special magnetic shunt 

NEON TUBE 

M
A
G
N
E
T
I
C
 
S
H
U
N
T
 

-«--TRANSFORMER 

L2 

Fins. 2 and 3.—View of neon sign transformer with windings in place, and schematic wiring 

diagram. 

The secondary voltage usually varies of from 2,000 to 15,000 
volts, which if transformed from the usual 110 voit lighting 
current, gives a ratio of transformation of from 18.2 to 136. 
That is, the secondary winding of the transformer must have 
from 18.2 to 136 times the number of the primary turns. 
Power requirements vary with the amount of tubing to be 

made luminous and may be from 40 up to 900 volt-amperes. 
The function of the special magnetic shunt, fig. 1, is to act as 

a current regulator for the transformer. It is necessary as a 
current limiting feature because of the fact that the higher the 
current through the tube the lower its resistance becomes. 
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If a neon tube be connected to a transformer of the light and 
power type (i.e., without the special magnetic shunt) then as 
the tube is heated up the current would increase. As the current 
increased, the resistance of the gas would decrease, in turn 
increasing the current until either the transformer or the tubing 
would burn out. 

Because of the previously mentioned current limiting feature, when the 
current in the secondary increases, more and more of the magnetic lines are 
by-passed by the magnetic shunt and as a result, less of the lines connect the 
secondary winding, until the neon tube reaches a state cf equilibrium at 
which point the secondary current reaches a constant value. 

In common with all inductive circuits the transformer has a lagging 
power factor. The equipment needed for power factor improvement is 
usually supplied with the transformer. 

Neon Glass Tubing.—The fundamental requirements for 
neon glass tubing are: 

1. It must have considerable physical strength 
2. It must melt at a convenient temperature, so that it may 

be worked easily in ordinary gas flames 
3. It must be able to withstand sudden and extreme tern-

perature changes without breaking. 

There are two general kinds of glass used in neon tubing, 
namely: Lead and pyrex glass. 

Lead glass tubing contains a considerable amount of lead oxide as the 
name implies. It is made from silicon oxide and lead oxide melted together 
with potash and other substances and carefully cooled. 

The glass tubing can be bent and shaped with ease over any 
ordinary illuminating gas flame, the bending sequence depend-
ing upon the design of the letters or any other particular geo-
metrical features. 
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Pyrex glass can not be bent as easily as lead glass, and re-
quires an oxygen-fed flame. In its physical properties it differs 
considerably from lead glass, in that it can easily withstand 
the most extreme temperature changes, and is also mechanically 
stronger than the former. 

Neon Sign Construction.—The first part in the construction 
of a neon sign is the design of the letters, after which the glass 
is heated, bent to shape, spliced together, and then a continuous 
complete tube open at each end is formed. 

BOMBARDING 
TRANSFORMER 

MAIN 
SWITCH 
FUSES 

PUSH BUTTON 
CONTROL 

Fut. 5.—Schematic wiring diagram of bombarding transformer with auxiliary equipment. 

Next, a hole is made in the center of the tubing and a smali 
tube is attached for the purpose of connecting it to the pump. 
The electrodes with their glass jackets, are then inserted at each 
end of the tube,and the pump attached to the entire tubing. 

After the pressure in the tube has been reduced slightly as 
indicated by the vacuum gauge, the stop cock leading to the 
pump is turned off, so that the pump is disconnected from tilde 
tube. 
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The bombarding operation, to remove the chemical impurities, 
next takes place. This operation consists in connecting of a 
high potential current across the electrodes of the tube. This 
bombardment is kept up for a length of time depending upon 
the size of the tube and other particulars. 

1-MF. 

TO 
A. C. 

SOURCE 

--E 
TRANSFORMER GLASS TUBING 

6.—Typical wiring diagram showing radio interference suppressor in transformer primary_ 

At the completion of this process the pump stop-cock is again opened, 
and the pump again reduces the pressure and removes the impurities being 
loosened by the bombarding process. 

The pump stop-cock is now turned off, and the stop-cock leading to the 
rare gas flask is opened slowly to admit gas to the tubing. 

When the proper pressure as indicated by the vacuum gauge is reached, 
the stop-cock is turned off, the tubulations leading from the pumps are 
sealed, thus completing the process. 

Other Classes of Neon Lamps.—The more recent types of 
aeon vapor devices are the hot cathode tube and the glow lamp. 
In the former device one of the terminals is heated to incan-
descence. This allows the lamp to be operated at a considerable 
lower voltage and provides a considerable higher efficiency 
than normally obtained by discharge through neon. 
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The glow lamp has found an extensive use on pilot lights, cur-
rent indicators, signal lamps and for stroboscopic work. Its main 
characteristics are: 1, low current consumption; 2, long life; 3, 
low brilliancy; 4, ability to withstand shocks and vibration. 

Both of these lamps may be used on either a.c. or d.c. current. When 
used on d.c. current only one electrode glows, thus indicating polarity, 
which factor extends its use for various testing purposes. 

With most lamps of this type a current limiting resistance is built into 
the base and external auxiliaries such as are associated with other discharge 
lamps are not required. 

The Mercury Vapor Lamp.—The extensive use of the mercury 
vapor lamp depends entirely upon the versatility of the mercury 
vapor as regards pressure, temperature, voltage and other 
characteristics, each change resulting in a lamp of different 
spectral quality and efficiency. 
The lamps of the group utilized for general lighting service are 

usually described as the high intensity mercury lamp. The pres-
sure within the enclosure varies from one atmosphere up to as 
much as 80 atmospheres for special lamps. 

Operating Features.—The mercury vapor lamp usually con-
tains a small amount of argon gas to facilitate starting, since 
mercury is normally a liquid at room temperature, and even in 
partial vacuum has very little vapor pressure. 
After a few minutes of electrode heating the arc vaporizes 

enough mercury to reach the point of stabilization. The exact 
point is dependent on each particular lamp, and is controlled by 
the design of the auxiliaries. 

As the mercury pressure increases, the arc becomes concen-
trated at the center of the bulb, usually tubular in shape. Under 
certain conditions the lamp can be burned only in a vertical 
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position as otherwise the concentrated arc will bow, touching 
the glass and causing its breakage. 

The intense heat of the arc in some of the mercury lamps requires the 
use of a quartz envelope rather than glass. 

When the current of any high pressure lamp is interrupted, a few minutes 
of cooling is required. 

The consequent lowering of internal pressure allows the arc to again 
atrike and normal operation is resumed. 

Color Effect.—The light produced by high intensity vapor 
lamps shows three main lines—yellow, yellow-green and violet. 
Due to the energy concentration in the yellow-green area of the 
spectrum, the luminous efficiency is very high—the human eye 
being most responsive to color in this area. 

Sodium Vapor Lamps.—Scientists have long been familiar 
with the fact that high luminous efficiencies could be obtained 
by the use of sodium vapor as a light source. 
The development of a practical lamp of this type, however, 

was delayed since ordinary glass cannot withstand the chemical 
action of hot sodium. 
With the development of special resistant glass, the sodium 

vapor lamp has now reached the practical stage. 

Operation. — Principally the sodium vapor lamp consists 
of a bulb containing a small amount of metallic sodium, neon 
gas, and two sets of electrodes connected to a pin type base. 

In order to conserve the heat generated and assure the lamp 
operating at normal air temperatures, it must be enclosed in a 
special vacuum envelope designed for this purpose. 
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The presence of neon gas serves to start the discharge and to 
develop enough heat to vaporize the sodium. This condition 
accounts for the red-orange glow during the first few minutes of 
operation. 

The metallic sodium gradually vaporizes and then ionizes, thereby pro-
ducing the characteristic monochromatic yellow light. The lamp will come 
up to its rated light output in approximately 15 to 20 minutes. It will 
restart immediately should the power supply be momentarily interrupted 
since the presence of vapor is quite low and the voltage applied sufficient to 
restrike the arc. The major application of this type of lamp is for highway 
and general outdoor lighting where color discrimination is not required. 

Ultra-Violet Lamps.—The increasing application of ultra-
violet radiation has resulted in the development of a number of 
different sources which produce this short-wave energy. 

Ultra-violet radiations are commonly produced by carbon and 
tungsten arcs and also in various gaseous discharge lamps. The 
term ultra-violet radiation in general, refers to that part of the 
electro-magnetic spectrum adjacent to the visible spectrum 
and extending roughly from 1000 to 3800 Angstrom units. 

This band may be divided into four narrower bands each with 
distinct characteristics, thus: 

(A) 3,200 to 3,800 Angstrom is useful in certain types of photography 
and fluorescent displays. 

(B) 2,800 to 3,200 Angstrom known as the biologically effective band 
which produces sunburn and tan. 

(C) 2,000 to 2,800 Angstrom, the bacterial band which is lethal to most 
micro-organisms. 

(D) 1,000 to 2,000 Angstrom, the ozone producing band about which 
very little is hitherto known, 
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Fia. 7.—The spectrum. The angstrom unit is used to express the wave length of light and ultra-violet radiations. One angstrom 

unit is equal to 1/10,000,000 of a millimeter or approximately 1/250,000,000 of an inch. 

Steri-Lamps. —The fact that ultra-violet radiation destroys micro-organisms has 
made this type a most useful tool for all sorts of sterilizing purposes. 
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They are being used successfully for sterilizing air in ducts of air-con-
ditioning equipment, for prevention of the formation of mould in food 
industries, such as walk-in meat coolers, domestic refrigerators, bakeries, 
dairies, and in hospitals, etc. 

Just what the ultimate fields of application for these lamps will be, no 
one can predict. One use leads to another, and unquestionably many 
applications will develop as time goes on. It is, however, already apparent 
that there are now available new tools in the form of light sources that will 
contribute much to human welfare and industrial progress. 
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CHAPTER 29 

Fluorescent Lamps 
In contrast to the well known filament lamp in which elec-

tricity flows from one lead wire to another through the solid 
tungsten wire, thus heating it to incandescence, the fluorescent 
lamp in common with other electric discharge devices makes use 
of ultra-violet energy to activate a fluorescent material coated 
on the inside of the bulb's surface. 

texas. 1 to 5.—Various size fluorescent lamps. 

The coating material used depends upon the color effect desired and may 
consist of zinc silicate, cadmium silicate or calcium tungstate. 
These organic chemicals are known as phosphors, which powder trans-
forms short-wave invisible radiation into visible light. 
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Construction of Fluorescent Lamps.—The lamp in its present 
form consists of a tubular glass-bulb with two external contacts at 
each end, which are connected to filament-type electrodes made 
of coiled tungsten wire (See fig. 6). These filament electrodes 
are coated with an active electron emissive material. 

Within the bulb there is a small drop of mercury and also a low pressure 
(a few millimeters) of pure argon gas to facilitate the starting. 
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FIG. 6.—Assembly of typical fluorescent lamp showing auxiliaries and connections. 
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Fro. 7.--Simplified diagram of fluorescent lamp and auxiliaries. The ballast choke coil performs 
the function of limiting the current to the designed value required by the lamp. The starter 
switch (shown as a simple knife switch for the sake of clearity) momentarily closes the heating 
circuit throush the filament electrodes to facilitate starting. 



Fluorescent Lamps 719 

Starting Auxiliaries.—Fluorescent lamps in common with all 
electric discharge apparatus requires auxiliary control equip-
ment. The function of the starting auxiliaries is to create a 
momentarily high-voltage impulse in order to establish an arc 
between the electrodes at the opposite ends of the tubular lamp. 

The auxiliary consists of two principal elements: 1, an iron 
core choke coil (ballast) which limits the arc current, and 2, a 
starting switch which momentarily closes and then opens the 
electrode heating circuit. See figs. 7 and 8. 
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Fra. 8.—Schematic diagram showing connection of fluorescent lamp. 

Each lamp requires a separate auxiliary, although the ele-
ments for two or more lamps may be contained in a single unit. 
Specifically designed ballast equipments are required for each 
wattage size, for each frequency and for each voltage range. 

When the lamp was first introduced a number of starting methods such 
as the thermal switch, resonant and magnetic switch type were exclusively 
utilized. Recently, however, a switch known as the glow switch operating on 
the thermal principle has been manufactured. 

Operation of Glow Switch.—This new starting device is 
about 1 in. long and about >4 in. in diameter and resembles a 
miniature electric lamp, but contains an easily ionized gas and 
two bi-metallic electrodes which serve as the switch contacts. 
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The switch is connected in series with the fluorescent lamp elec-
trodes; when the current is turned on a glow discharge is created 
between the normally open switch contacts on the bi-metallic 
electrodes. 
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Floe. 9 and 10.—Glow switch starter and connection to lamp unit. 

The heat of the glow causes the contacts to close. At this 
point the lamp electrodes are heated to a bright red color. When 
the contacts close the glow discharge automatically ceases, 
allowing the hi-metal elements to cool and separate, opening the 
switch and striking the arc. 
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The whole operation from the time the current is applied and 
until the arc is established requires only one or two seconds. 

As used in the new fluorescent lamp starter, the glow switch and a tiny 
condenser to eliminate radio interferenece are housed in a small aluminum 
shell equipped with a bayonet-type end and inserted in a special socket 
attached to the standard fluorescent lamp holder. Thus the starting unit 
is readily accessible and replaceable. Since it is now separate from the start-
ing unit and need not be accessible after installation, choke or ballast device 
(necessary to limit the operating current) is made more compact and may 
be mounted in any convenient place. 

Need for Power Factor Correction.—It is a well known fact 
that power consuming apparatus of the inductive class such as 
coils and other current limiting devices has a lagging power factor 
i.e., the current is lagging the voltage by a certain amount de-
pending upon the size of the coil or device in question. Thus, for 
example, the equation for power in all direct current circuits and 
in alternating current circuits containing only pure ohmic resist-

ance is, 

watts = volts x amperes. 

If, however, other circuit elements be present, as in the case 
of the fluorescent lamp circuit, with the inductive choke coil in 
series with it, the equation for true power becomes 

watts = volts x amperes x power factor. 

The power factor of the average fluorescent lamp itself is 
approximately 90%, practically, however due to the ballast 
choke the power factor for the complete unit is reduced to 
from 50% to 60%. 

It is evident from the above, that especially where a large number of 
lamps be required, certain corrective equipment is required to increase the 
power factor and thus increase the economy of operation. An effective 
method of improving the power factor to unity (or nearly so) is to connect a 
suitable condenser across the choke coil in the case of single lamp ballast 
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and in case of two lamps ballast to use the "split phase" principle with one 
of the lamps ballasted by inductive reactance only and the other by induc-
tance and capacitance in series, as shown in figs. 11 to 14. 
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11.—Method of connection for single unit fluorescent lamp, with corrected power factor. 

Useful Lamp Life.—In general, fluorescent lamps lose their 
usefulness because of decrease in light output before they fail to 
operate. Darkening of the bulb occurs because of the effect of 
mercury on the fluorescent coating and because of the material 
given off by the electrodes. The latter especially causes darken-
ing at the ends of the bulb late in life. The rate of depreciation 
in light output diminishes throughout life; the first hundred 
hours produce about as much darkening as the following 1000 
hours. Rated output is based on conditions at 100 hours. 

Frequent starting of lamps may take more life out of the electrodes than 
long hours of burning because momentarily there is a higher than normal 
voltage drop at the electrodes which causes the active material to sputter or 
evaporate off. If a lamp be started once a minute, for example, the hours of 
burning will be shorter than normal, but if it be turned on and burned 
continuously, its life will be longer than normal. When the active material on 
the electrodes is nearly exhausted, the voltage required for starting will rise 
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and may equal or exceed the available supply. This may occur after the 
lamp has been started thousands of times or burned beyond its rated life. 
Sometimes the end of life is indicated by the lamp flashing momentarily 
and then going out. 
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12.—Method of connection for two unit fluorescent lamps, with corrected power factor. 

Lamp Quality.—Quality in a fluorescent lamp, aside from the 
purely mechanical features to insure sturdy base pins, end seals 
and electrode construction, is largely a matter of efficiency of 
light production and uniformity in spectral quality. Shortcom-
ings in mechanical construction quickly manifest themselves in 
service and the necessary requirements in mechanical design 
become apparent and are easily corrected. Less obvious but of 
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more permanent significance is the control of those elements 
that make for efficiency and spectral quality. On these latter 
factors alone rests the principal interest in this new illuminant. 
These permit new perspectives in artificial lighting. 
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Fm. 13.—Another method of connection, for two unit fluorescent lamps, with corrected power 
factor. 

To produce light by fluorescent principles is relatively simple, 
but it takes skill to produce the highest efficiency and integrity of 
spectral color quality. This involves the utmost in purity of 
materials and timing of chemical processing of the phosphors 
used. It involves, also, precise blending of basic fluorescent 
chemicals and invariable competent engineering to furnish high 
quality, dependable lamps. 
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Fluorescent lamps will burn in any position, although when burned in a 
vertical position the condensing mercury may cause a slight streaking of 
the powders upon condensation. Like filament lamps the larger sizes as 
represented by length are more efficient than shorter length lamps. This is 
because there is a fairly constant wattage loss at the electrodes regardless 
of length of lamp. Efficiency is also dependent upon fine relationship of cur-
rent density and vapor pressure. These are in turn affected by operating 
temperature. 

BALLAST UNIT 

SWITCH 

14.—Method of connection for single unit fluorescent lamp, with uncorrected power 

factor. 

Radiant Heating Effects.—Confusion is sometimes expressed 
at the assertion that fluorescent lamps produce cooler foot-
candles than do incandescent lamps. While a kilowatt-hour rep-
resents over all a heating effect of 3,414 B.t.u.'s regardless of 
how consumed, the lesser sensation of heat from fluorescent 
lamps lies in the fact that only about 35 or 45% of the energy is 
radiated as compared to 75 to 85% for the filament lamp. 

Because the efficiency of light production by fluorescent 
lamps is about double that of filament lamps, and also because 
the radiant heat is only half that of filament lamps, this is the 
basis of the statement that the sensation of heat from fluorescent 
lamps is, roughly, only one-fourth that from filament lamps fot 
the same amount of light delivered. 
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Stroboscopic Effect.—As the line frequency of the alternating 
current in most localities is 60 cycles per second, the standard 
line of fluorescent equipment is manufactured for that frequency. 

This in practical terms means that the light output will be 
passing from its maximum to its minimum value 120 times per 
second. It is possible that this may, in some instances, give 
rise to a stroboscopic effect, that is moving objects such as 
rotating parts of machinery, illuminated by this light, may 
appear to be moving in disunity or jerks, or rotating more 
slowly than their actual speed. 

In actual application, however, where this effect might cause annoyance, 
it can be practically eliminated in a three lamp unit by connecting each 
lamp on a separate phase of a three phase system, and it can be greatly 
reduced in a two lamp unit by the use of a two lamp control unit, which 
employs a condenser in the ballast of one of the lamps as shown in figs. 
12 and 13. 

The current through the lamps is thrown almost 90° out of phase and 
under these conditions the light output of one of the lamps is at a maximum. 
This method has an additional advantage of producing a combined power 
factor of nearly unity for the two lamps. 

Radio Interference .—The fluorescent lamp in common with 
most electrical devices may cause a certain amount of radio 
interference. This interference may be caused by one of the 
following factors: 

1. Direct radiation from the bulb to the antenna. This effect 
diminishes rapidly as the radio is separated from the lamp. 
Thus, for example, at a radius of 9 ft. interference from this 
cause is negligible. 

2. Line radiation from the electric supply line to the antenna. 

3. Line feed-back from the lamp through the line to the radio. 
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Interference from line radiation and line feed-back can be minimized by 
proper application of line filters. 

The latter two causes of radio interference effects may be reduced to a 
minimum by incorporation of proper condensers in the equipment. 

Installations.—While fluorescent lamp installations may not 
match the simplicity associated with the incandescent lamps, 
the choice between the two systems should rest on both the 
engineering and economic consideration involved in each 
individual case. The following considerations should be fol-
lowed in the use of fluorescent lamps: 

1. That only power factor corrected auxiliaries be used 
2. That only replaceable starter auxiliaries be considered 

for all except specialized installations. 
3. That both lamp size and ballast equipment be chosen to 

make up the most economical installation 

Like filament lamps, the efficiency of fluorescent lamps in-
creases with the increase in wattage sizes. 

The replaceable starter system makes it practical to locate the ballast 
at some distance from the lamps, because two wires are eliminated which 
were formerly needed to connect auxiliaries with built-in switches. 

This is particularly advantageous for installation where lamp space is 
restricted, or where the application requires a special location of the ballast 

equipment. 

Lamp Sizes.—The lamps are at present manufactured in four 
wattage sizes: 15, 20, 30 and 40, with the lengths varying from 
18 to 48 inches. It should be noted that the larger lamps are 
more efficient. Hence for large illumination projects the larger 
lamps are more practical because of the lower lamp cost per 
foot, and also because of the higher efficiency. 

Circuit Voltages.—With fluorescent lamps, voltage regula-
tion depends upon the choke used and not on the starting 
mechanism. The voltage imless otherwise stated, is alternating 
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current at a frequency of 60 cycles per second, although special 
auxiliaries are manufactured for use on other commercial fre-
quencies as well as on direct current. 
The voltage range of the lamps including ballast is from 110 

to 250 volts. 

Wiring.—The assembly and wiring of the fluorescent lamp 
does not differ markedly from any other light wiring schemes. It 
is evident that the National Electric Code giving the regulations 
of the National Board of Fire Underwriters or additional local 
requirements should be strictly adhered to. 

Fro. 15.—Splice box with cover removed, showing wires ready for splicing. 

Particular attention should be observed in regard to installa-
tion of lamps with uncorrected power factor. Such units with 
their auxiliaries have an average power factor of only from 50 
to 60%. 
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In addition to being a source of annoyance to the power 
supply companies, installations of such units will cause undue 
heating and danger due to insufficient wire capacity. 

As an illustration of the effect of power factor, suppose that a load of 250 
watts is connected to a 125-volt circuit. The current in this circuit will be 2 
amperes if the power be unity or 100%, but if it be only 60%, for example, 
3 amperes will be required to supply the same power. In other words, an 
extra 1 3z amperes must be circulated through the transmission system 
producing heating of the wires with a consequent loss of power. 

16.—Typical two-unit fluorescent lamps assembled with reflector. 

With large loads and low power factor this condition may become very 
serious from the point of view of the power supply company since the 
capacity of their entire system must be designed on the basis of the current 
that flows through it 
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Mounting of the Lamps.—The lamps may be hung in any 
position desired, and may be purchased either with or without 
their auxiliaries. The units are usually provided with hangers 
for supporting from a rigid conduit and this hanger is usually 
supplied with a splice box as shown in fig. 15. 

Reflectors are designed to provide for either direct, semi-
indirect or indirect illumination. A typical two-lamp unit fully 
assembled is shown in fig. 16. Lamp holders are wired to auxili-
aries according to manufacturers, instructions. Either thermal 
or magnetic type starting switches may be used, although the 
previously discussed glow switch, operating on the bi-metallic 
thermostatic principle, if used, will greatly simplify wiring and 
also facilitate switch trouble location. 
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CHAPTER 30 

Electro-magnetic Induction 
The tendency of electric currents to flow in a conductor 

when it is moved in a magnetic field so as to "cut" lines of 
magnetic force is known as electro-magnetic induction. 

Faraday discovered that if he took a wire, joined its ends and 
moved it in front of a magneto, a current would be induced in 

the wire. The current is called 
a • the induced current and that ; • 

t 
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part of the wire moved in the 
magnetic field, the inductor. 

All dynamos of whatever 
from, are based upon this dis-
covery made by Faraday in 1831, 
which in rule form is as follows: 

Rule 25. — FARADAY'S DIS-
COVERY—Electric currents are gen-
erated in conductors by moving them 
in a magnetic field, so as to cut 
magnetic lines of force. 

PM. 7,518.—Faraday's discovery: If a loop of wire be connected to a galvanometer and 
a section of the wire AB, be moved through a magnetic field as shown, the galvanometer 
will be deflected indicating that an electrice current is generated when a conductor is moved 
in a magnetic field so as to cut lines of force. A thorough understanding of the term cut 
lines of force is highly important. 

NOTE.—Michael Faraday, born 1791, died 1867. He was an English scientist, famous 
for his discoveries in chemistry, electricity and magnetism. He first produced the rotation 
of the magnetic needle around the electric current (1821) based upon Oersteds discovery of 
electro-magnetism in 1820; he discovered electro-magnetic induction (1831), a principle upon 
which is founded the development of dynamo machinery; specific inductive capacity. ( 1838): 
magnetic polarization of light (1845); diamagnetism ( 1846). He was a brilliant experimenter, 
and contributed greatly to the knowledge upon which is based present day practice of elec-
tricity. 
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It is very important to understand the meaning of the term 
"cut lines of force": 

A conductor, forming part of an electric circuit, cuts lines of 
force when it moves across a magnetic field in such manner as to 

alter the number of magnetic lines of force which are embraced by 
the circuit; the term is fully illustrated in the accompanying 
figures. 

The proper name for a "conductor" which moves across a magnetic 
field is an inductor. 

Pic. 7,519.—Electromagnetic induction I: In ordez to :nduce a current by electromag-
netic induction, an inductor must be so moved through a magnetic field that the number of 
lines of force passing through it (that is, embraced) are altered. If a coil be given a simple 
motion cf translation in a uniform magnetic field as indicated in the figure, no current will 
be induced because the number of lines of force passing through it are not changed, that is. 
during the movement as many lines are lost as are gained. 

Laws of Electro-Magnetic Induction.—The principles of 
electro-magnetic induction are set forth in the following laws: 

Rule 26.—FARADAY'S DISCOVERY—To induce a current in a 
circuit, there must be a relative motion between the circuit and a magnetic 
field, of such a kind as to alter the number of magnetic lines embraced in 
the circuit. 

Rule 27.—The voltage induced in a circuit is proportional to the rate of 
increase or decrease in the number of magnetic lines embraced by the circuit. 

Rule 28.—When a straight wire cuts 100,000,000 lines of force at right 
angks per second, an electric pressure of one volt is induced. 
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Rule 29.—By joining in series a number of inductors or coils intniim 
in a magnetic field, the electric pressure in the separate parts are a 
together. 
Example.— If a coil of wire of 50 turns cut 100,000 lines in Vios of 

a second, what will be the induced voltage? 

The number of lines cut per second per turn of the coil is 

100,000 X 100 = 10,000,000 

/C  
rec. 7.520 --Electromagnetic induction 2: If a coil be given a motion of rotation from 
any etivnuc'telcitiriinittshoewcnodDlbaencaeussoe •eileatnuit.pbaer oe, iihnronucgfhfoarcuentifoofjinrgniahrouetgiieilsd;ittecurrent 
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PIG. 7,521.—Electrornagrartle induction 2* If a coil be given a simple motion of transla-
tion in a non-uniform or variable magnetic field, a current will be induced in the coil, whether 
the motion be from the dense to the less dense region of the field or the reverse, because thee 
numb,' of lines of force passing through the ie altered. 
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The total number of lines cut by the coil of 50 turns is 
10,000,000 X 50 -= 500,000,000 

which will induce a pressure of 
500,000,000 ÷ 10 = 5 volts 

Rule 30.—A decrease in the number of magnetic lines which pass through 
a circuit induces a current around the circuit in the positive direction. 
The term positive direction is understood to be the direction along 

which a free N pole would tend to move. 
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PIGS. 7,522 and 7,523.—Fleming's rule sor direction of induced current. Extend the thumb, 
fore finger and middle finger of the right hand so that each will be at right angles to the other two. 
Place the hand in such position that the thumb will point in the direction in which the conductor 
moves, the fore finger in the direction of the lines of force (N to S), then will the middle finger 
point in the direction in which the induced current flows. This is a very useful rule and the 
author recommends that it be thoroughly understood. 

FIG. 7,524.—The palm rule for direction of induced cur 
rent: If the palm of the right hand be held against the 
direction of the lines of force, the thumb in the direction 0, 
the motion, then he fingers will point in the direction of the 
induced current. 
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Rule 31.—An increase in the number of magnetic lines which pass through 
a circuit induces a current in the negative direction around the circuit. 

Rule 32.—The approach and recession of a conductor from a magnet 
pole will yield currents alternating in direction. 

Since the strength of the field depends on the proximity to the pole, 
the approach and recession of a conductor involve an increase and decrease 
in the rate of cutting of magnetic lines, hence a reversal of current. 

RIG. 7,525.—Experiment I illustrating Lenz's law. If a copper ring be held in front of an ordi-
nary electro-magnet, and the current circulating thrcugh the coil of the magnet be in such 
a direction as to magnetize the core as indicated by the letters S,N, then as the current 
increases in the coil more and more of the lines of force proceeding from N, pass through 
the ring 00, trom left to right. While the field is thus increasing current will be induced 
in the copper ring in the direction indicated by the arrows, such currents tending to set up 
a field that would pass through the ring from right to left, and would therefore retard tbs. 
growth of the field due to the electro-magnet M. 
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PIG. 7.526.—A rule for direction of induced current which, in some cases, is more conveniently 
applied than Fleming's rule: Hold the thumb, f9 e finger and remaining fingers of the right 
hand at right angles to each other; place the hand in such position that the forefinger points in 
the direction of motion of the conductor, the three fingers in the direction of the lines of forte, thee 
will the thumb point in the direction of the induced current. 
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Rule 33.—The more rapid the motion, the higher will be the induced map 
netic force. 

Rule 34.—LENZ LAW—The direction of the induced current is always 
such that its magnetic field opposes the motion which produces it. 

Hence, because of this opposition, power must be expended to operate 
a dynamo. 

Self-Induction.—This term signifies the property of an elec 

fric current by virtue of which it tends to resist any change of value 

COI L 

MOTION OF MAGNET 

CALVANOM ETER 

PIG. 7,527.—Experiment illustrating Lentz law. In order to produce the induced current 
energy must be expended in bringing the marmet to the coil and in taking it away. This is 
just what happens in oroducing an electric current with a dynamo—it takes power to drive 
the machine. 

Self-induction is sometimes spoken of as electromagnetic inertia. 
and is analogous to the mechanical inertia of matter. 

Ques.—Why do sparks sometimes appear at the brushes of a dynamo? 

Ans.— Because of self-induction when the brushes are not properly 
adjusted. 

Mutual Induction.—This is a particular case of electro-
magnetic induction in which the magnetic field producing an 

electric pressure in a circuit is due to the current in a neighbor-
ing circuit. 
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CHAPTER 31 

Dynamos 
A dynamo, or so-called "generator" converts mechanical 

energy into electrical energy by means of electromagnetic induc-

tion.* 

:s2014. 

TTC5551 CIRCUIT 

Fie. 7,528.—Simple elementary alternator. Its parts area single conducting loop. A,B,C,D. 
placed between the poles of a permanent magnet, and having its ends connected with a 
ring F, and shaft G, upon which bear brishes M and S, connected with the external cir-
cuit. When the loop is rotated clockwise the induced current will flow in the direction 
indicated by the arrows during the first half of the revolution. 

OT —The author objects to the term "generator" because the machine does not gene-
rate electricity but simply pumps it from a low to a high wessure. similar to the operation of a 
pump in pumping water. Here a dynamo is an electric pump. 
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The three essential parts of a dynamo are: the field magnets which pro-
vide the magnetic field; 2, the armature, containing the conducting loops 
(winding) which are arranged to rotate in the field and which cut the 
magnetic lines of force, and 3, the commutator, which takes off the current 
gen.-rated in the armature, converting it from alternating current to direct 
current. 

Operation.—The current generated by a loop rotating in a 
magnetic field is alternating; that is, it flows in one direction 

A 

N- mutt 

G 

8 \. X 

S-rolt 

_.....COITERNAI. CIRCUIT 

ietz. 7.529.—Simple elementary alternator, showing reversal of current when the loop has made 
one half revolution from the position of fig. 7,528. It should be noted that AB, for instance, 
which has been moving downward during the first half of the revolution (fig. 2.828), move» 
upward during the second half (fig. 7,529); hence, the current during the latter interval flow, 
in the opposite direction. 

doing one-half revolution, and in the other doing the second half. 
Hence, to understand how a dynamo works, first consider the 
elementary alternator in figs. 7,528 and 7,529, which delivers 
alternating current as shown in figs. 7.530 to 7,535. 
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Pics. 6,830 to 
7,535.—Tht sine 
curve, with view 
of armature for 
sach 90° of the 
revolution, show-
ing progressively 
the application of 
the sine curve to 
t h e alternating 
current cycle. 

oar Or 15 

PIGS. 7.536 to 7,541.—Commutation of the current. These figures show how a dr.iamo transforms alternating into the so called 
direct current. During the first half of the revolution the current flows in the direction A B, out through segment P, of the com-
mutator and brush M, returning through brush S and segment G, figs. 7,536 and 7,537. At the beginning uf the second half of the 
revolution, fig. 7,538, the current in the armature reverses and flows around the loop in the direction B A. At this instant the 
brushes M and S, pass the gaps between the commutator segments, thus reversing ...outset with the segments. sud causing the 
current in the external circuit to remain in the same direction. 
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Now once a dynamo must deliver direct current, a commutator or device 
for converting alternating to direct current is necessary. This device 
consists of a series of copper bars or segments arranged side by side and 
insulated from each other. The way it works is shown in figs. 7,536 to 7,541. 

Field Magnets.—The object of the field magnets is to produce 
an intense magnetic field within which the armature revolves. 

Fias. 7,542 to 7,544.--
Various field magnets; 
fig. 7.542, salient pole, 
bipolar field magnet 
with single coil wound 
around the yoke; Fig. 
7.543, salient pole, 
bipolar field magnet 
with two coils wound 
around the cores. 1, 
fig. 7,544, consequent 
pole, bipolar field 
magnet with two coils 
on the cores. This is 
known as the " Man-
chester" type in which 
the cores are connect-
ed at the ends by two 
yokes—so namedfrom 
its original place of 
manufacture at Man-
chester, England. 
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For this,permanent magnets are used in magnetos and electro-magneto 
in dynamos. 
A field magnet consists of: 1, yoke; 2, cores; 3, pole pieces; 4 coils. Va-

rious types of field magnets are shown in figs. 7,542 to 7,544. One method 
of securing the coils in position is shown in fig. 7,568. 

The materials generally used for magnets are wrought iron for the cores, 
copper for the winding, and cast iron for the yokes. 

The pole faces are made larger than the coils in order to reduce the reluc-
tance of the "air gap" or space between the pole face and armature. The 
projecting sides of the pole face are called horns. Machines are said to be 

Pics. 7,545 to 7,547.—Various seotions of cast iron yoke. in form, these yokes may be either 
circular or segmental. 

WA•10Wed"..Y.I.1.1.1.0% 

tJ 

Pm. 7,548 to 7,5-0.—Various sections of cast steel yoke. The ribs shown in figs. 7,548 sae 
7.549 are provided to secure stiffness. 

•Ça. 7,551 to 7,553.—Some methods of attaching detachabie cores. The core seat is n.achined 
Mio receive the core, it being necessary to secure good contact in order to avoid a large increase 
in the reluctance of the magnetic circuit. 
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bi-polar when they have two 
poles, and multi-polar, when 
there are more than two poles. 

Eddy Currents; Lam. 

mated Fields.—The field 

magnet cores and pole 

pieces, as well as the ar-

mature of a dynamo are 

specially subject to eddy 

currents. 

Eddy currents are in-

duced electric currents oc-

curring when a solid me-

tallic mass is rotated in a 

magnetic field. 

These currents consume 

a large amount of energy 

and often occasion harmful 

rise in temperature. This 

loss may be almost entirely 

avoided by laminating the 

pole piece, or both pole 

piece and core. 

A laminated pole is one built 
up of layers of iron sheet, 
stamped from sheet metal and 
insulated. 

In best construction these 
laminated pole pieces are cast 
welded into the frame or yoke 
to reduce the reluctance of the 
magnetic circuit. 
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The Magnetizing Coils. The object of these is to provide 
the number of ampere turns of excitation required to produce the 
required magnetic flux through the armature. 

The coils may be spool or former wound. The spools upon which toils are 
wound are usually insulated with several layers of paper preparations. 

Where pole pieces are simply extensions of the cores without enlargement, 
the coils can be slipped over the ends, but some kind of clamping device is 
necessary to hold them in place. 

PIGS. 7,560.—Fort Wayne laminated pole piece before being cast welded into frame. In con-
struction, the above core and pole piece is made up of sheets of annealed steel of two dif-
ferent widths assembled together to form proper size and shape. The minute spacing 
between these laminations and the slight oxidation on each surface is sufficient to reduce 
considerably the eddy currents. By cast welding the pole piece into the frame, a low reluc-
tance is secured. 

Pics. 7,561.—Method of winding magnet spool so that the two ends of the coil will come to 
the outside. 

PIGS. 7,562 to 7,565.—Core and edge strip winding for shunt field coils of large multipolat 
dynamo. S, copper strip; C, core. The winding consists of a copper strap S, carefully 
insulated and placed edgewise on the core C, in a single layer of winding. With thii as. 
rangement, the space occupied by insulation is reduced to a minimum. 
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Coils are generally united in series so that the same magnetizing current 
may flow through all of them. The coils should be so connected that they 
produce alternate north and south poles. 

Heating.—Dissipation of the heat generated in the magnetiz-
ing coils takes place in three ways: by induction, radiation, and 

connection. In large multipolar machines the metal in the 

*At* 
Oreikreje 

FIGS. 7,566 and 7,567.—Square and hexagonal order of "bedding." The terra bedding is an 
expression used to indicate the relation between the cross sectional area of the winding when 
wound square, as in fig. 7,566, and when wound in some other way, as in fig. 7,567. In the 
square order of bedding, the degree of bedding equals zero. 

FIG. 7,568.—Method of securing coils in position when the pole pieces are simply extensione 
of the core without enlargement. 

7,569.—Fort Wayne compound wound rectan,gular ventilated spool field coil. 

pole cores and frames are more efficient in carrying off heat than 
the external surface of the coil. 

Ventilation.—Sometimes provision is made for ventilation 
of the field magnet coils ae shown in fig. 7,569. 
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The Armature.—This, by definition, is a collection of induc-
tors (erroneously called conductors) mounted on a shaft and 
arranged to rotate in a magnetic field with provision for collecting 
the currents induced in the inductors. 

The inductors consist of coils of insulated wire. 

There are three kinds of arma-
ture: 1, ring; 2, drum, and 3, 
disc. Of these, the drum armature 
is the prevailing type; it requires 
less wire and magnetizing current 
for a given output because the 

PIG. 7,570.—Ring armature of fctir 
pole dynamo showing winding 
connections and direction of the 
induced currents. 

tem. 7,571.—Elementary four con drum armature showing winding, connections and current 
conditions. Starting from the part a, and following the winding around without reference at 
first to the commutator, it will be found that the rectangular turns of the wire form a closed 
circuit, and are electrically in series with one another in the order of the numbers marked on 
them. With respect to the connections to the four segments tv,x,s, of the commutator 
it will be found that at two of these x and y, the pressures in the windings are both directed 
from, or both directed toward the junction with the connecting wire. At the other two 
segments, s and is, one pressure is toward the junction and the other directed from it. If, 
therefore, the brushes be placed on x and y they will supply current to an external oircuit, 
s and tv, for the moment iiemg the segments. 

inductors of a ring armature which lie on the inner side of the iron ring, 
being screened from practically all th t lines of force, do not produce any 
current. 
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In the drum armature only the 
end connectors are inactive. 
The inductors of disc armatures 

• • move in a plane, perpendicular to the 
direction of the lines of force, about 
an axis parallel to them. They were 
introduced in an effort to avoid the 
losses due to eddy currents and 

",;« hysteresis present in the other types 
of armature, but because of difficulty 
in making them durable their inherent 
advantages failed to justify the exiP-

6' tence of the type. 
7,572.—Skeleton view of wooden armature core showing in position the first coil of the 

winding in,' iented m t'e table below. 

7,573.—Partiz.1 sketch of a four pole machine laid on its side. If the observer imagine 
himself placed at the center, and the panorama of the four poles to be then laid out fiats 
the developed view thus obtained would appear as in fig. 7,574. 

7,574.—Developed view of the four pole field shown in perspective in fig. 7,573. 

WINDING TABLE 
-irimmg- AI e, g 

-e.m.....«- g 3 8 c 

4fflizizzoom- c 5 10 D 
-*we D 7 i 2. E 

=:=2E- E 9 2. F 
ifflualfflicsi H 4-A 

Firs. 7,576 and 7,576.—Wooden armature core and winding table for praceee in armatue• 
winding. By using strings of different coiors to represent the various coils, the path of each 
coil is easily traced when the winding is completed. 



7,577.—Developed view of a typical lap winding. From the figure it is seen that at the back of the armature each inductor 
is united to one five places further on, that is, 1 to 6, 3 to 8, etc., and at the front end of the winding, after having made one 
"element," as for example d-7-12-e, then forms a second element e.9-141 which "laps" over the first, and so on all around 
until the winding returns on itself. 

FIG. 7,578.—Developed view of a typical wave winding. This winding, instead of lapping back toward the commutator segment 
from whence it came, as in lap winding, turns the other way. For instance cl-7-12 does not return directly to e, but goes 
on to i, whence another element i-17 -4- e continues in a sort of zigzag wove. 
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Lap winding 
A — 1 — 6 — B 
B — 3 — 8 — C 
C — 5 — 10 — D 
D — 7 — 2 — E 
E — 9 4 — F 

Wave winding 
A — 1 — 4 — C 
B-3— 6—D 
C — 5 — 8 — E 
D — 7-10-- A 
E — 9 — 2 — B 

7,579.—Skeleton view of wooden armature core showing in position tie first two cofis ct 
the winding indicated in the above table for lap winding. 

Pic. 7 580.—View of completed winding as indicated in the table above. Thus the path of the 
first coil, according to the table is A-1-6--B which means that the coil begins at segment A, 
of the commutator, rises to slot 1, and proceeds through the slot to the back of the drum; 
thence across the back to slot 6, through the slot and ending at segment B. The other 
coils are wound in similar order as indicated in the table. 

no. 7,581.—Developed view of the winding shown above in perspective in fig. 7,580. 
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rm. 7,582.—Disc armature of Niaud. 
et. It is equivalent to a ring 
armature, having the coils turned 
through an angle of 90° so that all 
the coils lie in a plane perpendicular 
to the axis of rotation. 

around the circumference. 
Multiplex windings reduce the 
tendency to sparking because 
of the division of the current and 
also because adjacent commut-
ator bars belong to different 
windings. 
Windings are said to be right or 

kfl handed according as they 
progress clockwise or counter 
clockwise, as in figs. 7,590 and 
7,591. 
FIG. 7,583.—Five coil wave winding for a four pole machine. In this winding only two bream 

are used, there being only two paths trough the armature. 

Of course in larger machines many 
more inductors are used than in the 
tables here given. The back pitch is the 
number of spaces or teeth between the 
two inductors of a ' coil; front pitch 
means commutator pitch. Single 
winding consisting of one set of coils is 
called simplex as distinguished from 
a multiplex winding which consists of 
two nr more independent sets of coils. 
h stead of independent commutators 

for the several windings, they are 
combined into one having two 
or more sets of segments interplaced 

3 

4 

P 7.584.—Develoned view of the five coil wave winding shown in fig. 7,583. 
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UNSATISFACTORY PITCH 

CHORD WINDING 

SIEMENS' WINDING 

7,588.—Distinction between Siemens winding and chord winding. in cases where 
the front and back pitches are so taken that the average pitch differs considerably from the 
value obtained by dividing the number of inductors by the number of poles, the arrangement 
is called a chord winding. In this method each coil is laid on the drum so as to cover an 
arc of the armature surf ace nearly equal to the angular pitch of the poles; it is sometimes called 
short pitch winding. 

••••• 

7,537.—End view of drum arma-
ture of a multipolar machine showing 
one con in position to illustrate the 
angular pitch or spread of drum coils. 

7,586.—Lap winding for bipolar machine, with uneven number of con; in this case the rear 
connectors may be made directly across a diameter as shown. 
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18 2 

10 

7 
Pics. 7,583 and 7,589.—Progressive and retrocreasire wave windings. If the front and back 

pitches of a wave winding be such that in tracing the course of the winding through as many 
coils as there are pairs of poles, a segment is reached in advance of the one from which the start 
was made, the winding is said to be progressive, as in fig. 7,588. If the pitches be such that 
tracing the winding through as many coils as there are pairs of poles, the first segment of the 
commutator is not encounee‘d or passed over, the winding is said lo be retrogressive, as is 
fig. 7,589. 

tos.7.390 and 7,91.—Right and left hand windings. These consist respectively of turns which 
pass around the core in a right or left handed fashion. Thus in fig. 7,593 in passing around 
the circle clockwise from a, to b, the path of the winding is a right handed spiral. In fig 
7,591, which shows one coil of a drum armature, if a. be taken as the starting point, in going 
to b, a, must be connected by a spiral connector across the front end of the drum to one 
of the descending inductors such as M, from which at the back end another connector must 
join it to one of the ascending inductors, such as S where it is led to b thus making one 
-ight handed turn 
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Number of Brushes Required.—For lap winding, there 
will be as many brushes as there are poles, situated in regular 
order around the commutator and at angular distances apart 
equal to the pole pitch. For wave winding, only two brushes are 
required for any number of poles, the angle between the two brushes 
being the same as the angle between any N and S pole. 

Number of Armature Circuits.—For a simplex spirally 
wound ring, the number of paths in parallel is equal to the number 

" 11' 

'"g•- 120 AMP 

FIG. 7.592.—Distribution of armature currents in a four pole lap wound dynamo having four 
brushes and generating 120 amperes. 

FIG. 7,593.—Showing effect of removing two of the brushes in fig. 7.592. If no spark difficulties 
occur in collecting the current with only two brushes, the arrangement will work satis-
factorily, but the heat losses will be greater than with four brushes. 

of poles, and for a simplex series wound ring, there will be two 
paths. In the case of multiplex windings the number of paths 
is equal to that of the simple' e winding multiplied by the number of 
independent windings. 

In large multipolar dynamos it is, as a rule, inadvisable to have more 
than 100 or 150 amperes in any one circuit, except in the case of special 
machines for electro-chemical work. 

Equalizing Rings.—There are sometimes provided on 
parallel wound armatures to counteract the effect of unbalancing 



PIG. 7.594.—Diagrarn showing current distribution through armature of a four pole machine with like brushes connected. There 
are four paths in parallel, hence the induced voltage will equal that of one set of coils, and the current will be four times that 
flowing in one set of coils. 

7.595.—Brush connections for four pole dynamo. Ina four pole machine, two separate currents can be obtained by omitting 
the parallel brush connections. 

by which the current divides unequally among the several paths through the 
armature. 

On multipolar machines any two or more points may be connected by equalizer rings that during 
the rotation are at nearly equal voltage. 

Drum Winding Requirements.— The following points on drum winding are 
important 

1. There cannot be an odd number of inductors. 

2. Both the front and back pitches must be odd in simplex windings. 

3. The average pitch should approximately be equal to the number of inductors divided by the num-
ber of Poke-
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Field Distortion.----In the operation of a dynamo with load, 
the induced current flowing in the armature winding, converts 
the armature into an electro-magnet setting up a field across or 
at right angles to the field of the machine. This cross magnetiza-
tion of the armature tends to distort the field produced by the 

N 

PIGS. 7,596 and 7,527.— Croas magnetization. If the armature be at rest and a current be 
passed through it as indicated to represent the induced current, a north pole will be formed 
at the top and a south pole at the bottom of the armature as shown. Now in operation, 
the effect of this armature magnetization is to distort the field of the magnets giving a rssultant 
or distorted field as in fig. 7,597. A drag or resistance to the rotation of the armature is 
caused by the attraction of the north and south poles on the armature and pole pieces respect-
ively. Field distortion causes unsatisfactory operating and numerous attempts have been 
made to overcome this, as by: 1, various forms of pole piece; 2, lengthening the air gap/ 
II, slotting the pole pieces, and 4, using auxiliary poles. 

PIG. 7,598.—Actual distortion of field resulting from cross magnetization as shown by 
iron filings. 
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T 
Pic. 7,599 .—Magnetic hysteresis in armature core. Unlike poles are induced in the core opposite 

the poles of the field magnet. Since on account of the rotation of the core the induced 
poles are reversed a thousand or more times a minute, considerable energy is required to 
change the positions of the molecules of the iron for each reversal, resulting in the generation 
of heat at the expense of a portion of the energy required to drive the armature. 

FIG. 7.600.—Effect of slotted armature. The teeth, as they sweep past the pole face, cause 
oscillations of the magnetic flux in the iron near the surface because the lines in the pole 
piece PP, tend to crowd toward the nearest teeth, and will be less dense opposite the slots. 
This fluctuation of the magnetic lines produces eddy currents in the pole faces unless lami-
nated. The armature inductors, being screened from the field, are relieved of the drag 
which is taken by the teeth. 

FIG. 7..601 .—Distribution of magnetic lines through a ring armature. Since the lines follow 
the metal of the ring instead of penetrating the interior, no electric pressure is induced 
in that portion of the winding lying on the interior surface of the ling. There is, therefore, 
a large amount of dead wire or wire that is ineffective in inducing electric pressure; this 
is the chief objection to the ring type of armature. 

PIG. 7 ,902.—Distribution of magnetic lines through solid drum armature of a four pole machine. 
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field magnets, the effect being known as armature reaction, as 
shown in figs. 7,597 and 7,598. 

Magnetic Hysteresis in Armature Cores.—When an 
Armature rotates in a magnetic field, the armature coil is 
subjected to opposite magnetic inductions which occur with great 
rapidity, resulting in the generation of heat at the expense of a 
portion of the energy required to drive the armature 

N 

ARUATURE 
CORE 

MAGNETIC 
UNES 

MOTION 

MAGNETIC 
LINES 

41°1'14 

PM. 7,603.—Foucault or "eddy" currents in solid armature core. Since the magnetic field it 
more dense at A, near the pole tip than at B, remote from the pole tip, the rate at which an 
element of the core in passing from A. to B cuts magnetic lines is altered, hence eddy currents 
are set up as shown. 'To break up the path of these eddy currents the core is laminated or 
built up of thin steel stampings as indicated at S, which interposes resistance between each 
stamping, thus opposing the formation of these currents. If the laminations were few and 
thick as at M, currents would be set pp in each lamination as indicated. In practice the thin 
metal discs at S, are usually about No. 18 gauge thick. 

This loss of energy is due to the work required to change the position of. 
the molecules of the iron, and takes place both in the process of magnetizing 
and demagnetizing; the magnetism in each case lagging behind the force. 

Self-Induction in the Coils.—In an armature coil the 
adjacent turns act inductively upon each other upon the principlo 
of the mutual induction arising between two separate adjacent 
circuits 
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This self-induction opposes a rapid rise or fail of the induced current, the 
effect being similar to the inertia of matter which prevents any instantane-
ous change in its motion. The self-induction Is one of the factors which 
enters into brush adjustment requring additional lead to prevent sparking. 

Eddy Currents in Armature Core. —Armature cores as 
well as field cores, are subject to eddy currents which consume 
considerable energy and often cause harmful rise of temperature. 
To reduce eddy currents to a minimum, armature cores are 

laminated. 

FIG. 7,804.—Eddy currents induced in a solid armature core. Eddy currents always occur 
when a solid metallic mass is rotated in a magnetic field, because the outer portion of the 
metal cuts more lines of force than the inner portion, hence the induced electric pressure 
not being uniform, tends to set up currents between the points of greatest and least pres-
sure. Eddy currents consume a considerable amount of energy and often occasion harmful 
aise in temperature. 

7,008.—Armature core with a few laminations showing effect on eddy currents. In prac-
tice the cote is made up of a great number of thin sheet metal discs, about No. 18 gauge, 
and introduces so much resistance between the discs that the formation of eddy currents 
risa1mciet entirely prevented. 

NOTE.—Festeault or "eddy" currents in armature core. When the construction of 
'the armature core and inductors does not fulfil the necessary conditions required for the pre-
vention of eddy currents, such as the laminations not being sufficiently insulated or numerous 
-enough, a great heating of the whole of the armature results, which rnay even extend to the 
bearings. There is no remedy for this defect other than the purchase of a new armature, or 
•the entire reconstruction of the old. The fault may be detected by exciting the field magnets 
•and running the machine on open circuit, with the brushes raised off the commutator for some 
•time, when the armature will be found to be excessively heated. 

NOTE.—Jean Barnard Leon Foucault, born 1819, died 1888, was a French scientist 
iind inventor, noted for his optical researches and his investigations in connection with eddy 
,itorrents,:xliese.beiait called Foucault currents after him. 
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FIG. 7,606.—Normal neutral plane. This is a reference plane from which the lead is measured. 
As shown, the normal neutral plane lies at right angles to the lines of force of an undistorted 
field. 

7,607.—The proper position of the brushes, if there were no field distortion, self-
induction in the armature coils would be in the normal neutral plane. In the actual 
dynamo these two disturbing effects are present which makes it necessary to advance the 
brushes as shown in figs. 7,608 and 7,609 to secure sparkless commutation. 

PIG. 7,608.—Brush adjustment for field distortion. The effect of the latter is to twist the 
lines of force around in the direction of rotation, thus maximum induction takes place in an 
inclined plane. The brushes then must be advanced to the neutral Plane which is at right 
angles to the plane of maximum induction. Tha gives the proper position of the brushes 
neglecting self-induction. 

71o. 7,609.—Brush adjustment for self-induction. By advancing the brushes beyond the 
neutral plane as shown, commutation takes place with the short circuited coil cutting the 
lines of force so as to induce a current in the opposite direction which opposes the continuance 
of current in the short circuited coil due to self-induction, brings it to rest and starts it in. 
the opposite direction thus preventing sparking. 
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Pm. 7,610.—Armature with one brush in position to illustrate the period of commutation and 
commutating plane. The latter is called "commutating line" by some writers. The period of 
commutation depends on the thickness of the brush end in contact with the commutator. 
Careful distinction should he made between commutating plane, neutral plane, and normal 
neutral plane as defined elsewhere. 

FIG. 7,611.—Commutation. Here the coils A.B,C,D,E, are connected to commutator 
segments 1.2,3,4, and the positive brush is shown in contact with two segments 2 and 3, the 

brush being in the neutral position. Currents in the coils on each side of the neutral fine flow to the brush through segments 
2 and 3; the brush then is positive. Now, as the armature turns, the commutator segments come successively into contact 
with the brush. In the figure, segment 3, is just leaving the brush and 2, is beginning to pass under it, hence, for an instant 
the coil C, is short circu;ted. Previous to contact with sement 2, current flowed in coil C, in the same direction as in coil B. 
While the brush is in contact with segments 2 and 3, the current in C, is stopped and started again in the opposite direction. 

known as commutation. Similarly each coil of the armature as it paces the brush will be short circuited and have its current reversed. This is 

Commutation.—This takes ptace durm« the brief interval in which any two segments 
of the commutatnr are bridged by the brusi 
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FIGS. 7612 to 7,615.—Improper brush adjustment resulting in excessive sparking. When the brushes are not advanced far enough, 
commutation takes place before the short circuited coil reaches the neutral plane, hence, its motion is not changed with re3per.t 
to the magnetic field so as to induce a reverse current till after commutation. There is then no opposing force, during com-
mutation, to stop and reverse the current in the short circuited coil, and when the brush breaks contact with segment 1, as in 
fig. 7,615, the "momentum" of the current in coil F. causes it to jump the air gap from segment 1 to segment 2 and the brush, 
against the enormous resistance of the air, thus producing a spark whose intensity depends on the momentum of the current in 
coil F. Sparking, if allowed to continue, will injure the brushes and commutator segments. 

Pius. 7,616 to 7,720.—How sparkless commutation is obtained by advancing the brushes beyond the neutral plane; commutation 

progressively s.,,own. 
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SECTION ON LINE MS 

RIBEft CONNECTION 

SECTION ON LINE M'e 

nos. 7,621 and 7,622.—Side and end sectional views of commutator showing construction. 
The parts are: C, segments; D +ubular iron hub; E, end nuts; F, clamps; G. insulation•L. 
riser connection. 

Fin. 7,616 to 7,620—Text. 
Fm. 7,616.—Commutation begins; current flows up both sides of the armature, uniting at S 
and flowing to the brush through commutator segment 1 as indicated by the arrow. 

PIG. 7,617.—Segment 2 has come into contact with the brush and coil F, in which commutation 
is taking place, is now short circuited. The current now divides at M, part passing to the 
brush through segment 2, and part through coil F, and segment 1. Although coil F, is short 
circuited and having passed the neutral plane, is cutting the lines of force so as to induce a 
current in the opposite direction, it still continues to flow with unchanged direction against 
these opposing conditions. This is due to self-induction in the coil which resists any change 
just as the momentum of a heavy moving body, such as a train of cars, offers resistance to 
the action of the brakes in retarding and stopping its motion. 

Pm. 7,618.—Segment 2 has moved further under the brush, and the opposition offered to the 
forward flow of the current in the short circuited coil F. by the reverse induction in the 
magnetic field to the right of the neutral plane has finally brought the current in F, to rest. 
The currents from each side of the armature now flow direct to the brush through their 
respective end segments 1 and 2. 

7,619.—Segment 1 is now almost out of contact with the brush. A current has now been 
started in the coil F. in the reverse direction due to induction in the magnetic field to the 
right of the neutral plane; it flows to the brush through segment 2. The current has not yet 
reached ts full strength in F. accordingly part of the current coming up from the right 
divides at S, and flows to the brush through segment 1. 

Fm. 7,620.—Completion of commutation in segments 1 and 2; the brush is now in full contact 
with segment 2, the current in coil F. has now reached its full value, hence the current flowing 
up from the right no longer divides at S, but flows through F, and segment 2 to the brush. 
lf the current in F, had not reached its full value, at the instant segment 1 left contact with 
the brush, it could not immediately be made to flow at full speed any more than could a 
locomotive have its speed instantly changed. This, as previously explained, is due to self-
induction in the coil or the so-called "inertia" of the current which opposes any sudden change 
in its rate of flow or direction. Accordingly that portion of the current which was flowing up 
from the right and passing off at S, to the brush through segment 1 as in fig. 7,619, would, 
when this path is suddenly cut off as in fig. 7,620, encounter enormous opposition in coil F. 
Hence, it would momentarily continue to flow through segment 1 and jump the air gap 
between this segment and the brush, resulting in a more or less intense spark depending 
on the current conditions in coil F. 
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The coil connecting with the two segments under the brush is thus short 
circuited. During commutation the current in the short circuited coil is 
brought to rest and started again in the reverse direction against the oppo-
sition offered by its so-called inertia, or effect produced by sell-induction. 

Pies. 7,623 to 7,626.—Various types of brush holder. Fig. 7,623, arm or lever type; fig. 7,624. 
spring arm type; fig. 7,625, box type; fig. 7.626. reaction type. 
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PIGS. 7,627 to 7,630.—Various forms of brush. Fig. 7,627. gauze brush; fig. 7,628, lamin-
ated or strip brush; fig. 7,629, strip and wire brush as used on the early Edison machines; 
fig. 7.630, carbon brush. Carbon is preferred to copper for brushes on account of the re-
duction of sparking secured by its use. 

7,631.—Contact angle for the different types of brush. At A. is shown a brush with tan-
gential contact, and at B. a so-called tangent brush; the latter is properly called an inclined 
brush. Sheet copper brushes are set tangentially as at A. and gauze brushes inclined as at B. 
Carbon brushes are placed radially as at C, when mounted in box holders, and inclined 
opposite to the direction of rotation when used with reaction holders. 
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different materials, such as copper or brass gauze, bundles of 
wire, carbon blocks, etc. 

Copper brushes tend to tear 

and roughen the surface of the 
commutator while carbon 
brushes tend to keep the sur-

face smooth. Copper brushes 
will carry from 150 to 200 

amperes per sq. in. of contact 

surface; carbon brushes, from 
40 to 70. Usual contact press-

ure 1U to 1M lbs. per sq. in. 
Commutator rim velocities 
vary from about 1,500 to 

Pic.7,632.—Serles dynamo, used for series lighting, and as a booster for increasing the 
pressure on a feeder carrying current furnished by some other dynamo. The coils of the field 
magnet are in series with those of the armature and external circuit, and consists of a few 
turns of heavy wire. MM, field coils; BB, brushes; C. commutator; L, lamp. Character-
istics: It furnishes current with increasing voltage as the load increases. If overloaded, the 
voltage will drop. 

2,500 feet per minute. 
The voltage drops for car-

bon brushes is about .8 to 
1 volt at each contact. 

Classes of Dynamo.— 
With respect to the field 
winding, dynamos may be 

divided into three import-
ant types: 1, series; 2, 

shunt, and 3, compound. 

FIG. 7,6.33.—Shunt dynamo, used for parallel circuit incandescent lighting, and for mill and 
factory power. The coils of the field magnet form a shunt to the mein circuit; they consist 
of many turns of fine wire and consequently absorb only a small fraction of the current 
induced in the armature. MM, field coils; BB, brushes; C, commutator; L, lamp circuit; 
R, field rheostat. Characteristics: It gives practically constant voltage for all loads within 
its range. If overloaded the voltage will drop and the machine cease to generate current. 
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A series dynamo is one in which all the current produced flows through 
the field winding. 

In a shunt dynamo only a portion of the total current passes through 
the field magnet. 

A compound dynamo has a series winding around which the main 
current flows, and a shunt winding through which a fraction of the main 
current flows. These various windings are shown in the accompanying cuts. 

FIG. 7.634.—Compound dynahto. used when better automatic regulation of voltage on cou-
istant pressure circuits is desired than is possible with the shunt machine, as for incandescent 
lighting or long lines. The compound dynamo is a combination of the series and shunt types. 
that is, the field magnet is excited by both series md shunt windings. SS, series winding; 
FF, shunt winding; P. shunt rheostat; C, commutator; L, external circuit; D, series cutout 
switch which permits dynamo to run as a simple shunt machine. Characteristics: The 
series coils strengthen the field as the load rises, and by varying the number of series turns. 
different results may be obtained. If the series coils be of many turns, the field magnets 
will be so strengthened as to cause the voltage to rise with increase of load. This is called 
over compounding, 

OPERATION 
Starting Dynamo.—The different types of dynamos will 

require different treatment in starting, as follows: 

Series Dynamo.—The extended circuit should be closed, otherwise a 
closed circuit will not be formed through the field magnets and the machine 
will not "build up." The term build up means the gradual increase of 
voltage to maximum. 
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Shunt Dynamo.—All switches controlling the external circuits should 
be opened, as the machine excites best when this is the case. If the machine 
be provided with a rheostat or hand regulator and resistance coils, these 
latter should all be cut out of circuit, or short circuited, until the machine 
excites, when they can be gradually cut in as the voltage rises. 

When the machine is giving the correct voltage, as indicated by the 
volt meter or pilot lamp, the machine may be switched into connection with 
the external or working circuits. 
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VARIABLE FIELD 
WINOINC 

MAI N CIRCUIT 

PIG. 7.635.—The two path method of regulatinga series dynamo. The shunt current is regulated 
by the rheostat. In this way the field strength is easily regulated by switch I.. 

7,636.—Regulation of series dynamo by variable field. A multi-point switch Lis provided 
with connections to the field winding at various sections, thus permitting more or less of the 
field winding to be cut out to regulate its strength. 

7,637.—Regulation of shunt dynamo by method of varying the field strength with 
rheostat switch L. 

If the machine be working on the same circuit with other machines, or 
with a storage battery, it is, of course, necessary to make the voltage of 
the machine equal to that on the line before connecting it in the circuit. 

If the machine work alone, the switch may be closed either before or 
after the voltage comes up. The load will be thrown on suddenly if the 
switch be closed after the machine has built up its voltage, thu,s causing a 
strain on the belt, and possibly drawing water over the engine cylind.er, 
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MAIN CIRCuIT 

SERIES SERIES 

MAIN CIRCUIT 
Firs. 7,638 and 7,639.—Short and long shunt types of compound wound dynamos. The dis-

tinction between the two is that the ends of the short shunt connect direct with the brush 
terrnii•els, while in the long shunt type, fig. 7,. 39, one end of the shunt connects with one 
brush nnninal and the other with the terminal connecting the series winding with the 
external circuit. R. is the shunt field rheostat for regulating the current through the thing. 

Rm. 7,640.—Separately excited-dynamo. This method of field excitation is seldom used except 
for alternators; it is, however, to be found occasionally in street railway power houses, the 
shunt fields of all the dynamos being separately excited by one dynamo. Characteristics: 
With the exception of armature reaction, the magnetism in its field and therefore the total 
voltage of the machine is independent of variations in the load. 

Ric. 7,641.—Dobrowolski three wire dynamo used for three wire system without balancer. 
The armature A • is tapped at two points, B and B', and connected to slip rings CC'. A com-
pensator or reactance coil D. between the two halves of which there ri minimum magnetic 
leakage, is connected to C and C', by brushes, and has its middle point tapped and connected 
to the neutral wire E. Characteristic: The machine is capable of feeding unbalanced loads 
without serious disturbance of the pressure on either side of the system. Evidently, from 
the symmetry of the arrangement, the center point of the coil must always be approximately 
midway in pressure between that of the brushes, and hence any unbalanced current will 
mturn into the armature, dividing equally between the two halves of the coil. 
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Again, if the switch be closed before the voltage of the machine has come 
up, the load is picked up gradually, but the machine may be slow or may 
even refuse to pick up at all. Failure to pick up may be due to: 1, too 
little external resistance; 2, improper brush adjustment; 3, loss of residual 
magnetism; 4, wrong field connections, etc. 
Compound Dynamo.—Cut in all field resistance and bring machine 

up to speed; cut out field resistance until voltage of dynamo equals or is a 
trifle above that of bus bar; throw on the load. 

Coupling of Dynamos.—For very large and variable loads 

two or more dyamos are used, the number coupled together at 

,842.—Diagram illuerating forces acting on a dynamo armature. In the figure the nor-
mal field magneto-motive force is in the direction of the line 1,2, produced by the field circuit 
G, if there were no current in the arr.. ature. But as soon as the armature current flows, 
it produces the opposing force 3 ,4, which must be comb;ned with 1,2 to give the resulting 
force to produce magnetism and hence voltage. The resultant 1,5, if 3.4 be large enough. 
does not differ much from the original force 1,2. Or, expressed in a more physical way. 
the brushes E y, rest on the commutator and all the turns embraced by twice the angle 
8,3. P. oppose the flow of flux through the armature core as well as all the turns embraced 
by twice the angle, 7 The remaining turns distort the flux. making the pole corners 
at A and B. denser, and at C and D. tarer. So that all the effect is to kill an increase of flux. 
or voltage. This cross magnetism tends also to decrea3e the flow of flux, for t:le extra ampere 
turns required to force the flux through the dense pole tips are greater than the decreased 
ampere turns relieved by the reduction of flux at the other pole tips k this follows, since iron 
as it increases in magnetic density requires ampere turns greater in proportion than the 
increase of flux. 

any time depending on the current demand; then the output of 
one can be added to that of another, so that the dynamos actually 
at work at any moment can be operated as nearly as possible at 

full load. 
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In coupling dynamos in series, the current capacity of the plant is kept 
at a constant value, while the output is increased in proportion to the 
pressures of the machines in circuit. 

7,643.—Series dynamos in series. The positive terminal of one dynamo is conneated to 
the negative terminal of the other, and the two outer terminals are connected directly tc 
the two main conductors or bus bars through the ammeter A, fuse F. and switch S. If it 
be desired to regulate the pressure and putput of the machines, variable resistances, or hand 
regulators R, Rl, may be arranged as shunts to the series coils as shown, so as to divert ii 
portion or the whole of the current therefrom. 

FIG. 7,644 .—Series dynamos in parallel. The ends of the series coils are connected where the, 
join on to the armature circuit by a third connection called the equaliser which prevents the 
tendency in series dynamos to reverse, that is, the fields in the dynamos being maintained 
constant or to vary equally, the tendency for the firemen of one dynamo to fall below that 
of the others is diminished. AA', ammeters; FF', fuses; SS' switches. Series dynamos are 
very seldom connected in parallel because of the difficulty of regulating the voltage. 
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When connected in parallel, the pressures of all the machines are kept 
at a constant value, while the output of the plant is increased in proportion 
to the current capacities of the machines in circuit. 

71n. 7,645.—Shunt dynamos In aeries. The positive terminal of one machine is joined to 
the negative of the other, and the two outer terminals connected through the ammeter A, 
fuses FF', and switch S, to the two main conductors or "omnibus bars." The ends of the 
shunt coils may be connected to the terminals of their respective machines, or they may be 
connected in series as shown. 

7,646.—Shunt dynamos In parallel. The terminals are connected in parallel to the bus 
bars through the double pole switches SS, and fuses F,F'. Ammeters AA', are inserted, and 
automatic cutouts AC, AC', are sometimes provided. Both the shunt coils are connected in 
series and a field rheostat R. provided. Sometimes the shunt coils are connected to the 
terminals of each machine with individual field rheostats but the former method is better 
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Uncoupling of Dynamos in Parallel.—The load of a com-
pound dynamo, as in the case of a shunt machine, is first reduced 
to a few amperes, either by easing down the engine, or by cutting 
resistance into the shunt circuit by means of the hand regulator, 
and then opening the switch. 
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FIG. 7.647.—Compound dynamos in eerie*. Short shunt connection. The dotted lines inr 
dicate the changes necessary for long shunt connection. 
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PIG. 7,648.— Compound dynamos in parallel. The equalizer for the series coils is necessars 
for satisfactory operation as in series dynamos. S,S', switches; F,F', fuses; A,A', 
ammeters; AC, AC', automatic cutouts; V. voltmeteg RR', shunt field rheostats. 
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Previous to this, however, it is advisable to increase the voltage at the 
bus bars to a slight extent, as while slowing down the engine the load upon 
the outgoing dynamo is transferred to the other dynamo armatures, and 
the current in their series coils not being increased in proportion, the voltage 
at the bus bars is consequently reduced somewhat. 

Attention While Running.—An important item is the 
adjustment of brushes, because if this be neglected, the machine 
may spark badly which will necessitate frequent refiling of the 
commutator and brushes to secure good contact. The best 
leacl for brushes can be found by rotating the rocker. 

• 

ALI 

A 

NO2DYNAMO 

SHUNT C011-S 

EQUALIZER 

t10.1 DYNAMO 

SHUNT COILS 

iwivvvvL  

SERIES 
COILS 

FIG. 7,649.—Diagram showing anotner and better method of coupling compound dynamos 
in parallel. With this arrangement the idle machines are completely disconnected from 
those at work. The same reference letters are common in both diagrams. S, S , are switches; 
F, F' fuses; A, A', ammeters, which indicate the total amount of current generated by each of the machines; AC, AC', automatic switches, arranged for automatically switching out 
a machine in the event of the pressure at its terminals being reduced through any cause; 
R,R', are hand regulators, inserted in the shunt circuits of each of the machines, by means 
of which the pressures of the individual machines may be varied and the load upon each 
adjusted. The pressure at the bus bars is given by the volt meter V. one terminal of which 
is connected to each of the bars; a seccrid volt meter may be used, to give the pressure of 
any individual machine, by connecting "volt meter keys" to the terminals of each of the 
machines, or a separate volt meter may be used for each individual machine. The only 
essentia ldifference between figs. 7,644 and 7,449 is, that in fig. 7,644 the equalizer is connected 
direct to the positive brushes of all the dynanus, while in fig. 7,449 the equalizer is brought 
up to the switch board and arranged between the two bus bars, a switch being fitted for 
disconnecting it from the circuit when the machine to which it is connected is not working. 
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Stopping a Dynamo.—First reduce load gradually by slowing 
down engine, and do not open main switch until machine is 
supplying little or no current. 

This reduces sparking at switch contact and prevents engine racing. 
When volt meter almost indicates zero raise brushes to prevent damage ii 
case engine makes a backward movement (especially a gas engine) before 
corning to rest. Caution, if brushes be raised while there is much voltage 
the insulation of machine may be damaged, and with large shunt machinera 
operator is liable to receive a severe shock. 

Fie. 7,650.—Method of overcoming insufficient residual magnetism. When connected as shown 
and circuit completed by switch S, the voltage of the battery will be added to any small 
voltage generated in the armature. When the machine is started, the combined voltages 
will probably be able to send sufficient current through the shunt to excite the machine. 
As the voltage rises and the strength of the current in the shunt windings increases, cut out 
battery by opening switch S. 

7,651.—Method of testing for break by short circuiting the terminals of the machine. If 
the external circuit test out apparently all right, and there be no defective contacts in any 
part of the machine, and all short circuiting switches, etc., be cut out of circuit, the machine 
still refusing to excite, short circuiting the terminals of the machine should be tried. This 
should be done very cautiously, especially in case of a high tension machine. It is advisable 
to have, if possible, only a portion of the load in circuit, and the short circuit should be 
effected as shown in the figure. The short circuit may be made by momentarily bridging 
across the two terminals of the machine with a single piece of wire. As this, however, is 
liable to burn the terminals, a better plan is to fix a short piece of scrap wire in one terminal, 
and then with another piece of insulated wire make momentary contacts with the other 
terminal and the short piece of wire. If the machine excite, it will be at once evident by the 
arc which occurs between the two pieces of wire. 
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BATTERY 1 
FRAME OF 
DYNAMO 

PzG. 7.C52.—Method of testing dynamo for short circuits. T, T, are terminals under test. 
In testing, of a deflection of the needle be produced when the galvanometer terminal is 
in contact with either, the terminals are in contact with the frame, and they should then 
be removed, and the fault sepaired by additional insular"'n or by reinsulating 
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CHAPTER 32 

D. C. Motors 
, A motor is a machine for converting electrical energy into 
mechanical energy; it is constructed in the same manner as a 
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INDUCTOR 
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Free. 7,653 to 7,655.—How a D. C. 
Motor Works, I. Operation depends 
on three electrical conditions: 1, a mag-
netic field due to the field magnets 
fig. (7.653). 2, an armature field due to 
applied current flowing through arma-
ture coils (fig. 7,654) which makes arma-
ture virtually a magnet the polarity be-
ing indicated by the small arrows 
marked induced N pole"; 3, a reverse 
voltage (indicated by arrow R fig. 
7,6553 induced by movement of coil in 
the magnetic field, which opposes the 
flow of the applied current in armature 

coil. 
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Pics. 7,656 7,656 to 7,659.—/low a D.C. Motor Works. II: Cycle of operation: Fig. 7,656, beginning 
of revolution, armature aml magnet poles in opposite directions and hence they ("like" poles) 
oppose each other. This is the dead center position as there is no magnetic tendency to 
rotate armature, since magnetic lines of magnets and armature are parallel, but momentum 
of the armature (assured to be rotating) carries it past this dead center (just as a steam engine 
passes its dead center), when a clockwise torque is produced by the opposition of like poles. 
Fig. 7,657, ky" revolution position; armature poles at right angles or midway between magnet 
poles; here the torque is due to the equalturningforees of repulsion of like poles and attrac-
tion of unlike poles. Fig. 7.658, revolution position; at this instant the armature polarity 
is reversed by the reversal of current flowing in the armature coil due to brushes passing to 
ooponite segment of commutator; the magnetic lines being parallel, give a second dead 
center witk ,lke Poles repelling each other 'similar as in fig. 7,656, momentum carryin; 
arm afnr. fl the dead center. Fug.7 .869, jj revolution position, armature poles again at right 



D.C. MOTORS 775 

dynamo. As with dynamos, there are three general types of 

motors: 

1. Series; 2. Shunt; 3. Compeund. 

Their characteristics are given below. 

Series Motor.—It is inherently a variable speed motor starting wilb 
very powerful torque. On very light load the speed becomes dangerously. 
high, hence it should be used only where the load is never entirely removed: 
or where close attention is maintained. Should never be used with a belt,. 
but always by coupling chain or gear. Used chiefly for hoists, cranes, street 
railways, and. fans. 
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FIGS. 7,860 and 7,661.—T/of° a D. C. Motor Works, III: Series motor with variableioad. Since • 
the same current passes through bath the armature and field coils the strength of the magnet 
field varies tv:th th it of the armature field. Now if a heavy load cause the motor to slow 
down as in fig. 7 .600, the reverse voltage will be reduced and a large current will flow through 
both armature and magnets producing a very strong toruqe to carry the load. Again, if 
the load be reduced, as in fig. 7,661 the motor will speed up and increase the reverse voltage 
which by cutting down the current will weaken both the armature and magnet fields until. 
equilibrium with the load is established. 

Shunt Motor.—The speed is practically constant. It will not start. 
heavy loads, and is best adopted to constant loads such as pumps, fans, etc, 

Compound Motor.—Since this motor is a combination of the shunt 
and series types, it partakes of the properties of both. The series winding 
gives it strong torque at starting (though not as strong as in the series. 

mg. 7,658 to 7,859.—Text continued. 

angles or midway between magnet poles; here, (as in fig. 7,857) 'he torque is due to the equal 
tierning forces of repulsion of like poles and attraction of unlike l'oies. Now at all times 
the rotation of the armature induces an electric pressure in the coil in a direction onposite • 
to the current applied to the armature as indicated by the dotted arrow, called the reverse • 
voltage: which tends to reduce the current applied to armature. 
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Pics. 7,162 and 7,663.—How a D. C. Motor Works, IV: Shunt motor with variable load. The 
strength of the magnet field remain constant while that of the armature field varies. Now if a 
heavy load cause the motor to slow down as in fig. 7,662, the reverse voltage will be reduced 
allowing more current to flow through the armature which increases the torque till equi-
librium is established between torque and load. Again, if the load be reduced, the motor 
will speed up, and since the fiel I strength remains constant (instead of being reduced as in 
the series motor) this acceleration is quickly checked by the rapid rise of reverse voltage, 
there being very little difference in speed for either heavy or light load. 

PIG. 7,664.—Conduc or. lying in a magnetic field and carrying no current; the field is not dis' 
torted whether the conductor be at rest or in motion. 

PIG. 7,665.—Conductor carrying a current in a magnetic field. The current flowing in the 
conductor sets up a magnetic field which distorts the original field as shown, making the 
magnetic lines denser on one side and less dense on the other. This results in e force upon 
the wire, which, in the case of a dynamo (fig. 7.665) opposes its movement, and which forms 
the propelling drag in the case of a motor (fig. 7,666). 

FIGS. 7,666 and 7,667.—Action of the magnetic force in a dynamo and motor. In the first in-
stance, according to Lenz' law, the direction of the current induced in the wire is such as to 
oppose the motion producing it. In the operation of a motor, the current supplied in flowing 
through the armature winding distorts the field and thus produces rotation. In the figures, 
the direction of the force is clearly indicated by remembering that the distorted lines of fort» 
act like rubber bands tending to straighten and shorten themselves. 
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motor), white the presence of the shunt winding prevents excessive speed. 
The speed is practically constant tinder all loads within the capacity of 
the machine. 

A compound motor should be used in preference to a shunt motor where 
frequent starting and reversing are necessary. For severe mill service, the 
winding is heavily compounded (called over-compounded), having only 
enough shunt winding to limit the light load spee. At heavy loads sech 
motors act virtually as series motors. 

t ARMATURE 

OFF POSITION 
o 

FIELD 

R3 RHEOSTAT 

PIG. 7,688.—Series motor connections. To start the motor, the circuit is completed through 
a variable resistance or rheostat by moving the switch S. so that the resistance R,121,B2.Rs, 
are gradually cut out r f the circuit. To stop, the switch S. is moved back to its "off" position, 

FIELD 

ARMATURE 

A 
e o 

R3 FiHEOSTAT 

Fit R. R 

Pm. 7,669 .—Shunt motor connections. In starting, unless the field ?nagnets be put in the 
circuit first, the armature, at rest because of its low resistance would probably burn out. 
To start, the switch is closed, and the rheostat lever pushed over so as to make contact 
with A and B, thus first exciting the magnets. On further movement of the lever, the 
rheostat resistance 12,121,122,Rs, etc., are gradually cut out as the speed increases, until 
finally all the resistance coils are cut out. To stop, the lever is brought back to its original 
position. 
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A series motor has usually only two terminals coming out from the 
case, whereas a shunt machine has three or four; three, by bringing to-
gether one armature and one field terminal inside of machine, if th4 
the direction of rotation be fixed 

— »-
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DIRECTION OF 
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MOTION 

MAGNETIC 
LINES 

OF FORCE 

MOTOR 

3 4 
5 

STARTING 
RHEOSTAT 

Fin. 7,670.—The "left hand rule" for direction of motion in motors. Place the left hand, as 
shown, so that the thumb points in the direction of the current, the 3rd, 4th and 5th fingers in 
the direction of the lines of force, then will the 2nd or forefinger, at right angles is the others, 
point in the direction in which the conductor is urged. 

Pic. 7,671 —Speed regulation of shunt motor by inserting variable resistance in the armature 
circuit. 

+A 

RESISTANCE_ 
COILS 

FIELD WINDING 

MAIN CIRCUIT 

FIG. 7,672.—Speed regulation of series motor by cutting out sections of the field winding. By 
moving the lever S, downward the current will flow through one or more sections of the field 
winding, thus decreasing or increasing the ampere turns and thereby providing means of 
regulation. 

FIG. 7,673.—Speed regulation of series motor by two path method. The current passing from 
A, to B, divides between the magnet coils and the rheostat coils; the higher the resistance of 
the rheostat the less current passes through it. and the more through the maanet coils, hence 
the stronger the field magnet. 
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rio. 7,674.—Motor reversing switch. A motor is reversed by changing the direction of corral 
in either the artnature or field coils. It is preferable to reverse armature current. 
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FOR 
CLOCKwISE 
ROTATION 

NO POINTSsiz ES ./.5 AND V2. HAVE 
TWO BK1.511E5 ONLY 

ON HORIZONTAL CENTER 

Pins. 7.678 to 7,677.—Holter-Cabot shunt wound motor; diagrams showing connections and 
positions of index point for forward and reverse rotation. To reverse, interchange leads 
d% and B, and shift brush ring as shown. Before starting, see that armature revolves 
freely, fill bearings with oil and inspect oil rings. Starting, 1, see that rheostat lever is 
on off contact, 2, close main switch, 3, gradually cut out starting resistance with rheostat 
lever. If motor do not start, trouble may be due to a, wrong connections; b, too great 
load on the motor; c, the motor brushes not in proper position; d, an open circuit of some 
kind; e, a short circuit of some kind. In case of trouble make sure that fields are magnet-
ized. To do this, close main switch, put rheostat on front contact and place a screw driver 
or other piece of iron against pole piece. A heavy pull will result on iron if fields be 
magnetized. Stopping. Open main switch and lever of rheostat (if automatic) will after 
a brief interval fly back to first contact. Running temperature. If motor feel too hot 
to the hand, test by placing thermometer for 10 minutes against frame covering with a cloth 
or piece of waste. The temperature should not be over 75° Fahr. above that of the surround-
ing air. Oiling. 'Use good "dynamo oil"; if in dirty place draw Jff and refill every two or 
Three months. Care of motor. The motor must be kept clean. If the commutator become 
rough, smooth it up with No. 00 sand paper moistened with oil. When fitting new brushes 
or changing them, always sand paper them down until they fit the commutator perfectly, by 
passing to and fro beneath the brush a strip of sand paper, having the rough side toward the 
brush. Brushes must always be renewed before the metal of the holder cornea in contact 
with the commutator. Don't use anything on commutator except good mineral machine 
oil, or kerosene and this only in very email quantities applied with a cloth having no lint 
or threads 
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Fms. 7,678 to 7,680.—Reversing the direction of rotation of a series motor. Fi4. 7.678 shows the connections for counter clock-
wise rotation. The motor may be reversed: 1, by allowing the current to flow in its original direction (from D. to C) in the field 
magnet coils, and altering the direction of the armature current by changing the two connections on the brushes A, and B, thus 
connecting C, to A. and B. to the return wires as in fig. 7,679; or 2, by leaving the direction of the current in the armature in 
its original direction, and reversing that of the field current, as in fig. 7,680. If the wires leading to the rheostat and motor 
directly were reversed there would be no reversal of the motor, because by so doing, both the armature and field magnet currents 
would be reversed. 
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PIGS. 7,681 to 7,683.—Reversing the direction of rotation of a shunt motor. Fig. 7,681 shows the connections for counter clock-
wise rotation. The motor may be reversed: 1, by allowing the current to flow in its original direction through the field magnet 
coils (from D, to C), and reversing its direction through the armature (from A to B) as in fir,. 7,682; or 2. by allowing the arma-
ture current to flow in its original direction (from B, to A), and reversing the currert through the field coils (from C. tor), dB 
in fig. 7.683. 
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610. 7,684.—Compound motor connections for starting from a distant point. 

7,685.— Interpole motor. The object of the interpole winding is to assist in tho -non al 
of the current under the brushes to prevent sparking. 

BRIGHT LIGHT INDICATES 
ARMATURE LEAD 

DIM LICeIT INDICATES 
FIELD LEAD 

FIG. 7,686.—Testing out shunt motor circuits. With two 
exploring leads, one having a lamp in series and connemea 
to current mains, place one lead in contact with motor 
lead No. 1, and th:i other with No. 2. lf lamp do not burn 
1 and 2. are field and armature leads. Now try different 
combinations until the lamp lights. If it burn brightly. 
test wires are on armature leads; if dimly, they arc on 
the field leads because in this case the considerable 
resistance of the shunt winding cute down the current 
and dims the light. 
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CHAPTER 33 

Alternators 
An alternator is a machine for producing alternating current. 

There are many types of alternator and these may be classified 
1. With respect to the current as 

a. Single phase 
b. Two phase 
c. Three phase 

2. With respect to construction, as 

a. Stationary field 
b. Revolving field 
c. Inductor 

Alternators are usually multipolar, having north and south poles alter, 
nating around the field. The number of changes of direction of the current 
per revolution is the same as the number of coils in the armature or poles 
in the field, the armature coils in simple current machines being equal in 
number to the poles. The field magnets are often excited by a separate 
generator. 

Single Phase Alternators.—As a general rule, when alter-
nators are employed for lighting circuits, the single phase ma-

chines are preferable, as they are simpler in construction and 
do not generate the unbalancing voltages often occurring in 
polyphase work. 

A single phase alternator consists essentially of an armature, single 
phase winding, field magnets and two collector rings and brushes through 
which the current generated in the armature passes to the external circuit. 
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Pics. 7,687 to 7,689.—Elemestary four pole alternators; 
fig. 7,687, one phase; fig. 7,688, two phase; fig. 7,689, 
three phase. Each winding consists of one inductor per 
Pole per phase, the inductor of each phase being con-
nected by connectors, to the collector rings. The poles 
being alternate N and S, there will be two cycles of the 
current per phase per revolution of the armature. Apply-
ing Fleming's rule for induced currents, the direction of 
the current im'uced in the inductors is easily found as 
indicated by the arrows. The field magnets are excited 
by coils supplied with direct current, usually furnished 
from an external source; for simplicity this is not shown. 
The magnets may be considered as of the permanent type. 
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7,890.—Revolving armature alternator. These are suitable for machines generating current at comparatively low pressure, 
as no difficulty is experienced in collecting such current. Revolving armature alternators are also suitable for small power plants, 
isolated lighting plants, where medium or small size machines are required. 

7,691.—Revolving field alternator. For medium and large machines the advantages are: 1, superior insulation permitting 
higher voltages; 2, no collector rings for armature current; 3, armature terminals may be enclosed. 

Polyphase Alternators.—A multi- or polyphase alternator is one which delivers two 
or more alternating currents differing in phase by a definite amount. 

Such alternators are employed rather for power purposes than for lighting; for lighting purposes the 
phases are isolated in separate circuits, that is, each is used as a single phase current. For driving 
motors the circuits are combined to facilitate starting. 
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Stationary Field Alternators.—In this type the armature revolves while the field 
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magnets are attached to the circular frame, similar to dynamo 
construction. The machine may be single or polyphase and 
is used where the pressure and current are moderate. 

Stationary Armature Alternators.—In this type the field 
revolves while the armature is attached to the circular frame. 

Since motion is purely a relative matter it makes no difference whether 
the armature or field revolves. 

BOAT at 

Me 4 until PLR MUIR 

— = & *-_-.• 
D-15-fiv" 

emus PER 

7,692.—Marine view, showing that motion is purely a relative matter. In order that 
there may be motion something must be regarded as being stationary. The small dory run-
ning at a speed of four miles per hour against the current is moving at that velocity relative 
to the current, yet is at a standstill relative to the cat boat. In this instance both eat boat 
and dory are moving with respect to the water if the latter be regarded as stationary. Again 
if the earth be regarded as being stationary, the two boats are at rest and the water is moving 
relative to the earth. Hence, it makes no electrical difference if an alternator be constructed 
vo that the armature revolve (regarding the earth as stationary) as in fig. 7,690, or the field 
magnets revolve as in fig. 7,691. 

The advantage of making the armature stationary and letting the field 
revolve, is that in the case of large size machines, the difficulty of taking 
off currents of high amperage or high voltage from collector rings is avoided. 

The terms stator and rotor are usually applied to the armature and field 
magnets with respect to which is stationary and which moves. 

Inductor Alternator.—In this class, both armature and field 
magnets are Jtationary. a current being induced in the armature 
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FIGS. 7,693 to 7,096.—Elementary inductor alter-
nator (figs. 7,693 and 7,691) and its application 
to low tension or make and break ignition. In 
construction inductors consisting of iron discs 
are arranged on a shaft to rotate through the air 
gaps of the magnetic poles, resulting in a variable 
(undulating) flux which induces a crrrent in the 
winding. For ignition wore: it has the advantage 
of a stationary winding which avoids the use of 
brushes to collect the current. Figs. 7,695 and 

7,696 show an °will iting inductor low tension ignition magneto. The inuuctor is rotated to and fro by means of a link, one end 
of which is attached to the inductor crank, and the other to the igniter cam, as shown. 'Two views arc shown • immediately 
before and after sparking. T. i; Cie grounded electrode of the igniter: T. an adjustable hammer which is secured in position 
by a lock nut 17. 

Pics. 7,607 and 7,69S.—I:ontopolar and heteropolar "inductors." Ilomopolar inductors nave their N and S poles opposite 
each other, while in the heteropolar type, they are " staggered". as shown. 

winding by the action of a so-called inductor or mass of iron moving through the 

magnetic field so as to periodically vary its instensity 

A Peculiarity of this type is that the current does not reverse, hence the total number of armature 
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PIG. 7,699. — Westinghouse field with amortisseur 
or "damper" winding for 75 kva. and larger 
belted alternators, which prevents hunting and 
reduces eddy currents in the poie pieces. The 
copper bais of the amortisseur cage winding are 
arranged in partially closed slcts in the pole 
pieces. 

MAIN 

ALTERNATOR 

TEAZER   

MAIN 

MAIN COIL TEAZER COIL 

turns (for given magnetic flux) 
necessary to produce a given 
pressure is twice that required 
in an alternator having an al-
ternating flux through its 
armature windings. 

Hunting or Singing.— 
Hunting is a term applied 

to the state of two parallel 

connected alternators run-
ning out of step, or not 
synchronously, that is, "see 
sawing." 

When two machines are oper-
ated in parallel with "peaked" 
current wave it is difficult to 
keep them in step. Any differ-
ence in the phase relation which 
is set up by the alternation will 
cause a local or synchronizing 

MOTOR 

125V 
4  

C-11/4, 
•( 

PIGS. 7,700 and 7,701.—Monocyclic diaglams showing transformer connections and alterna-
tor armature winding In fig. 7,700, the main coils are wound on every other tooth, and the 
lease, coils are placed in quadrature with them, as shown. 
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current to flow between the two machines and at times it becomes so great 
that they must be disconnected. This trouble is avoided by the use of 
dampers and amortisseur windings. The latter are often erroneously called 
squirrel cage windings. 

Monocyclic Alternators.—These are single phase machines 

provided with an additional coil, called a teaser coil, wound in 
two phase relationship with and connected to the center of the main 
singli. phase coil. 

The monocyclic alternator is provided with three collector rings; two for 
the single phase coil, and one for the free end of the teaser coil. 
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leIG. 7,702.—Diagram of monocyclic system showing connections. The monocyclic system is 
a single phase system primarily intended for the distribution of l'ghts with an incidental 
load of motors. The lighting load is entirely connected to one single phase circuit, and the 
motors are started and operated from this circuit with the assistance of the teazer wire. 
The teaser coil to which this wire is connected generates a pressure in quadrature with that 
of the main coil. This pressure is combined with the main pressure of the alternator by 
transformers, so as to give suitable phase relations for operating induction motors. 

By this arrangement ordinary single phase incandescent lighting can be 
accomplished by means of a single pair of wires taken from the single phase 
coil. 

Where three phase motors have to be operated, however, a third wire, 
called the power wire, which is usually smaller than the main single phase 
wires, is carried to the point at which the motor is located, and by the use 
of two suitably connected transformers three phase currents are obtained 
from the combined single phase and power wires for operating the motors. 
This type of alternator was designed prior to the introduction of the 
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polyphase systems, to overcome the difficulty of starting encountered in 
the operation nf single phase alternators as motors. 

Armature Reaction.—Every conductor carrying a current 
creates a magnetic field around itself, whether it he embedded in 
iron or lie in air. 

Armature inductors, therefore, create magnetic fluxes around themselves, 
and these fluxes will, in part, interfere with the main flux from the poles 
of the field magnet, tending: 1, to distort, or 2, to weaken the field. Arma-
ture reaction is especially marked in slotted armatures. 

NO CURRENT  I FIELD CURRENT IN     FIELD 
el INDUCTORS  J UNDISTURBED INDUCTORS      DISTORTED 

Fics. 7;703 and 7,704.—Section of armature and field showing distorting effect of armature 
reaction on the field. When a coil is opposite a pole as in fig. 7,703, no current is flowing 
(assuming no self-induction) and the field is undisturbed, but, as the inductors pass under 
a pole face as in fig. 7,704, current is induced in them, and lines of force are set up as indi-
cated by the dotted lines. This distorts the main field so that the lines of force are crowded 
toward the forward part of the pole face as shown. 

Magnetic Leakage.—In the design of alternators the drop 
of voltage on an inductive load is mainly dependent upon the ?wag-
netic leakages, primary and secondary. 

They increase with the load, and, what is of more importance, they 
increase with the fall of the power factor of the circuit on which they may 
be working. This is one reason why certain types of alternator, though 
satisfactory on a lighting circuit, have proved themselves unsatisfactory 
when applied to a load consisting chiefly of motors. 

In general, to keep the leakage small, the pole cores should be short. 
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and of minimum surface, the pole shoes should not have too wide a span nor 
be too thick, nor present needless corners, and the axial length of the pole 
face and of the armature core should not be too great in proportion to the 
diameter of the working face. 

Field Excitation.—The fields of alternators require a sep. 
arate source of direct current for their excitation, and this current 

should be preferably automatically controlled. 
In the case of alternators that are not self-exciting, the dynamo which 

generates the field current is called the exciter. 
A self-excited alternator has, in addition to the main winding, another 

winding connected to a commutator for furnishing direct field exciting cur-
rent. 

CURRENT   
'NOT YET 
COME 

TO REST 

eek—te-

1-> CURP NT 
<MU COME TO 
Scri- REST AND 
Ma') REVERSED 
eciLa 

c3-1 • 
z ze-1 

ou 

Ui 

4— 

JUl 

ZDF-. 

Z— 
t,J 
CC: 

ut.:› 

7,706.—Section of armature and field showing weakening effect of armature reaction in 
the field. Self induction being present (as it almost always is), the current lags more or 
less behind the pressure, so that when the coil is in the position of zero induction, as shown, 
the current has not yet come to rest. Accordingly, lines of force (indicated by the dotted 
lines) are set up by the current flowing through the coils which are in opposition to the 
field, thus weakening the latter. The dots and crosses in inductor sections, have their 
usual significance in defining the direction of current, representing respectively the heads 
and tails of arrows. 

7,706.—Section of armature and field showing atrenghtening effect of armature reaction 
when the current leads the pressure. If the circuit contain an excess of capacity the current 
will lead the pressure, so that when the coil is in the position of zero induction, as shown, 
the current will have come to rest and reversed. Accordingly, lines of force (indicated by 
the dotted lines (are set up by the current flowing through the coil and which are in the 
same direction as the lines of force of the field, thus strenghtening the latter. 

Pics. 7.707 and 7,708.—Diagram showing respectively the character of stray field between 
adjacent straight poles, and between adjacent poles with shoes. 
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Fin. 7,709.—Connecticut permanent magnet aelf-exclted magneto. This type of magneto 
was formerly used extensively to generate current for operation of telephone call bells. At 
present the principal use of magnetos is for gas engine ignition. 

ntLD 

7,710.—Diagram of separately excited 
alternator. The field winding is supplied 
with direct current, usually at 125 volts pres-
sure by a small dynamo called the "exciter." 
The latter may be driven by independent 
power, or by belt connection with the main 
shaft, and in some cases the exciter is directly 
connected to the alternator shaft. 

MID 

Pic. 7,711.—Diagram of compositely excited alternator. The current for exciting the field 
magnets is obtained, partly from an exciter and partly from the windings of the alternator, 
being transformed into direct current by the rectifier. The connections are as shown. 
In operation, the separately excited coils set up the magnetism necessary for the generation 
of the voltage at no load. The main current coming from the armature is shunted, part 
going through the shunts and the remainder around the compensating winding, furnishing 
the additional magnetism necessary to supply the voltage to overcome the armature im-pedance. 
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CHAPTER 34 

Alternator Construction 
The construction of alternators follows much the same lines 

as dynamos, especially in the case of machines of the revolving 
armature type. Usually, however, more poles are provided thar 
on direct current machines, in order to obtain the required fre 
quency without being driven at excessive speed. 

DRUM TYPE 

FIGS. 7,712 to 14.—Various armatures. Fig. 7,712, ring; fig. 7,713, disc; fig. 7,714, drunn 
—the prevailing type. 

RAMC 

SPIDER SE GmENTAL CORE DISCS 
CORE_ DISCS (STAGGERED) 

7,715.—Large revolving armature construction with segmental discs dovetailed to spider. 

PIG. 7,716.—Large stationary armature construction with segmental discs dovetailed to 
frame. In both revolving and stationary armatures, the joints are staggered in building 
up the core, that is. they are overlapped so as not to unduly increase the reluctance of the 
magnetic circuit. Dovetail joints obviate the use of through bolts which, if not insulated. 
are liable to give rise to eddy currents by short circuiting the disci_ 
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Pics. 7,717 and 7,718.—Elementary bipolar alternators with half coil and whole coil windings. 
In a half coil winding there is one coil per phase per pair of poles; in a whole coil winding there 
is one coil per phase per pole. 

CONCENTRATED HALF 
COIL WINDING 

CONCENTRATED WHOLE. 
COIL WINDING 

PARTIALLY OISTRIIIUTED. 
WINDING - 

Pics. 7,719 and 7,720.—Concentrated windings. A concen-
trated winding is one in which the armature has only one tooth 
per phase per Pole, that is, the number of teeth equals the 
number of poles. A concentrated winding of the half coil type 
has only one side of a coil in each slot as jis fig. 7,719. In 
the whole coil variety, each slot contains neighboring sides 
of adjacent coils, as in fig. 7,720. 

FIG. 7,721.—Partially distributed winding. Each coil unit id 
here divided into two concentric coils of different dimensions 
and connected in series, as shown in detail in the figure. This 
being a "whole coil" winding the several units are so con-
nected that the winding of adjacent units proceeds in opposite 
directions, that is, one coil is wound clockwise, and the next 
counter clockwise, etc., so that the induced currents flow in a 
common direction as indicated by the arrows for the position 
shown. 

PIG. 7,722.—Fully distributed winding. Each coil consists of so many sub-coils that the wind-
ing occupies the entire surtace of the armature core; that is. there are no extensive spaces 
unoccupied, the spacing being uniform as shown. 
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The essential parts of an alternator are: 

1. Field magnets; 2. Armature; 3. Collector rings; 

and in actual construction, in order that these necessary parts 
may be retained in proper co-relation, and the machine operate 
properly there must also be included: 

4. Frame; 5. Bed plate; 
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Erns. 7,723 and 7,724.—Diagram showing the distinction between direct connected and direct 
coupled units. In a direct connected unit, fig. 7.723, the engine and generator are per-
manently connected on one shaft, there being one bed plate upon which both are mounted. 
An engine and generator are said to be direct coupled when each is independent, as in fig. 
7,724, being connected solely by a jaw or friction clutch or equivalent at times when it is 
desired to run the generator. At other times the generator may be disconnected and the 
engine run to supply power for other purposes. 

NOTE.—Belt or Chain Driven A Iternators.—The mode in which power is transmitted 
to an alternator for the generation of current is governed chiefly by conditions met with where 
the machine is to be installed. In many small power stations and isolated plants the use of 
a belt drive is unavoidable. In some cases toe prime mover is already installed and cannot 
be conveniently arranged for direct connection, in others the advantage to be gained by an 
increase in speed more than compensates for the loss involved in belt transmission. There are 
many places where belted machines may be used advantageously and economically. Where 
there is sufficient room between pulley centers, a belt is a satisfactory medium for power 
transmission, and one that is largely used. It is important that there be liberal distance 
between centers, especially in the case of generators or motors belted to a medium or slow 
speed engine, because, owing to the high speed of cotation of the electric machines, there is 
considerable difference in their pulley diameters and the drive pulley diameter; hence, if theY 
were close together, the arc of contact of the belt with the smaller pulley would be appreciably 
reduced, thus diminishing the tractive e.wee of the be.P.. 
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Field Magnets.—Alternators are built with three kinds of 
electro-magnets, classed according to the manner in which they 
are excited, the machines being known as: 

1. Self-excited; 2. Separately excited; 3. Compositely excited. 

The two principal types of field magnet are the stationary, 
and the revolving. 

In construction of stationary magnets, laminated pole pieces are used, 
each pole being made up of a number of steel stampings riveted together 
and bolted or preferably cast into the frame of the machine. The field 
coils are machine wound and carefully insulated. After winding they are 
taped to protect them from mechanical injury. Each coil is then dipped 
in an insulating compound and afterwards baked to render it impervious to 
moisture. 

WEDGE 

LAMINATION5— .` 

SLOT 

COIL! TAPE D°701eiRelL .1/ 
INSULA,TI ON 

LAYER,,,,vENTi LATINO 
VENTILATING DUCTS 

DUCTS, BOTJC4 LAYER 

PIGS. 7,725 and 7,728.—Single and double layer multi-wire inductors and methods of placing 
them on the core. Here the term layer means unit, in fact each unit is made up of several 
"layers" of wires. 
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7,727.—Two coil slot for whole coil winding. In aseombling the winding, the inner 
wedge is first placed in position and then the slot lined with the insulating material. This 
usually consists of alternate layers of mica and pressboard. The coils composed of several 
turns of wire or copper strip are wound in place, and after covering with a layer of insulation, 
the outer wedge is pushed in place to retain the inductors in position. 

7,728.—Slot for two layer bar winding. Bar inductors, on account of the shape of their 
ends, must be placed in the slots from the top, because the bent ends do not admit of pushing 
them in. Straight slots are therefore necessary, the inductors being held in placed by wooden 
strips and tie bands as shown 
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The entire structure or rotor of a revolving field consists of a shaft, hub 
or spider, laminated field magnets and slip rings. The insulated slip rings 
mounted on the shaft receive direct current for the revolving magnet, as 
distinguished from collector rings which collect the alternating current. 

SOLDERED 
CONNECTION 

FIGS. 7,729 and 7,730.—Bent bar inductor and method of connection with soldered joint. 
Fig. 7,729 shows one bar and shape of bent ends. The portion from C. to D, is placed in the 
slot; B, to C. and D, to E, bent or connector sections; A. to B, and E, to F. ends bent paral-
lel to slot for soldering. Fig. 7,730 shows two bar inductors connected. 

Fins. 7,731 and 7,732.—Method of avoiding a soldered joint at one end of a bar inductor by 
using a bar of twice the length shown in fig. 7,729, and bending it into a long U form. as 
in fig. 7,731, after which it is spread out forming two inductors, as in fig. 7,732. 

PHASE A 

PHASE B 

FIG. 7,733.—Two phase concentrated whole coil winding. The total number of slats is twice 
the number of poles, or one slot per pole per phase. It comprises two windings spaced 9Ci 
polar degrees as shown. The two circuits are independent, the windings terminating at 
the four collector rings. 

7,734.—Two phase winding in two slots per pole per phase. This stamping distributes 
the coils of each phase into two sections as A and B. The coils are of the "whole" type 
and with six poles the total number of slots is 4 X 6 = 24, uniformly spaced as shown. 
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Armatures.—In construction these are similar to dynamo 
armatures. 

They are in most cases simpler than direct current armatures due to the 
smaller number of coils, absence of commutator with its multi-connections, 
etc. 

Alternator armatures may be classified in several ways: 

PHASE A 

PHASE B 

PHASE A 
PHASE B 

PHASE C 

P.m 7,735.—Two phase winding in three slots per pole per phase. The coils of each phase are 
of the partially distributed type, each coil being made up of three sections as shown. The 
direction of winding is alternately reversed. 

7,736.—Three phase winding with distributed coils—wound in four slots per pole per 
phase; diagram showing placement of the coils. 

1. With respect to 2. With respect to 3. With respect to the 
operation, as the core, as core surface, as 

a. Revolving; a. Ring; a. Smooth; 
b. Stationary. b. Disc; b. Slotted. 

c. Drum. 

Both types of class 1 are in general use, whereas, in classes 2 and 3, 
the drum, and slotted core forms are the prevailing types. 

Alternator Windings.—These are usually described in 
erms of the number of slots per phase per pole. 



PIG. 7 737.—Section of two phase winding showing shaping of the coil ends. Every other coil is flat, while the alternates have 
their ends bent up as shown. With respect to the shaping of the coil ends, it is called a two range winding. 

7,738.—Treatment of coil ends in two phase, two range windings. In this arrangement straight out B and btnt up A, coils 
are used wl- . h are placed on the armature as is clearly shown in the illustration. 

PHAtE. A 

5 / 

3 

FIG. 7,739.—Tnree phase, 10 pole, 30 slot winding in two ranges. In this winding perfect symmetry occurs after every four poles. 
Accordingly in the case of an odd number of pairs of pole, one of the coils must necessarily be a skew going from the inner to 
the outer range as at M. 

PIG. 7,740.- —Three phase 10 pole 30 slot winding in three ranges. The coils of each phase are edam, those of the A phase being 
all in the straight out range, those in the 13 phase, in a bent up range, and those in the C phase in a bent down range. 
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For instance, if the armature of a 
20 pole three phase machine have 
300 slots, it has 15 slots per pole or 
5 slots per each phase per pole, and 
will be described as a five slot wind-
ing. Therefore, in order to trace the 
connections of a winding, it is neces-
sary to consider the number of slots 
per pole for any one phase on one 
of the following assumptions: 1, that 
each slot holds one inductor; 2, that 
there is one side of a coil in each slot; 
and 3, that one side of a coil is sub-
divided so as to permit of its dis-
tribution in two or more adjacent 
slots.. 

The voltage depends upon the 

number of inductors in a slot. 

The breadth coefficient and wave 
form are influenced by the number 
of slots per pole, and not by the 
number of inductors within the slots. 

Alternator windings may be 

classed with respect to the 

1. Form of the armature, as 

a. Revolving; 
b. Stationary. 

2. Mode of progression, as 

a. Lap winding; 
b. Wave winding. 

3. Relation between poles and 
coils, as 

a. Half coil winding; 
b. Whole coil winding. 
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PHASE A PHASE B PHASE C 

F/G. 7,743.—Three phase winding with 
half coils, which permit arranging of 
the ends in two ranges as shown. 
There is one slot per phase per pole, 
that is, total nmubers of slots .» 3 y 
number of poles. 

7,744.—Three phase winding with short coils. 
The use of short coils as here shown, in which the 
coil breadth % pole pitch, avoids the necessity of 
overlapping. 

a 
PHASE 

a' A 
eser.s7 

Co 

C. 

C. 

PIG. 7.745.—Two 7,745.—Two phase star grouping diagram. ha connecting, the middle point of each of 
the two phases are united to a common junction M. and the four ends are brought out to 
four terminals, a,a' ,b,b' , as shown, or in revolving armatures to four slip rings. This 
grouping is equivalent to a four phase system. 

FIG. 7,746.—Two phase mesh grouping diagram. In connecting, the two phas.-5 are divided 
into two parts, and the four parts are connected up in cyclic order, the end of one to the 
beginning of the next, so as to form a square the four corners of which are connected to the 
tour terminals a,b,a',V, as shown or in the case of revolving armatures, to four slip rings. 
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P1-1A5E B 

o 

FIG. 7,747.— Three phase mesh grouping diagram. 
In connecting, the three circuits are joined to 
form a triangle and leads to terminals attached at 
the junctions ct.b,c, or in revolving armatures to 
three slip rings. 

FIG. 7,748.—Three phase star grouping diagram. In connecting, one end of each of the 
three circuits is brought to a common junction M, usually insulated, and the three other ends 
are connected to three terminals—a,b,c, as shown, or in revolving armatures to three slip 
rings. 

FIG. 7,749.—Radial diagram of three phase lap winding with star connection. The bar with 
connections at A,B,C, comprises the star point or common terminal. 

FIG. 7,750.—Radial diagram of three phases wave winding with star connection. To find 
the proper ends (A,B „) to connect to the common terminal: Assume that the inductor 
opposite the middle of a pole is carrying the maximum current, and mark its direction by an 
arrow. Then the current in the inductors on either side of and adjacent to it will be in the 
saine direction. As the maximum current must be coming from the common terminal, the 
end toward which the arrow points must be connected to one of the rings, while the other end 
is connected to the common terminal. The current in the two adjacent inductors evidently 
must be flowing into the common terminal, hence the ends toward which the arrows point 
must be connected to the common terminal, while their other ends are connected to the 
ramaining two rings. 
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Pto. 7,751.—Diagram of Westinghouse two phase composite wound alternator, showing connectons between two phase armature 
and a single phase rectified and composite field winding. The arrangement makes use of a series transformer, mounted on the 
spokes of the armature. By means of this series transformer the voltage delivered to the sec ifying commutator and the fields 
is much less than that generated by the machine. 

7,752.—Diagram of Westinghouse three phase composite wound alternator. The armature inductors are of the closed coil 
or delta connected type, but are tapped at three points per pair or poles to the three collector rings. All three connections be-
tween the armature coils and the collector rings run through primary circuits of the series transformer within the armature, 
these three primaries each giving their own effect upon the secondary. 

a 

PIGS. 7,753 and 7,754.—Gramme ring amatures showing three phase star and mesh connections, respectively, with direction 
of currents in the coils. In the figures. the coils A.B.C. are spaced at equidistant positions on the ring core. 

A
L
T
E
R
N
A
T
O
R
 
C
O
N
 S
T
R
U
C
T
I
O
N
 



ALTERNATOR CONSTRUCTION 803 

4, Number of slots, as 

a. Concentrated or uni- b. Distributed or multi-
coil winding; coil winding. 

Partially distributed: 
Fully distribute -I . 

zas. 7,755 to 9,757.—Separate coils, and section of Allis-Chalmers alternator with coils in 
place. 

7,.758—Diagram showing determination of path and value of current flowing in delta 
connected armature. The total watts is equal to 1/ 3 multiplied by the product of the line 
current and the line voltage. The delta connection gives a lower line voltage than the star 
connection for the pressure generated per phase, and cuts down the current in the inductors; 
since the inductors, on this account, may be reduced in size, the delta connection is adapted 
to machines of large current output. 

FIG. 7.759.—Diagram of Y connection with a common return wire. When the three rines 
leading from a,b and c, are equal in resistance and reactance, or in other words when the 
system is balanced, the currents of the three phases are equal and are 120° apart in phase 
(each current lagging behind its pressure by the same amount as the others) and their 
sum is at each instant equal to zero. In this case the resultant current being equal to zero 
there is no need of a common return wire. However, in some cases, where power is dis-
tributed from transformers or three wire systems, the different branches are liable to become 
unbalanced. Under such circumstances the common return wire is sometimes used, being 
made large enough t‘) take care of the maximum unbalancing that may occur in operation. 
The return wire is used sometimes on alternators that furnish current mostly for lighting work. 
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5. Form of the inductors, as 7. Kind of current delivered, as 

a. Wire winding; 
b. Strap winding; 
c. Bar winding. 

a. Single phase winding; 
b. Two phase winding; 
c. Three phase winding. 

6. Coils per phase per pole, as 8. Shape of coil ends, as 

a. One slot winding; a. Single range; 
b. Two slot winding; etc. b. Two range; etc. 

7760.—Creeping winding of three coils subtending four rCles. 

PIGS. 7.761. 7,762. and 7,764.—Views of a section of skew coil winding; so called on account 
of the skew shape given to the coil ends in order that all the coils may be of one shape. 

7.763.—Diagram showing chain winding. In this method of winding, the coils are all 
similar with long and short sides. It obviates the extra cost of making coils of several dif-
ferent shapes. The diagram represents a winding for one slot per pole per phase. 

7,765.—Diagram showing a spiral coil. This type of coil is one in which each successive 
turn lies entirely within the previous turn, starting with the ortermost turn of the coil. 
The successive turns of a spiral coil are thus not of the same size, and are not over-lapping 
as in a "lap" coil. 
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In addition to these there 
windings such as 

a. 
b. 
I;. 
d. 
e. 

Chain or basket winding; 
Skew coil winding; 
Fed-in winding; 
Imbricated winding; 
Mummified winding; 

are a number of miscellaneous 

f. Spiral winding; 
g. Shuttle winding; 
h. Creeping winding; 
i. Turbine alternator winding. 

All these various windings are shown in the accompanying cuts. 

Arrangement of Phases.—In polyphase alternators the sep-
:rate windings of the various phases may be grouped in two ways, 
as 1, star or Y connection, or 2, mesh or delta connection. 

The star connection is sometimes called a Y connection on account of its 
resemblance to that letter; the mesh connection is sometimes called a delta 
connection owing to its resemblance to the Greek letter A. In star grouping 
the point where the phases join is called the star point. In a three phase 
star connected alternator the voltage between any two collector rings is equal 

to the voltage generated per phase multiplied by Nià or 1.732. The total 
output is equal to the sum of the output of each of the three phases. When 
working on a non-inductive load, the total output of a star connected 

alternator is equal to .a -multiplied ..py the product of the line current and 
line voltage. 

In a three phase delta connected alternator, the line current is equal to 

the current in each phase multiplied by lià-; the total output with non-

inductive load is equal to •%./. multiplied by the product of the line current 
and line voltage. Star connection gives a higher line voltage than the delta 
connection for the same pressure generated per phase, hence it is suited for 
machines of high voltage and moderate current. 

Delta connection gives a lower line voltage than the star connection for 
the pressure generated per phase, and cuts down the current in the induc-
tors; since the inductors, on this account, may be reduced in size, the delta 
connection is adapted to machines of lai ge current output. 
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CHAPTER 35 

A. C. Motors 
The fact that many central stations furnish only alternating 

current has caused manufacturers to perfect many types of a.c. 
motors to meet the needs of all classes of industrial devices. 

The multiplicity of types thus produced may be classed as: 

1. SYNCHRONOUS MOTORS 
2. ASYNCHRONOUS MOTORS 

a. Induction motors 
(series; 

b. Commutator motors "Pensated; silunt; 
repulsion. 

1. Synchronous Motors 
The term "synchronous" means in unison, that is, in step. 

A so-called synchronous motor, then, as generally defined, is 

one which rotates in unison or in step with the phase of the alternating 
current which operates u. 

Strictly speaking, however, it should be noted that this condition of operatior, 
is only approximately realized as will be later shown. 

In construction, synchronous motors are almost identical 
with the corresponding alternator and consists essentially of, 

1, an armature, and 2, a field, either of which may revolve. 

The field is separately excited with direct current. In opera-
tion. when the field is thus excited and alternating current is 
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AO' F RN e."TOR SYNCHRONOUS MOTOR 

ALTERNATOR SYNCHRONOUS MOTOR 

FIGS. 7,766 to 7,769.—Synchronous motor principles: I. A single phase synchronous motor 
is not self-starling. The figures show an elementary alternator and an elementary syn-
chronous motor, the construction of each being identical as shown. If the alternator be 
started, during the first half of a revolution, beginning at the initial position ABCD, fig. 
7,766, current will flow in the direction indicated by the arrows, passing through the external 
circuit and armature of the motor, fig. 7,767, inducing magnetic poles in the latter as shown 
by the vertical arrows. These poles are attracted by unlike poles of the field magnets, which 
tend to turn the motor armature in a counter-clockwise direction. Now, before the torque 
thus set up has time to overcome the inertia of the motor armature and cause it to rotate, 
the alternator armature has completed the half revolution, and beginning the second half of 
the revolution, as in fig. 7,768, the current is reversed and consequently the induced magnetic 
poles in the motor armature are reversed also. This tends to rotate the armature in the reverse 
direction, as in fig. 7,769. These reversals of current occur with such frequency that the force 
does not act long enough in either direction to overcome the inertia of the armature; 
consequently it remains at rest, or to be exact, it vibrates. Hence, a single phase synchronous 
motor must be started by some external force and brought up to a speed that gives the same 
frequency as the alternator before it will operate. A single phase synchronous motor, then, 
is not .self-starting, which is one of its disadvantages; the reason it will operate after being 
speeded up to synchronism with the alternator and then convected in the circuit is explaine4 
in figs. 7,770 to 7,773. 
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applied to the armature of a single phase motor, it will produce 
alternately N, and S, poles, the reaction between these induced 
poles and the field poles tending to rotate the armature first in 
one direction, then in the other. 

ALTERNATOR 

eseArke4, 
4r7ii>4 

EXTERNAL. CIRCUIT 

SYNCHRONOUS MOTOR 

eRco .„ 
oer, e 

.ALTER NATOR SYNCHRONOUS MOTOR 

Rms. 7,770 to 7,773.—Synchronous motor principles: IL The condition necessary far 
synchronous tnotor operation is that the motor be speeded up until it rotates in synchronism, 
that is, in step with Me alternator. In figs. 7,770 and 7,771, assuming synchronism, the ar-
rows indicate the direction of the current for the armature position shown. The current 
flowing through the motor armature induces magnetic poles which are attracted by the 
field poles, thus producing a torque in the direction in which the armature is rotating. After 
the alternator coil passes the vertical position, the current reverses as in fig. 7,772, and the 
current flows through the motor armature in the opposite direction, thus reversing the 
induced poles as in fig. 7,773. This brings like poles near each other, and since the motor coil 
has rotated beyond the vertical position the repelling action of the like poles, and also the 
attraction of unlike poles, produces a torque acting in the direction in which the motor is 
rotating. Hence, when the two armatures move synchronously, the torque produced by 
the action of the induced poles upon the field poles is always in the direction tn which the 
motor is running, and accordingly, tends to keep it in operation. 
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Because of the very rapid reversals in direction of the torque thus set up, 
there is not sufficient time to cycle orne the inertia of the armature 
before the current reverses and produces a torque in the opposite direction, 
hence, the armature remains stationary or, strictly speaking, it vibrates. 

Now if the motor armature be first brought up tu a speed correspond-
ing in frequency to that of the alternator before connecting the motor 
in the circuit, the armature will continue revolving at the same frequency 
as the alternator. 

ge_tLTItzt NO PHASE DIFFERENCE 
BETWEEN A, B. C.D 
AND A:, 

ALTERNATOR SYNCHRONOUS MOTOR 

IDEAL CASE, 
NOT POSSIBLE IN 
ACTUAL MACHINES. 

Pi 

PIGS. 7,774 and 7,775.—Synchronous motor principles: III. The current which flows 
through the armature of a synchronous motor is that due to the effective pressure. Since the 
motor rotates in a magnetic field, a pressure is induced in its armature in a direction opposite 
to that induced in the armature of the alternator, and called the reverse pressure, as dis-
tinguished from the pressure generated by the alternator called the impressed pressure. 
At any instant, the pressure available to cause current to flow through the two armatures, called 
the effective pressure, is equal to the difference between the pressure generated by the alternator 
or impressed pressure and the reverse pressure induced in the motor. Now if the motor 
be perfectly free to turn, that is, without load or friction, the reverse pressure will equal 
the impressed pressure and no current will flow. This is the case of real synchronous opera-
tion, that is, not only is the frequency of motor and alternator the same, but the coils rotate 
without phase difference. In figs. 7,774 and 7,775, the impressed and reverse pressures 
are represented by the dotted arrows Pi and Pr, respectively. Since in this case these op-
posing pressures are equal, the resultant or effective pressure is zero; hence there is no cur-
rent. lit actual machines this condition is impossible, because even if the motors have no 
external load, there is always more or less friction present; hence, in operation there must 
be more or less current flowing through the motor armature to induce magnetic poles so as 
to produce sufficient torque to carry the load. The action of the motor in automatically 
ebusting the effective pressure to suit the load is explained in figs. 7,776 and 7,777. 

The armature continues revolving, because, at synchronous speed, 
the field flux and armature current are always in the same relative position, 
producing a torque which always pulls the armature around in the same 
direction. 
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A polyphase synchronous motor is self starting, because, before the 
current has died out in the coils of one phase, it is increasing in those of 
the other phase or phases, so that there is always some turning effort 
exerted on the armature. 

The speed of a synchronous motor is that at which it would have to 
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lems. 7,776 and 7,777.—Synchronous motor principles: IV—A synchronous motor adjusts 
itself te changes of load by changing the phase difference between current and pressure. If 
there be no load and no friction, the motor when speeded up sad connected in the circuit. 
will run in true synchronism with the alternator, that is, at any instant, the coils ABCD, 
and A°B °C°D °, will be in parallel planes. When this condition obtains, no current will 
flow and no torque will be required (as explained in figs. 7,774 and 7,775). If a load be put 
on the motor, the effect will be to cause A°B °C°D°, to lag behind the alternator coil to some 
position A"B"C"D", and current to flow. The reverse pressure will lag behind the impressed 
pressure equally with the coil, and the current which has now started will ordinarily take 
an intermediate phase so that it is behind the impressed pressure but inadvanceof the reverse 
Pressure. These phase relations may be represented in the figure by the armature positions 
shown, viz.: 1, the synchronous _position A°B °C°D °, representing the imnressed pressure; 2, 
the intermediate position A 'B 'C 'D ', the current; 3, the actual positiori A"B"C"D", (cor-
responding to mechanical lag), the reverse pressure. From the figure it will be seen that the 
current phase represented by A'B'C'D', is in advance of the reverse pressure phase repre-
sented by A"B"C"D". Hence, by armature reaction, the current leading the reverse 
pressure weakens the motor field and reduces the reverse pressure, thus establishing equilibrium 
between current and load. As the load is increased, the mechanical lag of the alternator coil 
becomes greater and likewise the current lead with respect to the reverse pressure, which 
intensifies the armature reaction and allows more current to flow. In this way equilibrium 
is maintained for variations in load within the limits of zero and 90° mechanical lag. The 
effect of armature reaction on motors is just the reverse to its effect on alternators, which 
results in marked automatic adjustment between the machines especially when a single 
motor is operated from an alternator of about the same size. In other words, the current 
which weakens or strengthens the motor field, strengthens or weakens respectively the 
alternator field as the load is varied. 
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run, if driven as an alternator, to deliver the number of cycles which is 
given by the supply alternator. 
Any synchronous motor if supplied with motive power can be converted 

without any change to an alternator or any alternator can be run as a 
synchronous motor if supplied with an alternating current of the same 
voltage and phase values. 

Synchronous motors are used principally for power factor corrections, 
such as in a plant, where a large inductive load is used such as arc lamps, 
transformers, and motors, which reduces the power factors so much, that 
it muses trnuhle at the power house. 

NO TORQUE NO TORQUE 

SYNCHRONOUS MOTOR 

FIGS. 7,778 and 7,779.—Synchronous motor principles: VI. A single phase synchronous 
motor has "dead centers," just the same as a one cylinder steam engine. Two diagrams 
of the motor are here shown illustrating the effect of the current in both directions. When 
the plane of the coil is perpendicular to the field, the poles induced in the armature are 
parallel to field for either direction of the current; that is, the field lines of force and the 
induced lines of force acting inParallel or opposite directions, no turning effect is produced, 
just as in analogy when an engine is on the dead center, the piston rod (field line of force) 
and conneeing rod (induced line of force) being in a straight line, the force exerted by the 
steam on the piston produces no torque. 

Synchronous motors produce a leading power factor which thereby helps, 
to increase the power factor to unity. 

There are two types of synchronous motors, classed with 
respect to the method of starting: 

1. Auxiliary motor type; 
2. Self-starting type. 
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SYNCHRONOUS MOTOR ALTERNATOR 

A ALTERNATOR m 

0 

eN b 
PHASE DIFFERENCE 0 

LESS THAN 90° 
MOTOR CONTINUES 

IN OPE RATION 

PHASE DIFFERENCE 
GREATER THAN 90 ° 
MOTOR STOPS 

0 

ROTA?, 

ItOTATic+ 

ALTERNA-TOR SYNCHRONOUS MOTOR 

Pros. 7,780 to 7,785.—Synchronous motor principles. VII. An essential condition for syn-
chronous motor operation is that the mechanical lag be less than 90°. Figs. 7,780 to 7,782 
represent the conditions which prevail when the lag of the motor armature A'B'C'D' is 
anything less than 90°. As shown, the lag is almost 90°. The direction of the current and 
induced poles are indicated by the arrows. The inclination of the motor coil is such that 
the repulsion of like poles produces a torque in the direction of rotation, thus tending 
to keep motor in operation. Now, in figs. 7,783 to 7,785, for the saine position of the alter-
nator coil ABCD, if the lag be greater than 90°, the inclination of the motor coil is 
such that at this instant the repulsion of like poles produces a torque in a direction opposite 
to that of the rotation, thus tending to stop the motor. In actual operation this quickly 
brings the motor to rest, having the same effect as a strong brake in overcoming the momen-
tum of a revolving wheel. 
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winding because when operating in 
winding. 

STARTING 
MOTOR 

7,786.—Auxillarg starting type synchronous motor, showing exciter and starting 
induction motor. 

The usual type of synchro-
nous motor is started by means 
of an auxiliary induction motor, 
whose shaft is connected to the 
synchronous motor shaft by 
means of a silent chain. The 
teeth on gears of starting motor 
shaft and of synchronous motor 
shaft are so selected that when 
the auxiliary motor has at-
tained full speed the synchro-
nous motor runs slightly above 
vrtchronnus speed. The start-
ing motor switch is then opened 
and the synchronous motor is 
allowed to coast down to 
synchronous speed, which is in-
dicated by lamps or synchro. 
scope. 

The synchronous motor line 
switch is then closed at the pro-
per instant. The size of the 
auxiliary starting induction 
motor depend s upon the friction 

Frç. 7,737.—Rotor field cd General 
Electric 360 horse power self-
starting type synchronous motor, 
showing the amortisseur or squirrel 
cage starting winding in the pole 
faces. The synchronous motor can 
use a high resistance squirrel cage 

synchronism, there is practically no loss in the 
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Line 

;7Ru el h Start° 

Oil Sivieches:/nechonicofir 
/We/locked I cannot be 
closed ifeiZher BorCis 
closed BandC are 
operated»), same levee 

Compensator 

al/Switch 

Synchronous 
Adotor 

Pm. 7,788 .—Starting connections for self-starting synchronous motor. In starting: 1. Open 
field switch completely if the excitation voltage be 125 volts; If the excitation voltage of 
the motor be higher than 125 volts, the field switch should not be opened completely but 
left in the clips connected to the discharge resistance. This prevents any high induced 
voltage across the collector rings. Exception: If the motor be part of a motor generator 
met (other than a frequency converter eet) the field switch should be left in the clips con-
nected to the discharge resistance irrespective of the degree of field excitation. Note that ire-

ency degree converter sets should be started in accordance with the general rule given 
above; 2, Throw compensator lever to "start" position. (If oil switches be used, close the 
switch marked "start.") 3. After the motor has reached constant speed close the field 
:witch; the field rheostat having been previously adjusted to give a field current correspond-
ing approximately to no load, normal voltage, with machine running as a generator. 4. 
Throw compensator lever quickly to the "run" position. (If oil switches be used, open the 
switch marked "start," and after this, as quickly as possible, close the switch marked "run.") 
Cautions: 1. Do not touch collector rings or brushes when the motor is being started. 
An induced pressure of about 2,000 volts exists across the rings at the moment of starting. 
This voltage decreases as the motor speeds up, reaching zero at full speed. 2. The motor 
should be started on the lowest tap of the compensator that will start it promptly and bring 
it to full speed in about one minute. If two or three minutes are consumed in coming to 
full speed, there is danger of burning the squirrel cage winding. Special cases. There are 
a few instances where requirements of torque and line current, or perhaps a demand for a 
high excitation voltage (which involves a high induced voltage at starting) make it neces-
sary to modify the procedure in starting. Closing running switch before synchronizing. 
There are rare cases where severe requirements of "pull-in" torque make .e necessary to 
close the running switch, throwing on full line pressure before the field switch is closed, 
That is operation 3 above should follow 4. Closing field current through resistance. 
There are two occasions for closing the field circuit through a resistance as part of the start-
ing procedure. In one ease the object is to increase the torque near full speed; in the other, 
to prevent high induced pressure across the collector rings at starting. With the proper 
value of resistance across the collector rings the torque near full speed is increased. A change 
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frictional load of the synchronous motor and the synchronous motor load. 
In some instances this may require an excessively large auxiliary motor, 
which makes its cost prohibitive. 

This type of synchronous motor may be used successfully where reliable 
attendance is at hand, quickness of start is not important, and sufficient 
floor space is available. 

The self-starting type is provided with a squirrel cage winding 
on the rotor which serves as an induction motor secondary wind-
ing during starting. 

The motor is started by means of applying a reduced voltage directly 
to the armature winding by means of an auto transformer with taps brought 
out for different starting voltages. 

The voltage is applied to the motor by means of an auto starter switch 
which acts as a combined starting and line switch. 

On account of the fact that during the starting a dangerous voltage would 
be induced in the field winding if the field circuit were left open, it is oeces-
sary to short circuit the field. In cases where individual exciters are used, 
the motor field is left connected across the exciter armature while starting. 

When the motor is excited from an exciting bus, a double throw field 
switch is provided for short circuiting the field while starting. The field 
rheostat is included in the circuit with the field winding, during starting, 
and to limit the current which would otherwise decease the starting torque. 

A synchronous motor is desirable for large powers where starting under 

Inc 7,788.--Ccininued 

from this resistance in either direction will decrease trie torque. At starting. however, any 
value of resistance will decrease the torque which the motor would develop with collector 
rings open. Hence, when a motor at the time it is purchased is required to pull into synchron-
ism a large percentage of normal load, or when conditions arise in service where the "pull-in" 
torque requirements prove to be greater than were anticipated, the above scheme à some-
times resorted to. An accurate and convenient way of determining trie proper resistance 
is to bring the motor to constant speed at full line voltage with the load it has to pull into 
synchronism; then by means of a water box connected across the collector rings, determine 
the resistance which will increase the speed to the highest value. This will be the proper 
resistance. The field discharge resistance in such case is increased to the proper value and 
capacity for this added service. Here, the switching procedure is only slightly modified. 
When the motor is running on the last tap, or on the line, as the case may be,---that à, when 
in the standard case, the next operation would be to close the field switch—close the field 
switch on the first point thereby throwing the resistance across the field. A moment later 
say 5 or 10 seconds, close the field switch entirely. On a given machine, the higher the 
excitation voltage for which the field winding is designed, the higher the induced voltage 
across the collector rings at starting. Motors which are designed far normal excitation 
voltages higher than 125 volts, or those which form part of motor generator sets other than 
frequency converter sets, should have the field winding short circuited through the dis-
charge resistance at starting. This will prevent the high induced voltage across the collector 
rings. It is standard practice to make all discharge resistances for synchronous motors 
of ample capacity for this service. 
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load is not necessary. Its power factor may be controlled by varying the 
field strength. The power factor can be made unity and further, the 
current can be made to lead the pressure. 

A synchronous motor is frequently connected in a circuit solely to 
improve the power factor. In such cases it is often called a "condenser 
motor" for the reason that its action is similar to that of a condenser. 

The stationary armature type is adapted to high voltages 
because of the absence of slip rings in the armature circuit. 

The disadvantages of a synchronous motor are that it requires an auxiliary 
power for starting, and will stop if, for any reason, the synchronism be 
destroyed; collector rings and brushes are required. For some purposes 

MD6-00 
INDUCTIVE 
CIRCUIT «= 1 

JAMUL_ 

ALTERNATOR SYNCHRONOUS 
CONDENSER 

Pte. 7,789.—Diagram illustrating the use of a synchronous motor as a condenser. If a syn-
chronous motor be sufficiently excited the current will lead. Hence, if it be connected across 
an inductive circuit as in the figure and the field be over excited it will compensate for the 
lagging current in the main, thus increasing the power factor. If the motor be sufficiently 
over excited the power factor may be made unity, the minimum current being thus ob-
tained that will suffice to transmit the power in the main circuit. A synchronous motoi 
used in this way is called a rotary condenser or synchronous compensator. This is especially 
useful on long lines containing transformers and induction motors. 

synchronous motors are not desirable, as for driving shafts in small work-
shops having no other power available for starting, and in cases where 
frequent starting, or a strong torque at starting is necessary. A synchronous 
motor has a tendency to hunt and requires intelligent attention; also an 
exciting current which must be supplied from an external source. 

Hunting of Synchronous Motors.—Since a synchronous 

motor runs practically in step with the alternator supplying it 
with current when they both have the same number of poles, 
or some multiple of the ratio of the number of poles on each 
machine, it will take an increasing current from the line as its 
speed drops behind the alternator, but will supply current to the 
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line as a generator if for any reason the speed of the alternator 
should drop behind that of the motor, or the current wave lag 
behind, which produces the same effect, and due to additional 
self-induction or inductance produced by starting up or over-
loading some other motor or rotary converter in the circuit. 

When the motor is first taking current, then giving current 
back to the line, and this action is continued periodically, the 
motor is said to be hunting. 

DRIVEN 
(SYNCHRONOUS MOYCffrf 

BRAKE 

SPRING TRANSMITTING 
DR ivIINI6 TORQUE 
FROM A -ro 

0,1;-`èk'NEA!t'oR) 

Pm. 7,793.—Mechanica: analogy illustrating "hunting." The figure represents two fly wheels 
connected by a spring susceptible ta tortion in either direction of rotation. If the wheels 
A, and B be rotating at the same speed an I a brake be applied, say to B, its speed will dimin-
ish and the spring will coil tin. an if fairly flexible, more than the necessary amount to 
balance the load imposed by the brakr; because when the position of proper torque is reached, 
B, is still rotating sligntly slowor than A, and an additional torque is required to overcome 
the inertia of B, and bring its speed up to synchronism with A. Now before the spring stops 
coiling up the wheels must be rotating at the same speed. When this occurs the spring 
has reac:iod a position of too great torque, and therefore exerting more turning force on 
B, than is necessary to ¿ri ¡e it against the brake. Accordingly B, is accelerated and the 
spring uncoils. The velocity of B, thus oscillates above and below that of A, when a load is 
put on and taken off. Owing to friction, the oscillations gradually die out and the second 
wheel takes up a steady speed. A, similar action takes place in a synchronous motor when 
the load is varied. 

The term surging is used to describe the current fluctuations produced 
by hunting. The accompanying series of illustrations of synchronous 
motor principles, show in a very simple way how a synchronous motor 
works. 
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2. Asynchronous Motors 
a. Induction Motors 

fin induction motor conststs essentially of an armature and a 
field magnet, there being, in the simplest and most usual types, no 
electrical connection between these two parts.* 

There are two general types of induction motor: 

1. Single phase; 

2. Polyphase. 

The operation of an in-
duction motor depends on 
the production of a mag-
netic field by passing an 
alternating current 
through field magnets. 

Ihc. 7,791.—Sectional view showing parts of Reliance polyphase induction motor. A special 
feature of the squirrel cage armature construction is the multiplicity of short circuiting 
rings. The holes in the rings are bored slightly smaller than the diameter of the copper 
rods, and the force fit gives good contact. The rings having been forced in place are dip 
soldered in an alloy of tin of high melting point. The motor parts are: 1, end yoke; 2, shaft; 
3, armature short circuiting rings; 4, oil ring; 5, self-aligning bearing bushing; 6, spider; 
7, armature bars; 8, field coils; 9, field lamination end plate; 10, field laminations; 11, eye 
bolt; 12, stator locking key; 13, armature laminations; 14, armature lamination end plate; 
15, armature locking key; 16 dust cap; 17 oil well cover; 18 oil throws; 19, field frame; 
20, squirrel cage armature. 

*NOTE.—The author prefers the terms armature and field magnet, instead of " primary." 
"secondary," " stator," " rotor," etc., as used by other writers, the armature being the part 
Ii which currents are induced and the field magnet (or magnets) that part furnishing the field 
In which the induction takes place. 
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The character of this field is either oscillating or rotating, 
according, as single or polyphase current is respectively used. 

Since a single phase motor must start with a rotating field and come up to 
speed before the oscillating field can be employed, a knowledge then of the 
production of a rotating field is necessary to understand the action of the 
single phase motor at starting, hence the polyphase motor will be explained 
first. 

Polyphase Induction Motor.—The construction of an 
induction motor is very simple. It consists of only two parts, 
an armature and field magnets. 

There is no electrical 
connectionbetween these 

parts, hence 
such motors 
are adapted 
for use in 
places where 
special pre-
cautions o 
against fire 
are neces-
sary. The 
operation of 
a polyphase 

induction motor depends 
on: 

1. The production of a 
A rotating field; 

PIG. 7,792.—Elementary induction motór consisting of a copper cylinder and rotating magnet 
illustrating the principle of operation of an induction motor as explained in the accompanying 
text. In operation, the speed of the copper cylinder armature depends upon the load; it 
must always turn slower than the magnet, in order that its elements may cut magnetic lines 
and induce poles to produce the necessary torque to balance the load. The difference In 
speed of the magnet and cylinder is called the slip. Evidently the greater the load, the 
greater is the slip required to induce poles of sufficient strength to maintain equilibrium. 
'Ehe figure is drawn somewhat distorted, so that both eddies are visible. 



820 A.C. MOTORS 

Pm. 7,793.—Mechanical Appliance Co. solid core discs 

2. Induction of current in the armature; 

3. Reaction between the revolving field and the induced currerts. 

In practice the rotating field is produced without any movement of the 
mechanical parts of the electro-magnets, but for simplicity in explaining the 
principle of operation, the rotating magnetic field may be supposed to be 
produced by a pair of magnetic poles placed at opposite sides of the arma. 
ture and revolved around it as in fig. 7,792, which shows an elementary 
induction motor. 
The armature here consists of a copper cylinder. 

Now, for instance in start-
ing, the cylinder being at rest 
any element or section of the 
surface as the shaded area 
AB, will, as it comes into 
the magnetic field of the rotat-
ing magnet , cut magnetic lines 
of force inducing a current 
therein, whose direction is 
easily determined by applying 
Fleming's rule. 

Since the field is not uni-
form, but gradually weakens, 
as shown, on either side of the 
shaded area (which is just 

as used on small and medium size induction motors. passing the center), the pres-
sure induced on either side 

will be less than that induced in the shaded area AB, giving rise to 
eddy currents as shown. These eddy currents induce poles as indi-
cated at the centers of the whorls, the polarity being determined by 
applying the right hand rule for polarity of solenoids, as given on page 
49. 

By inspection of fig. 7,792, it is seen that the induced pole 
toward which the magnet is moving is of the same polarity a.) the 
magnet; therefore it is repelled, while the induced pole from which 
the magnet is receding, being of opposite polarity, is attracted. A 
torque is thus ploduced tending to rotate the cylinder. 

It must be evident that this torque is greatest when the cylinder is at 
rest, because the magnetic lines are cut by any element on the cylindrical 
surface at the maximum rate. 
Moreover, as the cylinder is set in motion and brought up to speed, the 

torque is gradually reduced, because the rate with which the magnetic 
lines are cut is gradually reduced. 
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The essential 
condition of op-
eration of an in-
duction motor is 
that the arma-
ture, or part in 
which currents 
are induced, 
must rotate at a 
speed slower than 
that of the rotat-
ing magnetic 
field. 

7,794.—General Electric soldered form of end ring construction on squirrel cage arma-
tures. The armature inductors or copper bars laid in the core slots are short circuited by 
these end rings, which are also made of copper. For the smaüer sizes, the rings are thin 
but of considerable radial depth and are held apart by spacing washers. They have rectan-
gular holes punched near their outer peripheries through which the bars pass. Lips are 
formed on the rings, as shown to which the bars are soldered. 

This difference 
of speed is called 
the slip, which is 
nereqsnry in order 
to produce a 
torque that will 
balance the load. 
The copper cyl-

inder armature 
shown in fig. 7,792 
would not be de-
sirable in practice 
because there i,s no 
definite path pro-
vided for the in-
duced currents. 
FIG. 7,795.—General Electric welded form of end ring .construction on squirrel cage armatures 

Space limitations make it difficult to provide parallel soldered rings of sufficient area for 
large motors; hence, on such machines welding is resorted to, as shown. The ring in welded 
construction is placed beneath the bars at each end of the armature. Short radial bars 
are welded to the edges of these rings and to the inductors or squirrel cage bars, thereby 
snaking good electrical contact. 
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Obviously, a better result is obtained if the downward returning currents 
of the eddies are led into some path where they will return across a field of 
opposite polarity from that across which they ascended, as in such case, 
the turning effect will be doubled. Such modification was made by cutting 
a number of parallel slits in the copper cylinder, leaving at each end an unin-
terrupted ring of metal as in fig. 7,797. Later a built up construction 
(fig. 7,797) was embedded in a solid mass of iron as in fig. 7,798. 

FU LLY 
INSULATED 
BARS 

SHORT 
CIRCUITING 

RING COPPER BARS 

NO 
INSULATION 

SOLID 
IRON GORE 

SHORT 
CIRCUITING Rip.10 

PÁPALLEL. SO CA LED RING 
SLITS 

SQUIRREL GAGE 

LAMIN LE 

VENTILATING 
DUCTS 

SHAFT 
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FIGS. 7,798 to 7.801.—Development of the squirrel cage armature. Fig. 7,798, slotted copper 
cylinder; fig. 7.797, so railed squirrel cage; fig. 7,798, squirrel cage embedded in solid iron 
core; fig. 7,799, squirrel cage with insulated bars, laminated core; fig. 7,800. squirrel cage 
with insulated bars, laminated core with ventilating ducts; 6g. 7,801, modern squirr&. 
cape armature. 
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7,802.—Production of a rotary magnetic field by two phase current. If only one current a, entered the ring at A, and the 
direction of the winding be suitable, a negative pole (—) will be produced at A, and a positive pole (+> at B, so that a magnetic 
needle pivoted in the center of the ring would tend to point vertically upward toward A. Now suppose that at this instant, 
corresponding to the beginning of an alternating current cycle, a second current b, differing in phase from the first by 90 de-
grees, be allowed to enter the ring at C. As shown, when the pressure of the current a, is at its maximum, that of thecurrent 
b, is at its minimum; therefore, even a two phase current, at the beginning of the cycle, the needle will point toward A. As the 
cycle continues, however, the strength of a, will diminish and that of b, increase, thus shifting the induced pole toward C, until 
b, attains its maximum and a, falls to its minimum at 90° or the end of the first quarter of the cycle, when the needle will point 
toward C. At 90°, the pilaus a, current reverses in directi9n and produces a negative pole at B, and as its strength increases 
from 90° to the 180° point of the cycle, and that of phase b diminishes, the resultant negative pole is shifted past C, toward B, 
until a, attains its maxiinum ani b, falls to its minimum at 180°, and the needle points in the direction of B. At the 180° point 
of the cycle, b, reverses in direction and produces a negative pole at D, and as the fluctuation of the pressure of the two cur-
rents during the second half of the cycle, from 180° to 380*, bear the same relation to each other as during the first half, the 
resultant poles of the rotating magnetic field thus produced carry the needle around in continuous rotation so long as the two 
phase current traverses the windings of the ring. 

7,803.—Production of a rotary magnetic field by three phase current. At the instant when the current a, flowing in at A, 
is at its maximum, two currents b and c, each one-half the value of a, will flow out B and C, thus producing a negative pole 
at A, and a positive pole at B, and at C. The resultant of the latter will be a positive pole at E, and consequently, the magnetic 
needle will point towards A. As the cycle advances, however, the mutual relations of the fluctuations of the pressures of the 
three currents, and the time of their reversals of direction will be such, that when a maximum current is flowing at any one 
of the points A, B, and C, two currents each of one-half the value of the entering current will flow out of the other two points, 
and when two currents are entering at any two points, a current of maximum value will flow out of the other point. This action 
will produce one complete rotation of the magnetic field during each cycle of the current. 

A solid cylinder of iron will of course serve as an armature, as it is magnetically excellent; but the high 
anecific resistance of iron prevents the flow of induced currents taking place sufficiently copiously; hence a . . 
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solid cylinder of iron is improved by surrounding it with a mantle of cop-
per, or by a squirrel cage of copper bars (like fig. 7,801), or by embedding 
rods of copper (short circuited together at their ends with rings) in holes 
just beneath its surface. However, since all eddy currents that circle 
round, as those sketched in fig. 7,792, are not so efficient in their mechan-
ical effect as currents confined to proper paths, and as they consume power 
and spend it in heating effects, the core was then constructed with lamina-
tions lietly insulated from each other, and further the squirrel cage copper 
bar inductors were fully insulated from contact with the core 'runnel 
slots were later replaced by designs with open tops. 

Slip.—This is a vital factor in the operation of an induction 
motor since there must be slip in order that the armature inductors 
shall cut magnetic lines to induce (hence the name "induction" 
motor) currents therein so as to create a driving torque. 

The slip usually varies from about 2 to 5% of synchronous speed depend-
ing upon the size, that is, the armature turns from about 2 to 5% slower 
than the rotating magnetic field. There is ordinarily very little slip because 
due to the very low resistance of the armature, very little pressure is required 
to produce current therein of sufficient strength to give the required torque. 
The revolutions of the rotating field per minute or synchronous speed 

is determined by the following formula: 

2 X frequency  
synchronous speed X60 

number of poles 

The following table gives the synchronous speed for various frequencies 
and different numbers of poles: 

Predsdul 

R.P.M. of the nstaties madeetie field, eta. oupstor 
ol poles Is 

Perdu., 

R.P.M. ol do rossüdg m come 6,14. *dos comb., 

2 
10 16 20 24 2 6 0 6 00 24 

33 1.300 COO 300 188 150 125 100 6.020 2 000 131.0 750 000 300 
eo 3.600 1,200 720 450 360 360 120 7,200 2 400 I 140 000 770 Cd) 
60 4.800 1.600 IMO 600 480 400 123 7,503 2.501 1.500 0317 730 625 

Rotating Magnetic Field.—It should be understood that 
the term rotating field does not signify that the magnets revolve 
(as in fig. 7,792), the expression merely refers to the magnetic 
lines of force set up by the field magnets without regard to 
whether the latter be the stationary or rotating member. 
A rotating field then may be defined as the resultant magnetic 

field produced by a system of coils symmetrically placed and supplied 
with polyphase currents. 
A rotating magnetic field may be produced either by 
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1. Two phase currents as in 

fig. 7,802, or by 
2. Three phase currents as in 

fig. 7,803. 

The Field Magnets. -- The 

construction of the field mag-
nets, which, when energized 
with alternating current produce 
the rotating magnetic field, is 

in many respects identical with 
the armature construction of re-

volving field alternators. 

FIG. 7,804.—Field construction of -Crocker Wheeler induction motor with fnagnetic bridge. 
Steel bridges are inserted in the grooves where the coils are placed, to protect them from 
dirt and mechanical injury, and at the same time to provide a path for the magnetic flux which 
has a nearer uniform reluctance, thereby insuring a better distribution of the flux in the ail 
gap and at the same time retaining open slot construction from which the coils can be readily 
removed. 

The field magnets ^on-
gist essentially of: 1, 
yoke or frame; 2, la-
mina, or core stamp-
ings; 3, winding. The 
yoke and lamina are 
in every way similar 
to the armature frame 
and core construction 
of revolvii 1 field al-
ternators. 

PIG. 7,805.—Western Electric core construction and method of winding field of skeleton frame 
induction motor. The coils are wound on forms to give them exact shape and dimensions re-
quired. They are pressed into hot moulds to remove any irregularities and then the coils are 
impregnated with hot cernent. to bind the layers together in their permanent shape. The 
portion of the coil which f. ts into the slot is wrapped with varnished cloth and a layer of dry 
tape is wound over the entire coil The coils are then impregnated with an insulating corn. 
pound and baked. the process being repeated six times Coils for 1.100 and 2,200 volt motor: 
have an extra covering of insulation and double the amount of impregnating and baking. 
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Field Windings for Induction Motors.—The field wind-

ings of induction motors are almost always made to produce 
more than two poles in order that the speed may not be un-
reasonably high. This will be seen from the following: 

If P, be the number of pairs of poles per phase, f, the frequency, and N, 
the number of revolutions of the rotating field per minute, then 

60 X 
N = f 

— 17- 

Pte. 7,806.—Diagram of two phase, six pole field winding. There are six coils in each phase 
as shown. The coils of each phase are connected in series, adjacent coils being joined in 
opposite senses, thus, for each phase, first one coil is wound clo,kwise, and the next counter 
clockwise. 

7$07 —Diagram of two phase, eight pole field winding. The minding is divided into 
16 groups (equal to the product of the number of poles multiplied by the number of phases) 
Each group such as at A, comprises a number of coils in series. each coil being located in a 
separate pair of s:ots, the end of one being connected to the beginning of the next. When 
the currents are in the same direction, the currents circulate in the same direction in two 
adjacent groups, a pole then with this arrangement being formed by two groups, both phases 
contributing to the formation of the pole. After M cycle when the current in each phase 
reverses, the pole advances the angular distance; covered by two groups; hence the field 
completes one revolution in eight alternations of current. 

Thus for a frequency of 100 and one pair of poles, N = 60 X 100 ÷ 
1 = 6,000. By increasing the number of pairs of poles to 10, the frequency 
remaining the same, N = 60 X 100 ÷ 10 = 600. Hence, in design, by 
increasing the number of pairs of poles the speed of the motor is reduced. 

An objection to very high speed of the rotating field is the increased 
difficulty of starting. Hence, in practice there are a multiplicity of field 
poles, and in some eases low frequency current is used to reduce the sneed 
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of the rotating field. Where the current is used both for power and ieting, 
low freguency is objectionable because of the resulting "flicker" in the lamps 
which is perceptible. 

In general the field core slots contain a distributed winding of substan-
tially the same character as the armature winding of a revolving field 
polyphase alternator. 
The poles are formed by properly connecting the groups of coils and not by 

windings concentrated at certain points on salient or separately projecting 
masses of iron, as in direct current machines. 

i i  

PHASE A 

  PHASE. B 

jPHASE A 
o  

o  
PHASE B 

PIG. 7,808 — Westinghouse auto- transformer or compensator. It consists of two auto 
tranformers T and T', each having only a single winding for both primary and secondary 
which are tapped at certain points by switches, thus dividing the winding into a number 
of loops, so that one of several voltages may be applied for starting, and the starting torque 
thus adjusted to the work that has to be performed. At the highest points tapped by the 
switches S and S', the full yressure, and at the lowest points, the lowest pressure, is applied 
to the motor by the operation of the main switch M. This switch has four blades and three 
positions. When thrown to the left as indicated, it connects the auto-transformers T and 
T', across the circuits A and B. respectively, so that the pressure across the transformer 
coils, as determined by the position of the switches S and S', is applied to the motor circuits 
A and B. The intermediate position of the switch M, interrupts both circuits. To start the 
motor, switch M. is thrown to the left and a reduced pressure applied; after the motor bu 
started and come up to speed the switch M, is thrown to the right, thus cutting out the 
transformer and connecting the motor directly to the circuit. 

In grouping the coils, three phase windings are usually Y connected, 
1:n some cases Y grouping is used for starting and A grouping for running. 

Starting of Induction Motors.—Because of the very low 
resistance of the armature, the machine, unless of very small size, 
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would probably be destroyed by the heat generated before it 
could come up to speed. Accordingly some form of starting 
device is necessary. There are several methods of starting, as 
with: 

1. Resistances in the field; 
2. Auto-transformer or compensator 
3. Resistance in armature. 

In the first method variable resistances are inserted in the. circuits 
leading to the field magnets and mechanically arranged so that the resist-

SWITCH 

PHASE A 

THREE PHASE 
IN 
MOTOR 

RUNNING POSITION 

PHASE A 

STARTING POSITION 

AUTO- TRANMORAITaFt 

7,809.—Auto-transformer or compensator connections for three phase induction motor. 
In operation, when the double throw switch is thrown over to starting position, the current 
for each phase of the motor flows through an auto-transformer, which consists of a choking 
coil for each phase, arranged so that the current may be made tc pass through any portion 
of it (as 1,2,3) to reduce the voltage to the proper amount for starting. After the motor 
has come up to speed on the reduced voltage, the switch is thrown over to running position, 
thus supplying the full line voltage to the motor. In actual construction fuses are use-
Ally connected, so that they will be in circuit in the running position, but not in the starting 
position, where they might be blown by the large starting current. 

ances are varied simultaneously for each phase in equal amounts. These 
starting resistances are enclosed in a box similar to a direct current motor 
rheostat. 

An objection to this method is that it is less efficient than the use of 
variable inductances. 

In the second method, variable inductances or auto-transformers are 
inserted in the field magnet circuits. 
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In the third method, variable resistances are inserted in the armature 
circuit, and according to the location of these resistances, the machine is 
classed as an internal resistance motor, or an external resistance (slip 
ring) motor. 

Internal Resistance Induction Motors.—The armature 
of this type of induction motor differs from the squirrel cage 
variety in that the winding is not short circuited through copper 
rings, but, in starting, is short circuited through a resistance 
xxiounted directly on the shaft in the interior of the armature. 

7,810.—View of armature interior of Wagner poplyphase induction motor with wound 
armature, showing the centrifugal device which at the proper speed short circuits all the 
coils, transforming the motor to the squirrel cage type. The winding is connected with a 
vertical "commutator" so called. Inside the armature are two governor weights, which 
are thrown outward by the centrifugal force when the machine reaches the proper speeri 
thus pushing a solid copper ring (which encircles the shaft) into contort with the inner ends 
of the "commutator" bars, in this way completely short circuiting the armature winding. 

When the motor is thrown in circuit, a very low starting current is 
drawn from the line due to the added resistance in the armature. As the 
motor comes up to speed, this resistance is gradually cut out, and at full 
speed the motor operates as a squirrel cage motor, with short circuited 

winding. 

The starting resistance is gradually cut out by operating a lever which 
engages a collar free to slide horizontally on the shaft. The collar moves 
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FIG. 7,811.—Richmond slip ring motor. 

over the internal resistance grids 
(located within the armature 
spider), thus gradually reducing 
their value until they are cut out. 

This arrangement is suitable for 
small motors, but is objectionable 
on large motors because of the con-
siderable heat produced. 

The initial rush of current when a 
squirrel cage motor is thrown on the 
line is more or loss objectionable 
and there are central stations which 
allow only resistance type of induc-
tion motor to be used on their lines. 

As with the internal resistance motor, the armature winding of a slip 
ring motor is not short circuited through copper rings in starting, but 
through a resistance, which in this case is located externally. 

External Resistance or Slip Ring Motors.—In large 
machines, and those which must run at variable speed, such as 
is required in the operations of cranes, hoists, dredges, etc., it is 
advisable that the regulating resistances be placed externally to 

t‘-  1,flB 

 Ji 
Pm. 7,812.—External resistance or slip ring induction motor connections. The squirrel cage 
armature winding is net short circuited by copper end rings, but connected in Y grouping 
and the three free ends connected to three slip rings, leads going from the brushes to three 
external resistances, arranged as triplex rheostat having three arms rigidly connected as 
shown, so that the three resistances may be varied simultaneously and in equal amounts. 
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the motor. Motors having this feature are commercially known 
as slip ring motors, because connections are made between the 
external resistances and the armature inductors by means of slip 

rings. 

The armature winding is connected in Y grouping and the free ends con-
nected to the slip rings, leads going from the brushes to the variable re-
sistances as in fig. 7,812. 

FRACTIONAL HORSEPOWER 

MOTORS 

By definition, a fractional horsepower motor is a motor built 
in a frame smaller than that having a continuous rating of one 
horsepower, open type, at 1,700-1,800 revolutions per minute. 

It should be noted however, that this does not indicate that 
the horsepower is less than one, because a 1-hp. 3,450 r.p.m. 
60 cycle motor is a fractional rating, while a 3/1 h.p. 1,140 
r.p.m. for example is an integral rating. 

Single Phase Motor Classification.—Single phase motors 
may be divided into several classes, depending upon construc-
tion and method of starting as. 

1. Split phase. 

2. Capacitor start. 

3. Capacitor. 

4. Repulsion. 

5. Shaded pole. 

6. Universal, etc 
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The Split Phase Induction Motor.—This motor is one of the 
most popular of the fractional horsepower types. Fig. 7,814 
shows an arrangement of the windings. The motor consists 
essentially of squirrel cage rotor, and has two stator windings, 
a main winding and a starting winding. The main winding is 
connected across the supply lines in the usual manner, and has 
a low resistance and a high inductance. The starting or aux-
iliary winding which is physically displaced in the stator from 
the main winding, has a high resistance and a low inductance. 
This physical displacement, in addition to the electrical phase 
displacement produced by the relative electrical resistance 
values in the two windings, produce a weak rotating field which 
is sufficient to provide a low starting torque. 

STARTING 
SWITCH 

RES. 
(WHEN USED) 

70 LINE 

MAIN WINDING 

STARTING WINDING' 

Fra. 7.814.—Schematic diagram illustrating circui': arrangement of a split phase induction motor. 

After the motor has accelerated to 75 or 80 per cent of its synchronous 
speed, a starting switch (usually centrifugally or magnetically operated) 
opens its contacts to disconnect the starting winding. 
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The function of the starting switch is to prevent the motor from drawing 
excessive currents from the line and also to protect the starting winding 
from damage due to heating. The motor may be started in either direction 
by reversing either the main or auxiliary winding. 

The characteristics of a resistance type split phase motor are shown in 
fig. 7815. The split phase motor is most commonly used in sizes ranging 
from 1/3Ø to 3z horsepower for applications such as fans, business machines, 
automatic musical instruments, buffing machines, grinders and numerous 
other applications. 
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Fia. 7.815.—Typical speed torque characteristics of a split phase induction motor. 

The Resistance-Start Motor.—This if a form of split phase 
motor having a resistance connected in series with the auxiliary 
winding. As in the split phase motor, the auxiliary circuit is 
opened when the motor has attained a pre-determined speed. 
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The Reactor-Start Motor.—This is a form of split phase 
motor designed for starting with a reactor in series with the 
main winding. The reactor is short circuited or otherwise 
made ineffective and the auxiliary circuit is opened when the 
motor has attained a pre-determined speed. A circuit arrange-
ment of the motor is shown in fig. 7,816. The function of the 
reactor is to reduce the starting current and to increase the 
angle of lag of the main winding current behind the voltage. 
This motor will develop approximately the same torque as the 
split phase motors discussed previously. 

REACTOR 

TRANSFER 
SWITCH 

ISTARTING 
TO POSITI ON 
LINE 

RUNNING 
POSITION 

Fla. 7,816.—Circuit arrangement of a reactor-start motor. 

MAIN WINDING 

STARTING WINDING 

The centrifugally operated starting switch must be of the 
single pole double throw type for proper functioning. 
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The Capacitor-Start Motor.—This is another form of split 
phase motor having a capacitor or condenser connected in 
series with the auxiliary winding. The auxiliary circuit is 
opened when the motor has attained a pre-determined speed. 
The circuit, fig. 7,817 shows the winding arrangement. 

CAPACITOR 

/ 

TO LINE 

MAIN 
WINDING 

7,817.—Circuit arrangement of a capacitor-start motor. 

CENTRIFUGALLY 
OPERATED 
STARTING SWITCH 

The rotor is of the squirrel cage type as in other split phase 
motors. The main winding is connected directly across the 
line, while the auxiliary or starting winding is connected 
through a capacitor which may be connected into the circuit 
through a transformer with suitably designed windings and 
capacitor, the two windings will be approximately 90 degrees 
apart electrically. 

This type has certain advantages over the previously described types in 
that it has a considerable higher starting torque accompanied by a high 
power factor. 
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The Capacitor Motor.—This form of single phase induction 
motor has the main winding connected directly to the power 
supply and the auxiliary winding connected in series with a 
capacitor. The capacitor and auxiliary winding remains in 
the circuit while the motor is in operation. There are several 
types of capacitor motois differing from one another, mainly 
in the number and arrangement of capacitors employed. 

The running characteristics of this type of motor are extremely favorable 
and the torque is fixed by the amount of additional capacitance added to 
the auxiliary winding during the starting period. 

The simplest type mechanically is the low torque, permanent-split 
capacitor-motor fig 7,818. Here a capacitor is permanently connected in 
series with the auxiliary winding. This type of motor can be arranged for 
adjustable-varying speed by the use of a tapped winding or autotransformer 
regulator. 

CAPACITOR 

TO MAIN  
LINE WINDING 

W=0 

KZ> 

<Z> 

0 0 0 

0 

SQUIRREL CAGE 

ROTOR 

o o 

 uLDMISISL 
AUXILIARY WINDING 

rm. 7,818. —Circuit arrangement of a permanent split-wound capacitor motor. 
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RUNNING CAPACITOR 

STARTING 
CAPACITOR 

TO 
LINE 

CENTRIFUGALLY 
OPERATED STARTING 
SWITCH 

PM. 7,819.—Circuit arrangement in a high torque type capacitor motor. 

— CAPACITJR 

TO 
LINE 

AUTO-TRANSFORME 

TRANSFER 
SWITCH 

Fm. 7,820.—Circuit arrangement in a high torque type capacitor motor using auto-trans-
former. In a circuit arrangement of this type, a single pole, double throw transfer switch 
connects the capacitor in such a way as to provide a voltage of approximately 700 volts at 
starting. After the motor has reached a predetermined speed, the transfer switch operates 
and connects the capacitor to a permanent running voltage which is approximately 300 volts. 
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High torque motors are usually provided with one running and one 
starting capacitor connected in parallel as shown in fig. 7,819 or by means 
of an autotransformer connected to increase the voltage of the capacitor 
during the starting period as indicated in fig. 7,820. 
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Fro. 7,821.—Typical operating characteristics of high and low torque type capacitor motors. 

The Repulsion Motor.—This is a single phase motor which 
has a stator winding arranged for connection to the source of 
power and a rotor winding connected to a commutator. Brushes 
on the commutator are short-circuited and are so placed that 
the magnetic axis of the rotor winding is inclined to the mag-
netic axis of the stator winding. This type of motor has a 
varying speed characteristic. 

Principally it has a stator like that of a single phase motor, 
but has a rotor like the armature of a direct current motor, 
with the opposite brushes on the armature short-circuited, that 
is, connected together by a connector with a negligible re-
sistance. 

The brushes are placed so that a line connecting them makes 
a small angle with the neutral axis of the magnetic field of the 
stator. The stator induces a current in the armature which 
produces an armature field with poles in the neighborhood of 
the brushes. These have the same polarity as the adjacent 
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field poles and are repelled by them so that this repulsion causes 
the armature to revolve. From this action the motor derives 

its name. 

TO LINE 

SHORY-CIRCUITED 
BRUSHES 

• / 

FIELD 'WINDING 

7,822.—Circuit arrangement of a simple series repulsion motor. 

A repulsion motor of this original type has characteristics similar to the 
series motor. It has a high starting torque and moderate starting current. 
It has low power factor except at high speeds. For this r,:ason it is often 
modified into the "compensated repulsion motor," which has another set 
of brushes placed midway between the short-circuited set and this added 

set is connected in series with the stator winding. 

Compensated Repulsion Motor.—This is simply a repulsion 
motor with an added winding to improve the power factor. It 
may be designed with constant or varying speed characteristics. 
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Repulsion-Start Induction Motor.—This type of single phase 
motor is widely used in sizes up to about five horsepower. A 
repulsion start induction motor is a single phase motor having 
the same windings as a repulsion motor, but at a pre-determined 

o 
90° 

BRUSH POSITION VALUES OF e 
+ 90° 

Fm. 7,823.—Curves for repulsion motor showing the effect on Lurrent and torque due t,. 
shifting of the brushes. Note that the current and torque vary greatly with the position id 
the brushes. 

speed the rotor winding is short circuited or otherwise connected 
to give the equivalent of a squirrel cage winding. This type of 
motor starts as a repulsion motor but operates as an induction 
motor with constant speed characteristics. 
The repulsion start induction motor ha b a single phase 

distributed field winding with the axis of the brushes displaced 
from the axis of the field winding. The armature has an 
insulated winding. The current induced in the armature or 
rotor is carried by the brushes and commutator resulting in 
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high starting torque. When nearly synchronous speed is 
attained the commutator is short circuited so that the armature 
is then similar in its functions to a squirrel cage armature. 

( 
FIELD WINDING 

BRUSH 

COMMUTATOR 

SHORT CIRCUIT 
NECKLACE 

SET 

. TERMINAL 

j BLOCK 

110 VOLTS 220 VOLTS 

NOTE: TOP TERMINAL SHOWS CONNECTION 
TO MOTOR WINDINGS ONLY. 
FOR PROPER CONNECTION TO A.C. CIRCUIT 
CHECK VOLTAGE SOURCE AND CONNECT AS 

INDICATEQ ON LOWER TERMINALS. 
7,824.—Typical cod relationship in yogis phase repulsion-start induction motor. 
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The diagrams figs. 7,825 ta 7,827J show the working prin-
ciples of the mechanism for simultaneously lifting the brushes 
and short circuiting the commutator to change the operation 
from repulsion to induction. The object of lifting the brushes 
is to eliminate wear of the commutator during the running 
periods as it makes no difference electrically whether the 
brushes be in contact or not after the motor comes up to speed. 

BRUSH HOLDERS 

SHORI 
CIRCUITING 
NECKLACE 

WINDING 
ROTOR GOVERNOR 

WEIGHT 

ROTOR 
SLOTS 

ROTOR LAMINATIONS 

'SHORT CIRCUITING RING 

—ENO PLATE 

7.825.—Shows position of short-circuiting necklace and brush mechanism while motor is 
starting. 

This motor has gone through many stages of improvement since its first 
appearance on the market, although its general principle has remained the 
same. The general reliability of this type of motor is largely governed by 
the reliability of the short circuiting mechanism. For this reason, it has 
been the constant aim of engineers to improve on the principle and con-
struction of the short circuiting switch. Centrifugal force, as a means to 
accomplish the best results, was early resorted to and still remains the most 
practical method, because the weight being once determined, will always 
throw out and short circuit the commutator at the same speed. 
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Since the motor starts on the repulsion principle, it has the same starting 
characteristics as the repulsion motor described previously, namely, high 
starting torque and low starting current. 

As the motor speeds up the torque falls off rapidly. At some point on 
the speed torque curve after the repulsion curve has crossed the induction 
motor curve, usually at about 80% of synchronism, the commutator is 
automatically short circuited, producing the effect of a cage winding in 
the armature and the motor comes up to speed as an induction motor. 

1 

\ 

GOVERNOR \ 
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COMMUTATOR 

BRUSH HOLDERS 

BRUSHES 

PUSH ROD 

ROTOR LAMINATIONS 

Sht,,,FT 

Fla. 7,826.—Shows position of short-circuiting necklace and brush mechanism after governor 
weights have operated. 

After the commutator has been short circuited, the brushes do not carry 
current and therefore, may be lifted from the commutator, but lifting the 
brushes is not necessary. 
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Fins. 7,827 to 7,827J.—Dismantled rotor showing items making up short-circuiting and brush-lifting mechanism. Governor 
weights (not shown) are at opposite end of rotor. 
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The curve in fig. 7,827K shows the speed torque characteristics of a 
typical repulsion-start induction motor. The short circuiting mechanism 
operates at point A. At this point the induction motor torque is greater 
than the repulsion motor torque, which means that if the repulsion winding 
have sufficient torque to bring the load up to this speed, there will be 
sufficient torque as an induction motor to bring the load up to full speed. 
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7,827K.—Speed-torque characteristics of a typical repulsion-start induction motor. 

The higher the speed at which the short circuiting mechanism operates, 
the lower will be the induction motor current at that point and consequently 
the less disturbance to the line. After the commutator has been short 
circuited, the motor has the same characteristics as the single phase in-
duction motor previously described. 

If the short circuiting mechanism operate, before the repulsion curve 
crosses the induction motor curve, and the torque of the induction motcr 
be less than that required to accelerate the load, the motor may slow down 
until the short circuit is removed from the commutator, in which case the 
motor will again operate repulsion. The armature will then speed up until 
the commutator is again short circuited after which the armature will slow 
down until it again becomes repulsion. This cycle will be repeated over 
and over agair until some change takes place. 

o 
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The efficiency and maximum running torque of the repulsion start 
induction motor are usually less than those of a cage wound induction 
motor built of the same parts. In other words, the repulsion start induction 
motor must be larger than a cage wound motor of the same rating to give 
the same performance. 

Repulsion Induction Motors.—This is another form of re-
pulsion motor which has a squirrel cage winding in the rotor in 
addition to the repulsion motor winding. A motor of this type 
may have either a constant speed or varying speed character-
istics. l 00 
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Fica. 7,827L.—Speed-torque charactenstics of a typical repulsion induction motor. 

Specifically this motor is a combination of the repulsion and 
induction types and operates on the combined principle of 
repulsion and induction. It is sometimes termed a squirrel cage 
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repulsion motor. In this motor the desirable starting char-
acteristics of the repulsion motor and the constant speed 
characteristics of the induction motor is obtained. It is of 
course, impossible to combine the two types of motor and 
obtain only the desirable characteristics of each. 

FIELD WINDING 

COMMUTATED 
WINDING 

SQUIRREL CAGE 
WINDING 

TO UNE 

Fin. 7,827M.—Illustrating circuit arrangement of a repulsion induction motor. 

The field has the same type of windings as used in the repul-
sion start induction motor. The armature has two separate 
and independent windings. They are: 

1. Squirrel cage winding; and 
2. Commutated winding. 

Both of these armature windings function during the entire 
period of operation of the motor. There are no automatic 
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devices such as the starting switch of the split phase motor, or 
the short circuiting device of the repulsion start induction 
motor. 

The cage winding is located in slots below those which contain the 
commutated winding. The slots which contain the two windings may or 
may not be connected by a narrow slot. Usually there are the same number 
of slots in the two windings. It is not, however, absolutely essential that 
they be the same, as before stated. 

Due to its construction, the squirrel cage winding has inherently a high 
inductance. Its reactance with the armature at rest is therefore high. 

The commutated winding has a low reactance and the current will flow 
mainly in this winding. The ideal condition at starting would be for all of 
the flux to pass beneath the commutated winding and none of it to pass 
beneath the cage winding. If this condition could be obtained, this 
motor would have the same starting characteristics as the repulsion start 
induction motor. 

At full load speed, which is slightly below synchronism, the reactance 
of the cage winding is low, and most of the mutual flux pises beneath the 
cage winding. 

Both windings produce torque and the output of the motor is the corn-
Dined output of the cage winding and the commutated winding. 

The commutation of the motor is good at all speeds. The no load speed 
is above synchronism and is limited by the combined effect of the field 
winding on the commutated winding and the cage winding and the action 
of the two armature windings on each other. At synchronous speed, a 
squirrel cage motor has no torque. At synchronous speed, and for a short 
distance above synchronous speed, the torque of a repulsion induction 
motor is greater than that of the commutated winding alone, which shows 
that due to the interaction between the two armature windings ,the squirrel 
cage supplies torque instead of acting as a brake. 

At full load speed, and up to about the maximum running torque point, 
the torque of this motor is greater than the sum of the torques of the cage 
winding and the commutated winding. The inherent locked torque curve 
of a repulsion induction motor is similar to that of the repulsion motor 
shown in fig. 7.827L. At soft neutral, the primary winding carries the 
squirrel cage current in addition to the exciting current of the motor. Since 
the starting current of the repulsion induction motor is low, it may be 
operated from lighting circuits when driving frequently starting devices. 
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The repulsion induction motor is especially suitable for such applications 
as household refrigerators, water systems, garage air pumps, gasoline 
pumps, compressors and similar applications. This motor may also be 
arranged for reversing service by the same method described for the repul-
sion motor, that is by the use of one transformer field and two main field 

windings, 

The Shaded Pole Motor.—This is a single phase induction 
motor equipped with an auxiliary winding displaced in mag-
netic position from, and connected in parallel with the main 

winding.* 

SHADING 
COILS 

MAIN COILS 

Fro. 7,827N.—Single phase fan motor with shading coils for starting. In addition to the main 
field coils, one tip of each pole piece is surrounded by a short circuited coil of wire or frame of 
copper, as indicated in the figure. This coil, or copper frame, is called a shading coil, and it 
causes a phase difference between the pulsating flux that emanates from the main portion 
of each polar projection and the pulsating flux which emanates from the pole tip, thus 

introducing an approach to two phase action on the armature. 

*NOTE.—Unless otherwise specified, however, the auxiliary circuit is assumed to be 
opened when the motor has attained a pre-determined speed. The term split phase motor, used 
without qualification, describes a motor to be used without inpedance, other than offered by 

the motor windings thernsel•,es, other types being separately defined. 
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These are manufactured in fractional horsepower sizes, and 
have found employment in a variety of household appliances 
such as fans, blowers, hair driers and other applications requir-
ing a low starting torque. It is operated only on alternating 
current, usually non-reversible, is low in cost and extremely 
rugged and reliable. 

Although there are a number of different construction meth-
ods employed, principally the motor operates as follows: 

The shading coil (from which the motor has derived its name) consists 
of low resistance copper links embedded in one side of each stator pole, 
and are used to provide the necessary starting torque. 

When current increases in the main coils, a current is induced in the 
shading coils that opposes the magnetic field building up in the part of the 
pole pieces they surround. This produces the condition shown in fig. 7,8270 
where the flux is crowded awiy from the portion surrounded by the shading 
coil. 

POLE 
PIECE 

SHADING 
COIL 

7,8270.—Diagram showing action of shading coil in alternating current motor. The 
extremities of these pole pieces are divided into two branches, in one of which a copper ring 
called a shading coil is placed as shown, while the other is left unshaded. The action of the 
shading coil is as follows: Consider the field poles to be energized by single phase current and 
assume the current to be flowing in a direction to make a north pole at the top. Assume the 
poles to be just at the point of forming. Lines of force will tend to pass through the shading 
coil and the remainder of the pole. Any change of lines within the shading coil generates a 
voltage, which causes to flow through the coil a current of a value depending on the voltage, 
and always in a direction to oppose the change of lines. The field flux is therefore, partly 
shifted to the free portion of the pole, while the accumulation of lines through the shading 
coil is retarded. 
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When the main coil current decreases, that in the shading coils also 
decreases until the pole pieces are uniformly magnetized. As the main 
coil current and the pole piece magnetic flux continue to decrease, current 
in the shading coils reverses and tends to maintain the flux in part of the 
pole pieces. 

When the main coil current drops to zero, current still flows in the 
shading coils to give the magnetic effect which causes the coils to produce a 
rotating or magnetic field which makes the motor self-starting. This type 
of motor is suited to applications where starting torque is low, such as 
small fans, and comes only in fractional horsepower sizes. 
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7,827P—Speed torque characteristics of a typical shaded pole motor. 

200 

The Universal Motor.--A universal motor is a series-wound 
or compensated series-wound motor which may be operated 
either on direct current or on single phase alternating current at 
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approximately the same speed and output. These conditions 
must be met when the direct current and the alternating cur-
rent voltages are approximately the same and the frequency of 
the alternating current is not greater than 60 cycles per second. 

Universal motors are commonly manufactured in fractional 
horsepower sizes and are because of their use on either a.c. or 
d.c. currents, preferred, particularly in areas where the Power 
Companies supply both types of current. 

As previously noted all universal motors are series wound, 
therefore their performance characteristics are very much like 
those of the usual d.c. series motor. The no-load speed is quite 
high but seldom high enough to damage the motor, as in the 
case with larger d.c. series motors. When a load is placed on 
the motor, the speed decreases and continues to decrease as the 
load increases. Although universal motors of several types of 
construction are manufactured, they all have the varying speed 
characteristics just mentioned. 

Due to the difficulty in obtaining like performance on a.c. 
and d.c. current for motors designed to operation at low speeds, 
most universal motors are designed for operation at speeds of 
3,500 r.p.m. and higher. Motors operating at a load speed of 
8,000 to 10,000 r.p.m. are common. 

Small stationary vacuum cleaners and the larger sizes of 
portable tools have motors operating at speeds of 3,500 to 8,000 
r.p.m. 

The speed of a universal motor can be adjusted by connecting 
a resistance of proper value in series with the motor. Advan-
tage of this characteristic is obvious in such application as motor 
driven sewing machines, where it is necessary to operate the 
motor over a large range of speed. In such applications ad-
justable resistances are used and the speed is varied at will. 
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When considering the use of universal motors to drive any 
apparatus, the following characteristics of the motor will be 
considered: 

1. Change in speed with change in load. 
2. Change in speed with change in frequency of power 

supply. 
3. Change in speed due to change in applied voltage. 

Since a large percentage of all small motors is connected to 
lighting circuits where the voltage conditions are not always 
the best, this last item is of the utmost importance. This con-
dition should also be kept in mind when determining the proper 
motor to use for any application regardless of type. In gen-
eral, the speed of the universal motor varies with the voltage. 
The starting torque of universal motors is usually much more 

than that required in most applications and does not have to 

be considered. 
Universal motors are manufactured in two general types. 

They are: 

1. Concentrated-pole, non-compensated; and 
2. Distributed field compensated. 

Most motors of low horsepower rating are of the concentrated 
pole, non-compensated type, while those of higher ratings are 
of the distributed-field, compensated type. The dividing 
line is somewhere near VI horsepower, but the type of motor 
to be used is determined by the severity of the service and 
performance required. All of the motors have wound arma-
tures of the same construction as the ordinary d.c. motor. 

The concentrated pole, non-compensated motor is exactly the same in 
construction as a D.C. motor except that the magnetic path is made up of 
laminations. The laminated stator is made necessary because the magnetic 
field is alternating when the motor is operated on alternating current. The 
stator laminations are punched with the toles and the yoke in one piece. 
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The compensated type of motor has stator laminations of the same shape 
as those in an induction motor. These motors have stator windings in one 
of two different types. 

The non-compensated motor is more simple and less expensive than the 
compensated motor and would be used over the entire range of ratings if 
its performance were as good as that of the compensated motor. The non-
compensated type is used for the higher speeds and lower horsepower 
ratings only. Figs. 7,827V and 7,827W show the speed torque curves for a 
compensated and non-compensated motor respectively. It will be noted 
in fig. 7827V that although the rated speed is relatively low for a universal 
motor, the speed torque curves for various frequencies lie very close to-
gether up to 50 per cent above the rated torque load. 

FIELD COILS 
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Fins. 7,827Q to 7,827T.—Various circuit arrangements for concentrated pole non-compensated 
Universal motors. Figs. 7,827Q and 7,827R shows connections for non-reversible two wire 
motors, whereas figs. 7,827S and 7,827T are split-series, three and four wire reversible 
motors respectively. 

In fig. 7,827W the performance of a much higher speed, non-compensated 
motor is shown. For most universal motor applications the variation in 
speed at rated loads as shown on :this curve is satisfactory. However, 
the speed curves separate rapidly above full load. If this motor had been 
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designed for lower speed, the tendency of the speed torque curves to 
separate would have been more pronounced. The chief cause of the diffi-
culty in keeping the speeds the same is the reactance voltage which exists 
when the motors are operated on A.C. current. Most of this reactance 
voltage is produced in the field windings by the main working field. How-
ever, in the non-compensated motor some of it is produced in the armature 
winding by the field produced by the armature amper turns. The true 
working voltage is obtained by subtracting the reactance voltage vectorially 
from the line voltage. If the reactance is high, the performance at a given 
load will be the same as though there were no reactance voltage and the 
applied voltage had been reduced with consequent reduction in speed. 
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Frei. 7,827V.—Characteristics of a Universal 34 horsepower 3,400 r.p.m. compensated motor. 

Applications of Single Phase Motors.—Although single 
phase motors are most commonly used in fractional horsepower 
sizes certain application and power supply conditions make use 
of single phase motors in sizes of up to 25 h.p. 

For extremely small capacities up to 1, 40 h.p., the shaded 
pole type of motor is most frequently used. This type of 
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motor provides sufficient torque for fans, blowers and other 
devices and the starting current is not objectionable on lighting 
lines. 

The split phase motor is the most commonly used in sizes 
ranging from 1/30 to M h.p., particularly for fan and similar 
drives where the starting torque is low. In this type of motor 
a built in centrifugal switch is usually provided to disconnect 
the starting winding as the motor comes up to speed. 
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7.827W.—Characteristics of a Universal 3 horsepower 8,000 r.p.m. mn-compensated 
motor. 
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In sizes above a ( h.P., the capacitor motor with 300% starting torque 
may be used to advantage, especially for pump and compressor drives. It 
may also be used for fan drives in the lower capacities at higher speeds, in 
the overlapping ratings; however, it does not offer sufficient advantages 
over the split phase motor to warrant its higher cost. 

At low speeds (below 900 r.p.m.) where centrifugal switches are less 
successful) and in ratings say from 34 to 3 h.p. at all speeds, the capacitor 
motor finds its widest field of application in fan drives. 

The running characteristics of this motor are extremely good and the 
starting torque is fixed by the amount of additional capacitance added to 
the auxiliary motor winding during the starting period. 

The low torque capacitor motor with no capacitance added to the 
auxiliary winding during the starting period provides approximately 50% 
starting torque. This is considered sufficient for directly connected fans, 
if the unit be one of constant speed or is always started on the high speed 
position of the starting switch. Where the fan is coupled or belted to the 
motor the "high torque" type with the additional starting capacitance is 
preferable. 

The change over from "start" to "run" of the high-torque type may be 
accomplished through the use of a centrifugal switch or by electrical means 
responsive to curent decay or voltage rise as the motor approaches normal 
running speed. 

The repulsion-induction and the repulsion-start induction motors have 
ratings paralleling those of the capacitor types. These motors have com-
mutators to provide the starting torque. Under normal running conditions, 
the commutator of the repulsion start, induction-run type is short cir-
cuited, and the motor operates as an induction motor. This differs from 
the repulsion induction motor in which the commutator is not short cir-
cuited. A squirrel cage winding deep in the rotor is inactive at starting, 
but takes up load as the rotor accelerates to full speed, where the normal 
load is about equally divided between the repulsion and the squirrel cage 
winding. The starting efficiency of both types is high and the 300% or 
more starting torque that is available makes them suitable for compressor 

drives. 
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CHAPTER 36 

Armature Winding 
and Repairs 

When a repair man is called upon to rewind or reconnect an 
armature for different operating conditions he must solve such 
problems as, the order of winding, what size wire to use, how 
many turns per slot, etc. 

Of course, if the winding of the armature to be repaired has not been 
removed, these difficulties are not encountered, but in the absence of the 
winding there is nothing to indicate the size of wire, number of turns, etc. 

1. 
CALCULATIONS 
Armature Calculations.--In the design of a dynamo or 

motor, it is usual to first design the armature and make the other 
parts fit around it. 

Accurate design, is a matter of both calculation and experiment because 
many of the factors involved cannot be determined by calculation alone. 

The principal item to be considered is the size of the wire. 

In order to deliver a certain current, the number of poles, etc., being 
fixed, a certain size wire must be used. As must be evident, the heating 
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FIG. 7,828.—Fairbanks standard type TR machine disassembled. 

of the wire is what governs the size. For a given current the smaller the wire the greater the heating. 

Example in Design.—Determine size of wire, number of turns, etc., for an 8X8 in. armature, 
for a flux of 30,000 lines per sq. in., 110 volts, 1,200 r.p.m., 5 horse power. 

Cross sectional area of armature = 8 X8 = 64 sq. ins. 

Total flux through armature = 30,000 X 64 = 1,920,000 lines. 

Now, since it requires 108 or 100,000,000 lines of force cut per second to generate one volt, for 
the given 110 volts, the required rate of cutting is 



TABLE 1.-3 sq. ins. 
capacity of Wires at various depths of winding, 3 sq. in. radiating surface per watt 

(According to Horstmann and Tousley) 

B. & S. 
Gauge. 

'Diameter 
bare. 

Resistance 
nor toot 
-140. F. 

Diameter 
D. C. U. 

Amperes at different depths of winding layers. Number 
of wires 
per inch. 

Is 1 2 3 4 5 6 
4 .2043 .000283 .224 56.28 39.74 32.42 28.12 25.15 22.97 4.45 $166 5 .1819 .000357 .200 47.30 33.46 27.33 23.66 21.16 19.31 5.00 2240 6 .1620 .00a450 .180 40.00 28.28 23.08 20.00 17.88 16.34 5.5 1600 7 .1413 .000567 .158 33.40 23.60 19.28 16.67 14.93 13.63 6.3 1114 8 .1285 .600715 .144 28.35 20.04 16.37 14.17 12.68 11.57 7.0 805 9 

10 
.1144 
.1019 

.000902 

.001137 
.130 
.117 

24.00 
20.27 

16.97 
14.31 

13.85 
11.70 

12.00 
10.14 

10.72 
9.05 

9.74 
8.24 

7.7 
8.6 

576 
411 11 .0907 .001436 .106 17.19 12,12 9.69 8.60 7.68 7.00 9.6 295 12 .0808 .00181 .093 14.31 10.09 8.24 7.14 6.40 5.83 10.7 205 13 .0719 .00228 .084 12.12 8.54 7.00 6.08 5.38 4.89 11.9 147 14 .0640 .00288 .075 10.19 7.21 5.91 5.09 4.58 4.12 13.3 104 15 .0570 .00362 .067 8.60 6.08 4.95 4.30 3.87 3.50 15.0 74 16 .0508 .00458 .059 7.14 5.04 4.12 3.57 3.19 2.91 17.0 51 17 

18 
19 
20 
21 
22 
23 

.0452 

.0403 

.0358 

.0319 

.0284 

.0253 

.0225 

.00575 

.00727 

.00916 

.01153 
01454 
.01845 
.0231 

.053 

.048 

.044 

.040 

.036 

.033 

.030 

6.08 
5.09 
4.36 
3.74 
3.14 
2.66 
2.28 

4.30 
3.60 
3.08 
2.64 
2.22 
1.87 
1.61 

3.5 
2.94 
2.52 
2.16 
1.81 
I 54 
1.30 

3.04 
2.54 
2.18 
1.07 
1.57 
1.33 
1.14 

2.64 
2.28 
1.97 
1.67 
1.39 
1.19 
1.01 

2.47 
2.08 
1.78 
1.52 
1.28 
1.09 
.94 

19.0 
21.0 
22.7 
25.0 
28.0 
30.3 
33.3 

37 
26 
19 
14 
9.9 
7.1 
5.2 24 .0201 .0295 .028 1.94 1.37 1.14 .97 .86 .80 35.7 3.8 25 .0179 .0365 .026 1.70 1.18 .98 .85 80 .74 88.4 2.9 26 .0159 .0461 .024 1.41 1.00 .82 .71 .68 .57 42.0 2.0 27 

28 
.0112 
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.0603 
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.44 
.46 
.88 

42 
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.38 
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required rite of cutting 11,000,000,000 _ 
5.728 lines per sec. 

total flux  1,920,000 

The number of inductors (wires) necessary to place on the armature to 
cut 5,728 lines per second will depend on the speed, thus 

total lines per wire per sec. 5,728  
number of inductors = = 286 

revolutions per second Yu of 1,200 

For five horse power, at 110 volts 
3,730 

watts = 746 X 5 = 3,730; amperes = — 110 

Since there are two paths through the armature in parallel, 

amperes per circuit -= 34 ÷ 2 = 17 

The size wire to be used is based upon a certain radiating surface per 
unit of energy consumed. The greater this radiating surface, the less 
will be the heating. The amount of ratiating surface allowed in armatures 
varies from 1 sq. in. per watt to 3 sq. ins. About 1.75 will insure a cool 
operating armature. In the accompanying tables, the current capacity 
is given for 3 sq. in. and for 1 sq. in. per watt. An inspection of the tables 
will show that the capacity of wires depends also upon the kind of winding 
—whether single layer or more than one layer—because radiation is more 
effective in carrying off the heat with outside wires than with those em-
bedded under an outer layer of wires. 

Now, since the diameter of the core is 8 ins. 

its circumference = 8 X 3.1416 = 25 ins. 

and the number of inductors per inch of circumference is 

for single layer winding 286 ÷ 25 = 11.4 

for double layer winding 3 of 286 ÷ 25 = 5.7 

Allowing 3 sq. ins, radiating surface per watt, the size of inductor re-
quired to carry 17 amperes is (from Table I, page 860). 

for single layer winding, No. 11, B. & S. gauge 

for double layer winding, No. 9 B. & S. gauge 

Example.—With the armature of the previous example running at 
same speed and same flux conditions what is the maximum capacity that 
could be obtained with a two layer winding of larger size wire and same 
number of inductors? As calculated, the number of inductors per inch 
of core circumference is 5.7, hence, for table I, for 5.5 inductors per inch 
a No. 6 wire may be used, and for a two layer winding it may carry 28.28 
amperes. Now since there are two paths in parallel through the armature 



TABLE 11.-1 sq. in. 
Capacity of Wires at various depths of winding, 1 sq. in. radiating surface per watt 

(According to Horstmann and Tousley) 

B. itt 8. 
Gauge. 

Vametet 
bare. 

Resistance 
Pe nFin 

Diameter 
D C. C. 

Amperes at different depths of v‘l Kling la rers. Number 
turns 

per mch 
I r 1 2 3 4 5 6 

4 .2043 .000283 .224 97.36 68.75 55.88 48.64 43.50 769.73 4.45 9498 
5 .1819 .000357 .200 81 82 57.88 47.27 40.87 36.60 33.40 5.00 6720 
6 .1620 .000450 .180 69.20 48.92 39 92 34.60 80.93 28.28 5.5 4800 7 .1413 .000567 .158 57 78 40.82 33 35 28.91 25.86 23 60 6.3 3344 
8 .1285 .000715 .144 49.04 34.66 28 37 24.57 .21.97 20.07 7.0 2416 9 .1144 .000902 I 30 41.59 29.37 24 00 20.76 18.60 16.97 7.7 1728 10 .1019 .001137 .117 35.06 24.81 20.27 17.54 15.71 14.33 8.6 1233 

11 .0907 .001436 .106 29.74 21.02 17.17 14.86 13.30 12.12 9.6 885 12 .0808 ,00181 .093 24.79 17.52 14 31 12.40 11.09 10 09 10.7 615 13 .0719 t. 00228 .084 21.00 14 86 12.12 10.50 938 8.34 11.9 441 14 .0640 .00288 .075 17.66 12.49 10.19 8.83 7.88 7.21 13.3 312 15 .0570 .00362 .067 14.69 10.53 8.60 7.44 6.66 6.08 15.0 222 16 .0508 .00458 .059 12.40 8.77 7.21 6.20 5.56 5.09 170 154 17 .0452 .00575 .053 10.53 7,44 6.08 6.26 4.71 4.30 19.0 111 18 .0403 .00727 .048 8.88 6.28 5.12 4.44 3.97 8.63 210 • 79 19 0358 .00916 .044 7.54 5.34 4.35 3.76 3.37 3.08 22 7 67 20 .0319 .01153 .040 6.49 4.58 3.74 3.24 289 2.64 25.0 42 21 :0284 .01454 .036 5.38 380 3.11 268 2.40 2 19 28.0 29 22 .0253 .01845 .033 4.58 3.24 2.64 2.28 204 1.87 303 21 23 .0225 .0231 .030 4.00 2.82 2.30 200 1.78 1.64 33.3 16 24 .0201 .0295 .028 3.37 2 38 1.94 1.67 1.51 1.37 80.7 11.4 25 .0179 .0365 .026 2.93 207 1.67 I 44 1.30 1.18 38.4 8.6 26 .0159 .0461 .024 2.49 1.76 I. 44 1.22 1 09 100 42.0 6.2 27 .0142 .0603 .022 2.07 1.44 1.18 1.04 .94 ,84 45.5 4.3 28 .0126 .0744 .021 1.78 1 26 1.04 .89 .78 .71 48.0 3.2 29 .0112 ,0925 .020 1.61 i 14 .94 .79 .71 .65 500 2.6 30 
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total current = 2 X 28.28 = 56.6 amperes 

and capacity at 110 volts, or 

watts = 56.6 X 110 = 6,226 

Such 1 horse power = 746 watts, 

capacity = 6,226 ÷ 746 = 8.4 horse power 

In the case of slotted armatures, which is the prevailing type, 
a considerable portion of the circumference is taken up with the 
teeth that cannot be used for the winding, hence it is necessary 
to allow for this in figuring the number of inductors per inch of 

circumference. 

Fin. 7,829 —Fairbanks Morse type TR machine armature construction. The armature core 
is built up of thin sheet steel laminations with notches in the circumference, which, when the 
discs are placed together, form grooves or slots to receive the armature coils. With specially 
designed tools these notches are so accurately spaced that no filing of the slots is required. 
The armature cores for the Nos. 23, 24, 25, 28, 27, 28 and 29, machines are mounted on a 
cast iron spider, which also ca-ries the commutator, making the two parts entirely self-
contained, and with this construction, it is possible to remove the armature shaft, without 
disturbing the core, commutator or windings. 

To calculate the size wire for a slotted armature a single slot should 
be considered, and the wire chosen if possible with reference as to how it 
will fit in the slot, that is, the size should be such as to fill the slot with 
the least amount of waste space. In design, the approximate width of the 
slot is obtained by multiplying the diameter of the wire over insulation by 
the number of turns per layer, and the depth of slot obtained by multiplying 
the number of layers by 86. 

To find the number of inductors per slot when the speed and 
ilux are fixed the following formula may be used: 

108 X volts  
inductors per slot —  (1) 

flux X slots X rev. per sec. 

Example.—How many inductors per slot are required, to generate 110 
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volts, with a total flux of 1 920 000 lines, 24 slots and 1,200 revolutions per 
minute? 

10' = 100.000,000 and 1,200 rev, per minute = 
1,200 ÷ 60 -= 20 rev, per sec. Substituting in (1) 

100,000,000 X 110  
inductors per slot = 11.9 say 12 

1,920,000 X 24 X 20 

Example.—If the slots of a 24 slot armature be 3i in. wide and there 
are 12 inductors per slot arranged as a three layer single coil winding, 
what is the maximum size wire that can be used, and current capacity for 
a four pole machine? If flux be provided to generate 110 volts what horse 
power will be developed? 

Table 3 relation between slot sizes and various practical arrangements 

FIGS. 7 830 and 7,831.—Fairbanks Morse wire wound armature coils of type TR machine 
In construction, the coils are form wound and are thoroughly insulated and baked before 
assembling in the slots. Material of great mechanical strength as well as high insulating 
value is used, and the coils are subjected to repeated dippings in insulating compound and to 
repeated balcings, thus thoroughly driving out all moisture and making a coil which is 
practically water proof and which will withstand rough handling. These coils when com-
pleted, are placed in the slots, where they are retained by bands on the three smaller size._ 
and br hardwood wedges on the larger sizes. Cores of all sizes are provided with ventilating 
spaces, running from the surface to the central opening of the core, so that air is drawn 
tough the core and blowr out over the windings by the revolution of the armature. 

of standard double cotton wires B. & S. guage. Allowance is made in 
the slot widths for in. total insulation besides the cotton wrapping 
on the wire, when there is only one coil per slot. 
Por each additional coil per slot, in. of extra insulation is allowed 

In slot depths, . 17 in. beside the cotton on the wire is provided. 

In the example since there are 12 inductors per slot and the winding 
is in 3 layers 

number of wires abreast = 12 -.•-• 3 = 4 

Referring to the table it will be found that a slot .49 in. wide will ac 
eommodate four No. 10 inductors abreast. Allowing 3 sq. in. radiation 
per watt, the carrying capacity (from table No. 1) for a 3 layer winding 
of No. 10 wire is 11.7 amperes. 

Since the number of paths is equal to the number of poles 

total current output = 11.7 X 4 = 47 amperes 
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At 110 volts 

watts = 47 X 110 = 5,170, and 
horse power = 5,170 ÷ 746 

After having determined the size of wire, number of turns per 
coil, the drop or loss of voltage due to the resistance of the 
winding should be determined to see if this loss be within limit. 

Example.—If the average length per turn of ttie coils in the armature 
of the previous example be 2 ft., what is the ar. ,o or loss of voltage in 
the armature? 

Since the winding is of the single coil type each (loll will occupy two slots, 
hence 

total number of coils = 24 ÷ 2 = 12 

For 12 turns per coil, 

length of each coil = 12 X 2 -= 24 ft. 

Now, since the machine has 4 poles, there are 4 paths in parallel, hence, 
only Vi of the coils or 3 coils need be considered in determining the drop. 
Accordingly, 

length of 3 coils = 24 X 3 = 72 ft. 

According to table 1 (page 860 ), the resistance of No. 10 wire 
at 140° Fahr. is .001137 ohm per foot, hence 

resistance of 3 coils = 72 X .001137 = .08 ohms 

According to Ohms law 

volts 
current = --- or volts = current X ohms 

ohms 

NOTE.—To find the speed when the volts, fiui nd number of inductors are fixed use 
this formula: 

100.000,ho0 X volts 
rev, per sec. flux X number of slrts X inductors per slot 

NOTE.—To find the strength of field when the volts, inductors and speed are fixed, 
use the formula: 

100,000,000 volts  
tL inductors per slot X number of slots X rev, per sec. 

NOTE.—To find the volts when the inductors, flux, and speed are fixed use the formulai 

,. flux X inductors per slot X umber of slots X rev, per sec. vo s ••• 100.000.000 
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Substituting in the expression for volts, 

volts or "drop" = 11.7 X .08 = .94 volt 

which may be considered within satisfactory limit. 

Magnet Calculations.—In figuring field magnets, the unit 
ampere turn is frequently employed and is defined as the magnetic 
force due to a current of one ampere flowing through one turn of a 
magnet winding numerically it is equal to the product of one turn 
multiplied by one ampere. 

Thus, one ampere flowing through 10 turns, gives 1 X 10 = 10 ampere 
turns. Again, 10 amperes flowing through 10 turns gives 10 X 10 = 100 

FIG. 7,832.—Fairbanks Morse field coils of type TR machine. In construction, the coils 
are wound upon iron forms, each layer treated with insulating compound. Afterward they 
are removed from the forms and baked hard and dry and finally wrapped with insulating 
materials and finished with black insulating enamel. 

ampere turns. Having fixed the voltage and size of wire it makes no 
difference in the magnetic effect how many turns are contained in the 
winding, that is, for a given voltage and size of wire the ampere turns 
remain the same regardless of the number of turns in the winding. 

Thus, if 10 amperes flow through 10 turns of the winding the result is 
10 X 10 = 100 ampere turns. Now, if the number of turns be doubled, 
the resistance of the winding will be doubled which will cut down the 
current one half, that is, 5 amperes X 20 turns = 100 ampere turns. 
Of course, this is not strictly true where the magnet is made up of more 
than one layer, because the diameter of an outer turn being greate• than 
that of an inner turn, its length and resistance is greater, the resulting 
'ffect being to slightly decrease the ampere turns as each layer is added. 
fhe reason then for increasing the number of turns in a magnet winding 
is to cut down the current sufficently to prevent overheating of the winding. 

Example.—If the winding on a spool 8 ins, in diameter be one inch think. 
what is the average diameter of the turns? 
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The diameter of the inner layer turns are 8 ins., and the outer layer 
turns 8 + 2 = 10 turns, hence, 

average diameter of the turns = (8 + 10) = 9 ins. 
Example.—lf the magnet of the previous example contain 500 turns, 

what is the length of the winding? 
The average diameter of the turns, as obtained, being 9 ins., 

9 X 3.1416 X 500 
length of winding = 12 = 1,178 ft. 

Example.—If a winding one inch deep he plared on an 8 in. spool, 
what is the smallest size wire that will give 10,000 ampere turns with 
HO volts? 

Pies. 7,833 and 7,834.—Magnet spool with essential dimensions necessary for calculation. 
Formule: d= •,1 (L XN) T; L XN =412 XT; 1= (D2— B2)L =k; W (D2—B2)LXc; R 
(D2-132) L Xa; rs = D X3.14 XL. In the formule, d =diam. of wire over insulation; 
(=length of wire on spool; T = number of turns; r = resistance of one foot of wire; rç -- radiating 
surface; B =diam. of core and insulation; D =diam. over outside of completed winding; 
L =length of winding spaces on spool; N =depth of winding core to outside; W =weight of 
wire; a.c,k, constants whose values are given on next page. All dimensions in inches. 

Average diameter of turns = (8 10) = 9 ins. 

9 X 3.1416 
length of average turn = 12 — 2.36 ft. 

The sectional area of the smallest wire (in circular mils) is obtained 
from the formula 

. 12 X kngth average turn in feet X ampere turns  
*area wire = volts 

Substituting 

12 X 2.38 X 10'000  
area wire = — 2,575 circular mils 

110 

nearest size wire from table is No. le B. & S. gauge. 

 (1) 

'NOTE.—In the formula, 12 is the resistance of 1 mil foot of copper at 130° Fahr. 
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Having determined the minimum size of wire, the next step 

is to find how many turns must be placed on the spool to prevent 

undue heating. 
The watts lost by the current heating the winding is equal to 

the square of the current. multiplied by the resistance, that is 
watts lost = amperes2 X ohms. 

In proportioning the winding for depth and length, the deph of the 
winding must be such that there will be from 1 to 2 sq. ins, of surface 

Table of Constants 

ni i 

4 e 
k Constant for Lengtb. C Constant tor Weight. a Constant for Kellar' ape°. 

.,3. 7s0nble Single Single nouble Single Single Double Single Single 
Cotton Cotton Silk Cotton Cotton Silk Cotton Cotton 1382 

20 40.2 re 4 fiR 7 .137 .162 .177 415 .512 676 
21 60.4 64.1 721 838 .812 920 
22 60.2 780 897 .97 1,257 1.445 
21 66.8 69.7 101 7 I 387 -. 1.82 2.08 
24 88.6 113.5 1.35. .1115 .149 .169 214 2.91 3.46 

25 97.2 135. int. 8 14 4.90 ',..?1 
26 114, 163. 202. 465 665 82A 
27 135. 202. 255. 694 11 75 13 I 
28 148. 226. 291. .0845 .122 .148 960 14 62 19.82 
29 182. 221. 387. 14.85 93.7 81.6 

30 201. 834. 454. 207 74 . 4 46.8 
31 226. 887. 942. 29.36 50 25 70.4 
82 255. 454 656. .0887 .1043 .132 41.8 74 4 107 2 
33 291. 542. 812. 60.33 114.5 168. 
84 834. 655. 1023. 87.1 170.5 266.5 

85 354. 712. 1140. 116.2 234. 324.8 
38 387 811. 1340 .0492 .09C5 111.5 160. 335.5 555. 
87 422. 897. 1582. 220.5 468. 806. 
88 457. 1023. 1825. 306 674. 1192. 
99 498. 1170. 2165. 412 972. 1795. 
10 532. 1300. 2525..038 .0615 .0888 55: 1360. 945. 

.. 

per watt. With 1 sq. in. per watt, the magnet in operation will be "hot," 
and with 2 sq. ins., "warm." 

Example.-How much radiating surface !neglecting the ends) on a 
magnet whose outside dimensions are 9 ins. nameter, 6 ins, long 

area outer cylindrical surface = 9 X 3.1416 X 6 = 188M sq. ins. 

Example.-An 8 in. spool is to be wound with No. 16 wire to a depth 
of 1 in., which, as calculated in a previous example, is the smallest size 
wire that will give a required 10,000 ampere turns with 110 volts. How 
many turns of wire must be wound on the spool to prevent undue heating? 

For winding magnets what is known as magnet wire is used, the wire 
generally having a single cotton covered insulation. 

By reference to the accompanying *able the number of turns per linear 
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TABLE III-Properties of Insulated Wires 
(According to Houstmann and Tousley) 

Single silk Double silk Dble cotton 

u 
,,,f2, 

ts 
.E1,, 

.«, 
.1,-; e t ii, 

12 
3 sq. in. 

12 
2sq. In. 

12 
1 sq. In. 

7:2 Er. ;.:e. F. .9. ';'34' .e..., 

H 
per 

"Co 
per 

":`-là se. 
per 

Ho  "ae t 
el• 1:4°  °' ce ¡I ce 

40 40 193 .016 143 .022 90 .035 .273 .027 .04 .08 

• 39 181 .017 133 .024 87 .047 .216 .036 .055 .11 

38 169 .018 126 .025 84 .037 .172 .046 .07 .14 

37 156 .020 119 .026 81 .039 .136 .070 .10 .20 

36 143 .022 111 .028 77 .041 .108 .086 .13 .26 

35 131 .024 104 .030 73 .043 .075 .13 .20 .40 

34 120 .026 97 .032 69 .045 .068 .15 .23 .46 

33 111 .028 91 .035 66 .047 .054 .22 .32 .64 

32 101 .031 83 .038 63 .050 .043 .29 .44 .88 

31 91 .034 77 .041 59 .053 034 .87 .56 1.12 

30 83 .038 71 .044 55 .056 .027 .54 .81 1.62 

29 76 .041 67 .047 53 .059 022 ,..72 1.07 2.14 

28 68 .046 60 .052 48 .065 .017 1.0 1.5 8.00 

27 63 .050 55 .056 45 .069 .014 1.3 2.0 4.00 

26 56 .055 50 .062 41 .075 011 1.9 2.8 5.60 

25 50 .062 46 .069 38 .081 .0084 2.7 4.1 8.2 

24 45 .069 42 .075 35 .088 .0070 3.5 5.3 10.6 

23 41 .077 37 .083 32 .095 .0053 5.2 7.8 15.6 

22 36 .086 34 .092 30 .104 .0042 7.3 11.0 22. 

21 33 .094 31 .101 28 .113 .0034 10. 15.0 30. 

20 29 .106 27 .113 25 .126 .0026 14. 21. 42. 

19 26 .119 25 .126 22 .138 .0021 20. 30. 60. 

18 24 .132 22 .138 21 .151 .0017 27. 40. 80. 

17 21 .148 20 .154 19 .166 .0013 39. 59. 118. 

16 19 .166 18 .173 17 .185 .0011 52. 78. 156. 

15 16 .191 15 .204 .00083'M. 105. 210, 

14 15 .21314 .226 .00066 107. 161. 322. 

13 13 .238 12 .251 .00053 14.9. 224. 448. 

12 12 .267 11 .279 .00042 217. 325. 650. 

11 11 .298 10 .311 .00033 301. 451. 902. 

10 9.5 .329 9.1 .342 .00026 421. 632. 1264. 

9 8.4 .370 8.1 .383 .00021 587. 880. 1760. 

8 7.5 .414 7.3 .428, .00016i842. 1262. 2524. 

7 6.9.455 6.8 .468 .00013 1167. 1750. 3500. 

6 6.0 .521 5.8 .534 .0001 1680. 2521. 5042. 
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inch or per sq. in. of cross sectional area. Considering a portion of the 
winding covering an inch length of spool, 1 in. deep, the sectional area of 
this portion is 1 sq. in. Referring to the table of magnet wire, No. 16 wire 
single covered, will wind 306 turns per sq. in., that is, per inch length of 
spool. The length of the average turn being 2.36 ft. (as calculated in a 
previous example) 

length of winding per inch of spool = 306 X 2.36 = 722 ft. 

and from table its resistance being 6.39 ohms per 1,000 ft. 

722  
resistance of winding per inch of spool 1,000 of 6'39 = 4.6 ohms 

The outside diameter of the winding being 10 ins., 

radiating surface per inch of spool = 10 X 3.1416 = 31.4 sq. ins. 

Now, from any electric circuit, the energy lost by heating the wire, or 

watts = amperes X chms (1) 

but by Ohm's law 
volts  

amperes = 
ohms 

Substituting this value for amperes in equation (1) 

volts' volts2 
watts = X ohms = 

ohms2 ohms 

And if the coil be designed for "warm" working by allowing 2 sq. in 
radiating surface per watt, then it must be so proportioned that 

volts2 
radiating surface = 2 X watts -= 2 X  (2) 

ohms 

In order to determine the length of the coil, first find what resistance 
would be necessary if the winding were to consist of only the one inch 
portion just considered. To do this, . solve equation (2) for resistance, 
thus 

2 X volts  
ohms — (3) 

radiating surface  

This will give a resistance much greater than the 4.6 ohms as calculated 
for that portion of the winding, hence, the spool length of the winding 
must be increased until the resistance of the winding has a value as ob-
tained by equation (3). Thus substituting in equation 110 volts, and 31.4 
sq. ins, radiating surface in equation (3), the necessary resistance of the 
winding for "warm" working, or 

2 X 110 
ohms — 

31.4 
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Accordingly, since the resistance of the winding is proportional to its 

length, 

7 
length of winding = 1 in. X — 1.5 ins. 

4.6 

SINGLE LAYER CONTACT DOUBLE LAYER CONTACT 

PIGS. 7,835 and 7,836.—Square and hexagonal order of "bedding." The term bedding is an 
expression used to indicate the relation between the cross sectional area of the winding when 
wound square, as in fig. 7,835, and where wound in some other way, as in fig. 7,837. In the 
square order of bedding, the degree of bedding equals zero. 

NOTE.—Number of armature slots. As a rufe there are not less than ten slots per 
pole. In multiple machines there are at least three or four slots in the space between adjacent 
pole tips. The area per slot on machines above five horse power is approximately one sg. in. 
and roughly the capacity of a slot of this area is about 1,000 ampere turns for machines designed 
o woik on less than 500 volts. 

NOTE.—Number of commutator bars. This depends on the voltage between the 
bars. The number of bars may be a multiple of the number of slots. A large number of com-
mutator bars improves the commutation bot this advantage is offset by increased difficulties 
encountered in construction. 

NOTE.—Current density in armature inductors. In determining the intensity of 
current much depends upon the provision for ventilation and operating conditions. /n general 
600 to 700 circular mils per ampere is safe. For short overloads or for operation in hot engine 
rooms. 1,000 circular mils per ampere may be used. 

NOTE.—Magnetic densities. In small machines the density in the air gap is rarely 
over 32,000 lines per sq. in.; in large machines the density may be as high as 60,000 lines pet 
sq. in. Density in teeth is usually about 100,000 lines per sq. in., being somewhat less in very 
small machines. Density in magnet core: cast iron may be worked up to about 40,000 os 
50,000 lines per sq. in.; wrought iron and cast steel being about 95,000 to 105,000 or more limn 
per sq. in. Density in yoke: for cast iron the density should be about 30,000 lines per sq. in.; 
for cast steel, about 75,000 lines, and for wrought iron forgings about 85,000 lines. Density 
in armature core: this may be taken nt from 85,000 to 90,000 lines per sq. in. for drum arma-
tures. 

NOTE.—Dynamo ¡asses. These are the mechanical loss due to frictichs, and elearicat 
losses in the core, field, and armature. Friction loss. This ranges from 3 to 5 % in respec-
tively small and large machines of good design. Core loss. In well designed machines this 
should not exceed 2% of the output at full load. Field loss. The portion of the electrical 
energy generated in the armature which is lost in exciting the field magmts varies from 00 t:0% 
of the total energy generated. Armature loss. This is usually termed the copper loss since 
it is due to the resistance of the winding; it is a very variable quantity and is equal to the square 
of the current multiplied by the resistance of a section of the winding between brushes. 

NOTE.—Armature paths in wave and lap windings. A wave winding has but tyre 
paths through the armature. regardless of the number of poles; whereas a lap winding has as 
many paths as there are poles. This distinction is important in figuring the size of wire for the 
minding co carry the current withoot und.;:-. heating. 
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2. REPAIR SHOP 
METHODS 
A. Rewinding 

Dismantling.—When an armature is brought into the shop 

STEEL DRIVING TOOL 

/ 4r 
WEDGE BEING 
REMOVED FROM 
SLOT 

eeeee./e • SLOT 

/11//i/e//,/,?7/ 

PIG. 7,837.—Ooeration of removing wedge from slot of armature by use of steel driving tool 

to be rewound, it must first be stripped of the old winding and 
re-insulated throughout. Before doing this the winding should 
be examined and a complete winding data sheet made out so 
that in rewinding, the workman will know what size wire to use, 

number of turns per slot, pitch of coil, and the numerous other 
items necessary to duplicate the former winding. 

In dismantling, the first operation is to remove the banding wires, 
being careful if these be cut with a chisel not to dent the teeth. 

Next, unsolder the commutator leads and remove slot wedges with a 
st 3e1 drive of the same size as the wedge. Now remove coils by raising tho 
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top sides for a distance of the throw, when the bottom side of each coil 
can be reached and the others taken out. Take out one coil as carefully 
as possible without disturbing its shape so that it will serve as a guide 
in forming the new coils. After all coils have been removed, the slots 
should be cleaned of the old insulation by burning with a torch and any 
burrs or rough places smoothed with a file. 

Winding Methods.— The new coils are made to conform 
with the data taken in dismantling the old coils. In large repair 
shops coils are made either by winding on a mould, former, or 
shuttle. 

Mould coils are wound by rotating the mould in a lathe. Former coils 

rm. 7.838.— Hotter-Cabot partially wound barrel wound armature showing arrangement at 
coils. The core is built up of thin discs of soit annealed steel, which are slotted to allow 
the wire to sink below the surface, this being sometimes called iron clad consgruclion. The 
discs are held by end plates, clamped with through bolts. The coils are machine formed 
of round ribbon or bar copper depending on the size and purpose of the machine, being 
without joint except at the commutator. They lie in insulated troughs, the upper layers 
being insulated from the lower layers by fibra. 
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are made over stationary forms, using levers or mallets to force the coil 
to the proper shape. Shuttle coils are wound on a shuttle fastened in a 
lathe and then pulled on a coil puller to the required shape. 

Commutator Connections.—Before winding, the commu-
tator should be tested for grounds. In winding as each coil is 
put in its slot the sleeving on the ends of the lower leads should be 
fastened to the wire by friction tape and these leads inserted into 
the slits of the proper commutator bars. 

PIG. 7,839.—Method of winding "straight out" cols. There are sr.veral ways of making these 
coils. A former may be prepared, as shown in the figure. with a board having in,erted 
four pins, and having attached two blocks at the ends carrying horizontal pins as shown. 
Around the several pins, the coil is wound to the required number of turns and taped. This 
coil differs from the evolute coil in that the two halves are of equal size, the parts which 
act m,pectively as upper and undzr inductor being of equal length. The coil as shown is 
suitable for wave winding. 

FIG. 7,840.—Appearance of stra.ght out coil after being opened out. In opening out the coil, 
the ends C and F, are put into a clamp and twisted at right angles to the plane of the coil. 
The letters correspond to the points indicated in fig. 7,839. 

In connecting the first lead, the proper bar to use depends 
upon the location of the brushes with respect to the pole tips, 
thus: If brushes be midway between poles connecting begin-

ning of coil to bar radially opposite inductor slot; when brushes 
are centered with poles, the connection should be made with 
bar 90 electrical degrees to right or left of the slot in which 
the beginning or bottom side of the coil is located. 

In soldering care should be taken that molten solder do not fall or run 
down back of the commutator which would cause a short circuit. Never 
'Ise an acid flux; a good preparation consists of a solution of rosin in alcohol. 



ARMATURE WINDING 875 

FIG. 7,841.—Armature coil taping machine. Numerous machines have been invented for tap-
ing armature coils. They consist essentially of a device which revolves a roll of tape around 
the coil, in such a direction that the tape is unwound from the roll and rewound on the coil. 
The speed at which the coil is fed through the machine will determine the overlapping of 
the tape. 

FIG. 7,842.—Another and simpler method of winding a "straight out" coil. A board with only 
two pins is employed as shown; this plan, however, gives more trouble in the subsequent 
opening out of the coil. 

• 

/ 
sr• PAPER CELL 

EMPIRE CLOTH AR0&1. i. 
UPPER COIL.. 

EMPIRE CLOTH AROUND V 
LOW ER COIL .. 

EMPIRE. CLOTH 
AROUND BOTH COILS 

7.843.—Method of insulating double layer winning ta semi-closed slot 
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Lighting Out Test.— The object of this test is to see if the 
leads have been connected to the proper bars. 

In testing, use a lamp tester placing one terminal on a commutator bar 
and touch the top leads of several coils until the lamp lights. This locates 
the top side of the coil corresponding to the bottom side connected to the 
test lamp. If the lamp light on more than one lead it indicates a short 
circuit. 

PIG. 7.844.—Method of placing two layer lap winding coils in armature slots. In a two layer 
winding one side of a coil will be at the bottom of a slot and the other at the top of another 
slot. To place coils in slot, put in the lower sides first as, 1, 2, 3,4, of coils A, B, C, D, leav-
ing the other side of each coil outside its slot. Evidently when enough coils to snake up 
the inner layer have been placed this way, the upper layer side of the last coil so placed can be 
put into the slot. Thus. after lower layer side 4, of coil D. is putrin the slot, the upper layer 
side 5, may be put in position on top of side 1 of coil A. Thus moving the last coil from 
point D to D' indicated by the dotted sine. 

Banding.— Since heat causes the coil insulation to shrink, it 
is necessary to first put on a temporary banding to heat armature, 

mount in a lathe, and then wind on a temporary binding. 

After the armature cools, remove the temporary banding, and put on a 
permanent one. In putting on the permanent banding, in the absence of 
a banding machine, pass banding wire two or three times around a round 
banding stick about 2 ins, in diameter and adjust tension by hand. 

In starting, wind a few turns at one end, then wind all the groups con-
tinuously to avoid fastening the ends of each group as they are wound. 
The ends are fastened by means of narrow tin strips placed under the wires, 
bent back over the top and held by tin solder. Insert these strips about 
every 3 ins., while the wire is being wound on. 
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The end windings are secured by groups of wire wound on insulating 
boards. 
The tension on banding wires should be from about 200 to 400 lbs., 

depending on the size of the wire. 

PIG. 7,845.—Method of binding armatute winding. Complete appliances for handling arma-
tures in making repairs are usually not available with most street railway companies, since 
they are so seldom required. When needed, therefore, some temporary contnvance must 
be resorted to for help in the dilemma. Should an armature burn out, some local concern 
that makes coil; and rewinds armatures may be available to da the work; again, it will be 
necessary to send to the manufacturers Lr a man, as soon as coils can be made ready for 
the work. Iii no case should any but an experienced man be given charge of this work. 
But if there be any doubt as to whether the armature is really burnt out.. let a competent 
man be the judge. When a large armature needs repairin j, a pair of chain tongs can be used 
on some part of the shaft when putting in the coils, and a block and tackle, as shown, can 
be used, when putting on thz. band wires. Do not finish one band and then cut off the wire, 
but run it over for the next, etc. Then solder and trim off the wires. 

7,846.—Method of securing tension in bending wire by use of weighted pulley. 
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B. COMMUTATOR REPAIRS 
Grinding of Commutatars.—When a new or reassembled 

armature has been in use some time, the shrinkage of the insula-
tion causes the commutator bars to settle resulting in an uneven 
surface. This must be trued up by turning in a lathe when in 

very bad condition but otherwise a grinding tool, or simply an 
application of very fine sand paper No. 00 will do. 

7,847.—Method of smooth;ng commutator with a stone. The proper stone to use is made 
out of white sandstone similar to that used for grindstones, but a trifle softer. It is dove-
tailed into a holder, as shown in the illustration, and held in place by a set screw. When 
being used, one knob is grasped in one hand and the other knob in the other hand, the stone 
being moved back and forth along the length of the commutator. As the stone will be-
come coated with copper at first, it must be cleaned frequently by means of coarse sand 
paper. The fine dust from the stone will get under the brushes and wear them to a very 
close fit. After using the stone, finish with fine sandpaper. 

On small machines this may be applied by inserting under a brush, 
utilizing the brush tension to press the paper against the commutator, 
but on larger machines the brushes should be lifted to prevent the dust 
becoming imbedded in the brush contact surface, which tends to cause 
poor commutation. 

High Mica.—This condition obtains after considerable wear 

i.nd results in heating of the commutator bars due to arcing. 
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In severe cases the solder melts resulting in short circuits and open 
circuits due to leads becoming disconnected. To remedy this condition 
the mica must be under cut. 

Undercutting of Mica.—The mica insulation between the 
ommutator bars should be undercut from to in. below the 
surface of the bars. 

In doing this be careful to avoid leaving thin slivers of mica next to 

COMMUTATOR BAR 

[. 
MICA INSULATION 

•  

PIGS. 7,848 and 7,849.—Mica segment P, cut from sheet using bar L, as pattern. Such 
segment is cut lerge at top and at ends so as to turn down evenly with copper bars when com-
mutator is finally surfaced. 

the bars. Special motor driven saws are available for cutting the mica, 
Small commutators may be machine cut on a milling machine. Various 
hand tools also have been devised for cutting the mica. 

High and Low Commutator Bars.—When a commutator is 
hot the shellac in the mica being in a soft state will allow the bars 
to move more or less under centrifugal force due to rotation 
which is frequently the cause of high or low bars. 

NOTE.—Commutator Slotting.—For slotting, a home made outfit is frequently used. A 
good cutting tool consists of a circular saw or miller g to 1,1(i in. in diameter with from 15 
to 30 teeth. The thickness of the saw should be slightly greater than that of the mica, 
that is for mica .03 in. thick a .035 in. saw should be used. In this way the mica can be 
removed completely with no thin layers left at the sides. This saw may be mounted on the 
tool carriage of a lathe as here shown, and driven at from 1,2r0 to 1,800 r.P.m. by a belt 
from the line shaft or by a small motor mounted on the carriage. With a spacer of the same 
width as the commutator bars two saws may be used and the slotting operation be per-
formed in half the time. Instead cf the circular saw, a lathe tool ground to fit the slots 
may be used, by mounting it in the tool post and moving back and forth across the com-
mutator by operating the carriage. It may also be mounted on a special stationary post 
and moved back and forth by a hand lever. These methods require a lathe Which is not 
)1ways available, and several types ot machines avoiding this are in 
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To remedy this defect let machine run till hot, then take up on com-
mutator ring, repeating the process several times if necessary. High or 
low bars can sometimes be re-aligned by respectively tapping down, or 
prying up and inserting underneath a narrow strip of mica. 

Burn Outs.—This trouble which occurs between commutator 

hrs. 7.850.—Rotary hand tool for undercutting mica and method of using. The saw is 
mounted between two handle-‘ and adjustable shoes are provided on each side so that 
the depth of the slot may b. gauged and kept uniform. The saw may be driven by a 
small stationary motor througa a flexible shaft or by a compressed air drill. In this case 
the armature is simply placeo tn a pair of V suppo ts and clamped to prevent it turning 
if necessary. 

CON N ECT I ON FOR 
FLEXIBLE SHAFT 

PIG. 7,851.—Motor driven mica cutting tuol 'n which the cutting tool is mounted on a slide 
and moved oack and forth by hard. The drive is through a flexible shaft as shown. oe a 
belt may be used. 

bars is usually due to oil vhich collects dust, causing leakage of 
current from bar to bar witl. -esulting carbonizing of the mica 
and finally a short circuit 

Plugging.—When the mica is not burned too deep, clean out 
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the hole thoroughly and plug with a filling made of two parts of 

plaster of paris, one part powdered mica and enough glue to make 

a thickIP 
(‘ 

F_N-f I LAT 
DIJC,Iff) 

Pis. 7,g52 and 7R.—Commutator and rear ends of General Electric Standard type R.C. 
wave wound aX111abLUIt using strap coils. 
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PIGS. 7,854 to 7,856.—Method of repairing a large hole burned in two adjacent bars of a cost 
mutator. Fig 7,854 shows the hole. The first operatiGn di to clean carefully and tin the 
surface of the hole. The two bars are then wedged apart and mica strips, AB, fig. 7,855. 
of the requisite size and thickness forced in. 1 he commutator must now be warmed up 
as much as possible by means of soldering irons, and strips of mica, C,D,E, F,_fig. 7 856 
placed at the front and back of the hole, being kept in position by pieces of wood W. Solda as poured into the hole from a ladle, using a rough mica funnel to guide it. 

¿nf ' 

PIGS. 7.857 and 7,858.—Method of repairing broken joint between commutator segment and 
lug. To repair such a break, push asbestos in between adjacent bars, so that heat from the 
torch will not affect them. Asbestos should also be worked in at the back if possible, for the 
purpose of keeping solder from places where it would cause trouble. Then unsolder the 
armature leads from the lug and remove the latter. Next, with specially made cape chisels. 
cut in a slot in the commutator bar for a new lug. Care and skill are required not to de-
stroy the mica insulation between the segments. The slot should be cut one-quarter to 
three-eighths inch deep. The connector is then soldered in place. With care a satisfac-
tory connection can be made in this way, which will last well. If it do not last, the trouble 
in almost every case is due to poor soldering. Short circuits sometimes occur after this 
operation, because of solder falling in at the back and lodging on lower connections. In 
large machines, the excessive current flowing is quite likely to melt this solder, and the 
machine may buck, throwing out the melted solder, after which it may be all right again. 
While the bar connector is out, however, asbestos should be packed in back of it to pre-
vent this occurrence, which may be a serious affair. All surplus solder and the asbestos 
packing should be removed after the connection is finished, and the connections cleaned 
with compressed air. The armature should be turned over slowly, air being applied all 
the while. 
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rms. 7,8.59 and 7,860.—Ring or clamp for holding commutator bars together when assembling 
and method of using. The clamp should be slightly smaller than the diameter of the com-
mutator. In using, wooden blocks C, may be used as distance pieces to align the clamp 
at the middle of the commutator. D is an iron face plate. The distance pieces C. and 
clamp B. are placed on the plate D, as shown, and the bars and mici segments stacked 
in a circular form within it. Be careful not to omit any of the mica segments, so that each 
bar is n.sulated. Carefully count the bars to be sure that the correct number are in posi-
tion. Take several pieces of copper wire (about No. 9 B. & S. gauge) and remove the in-
sulation. Place these around the commutator near the top and lower ends to act as band 
wires, and twist them tight. "The-clanrp may then be remo t ed, and the commutator straight-
ened. Bring put the mica segments even with the surface of the bars by holding the fin-
gers against the inside edge of the segments and tapping the bars on the outside with a 
small mallet. Place a square or steel scale on the face plate and tap the bars on the out-
side with a small mallet. Place the square of steel scale on the face plate and see that the 
bars line up perpendicularly with one edge of the square. If they do not, a gentle pressure 
one way or the other on the top end of the commutator with the palm of the hand will bring 
them in line. See that each bar and segment is down flat against the surface of the plate, 
since that end will be fastened to the face plate on the lathe facing off the ends of the bars. 
Tap each bar and segment down solid with a square ended punch, a little narrower than 
the thickness of the bar. When this has been done, the band wires can be drawn a little 
tighter and the surface of the commutator, where the clamp will fit, should be filed to re-
move any protruding mica, and present a smooth surface for the clamp. Replace each sec-
tion of the clamp about the commutator again using the wooden blocks mentioned before. 
Draw the clamp tight, being sure to leave the same amount of space between each clamp 
section. A small gas burner, or some other source of heat should be handy, and the com-
mutator placed over it and heated. When it is good and hot to the hand, tighten the clamp. 
allow it to cool, and again tighten. 

5 LE EV E: 
FOR 

PRESSING 
ON 

PLATE B 

PIGS. 7 961 to 7,863.—Press for forcing on and removing a commutator. Small commutators 
are pressed on to the shaft by a hand press. All of the larger commutators are pressed on by 
means of a power press. In the above figure is shown a hand press. The plate B, is used in 
removing old commutators. It is placed back of the commutator as at *,y, With the slot C. 
over the shaft. Bolts a ,b, are passed through the holes in the plate and secured by nuts. 
The commutator can then be forced off the shaft. In pressing on a commutator, a sleeve 
is placed over the shaft at O. and against the commutator. The rear end of the shaft is 
secured so it will withstand the pressure, and the commutator is forced on. The power 
presses are built on the principle of a hydraulic press. In pressing on a commutator a piece 
of babbit metal or soft brass should be used against the end of the shaft. The shaft should 
be painted with white lead before having the commutator pressed on. in order to lubri-
cate the shaft so that the commutator will press on easily. The wiper rings are pressed 
on after the commutator and then the armature is ready to be connected. 



884 ARMATURE WINDING 

Dissembling Commutator for Repairs.—If a burned com-
mutator bar or mica strip are to be removed for repairs, unloosen 
clamping ring bolts and mark ring so that it can be replaced in 
the same position. 

Remove clamping ring and if the mica ring be stuck to commutator it 
should be heated to soften the shellac. After the ring is taken off it is 
easy to remove any of the bars. In replacing a bar the mica segment 
should be put in first, being careful to first see that there is no dust or 
solder lodged on the back of mica ring. 

Tightening a Repaired Commutator.—When assembled 
put on clamp ring and screw up bolts. Bake in oven to drive out 
the shellac, let cool and again take up on ring bolts. 

Repeat operation one or more times until there is no slack in the bolts, 

B. RE-CONNECTING D.C. 
MACHINES 

Repairmen are frequently called upon to make changes in 
a dynamo or motor such that the machine can be operated at a 

different voltage or speed, and sometimes to adopt a dynamo 
for use as a motor, etc. 

Voltage Changes.—In making changes for motors or dyna-
nlOS to operate on different voltages it should be noted that the 
speed of a motor varies directly with the voltage. 

The variation of voltage affects the excitation of the fields, and after 
saturation is reached the speed ()illy approximately varies with increase 
of voltage. Small speed change may be effected by changing the width 
of the air gap. 

Changes for Half Voltage Operation.—Arrange the shunt 
field coils in two groups and c .'nnect the groups in parallel. 
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With this arrangement evidently on half voltage circuit, the voltage 
per field coil will Le the ;:ame, hence the flux will be the same but the 
speed will be onlylf what it was before the changes were made. To 
bring speed up to normal, place resistance in the shunt field and increase 
air gap as much as possible. The foregoing changes reduce the horse 
power one half. 

Changes for Double Voltage Operation.—The field coils 
must be rewound in case with the shunt fields in series the smallest 
air gap cannot be used. Changing for double voltage, givcs 

twice the horse power. 

Armatur2 Winding Changes for Voltage Changes.-

3 4 5 6 7 4 r`r 

SLOT. NS 

VON DIN(' 
T,PACE N9 

• IFfillillfeellIIIIMUIEgliTairlIrrillieRliME11-Farehl 

FIGS. 7,864 and 7,865.—A 240 volt, 24 slot lap winding and method of reconnecting or 
rewinding for 120 volts. When a d.c. armature is to be rewound or reconnected for a change 
in voltage the number of turns in series between the brushes, will vary directly as the voltages, 
and the cross sectional area of the wire will vary inversely as the collages.. To reduce the volt-
age from 240 to 120 and do the same amount of work, twice the current will be required 
and accordingly, twice the cross sectional area of wire. The winding may be recon-
nected so that two coils iire in parallel and bridge the commutator bars in pairs as in fig. 
7,865, or the machine may be rewound with a wire of double the cross sectional area. 
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An armature can usually be adapted to a lower voltage either by 

reconnecting or by rewinding. 
In making changes it should be noted that the sectional area of the wire for the coila and 

number of turns in series vary inversely as the old to the new voltage. In determining the 
form of coil and number of turns to be used in rewinding the slot space available must be 
considered. 

Speed Changes.—By adjusting the air gap of a motor the 
speed may be varied fiorn 10 to 15%. To increase speed, in-
crease air gap; to reduce speed, reduce air gap. 

Dynamo Operated as Motor.—Give backward lead to 
brushes for the correct rotation cf the armature. 

Motor Operated as Dynamo.—The brushes should be given 
forward lead and the air gap reduced to a minimum for equal oî 

Fics. 7,S66 and 7,Q67.—Duplex lap winding for 120 volts, and method of reconnecting for 
240 volts. On armatures having duplex windings there are usually twice as many commu-
tator bars as there are slots and each of the two wires is connected to separate bars. The 
brush will however cover at least 134 to 2 bars. To change from 120 to 240 volts, recom 
nect the winding so that adjacent pairs of coils will be in series as in fig. 7.''117 instead o' in 
parallel as in fig. 7,866. and reduce width of brushes to that of one commutator bar. 
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higher voltage, but for lower voltage the same air gap can usually 

be used. 

Wrong Field Connections.—Sometimes due to error in the 
shop a new motor may have one or more magnets reversed, 
resulting in little or no torque. Trace out connections or test 
polarity of magnets by means of a compass. 

LARGE. 
AIR (AP ) 

FORWARD LEAD 

- 

HIGH SPEED LOW SPEED 
PIGS. 7,868 and 7,869.—Method of changing the speed of a motor ty adjusting the air gaps. 

SMALL 
AIR GAP 

I.— NORMAL NEUTRAL 
PLANE 

OMMUTATING 
PLANE. 

BACKWARD LEAD 

RUN AS RUN AS 

DYNAMO MOTOR 

I 
NEUTRAL 

PLANE 

COMMUTATING 
PLANE 

aGS. 7,870 and 7,871.—Machine operated as dynamo and as motor. When the machine is 
operated as dynamo the brushes should be given forward (positive) lead, and when 00er 
ated as a motor. backward 'negative) lead 
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Wrong Rotation.—In the case of a motor the direction may 
be changed by reversing the field connections. 

If the field of a dynamo be reversed to change rotation, the magnetism 
induced by the winding will oppose the residual magnetism and the machine 
may not build up. Instead of reversing the field, reverse the armature 
leads. A multipolar machine can be reverse -I by reversing the brushes on 
the studs and then relocating them. 

C. Reconnecting A. C. 
Machines 

Induction Motors.—Changes in voltage alone are the easiest 
to make, but phase changes are seldom advisable. 

In making changes the repair man should first examine the winding and 
note throw and connection of coils, number of turns in coil, size of wire, 
etc., so that he can get an idea of the possibilities of the machine. 

Voltage Changes.—Nearly all commercial motors are ar-
ranged so that they can be reconnected for two voltages. 

To make these changes, the polar groups are connected in series for the 
higher voltage and in parallel for the lower voltage. 

In changing to higher voltages it should be noted that motors as manu-
factured are provided with insulation good for 500 volts or for 2,500 volts. 
The capacity of the insulation should accordingly be considered and no 
change be made beyond the capacity of the insulation. 

Frequency Changes.—For the same number of poles a 
change in frequency will cause the speed to vary directly as the 
frequency. 

In order to maintain the speed constant in making a frequency change, 
the voltage on the motor should be varied in the same proportion as the 
frequency is changed. 

Phase Changes.--The change most frequently desired is 
from two to three phases, or from three to two phases. 
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For the same voltage there should be about 25% more total turns in a 
two phase winding than in a three phase winding, hence, unless the voltage 
be reduced a three phase motor connected for two phase will overheat. 

A two phase motor has too many coils for three phase operation, hence, 
in this case, about Vi of the total coils might be dead ended to secure 
the proper voltage on the other coils. In doing this the dead coils should 
be distributed as symmetrically as possible. 

Reversing Polyphase Induction Motors.—For a two phase 
four wire machine, interchange the connections of the two leach 

on either phase. 

For a two phase three wire motor, interchange the two outside leads. 
For a three phase machine, interchange the connections of any two 

leads. 

Method of Soldering Wires to Lugs.—The Code requiret 
that all stranded wire above No. 8 B. & S. gauge shall be soldered 
to all terminal lugs or terminal connectors. The following is the 
approved method. 

First:coat the lug with laundry soap; this is to prevent surplus solder 
sticking to outside surface of lug, making an unsightly job. Next, fill lug 
with soldering paste, and hold lug in flame of a gasoline torch, when 
soldering paste begins to bubble, put a little solder in the lug; this will 
melt very easily as the lug is now heated to the proper temperature. 

Skin or remove insulation of wire, and clean same with file until it 
shows the copper to be bright. Coat end of wire with paste in flame of 
torch; when paste bubbles, insert wire into lug, which contains melted 
solder, remove flame of torch from lug and do not move the arms until 
the solder has set; a quick method is to apply wet lag to lug to cool solder. 
Now, take Pliers and try to twist off lug from wire. This is a test to prove 
if wire be securely soldered to lug. If lug come off wire, this indicates 
that it has not been properly soldered. Néxt clean off soap and polish 
lug; tape up any bare spaces on wire. 

The following points should be remembered: 

Use plenty of paste. 

Wire to be soldered must be as hot as the solder 
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Wire and interior of lug must at all times be clean. 

Do not use cutting pliers to hold lug in flame as this softens the cutters 
and thereby ruins the pliers. 

Use a good solder having a good combination of lead and tin; 50-50 recom-
mended or 60-40 is the standard for electrical work. 

If solder do not hold in lug, this is due to poor solder, dirt in lug—dirty 
wire. Remedy: fill lug with paste melt solder in lug, dump out solder, 
then repeat as described and it will be found that the lug will hold. 

TROUBLES 
Failure to Excite.—In starting a dynamo it should be remem-

bered that shunt and compound machines require an appreciable 
time to build up, hence, it is best not to be to hasty in hunting 
for faults. 

FIG. 7,872.—Method of locating short circuited armature coil. Connect apparatus as showk 
pass 20 to 100 amperes from a battery or another dynamo. Now having previously well 
cleaned commutator, measure voltage between adjacent segment all around. A zero reading 
will indicate a short circuit, which may be permanent or intermittent; when intermittent 
may be carried by wire coming into contact due to centrifugal force developed while armaturi. 
is rotating. 

The principal causes which prevent a dynamo building up are: 
1. Brushes not properly adjusted; 
2. Defective contacts; 
3. Incorrect adjustment of regulators: 
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TO A.G. 
SUPPLY 

•••• 

MAGNETIZING COIL 

COIL UNDER TEST 

LAMINATED 
IRON CORE 

lem.7,873.—Field coil testing with telephone receiver. In the method here shown, a telephone 
receiver is connected in series with two symmetrically_placed coils A and B. Very little 
sound will be heard when the flux through the two coils AB is the same; but if a short circuited 
coil is being tested, the fillies through the coils A, B will not be equal and a noise can be 
heard in the receiver. 

 *Ma 
1151,40 

7,874.—TMX(or break in armature lead. Connect apparatus as shown and clean com-
mutator. Rotate armature slowly; telephone receiver "clicks" as brush makes contact with 
each good semer; a faulty segment gives no response. Note;—Brushes must not cover 
more than a single segment. 

FIG. .875.—Bar to bat test for open circuit. In coil or short circuit in one coil or between 
segments. If, in testing as in fig. 206, on rotating the armature completely around, the 
receiver indicate no break in the leads, connect battery as here shown, and touch the con-
nections from the receiver to two adjacent bars, working from bar to bar. The clicking 
should be substantially the same between any two commutator bars; il the clicking suddenly 
rise in tone between two bars it indicates a high resistance in the coil or a break (open circuit). 
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4. Speed too low; 
5. Insufficient residual 

magnetism; 
6. Open circuits; 
7. Short circuits; 

a. In external circuits; 
b. In dynamo. 

_8. Wrong connections; 
9. Reversed field mag-

netism 

Pic. 7,876—Method of locating short circuits between adjacent aimature coils. Excite fields 
with coils in parallel. It will now require considerable force to rotate the anuature, and then 
it will move quite slowly; except at one position. When this position has been found, mark 
the armature at -points in the center of the pole pieces at points A and B and at both ends 
' of the armature. The "cross" or "short" circuit is nearly always found on the commutator 
end" in the last 'half of the winding, where the wires pass down through the first half ter-
minals. This applies to an unequal winding. In armatures where the windings are equal, 
it is as liable to occur at one point as at another. 

Armature Faults.— 
The chief mishaps to 
which armatures are sub-
iect are : 

1. Short circuits: 
In individual coils; between 

adjacent coils; through 
— frame or core; between sec-

tions of armature; partial 
short circuits 

2. Grounds; 
1 Breaks in armature circuit. 

TELEPHONE 
BATTERY RECEIVER 

PIC. 7,877.—Alternate bar test for short circuit between sections. Where two adjacent corn= 
mutator bars are in contact, or a coil between two segments becomes short circuited, the 
bar to bar test described in fig. 7.875 will detect the fault by the telephone receiver remaining 
silent. If a short circuit be found, receiver leads should straddle three commutator bars as 
shown. The normal click will then be twice that between two segments until the faulty 
coils are reached, when the clicking will be less. When this happens, test each coil for trouble 
and, if individually, they be all right, the trouble is between the two. To test for a ground, 
place one terminal of the receiver on the shaft or frame of the machine, and the other on 
the commutator. If there be a click, it indicates a ground. Move the terminal about the 
commutator until the least clicking is heard and at or near that point will be found tho 
contact Grounds in field coils.can be located in the same manner. 
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Commutator 
Troubles.—In badly 
designed or construct-
ed dynamos, sparking 
occurs at all positions, 
no matter where the 
brushes are placed, 
and in such dynamos 
it is therefore impos-
sible to prevent this 
no matter how well 
they are adjusted. 

7.87S.—Method of locating short circuit between coils 
through armature coil. Connect as shown, then connect 
free terminal of galvanometer to shaft. If then some por-
tion of the wire insulation be abraided or destroyed, as 
at A, the galvanometer needle will be deflected. 

Sparks due to ban adjustment of brushes are generally of a bluish color; 
when produced by dirty or neglected state of commutator, the color is 
reddish and there is a spluttering or hissing sound. The chief causes of 
sparks are: 

1. Bad adjustment of brushes; 
2. Bad condition of brushes; 

3. Bad condition of commutator; 
4. Overload of dynamo; 

5. Loose connections, 
terminals, etc.; 

6. Breaks in armature 
cir-_•uit; 

7. Short circuits in 
armature circuit; 

S. Short circuits or 
breaks in field 
magnet circuit. 

I leating.—W h e n 
the machine heats, a 
common mistake is to 
suppose that any part 
found to be hot is the 
seat of the trouble. 

f 'G. 7,R-1.—Method of testing for breaks. Connect as shown. Galvanometer deflection indi• 
,t ri,t wire of coil S, being tested is unbroken. No deflection indicates a break or faults 

t nc I r,•nnection 
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Hot bearings 
may cause the 
armature or com-
mutator to heat, 
or vice versa. All 
parts of the ma-
chine should be 
tested to ascertain 
which is the hot-
test , since heat gen-
erated in one part 
is rapidly diffused. 
This is best done 

7,880.—Method of locating grounded armature coil. Corniect as shown; assume a steady 
current to be flowing from battery through the armature' touch the commutator with brush 
3, and a current will flow through the galvanometer. Slowly rotate the armature or the 
brush 3, until the galvanometer shows no deflection. The coil in contact with 3, will be found 
to be grounded. A rheostat may be inserted in series with the battery or dynamo circuit to 
regulate the strength of the current passing. 

"Wm 

ems. 7,881 to 7,883.—Brushes snaking bad contact. A brush making a bad contact, as only at 
the shaded portion of figs. 7,881 and 7,882, will not allow the short circuited coil enough time 
to reverse, causing sparking and heating. The latter will alio result from bad contact on 
account of the surface being too small for the current to be carried off. This form of bad 
contact is worse than that shown in fig. 7,883, where the area of contact surface only is 
lessened. If the brushes do not make good contact, they should be ground down. 

PIG. 7.884.—Rough and grooved commutator due to improper brush adjustment and failure to 
keep brushes in proper condition 

7,885.—Sandpaper block. It is made to fit the surtace of the commutator. At S, is a saw 
cut into which the ends are pushed after being wrapped around the block. The latter 
should be cut down on the dotted lines to form a handle. The dotted line extending to B, 
indicates the portion of the block cut away to afford a good grip. C. commutator. 
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by starting with the machine cold; any serious trouble from 
heating isusually percep tible after a run of a few minutes ai 

full speed with the field magnets excited. 
Heating may be due to various electrical or mechanical causes, 

and it may occur in the different parts of the machine, as in: 

1. The connections; 
2. The brushes and commutator; 
3. The armature; 

4. The field magnet: 
5. The bearing 

FIG. 7 ,886.—Commutator clamp; a useful device for holding the segments 
firmly in position in taking out the end rings of the commutator to repair 
for internal grounds. It is made of 2 X % inch sheet steel, with a 
inch screw. The illustration clearly shows the adjustable fastening. 
The notches fit around rivets on one side of each fastening, which can 
be moved by removing the two cotters. The clamp is made loose or 
taut by screwing the bolt in the nut. 

PIG. 7,887.—Ventilated commutator; Sectional view showing air ducts for 
maintaining low temperature. 

FIG. 7,88.8.—Jig for filing 
brushes to the correct 
level; used with copper 
brushes to fit them to the 
commutator. 
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1. Split Phase Motor Troubles 
Speed Too Low.—This may be due to any of the following 

sauses, which may be corrected by the remedies given. 

1. Wrong voltage and frequency, 

2. Overload reduce low on motor, replace with a larger motor is 
necessary. 

3. Grounded starting and running windings. Test out with magneto 
!amp bell or voltmeter. 

4. Short circuited or open winding in field current. Test out as above. 

5. Too small connection wires. [ncrease size of wires. 

Faulty Starting.—Motor starts, runs slowly, will not pick up 
to normal full load speed, and blows fuses, due to: 

1. Failure of cut out to work properly. Test out cut out for grounds 
or short circuit. Oil pivots and springs, sand paper rough spots. 

2. Grounded plate, test with lamp or magneto, one wire to each slip 
ring or contact plate. 

3. Open circuit in starting or running winding. 

Test out with magneto or lamp. 

4. Grounded or short circuited starting or running winding. 

Test out with magneto, 13e11 and battery or voltmeter. 

Motor Fails to Start.—This fault is sometimes encountered. 
In such cases 

1. Test line voltage with lamp. 

2. Test fuses with lamp. 

3. Trace out all connections for grounds, open or short circuit. 

4. See if brushes be making proper contact with collector rings 
contact plates. 

5. See that rotor is tree to rotate in bearings. 
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Motor Fails to Start and Hums Loudly.—This may be 

(life to the starting winding being burnt out, open, or grounded. 

If motor hum, this indicates that the main or running winding is na% 
open; the motor may be started by rotating the armature by hand until 
it reaches its normal rated speed. 

Sparking At the Brushes.—As the brushes of split phase 
motors are only used in starting, sparking may be due only to 

worn and loose brushes, or dirty slip rings. 

Clean slip rings with a benzine soaked rag. Apply a little vaseline with 
the finger to each slip ring to prevent cutting by the brushes. 

Heating of the Windings.—This may be due to any of the 

iellowing causes. 

1. Moisture in windings. Dry out in an oven. 

2. Short circuit or ground. Test out with magneto, lamp, bell or 
voltmeter. 

3. Overload. Reduce load or install a larger motor. 

4. Too lo% line voltage. Check up with voltmeter. 

5. Too high line voltage. Any voltage in excess of 5% on 220 volts, 
10% on 110 volts should he reduced at this will cause the windings to hum 
out. 

6. Wrong frequency. A 40-cycle motor cannot be used on 60 cycle 
current as the rotor will not revolve in synchronism with the alternator. 

7. Wrong voltage connections to motor. 

8. Connection wires too small This win cause a voltage drop. 

Heating of the Rotor.—This is usually caused by overloading 

the motor or by broken soldered connections of end bars. Reduc.. 

load or solder broken c()nnections. 
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2. Fractional Horse 
Power Motor Troubles 

Motor Fails to Start.—Be sure that the wires connected to 
the motor terminals make good contact; that each of the brushes 

of the motor makes perfect contact with the commutator; that 
the connected load is not too great for the size of motor used. 

Motor Hums Loudly and Refuses to Start.—The fault 
may be due to 

1. Short circuited field windings. 

2. Grounded connections, or cut out switch. 

Test out individual windings with volt meter, holding one wire to frame, the other to each, 
lead of field windings. 

Test out cut out switch with magneto, one wire to shaft the other to each half of cut out 
plates. 

Motor Runs Too Slow.—This fault may be due to 

1. Burnt out, short circuited, or grounded winding. 

2. Grounded cut out switch. 

3. Cut out switch refuses to short circuit itself. 

This may be due to corroded springs, dirty plates, dirt in springs and pivots. 

Care of Compensators.—These should be inspected once a 
year and the oil changed. Use only oil as furnished with the 
compensator by the manufacturer, as this has been found to 
give the best results; any other grades of oil will cause a lot of 
unnecessary trouble. 

If the contact fingers on the switch of the compensator be scortched or 
burnt they should 1 e smoothed with a piece of sand paper, if they be too 
fnr burnt or worn, they should be replaced with new ones 
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Tighten all springs on switch and no voltage release, so that contact 
fingers press firmly on all contact. 

Oil all exterior moving parts of switch handle, also the no voltage release. 

Grounding of Compensators.—The cases of all compensa-

tors should be grounded especially when installed on high voltage 
circuits, to insure safety to the operator if for any reason the 
current carrying parts should accidentally come in contact with 

the case. 

A good contact is obtained by securing the ground wire under a screw 
or bolt on the compensator. 
The ground wire should be run to a water pipe as required in the Code. 

3. Compensator Troubles 
Motor Fails to Start.—If the fuses and motor be in good 

condition, examine all contacts and see if contact fingers make 

contact. 

Press with a screw driver all contacts and see if motor start. Trace 
out all leads from terminal block to contacts. Examine all transformer 
taps. In case of a burn out on one coil of a three phase compensator the 
cod may be cut out by a slight change in connections and the compensator 
used temporarily until a new set of coils can be obtained. 

Compensator Hums.—This is due to an improper sealing 
surface of the no voltage release or loose laminations of the sole-

noid or transformer. 

Tighten all screws on the no voltage release solenoid plunger and no 
voltage coil, also tighten screws on transformer. 

No Voltage Release Fails.—If the voltage release fail to hold 

switch in running position, the fault may be due to: 
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1. Burnt out no voltage coil. 

Test with a magneto. 

2. Wrong connections. 

3. Latch of no voltage release stuck. 

This may be due to dirt or foreign object. Remove same. 

4. Overload relay plunger stuck. 

This causes an open circuit in the no voltage release circuit. Inspect all relays.ane 
try moving by hand, and note if they make contact. 
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CHAPTER 37 

Power Stations 
There are three general classes of power stations: 

1. Central stations. 2. Sub-stations. 3. Isolated stations. 

and these may be classed: 

1. With respect to their function, as 

a. Generating stations. b. Distributing stations. c. Converting stations. 

=Lintel 
CENTRE . . 

• • 
'.-- SUB•srAiior, T LONG DISTANCE TRAnsmiSSION  

FALLS 
STATION / i . 

 -------'; 
— ,-- - - ' 

7,889.—Example of central statiod located remote from the distributing center and fur-
nishing alternating current at high pressure to a sub-station where the current is passed 
through step down transformers and suplied at moderate pressure to the distribution system. 
In some cases the sub-station contains also converters supplying direct current for battery 

charging, electro-plating, etc. 

2. With respect to the form of power used to generate the 

current, as 

a. Steam electric. b. Hydro-electric c. Gas electric. 

2. With respect to the kind of current generated, ab 

a. Direct b. Alternating. c. Direct and alternating 
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Alternating current possessea serious disadvantages for certain important 
;applications. 

For instance, in operating electric railways and for lighting it is often 
necessary to transmit direct current at 500 volts a distance of five or ten 
miles. In such cases, the excessive drop cannot be economically reduced 
by increasing the sizes of the line wire, while a sufficient increase of the 
voltage would cause serious variations under changes of load. Hence, it is 
common practice to employ some form of auxiliary dynamo or booster, 
which when connected in series with the feeder, automatically maintains 

7,892.—Floor plan of station having belted drive with countershaft A. engine and dyne= 
urn; B, boiler room: C, office; D, store room; E, chimney connected with the boilers by flue 
W;, S, boilers; V. V, steam pipes' M, M, engine; 0, countershaft' T, T , T, T, generators; 
H. switch board. A pulley may be mounted on the countershaft O. with a friction clutch. 
A jaw clutch may also be provided at Z. thus permitting the shaft 0, to be divided into 
two sections. It is therefore possible by this arrangement to cause either of the engines to 
drive any one of the generators, or all of them, or both of the engines to drive all of the 
generators simultaneously. 

Ain. 7,893.— Plan of electrical station with belt drive without counter shaft. The installation 
here represented consists of two boilers. S, etc., and three sets of engines and generators. 
T, M. etc. Sufficient allowance has been made in the plans, however, for future increase 
of business, as additional space has been provided for an extra engine and generator set, as 
indicated by the dotted lines. Other reference letters are the same as in fig. 7,892. 

the required pressure in the most remote districts so long as the main 
dynamos continue to furnish the normal or working voltage. 

'Pie advantage of a direct current installation in such cases over a similar 
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plant supplying alternating current line is the fact that a storage battPxy 
may be used in connection with the former for taking up the fluctuations of 
the current, thereby permitting the dynamo to run with a less variable load, 
and consequently at higher efficiency. 

Size of Plant.—Before any definite calculation can be made, 
-or plans drawn, the engineer must determine the probable load. 

This is usually ascertained in terms of the number and distances of lamps 
that will be required, by making a thorough canvass of the city or town, or 

'Pic. 'T./MC—Plan of electrical station containing direct connected units. As shown, space 's 
provided for an extra boiler and engine and generator set, as indicated 1- y the dotted lines. 
Space also exists for a storage battery room if necessary, and the partition dividing this 
TOOM from the engine and dynamo room is shcwn by a dotted lines. 

7.895.—Sectional elevation of one of the 5,000 horse power vertical Pelton-Prancis turbines 
directly connected to generator, as installed for the Schenectady Power Co. 

that portion for which electrical energy is to be supplied. The probable 
load that the station is to carry when it begins operation, the nature of this 
load, and the probable rate of increase are matters upon which the design 
and construction chiefly depend. 

General Arrangement.—In designing an electrical ste-tion, 
it is preferable that whatever rooms or divisions of the interior 
:space are desired should determine the total outside dimensions 
of the plant in the original plans of the building than that these 
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latter dimensions be fixed and the rooms, etc., be fitted in 
afterward. 

The engines and generators will occupy the majority of the space, and 
these are usually placed in one large room; in some stations, however, they 
are located respectively in two adjacent rooms. The boilers are generally 
located in a room apart from the engines and generators. 

Fro. 7,895.—Triumph dymano set with upright slide valve engine. 

7,896.—Murray alternating current direct connected unit with hjgb.1-peed Corliss engine 
and belt driven exciter, 50, 75 and 100 kva. alternator and 150 r.P10. engine. 
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/n general, the boilers 
should be near the engines to 
avoid loss of heat and pressure 
drop in steam pipe, and the 
condensers should be near the 
engines (especially in case of 
turbines) to avoid excess back 
pressure. The location of 
engines and boilers, and de-
tails of station construction 
are given in Chapter 39 on 
Installation. 

?to. 7,897.—Flan of smal sub-station with single phase oil insulated self-cooling transformers 
and hand operated oil switches 11,000 or 13,200 volts, overhead high tension lines. 

Isolated Plants.—The average type of isolated plant has 
enlarged from a small dynamo driven by a little slide valve engine 
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located in an out of the way corner to direct connected generator 
and engines of hundreds and even thousands of horse povau 
assembled in a large room specially adapted to the purpose. 

Sub-Stations.—As usually defined, a sub-station is a building 
provided with apparatus for changing high pressure a.c. received 
from the central station into d.c. of the requisite pressure. which 
in the case of railways is 550 to 600 volts. 

FIG. 7,898.—Buckeye-mobile, or self-contained unit consi.ting of compound condensing en-
gine, boiler. superheater, reheater, feed and air pump,. I produces one horse power on 1% 
lbs. of coal. Built in sizes from 75 to 800 horse power. 

Pro. 7,899.—Westinghouse three cylinder gas engine, direct connected to dynamo, showins, 
application of gas engine drive for small direct connected units. 

Where traffic is heavy and the railway system of considerable distance, 
sub-stations are provided at 

0.0«, intervals along the line, each 
receiving high pressure cur-
rent from one large central 
station and converting it into 
moderate pressure d.c. for 
their districts. 

P:c. 7,900.—Portable (outdoor transformer type) sub-station. In railway azrolce, direct 
current can be provided at any point on the system where there is track at the high press-
ure line. The direct current can be made available very quickly as its production involved 
only the transferring of .the sub-station—andits connections ta the high preseure line. 
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CHAPTER 38 

Management 
Broadly, the term management embraces: 1, selection; 2, 

location; 3, erection; 4, testing; 5, running; 6, care, and 7, 

repair. 

The designer of the plant, specifies or "selects" the machines. An 

7.901.—Method of moving armeure to prevent injury to commutator or winding. 

erector should install them, but usually this job is left to the man in charge 
who in most small and medium size plants is the chief steam engineer, who 
also must run, care for and repair the machines. 

Selection.—To properly select a machine, such items as 
1, type; 2, capacity; 3, efficiency, and 4, construction, should 

be considered. 

The type depends on the system in use. 
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In a.c. constant pressure transmission circuits, average voltage is 2,200 
with transformer ratios of Yu) and 1/20. Standard frequencies are 25 
and 60. 

In fixing the capacity of a machine, careful considuation should be given 
to the conditions of operation both present and future in order that the 
resultant efficiency may be maximum. 

Installation.— Small parts may readily be placed in position, 
either by hand, by erecting temporary supports which may be 
moved from place to place as desired, or by rolling the parts along 
on the floor upon a piece of iron pipe. 

Large and heavy parts necessitate the use of a crane. Special care 

SINGLE PHASE TWO PHASE. THREIPHASL 
Pies. 7,902 to 7,905.—Wiring diagram and starter connections for Holzer-Cabot a.c. motors. 
Single phase motors are started by first throwing the starting switch down into the start-
ing position, and when the motor is up to speed, throwing it' up into the running position. 
Do not hold the switch in starting position over 10 seceds. Starter for single phase motors 
above M H.P. are arranged with an adjusting link at the bottom of the panel. The link 
is shown in the position of least starting torque and cúrrent. Connect from W, to 2, or W 
to 3. for starting heavier loads. Two or three phase motors are started simply by closing the 
switch. To reverse the rotation interchange the leads marked XX. The single phase self-
starting motor fig. 7,902 is provided with a link across two terminals on the upper right 
hand bracket at front of motor and this connection will start considerable overloads. Inter-
change leads A and B to reverse rotation. 

Pm. 7.906.—Tandem drive for economizing floor space. 
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Pic. 7,907 .—Separately excited b. It driven alternator showing method of economizing floor space by locating exciter at S. instead 
of at M. 

FIG. 7,908.—Double pulley drive for economizing floor space. If the generators thus belted were placed at M and G. yet still 
more floor space would be saved by having them occupy the positions indicated at M and S. 
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should be exercised in installing electric machines as the insulations 
of the windings are very easily injured. The prick of a pin or tack, 
a bruise, or a bending of the wires by resting their weight upon them 
or by their coming in contact with some hard substance, will often 
render a field coil or an armature useless. 

Operation of Alternators.—fhe exciter must first be 
started. This is done in the same way as for any shunt 

dynamo. 

At first only a small current should be sent through the field winding 
of the alternator; then, if the exciter operate satisfactorily and the 
field magnetism of tbe alternator show up well, the load may gradually 
be thrown on until the normal current is carried, the same method 
of procedure being followed as in the similar case of a dynamo. 

Fm, 7,909.—Switch board wiriag for a single phase separately excited alternator. The 
direct current circuits are represented by dotted lines, and the alternating current 
circuit, by solid lines. 
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Synchronizing.—When it becomes necessary to run more 
than one alternator to carry the load, before they can be con-
nected in parallel they must be synchronized; that is, the alternating 
cycles must be in step with each other, otherwise one machine will 
be short circuited through the other and serious results will follow. 

In other words the speed, phase and voltage of each machine must be 
the same before connecting in parallel. Synchronizing is accomplished in 
several ways, as by dark, and brilliant lamp methods. 

BUS BARS  

SYNCHRONIZING 
LAMP 

MAIN 
SWITCHES 

ALTERNATORS 

ALTERNATORS 

1G, 7,010.—Synchronizing one dark lamp method. Assuming A, to be in operation, B, may be 
brought up to approximately the proper speed, and voltage. Then if Et, be run a little 
slower or faster than A, the synchronizing lamp will glow for one moment and be dark the 
next. When the lamp remains dark the machines are in synchronism and switch may be 
thrown in. 

PIG, 7.911.— Synchronizing two dark lamp method. When the machines are in phase there 
',W. 4 no difference of pressure between the left hand terminals or between the right hand 
terminals of the two machines. Hence, if the synchronizing lamps be connected as shown, 
both will be dark, and the switch may be thrown in conne ,-.ting the machines in parallel. 

Cutting Out Alternator.—To properly cut out an alternator: 
1 reduce driving power until load has been transferred to the 
other alternators, adjusting field rheostats to obtain minimum 

current; 2, open main switch; 3, open field switch. Never open 
field switch before main swit-.± 
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Transformers.—The kind of efficiency of transformers the 
station master is interested in is the all day efficiency*. 

Mineral oil is used in oil cooled transformers. It must be free from mois-
ture. To test, thrust a red hot iron rod in the oil; if it "craclde," moisture 
is present. The presence of moisture reduces the insulation value of the oil. 

la, 7/ 

77.1/7/ Ili /I liffIff 
PIG. 7,912.—General arrangenv.•C cf air blast transformers and blowers. 
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Px 7,913.—Synchronizing brilliant ramp method. When the voltages are equal and the 
machines in phase, the difference of pressure between a, and a given point is the same as 
that between a', and the same point; this obtains for b and b'. Accordingly, a lamp con-
nected across a b', will burn with the same brilliancy as across a' b; the same holds for the 
other lamp. When the voltages are the same and the phase difference is 180* the lamps 
are dark, and as the phase difference is decreased, the lamps glow with increasing brightness 
until at synchronism they glow with maximum brilliancy. Hence the incoming alternator 
should be thrown in at the instant of maximum brilliancy. 

7,014.—Synchronizing three phase alternator, being an extension of the single phase 
method. Three lamps are only necessary to insure that the connections are properly made 
after which one lamp is all that is required. 

LOVV PRE5SUR 
THREE PHASE 
ALTERNATORS 

*NOTE.—Ail day efficiency. This expression, as commonly met with in practice, 
denotes the percentage that the amount of merry actually used by the consumer is of the total energy 
supplied to his transformer during 24 hours. 
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Motor Generators.—These are frequently used as boosters 
to raise or boost the voltage near the extremities of long distance, d.c 
transmission knes. 

Dynamotors.—A dynamotor is a combination dynamo and 
motor having both windings on one core. 

With this construction armature reaction due to the one winding k 
neutralized by the reaction caused by the other winding. There is, 

7,915.—Wiring diagram of alternator, exciter, transformer and converter showing also 
switch board connections. 

FIGS. 7,916 to 7,918 --Convener connections. Fig. 7,916, double delta connection; 7.917, 
diametrical connection; 7,918, two circuit single phase connectioas 
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consequently, little or no tendency 
for sparking to occur at the brushes, 
and they therefore need not be 
shifted on this account for different 
loads. 

A dynamotor is connected at its 
motor end and started in the same 
manner as any shunt wound motor. 

Rotary Converters. — This 
type of machine is a combination 
of an a.c. motor and a dynamo. 

It has practically become a fixture 
in all large electric railway systems 
and in other installations where 
heavy direct currents of constant 
pressure are required at a consider-
able distance from the generating 
plant. 

When driven by d.c., a rotary con-
verter operates the same as a d.c. 
motor; when driven by a.c., it oper-
ates the same as a synchronous 
motor. The commutator is the 
most troublesome part. 

If it be found advisable to start 
the converter with d.c., the same 
connections would be made between 
the source of the direct current and 
the armature terminals on the com-
mutator side of the converter as 
would be the case were a direct cur-
rent shunt motor of considerable size 
to be started; this naturally means 
that a starting rheostat and a circuit 
breaker will be introduced in tbe 
armature circuit. 
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A polyphase converter may be started with a.c. by applying the a.c, 
pressure directly to the collector rings while the armature is at rest. 
The electrical difficulty experienced with rotary converters is the regula-

tion of the d.c. voltage; the mechanical difficulty is hunting due to varia-
tions in frequency. Hunting is best prevented by the damping method. 

Electrical Measuring Instruments.—Voltmeters in most 
common use have capacities of 5, 15, 75, 150, 300, 500 and 750 
volts each, although in the measurement of very low resistances 
such as those of armatures, heavy cables, or bus bars, voltmeters 
having capacities as low as .02 volt are employed. 

In operation if the hand of an instrument do not readily come to rest 

BANK OF LAMPS 

THREE PHASE 
CONVERTER 

7,921.—Wiring diagram showing arrangement of incandescent lamps for determining the 
proper phase relations in starting a rotary converter. The alternating current side of a 
three phase converter is shown at C. The three brushes, D. T and G pressing on its col-
lector rings are joined in order to the three single pole switches II, L and B, which can be 
made to connect with the respective wires M, R, and V, of the alternating current supply 
circuit. Across one of the outside switches H, for example, a number of incandescent 
lamps are joined in series as indicated at E, while the three pole switch (not shown) in the 
main circuit, between the alternator and the single pole sw tches is open. If then the main 
switch just mentioned and the middle switch L, be both closed, and the armature of the 
alternator be brought up te normal speed by running it as a direct current motor, the lamps 
at E, will light up and darken in rapid succession; the lighting and darkening of the lamps 
will continue until, by a proper adjustment of the speed, the correct phase relations be 
established between the alternating current in the supply circuit and the alternating current 
developed in the armature of the converter. As this condition is approached, the inter-
vals between the successive lighting up and darkening of the lamps will increase until they 
remain perfectly dark. There is then no difference of pressure between the supply circuit 
M.R ,V, and the rotary converter armature circuit, so the source of the direct current may 
at that instant be disconnected from the machine, and the switches H and B, closed. If 
the change over has been accomplished before the phase relations ot the two circuits differed, 
the converter will at once conform itself to the supply circuit and run thereon as a synchro, 
emus motor without further trouble. 
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gently tap it. Before connecting up instruments it should be known that 
the pressure or current to be measured is within the range of the instrument 
otherwise the latter may be burnt out. 
Do not place instruments near conductors carrying large current and 

expect to get an accurate a.c. An a.c. voltmeter will work on a d.c. circuit, 
but a d.c. voltmeter will not work on an a.c. circuit. 
The usual capacities of a.c. voltmeters are 3, 7.5, 10, 12, 15, 20, 60, 75, 

120, 150, 300 and 600 volts but these capacities may be increased by the use 
of multipliers. Ammeters should be cut out of circuit except while taking 
reading to avoid error due to heating. To correct 3 or 4% error in volt-
meter readings, straighten pointer, vary tension of spiral springs, renew 
jewel in bearings, alter value of the high resistance, etc. 
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RIG. 7,922.—Dynamo test. During the test, one man should he assigned to the tachometer. 
another man to the water rheostat, and there should preferably be one man at each of the 
electrical measuring instruments. In order to enable the man at the tachometer to keep 
the speed constant, he should be in communication either directly or indirectly with the 
source of the driving power, and the man at the water rheostat should be in plain view of 
the man reading the ammeter so that the latter party may signal him for the proper adjust-
ment of the rheostat in order that the desired increase of current be obtained for each set 
of readings. 

7,923.—Water rheostat, it consists essentially of a tank of suitable size containing 
salt water into which are placed two electrodes having means of adjustment of the distance 
separating them. The solution depends on the voltage. With current density of one 
ampere per sq. in., a water smution gives a drop of 2,500 to 3,000 volts per inch distance 
between the plates. Where high voltage is used, the water must be circulated through and 
from the tank by rubber hose allowing for 2,500 volts, a length of 15 to 20 feet of 1 inch hose 
to prevent grounding. 

ADJUSTING 
ROD 

SALT WATER 

ELECT ROO  

How to Test Dynamos.—The instruments needed are, 
voltmeter, ammeter, speed indicator, and the usual switches 
and rheostats, connected as in fig. 7,922. 

In the case of a shunt machine, the speed should be made 
normal and the field rheostat adjusted until the voltmeter reading 
indicates the rated voltage of the machine at no load and read 
ings taken. 
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The electrodes of the water rheostat should be adjusted for maximum 
resistance and main circuit closed, and a second set of readings taken. 
Several sets of readings are taken, with successive reductions of water 
rheostat resistance. The results are then plotted on coordinate paper. 

To obtain the commercial efficiency the input and output must be found 
and compared for different loads, thus 

2TLWR 
input in brake horse power = 

33,000 
(1) 

'so. 7,924.—Test to obtain saturation curve of an alternator. In testing a series of observa-
tions of the voltage between the terminals of one of the phases, is made for different values, 
of the field current. If the machine be two phase or three phase, the volt meter may be 
connected to any one phase throughout a complete series of observations. 

in which L = length of Prony brake lever; W = pounds pull at end of lever; 
R = revolutions per minute. 

The output or electrical horse tower for the same load is easily cal. 
zu.lated from the formula 

output in electrical horse power amperes X " Its (2) 
746 

After obtaining value for (1) and (2), the commercial efficiency for the 
load taken is obtained from the formula 

commercial efficien...y — output 
input (3) 
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CHAPTER 39 

Motor Driven Tools 
There is a constantly increasing demand for small portable 

motor driven tools which has resulted in a multiplicity of highly 
developed devices designed for numerous duties formerly per-
formed by hand in machine and carpenter work, etc., such as 

7,925.—Chicago "Little Giant" electric track-drills rgaming joint holes on the tracks of 
the Pittsburgh Railways Co. 

drilling, grinding, buffing, screw driving, hammering, etc., the 
saving in labor accomplished by the use of these tools is very 

great. 
According to the kind of power used, motor driven tools may 

be classed as 

1. Electric 
2. Pneumatic. 



Electric Drive.—The extensive demand for 
motor driven tools has resulted in many improve-
ments in the design of the driving mechanism 
and they may be obtained suitable for almost 
any kind of electric current. 

T IG. 7,926.—Chicago "Little Giant" electric drill with universal motor which runs 
on either cc. or d.c. The features are: 1, inside screw feed; 2, protecting shea'`i; 
3, dead hanCle; 4, sheet steel fan; 5, diaphragm oil guard; 8. grease compartment; 
7, detail of intermediate gears; 8, dust protector; 9, ball bearing; 10, commutator; 
11, opening to brushes and commutator.; 12, armature shaft and pinion; 13, la-
minated field structure; 14, armature coils; 15, quick acting switch; 18, trigger 
control for switch; 17, return spring for automatically opening switch (used on 
large ducts); 18, terminal block; 19, cover plates; 20, double pole double break 
switch; 21, fan hub; 22, cover plate; 23, reinforcing rib on gear case: 24, combined 
annular and thrust bearing; 25, removable socket inserted in spindle. 

The "Universal" motors will operate on either direct or alternating current, some being suitable for 
frequencies ranging from 20 to 125 cycles single phase, and for pressures ranging from 110 to 600 volts. 
The universal feature is of value to contractors or others who may have occasion to do work in various 
localities and find in some place only direct current available and in others only alternating current. 

In addition to the universal line, tools may be obtained with motors designed for direct, or for alternating 
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7,027.—Chicago " Little Giant" screw spike driver (for 110. 220 or 600 volt d.c.). It is 
a powerful ele,tric rotary tool which operates in conjunction with a special circuit breaker 
dexign..d to upen the circuit when the spike is screwed home. It requires an operator and 
a helper to take care f the heavy torque developed at the instant of maximum effect when 
the head of the spike is forced against the base of the rail. At this instant the circuit breaket 
opens the circuit and the tool stops turning. On electric roads the circuit is taken from the 
trolley or third rail. 

7.928.—Osborn safety device for electric drills. It consists of a special switch with con-
nections including a small armature resistance mounted directly on the switch case. When 
the operator's hand is removed from the trigger shown at the right of the cut, a spring opens 
the main circuit from the line, thereby cutting off the line current from the drill. Immedia-
tely after the line circuit is open, a circuit is made through the armature and field windings, 
causing the motor to become a generato-, the armature being practically short circuited 
through the resistance. The load thus produced on the armature causes it to stop almost 
immediately, thus effectively destroying the torque or pull on the handles of the tool. The 
bol cannot become unmanageable, as upon releasing the switch the electric braking takes 
uiace, thus acting as a safety device for the operator. 
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current only. Some tools are designed for two and three phase alternating 
current. In these an induction motor is used, which possesses the advan-
tage of having no comn-Mator or brushes. The motor being of the short 
circuited type is practically impossible to burn out. 

The two and three phase motors cannot be operated from a lamp socket 
connection, but must be connected to the three or four wires of a three 
phase, or two phase circuit as the case may be, a suitable cable being 
erovided for this purpose. 

FIG. 7,929.—U. S. electric tool driver designed for driving wood screws. The large size tool 
may be used for driving large screws or tightening up nuts and bolts, using a socket wrench. 
In operation, when a screw has been driven as far as desired, the screw driver bit' remains 
stationary, motor still revolves, this being accomplished by a friction clutch with spring 
release which forms a part ef the tool. 

4,930.—Stow combination o ties:foie shalt and enclosed muiti-speed d.e. motor. 
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The Transmission.—The term transmission here means 
the mechanism between the motor and the tool shaft through which 
the power is applied. Its object is to "transmit" the power of 
the motor to the tool shaft altering if necessary the velocity of 
these parts in any desired ratio to properly perform the work. 

SINGLE 
REDuCTION 
SPUR GEAR 

1111111111111 

111111111111 
• 

11111111111 

COMBINED FRICTION 
AND SPUR GEAR 

DOUBLE 
REDUCTION 
SPUR GEAI 

WORM .11111111111 

FIG& 7,931 to 7,937.—Various electric rotary tool transmissions. A. direct drive; B. single 
reduction spur gear; C. double reduction spur gear; D. friction; E, belt; F. combined fric-
tion r.nd spur gear: G, worm gear. 
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As the speed of a motor or turbine must 
be very high to develop a given power, 
because of the weakness of the torque, it 
must be evident that some form of gearing 
is necessary between the motor or turbine 
and the tool shaft to slow down the speed 
of the latter so as to develop sufficient 
torque to perform the required operation, 
except in the case of very light duty opera-
tions, such as light duty drills. 

Accordingly transmissions may bt 

classed: 
1. With respect to the relative 

movements of motor and tool shaft, as: 

Fm. 7,938.— Electro electric direct 
drive drill adapted to light high 
speed work such as light wood 
drilling in prepara6 in for screws, 
piano, cabinet and f urniture work, 
also small holes in the softer 
metals. Speed 8,000 r.p.m.; uni-
versal motor for either d.c. or a.c. 

a Direct drive 
b Single reduction 
c Double fgears 

reduction belt 

d Worm 
a Friction 
Combined gear and 

friction. 

rio. 7,939.—Van Dorn electric drill with double reduction spur ear transmission. The parta 
are: A, cable connection; S, switch; Ct_armature bearings; D, gear case; E, bearings; F, 
drive spindle. G, drive spindle thrust; II, brushes; I, commutator; J. motor; IC, cumin 
L. aide handle. 
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2. With respect to the direction 
of rotation, as: 

a Non-reversible 
b Reversible 

The direct drive is suitable for light 
wood drilling, in preparation for screws, 
piano, cabinet and furniture work, also 
for drilling small holes in the softer 
metals. 

A single or double reduction gear may 
be interposed between the driver and 
driven shafts according to the desired 
degree of speed reductiort, adapting the 
machine respectively to medium or 
heavy duty work. 

FIG. 7,940.—U. S. friction drive electric bench drill for drilling and light tapping. 

PIG. 7,941.—U. S. combination grinder on a lathe, set for Internal griniiitsi open:Holm 
The grinder can be raised. lowered or swivelled to any angle-
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Where a very high degree of speed reduction is required, as in a combina-
tion of high speed motor and slow speed tool shaft, a worm gear transmis-
sion is desirable, however, with worm gearing the motor shaft and tool 
shaft must be at right angles to each other; this may or may not be ot. 
jectionable, depending upon the service required. 

Pic. 7.942,-15. S. combination grinder with internal grinding attachment taken off and every 
wheel put on in place of pulley for external grinding operation. 
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Foc. #.943 — Van Dom direct drive electric grinder; sectional view showing construction. 

Drills and Grinders.—The present widespread use of electric 
tools is no less notable for the increased general use than for the 
many important variations of applications. 
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FIG. 7944—Chicago "Little 
Giant" electric hammer drill 
with universal motor adapted 
to concrete and soft stone, 
also for light chipping of 
metals. In operation, the 
hammer blow which is de-
livered by a piston on the 
dull steel or chisel, is pro-
duced by pneumatic impact 
and is very effective. At the 
instant the blow is struck. 
the piston is running free of 
all mechanical parts, and 
hence no shock or vibration 
is transmitted to the electrical 
parts of the tool. There is 
a live air device for cleaning 
hole of powdered cuttings 
when drilling in downward 
direction. 

HOLLOW ST EEL SHANK 

 LI  

Drills, formerly, were thought 
to be valuable only for drilling; 
grinders found little use outside 
of foundries. New uses for these 
tools are frequently being dis-
covered, many effecting great 
economy in production, mainten-
ance, or construction methods. 

The use of a drill for screwing 
insulator holders into cross arms 
is a typical example. Notable 
among the varied applications of 
grinders is rail grinding on rail-
road track work. 

Hammers.—There are 
many operations such as 
chipping, caulking, tube 
beating, light rivetting, 
etc., that can be performed 
by a motor driven hammer 
with considerable saving of 

labor. 

SOLID STEEL 

PIGS. 7,945 to 7,948.—Steels for Chicago hammer drill. 

ROTATING WRENCH 

COLD CHISL, 

These hammers can be obtained in various types, so designed that the 
blows delivered per minute range from a few hundred heavy blows to 3,000 
or more light blows adapting them to all kinds of uses. An important fea-
ture in hammer designs, is a provision against it being overworked, that is, 
it is so constructed that the strength of blow is constant. 

In the electric drive a simple magnetic cushion is interposed between the 
hammer element and the motor, which prevents excessive vibration and 
breakage. 
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FIG. 7 .949 .—Slow adjustable flexible grinder 
for use in foundries and stael working indus-
tries. The motor shaft combination is 
mounted on a truck making it easily trans-
portable to any part of t:-.e shop, eliminating 
the necessity of taking the work to the tool, 
thus saving time and cutting cost. By 
means of the swivel suspension the work can 
be carried on over an extensive area. 

The pneumatic drive lends 
itself to hammers of the long 
stroke type which are well 
adapted to bridge, structural, 
and boiler rivettir.g being regu-
larly designed for driving hot 
rivets of sizes ranging from to 
% in. in diameter. 

Hammer Steels. —The 
efficiency of hammers is due 
to the number of blows 
struck per minute. These 
blows are comparatively 
light and the action in drill-
ing is a crumbling or very 
minute chipping process. 

For this reason the type of 
drills selected depends largely 
on the nature of th 91 material to 
be drilled. 

Star drills are recommended for ordinary drilling in concrete, ordinary 
brick, soft lime and Bedford stone. 

Diamond drills used in hard rocks, granite, marble, vitrified brick 
and hard concrete. These are single point drills and may be used satis-
factorily in places where the hammer does not drive the steel into the 
material so far that it is difficult to turn it. It is more difficult to drill a 
true hole with a diamond drill than with a star drill, unless care be taken 
to rotate the tool rather rapidly at the start, giving it a full 34 swing. 

RIGS 7,97,0 to 7.955.—Various Electro hammer steels. Fig. 7,950, hollow drill; 5g. 1,951, 
chisel; fig. 7.9:•2. bull point; fig. 7,953, bush hammer; fig. 7.954. channelling tool; fig. 7.955 
wrench. 
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PIGS. 7,956 and 7,957.—Exterior and sectional views of Electro hammer. The control is by • 
switch mounted in the handle. A simple magnetic cushion is placed between the hammet 
element and motor to prevent excessive vibration and breakage. The strength of blow is 
constant. 

PIG. 7,958.—Thrr reversible pneumatic air 
drill. The sectional screw shows the two 
throw crank shaft single reduction, trans-
mission roller bearings, ball thrust, etc. 
There are two single acting cylinders fitted 
with Corliss typo valves, as shown in figs, 
7,959 and 7,960. 
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FIGS. 7,959 to 7,963.—Thor single acting piston air drill parts. Fig. 7,959 
and fig. 7.960, Corliss valves; fig. 7,961, crank shaft and roller bearing; 
fig. 7 ,92, eccentrics; fig. 7,993, telescopic feed screw. The valves are 
so placed that The live air, which is magazined in the large chamber to 
the rear of the valves, is admitted over the full width of the edge, which 

is a distance of but the thickness of the valve bushing and cylinder wall from the piston. 
The exhaust slots cut into the hollow valve allows the air to be exhausted into the atmosphere, 

FIG. 7,964.—Thor close quarter double acting piston air drill, with piston valves. In con-
struction and operation: There are two double acting cylinders, with valves located be-
tween the cylinders. Air is taken in centrally between the cylinders and there is as little 
clearance as possible. Geared to the crank shaft is another two throw crank diametrically 
opposed. This crank operates directly on two oscillating levers centered on the drill spindle 
proper and having the bearings around same. These levers are provided with pawls of 
practically the whole thickness of the lever. The pawls operate on ratchet teeth sunk in 
the spindle, the outer circumference, or point of teeth leaving ample slack for bearings of 
the levers. The motion of the drill spindle is continuous. The engine cranks are at an 
angle of 135° which allows the two pistons to pull together when the position of the levers 
requires the greatest power. The drill has a reversible ratchet feed and a poppet shuttle 
controls the speed and power. 
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Both star and diamond drills are made with square shanks to keep the 
cuttings loose in the hole and to prevent packing around the tool. 

The relation of the square shank to the cutting size is important and has 
been established by a large amount of experience. The life of drill steels 
depends upon the material. 

7,966.—Thor short stroke pneumatic hammer for chipping, caulking and tube beading. 
etc. A feature is the valve mechanism. The valve block consists of two solid cylindrical 
parts. The exhaust passes below and above the valve. 

In granite or vitrified brick frequently a drill dulls in from 2 to 5 ins. 
of drilling, while ir. soft stones the same steel will run over 60" before it 
needs resharpening. 

Drills of all types drill first upon the outside edges and when these edges 
become dull and rounded the drilling efficiency is rapidly lost. 

Steels may be resharpened on a wheel, but after being touched up a few 

Pie. 7,966.—Thor long stroke pneumatic riveting hammer. The main valve lies parallel with 
the main bore, but is not directly operated with the air in the downward stroke. When 
the piston returns, it opens what is termed the auxiliary valve, the purpose of which is to 
admit a slight amount of air, which lightly starts the piston downward, and also supplies 
air for the power stroke. After short travel in the downward direction, the main valve opens 
and admits the full volume of air direct and very close to the piston. The piston, there-
fore, from a gentle start gets an extremely forceful and quick acting blow and quicker return. 
with practically no vibration The throttle valve is arranged so that a light or heavy blot 
can be given. 
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times they lose their size. This is important where holes are being drilled 
for expansion bolts and the like. When the sizes are lost the steel may be 
redressed by a blacksmith and this redressing process may be repeated 
many times until the whole shank of the tool is used up. 

Pneumatic Drive.—Compressed air is extensively employed 
as the power medium for motor driven tools. These tools are 
usually designed to operate on 80 lbs. air pressure. There are 
two general types of motor used: 

1. Piston 
2. Turbine. 

They are made non-reversible or reversible, according to the require. 
ments of the service for which they are intended. 

PIGS. 7,967 and 7,968.—Thor reversible turbine air drills. Fig. 7,967, direct drive speed 220 
..p.m., adapted to drilling in steel up to % inch. and boring in wood up to N in. in diameter. 
These drills are intended for light drilling and are equipped with roller bearings. In the 
gear type two sets of drive gears are between the turbine shaft pinion and spindle. The air 
chamber encircles the turbine, the air jets passing through the wall in diametrically op-
posed position have no tendency to side or end pressure. The air is cut off by pushing trigger 
to neutral point, and by throwing it over the neutral point the air is reversed and quickly 

stops spindle. 

The piston or reciprocaticu drills have two cylinders and cranks at right 
angles, thus avoiding dead centers. 

The turbine drive is inherently suitable for high speed work as it turns at 
a high rate without appreciable vibration; hence it is adapted to light 
duty service, as for insulated light drilling, and when sufficiently geared 
down heavy duty work may be performed. 

On account of the free running qualities of all the parts, the spindle 
would continue to turn over for a long time after the pressure it , ut off, 
but by momentarily reversing a reversible machine the moving parts are 
wickly brought to rest. 
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CHAPTER 40 

Ignition 
It is a good plan before tinkering for ignition (or carburetor) 

troubles to see if there be any gasoline in the tank, and if the cock 
in the pipe between the tank and carbureter be turned on. 

EXPLOSION LINE 

POINT OF IGNITION 

COMPRESSION CURVE 

in. 7.969.—Indicator card for gas engine illustrating the "point of ignition." It will be 
noted that compression continued to the end of the stroke, before the compression curve 
made an abrupt change into a nearly vertical line, the point of ignition, that is, the piston 
position at the instant of the spark, the nearly vertical "explosion" line with the high peak 
corning almost to a point, denotes a strong mixture and a quick explosion. 

Point of Ignition.—The "timing" or selection of the point 

of the stroke at which ignition shall take place is an important 
factor in the application of any method. 

Since there is an appreciable time interval between the spark and the 
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Pics. 7,970 to 7.974.—Various methods 
of ignition. Numerous devices have 
been tried to fire the charge in gas 
engines. In the early days, a flame 
behind a shutter was used, the lattes 
being opened at the proper moment 
(fig. 7,970i. Sometimes the flame was 
blown out by a too violent explosion. 
so this method gave way to a porcelain 
tube that wai kept at white heat by an 
in'erior flame (fig. 7,971). Tube being 
subject to breakage, spongy platinum, 
heated by compression, was next tried 
and found to work, if not too moist from 
watery vapor in the gas mixture, or if 
the engine speed were not too high. 
Another method consists in heating a 
spherical projection (hot ball) of the 
cylinder head (fig. 7.972). Electricity is 
now universally used. Hence, in order 
to gain an understanding of ignition 
principles, it is necessary to have at least 
an elementary knowledge of electricity. 

Figs. 7,973 and ;,974 show make and break and jump spark methods of electric ignition. 

7,975.—Hot tube ignition. In construction, a valve et, commonly called the timing 
valve. is provided, and which is interposed between the admission valve chamber B (corn-
municating with the clearance space of the cylinder) and the interior of the hot tube C. 
This valve is normally held closed by the spring D. When the piston reaches its inner 
dead point at the end of the compression stroke, a cam E, on the secondary shaft, opens 
the valve and allows a portion of the compressed charge to pass into the hot tube where 
it ignites. The timing valve is held open throughout the power and exhaust strokes, thus 
permitting the products of combustion to be carried out of the tube with the exhaust. 

PIG. 7,976.—Meitz and Weiss two cycle oil engine with hot ball igniter. In operation 
the charge is automatically ignited on the compression stroke by contact with the heated 
walls of the hollow igniter ball G. Before starting, the igniter ball is heated for a few 
minutes by a small oil burner M. The oil jet from the injection nozzle N. strikes the pro-
jection 0, extending from the igniter ball and is sprayed, vaporized and mixed with the 
air and steam in the compression space. The igniter ball is maintained at a dull red heat 
by the heat of the explosions. A, crank chamber; B, base; C,D, ports; E, exhaust put; F, 
pump; G, igniter ball; H, rersevoir; I, plunger gtudeiJ, dome pipe; IC, pin; M, oil burner; N, 
injection nozzle; 0, projection; P, projecting tube;R, pump plate; S, dome. 



IGNITION • 033 

maximum pressure of combustion, it is clear that the spark should occur 
earlier for an engine running at high speed than for one running at low 
speed. In general the spark should be advanced as much as possible, 
consistent with smooth running and economy, in order that the temperature 
at release, or when exhaust begins, should not be high enough to injure the 
exhaust valves. 

Methods of Ignition.—The charge in the cylinder of a gas 
engine may be ignited in several ways, as 

1. By means of a naked flame; 

CAPACaEl 
ve.9e3 

A 

FIG. 7,977 to 7,981.—Hydraulte analogies: Figs. A, capacity; figs. B, Pressure; figs. C, 
resislance; figs. D, current; figs. E equal capacities at different pressuses. 

fAMM IN PARALlIt We SCAM 
I5 Tore, CUPPLe 

Fics. 7,182 to 7,985.—Hydraulic analogies. Figs.F, useful service; figs. G. series coonection; 
Simi, H, parallel connection; figs. I, t•coiperation. 
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2. By means of a highly heated metallic surface; 
3. By an electric spark, 
4. By the heat of very high compression. 

The naked flame is practically obsolete, and the hot surface or hot 
tube is used to a very limited extent, except in the case of some types of oil 
engine. Many builders of standard engine, however, are prepared to fur-
nish hot tube ignition. Electric ignition is now the prevailing method 

rem. 7,986.—Low tension or make and break ignition. In starting, say on the battery, the 
arm of the two way switch is turned upon point T. The movable electrode D, of the first 
cylinder being in contact with the insulated electrode B, by the spring E, the current will 
flow from the battery J. through the coil K, thence through the two way switch and the 
single throw switch to the insulated electrode B. The movable electrode D, being in contact 
with the insulated electrode B , the current returns to the battery through D and the metal 
of the engine, thus completing the circuit. As the cam G, revolves in the direction indicated 
by the arrow, its nose passes from under the lower end of E, the latter drops with great 
rapidity by the action of spring H, and in so doing a shoulder at the upper end of 1,, strikes 
the external arm of D. a blow causing the contact point of D, to be quickly snapped apart 
from B, producing an arc which ignites the charge. This cycle of operations is repeated 
by the ignition mechanism of each cylinder in rotation. 

Low Tension or "Make and Break" Ignition.—In this 

system there is a device known as an igniter, placed in the com-
bustion space of the engine cylinder. 

This consists of two electrodes, one of which is stationary and the othr-r 
movable. The stationary electrode is insulated, while the other, harm : 
arm within the cylinder and placed conveniently near, is capable 0r being 
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moved from the outside so that the arm may come in contact with the 
stationary electrode and be separated front the latter with great rapidity. 

etc. 7.987.—Harnmer break igniter. It consists of two metallic terminals A and B. The 
terminal A, is mounted on a movable shaft C, while B, is stationary and insulated from the 
cylinder wall by the lava bushing D. A suitable cam rod, attached to the crank E. pro-
vides the means for rocking the terminal A, so as to bring it in contact with the terminal 
B, and then quickly separate the terminals to produce the spark. The helical spring 1,, 
provides a semi-flexib?e connection between the shaft C, and the crank E. The contact 
points of the two terminals are tipped with two small pieces of platinum G and H, and both 
terminals are mounted in the removable plug K, which is usually inserted through the 
wall of the cylinder head, so that the ignitor points extend into the compression space of 
the cylinder. In the circuit is a battery L, and primary spark coil M. 

7,988.—Wipe contact igniter. It consists of two independent electrodes, the stationary 
electrode A, and the movable electrode B. The igniter is located in the inlet chamber 
G, directly over the head of the admission valve FI. and either one of the electrodes can 
be reached for inspection or removal independently by removing the cap K. In operation. 
when B, is revolved by the motion of the igniter rod C, the revolving blade D, is brought 

into contact with the spring E, at each rotation and produces the spark. 
A feature of this type of igniter is that the wiping contact prevents the 
accumulation of burnt carbon. 
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le:Gs. 7,989 to 7.996.—Hydraulic analogies. Figs. A, tower; figs. 13, internal resistance, 
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The circuit includes a primary induction coil. .Current may be derived 
from either a primary battery, storage battery, or low tension magneto. 

The sudden breaking of the circuit by the quick separation of the electrodes 
produces an electric arc or primary spark caused by the inductance— 
that s—by the "inertia" or tendency of the current to continue flowing after 
the separation of the ,.ontact points. 

High Tension or "Jump Spark" Ignition.---In this meth-
od, an automatic device is placed in the primary circuit, which 
closes and opens it at the time a spark is required. 

INDUCT ION COIL 

BATTERY 

GROUND 
CONNEC,TION 

INSUIJ1TED 
CONTACT SCRE 

imsuterco 
""norinECTIoN 

ONOEKSER 

CONTACT MAKER 

CAM 

I 1G. 7,997.—High tension or jump spark ignition. In operation, the nose of the cam hi 
revolving engages the contact maker which completes the primary circuit and allows current 
to flow from the battery through the primary winding of the coil; this magnetizes the core. 
The primary circuit is now broken by the action of the cam and magnetic changes take eace in the coil which induce a momentary high tension current in the secondary circuit. 
The great pressure of this current forces it across the air gap of the spark plug and as it 
bridges the gap a spark is produced. The arrows indicate the paths of the currents. At 
break, the primary current is "slowed down" by the condenser, thus preventing an arc 
between contact breaker contacts. 

When the circuit is closed, the primary current flows through the primary 
winding of the coil and causes a secondary current to be induced in the 
secondary winding. A spark plug being included in the secondary circuit, 
opnoses the flow of the current by the high resistance of its air gap. Since 
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Ptc. 7,998.—Wiring of Ford, horn, ignition and lighting systems showing commutator, spark coils, etc. The engine is stetted 
with current from storage battery and operated with the magneto, the latter being built onto the fly wheel. 
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the pressure of the secondary current is sufficient to overcome this resis-
tance, it flows or "jumps" across the gap, and in so doing, intense heat is 
produced, resulting in a spark. 

G 
7,999.—Secondary vibrator type induction coil. The parts are: A, contact screw, 

B, battery; C, core; D, vibrator terminal; G, condenser; P, primary winding; S. secondary 
winding; W, switch; Y. vibrator. In operation, when the switch is closed, the following 
cycle of action takes place: a, the primary current flows and magnetizes core; b, magnetized 
core attracts the vibrator and breaks primary circuit; e, the magnetism vanishes, inducing a 
momentary high tension current in the secondary winding, producing a spark at the air gap; 
d, magnetic attraction of the core having ceased, vibrator spring re-establishes contact; e. primary 
circuit is again completed and the cycle begins anew. 

To the frame To the negative pole 
Connection of the battery 

Pion. 8,000 and 8,001.—Bosch type C horizontal secondary coil. The parts are: 1, switch 
handle; 2, movable cover: 3, co-il housing; 4, starting press button; 6, fixed connection plate; 
7, movable switch plate; 8, cable cover; 9, milled edged nut; 10, iron core; 11, plate carrying 
the starting arrangement and the condenser; 12, condenser; 13, contact spring; 14, vibrator; 
15-16, auxiliary contact breaker; 17, vibrator spring:. 18. stop screw for switch handle. 24 
locking key. 
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8,002.—Circuit diagram of a 
master vibrator coil. B, is the 
battery; C, the unit coils; Cl, C2, 
etc., the condensers; P, the prim-
ary windings and S, the reenndary 
windings; H I, H2, etc., the spark 
plugs; T, the timer; MP, the 
master primary; V, the vibrator; 
W, the common primary connec-
tion; 1, 2, etc., the stationary 
contacts of the timer. 

"Ics. 8,003 to SAM—Sections of well known spark plugs. The first five have procelain 
insulation; the last two, mica. 

FIG. 8,010. — Contact 
maker and mechanical 
vibrator. In opera-
tion, as cam P, the 
weight on the end of 
blade, B. drops into 

C the recess no the cam 
causing the blade to 
vibrate and make a 
number of contacts 
with D, thus produc-
ing a series of sparks 
when in operation. 

"IC. 8 , 01 1 . —Contact breaker. This device keeps the circuit closed at all times except during 
the brief interval necessary for the passage of the spark at the plug points. It is used to 
advantage on engines running at very high speeds, as it allows time for the magnetic flux 
in the core of the coil to attain a density sufficient to produce a good spark. 
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A form of high tension ignition called synchronous ignition, employs a dis. 
tri buter and a single coil for the several cylinders of a multi-cylinder engine. 

Magnetos.—There are many types of magneto in use for 

ignition. They may be classified, 
1. With respect to the arma- 2. With respect to the kind of 

ture, as current generated, as 

a. Stationary; a. Low tension; 

b. Oscillating; 

c. Rotating. 

with.separate 
J co b. So-called high tension 

tamed coil 
c. True high tension. 

Inductor Magnetos.—In this class of magneto, the armature is fixed 
so that it does not revolve and is located with the sector shaped heads of 
the core at right angles to the line joining the field poles. This position 
of the core furnishes the least magnetically conducting path. An annular 

secotiOARY 
WIRES TO 
SPARK 
PLUe 

ENGINE CYLINDERS 

en. 8.1:M.—Wiring diagram for K-W type 
H and HT magneto, for firing order 1, 2, 
4, 3. To time magneto: Place No. 1 
piston on upper dead center of compres-
sion stroke, and have rocker arm A, lion-   A 
sontal as shown. Shift magneto around 
until distributer brush B, touches segment 
S. thus connecting with cylinder No. 1. Shift magneto slowly 
by hand, in the proper direction of rotation, until the contacts 
P are just beginning to separate. At this point secure magneto 
shaft to gear or coupling with set screws. When one cyhnder 
is timed, proceed to connect the others as follows: Ascertain the firing order of the engine, 
then crank engine slowly and connect plug cable from next cylinder that fires to distributer 
segment No. 2 and so in until all the plug cables are connected. The secondary connec-
tions on the hard rubber distributer biock are numbered in consecutive order, 1, 2, 3, 4. 
etc. These numbers do not refer to the engine cylinders, and it is necessary to determine 
the order in which the cylinders fire and connect secondary cables accordingly. 

MAGNETO 



IGNITION 941 

space between the armature and the field poles is provided for the rotation 
of an inductor. 

The magnetic condition of the armature core depends entirely upon the 
position of the inductor. The latter is arranged, 1, to revolve continuously 
with a gear drive from the engine, or 2, to rotate to and fro through a small 
arc by link connection to the half time shaft. 
Low Tension Mognetos.—Generators of this class may be used to 

supply a current of low voltage for, 1, make and break ignition or for, 2, 
high tension ignition with induction coils or coil spark plugs. A low tension 
magneto has an armature winding consisting of about 150 to 200 turns cd 
fairly thick wire, covered with a double layer of insulating material. 

TN T , N 

IMMEDIATELY 
BEFORE SPARKING 

E 
<hen. 8,013 and 8,014.—Low tension ignition with inductor magneto. In operat on, the 
cam C, on the half time shaft, makes a contact just before sparking, and immediately breaks 
it again by permitting the hammer T, to fall on the cam S. A spark is produced a the in-
stant of break of the ijmition contacts. The winding of the armature A. has one end 
grounded through the base of the magneto, the current returning through the engine to 
the point S; the other end of the winding is led through an insulated post to the nut N. 
by which it is connected with a stud brought through the cylinder wall, where a wiper, 
indicated by dotted outline, norm ally rests against it by means of a spring. In make and 
break ignition the quicker the break the better and spark. which means that the spring 
operating hammer T, should be amply strong. 

One end of the winding is grounded to the armature core and the other, 
brought to a single insulated terminal. When this terminal is connected 
to any metal part of the magneto or engine (since the latter is in metallic 
contact with the base of the magneto), the circuit is complete. The wiring 
therefore is very simple, which is one of the advantages of the system. 
The "live end" of the armature winding is brought out by means of a 

metallic rod passing lengthways through the shaft of the armature; a hard 
rubber bushing is provided as insulation between the shaft and the rod. 
The live end of the winding is located at one end of the armature shaft. 
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PRIMARY uRCUIT 

SLCOMIARY CIRCUIT 

GROI., DRRCUTT THROUGH nun. „ 

8,015. —Circuit diagram of a magneto with self contained coil. A is the armature winding; 
r, primary of transformer; S, secondary of transformer; D, distributing brush carrier; 
E. contact segments; F, safety spark gap; G, terminals to .plugs; U. interrupter; Z. 
'park plugs. In operation, alternating current tows from the armature having two 
points of maximum pressure in each armature revolution. As the current leaves the 
armature, it is offered two paths: 1, the shorter through the interrupter U to the ground, 
and 2, the longer through the primary P of the induction coil to the ground. A third path 
through the condenser K is only apparently available; it is obstructed by the refusal of 
the condenser to permit the passage of the current, as the condenser will mere,/ absorb 
a certain amount of current at the proper moment, that is at the instant of the opening 
cif the interrupter. The interrupter being closed the greater part of the time, allows the 
primary current to avail itself of the short path it offers. At the instant at which the 
greatest current intensity exists in the armature, the interrupter is opened mechanically 
so that the primary current has no choice but must take the path through the primary 
P of the induction coil. A certain amount of current is at this instant also absorbed by 
the condenser K. This sudden rush of current into the primary P of the induction coil. 
induces a high tension current in the secondary winding S of the coil which has sufficient 
pressure to bridge the air gap of the spark plug. The sharper the rush of current into 
the primary winding P, the more easily will the necessary intensity of current for a jump 
spark be induced in the secondary winding S. The distribution of the current in proper 
sequence to the various engine cylinders is acc,omplished as follows: the high tension 
current induced in the secondary S of the induction coil is delivered to a distributing brush 
carrier D that rotates in the magneto at half the speed of the crank shaft of the engine. 
This brush carrier slides over insulated metal segments E—there being one for each 
cylinder. Each of these segments E connects with one of the terminal sockets that are 
eonnected by cable with the spark plugs as shown. At the instant of interruption of 
the primary current, the distributing brush is in contact with one of the metal segments E 
and so completes a circuit to that spark plug connected with this segment. Should 
the circuit between the terminal G and its spark plug be broken, or the resistance of the 
spark plug be too great to permit a spark to jump, then the current might rise to an in-
tensity sufficient to destroy the induction coil. To prevent this what is known as a safety 
spark gap is introduced. This will allow the current to rise only to a certain maximum, 
after which discharges will take place through this gap. In construction the spark dig. 
Merges over this gap are visible through a small glass window conveniently located. 
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from which the current flows to an insulated terminal by means of a metal 
contact which is pressed against the revolving rod by a spring. 

High Tension Magnetos.—These are erroneously divided into three 
classes, viz.: 1, those in which the induction secondary wiring is wound 
directly on the armature; 2, those having a secondary induction coil con-
tained within the magneto; and 3, those having the coil in a separate box 
usually placed on the dash. Strictly speaking the first mentioned type is 
the only real high tension magneto. Forming part of a high tension mag-
neto is a distributer which delivers current to the cylinders in proper sequence. 

z 
cc z o 

ju. 
,Jo 

cÉD u 
m o 
— z > _ 

CORE 

CONDEN5ERI 

crl 

<di 

L0>: 

,CONTAG5CREW' 

Rm. 8,016.—Synchronous high tension ignition. Here a single coil in combination with a 
distributer is used for any number of cylinders. 

Synchronous Drive for Magnetos.—In order that the 
periods when a spark is desired shall coincide with the periods 
when the voltage is at or near a maximum, it is necessary that 
a magneto be driven synchronously, that is at a speed in a definite 
rate to that of the engine, as otherwise the sparking periods 
might occur with a zero point of electrical generation, and no 
spark would be produced. 

To meet these conditions the drive is made positive and usually consists 
of toothed wheel gears. 

Dual Ignition.—As defined, a dual ignition system is one 
having t:vo separate current sources with .eome parts of the ignition 
apparatus in cernmon. 
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CARBON BRUSH 
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TIMER CriD 
GROUNDED 
REVOLVING ARK 

IN 
TERMINAL 

TO SPARK 
LEVER ARM 

TIMING 
ADJUSTMENT 

.5YricHRonous 114s_ul.,Ano 
IADvANCE ROO "'"' 

¡INTERRUPTER 

• BATTERY 

I BAT 

I OFF 

MAC, 

L. -- 

BAT BAT 

BUTTON 

SECONDARY 
PRIM  

GRO J ND 

TIMF.R 
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Pfc. 8,017 to 8,019.—Double ignition consisting of a two spark high tension magneto system 
and a battery synchronous ignition system with engine driven distributer. Fig. 8,017, 
elementary diagram of connections; fig. 8,018, position of magneto armature just before 
time of spark; fig. 8,019, position of armature at time of spark. 
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Most magneto systems are examples of dual ignition, that is the distri-
buter which forms a part of the magneto is used to distribute the current 
from either the magneto or a battery. Thus, if a short circuit occur in the 
armature, by turning a switch, current may be furnished by the battery 
and distributed by the magneto. Moreover, because of the difficulty of 
cranking an engine fast enough to start on the magneto, the battery is 
usually used for starting and the magneto for running. 

Pin. fl,020.—Dual jump spark ignition for a four cylinder four cycle engine. Current is sup-
plied by the battery when the switch is in the position shown in the figure. By turning 
the switch to the right, a current from the magneto will be furnished. Operation with the 
battery in the circuit and the timer in the position shown, current flows from the positive 
terminal of the battery, to the switch, thence, to the contact screw of coil number two. 
From here, it flows through the vibrator blade, primary winding of the coil timer and the 
metal of the engine, and returns to the battery. The primary circu it is alternately opened 
and closed with great rapidity by the vibrator so long as the rotor of the timer is in contact 
with terminal 2. During this interval, a series of high tension current is induced in the 
secondary circuit producing a series of spark. The current which flows through the secondary 
winding is in a direction opposite to that of the primary current. At each interruption of 
the primary current, an induced high tension current flows through the secondary winding, 
to the spark plug, across the gap, producing a spark and returns through the metal of the 
engine, timer, and back to the toil. 

Double Ignition.—An extreme provision against failure in 
operation consists in providing two entirely independent ignition 
systems. 

For some installations both make and break and jump spark systems 
are provided, in others, two high tension systems. 
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CHAPTER 41 

Auto Starters 
and Lighting Systems 
The various starting systems are classed, according to the 

kind of power used, as: 1, mechanical; 2, compressed air; 3, gas; 

and 4, electric. 

The employment of electricity for gas engine starters has the advantage 
of also supplying current for lighting and ignition as well, and this has 
led to the development of systems involving various combinations. 

Classes of Electric Starter.—There are numerous electric 

MOTOR 
GENERATOR 

STARTING 

GENERATOR 
MOTOR • MOTOR 

DYNA 

FIGS. 8.021 to 8.024.—Classes of starter systems. Fig. 8.021, one unit system; fig. 8,022. tarn 
unit system; fig. 8,023 so called two unit system; fig. 8.024, 80 called three unit system. 
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starting systems, and they may be classified according to the 
methods of obtaining current for starting and ignition, and the 
power element of the starter, as: 

1. One unit systems; 2. Two unit systems; 
3. Three unit systems. 

These several 
systems com-
prise respective-
ly: 1. A motor-
dynamo; 2. A 
motor and a 
dynamo; 3. A 
motor, a dyna-
mo, and mag-
neto all separ-
ate. 

FIG. 8,025.—Holzer-Cabot lighting magneto as installed on model T Ford car. A 60 ampere 
hour storage ba tere, if fnlly charged, will operate the side and tail lamps (6 candle power 
total) for approximately 50 hours, cr the head and tail lamps (34 candle power) for approxi-
mately 10 hours Turn off head lights when car is standing. 

HEAD LA MP.5 

GROUNDED 

5 WAY SWITC d 
SP SWITCH*" 

CUT ouTriVI AMMETER 

SENERATOR6 

-V - GROUND 

DIGS. 8,026 and 8,027.—Holzer-Cabot lighting magneto outfit installation. Fig. 8,026, ono 
wire system as applied to double bulb or turn down head lamps: fig. 8,027, two wire system, 
suita ble also as a general guide for motor boat wiring. 
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Electric Starters Re-

quire a Storage Battery. 
—In any electric system a 

storage battery is always 
necessary, for in order, to 
crank a gasoline engine, 
there must he some source 

of electrical energy from 
which the cranking motor 
may draw its supply of 
electricity. 

Pm. 8,028.—Entz single unit starting and lighting system; view showing mounting of motor 
dynamo on engine and silent chain drive. 

Without it there would be no electric cranking devices. The first func-
tion, therefore, which the storage battery serves is to supply electricity 
for starting purposes, it being charged by a dynamo driven by the engine. 

HEADLIGHT 

SIDE LIGHT 
P+ 

STARTING 
MOTOR AMMETER BATTERY 

HEADLIGHT Pi-
SIDE LIGHT 

FIG. 8,029.—Autolite two unit starting and lighting system. The dynamo is driven by the 
engine. In operation, during such time as the electric lamps are burning, the current fat 
operating them is supplied direct by the dynamo, any surplus, not being consumed, being 
stored in the battery. When the engine is running in the day time and no current is being 
consumed by the lamps, the entire amount of current being produced is being stored in the 
battery. The dynamo has a speed governor contained in a drum that is a part of the drive. 
A reverse current circuit breaker is placed between the dynamo and battery to break the 
circuit when the battery pressure exceeds that of the dynamo. The circuit breaker is housed 
between the magnets of the dynamo and is a part thereof. An ammeter reading in botb 
directions for zero is mounted on the dash. The capacity of battery is 120 ampere hours. 

N-

STARTING 
SWITCH 

TAIL 
LIGHT 

N-
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HEAD SPRING SCREW 

/ LOCK WASHER MOUNTING 
RIVE SPRING BRACKET 

511AFT SPRING SCREW 

—LOCK WASHER 

DRWE HEAD 

PINION CREW SHAFT STOP NUT 

STARTER. 
&IOU SIle 

8,030.—Bendix drive assembly for the Ford starting motor. In 
assembling, the drive to motor shaft, care must be used to see that 
the stop nut or bearing which enters the mounting bracket in the 
starting motor is not too tight, also that the "oeanng is in proper 
alignment with the bracket. The bearing should be oiled and then fitted so that it can 
Er, turned readily with the fingers. If the bearing be too tight, it should Fe dressed down 
with an oil stone. Too tight a fit will cause the bearing to freeze to the bracket, resulting 
in serious damage to the starter. 

TERMINAL 
ARMATURE 
SHAFT 

MOUNTING BRACKET 

STARTING MOTOR 

OIL CUP 

TERMINAL 

GENERATOR 

DRIVE SHAFT PINION 
SPRING 

KEY WAY 

MOM A'•StMRLY ()EMMA COVER 

ARMATURE 5HAF 1 

GENERATOR. DRIVING 

PINION 

Atos. 8,031 to 8,034.—Starter and dynamo assembly. To remove dynamo, firet take out 
the three cap screws holding it to the front end cover and by placing the point of a screw drives 
between the dynamo and front end cover, the dynamo may be forced off the engine assembly. 
Always start at the top and face dynamo backward and downward at the same time. Plates 
may be obtained from nearest dealer if car is to be operated with dynamo removed. In 
replacing dynamo, the drive pointer must be properly meshed with the large time gear. 
the bracket tc which the dynamo is bolted is separate from the cylinder block and the meshing 
of the generator driving pinion with the large time gear can be regulated by the use of one or 
more paper gaskets between the bracket sod the cylinder block. The bracket should rest 
tightly on the crank case gasket and line up with the face of the time gear case. If these 
gears be meshed too tightly, a humming noise will result, also the dynamo shaft will be thrown 
out of alignment. 
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Choice of Voltage.—The pressure used on the different light-
ing and ignition sys-
tems is six volts, and 

were it not for the 
problem of cranking. 

there probably would 
not be any reason to 

change. 

The advantage of low 
voltage is that the circuits 

STARTING 
-e- SWITCH 

MOTOR 

PIG. 8,035.—Wiring diagram of Wagner two unit starting and lighting system. The connec-
tions shown in dotted lines are put on by the automobile manufacturer, and they may or 
may not be correct for all cars using the Wagner system of starting and lighting. However. 
they are correct for a Studebaker car. 

are easily protected from electrical leakage. Low pressure lamps are manu 
factured with less difficulty than those designed for higher pressure 

Voltage of Units.—The weight o 
than that of the higher voltage type. 
siderations, starting mo-
tors would be designed for 

high pressure, as they are 
smaller and consequently 

lighter. High voltage for 
the motor does not neces-
sarily mean high voltage 
for the dynamo and lights. 

There are three general 
combinations: 

1. All one voltage, 
either 6,12, 16, or 18 volts; 

f six volt batteries is lesi; 

Were it not for these con 

Fin. 8.0.31.—Method of driving a generator direct from engine fly wheel by friction pulley 
with spring or cushion tase; the latter relieves the stress on the shaft from excessive vibra-
tion. The governor regulates the speed of the machine and prevents burning out of ths 
lamps. The illustration shows a K-W magneto installed on an early Maxwell car. 
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Pip. 8,037.—Diagram of connections of West-  TO bet B — 
inghouse dynamo with self-contained regu-
lator. The regulator performs two functions: 
1, that of a cut out, and 2, that of a voltage 
regulator. Each function is performed by its 
individual element but the operation of the 
second function depends upon that of the 
first. When the dynamo is being operated at 
a speed below the predetermined "cut in" 
speed, the contacts of the cut out are open, 
cnd vice versa. The cut in speed var es from 
five to ten miles per hour on high gear, de-
pending upon the gear ratio and wheel diam-
eter of the car. For voltage regulation, the 
shunt fields of the dynamo are so designed 
that a voltage in excess of normal would be 
regularly. generated when dynamo is oper-
ated at high speed and no load. This excess 
voltage is prevented and the voltage is hela 
constant by the automatic voltage regulator. 
When the dynamo is operating below cut in 
speed, the regulator contacts are closed, and 
remain closed till there is a voltage in excess 
of the predetermined value. This voltage is 
fixed by the setting of the voltage regulating 
screw. When, due to increased speed of 4:   
dynamo, the voltage tends to exceed, the 
value for which the regulator is set, the ----I(L 
regulating contacts open, opening the direct 
shunt field circuit and cutting in the regu-
lating resistance. This causes a momentary 
!drop in voltage so that the contacts close again. This opening and closing of the contacti 
is repeated so rapidly as to be imperceptible to the eye, and holds the voltage constant. 
A, voltage regulating screw; B, battery terminal; C. regulating resistor; D, cut out contacts; 
E, series coils; F, series compensating coils; G, ground; H, regulator shunt coil; J, dynamo 
shunt coil; K, commutator; L, brushes; IN, regulating contacts; N, shunt compensating cons 
0, Cut out armature. 
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;ems. 8,038 and 8,039.—Diagrams of Westinghouse electrical and mechanical connections of 
double reduction motor and switch for automatic screw pinion shaft. Fig. 8,038, with 
hand or foot operated starting switch; fig. 8,039, with electro-magnetically operated starting 
switch controlled by push button. In the figures, when the starting switch is closed, the 
full battery voltage is impressed on the motor and it starts immediately. The pinion, when 
the motor is at rest, is within the screw shift housing and entirely away-irom the fly whee/ 
gear. 
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Fins. 8,040 to 8.050.--Internal cir uits of motors, generators and motor generators in Delco Systems (Phillips and Copland 
diagrams). A, 1912 Cadillac, 1913 Cole, Hudson, Oakland and Oldsmobile. B, 1913 (,adillac and Packard 13-38. C, Buick 
14-54, 55, Oldsmobile 6-54, Oakland 43, 48, 62, Cole 4-40, 4-50, 6-60, Moon 4-42, 6-50. .1, 194 Cadillac. E, 1914 Hudson 
6-54. F, 1914 Buick 24, 25, 36, 37, Cartercar 7, Paterson, Oakland 36, Hudson 6-40. G, 1915 Buick. 24, 25, Cartercar, 9. 
H, Buick 36, 37, 54, 55, Cadillac 8, Cole 6-50, Hudson 6-40, Moon 6-40, 6-60, Oakland 37, 19, Oldsmobile 42, Paterson and 
Westzott Model U. I. 1915 Westcott 4. J and K. 1915 Cole 8 

cri 
b.> 

S
T
A
1
c
7
I
N
G
 A
N
D
 
L
I
G
H
T
I
N
G
 
S
Y
S
T
E
M
S
 



STARTING AND LIGHTING SYSTEMS 953 

2. Generating and starting at 12, 16, or 18 volts, and lighting 
at 6, 8, and 16 volts respectively. 

3. Generating and lighting at 6 volts, and starting at 24 or 
30 volts. 

One Unit Systems.—The term "one unit" as applied to an 
electric starting system means that there is a motor and dynamo 
combined in one machine, or motor dynamo, as it is called, the 
dynamo furnishing current for the starter, and for charging the 
storage battery. 

Two Unit Systems.—This classification indicates that the 
motor and dynamo are separate units, as distinguished from the 
one unit system. 

There is another system, ill advisedly call& two unit, consisting of a 
motor dynamo, and a magneto. The reason for this confusion is because 
some dynamos are arranged to furnish current for ignition when not charg-
ing the battery, thus ignition has to be considered in the classification to 
distinguish the last mentioned system from the arrangement of three 
independent units. 

Three Unit Systems.—This division comprises those sys-
tems which have a motor, dynamo, and magneto each senarate. 

Here, each unit has a single function and is only electrically associated 
with the rest of the apparatus in the system. Thus, the dynamo supplies 
current for charging the battery, which in turn delivers current to the 
motor and ignition system at starting, and also to the lighting system, the 
magneto furnishing current for the ignition system, when the engine is 
running. 

The term three unit system applies only to "starting, lighting and igni-
tion systems," as distinguished from "starting and lighting systems." 

Control.—In any electric system where there is a dynamo 
and a storage battery, two control elements are necessary for 
the proper working of the system: 
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1. Means for preventing reversal of current when the dynamo 
is charging the battery; 2. Means for limiting dynamo voltage. 

When the engine is slowed down the speed of dynamo is also reduced, 
which causes the pressure induced in the armature to become less than 
the battery pressure against which it must force the current in charging, 
and accordingly, unless some automatic device be provided to break the 
circuit when such condition obtains, the current will reverse and flow out 
of the battery. This automatic device is called a discriminating cut out or 
reverse current circuit breaker, and consists of an electromagnet connected 
in the dynano circuit, which, when the dynamo generates sufficient pres-

sure to charge the 
battery, will attract 
an armature and 
close the circuit be-
tween the dynamo 
and battery, and 
which will also open 
the circuit when the 
battery pressure be-
comes greater than 
that induced in the 
dynamo 
Again when the 

engine speeds up, 
the voltage in-
creases and some 
form of regulator 

mustbeprovided 
t to prevent undue 

rise of voltage 
I otherwise the 

battery would be 
charged at too 
high a rate. 
This regula-

tion may be ef-
fected : 1, me-
chanically; 2, 
electrically, or 3, 
thermally. 

FIG. 8 .051.—Wagner dynamo of two unit starting and lighting system. The drive is through a 
train of gear or equivalent. The windings and internal connections are of such character 
that no regulating devices are required except a cut out. In construction, the commu-
tator E, and brushes F.G.H. and I, are located under the cover which ir, this cut is removed. 
The brushes H and I, collect the current from the commutator and furnish this current for 
charging the battery through the cut out K. The brushes P and G. collect the current from 
the commutator and furnish this current for exciting the fields. 
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CHAPTER 42 

Electric Vehicles 
Vehicles propelled by electric motors supplied with current 

for storage batteries have a travel capacity ranging from 75 tc 
100 miles per charge, with controller arrangements for providing 
speeds varying from 6 to 25 miles per hour. In these cases the 
number of cell in each battery may vary from 10 to 30 accoi ding 
to the make and number of plates in each cell. The numbei 
of plates in each cell may vary to suit special conditions. 

Gasoline-Electric Vehicles.—A not altogether successful at-
tempt has been made to eliminate the shortcomings of each by 
combining the gas engine with a dynamo connected to a storage 
battery, for supplying the power required by the electric motors. 

Such a combination will operate at practically constant speed at all 
loads, as the dynamo with the storage battery serves to furnish the neces-
sary overload, or consumes that portion of the energy which is not needed. 

Motors for Electric Vehicles.—These are of the enclosed 
type of construction, which of necessity they must be, in order 
to protect their, from dust, etc., in their exposed positions under 
the car. They are designed for overloads of 200% or more. 

Drive or T1 ansmission.—Because of the relatively high 
speed of the motor as compared with that of the rear wheels of 
the car, a system of gearing is necessary between the motor and 
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FIG. 8,052.—Plan view of Baker electric chassis. The parts are: 25-X, rear axle; 38-C, rear spring yoke front; 38-D, rear spring 
yoke rear; 110-X, front axle; 124-X, front levers, rear; 155-C1 front spring bolt, front; 155-D, front spring bolt, rear. 159, rear 
spring; 159-C. year spring bolt; 160. head lamp bracket; 168, A, fender bracket; 173, step pad; 179, step bracket; 203, rear spring 
seat, center; 253-X, rear control mast; 279-X, steering mast, rear; 288-X, lower steering rod, bell crank to spindle; 295-X, bell 
crank; 296-X, lower steering rod, mast to mast; 389-x, brake shaft; 401-X, motor; 500-X, controller; 590, horn; 595-X, fuse box; 
600-X. resistance; 626-A. brace rod devis; 626-B, brace rod; 655, license bracket; 670, oil inlet; 885-X, contactor ;724-X, foot 
levers, front; 735-X, interlock, 753-X, front control mast; 779-X, steering mast, front; 796-X, lower steering rod, mast to ben 
crank; 3,937, rear spring clip; 4,411, 4,415, No. 2 grease cups. 
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rear axle to obtain 

the necessary velo-
city reduction. 
Moreover, in some 

cases, other gears 
must be provided so 
that the power may 
be applied to the 
rear shaft when the 

motor shaft and rear 
shaft are at right 
angles to each other. 

Pte. 8,013.— Single motor attached to rear axle through herringbone single reduction gears 

PIG. 8,054 and 8,055.—Rauch and 
Lang vehicle motor. Instruction» 
for care of motor: The two oil 
covers lead to the ball bearings in 
the mot-ir yokes. A good grade of a 14271 
light cylinder oil is recommended A 14350 

f or these bearings. The commu j 54250 
tator, 10,320, should be at all 
times kept clean, free from any 14480 
gummy or gritty substance. The 14481 
carbon brushes 7,076 should 
make perfect contact with the 
surface of the commutator and 10320 
should be replaced with new ones -7016' 
when worn out. These brushes 
are originally 1,7"8. inches long and 
should be replaced with new ones 
as soon as the measurement is re-
duced to 1,1,4" inches. It is safer to 
replace these brushes often, 
rather than allow them to become 
too short. Very serious damage 
may result from using brushes 
that are too short or ones that 
make poor contact with the commutator. Brushes that are too short or that are making 
poor contact will pit, burn and blacken the surface of the commutator. Replacement of 
brushes should be made only by an experienced person. The motor leads are lead out of 
motor through insulated holes. These bolts, lettered „I,F1,13.A,S,E and F, correspond to 
the letter contacts on the controller into which they are connected. The motor IA alee 
may be adjusted for wear by means of the winged nut 14,350. Clearance between brake 
jaws and wheel may be adjusted by means of the screw 14,271. To remove brae wheel 
from armature .,haft, take the Vie screw C. out of the cap 14.481. A y‘ inch, 12 pitch bolt, 
3 inches or longer, or a cap screw may then be screwed through the thread; in the cap and 
up against the end of the armature shaft. Continue to turn this screw and the pulley will 
be drawn off the shaft. 

111111111,- 9009 
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8,058.—Side view of Baker electric chassis. The parts are: 155, front spring; 155-C, front spring bolt, front; 155-D, 
front spring bolt rear-, 157-A, front spring shackle; 157-E, front spring shackle lock plate; 158, rear spring bracket center; 
159, rear spring; 159-C, rear spin. g bolt; 173, step pad; 179, step bracket; 187-A, front hanger for rear spring; 188-A, 
rear spring shackle; 188-E, rear spring shackle lock plate; 253-X, rear control mast; 257-A, rear control mast bracket, 
liower,• 279-X, steering mast, rear, 287-A . steering mast bracket, rear; 453-C, safety loop, short; 453-D, safety loop, long; 
500-X, controller; 847-A, seat per.••ital bracket, kit; 847-C, seat pedestal tube, left ; 847-D, seat pedestal stop cup: 688-X. 
opening switch; 694-X, closing si-itch; 753-X, front control mast; 757-A, front control mast bracket, lower' 779-X, 
steering mast, front; 787-A, steering mast bracket, front; 798-X, lower steering rod, mast to bei1 crank; 3,937, rear 
spring clip, 4,408, 4.47.1, 4,415, grease cups. 
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There a r e several 
forms of drive, as by 1. 

Herringbone gear; 2. 
chain gear;3. worm gear. 

Herringbone drive.— 
This drive is extensively 
used because of its free-
dom from noise, its simpli-
city and durability owing 
te the parts being enclosed. 

Chain Drive. — This 
form of drive is desirable 
for heavy service, as on 
very large trucks. It is a 
noisy and dirty mode of 
power transmission, and 
when not enclosed is sub-
ject to rapid wear. A very 
objectionable feature of 
chain drive is the fact that 
the chain sometimes climbs 
the teeth due to consider-
.ole wear or to too little 
clearance. 

Combination Chain 
and Gear Drive.—For 
very heavy trucks where 
a considerable reduction in 
speed is required between 
the motor and wheels, a 
double reduction is some-
times used. The motor is 
usually hung above the 
springs, thus being protect-
ed from the jars of travel. 

There are several forms 
of double reduction using 
light high speed motors 
by means of various com-
binations of gear and 
chain, with silent, roller 
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DUAL CONTROL LE vER5 

RATCHET 

8,059.—Wood's interlocking 
foot brakes on dual control 
model, showing double ratchets 
and all details of mechanism. R4TCHti 
Either foot pedal is released when 
the other is operated. Both pedals 
are automatically released when 
controller is moved to first speed. 

a number of con-
tact, arranged to 
make the desired 
connections with 
the terminals of the 
various apparatus 
in the circuit through 
a wide range of 
variation 

Some controllers 
are constructed with 
a cylindrical surface, 
upon which bear 
single leaf springs, 
the desired electrical 
connections being 

8.060.—Lancaster type of worm drive as used on some electrics. An advantage claimed 
for this form of worm drive is the fact that mounting the worm below the ring gear permit, 
it to be placed in a bath of oil, assuring constant and ample lubrication. 

ehains or herring-
bone gears for the 
first reduction, and 
single o r double 
roller chains, bevel 
gears or herringbone 
gears for the second 
reduction. 

Controllers — 
The form of con-

troller adapted to 
electric vehicle use 

consists of a 
rotatablE, insulated 

cylinder carrying 
on its circumference 
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- 

F106. 8,061 and 8,062.—Baker R and L. 
selective dual controller, control 
handles, resistance and motor brake-
General care: keep trie plates, 9522-3 
and 9,525-B, on the face of the con-

troller and the 
shoes 7,5I3-A 

116.16-.% on the mov-
able a rm clean 

MU, and free from 
burned and 
rough edges. 
The contact 
plates 9,522-13 
and 9,525-B, 
and the shoes 
75I3-A, are the 
ones that be-

come damaged first. They are 
removable and when badly worn 
may be replaced with new ones. 

Flo. 8,063.— Diagram of the controlling 
apparatus of a light electric vehicle. A, 
brake pedal; B, ratchet retaining pedal in 
place, operated by left foot; C. dash board; 
Da, body sill; E. steering handle; F, con-
troller handle; G, rocker shaft for setting 
hub brakes; J, brake band on wheel hub; 
H, rear axle. 

PIG. 8,064.—Waverly double reduction gear or combination herringbon,, and so called "silent" 

chain. 
PIG. 8,065.—Rear view of Wood's chassis with battery showing the following features of 
construction: 1, radius rods extending from rear axle to sub-cnassis frame; 2, rear springs 
rest on radius rods, instead of on rear axle; 3, motor, showing ball and socket spring sus-
gension; 4, worm drive, showing location of worm below rear axle. 
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PIGS. 8,066 to 8,068.—Diagrams of the circuit changing arrangements of a typical electrical vehicle. The full lines in these 
diagrams indicate the closed or active circuits; the dotted lines the open, or inactive circuits. As may be readily understood, 
the whole scheme of the cir:uit changing depends on employing several different :ircuit connections between battery and 
motor, which may he opened and closed, as desired. Here A and C are the lead wires between battery, D, and motor brushes. 
PP and GG, and the field windings H  and J, and the wire D. Fig. 8,066 shows first speed; two units of the battery B are 
connected in parallel, which means that the voltage is reduced to the lowest point. The wire C, connected to the bridge 
between the positive poles of the battery, leads the current to the field windings, H and J. which, in this figure, are connected 
in series-parallel, which gives the lowest speed and power efficiency of the motors. By the wire, D, the current is carried to 
the brushes, FP and GC, which, according to this scheme, are permanently connected in parallel, the return path to the 
negative pole of the battery being through the wire A. In fig. 8,067, the circuit is varied so as to connect the two units. so 
as to give its highest pressure efficiency. But, since the field windings of the motors are also connected in series, or in series 
parallel, as in this case, the efficiency in speed and power is reduced nearly one-half. In fig. 8,068. the two units of the battery 
are connected in series, which, as in the former case, indicates the greatest efficiency in power output; but the field windings 
are connected in parallel, which means that the voltage generated by their operation is equivalt4 to the voltage of only one 
motor. with the result that the epeed and power efficiency is raised to its highest point. 

cra 
t.> 

S
g
7
.
9
1
1
1
3
4
 
.1
1
2
1
L
1
g
7
3
 



ELECTRIC VEHICLES 963 

IsT SPEED 
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FIGS. 8.069 to 8,071.—Diagrams showing methods of speed changing in a typical one battery 
unit, two motor c.rzuit. The first speed shows the two motors in series, with a resistance 
coil ',um-posed; the second, the motors in series, without the resistance; the third, the 

ale, _a parallel. 

FIGS. 8,072 to SAM—Diagram showing methods of speed changing in a two battery unit. 
two motor circuit, showing combinations for three speeds. The first speed is obtained 
with the battery units in parallel, and the motors in series, the second, with the battery 
units in series and the motors in series; the third, with the battery unite in series and the 

motors in parallel. 
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made by suitably connected con-
ducting surfaces on the cylinder 
circumference, and cut outs being 
similarly accomplished by insulat-
ing surfaces, bearing against the 
spring contacts at the desired 
points. This type of controller is 
one of the most usual forms for 
motor vehicle purposes. 

Troubles.—In order to 

properly cope with the nu-
merous disorders and mishaps 
likely to be encountered, the 
following points relating to 

troubles may be found help-

ful: 

Pins. 8.075 to 8,077.—Diagrams showing combinations tor three speeds in a typical four 
battery unit, single motor circuit. The only changes made in these circuits are in the batter'i 
connections. For the first speed the battery units are in parallel; for the second, i‘ 
aeries parallel; for tue tiord, in series. The motel connections are not varied. 
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FIELDS 

ARMATURES 
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Pm. 8,078.—Diagram plan of the several parts of an electric vehicle driving circuit. The 
field windings and armatures are shown projected, the proper wiring connections being 
indicated. The periphery of the controller is laid out within the broken line rectangle, 
the contacts and connections through it for varying the circuits through four speeds 
being shown. For first speed the controller is rotated so that the row of terminal points, 
A, B, C, D, E, F, G, are brought into electrical contact with the row of terminal points, 
en the controller, A', B', C', D', E', F', G'; this connects the two unit battery in parallel 
and the field windings of the two motors in series. A further movement of the controller, 
bringing the points, A, B, C, etc., into contact with Ai, BB, Ci, etc., gives second speed, 
the batteries now being in parallel and the fields in series parallel. For third speed, the 
points B and C are brought into contact with Bi and Ci, and E and F with Ei and Fr, 
which means that the batteries are connected in series, and the fields in series. Similarly, 
for fourth speed, the points B and C are brought into contact with B, and C,. and D, E. 
F. G, with DIO, Et Ft, G', which means that the batteries are in series and the fields in 
parallel. The connections between the battery, the armature brushes, and the motor 
foiado, are made as indicated through the rotary reversing switch by the terminals, K. L, 
bl, N. ThL switch may effest the reversal of the motors by giving a quarter turn to ita 

spindle, which means that the contacts of segment X. will be shifted from L and K to IC and N. and the oontacts of segment Y, shifted from M and N to L and M, thus reversing 
the direction of the current. 
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1. If vehicle run too plow, look for the following: 
a. Deflated tires. b. Slow tire, due to other makes having been substituted 

for those furnished by the manufacturer of the vehi, le. c. Brulivo bearings in 
wheels, countershaft or motor. d. Shoes not making perfect contact on face of 
controller. e. Brushes not making perfect contact on commutator due to being 
too short, or commutator being dirty. f. Broken battery jar, solution having 
partly leaked out. g. Brakes rubbing when they are supposed to be thrown off. 
h. Battery exhausted. 

2. If the current be higher than usual when running on the level, look 

for the following: 
a. Tight bearings. b. Brakes rubbing. c. Silent chains too tight. d. Front 

wheels out of alignment. e. Tires deflated. 

3. If needle on ammeter vibrate more than usual, moving up anti down 

very rapidly, look for the following: 
a. Blackened commutator. b. Commutator brushes worn too short. c. 

Loose connections at battery terminals or at connections on controller. d. 
Broken wire leading to meter. 

3" 3P(ID D—D D-D D-0-0 
" 3FC,O D-D D-C1 
1" sneo 0-CI CFO D-0 
ACK cr,",1-0 
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MOTOR 
IMMURE 

« CHAR6IMO WIRC5 

8 ,079.—Diagram of controller connections of one unit, one motor circuit, with variable 

fields. 
8,080.—Diagram of controller connections of a four unit one motor circuit, with constant 

series connections for fields and armatures in forward and backward speeds. 
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CHAPTER 43 

Electric Railways 
The extensive development of the electric railway has giveli 

rise to numerous systems, which may be classified in several 
ways, thus 

1. With respect to the 
rent, as 

a. Direct; 
b. Alternating; 

cur-

2. With respect to the meth-
od of current generation, 
as 

steam; 
a. Mechanicalihydrauljc; 

gas engine. 

b. Chemical storage battery. 

3. With respect to the power 
system, as 

a. D. c. transmission and 
distribution; 

b. A. c. transmission, d.c. 
distribution; 

c. A. c. transmission and 
distribution 

4. With respect to the cur-
rent collecting devices, 
as 

a. Trolley; 
b. Surface contact; 
c. Third rail; 
d. Conduit. 

5. With respect to the loca-
tion of the electrical 
source, as 

a. External { power station. 

{storage battery; b. On the car gas-electric plant. 

6. With respect to the distri-

bution pressure, as 

pressures 
a. Low tension up to 

600 volts. 

pressures 
b. High tensions 

600 volts. 

7. With respect to the service, as 

ele‘,ated; b. Interurban or suburban; d. Industrial short a. City lines {surface; 
subway. C. Long distance lines; lines. 



PIG. 8,081.—Direct current transmission and distribution. Impressed pressure 550 volts, or Ea) at the motors. Application: short 
lines of radius 5 to 8 miles from power house; greater radii necessitate the use of boosters. 

FIG. 8,082.—Direct current transmission and distribution with booster. 850 volts at dynamo; radius 7 to 15 miles from power house. 
Some stations employ storage batteries to take care of the peak loads. By means of i-eversible boosters, the battery is caused 
to take current from the power house feeder at time when the power demand is low on the section supplied for the sub-station, thus storing up current which it subsequently delivers to the line when the power demsnd is heavy. In some cases the batteries 
are simply floated on the line and tend to equalize the demand and the voltage. lry these means the radius of successful opera-
tion of direct current systems is extended to about 15 miles from the power house. 

D.C. Transmission and Distribution.—This system is especially adapted for 

densely populated sections as in large cities. 
It is not well adapted to the operation of roads covering large areas and is becoming obsolete, owing 

to the great amount of feeder copper required to transmit large amounts of energy at GOO volts, which 

is the usual pressure used. 
The standard pressures are 600, 1,200, 1,500 and 2,400 volts; 600 and 1,200 volt 

motors are used. 
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A. C. Transmission, D. C. 
Distribution.— This system is 
in general use .1.)r suburban roads 
and tug larger city systems. 

The advantages accruing from the 
use of both alternating and direct 
current must be evident, thus, a large 
amount of power can be transmitted 
by alternating current at high voltage 
reducing the cost of copper to a mini-
mum, and l-y means of rotary con-
verters, converted into direct current 
of suitable working voltage for the 
motors at the distribution points. 

A.C. Transmission and Dis-
tribution.—For current supply, 
a single phase alternator may be 
used, or one leg of a three phase 
machine. 

For short lines the alternator may 
be wound for the trolley voltage, but 
for long lines a high pressure machine 
is used with step down transformer 
substations, or a medium pressure 
machine with step up and step down 
transformers. Trolley voltages of 
3,300, 6,600, 11,000 and as high as 
13,000 are in use. 

Overhead Trolley System.__ 
In this arrangement which is 
largely used in towns and cities, 
the current for the motors is 

taken from an overhead wire by 
means cf a "trolley" with grooved 
wheels, which is held up against 
the wire by a flexible pole. 



FIG. 8,084.—A .c. transmission, and d.c. distribution. The three phase alternator is a25 cycle machine wound for 360 to 390 volts., 
Transmission pressure 13,500 volts This system may be varied in several ways to satisfy special conditions, for example; 
80 cycles may be used where the general lighting circuits are supplied from the same power house, and storage batteries may be 
installed in the sub-stations for equalizing the demand and reducing the rotary converter capacity necessary. 

ALTLANACIDS 

CATCHONS CONSTRUCTION  
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PIG. 8,085.—A .c. transmission and distribution. For short lines the alternator may be wound for the trolley voltage, but for 
long lines a high pressure machine must be used in connection with step down transformer sub-stations or a medium pressure 
machine with step up and step down transformer as here shown. Trolley voltages of 3,300, 6,600, I l .000, and as high as 13.000 
are in use, but the usual pressure is 6.600 volts ordinarily. and 11.000 for the electrification o e‘ixting steam railway. 
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Ftc. 8,086.—Alternating current transmission, direct current distribution. The diagram shows the main station and two sub-

stations with apparatus and connections to the line. In the system here shown, three phase current is generated at the main 
station, where it passes to step up transformers to increase the pressure a suitable amount for economical transmission. At various 
points along the railway line are sub-stations, where the three phase current is reduced in pressure to 600 or 600 volts by step 
down transformers, and converted into direct current by rotary converters. The relatively low pressure direct current is then 
conveyed by feeders to the rails, resulting in a considerable saving in copper in moderate and long distance lines. 
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The wires from the contact wheels pass down the pole to the car con-
troller and thence to the motor, the return circuit usually being through 

the rails. 

Surface Contact System.—This system may be advantage-
ously used in some industrial works where an overhead trolley is 

objectionable, and a third rail is not permissible. 

«Vr 
FIGS. 8,087 and 8,088.—Trolley wheel and harp. The spring S, attached to frame H, press-

ing against the side of the trolley W, maintains good electrical contact. 

PIGS. 8,089 and 8,090.—Section through trolley showing lubricating bushing B. and view u' 
bushing removed from trolley. 

FIG. 8.091.—Trolley base. As shown, the pole P, teiminates in a fork F. attached to a pair or 
sector S,S, forming a frame, capable of revolving about a vertical axis V, so as to accom-
modate the pole and trolley to turns or curves in the track and trolley wire. The spiral 
springs G, maintain a tension upon these sectors tending to force the pole P. upward. 
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The Westinghouse surface contact system requires no poles or overhead 
." wires and leaves yards and buildings free of all obstructions. The current 

is supplied to the motors through contact buttons which are connected to 
a feeder cable ,laid along the track, through electromagnetic switches; 
the buttons are "dead except those directly under the motor cars or 
locomotives. 

Third Rail Systern.—In this system a rail called the "third 
rail" is laid outside the track rails. The current is taken by 

III 
111111ll 111111111101P 
üLj  . 

_ 
8,092.—Pantograph trolley for use on high speed, high pressure lines. It is nominally 

held in contact by a spring and may be raised or lowered by compressed air control in the 
tootorman's cab. The trolleys on the entire train may be thus simultaneously controlled from any one point. 

Pica. 8.093 and 8,094.—Details of third rail and contact shoe as used on the Manhattan Elie 
yatd Railway, New York City. , 
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means of a suitable contact shoe which slides along the rail, and 
the car is controlled by the motorman as in the case of a trolley 
car. This system is extensively used on elevated railways and 

subway systems. 

Underground Trolley or Conduit System.—This is a 
metallic circuit system, there being two insulated conductors 

supported in a conduit. 

The current is taken by 
a trolley which extends 
from the car into the con-
duit through a central slot 
and makes sliding contact 
with the conductor. 

This system is used in 
the streets of large cities 
where the use of overhead 
trolley wires are objec-
tionable, but the cost of 
construction is very great. 

.esstnArOad, 
E.-- 

Pins. 8,095 and 8,096.—Details of New York Central Railroad inverted third rail. 
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8,097.—Sectional view of conduit system of the Third Ave. street railway, New Yee 
City. 
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Motor Types Employed.—There are three types of motor 

in use for electric railways; the direct current motor, the single 
phase commutator motor, and the three phase induction motor. 

Motors.—The severe operating conditions of railway service 
demand a motor differing in many respects from the ordinary ma-
chine. 

E 

PM. 8,C98.—D.c. railway motor, casing closed. As shown, the armature shaft A, projects 
through its bearing B, lubricated by the grease box C, and is connected with the car axle 
by gear wheels enclosed in the gear cover D. The gears serve to reduce the speed of the 
car, and also to increase the effective pull of the motor The car axle passes through the 
bearing E lubricated by the grease box F. The motor is supported on the truck by the 
lugs G,G The commutator door H gives access to the brushes, while a more complete 
inspectiot o the wodrini part may be obtained by throwing back the upper half of the 
casing K uponi he hinge L,L after unscrewing two bolts, one of which is shown at M. 
The iusulatea cables shown at N. pass through the casing and supply current to the motor. 

Fro. 8 C20 — D.c railway motor casing open As shown, A, is the armature; B. commutator; 
C,C brushes; D upper pole; E, upper field. The pinion F, secured to one end of the armature 
shaft engages with a gear wheel on the car axle, which passes through the bearings G,G. 
corresponding to th,. bearings designated E, in fig. 3,514. 

PIGS. 8,100 and 8,101.—Various motor suspensions. Fig. 3,532, Pennsylvania gearless 
motor with connecting rods; fig. 3,533, geared motors with yoke, or erroneously called Scotch yoke 



NOSE SUSPENSION 

PARALLEL BAR SUSPENSION 

PIGS. 8,102 and 8,104.—V a rious motor suspensions. Fig. 8,102, 
nose suspension; fig. 8,103. cradle suspension; fig. 8,104 
parallel bar suspension. 

DIRECT 

CRADLE SUSPENSION 

TOP 
DRIVE GEARED 

FIGS. 8,105 to 8,107. —Various motor suspensions. Fig. 8,105, New Haven geared motor; fig. 8,106, New Haven gearless motor; 

fig. 8.107, New Haven top geared motor. 
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The principal requirements are: 1, that it shall be dust and water proof 
because of its exposed location beneath the car; 2, it must be capable of 
very heavy overloads to secure quick acceleration at starting; 3, it must 
be compact because of the limited space available; 4, large bearings with 
efficient self-oiling devices must be provided to secure long operating 
periods without attention. 

Motor Suspension.--Usually the motor is constructed with 
a set of bearings on one side of the frame, in which bearings the 
axle of the car wheels rotate. 

Mounted upon this axle is a large gear which meshes with the pinion 
gear on the end of the armature shaft, the gears being protected from dust, 
etc., by a casing. The side of the motor opposite to that containing the 
car axle is usually fastened to a bar, which in turn ;s mounted upon springs 
connecting it to the car truck. 

There are nurn'érous forms of suspension, and these may be classed as: 
1, cradle suspension; 2, nose suspension; 3, yoke suspension; 4, parallel 
bar or side suspension; 5, twin motor suspension. 

The cradle suspension consists of a U shaped bar fastened to the 
truck at the middle of the U. It is intended to relieve the bearings of the 
weight of the motor, and is now semi-obsolete. 

Nose suspension consists in casting a projection or nose on the motor 
frame and fastening it to the motor truck by means of a heavy link, the 
object being to distribute the weight of the motor between the car axle 
and the truck. It is the prevailing method. 

Yoke suspension consists in rigidly bolting a cross bar to seats cast 
on the motor casing, the ends of these bars being spring supported to the 
truck frame. 

In parallel bar or side suspension there are two parallel bars fastened 
to the car truck, supporting the motor on springs at its center of gravity. 

With twin motors, two motors of equal capacity are mounted above 
each axle. Each motor is provided with a pinion and the two pinions of 
the pair of motor mesh with a single gear which is mounted on a quill 
surrounding the driving axle. 

Motor Control Systems.—The speed requirements for trac-
tion motors give rise to several control systems, and the appar-
atus employed to effect the proper sequence of connection cor-
responding to the system of control adopted is known as a 
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controller. A comprehensive classification would divide the 

various systems 

1 With respect to the method 2. With respect to the 
of operation, as current, as 

a. Hand control; a. Direct; 
b. Automatic control; c. Master control. b. Alternating. 

3. With respect to character and sequence of connections, as 

m[in fflL  10 fil CHARGE 

[0E111 
II II 0 
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Ill II D 01 
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bnegni 
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g [0 0 

00 

SPEED 
AHEAD 

2" SPEED 
AHEAD 

3" SPEED 
AHEAD 

qo 13 157 SPEED 
BACK 

a. Direct current 

b. Alternating current 

Flics. 8,108 to 8,115.—Controller of the 
Rauch and Lang electric vehicles. It 
is of the flit radial type. Two movable 
copper le if contacts o ample size make 
all commutations necessary to obtain 
the various speeds. Five speeds for-
ward and reverse are provided. 

8,118.—Diagram of controller con-
nections of a four unit one motor 

PLUG circuit, with constant series con-
SWITCH nections for fields and armatures 

in forward and bs.r.kward speeds 

PLUG 

{rheortatic; field: 
, series parallel; 
tmulti-unit (master control). 

{rhm.tatic. compensator: 
induction repil or, 

rheostatic; 
changeable pole; 

f single; 
cascade \ parallel single; 
combined changeable 

pole and cascade. 

single phase 

three phase 
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4. With respect to the method of transition, as 

a. With power off; 
b. With series resistance; 
c. Bridge. 

With hand control the motorman, by moving the controller handle 
can vary the current value without any time limit device. 

Automatic control includes certain automatic devices which prevent 
the motot man applying to the motors a current greater than a predetermined 
value. 

The master or multi-unit control system, ill advisedly called multiple 
unit control, is one in which the motors on each car of a train of several cars 
are controlled from one master controller. 

Rheostatic control consists in pro. 
gressively cutting out sections of a re-
sistance connected in series with the 
motor. 

The method of field control consists 
in varying the intensity of the motor 
field magnets, by dividing the coils 
into two sections and arranging the 
controller to give a proper sequence of 
connection. 

The series parallel control is used 
with two or four motor equipments. 
The sequence of connection for a two 
motor car during the control period is 
as follows: 1, both motors connected 
in series with control resistance, 2, con-
trol resistance progressively reduced, 3, 

Pit.. 8,117.—Ordinary rheostatic controller. In operation, the current passing through the 
motor passes through the coils of the magnet E, and converts its core into an electro-magnet 
which produces a powerful magnetic flux around the contact surfaces of the springs D,D,D. 
At the instant the circuit is broken either in changing connections or when the current is 
entirely shut off, the influence of this powerful magnetic flux prevents the severe sparking 
which would naturally occur otherwise by blowing out the arcs as soon as they are formed. 
The reversing cylinder II, carries four conducting segments K, and a corresponding number 
of contact spring L. • By moving the handle M, through an arc of about 60 degrees, the 
segments in contact with the springs L. can be changed and the direction of the current 
through the armature of the motor reversed, thereby causing it to rotate in the opposite 
direction and back the car. As the reversing operation cannot be safely accomplished while 
the motor is running, the handles C and M, are made interlocking so that the latter cannot 
be moved unless the former be in the "off position." The proper operation of a ,aoriaroller 
requires that all the successive contacts be made and none omitted. This is insured by the 
action of the star wheel located at N. 
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Feos. 8,118 and 8,119.—Diagrams of series parallel two motor control. Fig. 8,118, series running position, all resistance cut out; 
fig. 8;119, parallel running position, all resistance cut out. 
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MOTOR W MOTOR 
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(500 VOLTS) 

( 500 VOLTS) 

FIGS. 8,120 and 8,121.—Diagrams of series parallel four motor control. Fig. 8,120, series running position, all resistance cut out; 
fig. 8,121, parallel running position, all resistance cut out. 

in circuit in series with parallel connection of motors. 4, control resistance progressively reduced, 5, both 

motors in parallel with control, no resistance. 

The mode of transition divides the series parallel control into several types, as 1, power off, 2, series 
resistance, and 3, bridge transition. In the power off method of transition, the controller is so arranged 
that the power is cut off from both motors in changing the motor connections from series to parallel. 

Now semi-obsolete. 

In series resistance transition, during the transition from series to parallel, a resistance is placed in 
series with one motor and the other motor is first short circuited, then disconnected from the main circuit, 
and finally placed in parallel with the other motor. The bridge method of transition consists in grouping 
the motors and their resistances like the arms of a Christie, or erroneously called Wheatstone bridge. 
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bridge, so that after the two motors are in full series position, the resis-
tances may be placed in circuit again in parallel with the motors without 
opening the circuit. The two motors are then connected in parallel with 
each other and each in series with its own resistance. 

A.C. Control Systems.—In the compensator method, the 
impressed pressure is gradually increased by progressively cutting 
out sections of the compensator or auto-transformer. 

ROTE. 

I I 

3 

6 

9 

Pics. 8,122 to S.I33.—Westirighouse type K-12c ontroller connections. In changing tl's 
motor connections from series to parallel, it will be noted that the controller short cie:ui one pair of motor, but the current continues to flow to the other pair. The series method 

here employed consists in connecting the total amount of resistance in series and then pro-
gressively short circuiting the various connections until all are cut out. 

PIGS. 8,134 to 8,157.—Westinghouse type L-2 controller connections. This type controller 
opens the circuits to both motors before making the change from series to parallel. In this 
parallel method additional sections of resistance are connected in parallel with the first 
section on each successive step. The value of the resistance in circuit is decreased as each 
new section is added in parallel with the fu-zt section and, finally on the last step the entin 
group is short circuited. 
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The induction regulator method employs an induction regulator which 
consists of two coils: a primary, and a secondary, which are wound upon 
separate cores and are capable of angular adjustment for changing the di • 
rection of the flux from the primary through the secondary so that the 
voltage generated in the secondary increases or decreases the voltage sup-
plied to the motors by the auto-transformer according to the relative 
angular position of the secondary to the primary. 

Three Phase Induction Motor Control.—Rheostatic con-
trol is applied to three phase induction motors by arranging a 

variable resistance in series with 
the armature winding and pro-

évem . e k gressively reducing it as the motor 
speeds up, till at full speed or 

g.55 the last step of the control all CONTROLLER 

ES MO7ORS /83 MOTORS 28,4 the resistance is cut out. 

2 — {0]-4CDI AEL M1 With this control the slip ring or 
external resistance motor is used. In 

3 — 111:1Z -U 1—= .1 the changeable pole method the 
number of pole may be altered to 

4 --Er-[25—q l-M: secure variable torque either by pro-
viding the motor with independent 

5 1-01-24-M-Z 1--c=4 field windings, or by regrouping the 
field coils. 

Cascade operation consists in the 
5 1 e l- Mlel- various combinations of two motors. 

The armature of the two motors are 

6 -i [0]-1<2- 1111- mechanically connected, the field of 
the first is connected to the supply 

7 fe-M—rnr="1 and the armature to the field of the 
second motor; the armature of the 

e -1 [0]-1-1-C -4 second motor is connected to the ex-
ternal resistance at start. As the 
motors speed up, the external resist-
ance is cut out till armature of 
second motor is short circuited. For 
motors of equal number of pole, 

after reaching maximum speed, they may be separated and each, having 
resistance inserted in its armature circuit, may have its field connected to 
the supply. For maximum effort the external resistances may now be pro-
gressively cut out resulting in full parallel operation. 

In the single control cascade method the second motor is cut out aftet 

e cs. 8,159 to 8,168.—Westinghouse type 
K-35 controller connections. 



982 RAILWAYS 

the period of concatenation. In parallel single cascade control, motors are 
employed having a different number of pole, or different gear ratios. 

In operation, when the motor with the greater number of pole reaches 
synchronism, it is cut out. If the motor with the lesser number of pole be 
cut out instead, the train will operate at a speed between that corresponding 
to concatenation and that for the free running of the motor with the lesser 
number of pole with armature short circuited. 

The changeable pole and cascade methods are combined by first making 
the sequence of pole change and then applying either of the cascade methods, 
thus giving several speeds. 

jeFi.JLOi 

FUSE a SW. 

CHOKE 

LIGHTNING 
ARRESTER 

SNAP   TO LIGHTS 
SW. 

CANOPY SW. 

,FUSE 

TROLLEY TERMINAL 
AUXILIARY CONTACTS 
IN CONTROLLER s 

I.U.TXtpplHG SW. 

FIG. 8,169.—Westingl ouse auxiliary contactor equipment. A contactor equipment consists 
of a powerful pneumatically operated switch, or "con actor," mounted beneath the car and 
connected to the main reservoir of the air brake system. The switch is controlled by means 
of a magnet valve, which is operated by current from he trolley. The circuit of this magnet 
valve is carried through a pair of auxiliary contacts located on the drum of the controller. 
When the handle is moved toward the off position, the circuit of the auxiliary contacts, 
and hence the circuit of the magnet valve is broken before the main power circuits are broken, 
and thus the main power circuit is always opened by the pneumatically operated switch 
beneath the car rather than by the controller contacts. 

Combined D.C. and A.C. Control.—In changing from a.c. 
to d.c. (or from direct to alternating) it is necessary to guard 
against the possibility of wrong connections upon the car for the 

current received, that is, to prevent disaster should connections 
be made for 600 volts direct current operation and accidental 
contact be made with 6,600 volts alternating current trolley. 



RAILWAYS 983 

To guard against this, the main switch of the direct current and alter. 
nating current car equipment is provided with a retaining coil so designed 
that it will open when the motor current is interrupted. 

Where a.c. and (I.,- trolley sections adjoin, a dead section is left between 
the two for a length not exceeding a car length, so that a car may pass from 
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8,170.—Diagram of connections Westinghouse unit switch control (type HL) for quadruple 
equipment of 75 horse power motors or less. In type HL control the various main circuit 
connections between trolley, starting resistors and motors (which, in drum type control. 
are made by the overhead circuit breaker and the power drum and contact fingers of the 
controller) are made by pneumatically operated switches assembled in a clmmon frame 
designated as a switch group, which is located underneath the car. Each switch is closed 
when desired by compressed air from the brake system, acting on a piston. The reversing 
connections ordinarily made by the reverse drum of the platform controller are made by a 
reverse drum similar to that of the controller, but of more substantial construction, pneu-
matically operated and mounted in a separate case underneath the car. The complete 
reverse drum with its operating mechanism is termed a reverser. The admission or release 
of compressed air to the pistons for operation of the switches and reverser is regulated by 
means of electrically operated magnet valves, one of which is attached to each piston cylin-
der. The circuits from the various magnet valves are controlled by a master controller on 
either car platform through a control train line, which extends the length of the car and 
terminates at each end in a twelve conductor train line receptacle. By moving the handle 
of the master controller front notch to notch, the various switches in the switch group are 
operated and the proper motor connections are established. If the adjacent train line 
receptacles on two or more cars be connected by suitable train line jumpers, the operation 
of either master controller on any car will cause the various switches on all of the cars to 
close or open simultaneously for train operation 
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one section to the other at full speed, in which case the main car switch 
opens on the dead section through lack of power to operate the retaining 
coil, and will reset automatically for alternating or direct current operation 
as the case may be, after leaving the dead section. 

Locomotives.—Numerous types of electric locomotive havé 
been built for a variety of purpose, from yard switching to the 
hauling of heavy passenger trains at high speeds. They may be 
classed 
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PIG. 8,171.—Arrangement of piping of Westinghouse unit switch coneol, type HL. The 
piping here shown is for the compressed air which operates the control apparatus, the air 
supply being taken from the brake system. The amount of air required for operating the 
switches is so small compared to that required by the brakes and whistle that it is practically 
negligible. 

1. With respect to the power 
source, as 

a. External; 
b. Storage battery: 
C. Steam-electric. 
d. Gas-electric. 

2. With respect to the trans-
mission, as 

a. Gearless; 
b. Geared; 
c. Connecting rods; 
d. Scotch yoke; 
e. Combination gear and 

connecting rods. 
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A gearless locomotive is one having the armatures built on the axles of 
the driving %/leas; a geared locomotive has speed reducing gears between 
the motor and axle. 

In the side rod driven type the motors are placed in the cab and the driving 
torque communicated to the drivers by means of connecting rods. 

In the Scotch yoke arrangement, the yoke drives one axle through a 
sliding block and the others through rods connected to the yoke by knuckle 

pins. 
The combination gear and connecting rod drive comprises motors 

geared to jack shafts which in turn transmit the power to the drivers by 

means of connecting rods. 

FIGS. 8,172 to 8,174.—Various electric locomotives. Fig. 8,172, New York Central 1-44 
locomotive; fig. 8.173. ordinary form of locomotive, fig. 8,174, Baltimore and Ohio, 160,000 

lbs., 0-4-0 locomotive. 

The Running Gear.—There are two general types of truck 

for electric cars: 1, those in which the car body rests upon the 
truck bolster or side bearings which are supported by springs 
for the side frames carried by the axle journal boxes, and 2, 
those in which the car body rests upon the truck bolster sup-

ported from the truck frame which rests upon springs carried 

by equalizer bars resting on the axle journal boxes. 
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8,175.—Standard motor Co. M.C.B. type high speed truck. 

FIG. 8,176.—Brill maximum traction truck. On tangent track 75 per cent, of the weight of this truck comes on the motor axle 
which has the large wheels. When on a curve, part of this weight is shifted to the trailing wheels. This type is used extensively 
in city street car service and is not adapted to high speed. One motor is used on each truck. 

ONO KO 

err &ma 
CMPOCUtle 

yd,PRL55.Ceee/t1 
el» 

(Met f51«:«fellIS 

UDC FRAIL 

215.1 ...,.... 041.80% 
SPIT rIG 

tIURftAI fl 
POW( 2,11(1. 

FIGS. 8,177 to 8,179.—Center and side bearings of a truck. These form the contact points between itself and the car body. The 
car body is practically carried on the center plates on the truck bolster and comes in contact with the truck only at this point; 
but in order to prevent more than a slight displacement of the car body from the vertical, side bearings are placed over the side 

frames of the trucks, and so adjusted as to leave sufficient space between side bearing top plate and the plate on the 
car to take up the maximum compression of the springs when the car is fully loaded. 
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8,180.—Hand brake system. One of 
the objectionable features of this arrange-
ment is the use of a single sway, bar and 
_floating lever, which results in the appli-
cation of the greater braking pressure to 
the rear wheels or truck instead of to the 
front wheels or trucks where it should be 
capplied to secure the most effective 
braking. 
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Brakes.— The several types of brake used are classed as: 1, 

hand brakes; and 2, air brakes. 

The familiar hand brake needs no description, and air brakes have been 
described at great length in Guide No. 3, 

Car Lighting.— There are several systems in general use and 

the following descriptions give the essential features. 

Stonc System.—The equipment consists of a dynamo, a storage battery 

DYNAMO 

LLT 

BELT Ai?Jl,/.5TMENT 

8,181.—Method of suspending Stone system car ighting dynamo. As hung, the belt 
draws the dynamo out of the diagonal position in which it would naturally hang, thus putting 
a definite tension on the belt, 3ust sufficient to absorb the power required. It is obvious 
that when the pull on the belt exceeds that due to the offset suspension of the dynamo that 
the dynamo will be drawn toward the axle and the belt allowed to slip. Thus the dynamo 
will run at practically constant speed for all values of train speed above the critical value. 
A mechanical governor automatically closes the dynamo circuit when critical speed has been 
reached. A storage battery is suspended underneath the car to act as auxiliary in lighting 
the lights when the dynamo is inoperative. Another function of the storage battery is that 
it acts as a ballast or regulator to keep the lights constant, absorbing the variations of dynamo 
output. 

to act as auxiliary when the dynamo is inoperative, and an automatic 
switch to close the dynamo circuit when the critical speed has been attained. 

The principle underlying the operation of this equipment is that regula-
tion is obtained by allowing the belt to slip. As the speed of the train rises 
the dynamo voltage will tend to rise proportionally, this causing a great 
battery charging current to flow, thus increasing the dynamo Dutput and 
belt pull. 

McElroy System.—In this system the dynamo ;s mounted directly 
on the trucks and is driven bv e gear and pinion similar to those used on 
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the motors of trolley cars; these being enclosed in a wrought iron gear case 
which is made dust proof with leather packing. 

"Axle" Lighting of Cars.—This is the prevailing method 
and consists of a dynamo belted to the truck axle, storage bat-
tery, and necessary auxiliaries for proper control. 

Car Heating.—The amount of power consumed by electric 

rIL'ATiNG 
ELEMENTS 

PIG. 8,182.--Section through car seat, showing location of panel heater. 
PIG. 8,183.—Two unit coil of pancl heater. The front is provided with a wire grating, to pro-

tect passengers' clothing fram contact with the coil which in operation reaches a temperature above ordinary ignition point. 

MESSENGER CABLE 

TROLLEY WIRE 

ANGERS 

PIG. 8,184 .—Eleven point b acket catenary coneruction for single track, suitable for ordinary interurban service. 

8,185.—Rridge type single catenary construction for double track, suitable for heaviest 
class of service, such as electrified steam railroads, ana substantial interurban roads handling 
heavy freight traffic as well as heavy passenger traffic. 
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heaters naturally varies with the climatic condition, but for cars 
frangitig from 24 to 34 feet in length the power consumption for 
average and severe weather conditions varies from 5 to 7 kilo-
watts, respectively, so that the electric heater loads on both 
street railway and interurban systems compose a very large part 

of the total energy consumed. 

et, 

TENSION 
ROD 

STEADY 
STRAIN. 

TROLLEY WIRE 

DETAIL OF STEACT 
STRAIN INSULATOR 

MAIN LINE 
INSULATOR 

5,186.—Single catenary curve construction. In locating the bracket arms on poles and 
the poles on curves, the effect of super-elevation and the lateral overhang of the cars or 
locomotives must be allowed for, as well as the position of the current collector. Anchor 
spans should be placed at the ends of curves and at frequent intervals on tangents. 

N ro. 8,187.—Detail of bracket arm with steady strain. 

8,188.—Catenary construction at anchor span. 

8,189.--Trolley deflector construction at switch. The method of construction ens. 
Ployed at turn outs and sidings depends upon the type of current collector used. 
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Track.—This varies with the service and method of power 
transmission employed. 

The track construction for overhead trolley line systems differs but little 
from other forms of railway construction, with the exception of the bonding 
of the rail joints. With the use of a track return this is absolutely neces-
zary to secure a continuous metallic path, thereby reducing the resistance 
which would otherwise be introduced into the circuit. 

I SPAN 

$.1?s:r. HAND 
CLEARING 
SWITCH AmP 
CAR OR 500V 
MOICATING 
ROTARY SimAP 
SWITCH 

8,190.—Automatie block signal system. The boxes are located at tic cnt cf each Una and are provided with white and red semaphore discs operated automatically by trolley 
switches. 

TROLLEY WIRE. 

USE NO.12 HO. OWN, COPPER 
WEATHERPROOF INSULATION 
FOR SIGNAL WIRE AND LEADS 

Trolley Lire Construction.—The various methods of 
trolley line construction may be divided into two classes: 1, 
bracket construction, and 2, span wire or catenary construction. 

There are two general classes of catenary construction: the single cate-
nary, and the double catenary. In both of these the principal object aimed 
at is the maintenance of the trolley wire at a constant distance from the 
top of the rails. 

In the singie catenary construction the cable is carried by the brackets, 
spans, or bridges. 
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Signal Apparatus.—There are two general classes of rail-
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Pics. 8,191 ta 8.202.—Corresponding aspects of semaphore and position light signals with 
indications. 
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PIG. 8,2M.—Automatic operator system. In operation, when current is passed through the 
line, the annr.ture is rotated in a direction to cause it to lift the wciht on which the normally 
closed contact is fixed. When current through the line is broken this weight causes the arma-
ture to rotate in the opposite direction a sufficient distance to close the other contact and 
cut in a local battery. Current from this battery passes through a pair of coil holding the 
armature in this position, and releases the staff at opposite ends of the block. When the 

circuit is again broken. batter, is cut out of the line. 
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Block signaling has to do with keeping trains which are running on the 
same track, at a proper distance apart. Inter-locking signaling is for the 
control of trains over tracks which intersect at points of crossing or diver-
gence, and has for its object the prevention of conflicting movements, the 
proper routing of trains, and the insurance that the movable parts of the 
track are in their right positions before the signals governing movement 
over them can be made to give a proceed indication. 

Railway Signals.—These consist of colored lights, colored 
flags or by metal signal banners. Some roads use a green signal 
for precaution while others use a yellow signal. Red is the 
danger signal. 

The caution, stop, and proceed signals are in general use. 

F E 
11 

'etc. 8,204.--Eimple track circuit whereby a signal is operated by a train in a block. 

Flags or metal signa'.s are used during the day and lights of various color 
at night. 

Disc signals are displayed by movable shutters or discs in front of a 
fixed background; semaphore signals, by the position of a movable arm 
in a plane at right angles to the track and mounted on a high pole. The 
semaphore arms of distant signals have notched ends while the home sig-
nals have straight ends. When a home semaphore signal is up;t means to 
stop; danger ahead. When a distant semaphore signal is up it means to 
proceed with caution and the next home station signal will indicatc if the 
block be clear. Whether or not a relay be used in the track circuit, a bell is 
generally rung. At distant crossings only the bell is used, but near stations 
the relay is used to not only ring a bell but to throw a home signal. 

Trolley Car Operation.—To start the car, see that the 
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FIGS. 8,205 to 8,208.—Diagrammatic sketches illustrating the interlocking feature of universal crossing bell relay. Fig. A, 
track circuit AB and BC, unoccupied, bell circuit open; fig. B, train has entered track çircuit. AB. relay magnet L. De-
energized armature Li, causes contact finger L2,. to make contact with M. bell circuit closed; fig. C. train in track circuit AB 
and BC. (at crossing) relay magnet R. de-energized contact finger R2, resting on L2, bell circuit closed; fig. D, train in track 
circuit BC relay magnet L, energized contact finger R2, resting on L2, bell circuit open. When train passes out of track circuit 
BC, all parts normal as in fig. A, operation similar in either direction. 

brakes are off, the canopy switches closed; then move the controller handle to 

the first notch. 
After the car is well started, move to the second notch, and after a short time to the third, and so on to 

the last. Don't stop the handle between notches, and don't move it too slowly. On the other hand, do 
not move too rapidly from the first notch to the second. 

In shutting off the current the uandle may be moved around as rapidly as desired to "off" from what-
ever position it may happen to be on. When stopping at any point, the reverse lever is sometimes used 

i to make the car go backward. Never reverse while the car s running, unless to avoid an accident. 
But if it be absolutely necessary to stop the car quickly, pull the brake on with the right hand and shut 
off the current with the left at the same time; then with the right hand free, throw the reverse lever and 

turn on a very little current. 
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After bringing the car into the car house, have the controller at "off," 
take off the controller handles, pull down the trolley and tie it a few inches 
below the trolley wire. 

Car Does Not Start.—If the car fail to start when the con-
troller is "on" and both overhead switches are closed, the trouble 
is due to an open circuit, and probably to one of the following 
causes: 

1. The fuse may have blown or melted. Open an overhead switch a 

FIG. 8,209.—Intersecti,m two u.mble track lines. with t..eir respective signals. If these 
be automatic track relays properly interconnected, they can be readily arranged to give 
the protection desired. If they be semi-automatic, electric interlocking will be introduced 
to prevent confliction of routes. Thus, when signal 3, is at clear, to allow a south bi.und 
train to pass, 2, and 4, must be locked in the normal or stop position when electric locking 

interlocking is used and prevented moving to clear if the ordinary automatic system be 
employed. 

pull off the trolley and put in a new fuse, removing the burned ends from 
under the binding posts before doing so. Never put in a heavier fuse than 
that specified by the company, as it might result in damage by allowing 
too large a current to flow. 

2. On a dry summer day, when there is much fine dust on the trick, 
it happens that the car wheels do not make proper contact with the rail 
and the car fails to start. In such a case try to establish contact by rocking 
the car body. Should this fail to work, the conductor should take the 
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switch bar or a piece of wire and, holdineone erid-firmly on a clean place 
on the rail, hold the other against the wheel or truck. This will make 
temporary connection until the car has started. The conductor should 
be sure to make his rail contact first and keep it firm during this operation 
or he may receive a shock. 

3. If the track conditions be apparently good, it may be that the car 
stands on a piece of dead rail, a piece of rail on which the bonding has been 
destroyed. In that case the car conductor would have to go to the next 
rail section with a piece of wire to ccomect the two rails and then order 
the motorman to start his car. 

4. A brush or two may not have been placed, or, if placed, may fit 
coo tightly in the brush holder, so that the springs do not establish contact 
between the brush and the commutator. If this be the case, remove the 
brushes and sandpaper them until they go into the brush holder easily. 

5. The contact fingers on a controller are rough, burnt, and perhaps 
bent so that the drum cannot make contact. It may also be due to wear 
on both the contact surfaces of the drum and the finger, which may have 
been burnt and worn away to such an extent that contact is not established 
when the controller handle is placed in the first notch. Try to smooth 
the burnt surface with sandpaper and bend the fingers or contacts into 
their proper position. Should this fail, then operate the car with the 
other controller. In this case the conductor should be on the front plat-
form to handle the brake and give orders to the motorman when to start 
and stop, as the occasion requires. Under these conditions the car should 
never be allowed to travel at a high speed. 

6. A loose or br-,ken cable connection. This can be located and placed 
and fastened in its position. It is, in most instances, a cable connected 
to one of. the Motors, rheostat or lightning arrester, and very seldom in 
the cot troller stand. 

7. A burnt rheostat. A rheostat may have received too great a current 
for some time and the first contact terminal may be broken. In such a 
case, if temporary connection cannot be conveniently established, the car 
will not start at the first notch, but at the second it will start with a jerk. 

8. If the car refuse to start on the first contact, but start all right on 
the second and acts normal thereafter, then there is an open circuit in 
the rheostat, either internally, or the first cable connection is broken. 

Abnormal Starting.—Sometimes a car will start with a 

jerk, but afterwards run smooth and normal. 

This indicates a short circuit in the rheostat. Examine the rheostat 
terminals, as the trouble may be due to the crossing of the cables or a 
loose cable touching another terminal of the rheostat; eo not touch it 
but run car back to barn 



996 y5' 

8,210,--Advanced block distant signal. fn operation when the towerrnan pulls 
lever numbered the same as the distant signal he desires to operate, he completes a circuit 
between the two springs which causes the distant signal blade to clear. 

Pm. 8.211.—Distant signal and repeater circuit. Here, through a lever connection, when thelevet 
is pulled out in the tower, current i allowed to flow to and complete a circuit through a 
contact spring operated by the signal mechanism. As soon as the distant blade clears, 
according to this circuit, a repeater located in the tower is de-energized and drops its 
armature, which shows the position of the blade whose action governs its source of energy. 

PIG. 8.212.—Diagram illustrating electric interlockiag. A switch and lock movement is driven 
by a direct current motor, the shaft of which is connected by a magnetic clutch to an 
extension working a cam drum which operates the switch and lock. When the drum is 
revolved by the motor, first the lock rod and then the switch move in proper operation. 
After the switch has been moved against the stock rail it is automatically locked and a 
knife switch throws open the control circuits and closes the indication circuit. The direc-
tion of rotation for reversing the switch is controlled by a double field winding in the 
net«. one part of which is cut out while the other is in circuit. 
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Troubles.— Heavy flashing and smoking in the controller is 

(lue to dirt, moisture, metal dust in the controller, or the too 

slow turning off of the controller. 

Open the overhead switch and blow out the dust from the ring terminals, 
also remove all dust at the lower ends of the controller and see that it 
is dry. 

Should the lamps not light upon turning the lamp switch examine 
lamp circuit fuse. 

If fuse be not blown, either a lamp is not screwed up or one is burned 
out. In either case none will burn because they are connected in series. 

Motor Troubles.— A few motor troubles often met with are 

tiven here: 

A sharp rattling noise when the car is traveling at high speed is the 
consequence of an uneven commutator. 

A commutator that is flat in places, or a few bars that Aave become 
loose and project slightly, cause the brushes to be quickly breed away 
from the commutator by the high bars, and to be forced back onto the 
lower ones by the brush holder spring as soon as a high bar has passed. 
This causes heavy sparking at the brushes and excessive heating of the 
commutator segments, besides the rapid wearing down of the brushes. 
The rapid succession of these changes causes the noise, and this can be 
remedied only in the repair shop. It should be reported. 

A dull thumping noise, also connected with sparking at the brushes, 
may be clue to the armature striking or rubbing against the pole pieces. 
If this be due to loose bearings the cap bolts should be tightened, but 
if, on account of worn out boxes, the car should be taken to the barn at 
a reduced speed. 

Abnormal heating of one of the motor armatures may be due tn its 
striking the field poles when rotating. 

Heating of the motor may also be due to a defective brake, caused by 
weak release springs or too short a brake chain. 

Again, heating may be due to the oil or grease used which does not 
melt properly, if at all. 

A full grease or oil cup is no sign of proper lubrication. 

If it be found that bearings heat, in spite of full grease cups, take a 
clean stick, make a hole through the greAse down to the shaft, nour in 
soft oil and go ahead. 
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It may be well occasionally to feel the car axle bearings, which gal 
pretty warm when insufficiently supplied with oil. 

Before Starting.— When the train is turned over to the 
motorman he should: 

1. Pass along the outside and carefully examine the bus line and cable 
jumpers between cars, to assure himself that all connections are properly 
made and that the main switches are closed; 
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Pm. 8,213.—Standard home and distant semaphore signals. In operation, urea either blade 
has reacned a position approximately 30 degrees from the vertical it will indicate the same 
as though at the full horizontal position. This is effected by using several spectacles, each 
held in place by independent bezel rings, semaphores vary in length from 4 to 5 feet, about 
4i;¡ being regarded as standard. 

8,214.—Tra in dispatcher's selector system. This is used to indicate to the train engineer 
whether he is to proceed on the main line or to take a side track. When the indicator signal 
is turned from the normal to the reverse position a special "answer back" device is also 
operated, which makes an audible noise and informs the dispatcher that the signal has 
operated properly. To disphiy a "take siding" signal the dispatcher turns a switch or 
depresses a key which operates the selector by closing the normally open contacts marked 
C. The "sti,:k relay" throws signal battery current into a motor which operates the signal. 
To restore the signal to normal position the dispatcher operates the selector in the reverse 
direction, which opens the contacts marked C. This causes the "stick relay" to restore to 
normal position and throws a reverse signal back to the dispatcher. This system is semi-
automatic. 

2. Pass through the train, closing air compressor and third rail switches 
in each car, and opening master control switches in all cars except head 
car or car from which train is to be operated; 

3. Pass along outside the train again and satisfy himself that the air 
compressors are working properly; 
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4. Take position in the motorman's compartment at forward end of 
train and note the brake pipe pressure, and close master controller switch; 

5. Set circuit breakers by moving the circuit breaker switch over the 
master controller to the on position, holding it there about one second 
to allow time for all circuit breakers to set; 

6. Test the air brakes, and if same work satisfactorily, the train ir 
ready to start. 

Train Fails to Start.—If, when all the connections are made 
and the controlling handle operated properly, the train do not 
start, the fault may be due to various causes, as: 1, failure of 
power; 2, fault in master control circuit; 3, fault in motor con-
trol circuit; 4, non-release of air brakes. 

To detect failure of power, try the lights. Some faults liable to occur 
in the master control circuit are: loose cable jumper; grounded train cable; 
poor contact in master controller; master control fuse blown. 

A loose cable jumper is detected by noting if the contactors on each 
car be working while the train is accelerating. 

A grounded cable is detected by operating the master controller; if the 
master controller fuse blow, it indicates that one or more wires of the 
train cable are grounded. 

To locate a ground in the train cable, disconnect train cable on operating 
car from rest of train by removing train cable jumper from its socket on 
second car. If the fuse now blow, when the controller handle is operated, 
it indicates that the ground is either in the operating car or its train cable 
jumper. 

To determine which be grounded, remove jumper, if fuse blow when the 
controller handle is operated, the ground is in the car; if it do not blow, 
the ground is in the jumper. 

To detect poor contact in the master controller, open master controller 
switch, remove cover from the controller and turn the handle slowly, 
noting if each finger make good contact with the drive. 

A blown master controller fuse is indicated if, in turning the master 
controller handle to the first notch and thus opening the master controller 
switch, no arcing occur, the fuse is blown or is imperfect. 

Fault liable to occur in the motor control circuit are: main fuse blown; 
shoe or trolley fuses blown; bus fuses blown; loose or disconnected bum 
jumper; circuit breakers open. 

The blowing of the main fuses should not occur often. Tt is caused by 
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short circuit or grounding in the motor circuit. Before renewing main 
fuse, open the main switch. 

The grounding or short circuiting of the wiring on a car or truck may 
cause the trolley fuse to blow. The trolley or trolleys should be pulled 
down and trolley switch opened before replacing trolley fuse. 

A shoe fuse may blow for short circuit, grounding of the car wiring 
on some part of the car or truck, or may be caused by a contact shoe on 
the car or train grounding. In replacing fuse, first open the third rail 
switch and insert the wooden paddles, provided for that purpose between 
all shoes on that car that are in contact with the third rail. 

A loose or disconnected bus jumper may be detected when the train is 
at a crossover and current cannot be obtained on operating cars, although 
other cars of the train have current, thus indicating blown fuse or fuses, 
or that a bus line jumper is loose or disconnected between the operating 
and adjacent cars. 
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CHAPTER 44 

Electric Ship Drive 
The object of the electric drive is to overcome the inherent 

defects or limitations of the turbine, that is, its function is similar 
to the so-called "transmission" of an automobile in that it gives 

flexibility of control and permits the turbine to run at its most 

economical speed. 

FIG. 8,215,—Elementary diagram illustrating the essentials of electric ship propulsion. Two 
turbine alternator units are shown on the right which ara wired for various connections 
with the motors; the latter operates the propellers A ,B,C and D. 

Fig. 8,215 will make clear the plan of the driving mechanism. The gen-
erating plant is composed of two independent turbine alternators, each 
of which is capable of delivering one-half of the total power necessary 
to run the ship at maximum speed. The driving motors are of the three 
phase variety and each motor is equipped with two sets of pole piece—one 
of twenty-four poles and the other of thirty-six. By operating the motors 
on one or the other set of pole, the speed is changed without impairing 
the efficiency in any way. The plan of operation is to drive the motors 
at the lower speed for cruising with only one turbine alternator in opera-
tion, while for the greater speed the two alternators would be operated 
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8,2i6.—Hobart's alter-cycle control or induction motors for e'ectrie ship propulsion 
There are fou- motors E.F,G and H, wound respectively for 24,36,43, and 72 poles. 
The maximum speed of the propeller shalt is 100 r.p.m. with full power of r11 the motors. 
To run the motors at 100 r.p.w. requires frequencies of 29 cycles for the 24 pole motor. 
30, for the 36 pole motor. 40, for the 48 poi,' motor, and 60 for the 72 pole motor. Thus 
to obtain equal r.p.m. the frequencies of the four alternators A,B C,D are respectively 
made 20,30,40 and 60. To obtain these frequencies when the alternators are down say to 
600 r.p.m. requires respectively 4.6,8, and 12 poles for the alternators &LC and D. 
To drive the ship at two-thirds peed, motors F a- d H, are connected to alternators A and 
C, which provide respectively 3,¡ of the frequencies of B and D. to which F and H. were 
connected for full speed running. Since for the lower seed only about silo al much powet 
is required as for top speed, alternators B an.! D, and motor B and G. are shut down. Fee 
half speed a single motor is sufficient; this can be provided by operating motor H, fro& 
alternator r, cr G. from A. One-third 'peed is obtained by operating lí, from A. 

8,217.—The Menlees system of propelling ships by gss engines, ln the figure A, te • 
six : ylinder gas engine coupled to a dynamo B. The shaft C, of the dynamo and engme is 
adapted to be connected by a clutch D, with the shaft E, of the electric motor F. which is 
connected with tha propeller shaft. In operation at all ahead snip speeds direct driving 
may be employed, but, for speeds less then half , the electrical transmission may be used, 
the motor F, receiving electrical energy from the dynamo B. The drive may also be em-
ployed for reversing the astern speed by not greater than half the full ahead speed. suitable 
switches and gear being provided. 
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PIG. 8 218.—General Electric revolving field of alternator of the turbine driven unit shown*. 
fig. 8,223. 

1 1 1_r4. „„. 
cilimeommikse4.60.41.00te, 

rtn. 8.,219.--General 
Electric synchro-
nous motor as de • 
s;gned for four new 
cutters for the 
c-iast guard service . _ 
Motors designed 
for ship propulsion 
must be capable of 
operating success-
fully under normal 
load and speed con- e-
ditions and also of 
quickly reversing 
the propeller at full speed. There 
should be sufficient "break out 
capacity" so that the motor will 
not fall out of step due to tiie 
overloads imposed by the propeller 
in rough weather. Because of 
the fact that the synchronous 
motor cannot be designed to give 
smite as much starting and pull 
ut torque as an induction motor, 
and also because the alternator 
being designed for unity power 
factor, is small, it is not possible to obtain sufficient reversing torque without over. 
exciting the alternator field. It is also necessary when reversing at full speed to reduce the 
alternator speed until the motor has been synchronized, after which motor and alternator are 
brought up to speed together. Where very high torque is required to brake the propeller 
down to zero speed against the action of the water tending to drive it as a tu bine, the motor 
may be operated as a short circuited alternator by reversing the phase rotation between 
motor and alternator, then establishing field on the motor but with no excitation on the 
alternator field. After the propeller has been brought to test, the motor may be started 
&S an induction motor, brought un to soeed, and synchronized. 
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FIG. 8,220.—General E'ectric induction motor for merchant marine propulsion. The fella. 
bility of an induction motor on shipboard is greatly enhanced by the ease with which tem-
porary repairs can be made in case of an electrical break down at sea, without disassembling 
the motor, so that the boat may continue at full or slightly reduced speed to port. 

FIG. 8,221. — Exterior view d 
General Electric induction mow, 
shown in section in fig. 8.220. 



' G. 8,222.—General Electric turbine driven alternator in which end bearing is carried by end shield. 

in tandem with the mc,tors arranged to run at their maximum speed. Thus it will be seen that when 
cruising, the one alternator is running at its full efficiency as are also the motors, while the second 
alternator is idle. Likewise, when full speed is required, the second alternator is started and run also 
at its peak of efficiency. 

The author believes the time and money spent in devising such complication of machinery to secure 
flexibility of control and to obtain the necessary speed reduction between high speed turbines and low speed 
propellers could have been employed more profitably in perfecting a two speed and reverse gear, or more 
especially in seeking a commercially successful method of generating steam at considerably higher pressures 
and degrees of superheat than are common at present, for use in quadruple and quintuple expansion engines. 
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' Table of Electrical In-
arurnente on Control 
Panel 

1. Excitation indicaLe 
2. Generator ammeter 
3. Propeller speed inch-

cator. 
4. Generator field am-

meter 
5. Generator volt meter 
P. Turbine speed iniiice-
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al. Temperature indica-
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PIG. 8,224.—Diagramm•ttic arrangement of General Electric steam governing system and 
electric connections of slip propulsion machinery. It is easy to control a vessel 

equipped with a turbine driven alternator and propelled by a three phase induction motor mounted on a single Miring shalt. 
Starting, stopping, and reversing are accomplished by means of an easily operated lever which serves to close, open, or reverse 
the electrical connections between the alternator and the driving motor on the propeller shaft. The speed of the propeller shaft 
is regulated through a range from one-third to full speed by means of a second lever which changes the speed of the alternator. 
the efficient driving of the propeller, under varying conditions in a sea voyage .4 gauged by a set of electrical instruments and 
@premed by a third handle attached to a resistor isa the altuaator field circuit. bandle adjusts the excitation of the alternator. 
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CHAPTER 45 

Pumps 
A very large 'variety of electric driven pumps are of the re-

cipl.ocating type being used for almost every Conditión of service 
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Pics. 8,2E5 to 8,227.—Elementary single acting lift pump showing essential features and cyclt 
of operation. 

They are either single or double acting, single or multi-cylinder, vertical, 
or horizontal, piston or plunger, etc., as may be best suited to any particu-
lar installation. 

Motors for P,eciprrciting Pumps.—Wher d. c. motors 



PUMPS 1,009 

are used, the compound wound type is generally selected for single 
acting pumps, on account of the rather pulsating load, but 
for double and triplex pumps having steadier load characteristics; 
the shunt wound type is used to advantage. 

Both squirrel cage and phase wound induction motors are suitable, 
the latter as a rule being selected where it is desirable to reduce the starting 
current to a minimum, or where a somewhat variable speed is required. 

STUFFING 
BOX 

COVER 

BUCKET 
VALVE 
OPEN 

PIGS. 8,228 to 8,230.—Elementary sing e acting force pump showing distinguishing feature of 
closed cylinder. 

Synchronous motors may be, and are frequently used for driving large 
pumps. By pass valves must then, however, be provided for reducing 
the torque at starting. 

Motors for Centrifugal Pumps.—On account of the peculiar 
characteristics of the centrifugal pump, special care is required in 
selecting the type of motor best suited. 

With a reciprocating pump operating at constant speed an inci ease of 
the resistance increases the pressure and therefore the load on the motor, 
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rent. 8.231 and 8 232.—Elementary single acting plunger pump showing essential parts. 
TM distinction between a plunger anda piston should be carefully noted. 

Pus. 8.233 and 8,234.—Elementary double acting piston force pump. /t la a conbination 
of two single acting pumps and gives a nearer uniform flow than the single acting pump. 
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8,235.—lleming single acting plunger triplex pump 
with single reduction belt drive. This type has the 
desirable feature of quiet running in addition to its 
compact arrangement. It makes a desirable arrar.ge-
ment for light service such as tank pumping in resi-
denc, apartment houses, hotels, or wherever noise is 
objectionable. It requires, however, a large pulley and 
is subject to slippage. 

..16. 8,236.— Deming 
single acting plunger 
triplex pump with 
P ?rat I le reduction spur 
drive, with rawhide 
pi r ' Dn This type 
avoids the large pulley 
and gives a positive con-
nection between motor 
awl pump. This is a 
compact drive and is 
suitable for light service 
where space is limited 
and where some noise is 
sot objectionable. 

but with a centrifugal pump, 
an increase ot the resistance 
reduces the load. 

The volume of water de-
livered by a reciprocating 
pump is not affected by the 
reduction of the head, but the 
required power is reduced. A 
reduction of the head with a 
centrifugal pump, however, 
increases the volume of water, 
and as the efficiency at the 
same time goes down rapidly, 
the load increases. It is ac-
cordingly of importance to 
know what this overload, 
caused by a reduction of 
the head, amounts to—the 
duration of this overload. 
The capacity of the motor 
should as a rule be governed 



PIG. 8,237.—Derning single acting plunger triplex pump with single reduction herringbone drive. The features of the herring-
bone gears are continuous and smooth action, elimination of shock, and reduced wear. 

Fie. 8,238.—Deming single acting plunger triplex pump with single reduction, so called silent chain drive. This drive 
is desirable where quiet running is essential and space limited. 

by the low and not the high head conditions. The condition of starting must also be given careful con-
sideration in selecting the motor. 

Shunt wound d.c. motors and either squirrel cage or phase wound induction motors are well adapted 
ior ,.-.entifrugal pumps and will readily meet the above conditions. 
A synchronous motor may lead to difficulties unless proper precautions are taken in designing the starting 

winding and auxiliary starting equipment, 
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The Drive.—The re-

ciprocating pump, be 
of the necessarily . 

low speed at which it 
must operate requires 

a high velocity reduction 
between the motor ani 

pump. 

According y some form 
of gearing which consti-
tutes the "drive" must be 
interposed between thE 
two machines. The various 
types of drive are shown 
in the accompanying cuts. 

8,239.—Deming single acting plunger triplex pump with double reduction spur pea:» 
drive. As is evident, a large speed reduction between motor and pump is obtained in a 
small space. The arrangement permits the use of a high speed motor with a heavy duty 
pump. 

Control Devices; Power End.—There are various devices 

for automatically starting and 
stopping the motor when pre-

determined conditions of 
pumping are reached. These 
consist of pressure regulators, 
float switches, etc. 

Fig. 8,247 illustrates the 
method of automatically control-
mg an electric house pump when 
the open tank pumping system is 
used. The pump is usually placed 
in the basement, the discharge 
pipe passing up through the build-
ing to the open tank in the attic, 
where it is generally located. 

PIG 8,2e.—Deming single acting plunger triplex pump with double reduction combina-
tion short belt and spur gear drive. 'reds type has the desirable features of quiet rur.• 
lairig and 4ompactness. When a rawhide pinion is used practically all noise is eliminated. 
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In the tank is placed a float which follows the water level, and a chain 
from the float passes over pulleys through the automatic switch arm 
(the switch being usually located near the tank), and then to a counter-
weight. Small buttons attached to the chain above and below the switch 
arm afford a means of regulabing the points where the motor will start 
and stop. The figure shows the starting rheostat, fuse block, main switch, 
and wiring. 

In place of a tank float, control may be effected by means of 
the varying pressure of the water due to the head. 

How to Figure 
the Cost of Elec-
tric Pumping. 
—The number of 

watt required by 
the motor of an 

electric pump 
must be sufficient 

to furnish power 
for: 1, lifting the 

water; 2, loss due 

PIG.-8,241.—Gould double acting piston triplex pump with double reduction combination 
long belt and spur gear drive. The belt renders the drive less noisy than when both 
reductions are by spur gear, and yet retaining a high degree of compactness. 

to slip; 3, overcoming the friction of water in traversing the 
system from intake to point of delivery; 4, overcoming the friction 
of pump and gearing; 5, overcoming the friction of the motor; 6, 

electrical losses in motor. 

Accordingly, as must be evident, the actual power to be supplied to 
the motor is considerably greater than the theoretical power required to 
lift the water. 

For illustration, assuming that a certain pump have an efficiency of 
85 Per cent, and the motor which runs it, 88 per cent., then the combined 
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efficiency, or efficiency of the system is 
.8.5 X .88 = .75. That is to say, if the 
electrical power delivered to the motor 
be 100 horse power and the efficiency 
of the system be 75 per cent., then only 

100 X .75 = 75 horse power 

is available for elevating the water. 

To get the actual electrical power re-
quired, first, the theoretical head should 
be increased by the loss of head in feet 
due to friction in the pipe line, as deter-
mined from hydraulic tables. The result 
determined in this way must then be 
considered for the power loss in the 

8,242.—Goulds type L automatic press-
ure regulator and by pass. 

pumping unit. This is determined 
by dividing the theoretical horse 
power by the efficiency of the sys-
tem expressed as a decimal, thus: 

requiredi  W X H '1) 
by motor J 33,000 XE • 

in which 

W = weight of water pumped 
per minute in pounds; 

H total dynamic head; 
E efficiency of the system 
comprising pump, motor, and 
gearing connecting them. 

PIG. 8.243.—Goulda type X by pase control consisting of gate valve, discharge cl•*elt valve 
and relief valve 
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Example.—It is required to pump 300 gallons of water per minute 
against a combined static lift and head of 200 ft. The pipe line is 400 ft. 
long and contains 5 ninety degree elbows. 
From table showing friction of water in pipes the friction loss in 100 ft. 

of 5 in. pipe, discharging 300 gals, per min. is 2.25 ft. Accordingly for 
400 ft. it is 4 X 2.25 = 9 ft. From table showing friction of water in elbows 
one 5 in. 90° elbow, discharging 300 gals. per min. = .36 ft. Five elbows 
= 5 X .36 -= 1.8 ft. 

Floe. 8,244 to 8,246.—ering diagrams for Hill double pole automatic pressure tank switch. 
Fig. 8,244, direct, or alternating current, single phase, two wires; fig. 8,245, alternating 
current, three phase, three wire; fig. 8,246, alternating current, two phase, four wire. 

WATER PRESSURE FROM TANK 
OR DISCHARGE OF PUMP 

FIG. 8,247.—Hill double acting single cylinder piston tank pump with single reduction 
worm drive and pressure control apparatus. In operation of the control, as pressure 
rises, diaphragm moves lever until ball falls across center, throwing switch open suddenly. 
When pressure in tank decreases, on account of lowering of the water level, lever is moved 
until ball falls to the opposite side, closing switch and again starting motor and pump. The 
apparatus is set for different pressurés by adjusting the thumb nut. 

- 
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CHAPTER 46 

Elevators 
There are numerous kinds of electric elevator designed to 

meet the varied conditions of service. They may be classified 

with respect to the control, as: 

a. Non-reversible; f. Full magnet; 
b. Reversible; g. Push button; 
c. Mechanical; h. One speed; 
d. Semi-mechanical; i. Two speed, 
e. Semi-magnet; etc. 

The various methods of applying the power and other mechanical details 
have been described at length in Guide No. 7. 

Elevator Motors.—Either d.c. or a.c. motors may be used 
but d.c. is preferable, because of the high starting torque of the 

d.c. motor. 

The chief difficulty experienced with alternating current motors is this 
lack of ability to start under heavy loads, and for this reason propro-
tionally larger sizes must be used, the increase in horse power required 
being fully 33 per cent. 

Vie adjustable speed d.c. motor having a small percentage of compound 
winding is the type giving the best control. 

The squirrel cage induction motor should be used only for slow and 
constant speed freight elevatorr where the impairment of the line regula-
tion, caused by the high starting current, is not important. 

It is not possible to vary the speed of the ordinary induction motor 
under all conditions of load, nor is it ever possible to employ with it the 
dynamic brake used with the direct current motor. 

Elevator squirrel cage motors, when thrown across the line, should not 
take more than 2M to 3 times the normal current. 

The polyphase slip ring, or external resistance motor is the type of as 
motor suitable for high speed elevatorq 
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ii'fc.8,248.--Overmounted 1 to'1 traction elevator. The control is full magnet, that is, the controller ii actuated by a master 
switch in the car. 

8,249.—Overmounced 2 to 1 traction elevator. The motor is compound wound and runs usually at about eight hundred 
revolutions per minute at full car speed and load. The series field is used only at starting to obtain a highly saturated field in 
the shortest possible time, and this is then short circuited, allowing the motor to run as a plain shunt wound type. In stopping 
a comparatively low resistance field is thrown across the armature, providing a dynamic brake action and a geutle slowing down 
of the car, the brake being called upon only to effect the final stop and to hold the load at rest. 

FIG. 8,250.—Overtnounted traction elevator with multi-reduction or worm drive. Clearly, the worm gives a large velocity reduc-
tion permitting the use of a high speed motor. The magnetic brake being located to act on a brake pulley attached to the fast 
revolving motor shaft•givee considerable braking power light grip on the brake pulley. 
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Cone&llers.—The controller performs a number of functions, 
such as releasing the brake, starting, accelerating, slowing, and 
quickly starting the car. Its control may be classified: 

1. With respect to the rotation of the motor, as 

a. Non-reversible; 

2. With respect to the current, as 

a. Direct; 

b. Reversible. 

b. Alternating. 

8.251.—Diagram of A. B. See No. 4 mechanical controller. 

3. With respect to construction, as 

.c. Full mechanical; c. Semi-magnet; 
b. Semi-mechanical; d. Full magnet. 

The simplest way in which a motor can be installed to dri%re an elevator, 
is to arrange it so r_s to drive a counter-shaft continuously, in which case 
the elevator is stopped and started by throwing belts on the tight or loos. 
pulley. 
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3ONVIS IS3U 
0131A 
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This system may be fully clas-
sified as a continuous operating 
non-reversible full mechanical 
control system. Obviously the 
term non-reversible refers to thé 
motor which always runs in one 
direction as distinguished from 
motors which reverse their rota-
tion to reverse the motion of 
the car. 

The distinction between the 
various classes of controller, 
known as non-reversible, rever-
sible, mechanical, semi-mechan-
ical, semi-magnet, full magnet, 
and push button is illustrated 
in the accompanying cuts. 

Full Magnet D. C. Con-
trollers.—A typical direct 

current control apparatus of 

the full magnet type consists 

I, of several slate panels, 

mounted on an angle iron 

frame with all the connec-
tions made on the back of 

the board. 

5 The solenoid switches 
.5 mounted on the slate panels 

are arranged to perform the 

following functions: 

Ft
cs
. 
8,

25
2 
a
 

1. To disconnect in the off 
position both sides of the line 
from the armature, series field, 
resistance, awl brake magnet 



Shaft limit switches may be installed so as to be operated either by the car or by the counter-weight. 
oi by both. 
The Safety Switch.— ln order to insure the 

SHUNT FIELD 

ELEVATOR MOTOR 

Ifi4-. 8.254.- —Diagram of Otis mechanical reversing control with type B reversing switch. 

stopping of the elevator, even should some accident 
render the regular control from the car switch inoper-
ative, a safety switch should be provided. This consists 
usually of a single pole switch enclosed in a cast iron 
box, the handle of the switch projecting through a slot 
in the enclosing case.  

nnmr n 

8,255.—Diagram of 
Otis direct current 
field control (Leonard 
device i. 

This safety 
switchis de-
signed to be 
connected, 
by means of 
a separate 
three wire 
cable, to that 
part of the 
control cir-
cuit which is 
in the side 
of the line 
opposite to 
that in which 
the car 
switch is con-
nected. The 
third wire in 
this cable is 
desirable as a 
spare. The 
opening o f 
the safety 
switch will 
therefore en-
tirely dis-
connect one 
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side of the control system from the line, and this switch, in connection 
with the car switch, makes it impossible for any combination of ground 
or short circuit to prevent the operator stopping the car at will. 

2. To accelerate the motor automatically by cutting out the armature 
starting resistance step by step, and also the series field with the last step 
of armature resistance (this by means of individual series relay control) 
giving smooth acceleration under all load conditions. 

3. To control the speed of the elevator by cutting resistance in or out 
of the shunt held circuit of the motor, affording positive speed control 
under, widely varying loads. 

4. To bring the elevator quickly, but smoothly, from high to low speeds, 
regardless of load, making aceurate stops at landings an easy matter. 

cLi 

SERIES F ELD 
CUT OUT • 

8,256.—Diagram cf Electron direct current mechanical contrAer. 

5. To open the circuit to the motor should an overload current flow. 

6. To apply the dynamic brake in the off position. 

7. To Opel-en the elevator at normal speed from the switchboard for 
test purposes. 

To these seven functions may be added, as a modification 
of the standard controller equipment: 
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8. To open the shunt field circuit in the off position of the controller. 

The Mechanical Brake.—The proper functioning of the mechanical 
brake is rendered positive by disconnecting both terminals of the brake 
magnet winding from the line and from the motor armature in the off posi-
tion of the controller. This makes it certain that no possible combination 
of grounds or short circuits can keep the brake magnet energized and 
the brake released when the car switch is thrown to the off position. So 

long as the brake mechanism 
is in good working order 
mechanically, the positive 
application of the brake is 
assured. 

The Dynamic Brake.— 
Power for the operation of 
the dynamic brake switch is 
taken from the motor arma-
ture and the brake resistance 
is applied directly across the 
armature terminals. 
The application of thie 

brake depends, therefore, not 
on the line voltage but solely 
on the motion of the arma-
ture. 

In any form of elevator 
braking, mechanical or elec-
tric, the energy represented 
by the inertia of the moving 
parts must 1 e dissipated in 
the form of heat in order to 
stop the motor. 

In mechanical braking this 
energy is transformed into 
heat by the friction of the 

FIG. 8,257.—Diagram of Electron direct current two speed magnet controller. 

brake shoe; in electric I. raking it is transformed into heat by causing 
the motor to generate current and dissipating this energy in a 
resistance provided for that purpose—the dynamic brake resistance. 
Accordingly-, when the dynamic brake is used in connection with the mechan-
ical brake, the effectiveness of the latter is increased since it is not called 
upon to arrest a full powered motor, but one which has already been de-
prived of a portion of its energy by having a resistance shunted across 
its armature terminals. 

The Try 04 Switch.—Operators are usually instructed to go to the 
switch beard every morning before entering the car and to test the 
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operation of the elevator by means of a try au, switch, so as to ascertain 
that every part of the installation is operating properly. In this way the 
car may be run up and down the shaft several times each morning, testing 
not only the control apparatus, but also the motor, limit switches, brake 
solenoids, etc. 

The try out switch consists of a single lever normally locked in the central 
position, and in the position completing the circuit to the car switch. 

It is, therefore, not possible to operate the elevator from the car while the try out 
switch is in use, this fact enabling the try out switch to be used also as a safeguard against 
the operation of ' he elevator while the regular operator is absent from the car. 

IL ---0 
CAR 
SAATC11 

SLACK CABLC 
SW.TCP1 

(  

TJR4 

sTOP MOfl 

8,260.—Diagram of National direct current type A, one speed gravity rhiostat controller. 

The Service Switch.—It sometimes happens that the main line knife 
switch ordinarily used as a service switch cannot be so located that it may 
be conveniently opened at night, or at other times when the elevator is idle 
for considerable periods. This condition is frequently met with in over 
mounted installations, and unless some provision Le made for opening the 
circuit to the motor from the car, or from one of the lower floors of the 
building, the operator will be obliged to leave the elevator at the top of the 
shaft each ni, walking down stairs every evening and up stairs every 
mornine._ 
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The service switch remains 
closed normally while the elevator 
is in operation, not being con-
nected in any way to the car 
switch or other speed regulating 
portion of the apparatus. Con-
nection to the single pole service 
switch may be either through 
the safety switch, installed m 
the car, or through any other 
suitable pilot switch installed on 
the landinga t which the operator 
usually leaves the elevator for 
the night. The opening of the 
switch disconnects one side of 
the line from the controller 
switchboard, enabling the oper-
ator or janitor of the building 
to open the circuit to the motot 
without going to the main line 
switch. The service switch con-

8.261.—Diagram of i'ti G style B, direct 
current, two speed magnet controller. mAGNET 

trois, from one set of contact, the 
continuity of both the armature 
and shunt field circuits. This 
arrangement is necessary for 
safety, so that it will not be 
possible to open or close the 
armature circuit without also 
opening or closing the shunt 
field circuit. • 

Machine Type Limit Switch. 
--This switch is intended to in-
sure the slowing down of the car 
from any speed not exceeding 
ll00 feet per minute, and its 
stoppage at the predetermined 
limits of elevator travel. The 
slow down is accomplished by 
means of single pole switches 
in the control circuit, while the 
:•omplete stoppage of the car is 

irm. 8,262. —Typical arrangement of brake magnet '..lav!ng a wedge scene between rollers 
release the brak, 

PLUNGE 

ROLLER 

WEDGE 

SLCEVE 

SOLENOID 

BRAKE 

to 
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8,623.—Diagram of Otis style GS direct current, two 
sweed controller. 

,e 

Xfut. 

VeRete eeMle  

FIG. 8.624.—Diagram of Sprague direct corrent pilot motor 
controller for type A, Sprague elevator. 
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LIMIT $W1TZJICS 
iN 314AFT 

SHUNT FeLD 

1100110Q00000, 
MOTOR  I. 

brought about by 
double pole switches 
which disconnect both 
sides of the lines from 
the control system, 
thus insuring that the 
motor will be stopped 
even under conditions 
which might otherwise 
tend to impair the 
control of the car, 
such for instance, as 
grounds or short cir-
cuits in some part of 
the control system. 

Connections to the 
limit switches are so 
designed that after the 
car has been stopped 
automatically at either 
limit of elevator travel 
it is possible for the 
operator to start and 
immediately accelerate 
to full speed in the 
opposite direction. 

Fm. 8.265.—Diagram of Otis style 2H mechanical reversing switch. 

Sh aft Limit 1.9.1 1.0.4•.• 

Switches. — In OL,Sre«Ci 

addition to the 
machinetypelimit 
switches just re-
ferred to, over 
travel switches 
should be in-
stalled in the 
elevator shaft as 
an extra precau-
tion. These shaft 
limit switches are 
Irranged to be 
operated by the 
car which, on 

point, opens the 
74 ;: 

passing a given 

1=1 switch thus intro-
ducing an addi-
tional break in the FIG. 8.266 - -Diagram of Fraser direct current duplex motor controller. 
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control circuit and insuring the stopping of the elevator through the open. 
big of the line and reverse switch. 

Shaft limit switches, when used as over travel switches, should be so 
arranged that it is impossible for the operator to move the car after the 
switch has opened without first going to the elevator machine, thus insuring 
attention to the defect which caused the shaft limit switch to operate. These 
svvitchel are sometimes installed alone in preference to the machine type 
of limit switch on drum type elevator machines. 

On traçtion type elevator machines they obviously have to be used 
for both the automatic limits and o‘, cr travel. For automatically slowing 
down and stopping the car three single pole shaft switches at either limit 
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PIG. 8,267.—Diagram of Otis-type VAS alternating current, two phase magnet controller. 

of elevator travel should be used, making a total of six switches in al:. 
One switch in each of the two sets of three is used to slow down the car while 
the other two operate in unison as a double pole switch to bring the car tc 
a standstill. 

In addition two single pole shaft limit switches should be used for pro-
tection against over travel. 

Alternating Current Controllers.—Since a. c. should 
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Frs.. M.268.—Diagram of Otis-type alternating cur rent two 
three phase mechanical controller. 

preferably be limited to moderate speeds, because it is not 
feasible to employ dynamic braking. 

This means that the car must be slowed down and stopped by the appli-
cation of the solenoid brake alone, and the speed must therefore be one 
that will permit this being done with safety and comfort under all the 
widely varying conditions met with in elevator service. 

A typical alternating current full magnet controller consists of several 
slate panels mounted on 
an angle iron frame whicl. 
serves also as a support 

terc'  for the resistance. 

A. c. solenoid 
switches mounted on 
the face of the panel 

and connected to the 
resistance (all connec-
tions being made at 
the back of the board) 

are arranged to per-
form t h e following 
functions: 

1. To disconnect the 
primary wires from the 
motor and brake solenoid 
in the off position of the 
controller. 

efflect 2. To accelerate the 
motor automatically by 
cutting the starting resis-
tance out of the rotor 

circuit step by step (using series relay control) and giving smooth acceler-
ation at all loads. 

3. To operate the elevator from the switchboard for test purposes. 

Current Relay Acceleration.—The acceleration of the motor is 
accomplished by a parallel solenoid self-starter with secondary starting 
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resistance. A suitable number of double pole' alternating current solenoid 
switch are used, these being so connected as to cut a section of resistance 
out of each of the three phases of the rotor circuit simultaneously, the rate 
of acceleratioa being governed automatically by a number of current relay 
in the rotor circuit. By suitable adjustment of these relays the starting 
current is limited to a predetermined maximum. 

The office of the ielay is to lift and open the circuit to the succeeding 
switch when the starting current rises as each switch in turn is closed, thus 
preventing the cutting out of the next step of resistance until the motor has 
properly accelerated and the surge of current incident to the closing of the 
previous switch has died down. 

Limit Switches.—The automatic stopping of the car at the two limits 
of elevator travel, in the case ea drum type elevator machine, is usually 
accomplished by a limit switch of the rotating earn or traveling cam type. 
These switches are designed to open both sides of the control circuit to the 
solenoid switches on the controller switch board, thus insuring the stopping 
of the car through the opening of the motor circuit. 

Shaft limit switches may be used in place of the carnint2er limit switches, 
used if desired, and should be  in the case of traction machines. 

Two shalt limit switches should be used as over travel switches, in both 
cases, and should be so connected in the control circuit as to make it impos-
sible for the operator to move the car in the reverse direction after over 
traveling without first going to the winding machine. This insures protec. 
tion against phase reversal. 

The Brake Solenoid.—This is designed to be connected directly to 
the motor terminals. When the circuit to the motor is closed, the solenoid 
is energized and the brake released. Upon the opening of the main line 
circuit (whether this be done intentionally in operating the elevator, or is 
the result of accident) the solenoid is de-energized and the brake applied. 
The operation of the brake solenoid is very rapid, and the force applied to 
the brake considerable. It is recommended, therefore, that the parts of 
the brake mechanism used with these solenoids, be of rugged construction, 
a simple toggle or wedge mechanism being most desirable. It is desirable 
also that the brake itself be so designed as to permit of the gradual, rather 
than a sudden braking effect, so as to avoid jarring the car by stopping it 
too quickly. 

OPERATING 
INSTRUCTIONS 

Before Starting.—The main switch connecting the motor with the 
imply circuit must be closed. This switch btiould not be closed, however. 
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Fm. 8.270.—Dt• agram of Otis type MF4 direct current magnet controller for traction elevator. 
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until it is positively known that the hand rope, pilot wheel, lever, or switch 
of the operating device in the car is in its off position. 

Motor Starter Contacts.—These contacts should always be kept 
smooth and bright. A piece of fine sand paper rubbed over them is the 
best means of producing the desired result After sand papering, the 
loose particles should be blown out with a bellows. 

The bearings and cams of the motor starter should be kept clean and 
well oiled, and if a dash pot be provided to prevent the contact arm moving 
over the contacts faster than is necessary to secure the proper acceleration 
of the motor, this should be adjusted so that the arm will descend in from 
five to seven seconds. 

As the retarding action of the dash pot may bc. overcome by gravity, 
a spring, magnetic attraction, or by the motion imparted from the motor, 
the shafting, or the elevator machine, the method of adjustment will depend 
upon which form of motor starter be used. 

Caution in Adjusting.—An important point to remember in connection 
with the cleaning, oiling, or adjusting of the motor starter, and in fact in 
connection with the cleaning, oiling, or adjust;ng of any parts of the elevator 
equipment, is' to open the main switch connecting the motor to the supply 
circuit before commencing these operations; this will tend to prevent acci-
dents of an electrical or a mechanical nature. 

Car Stops.—If, in the operation of an elevator, the car stop for some 
unknown reason, the operator should at once shift his controlling device 
in the car to the off position. If, then, upon shifting the controlling device 
again to start, the car refuse to move in either direction, some one of the 
following occurrences has probably taken place: It may be that the car or 
counter weight has met with some obstruction and the slack cable device 
has operated; that there :s a poor contact in the switch or connections; that 
the fuse or circuit breaker has opened the motor circuit; or that the rurrent 
has been turned off the supply wires. In any case, the motor should be 
examined before starting, te see that no damage has been done to it. 

Car Stops between Landings.—When this happens, owing to a failure 
in supply of power, an effort should be made to have the main switch 
opened, the brake released, and the worm shaft turned either by pulling 
on the brake pulley or with a wrench on the end of the armature shaft so 
as ve bring the car to a floor landing and allow the passengers to get out. 

In some elevator motors, the free end of the armature shaft is purposely made square 
to facilitate turning the shaft with a wrench as just mentioned. 

Car Beyond Control.—If the operator find he has los* control of 
the car and cannot stop it, he should not become frightened out allow it 
to make the full run, relying on the limit stops to automatically bring the 
nu- to a standstill at either end of its travel. 
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Limit Stopa.—The operator should not rely on the limit stops to make 
a top or bottom landing, but should operate the controlling device in 
the car as he would to make any intermediate landing. It is advisable, 
however, to test the adjustment of the limit stops and determine if they 
remain in proper working order by trying them once daily by means of 
the car. 

E 

N 

Pic. 8,272.—Machine limit stop or safety device placed on the machine to prevent over travel 
in case the stops on the shipper rope become inactive by the breaking of the rope. /t con-
sists of a threaded extension A, on the drum shaft upon which a traveling nut E. moves 
in a fixed ratio to the movement of the car. The shipper rope pulley N, is on that portion 
of the drum shaft which is not threaded, and carries a bracket R. that extends over the 
threaded portion. Owing to two lugs on the nut E, which fit in slots in the bracket, the 
nut can move only parallel with the shaft when the drum rotates unless the shipper rope 
sheave N, moves also. On each side of the nut E, there are claws that engage with similar 
claws on the inner sides of the nuts V, and S, when E, and V, or E, and S, come together. 
Check nuts on the outer sides of the nuts V, and S,securely clamp the latter to the drum 
shaft, so that when the nut E, engages either with V, or S, it will, by means of the bracket 
S. shift the shipper rope sheave N. thus cutting off the current from the motor and ap-
plying the brake. If the nuts V, and S, be located ont he threaded portion of the shaft so 
that contact is made between them and the nut E, when the car reaches its limits of travel, 
the operation of the device will stop the car automatically at both these points. 

Leaving Car for the Night.—When the elevator is left for the night, 
the car should be brought to the lowest landing and allowed to remain 
there. Care must be taken to open the main switch connecting the motor 
to the supply circuit, before leaving the premises. In fact, whenever the 
car is to be left idle for any length of time, this switch should be opened 
to prevent any possibility of the motor starting up and causing damage. 
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CHAPTER 47 

Cranes 
By definition, a crane is a machine for lifting, lowering, and 

moving a load in a horizontal direction, as distinguished from a 

hoist which simply lifts and lowers a load. 

With respect to range cf movement, cranes may be classed as: 1, rotary; 
2, rectilinear; and 3, combined rotary and rectilinear. 

In addition to the ordinary forms coming under these heads, 

there are some miscellaneous types known as 

1. Sheer legs; 

2. Transporters; 

3. Telphers {.,,,,caobnlej,"2;systems. 

Rotary Cranes.—In this type of crane, the construction is 

such as will permit the load to be lifted, lowered, and moved 

It is usual for the framing to be capable of making a complete circle. 
To reach a given point a radial and an angular movement are necessary. 

Rectilinear Cranes.—This form of crane differs from the 

preceding type in that the load is moved linearly instead of 

radially. 

To reach a given point, a longitudinal and a transverse movement are 

"ecessary. 
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Combined Rotary and Rectilinear Cranes.—A modifica-
tion of the traveling crane, which combines the functions of the 
two classes, rotary and rectilinear, consists in pivoting one end 
of the bridge of a traveling crane and supporting the other 
end on a circular gantry. Most of the mechanism is identical 
with that of the traveling crane. 

Transporters.—By definition a transporter is a lifting and 
fransport ng machine designed to carry loads between two fixed 

FIG. 8,273.—Niles crane construction: Standard grab laimket trolley suitable for operation 
with a two rope grab bucket, one rope being attached to bail of bucket and the other attached 
to the opening mechanism. The trolley framing consists of heavy steel channels securely 
riveted together, making a self-contained and rigid construction to which the mechanism 
is attached. The trolley is oF the double drum type, each drum being operated independently 
of the other or in unison through the medium of one train of compensating gears. The 
hoisting drums are finished all over, and have grooves cut so that the bucket is lifted verticallY 
without twisting, and the load is distributed equally to both bridge girders. One drum is 
fitted with a foot brake of the post type, balanced and positively withhe'd from contact 
with the brake wheel, except when applied by the operator for the purpose of opening the 
bucket The brake is operated by a foot lever conveniently located in the cage. The bucket 
is held -sy two sets of rope, the tension in which i; always equalized through the cempensatinp 
g ars, voiding the possibility of slack ropes and issue ng the retention of the bucket by one 
of the -opes should the other break. The hoisting mechanism is controlled by powerful 
brakes preventing the dropping of the bucket or running down by gravity under any condi-
tion of service. The opening of the bucket or dumping ot the load is by the simple application 
o the foot brake. When the open bucket comes in contact with the material te be handled. 
the controller is moved to the hoisting position. This eloses and thereby fills the bucket 
which, without further maninelation. is hoisted to the desired dumping point. 
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iG. 8,274 :,;11US crane construction; Bridge end trucks 
showing the two bearings for bridge drive shaft and 
the steel plate with bumper block at end of truck. 

It is used chiefly for 
handling comparatively 
light loads at quick speeds 
and employed largely for 
the conveyance of ma-
terials such as coal in bulk. 
For the latter service it is 
provided with an auto-
matic grab instead of a 
hook. 

Crane Motors.— Foi 
driving the traveling, 
traversing, and slewing 
motions of crane, series 
wound motors of a gener-
ally similar type to those 
used for electric traction 

give satisfactory results, this work being in fact a simple class of 
electric traction. 

Pics. 8,275 and 8,P76.—Niles crane construction: bridge ends or trucks. The bridge ends 
are built up of plates and angles, as illustrated, or of heavy steel channels or I beams, depend-
ing upon the type and cap icity of the crane. Heavy gusset plates connect the girders and 
bridge ends, and prevent the girders getting out of square. The bridge ends extend beyond 
the wheel and are capped at the ends w.th a removable steel plate, provision being made 
for attaching wooden bumper blocks, which prevent the wheels and gears of two cranes 
coming in contact when several cranes are on the same runway. The truck wheels may be 
easily removed by taking off the steel caps, jacking up the bridge ends just enough to remove 
the weight from the wheel, withdrawing the axle and rolling the wheel out. Lubrication of 
the truck wheels is provided by internal oiling through the center of the axle. The bridge 
drive shaft is carried at the ends by self-oiling cap bearings, so located as to eliminate over-
hung gears or pinions. 
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The driving of the hoisting motion presents a more difficult problem, 
for though it is easy to lift the load up, it is not always so easy to get it 
down again in a satisfactory manner. 

Automatic Electro-magnetic Brakes.—It is customary to 
fit the hoisting motion with an electro-magnetic brake. 

This may consist of a band brake which is normally kept on by a spring 
or weight and released by an ironclad solenoid, or it may be a disc brake 

PIGS. 8,277 and 8,278.—Niles crane construction: Box section bridge girders. The standard 
box section girders are built up of two web plates, four heavy angles and universal mill 
top and bottom cover plates The web plates are reinforced at frequent intervals by heavy 
vertical, angles and connected together by diaphragms to prevent vibration and skewing 
diagonally when the crane is started suddenly. The bridge motor is bolted in a horizontal 
position to a heavy structural steel bracket, riveted to the girder adjacent to one set of ver-
tical angles and c:iaphragm plates connecting the web plates described above, in order to 
prevent distortion of the girders. At the ends of the girders are placed heavy vertical and 
horizontal angles which reinforce the webs and serve as a connection to the bridge ends. 

8,279.—Nffes crane construction: Bridge drive for box section girders. The web plates 
of the box section girders are reinforced by heavy stiffening angles, placed near the bridge 
drive motor and are connected by diaphragms, preventing distortion of the girders by motor 
or gears. A substantial platform with angle iron hand rail extends along the girder on the 
brid/e drive side, nroviding easy access to th • bridge motor, gears and bearings. 



CRANES 1,041 

in which the discs are normally pressed together by a spring, an electro-
magnet being provided to pull back the pressure plate and release the lsc. 

The coil of the solenoid or electro-magnet is in circuit with the hoisting 
motor, so that when current is switched on to the motor, the brake is 
released, and when it is switched off, the brake is applied. This makes an 
excellent safety device, but as it can only be off or full on, it cannot be used 
to regulate the descent of the load when lowering. 

In cases where the driver has access to the gear, as in locomotive jib 
cranes and derricks, an addition may be made to the electro-magnetic 
brake in the form of a hand or foot release lever, by which the brake can 

ketc..s. 8,280 and 8,281.—N des crane construction: Electric brake. It is of the ironc. ad solenoid 
type and is fitted with a removable brake band which engages almost the entire circumference 
of a turned and balanced wheel. The band is of special steel and lined with a renewable 
friction wearing surface. The brake is always on when there is no current flowing through 
the motor and is always off when motor is running. 

be released or its pressure regulated. Loads are then hoisted by the motor, 
and are allowed to run down by their own weight, the speed of descent 
being regulated by the brake. 

Where the driver operates the gear from a distance, the arrangement 
just described is not practicable, and some automatic or electrically con-
trolled arrangement must be used to check the speed of descent of the load. 

Automatic Mechanical Brake.—This type of brake is us-
ually of the disc type, and is arranged to allow the gear to rum freely 
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in the direction of hoisting, but holds it front running in the op-
posite direction, being applied by a screw, or it can be arranged 
to be operated automatically by the load. 

The brake is released by running the motor in the direction of lowering. 
As the motor releases the brake, the load tends to put it on again; conse-
quently the speed of descent depends upon the speed of the motor, and this 
can, of course, be regulated by the driver by means of the controller. 

Eddy Current Brake.— This type of brake is only used to 

PIG. 8,282.—Niles crane construction: Mechanical load brake. It, is of the double disc type 
with hard bronze wearing surfaces. It is automatic in action and self-contained, all thrusts 
being taken up within itself. The brake will not permit the load to run down unless the 
motor is revolved by power in the lowering direction. 

a limited extent. It consists of a wheel, generally of copper or 
other metal of low electrical resistance, which is arranged to 
rotate between the poles of an electromagnet. 

The wheel is driven by the descending load, and eddy currents are gene-
rated in it, which give rise to a retarding torque. The eddy curl-grits and 
the consequent torque are regulated by varying the strength of the magnet 
by means of a regulating switch and resistance. 

Rheostatic Brake.— For this form of braking, the controller 
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is provided with several positions on the lowering side, called 
brake points. 

In these positions the controller alters the connections of the motor to 
those of a series dynamo, so that it generates current when driven by the 
descending load, the energy being absorbed by the controller resistance. 
The speed of lowering is regulated by varying the resistance. 

Regenerative Control.—Instead of a series motor, a shunt 
wound motor may be used to drive the hoisting motion. 

1'1GS. 8.2,...,3 to 2-285.—Niles crane construction: Contact type limit switch. /t consists of a 
worm wheel with machined teeth actuated by a turned steel worm which is attached directly 
to the hoisting d um shaft. 1 he release mechanism is operated by a .positive stop on the 
woi m wheel with a I, y'pass attachment which prevents amage to the switch by over hoisting. 
The switch blades are of a quick break type operated by.a powerful spring. When the switch 
is open the motor cannot be operated until the switch is set by hand, after which the hook 
can be hoisted to the maximum height in the danger zone. When the hook ir out of the 
danger zone, the release stop is automatically reset. 

A shunt motor has the advantage that its speed can be efficiently regu-
lated over a fairly wide range by inserting resistance in its field circuit. 
By this means considerable variation of speed in lifting and lowering may 
be obtained without the necessity of having variatle speed gear in the hoist. 
ing train, and when lowering, the shunt motor, if overhauled by a load, 
becomes a dynamo and feeds current back to the circuit, thus automatically 
controlling the speed of lowering, 
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Collector Gear.—For overhead cranes copper wires about 
one-quarter to three-eighths inches diameter are stretched along 
the gantry, being supported at the ends by globe strain insu-
lators. Trolley wheels or slides, mounted on the end carriage, 
make contact with these wires. 

Controllers.—The drum type is generally used, the various 
combinations of connection for hoisting, lowering, etc., being ob-
tained by rotating this drum into different positions 

Telpherage.—This word is defined as: Automatic aerial 
çransportation as by the aid of electricity, especially that system in 

which carriages having 
independent motors are 
run on a stout wire 
conducting an electric 
current. 

Telpherage properly 
includes those systems 
employing a wire or 
cable for a track, but 
the term is erroneously 
applied to systems using 
a rail. There are two 
divisions of telphers: 1, 
automat:c; and 2, non-
automatic. 

The control of the 
automatic type is re-
mote from the telpher, 

8,288.--Nfies electric mono-rail hoist, built in capacities from tnree-quarters to six tons. 
They will run on straight and curved trac19, and are generally provided with a separate 
motor for traversing. The hoist is self-contaped in one heavy cast iron frame to which the 
motors are attached end on, and the power is transmitted directly from the armature shaft 
to the drum shaft through worm and worm wheel. The traversing mechanism is also driven 
by worm and worm wheel, sir"ilarly to the hoisting mechanism except that, when the trolley 
is arranged to run on a single I beam, a double set of transmission gears is used. The worm 
gear mechanism is enclosed in oil and dust proof casings, and is noiseless in operation. In 
addition to the braking effect obtained by use of the worm and worm whet., a powerful 
electric brake is attached t,. the hoist motor. 
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the non-automatic type being controlled by an operator who travels with 
the load who operates both the telpher and hoists from a cab or case which 
is attached to the telpher or carriage. 

Telpher Motors.—The sizes of motor for telphers and hoists 
will depend upon the class of work to be done; the motors for 
telpher tractors vary from 5 to 15 h.p. and for the hoists, from 
3 to 75 h.p., the loads being from 500 lb. to 50,000 lb. 'Mc 
driving wheels and the motors may be connected by gears or 
by chain drive. Slow or medium speed motors are used. 

Brakes.—The mechanical type of telpher brake is used and 
the hoist brake is of either the electro-mechanical or electro-

dynamic types. 

Spur gears and chain drive on the tractor transmit the power from motor 
to track wheels, and either spur or worm gear is used to transmit power to 
the hoisting drum. 

Trackage.—Telphers either run in one direction on a closed 

track circuit, or to and fro over a single line. 

On the single line and automatic telphers reverse themselves on com-
pleting their trips. 

The spacing between the cars is regulated automatically by a block 
system. 

Cableways.—The term cableway may be defined as a rec-
tilinear hoisting and conveying apparatus supported by a cable. 

A cableway will take up and deposit loads anywhere alone a line directly 
underneath the main cable, and by means of switch blocks it may be mach 
to serve an area having a width of about 15 feet or so each side of the cable 
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CHAPTER 48 

Electric Bells 

The great multiplicity of bells may be classified 
With respect to the ringing feature, as 

a. Trembling or vibrating; 
b. Single stroke; 
c. Combination vibrating and 

single stroke; 

d. Continuous ringing; 
e. Buzzers. 

2. With respect to the magnet 
winding, as 

a. Series winding; 

b. Shunt winding; 

c. Differential winding; 

d. Combined differential and 
and alternate winding; 

e. High voltage winding; 
f. Alternating current wind-

ing (polarized). 

3. With respect to the form of 
of the interrupter, as 

a. Contact 1 reaxer; 

b. Contact maker. 
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8,247.—Bunnell vibrating bel. It has a skeleton type frame, pivoted armature, cast 
gong. and platinum contacts. Made in sizes 2.t¡ inch to 12 inch. 
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4 With i aspect to 
the magnet, as 

a. Single magnet; 
b. Double magnet; 
c. Four magnet (dou-

ble acting). 
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the frame, as 

a. Skeleton; 
b. Iron box; 
c. Wooden box. 
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8,288.—Elementary series vibrating bell. It consists of an electro-magnet, armature, con-
tact breaker, pivoted hammer, bell, and frame. In operation, when the push button is 
pressed, the current energizes the m,gnet which attracts the armature causing the hammer 
to strike the bell, but before it r.aches the end of the stroke, the contact breaker breaks the 
circuit and the hammer, influenced by the tension of the armature spring rapidly moves back 
to its initial position thus completing th z cycle. 

Pre. 8,289.—Elementary single stroke bell. In operation, when the push button is pressed. 
the current energizes the magnet and attracts the armature causing the hammer to strike 
the bell. The armature remains in the attracted position so long as the current flows through 
the magnet. When connection with the battery is broken, the hammer spring pulls the 
armature back against M. A stop S, averts the motion of the armature, momentum spring-
ing the lever and causing the hammer to strike the bell. 

Trembling or Vibrating Bells.—This form of bell is perhaps 
more extensively used than any other. It consists, essentially, 

NOTE.—The series of cuts representing various elementary bells are intended to illus. 
trate principles, metallic circuits being shown for simplicity. It sneak/ be noted that in eon. 
etruetion, the metal flume of the bell is used La« "ground" or return instead of a separate win, 
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of: 1, an electromagnet; 2, pivoted armature; 3, hammer; 4, con-

tact breaker; 5, bell; and 6, frame, as shown in fig. 8,288. 

Single Stroke Bells.—This type of bell is one which gives 

only a single tap each time the battery is connected in circuit. Such 
operation is often desirable, as in signalling with a code. 

Combination, Vibrating and Single Stroke Bells.—This 
type of bell is simply a combination of the two bells just described, 

as the classification indicates. 
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FIG. 8,290.—Elementary combination vibrating and single stroke bell. It is essentially • 
vibrating bell as shown in fig. 8,288, with a third terminal, and a stop to prevent continued 
contact of the hammer with the bell when working single stroke. 

Pte. 8,291.—Elementary shunt or short circuit, combination vibrating and single stroke bell. 
This is simply an ordinary shunt bell with a switch arranged so that the short circuit 
through the contact maker, armature, and lever may be cut out, thus zestricting the current 
to the magnet winding. 

Any vibrating bell may be made single stroke by bringing out a third 
connection so that the current may pass through the magnet without 
traversing the interrupter. 

A vibrating bell may be made single stroke by adjusting the contact 
breaker spring so that it does not open the circuit. 
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Shunt, or "Short Circuit" Bells.—In this form of bell the 

ciirrent, during operation, is not broken, but as the magnet at-
tracts the armature, the current is shunted or short circuited, and 
thus being offered a path of very little resistance as compared 
with that of the magnet winding, most of the current flows 

through the short circuit. 
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FIG. 9,292.—Elementary shunt bell with single stroke switch. Shunt cycle when the push 
button is pressed: 1, Current magnetizes the electro-magnet; 2, magnet attracts armature; 
3, contact maker short circuits the current; 4, magnet loses practically all of its magnet-
ism; 5, momentum acquired by moving element causes hammer to strike bell; 6, tension 
of the hammer spring overcomes weak magnetism of magnets and pulls armature away 
from magnet; 7, near end of outward swing, contact maker breaks circuit; S. current again 
magnetizes the magnet; 9, momentum acquired by the moving element causes it to con-
tinue its outward swing (against the attraction of the magnet) to the stop. 

8.293.—Elementary continuous ringing bell with mechanical circuit maintainer. It is 
essentially an ordinary vibrating bell fitted with a mechanical circuit maintainer and 
connections as shown. In operation, when the battery circuit is closed momentarily, the 
path of the varrent is via terminals B and C. On the swing of the armature toward the mag-
net the circuit maintainer trips and its spring causes it to move to the continouus ringing 
position, thus switching terminal A, wire to contact breaker via trip lever. With this circuit 
it is evident that the bell will continue ringing irrespective of whether the push button be 
held down or released, and also that the ringing will continue until the circuit maintainer is 
reset in its initial or open position by a pull on the manual control cord. This typo bell 
is useful for burglar alarms. 

Since this reduces the magnetism to such a small amount that the 
attraction of the magnet becomes less than the pull of the hammer spring, 
the hammer swings back to its initial position. 

Continuous Ringing Bells.—This classification represents 
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a form of vibrating bell, provided with a suitable attachment for 
maintaining the circuit after it has been once established by pressing 
the push center, regardless of the fact that the latter may be 
only momentarily held in the closed position. 

There are three types of continuous ringing bell, classified with respect 
to the circuit maintaining device, as those with 

1. Mechanical circuit maintainer; 2. Electrical circuit maintainer; 

3. Combination mechanical and electrical circuit maintainer, 
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PIG. 8,294.—Elementary continuous ringing bell who electrical circuit maintainer. In 
operation. whel the a 'Hint circuit is dosed by depressing the push button, current flows 
through the solenoid ani draws down the plunger, thus closing the ringing circuit. The 
bell will now ring until fie ringing circuit is broken by pushing upon the manual control 
button. To reset the circuit maintainer the manual control button à pushed upward unte 
the mc.ving contact rises above the pawls and the latter spring back to their normal (vertical) 
position, then the weight of the moving element is held by the pawls. 

Pic. 8,295.—Elementary continuous ringing bell with electro-mechanical circuit maintainer. 
In operation, when the starting circuit is closed by depressing the push button, current 
energizes this one coil electromagnet attracting the armature which disengages the trip, 
The spring snaps the circuit maintainer lever over to the closed position as shown by the dotted 
lines, the trip lever being drawn back by the spring against the stop when the push button à 
released. The bell beginning to ring as soon as the circuit maintainer lever closes the circuit 
through the contact breaker and bell magnet. To reset, the manual control is pulled down 
until the circuit maintainer lever strikes the stop, the trip end will then engage with the claw 
of the trip lever. 

Buzzers.—A buzzer may be defined as an electric call signal 
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Pies. 8,296 to 8,29S.—Detail showing part of the elementary heavy duty high voltage bell (fig. 8,296) and illustrating the action 
of the condenser in preventing sparking. In fig. 8,296. current has just begun to flow, to energize the magnets. Fig. 8,297 shows 
the circuit broken by the contact breakcr. Since an electric current cannot be instantly stopped, it will, when its path is suddenly 
interrupted, as here shown, jump the air gap resulting in a spark, unless another path be provided to gradually bring it to rest. 
This is accomplished by the condenser as indicated in the diagrams—electricity "piling up" on one sit of plate M, increasing 
the pressure thereon, and leaving the other set of plate S, reducing the pressure thereon. When contact is again made by the 
contact breaker, as in fig. 8,298, the excess pressure on plates M, assists the battery pressure in starting the electricity, the 
current thus started dividing at the junction G, part flowing back into the plates S, until the pressure is equalized, that is to say 
the outflow at M, and inflow at S, reduces the difference of pressure between M and S, to zero. 

FIGS. 8,299 to 8,301.—Suggestions for the prevention of sparking on special bells. Fig. 8,299 contact maker and shunt circuit for 
medium duty tall; fig. 8.300 contact breaker and condenser for heavy duty bell; fig. 8,301, contact maker and condenser for extra 
heavy duty bell. 
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which makes a buzzing noise caused 
by thc rapid vibrations of a contact 

breaker. 

It operates on the same principle as 
the electric bell and can be adjusted to 

emit a pleasing musical hum. 

8.302.—Sectional view of a buzzer. 
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Differential Bells.—This type of bell represents one of the 
numerous schemes to eliminate sparking at the contacts of the 
interrupter. 

The electro-magnet is provided with two windings which, for convenience 
to distinguish their function, may be spoken of as: 1, the magnetizing 
winding; 2, the demagnetizing winding. 

ARMATURE ociu6NrTIZING COIL 

OCIUGNE1121t10 
COILS MAGNETIZING COI 

B Btu g SELL 

8,303.—Elementary differentially wound vibrating bell. In operation, when the battery 
circuit is closed: 1, Current flows through the magnetizing winding and energizes magnet; 
2, magnet attracts the armature; 3, contact maker closes circuit through demagnetizing 
coils; 4, demagnetizing coils demagnetize the magnet; 5, armature spring pulls armature bac 
'against the stop, while, 6, the contact maker breaks the circuit through demagnetizing coils. 

8,304.—Elementary differential and alternate bell. In operation, when the battery 
circuit is closed: 1, current flows through the magnetizing winding M, and energizes magnet 
F; 2, magnet F, attracts end A, of the armat ire; gn 3, contact maker closes circuit through de-
magnetizing coil D. and single coil S, (of magnet G); 4, demagnetizing coil demagnetizes F. 
and 5, magnet G, attracts end C, of the armature; 8, contact maker breaks the circuit through 
demagnetizing coil D, and single coil S. (of magnet G). 

In order to get the desired effect, a contact maker is used instead of a 
contact breaker; it operates to control the current in the demagnetizing 
winding only. 

Combined Differential and Alternate Bells.—In this type 
of bell there are two separate electro-magnets, and an armature 
pivoted centrally between them, so that it is alternately attracted, 
first by one maznet, then by the other as in fig. 8,304 
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High Voltage Bells.—In designing a bell for operation on 
high voltage currents, that is, on circuits of voltages higher than 
;s usual in ordinary battery installations, provision must be 
made: 

1. To limit the current to the proper value; 
2. To secure the proper working conditions at the interrupter. 

The first requirement is met by proportioning the magnet winding so 

• 

PERMANENT' 
MAGNET 

aRmA:TuRE 

CONDENSER 

ONTACT 
BREAKE.R 

telAGNETO 

HAMMER 
• 8,305.—Elementary heavy duty high voltage hell. The winding is of fine wire to secure 
enough resistance to keep down the current to proper value. Sparking is avoided by con-
necting a condenser arrosa the contact breaker as shown. 

• 8,306.—Elementary alternating current bell witn permanent magnet armaturt. Ia 
construction the electro-magnets are wound similarly, that is, in 1h same direction, so as to 
produce like poles which simultaneously repel and attract the armature ends. 

as to avoid an undue amount of current. Sparking at the interrupter 
may be prevented by the use of a condenser. 

Alternating Current Bells.—A type of bell used extensively 
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CLAPPER 

STEM 

YOKE 

HAND 
OPERATED 
MAGNETO 

POLARIZED 
ARMATURE 

Fm. 8,307.—Elementary a, c, bell polarized by magnetic induction. N and S. are permanent 
magnet poles, and is and s, poles induced by the permanent magnet. 

FIGS. 8,308 and 8,309.--Operatian of the elementary a.c. bell of fig. 8,307. The figures show 
the induced poles and movement of the armature during one cycle of the low frequency a.c. 
supplied by the hand operated magneto. 

BATTERY 

11:1111 

PUSH BUTTON 

Two WAY 
SWITCH 

ECCE '17PIC 
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Pm. 8,310.—Elementary double acting hell. In operation, magnets and F'.6. are 
alternately energized. Assuming the current to flow first through F,G' and then through 
G F', F and G', will have N and S poles, and G and and N poles; these will induce unlike 
poles in the ends of the armature attracting it at both ends. 

8,311.—Elementary motor driven, or revolving strike bell. In construction, the motor 
has a revolving member attached to the shaft and an eccentrically pivoter clapper at either 
end, which in operation delivers two blows to the bell at each revolution of the motor. A 
4esirable tyre of bell for use where a very loud ringing alarm is required. 

• 
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in telephone work, to operate on the alternating current fur-
nished by the magneto is shown in fig. 8,306, and its operation 

illustrated in figs. 8,308 and 8,309. 

Double Acting Bells.—This type of bell is desirable for rails 
road signals or any place where an extra loud alarm is desirable. 

Motor Driven Bells.—This type of bell is desirable fo- use 
where a loud ringing alarm or signal bell is required. 

It consists essentially of a motor having a double striker mounted at 
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RETARDATION AIR VANE 
MAIN SPRING 

GONG RATCHET 
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fSLOT 

LEAF SPRING 

POINT OF CONTACT 
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`itc. 8,312.—Elementary electro-mechanical bell. In operation, the main spring having 
been wound up, a momentary push on the push button will energize the electro-magnet, 
attracting the control lever and raising the pawl out of engagement with the pawl wheel 
and also the detent clear of the detent wheel, allowing the gears to revolve. If the push 
button be now released, the pawl will ride on the pawl wheel, keeping the detent out of 
engagement with the detent wheel. As the large gear turns counter-clockwise, the finger 
A. ridas on the ratchet, gradually drawing the hammer away from the bell against the 
tension of the hammer spring. As the finger rides off the point B, the hammer is suudenly 
released and strikes the bell a powerful blow. At the same instant the pawl falls into the 
depression C, on the pawl wheel and the detent engages with one of the numerous depres-
sions in the detent wheel, thus stopping the mechanism. A moderate velocity of rotation 
of the gears is obtained by means of the retardation air vane. 

Pins. 8,313 to 8,318.—Construction details of claimer for motor driven bell. and siew show. 
.ng action of clapper on striking the bell. 
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the armature shaft as shown in fig. 8,311, giving two strikes to each 
revolution. 

Electro-Mechanical Bells.—Where a very powerful bell is 
required to operate at a distance with little battery capacity, 
the electro-mechanical bell is well suited. 

In this type of bell, the electric current is used simply to control a spring 
operated mechanism which supplies the energy to ring the bell. 
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S.317.—Mementary relay bell and connections. The relay here shown is in principle 
identical with the telegraph relay. In operation, when the push button is depressed 
current f the line battery in the auxiliary circuit energizes the relay magnets which attract 
the armature, moving the contact arm against the contact, thus closing the main circuit 
and ringing the bell. Clearly the operation continues until the push button is released, 
that is, when current ceases to flow in the auxiliary circuit, the relay magnets loose their 
magnetism, the relay pulls the armature to the right moving the contact arm against 
the stop, thus brea the main circuit. 

FOG. 8,318.—Elementary relay bell having continuous ring device. In operation, when 
the push button is depressed. magnet S, is energized and the same action takes place as in 
fig. 8.317. Now it the continuous ring switch be closed, magnet M, also becomes energized 
as soon as the main circuit is closed by magnet S. Since 111, i3 now connected with the 
battery, it will hold the contact arm in the closed position, irrespective of whether the 
pushed button be depressed or released, causing a continuous ringing of the bell until the 
œntinuous ring switch is opened by hand. 

Relay Belis.—Where bells are to be operated at a consider-
able distance a relay is usually employed, especially in the case of 

large heavy duty bells requiring considerable energy to opera te 
them. 
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SERIES 
coNNEc HON 

PARALLEL 
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Bell Wiring.—Always start to wire at the push, and run the 

wires from the push to the bell, and to the battery. 

SCREW JOINT 
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BASE 

HOLES FOR 
FAST NIP,* SCREWS 

HOLES 
PUSH FOR WIRES 

CENTER 

hcs. 8.319 and 8,320.—Reducing resistance of bell coils. When 
connected in parallel (fig. 8,320) the resistance is reluced one 
half, allowing more current to flow through the coils for a 
given voltage. 

Pics. 8,321 and 8,322.—General construction of an ordinary push 
button. Fig. 8,321 exterior view; fig. 8,322 interior view. 

8,323.—Special push button with indicating buzzer inside, useful for any system where 
the caller desires to know positively that the bell has given the signal. 

TABLE 
PU5n 

TABLE CLAMP 

FLOOR CAP 

FLOOR 
PLATE 

A 
c B 

PIG. 8,324.—Paper weight type ot multi-push button, suitable for desk use. 

Pfc. 8,325.—Combination floor and table push button suitable for dining room. The table 
clamp renders the push portable, permitting it to be moved at any time. 

91Gs. 8,326 to 8.328.—Proper method of making a joint in covered wires. First scrape oft 
about 3 ins, of the insulating covering on the end of each wire; scrape the bared copper 
wire until it is bright awl clean; bend these wires into the position shown in fig. 8,326; and 
then firmly twist them around each other as shown in fig. h ,327. Second. cut off the pro-

jecting pieces d, d, close to the joint, and then solder the latter to prevent corrosion. This W corresponds to a estern Union splice. Third, wrap a piece of adhesion or friction tape 

around the joint over about half an inch cf the insulating covering of each wire, as in fig. 
5.328 
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177i 

GROUND PLATE GROUND PLATE 

Pic. 8,329.—Simple bell, metallic circuit. 

Pm. 8,330.—Simple bell circuit with ground return. Instead of using ground plates, a mnre 
convenient method consists of connecting the ground wires to a gas or wt.... pipe. 

BELL 

PARALLEL 
CONNECTED PU51-1 BUTTONS 

CELL 

8,331.—Parallel connected push buttons for ringing one bell from several points. It 
is obvious that if the push button were connected in series, all would have to be closed 
to complete the circuit. 

PIG. 8,332.—Series circuit connections for ringing two bells from either one or two push 
buttons. In this diagram the tells are in series, and one of them must be arranged for 
single stroke. 
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CONNECTED 
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VIO. 8,333 —Series connected bells for ringing two bells from either one or two pushes. 
8.334.—Parallel connected bella for ringing two belts from either one os two nushes 
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6 b\ s 
\ FACt 

pin.8.335.—Gravity drop annunciator. In operation, the shutters are reset by turning the 
knob seen on the side of the case. 

8,336.—Shutter or gravity annunciator drop. In operation, when the circuit is com-
pleted by the depression of a push center, the current flows through the coils of the electro-
magnet M, and energizes its core, and the latter attracts the armature A. pivoted at B 
When the armature is drawn to the position C, the claw D. is thrown to the position D' 
thereby releasing the shutter S, pivoted at T, allowing it to drop by gravity to the position 
0, thus displaying the number marked upon its face. 

PIG. 8,337.—Arrow or needle annunciator drop. In operation, when the current fiowe 
through the coils of the electromagnet, the armature E, turns on its pivot towards the 
magnet core A, thereby releasing the arm D, which in falling rotates the arrow to the posi-
tion shown in dotted lines. The arrow is reset by pressing a button, which raises the rod F 
carrying the arm G. 

PIG. 8.338.—Method of wiring an annunciator. 

Pfc. 8,239.—Western Electric return or fire call annunciator system. In operation, when 
one of the annunciator pushes Al, A2, etc., is pressed, battery B, becomes connected 
in series with the bell 1 or 2, etc., as the case may be. When one of the room pushes R 
R2,, etc.. is pressed, its corresponding bell M cut out and the circuit becomes similar to an 
ordinary annunciator rircuiz 
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PIG. S 340.—Annunciator 
circus for bingle eleva-
tor. 

8.341.—Bell and buzzer 
circuits for an apartment 
house. 
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8,342.—Method of connecting a bell ringing transformer 
for ringing inter-phone bells and door bells. Dotted lines 
show wiring for door bell using same source of ringing 
current. 

fasten each wire lightly to the woodwork with 
staples or double pointed tacks. 

The wire from the push to the battery may 
run through holes bored in the floor directly under the push, but inside the 
front door, then along the cellar beams to the battery. In many house.3 the 
wire from the push to the bell may also be run along the cellar beams. In 
such cases, a second hole should be bored in the floor by the side of the one 
accommodating the wire from the push to the battery, for the wire from the 
push to the bell 
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VEST auLE Pusi-t buTTON5 
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• 8,343.—Method of installing bell wires in brick house. 

• 8,344.—Method of installing bell wires in unfinished house of wood construction. 
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• 8.345.—Wiring diagram for bells, door opener, janitor s annunci2tor and dumb waiter 
buzzer of a four story apartment house. 
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Fm. 8.346 —Connections for reducing lighting man , ultage. If voltage be too strong, add 
more lamps. 

Pm. 8,347.—Method of connecting bell ringing transformer. 

FIG. 8,34-b.—Selective and master button system; master button rings all bells simultaneously. 

FIG. 8,349.—Automatic burglar circuit with gravity drop circuit maintainer to give continu-
ous ringing. In operation, when the switch is closed, the circuit maintainer magnet 
winding is connected in series with the battery and the armature is drawn up against the 
core of the magnet so that the drop is released and allowed to fall against the contact point 
connected with the A, binding post. The drop, which is connected with C. binding post, 
thereby closes the bell circuit and allows the 1-.11 to ring until the drop is again raised te 
its normal position. 

PIGS. 8,350 to 8.353.—Milonite nails and method of tacking two insulated wires. Tke heads 
are colored to match insulation and the wir.q can be tackeddown without cutting or injuring 
the insulation. 
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Bell Troubles.—These are due to a variety of cause, which 

may be easily rectified. 

When the armature sticks to the magne cores and fails to make con-
tact with the screw, the trouble is generally due to weak spring, or to 
the loss of brass pieces, which are inserted in the ends of the cores to pre-
vent actual contact with the armature. A piece of paper stuck over the 
ends of the cores will often serve as a satisfactory remedy. 

When the bell makes a screeching sound, the trouble may be due to a 
too rapid vibration of the armature; too much battery power; or to the 
fact that the contact screw is too far forward. If the excessively rapid 
vibration is caused by too little play, or too much battery power, the 
fact will be indicated by violent sparking. 

PIG. 8,354.—Test for crossed wire in bell circuit. E, represents short circuit. In testing, 
disconnect the wire from one terminal of the battery, connect a short piece of wire B. to 
that terminal, and place the two ends C and D, on the tongue. If the circuit wires be 
touching each other at some bare spot E, the current will flow from the battery along F, 
to the point of contact E. thence along A. to the tongue, and along B. to the battery. The 
flow of current will be indicated by a metallic taste upon the tongue, or by connecting a 
telephone receiver between C and D, the diaphragm will be made to vibrate. Without this 
indication, or the absence of the metallic taste on the tongue, it is probable that the trouble 
is due to a break. 

8,355.—Test for break in bell circuit. A. represents the break. In testing, take a 
bell to the battery and connect it between the circuit wires and the battery at the points 
B,C,D, and E, working towards the push. At each of the points cut away a little of the 
insulating covering of the wires, and short circuit the latter, beyond the bell and the battery 
with a knife blade. If the bell ring at the points B,C, and D, but fail to ring at the point 
E. the break will be located at A. somewhere between b and E. 

Dirty contacts and loose contact screws increase the resistance of the 
rcuit, tend to decrease the current allowed to pass through the magnet 

coils, and often prevent the bell ringing at all. It should be noted that 
the contacts are of platinum, as German silver and other similar metals 
are soon corroded away by the sparking. The contact screws should 
not be readjusted unless it be found necessary to do so because of loosened 
screws. 



Pic. 8,356.—Open circuit fire alarm system. In operation, when the glass is broken at any of the boxes, it causes a small electro-
magnet in the code relay to trip a clock mechanism which is equipped with a wheel upon which are mounted a number of con-
tacts arranged so that that circuit is open and closed a number of times successively until the spring of the clock mechanism is 
unwound. Which takes at least three minutes which is ample time to give sufficient alarm. 

Pic. 8,357.—Closed circuit fire alarm system. In operation, this system is the same as thc open circuit code system, except 
that a closed circuit relay i3 installed in the master box. 

Bell Circuits Troubles.— Faults, other than those caused by weak push and bell 
springs, dirty and loose contacts, and run down battery are generally due to crossed 
wires, or broken wires. 

Fig. 8,354 shows the method of making a simple test for a cross, and fig. 8,355, for determining 
location of a break. Short circuits are often caused by double pointed tacks or small staples cutting through 
the insulation and injuring the wire. This is often the result of carelessness and too much haste in 
tacking up the wires. No more than one wire should be placed under one stapk. 
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CHAPTER 49 

The Telegraph 
The simplest form of telegraph system consists of: 1, live wire, 

2, battery or other source of electricity; 3, a transmitting instru-

ment or key 1 and 4, receiver or sounder. 

CONTACT PIVOT CONTACT ADouaTING 
OPERATING DISC INSULATED ,spRING STANDARD SCREW 
\ LEVER CONTACT PIVOT 

INSULATION 

51141TC tt 
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8,358.—Elementary transmitter or key. It conststo of a pivoted lever provided with 
a contact and adjusting screw, and carried on a base having an insulated contact and a 
spring to keep the lever normally in the open position. A switch is provided to close the 
circuit when the le-y is not in use. In operation, the disc is grasped by the 1st, 2nd, and 
3rd fingers; depressing the disc causes the two contacts to touch the circuit. Closing the 
circuit for a short period corresponds to a "dot" and, for a longer period, to a dash. The 
periods in which the circuit is closed are indicated audibly by the "sounder." 

Classification.—The telegraph, like other inventions, has 
been considerably developed, resulting in numerous systems. 

A classification of these various systems, to be comprehensive 

must be made from several points of view, as with respect to: 

1. The kind of circuit, as 2. The method of operating 

the circuit, as 

a. Ground return; a. Closed; 
b. Metallic. b. Open. 
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3. The transmitting capacity 4. Method of receiving as 

a. Single Morse line; d. Quadruplex; a. Non-recording; 
b. Diplex; e. Multiplex; by perforations; 
c. Duplex; f. Phantoplex. b. Recording { by printing. 

Morse Single Line System.—This ordinarily includes 
a battery for supplying a low tension current and a line wire 
connecting two or more stations serving to establish a circuit be-

PIVOT STANDARD ADJUSTABLE 
PIVOT sroP5 

ARMATURE 
LEVER 

SPRING.,„ 

SPRING 
ADJUSTING 
SCREW 

ffi fA ///7',e 

LINE 

STOP 
STANDARD 

BASE 

ELECTRO-MAGNET 
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8,359.—Elementary sounder. It consists of a heavy pivoted lever arranged to vibrate 
between two stops and held normally against one of these stops by the action of a spring, 
there being an electromagnet which when energized acts on an armature attached to the lever 
causing the latter to move from the upper stop to the lower stop, the blow thus produced, 
owing to the heavy construction of the lever, being distinctly audible. 

tween them; a return connection to the battery, formed either by 
another wire or by the earth to a transmitting key, and a sounder 

or recording apparatus at each station. 

Ques. On what does the operation of the telegraph depend? 

Ans. An electromagnet can be magnetized and demagnetized with 
great rapidity on respectively making and breaking the magnet circuit, 
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the magnetic action thus obtained being used to operate a sound producing 
mechanism so that the various combinations of "dots" and "dashes" 
representing the letters of the alphabet are indicated audibly. 
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PIG. 8,380 —Elementary short line closed circuit system. When not in operation the switches 
are closed and current flows which energizes the magnets and holds the instrument armature)* 
in the down position. This necessitates the use of a closed circuit cell as for example the crow 
foot gravity type which is capable of supplying a very weak current for a long duration of 
time. 
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8.361.—Elementary short line open circuit (European) system. As arranged, the battery 
is in operation only when a message is being sent. A main battery is necessary at each sta-
tion, whereas in the closed system, employed in America, main batteries are required only 
at the terminal stations. 
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8,362.—Elementary relay. Note the delicate armature construction as compared with 
sounder, thus requiring very little energy to operate. A relay is virtually a very delicate 
tiounder with a e.contact maker at the end of the armature lever. 
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Relays.—In general, a relay is a device 1,..hich opens or closes 
an auxiliary circuit under predetermined elPctrical conditions 

in the main circuit. 
Its function is to act as a sort of electrical multiplier, that is to say, 

il enables a comparatively weak current to bring into operation a much 
stronger current, thus reducing.considerably the battery capacity required. 

RELAY 
CONTACT RELAY 

STOP-- frIpIN CIRCUIT 

,x14, 

SWITCH 

GROUND 

MAIN CELL 

SOUNDER 

.1112nri 1Ci4 le 

FIG. 8,363.—Elementary short line with relays. Normally both switches are closed; this 
energizes the relay magnets and keeps the auxiliary circuits closed by holding the relay 
contacts together. In operation, the sender opens his switch and with the key sends the 
message by successively making and breaking the main circuit in proper sequence. Thir 
causes the relay armature to move back and forth against the contact and stop, thus making 
and breaking the auxiliary circuit in synchronism with the movements of the key. In this 
way, the very weak main current is enabled to bring into action the much stronger current 
of the auxiliary or local circuit, thus, the movements of the delicate relay armature are 
reproduced by the heavy armature of the sounder. 

INSULATED 
STANDARD STOP 

ELECTRO 
PIVOT 

MA6rIET 

SPRING 

SPRING ADJUSTING 
SCREW 

METAL 

II' 

3ECTION A CIRCUIT 

ARMATURE 

Piteu_jk 

 1  

[OUTAGE 
BR EAKER LEVER 

ONTACT3 

,IIMULATED 

01 : CONTACT POST 

POST 
,..1M5ULATION 

III 

— SECTION E. CIRCUIT 

8,364.—Elementary repeater showing the insulated parts essential for the contact maker, 
and path of the current through the repeater portion of the instrument. The insulated 
atop on the upper arm of the contact post is shown in sectional view to clearly indicate the 
insulation at this point. Compare this instrument with the elementary sounder fig. 8,359 
and note the essential points of difference. 
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Repeaters. — When the 
• length of a telegraphic circuit 
.5. 'î exceeds a certain limit, the 

working margin becomes se 
9 small that satisfactory signals 

.9. e 
E..e. cannot be transmitted even 
•-e) - 
.8 .1'. by the aid of increased 
à battery capacity. 
g 

This limit under existing con-
ditions is much less in wet 
weather than in dry weather. 

0, Under such conditions it was 
• > formerly necessary to retransmit 
§ all communications at some in. 

tertnediate station, but this duty 
1.1.0 is now performed by an instru-
k ment called a repeater. 
o e 

•re' By definition a repeater is 
.Ëe a sounder provided with a 

circuit maker, for synchron-
.Et1 ously controlling a second 

e. circuit. 
g 
• g It repeats a message from one 
e • section to a second section of a 

line by aid of a separate battery. 
p, 
>je 

• Diplex Telegraphy. — By 
gl-^g definition this is a system which 

e 

e4I e Pi permits two messages to he 
transmitted in the same 
direction at the same time 

î r. over a single wire. 
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In principle the receiving instrument at the home station, while free 
to respond to the signals of the key at the distant station, shall not respond 
to the signals of its associate key. 

Duplex Telegraph.—This system is one wh'ch permits the 

MAIN 
BATTERY 

GROUND 

MA N 
BATTERY 

GROUND 

SECTION A LINE SECTION 13 LINE 

I PIG. 8,368.—Elementary so-called "button" repeater (properly called repeater system with 
button switch). In operation, if say section B line be opened by the key of the operator, 
the armature of section B relay will open, winch in turn opens section B repeater, whose 
circuit breaker breaks the circuit of section A. This causes the armature of section A relay 
to open, followed by that of section A repeater, the circuit breaker of the latter also breaking 
the circuit of section A. The operator of section B line cannot now close the circuit, because 
it is still open in another place, viz., at the circuit breaker of section A repeater. The button 
switch eliminates this difficulty, for when it is swung to the left, it closes a spring contact Ca. 
forming a connection between the circuit breaker of section A repeater, enabling the operator 

i of section B to open and close its circuit, at pleasure, while his signals are repeated iota 
section A by the action of the circuit breaker of section A repeater. 

2 

ids1 

B2 Bi 

REVERSING 
KEY 

K1 
GROUND NEUTRAL RELAY 

PoLARIZED 
RELAY 

GROUND 

PIG. 8,367.—Elementary duplex system. In operation, if the sender depress key K:. this 
brings both sections of the battery in circuit m the line, causing the armature of the neutral 
relay R, to be attracted. If now another signal be sent by the depression of key Ki, the full 
strength of the current traversing the neutral relay R:, will be reversed. If the armature 
spring of the neutral relay R2, be adjusted so that it cannot respond to the weak current of 
battery SI, it is evident that signals may be sent by reversing the smaller battery B1, by means 
of Xi. which will operate RI, but not 
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sending of two messages simultaneously in opposite directions 
over a single wire. 

There are several systems of duplex telegraphy, namely: 
2. Polar ( 2,1 battery; 1. Differential; 3. Bridge. 

1-1,1s. 8,368 and 8,369.—Detail of the differentially wound third spool of relay of the Weinyr• 
Phillips system. In fig. 8,368, one terminal of the battery is shown grounded while the 
other terminal is shown connected differentially with two equal windings of the magnet. 
The current divides at A, half going through each coil. It may be observed that the di-
rection of the winding of one coil is opposite to that of the other. Thus, when current 
flows through the wire B, the magnetization of the core due to the action of current in the 
coil A-C is neutralized by the presence of current in the coil A-D, and as a result the core 
is not magnetized at all; so that the retractile spring attached to the armature holds the 
latter in the "open" position as shown in fig. 8,368. If, however, while the coil A-C re-
mains closed, the coil A-D be opened, as in fig. 8,369, the core will be magnetized due to 
the presence of current in the coil A-C while no current exists in coil A-D, the latter no 
longer neutralizing the magnetic effect of the former. The armature, therefore, is at-
tracted and held in the "closed" position as shown in fig. 8,369. 

[WALT ADJUIfltIG SCREW 

LOYER SPUR IFISULATED 3PAISG PO3T CONTACT 
PIVOT INSULATION 

LEVER 
CONTACT 

ST)JNDARD, 

II 

MAGUT TERMINALS 
—AT OTHLR DID 

CONTACT DREAMER 
TERMINALS 

".- - - - - - V/i» ,75/7,73. --ieeP  

8,370.—Detail of contact breaker end of a transmitter showing the three contacts. method 
of mounting the spring contact, and the circuits from the contacts to terminals. The dura-
tion of contact, or portions of the stroke of lever during which the circuit through the post 
contact and spring contact remains closed is regulated by the contact adjusting screw. 
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Differential Duplex System.—This method employs a 
relay wound with two sets of coil, in each of which the current flews 
in a different direction. 

Consequently when two currents of equal intensity are passed through 
the relay at the same time, they neutralize each other, and the relay does 
not become magnetized. 

AUTIUARY CIRCUIT  
TI 301/11111 

ARTIFICIAL U( 

PIL 
ViDAT1011 

DIFFERENTIAL 
ILLAY5 

MAIN LINE 500 MILES OR LESS 

"RHEOSTAT 

uIeliç 
BATTERY 0 -**-- 6Reurfo--' CATTERY 6' 

—LOCAL LOCAL — 
le rem Wei 

MAILLART CIRCUIT 
TO MURDER 

KEY   ALT 

•e• GROIN 

8.371.--Stearn's differential duplex system. The circuit can be traced from the tongue 
contact K, to the point of division IVI, known as the "split." At this point one branch goes 
through the right portion of the relay winding to the main line, and the other through the 
left portion of the relay, the artificial line and to ground. When K, is in contact with B, 
the circuit is through battery B, to ground, and when in contact with A, it is through the 
transmitter lever, and rheostat Itc to ground. The purpose of the rheostat R,, is to divide 
the current passing through the relay coils equally between the main and artificial linee. 
When this condition is established, the current will pass through the relay with no appre-
ciable effect upon it and the duplex is said to be "balanced." 

Each station is provided with a differential relay, and there are two corn. 
plete circuits, one including the line wire, and the other consisting of re-
sistance coils having a resistance equivalent to that of the line and known 
as the artificial line. 
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The key and battery at each 
station are common to both 
circuits, the points of divergence 
being at the relay and at the 
ground plate. 

When the key at one station 
which may be called the home 
station is depressed, the current 
flows through both sets of coil 
of the relay at that station with-
out producing any magnetizing 
effect. Consequently, the relay 
and sounder at the home station 
remain unresponsive, but at the 
distant station, the current will 
flow through only one set of coil 
at that station and will cause 
it to operate the local sounder. 
The same effect, of course, is 
produced when the key of the 
distant station is depressed. 

Polar Duplex System.— 
Each station is provided with 
two batteries or dynamos, 
which are arranged in suck 
a manner that the direction 
of the current in the line de-
pends on whether the key is in 
its raised or depressed 
position. 

As in the case of the differen-
tial method, the current divides 
at the relay, which instead at 
being of the differential type is 
known as a polarized relay. 

The Bridge Duplex Sys-
tem.—This method is based 
on the principle of the 
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Christie or so-called Wheatstone bridge*. It is used in the 
operation of submarine telegraph cables. 

In this method, the relay is placed in the cross wire of a Christie 
bridge and the key is so arranged that connection is made with 

AUXILIARY CIRCUIT 
0--_i I I 

LOCAL BATTER 

POLARIZED 
cgs j RELAY 

TWO WAY 
SWITCH 

SOUNDER 

MAIN LIHrTO STATION B 

BEAM 
`:..'"" ..t.71POLE 

CHAIIGER 
RHEOSTAT RN 

DYNAMO --Ili ICY 

E' 

8,374.—Dynamo polar duplex system. E and E', are the dynamos, E, for the positive 
and if', the negative current. These supply their currents through resistance coils R R', 
either of German silver wire or of incandescent letups. K, is the key which closes the local 
circuit of the walking beard pole changer. The position of the lever of the pole changer 
determines which current is being sent to line through the pivot of the lever. The two way 
switch S. is for changing from duplex to ground connection through a rheostat RH, for the 
purpose of enabling the distant station to obtain a balance. From the switch the current 
ves to the junction of the two coils of the relay where it divides, one-half going to the mail. 
line, if the line circuit be closed at the distant station, and the other half through the artificial 
sine to ground. The resistance in the artifical line is made equal to the resistance of the line 
and relay coils at the distant station. This is adjusted, not by measurement, but by trial. 
The operator at the distant station turns his switch to the ground position and signals are 
then sent by the operator at the home station. 
'NOTE.—The author desires to emphatically protest against appplying the name Wheat-
stone to this bridge. This ingenious and useful system of electrical measurement was first 
described by Samuel Hunter Christie. in Phil. Trans. R. S., 1833, 95-142. Wheatstone 
limply directed attention to it and although full credit was °sanded to Christie by Wheatstone 
for his admiraine device, electricians have ever since persisted in calling it the Wheatstone Bridge, 
and it seems probable that it will always continue tc be nown by that name, despite the 
injustice of such ennr. 

D-Yi1,110   
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AUXILIARY 
CIRCUIT 

CORE 

STOP 

, J 

ARMATURE 

e ' 

PIVOT 

PERMANENT 
MAGNET 

MAIN CIRCUIT 

the battery before the line 
leading to the earth is broken. 
Adjustable resistance coils are 
placed in the arms of thebridge 
and a wire connects the key 
with one arm of the bridge, 
which is completed at the 
opposite end by a suitable 
arrangement. If the resist-
ances be equal, the relays 
will not operate when the 

FIG. 8,375.—Elementary polarized relay. In operation, when no current flows through the 
electromagnet, the armature (having no spring), when placed midway between the poles 
of the electromagnet will be attracted equally by each and accordingly will approach neither. 

When, however, the electromagnet is energized, the magnetism thus reduced in its cores eitherincreases or overcomes that due to the permanent magnet, producing unlike poles 

according to the direction of the current. Thus the armature is attracted by one and repelled 
by the other. The magnetism of the electromagnet of toe polarized relay changes in response 
to the reversals of the distant battery and the armature vibrates to and fro between its 
front and back stops in accordance with those changes. 

Pm. 8,370.—Diagram illustrating the operation of the bridge duplex system. In the figure, 
B and B', are the main line batteries, one at each station. R. R', and r, e are the bridge 
resistances at ea.:h station. The various connections are clearly shown in the diagram. 
In operation, closing station A key sends out a current which divides at A, half passing 
over the main line to s:ation B. and reaches earth via the apparatus at that end of the line, 
while the other half passes through the artificial line at station A, reaching the earth at that 
end of the circuit. Since the resistance between C and D, is the same as R or R', the pressures 
at C and D, are equal, and no current will fi ow through station A relay. This holds only when 
the resistance of station A artificial line is made equal to the resistance of the actual line 
to ground at the distant end. The relay at A is accordingly not affected when A sends to B. 
The same condition obtains when B alone sends to A. Signals from A operate the relay at 
B because the incoming signals have a joint path made up of the branches CD and CA, 
thus setting up a difference of pressure between the points C and D sufficient to operate 
the relay. 
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STATION RELAY 
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ADDED LINE 
RESISTANCE 

EQUATING 
RHEOSTAT 

POLAR 
RELAY 
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GROUND 
rec. 8,377.—Stumm's added adjustable line resistance. It is a feature in duplex and all other multiplex office equipment. For-
merly all balancing against wet weather line leakage was done on the artificial line rheostat and was always very unsatisfactory 
and often entirely ineffectual so that quite frequently such circuits had to be abandoned until the weather resumed normality 
—that is, became dry. The Stumm method leaves the artificial rheostat stand unchanged at normal ohmage, i.e., equal to the 
actual line resistance in dry weather and when the wet storm begins to cause leakage, line resistance is looped in between the 
relay and line sufficient to balance the artificial ohmage, and by being added to sufficiently as required maintains a steady 
working balance reversing the procedure as the storm recedes. This method not only secures a good and continuous working 
balance but also prevents heating of instrument and other office wires and cables because the resistances in the main and artificial 
lines remain the same in stormy wet weather as during fair and dry. In other words the actual and artificial lines have flowing 
in them the proper battery strength for the resistances traversed. The value of the Stumm line resistance is very great as it 
prevents damaging delay to tens if not hundreds of thousands of telegrams during every general rain storm which inevitably 
occurred under the old method of wet weather balancing. The relays used may be differential. if preferred. 
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current is transmitted, but since the earth is employed to com-

plete the circuit, they will respond to the received current, thus 
enabling each operator to send and receive signals at the same 

time. 

Quadruplez System.—This method of telegraphy permits 
the simultaneous sending of two messages in either direction over a 

single wire. 

Theoretically it consists of an arrangement of two duplex systems, which 
differ from each other so greatly in their principles of operation that they 
are capable of being used in combination. 

gATION A STATIO 6 
MOM AMMATI13 01919 (WPM All'ARATIC 01111) 

Iff Peen Re are DAUNT ntr 

PIG. 8,378.—Elements of the quadruplex system. For simplicity, the receiving apparatus is 
omitted at station A and the sending apparatus at station B. the complete installation being 
shown in fig. 3,089. Because of the fact that a polar relay responds solely to changes in 
direction of the current, and a neutral relay to changes in strength of the current, it must 
be evident that, if the two relays be connected in senes as rhown, signals may be produced 
by the polar relay by operating the current reversing key, and with a sufficiently weak current the neutral relay will not respond; also, if the direction of the current be maintained constant 
by using the variable current key signals will be produced on the neutral relay but not on 
the polar. Hence, with this arrangement, two messages may be sent from station Ato station B simultaneously, and by extension, if the reader imagine each station fitted with 
both sending and receiving apparatus, four messages may be sent at one time, thus giving 
quadruplet operation. 

The sending apparatus consists of a reversing key and a variable current 
key (or equivalent), and the receiving apparatus consists of a neutral relay 
and a polar relay, batteries and connections. 

Telegraph Codes.—There are three codes or systems of signals 

used for general telegraphic purposes. 
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R.379.—Quadruplex system with battery current supply. The apparatus employed in operating the polar system of the duplex la 
generally called the " No. I side of the system," or the polar aide. It consists of the polar key and the polar relay at either station. 
The apparatus employed in operating the other system of the ditalex is called the "No. 2 side of the system." or the neutral side. It 
consists ot the neutral key and of the fleur' il relay. ln operation, when none of the keys are depressed, no current flows through 
the line, but a comparatively feeble current flows through the artificial lines L and L', insufficient to operate the neutral relays, and 
to maintain the polarized relay tongues on the dead stops. Consequently, none of the sounders respond. If now Ki, be depressed, a strong 
positive current is sent to line at station A. This does not affect the relays at A. since it passes through them in opposite directions 
but on arriving at B, it tends to keep the polarized relay tongue RI, on the dead stop, while it has sufficient power to operate the 
neutral relay Rs. In the saine way if K3 alone be depressed, relay Ri alone will respond. If Ks alone be depressed, a feeble nega-
tive current will flow to line, in a direction which will actuate R. but it will not have sufficient power to actuate Ra. If K4 alone 
be depressed RI alone will similarly respond alone. The depression of any key will cause its corresponding relay to close its local 
ecuit at the distant end of the line, regardless of the condition of the keys at that end. In practice the reversed position of neutral 

relay stop requires a repeater with contact on the upstroke between each neutral relay and sounder, or the equivalent secured by trans»coition of battery, for Byoehroaoun overadon: theme modifications are here omitted for simplicity. 
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LETTERS 

Moree Conti I 101•vy •Baln 

A • -- A • - 
e - • • • Ej..••• B - • • - 

C • • • C - • - • C • - • 

- • • D - • • 
E • E • E • - 

Ir • 
- •-• • G - • - - • • 
• • • H • • . H • - - 

I • • • • 1 • 

• -- • • 
K •-• • - - • 
L L • - • • L -- • 

M • - -• • 

N - • N • • 

0 • • - • 
  P • - - • 

0 • • - • 0 • -- • • 
R • • • R • - • R --- • • 
S • • • S • • • s -  • •-•-
T T - T - 

12 • • -- U • • - IJ • • - 
v • • • - V • • • -• 
W • - - W • - - W • • ••• • 

K • - • • X - • • - X - • • •-• 

Y • • • • yin. 

z... • Z - • • 

& • • • • & 

Y --
z 

& -••••-• 

PUNCTUATION MARKS 

NUMBERS 

1 • - - • 

2 • • -- • • 
3 • • • - • 

5 

g - • • • • 

3 • • • - 

s • • --

3 • • • --

I — — • • • 
• ... • 
• — . 

Mor. 

Colon Deck - • •-• • -• • • 

Seml-colon • • • • • 

I nterrogetIon - • • - • 

Exclamation, • 

Fraction Line • 

Dash. .. ••• • • • w• • • 
Hyphen. .• • • • • ••• • • 

A poatroPhe• • • • ••-• • 
Dollar Mark  • • • • •- • • 
Pound Sterling   • w. • • 

Shilling Mark.' • • 

Pence M•rk,...  
Capital Letter. • • • • •• • • 

Colon Followed 
by Quotation -• •-• • • «w • 

Cent.  . • • 

Decimal Point • • • • •••• 

P aaaaaa ph..  --••••• 

Italic. or Under-
line.. , • 

Parentheale.. .  
Bracket..  - • • • • - • • 

..- • 

Quotation le 
Quotat ion • • -• • • • • • 

Per Cent.. • -• 

Continental 

• ••••••• • 

• • • • • 

••••••••• 

• 

•••m.••• 

• • • •••»•• 

aaaa ••.••• 

• • 0•M• • 

• • • ...Rig/ 

v., • 

••••• OOOOO ffl.• 

• • • • • 

•••••• • 11,7.• 

• ••••• •••• • • •••»•• • Me• • 

Learning a Code.—The student should first thoroughly commit to memory the groups 
of signs representing the letters of the alphabet, the numerals and the principal punctuation 
points, viz., the period, comma, and point of interrogation: the remaining characters can 
be learned afterwards, as they will be little needed by the beginner. By constant drill the 
habit of making dots with regularity, uniformity, and precision must first be acquired; 
then dashes, and lastly in order, group of dots and dashes, letters and words. If possible 
for the student to obtain a register, he should by all means employ it in his practice, for he 
will then be more easily enabled to observe and correct the faults in his own manipulation. 
The student should learn to form the conventional characters accurately and perfectly; 
speed will come in good time, but only as the result of constant and persistent practice. 
Nora . -The Navy code is now obsolete. being discontinued Nov. 10.1912. Um Navy at >wine wile the Wotan 
•Nora - The Bain code was at one time in use os peas cl America and Ewe,. iseemaesioni wielstaa aà. 

chensical telegraph eresent. but OW obsolete. though ot Melon.' intense 
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The Morse code is exclusively used in the United States and Canada; 
the Continental code in all European and other countries, and in all 
submarine telegraphy by international agreement; the Phillips code is 
used for "press" work in the United States. 

TERMINAL A TERMINAL 

 o. 5 

F-PC P-(C)' 
.0 

GP CABLE 
FIG. 8,380.—Diagram of a simple submarine telegraph cable circuit. The equipments of both 
terminals A and B, are exactly the same, consisting of the transmitting keys K,K1, the 
pole changing switches PC, PC', line switches SS', galvanometers G,G', condensers C.C', 
batteries .BA, BA', and the necessary ground plates GP, GP'. By means of the switches 
S and S', the current may be allowed to pass either to the earth through ' he galvanometers 
nr other recorders, or to the transmitting keys K and K', thence through the batteries 
SA, and BA', to the earth, depending on whether the signals are being_ sent or received 
at the respective terminals. By means of the pole changing switches PC and PC', op-
erated by the keys K and K', either pole of the battery can be connected to the condensers 
C and C', and thereby to the line at the will of the respective operators, and the cables 
charged inductively, the corresponding sitrals being reproduced at the distant terminals 
by connecting the galvanometer with the line by means of the switches Sor S', as the case 
linty be. 

Pm. 8,381. —Diagram of elementary fire alarm circuit. Fire alarm apparatus forms that 
element of the system depended upon to announce to the fire fighting force the existence d 
and location of a fire. The equipment consists of gongs and indicators located in the fise 
department houses, and where volunteers form part of the fire departaent, public alarms 
are given by mesas of devices for automatically striking large bells or blowing whistles. 
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CHAPTER 50 

Telephones 
In the electric telephone, the vibrations of the diaphragm of the 

transmitter are transmitted to that of the receiver by means of 
electric currents sent out in the form of electric waves along the 
conducting wires connecting the two instruments. 

A 

..www/em.efeJv/e,eed 

PIG. 8,382.—Simple toy telephone, whose working principle is similar to that of the electric 
telephone. In operation, when the open end of the tube A. is placed before the mouth. 
the vibrations of the membrane C, caused by the varying sound waves constituting articulate 
human speech, are transmitted with mechanical action by the string E, to the membrane D. 
and set up in the latter vibrations corresponding to those of C. The vibrations of C. cause 
eound waves in the air which are propagated according to the principles of acoustics, to the 

ear, placed at the open end of the cylinder B. 

The current used for this purpose is of vibrating or alternating character 
and its strength at any instant has direct relation to the sound vibrations 
transmitted by the voice. 

A telephone set usually lomprises: 1, a source of electric current supply 
2, a transmitter; 3, a receiver; 4, an induction coil consisting of primary and 
secondary windings; 5, a receiver hook or automatic switch; 6, a bell or ringer 
consisting of two magnets and an armature and two bell gongs, and 7, a 
condenser with common battery sets. 

Current Source.—This varies according to the system used 

a,t the exchange.. 

The "common battery system" does away with the use of primary cells. 

D 

E 
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The d.c. required for the talking and for the switch board indicating signals 
is obtained from storage batteries charged from power driven dynamos 
and the a.c. for operating the subscriber's polarized bell or ringer is obtained 
from alternators. 

Transmitter.—Fig. 8,383, shows a form of transmitter 
largely used. 

The speaker talks into the mouth piece M, and the sound waves caused 
by his voice impinge on the metal diaphragm D, producing corresponding 
vibrations therein. Attached to the center of the diaphragm is a button 
and cup of hard carbon B, opposite to which and fastened to the frame is a 
second brass button E, and carbon cup A. 

The space between the two cups is filled with coarse granules of carbon 
C. The buttons A and B, constitute the electrodes of the transmitter. 
The electric current from the battery passes from one to the other of the 
electrodes, through the carbon granules which form a conducting path con-
sisting of an indefinite number of loose contacts. '1 he resistance of the 
circuit, and consequently the strength of the current, can be regulated 
by varying the rate of vibration of the carbon granules. The button 

B, communicates the 
vibrations of the dia. 
phragm D, to the car-
bon granules: therefore 
the voice of the speaker, 
characterized by the 
inflections and articu-
lations of human 
speech, is reproduced in 
the varying strength of 
the electric current. 

Receiver. — There 
are numerous forms 

of receiver, the Bell 
receiver being the 

form now generally 
used, as in fig. 8,384. 

8,383.—White solid back transmitter. In construction, the carbon chamber is formed 
by two mica diaphragms supporting the electrodes and brass ring collar. Each electrode 
is fastened to a brass disc. The use of two mica diaphragms provides for any vibration of 
the front electrode, which is transmitted through the granular carbon to the rear electrode. 
The whole chamber is caused to vibrate, which keeps the carbon granules alive and preclude. 
their becoming packed. 
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In operation the varying strength of the electric current produced by 
the vibrations of the diaphragm of the transmitter causes corresponding 
variations i-t the magnetic state of the electromagnet D, making it act 
upon the diaphragm B, with different degrees of intensity so that the 
listener's ear placed close to the receiver cap readily recognizes the charac-
teristics of the speaker's voice. 

Call Bells.— These devices, for attracting the attention of 
the party desired, usually consist of a polarized bell operated by 
current from a magneto located in a box. 

Fia. 8.384.—Bell Standard bi-polar receiver. It consists of a hard rubber case A hollowed oat 
at its upper extremity, and containing the thin, soft iron diaphragm B. Cap C, which screws 
on case A, is capable of vibrating freely. D, ir a permanent magnet of the horse shoe type 
and E, 1;.:, an electromagnet located directly under the diaphragm B, which is in close prox-
imity, but not in contact with, the poles of the magnet. These coils have soft iron cores 
screwed fast to the ends of the steel magnet so that when heavy alternating currents traverse 
through their windings the permanent magnetism cf the horse shoe magnet is not disturbed, 
These coils are connened in series and terminate at the wires F and G. 

FIG. 8,385.—Inside connt ctions of telephone bell box. In operation, when the receiver is 
off the hook the contact ; there are closed by the upward spring (À the hook and the circuits 
are closed for operation. The line is always connected to the two outer posts A and C. tlx, 
middle post B. often stamped G. is used for ground connection on oarty line instrumenta 
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Inter-Communicating Switching Device.—For small sys-
tems such as those of hotels, the inter-communicating switching 
device is often combined with the telephone set. 
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8,388.—Improved wiring of bell box by N. Y. Telephone Co. If an auxiliary bell be 
wired in, the two sets of cull are cc:inected in series and the post G, is used to connect the 
loops; otherwise the G, po..t is not used unless for ground connection in party wires. Post 
marked Ll, corresponds to post A in fig. 8,385, post C, corresponds to post 13, and_post 
corresponds to post C, in fig. 8,385, C referring to the condenser in each case. Post S, is 
connected to switch contact, post R, to receiver cord and post T, to transmitter. 
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PIG. 3,3/W.—Two common battery instruments wired so that only one bell at a time can be 
rung by Central (plan 3 N. Y. Tel. Co.). In operation, with the listening key normal 
(as shown) central can ring only the main station bell but the extension can talk, and by 
throwing thç listening key, the main is completely cut out and allows only the extension to 
ring and talk. 1 he ringing key must be thrown to ring the extension station from the main. 
which makes the system intercommunicating. 
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8,388.—Three magnetos wired so that only one bell at a time can be rung by central (se' 
cording to which listening key is thrown, permitting talk for any telephone with keys nor" 
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When there are a large number of subscribers, 
an exchange or central station is necessary, where 
the wires connecting the various subscribers or 
other small stations can be joined at will by the 
central operators. 

Switch Boards.—These are made in 

sections, called positions, for central offices. 

8,389.—The Blake microphone transmitter. In this 
instrument a single contact is maintained between the 
platinum point A. and the polished carbon button B. by 
means of the adjusting screw C. acting against the strip 
ef iron D, called the anvil. The vibrations of the dia-
phragm thus affecting the current which passes from the 
battery through the iron frame ring F, the anvil D, the 
connection G, the carbon button B. the platinum point 
A. and out again from the contact H, of the spring K. 
At one time the Blake transmitter formed a part of the 
standard equipment of almost every telephone in the 
United States and was also largely used abroad. No 
transmitter has ever exceeded it for clearness of articula-
tion but it is decidedly deficient in power in comparison 
with the modern transmitters. The Latter are composed 
of granulated carbon. 
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8,390.—Positive supervision type of P.B.X. switch board adopted by N. Y. Telephone, 
Co. With this type, each pair of cord is supervised by the positive supervision relay which 
controls the bull's eye cord signal. There are as many station jacks and station signals as 
there are extension stations and as many central jacks and drops as there are central (trunk) 
lines coming into switch board. There is only one buzzer key B.K., one night key N.K., 
one generator key O.K., one emergency key E.K., and one telephone receiver key T.K. 
mounted on each switch board. 
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The requirements of such exchanges are satisfactorily met by the use 
of various forms of multiple switch board in which each subscriber's line, 
instead of terminating in only one jack, connects with several, equal to 
the number of "positions." 

This arrangement enables each operator to make any died connec-
tion of the many thousands registered in the exchange, either by inserting 

PIG. 8,391.—Modern ringing keys. In order to meet the needs of every calling subscriber, the 
operator must perform several different acts in shifting and changing circuits and to facil-
itate this work, devices to simplify it as much as possible have been developed. The modern 
ringing keys have greatly helped in the saving of the operators' time. By throwing the 
little levers a hard rubber bushing makes or breaks the contacts at the springs and throws 
alternating current ringing power into the line. When the finger pressure is released, the 
levers fly back again into normal position. 

8,392.—Mounted trunk drops. Tubular trunk drops are mounted on a metal strip each 
being held by two small screws underneath the drop shutter. The tubular casing of eacb 
drop is soft iron inside of which is the drop winding, the ends of the coil wires terminating 
at lugs which protrude from the casing and are insulated therefrom. The drop shutters 
are then screwed fast to the metal strip and adjusted so that they may fall easily when 
the armature is held up by the magnet. 

the plug in the jace on her own panel or by reaching with the cord c.,f het 
calling plug to the panel or position on either side of her. 

The Common Battery Telephone System.—This is some. 
times called a central energy arrangement. A dynamo at the 
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central office charges storage batteries over night with electricity 

which supplies current to all subscribers, thus affecting a cost 
Saving. 

A feature of this system is that the removal of the subscriber's receiver 
informs central of the subscriber's presence at the telephone. 

The operator's equipment consists of a regular head or hand receiver 
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PIG .8,393.—Wirin diagram showing two telephones with a listening key at the main instru-
ment to cut off the extension-station. This key can be placed at either instrument and 
the extension wired to either inner or outer contacts. As shown, the key is at the main 
station and the extension is on the outer contacts. This is called plan 10. 
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PIG. 8.304.—Private line extension station current from P.B.X. switch board, whereby abso-
lute secrecy with outside exchanges is obtained. When extension listening key is normal, 
extension signals operator in same way as do all other extensions. After asking for private 
connection special cord, without listening key being plugged in central (trunk) jack by 
operator, subscriber throws extension listening key and conversation ensues. If P.B.X. 
operators attention be again desired, listening key is thrown normal. Operator calls exten-
sion in usual way on any cord except special and rings extension special bell no matter how 
listening key be thrown. Since there is no listening key on special cord, operator melt use 
any other cord for connection between P.B.X. and extension station. 
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and a, switchboard transmitter supported on an adjustable transmitter 
arm with cords, or a breast plate transmitter and receiver with head 
band, cord, and cut in plug, also the necessary condensers, induction coils, 
and retardation coils, all of which are connected to the listening key circuits. 

Central Office Exchange Equipment.—This consists of 
the necessary apparatus for transmission and signalling between 
private branch exchange (P.B.X.) switchboards and the ex-
change. 
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" 
• 8,395.—Booster sat with battery connected in the circuit to strengthen transmitting ano 

receiving power of common battery instrument. 

• 8,396.—Independent telephone station wired for local battery talking and common 
battery ringing. 

• 8,397.—Wiring diagram of two party line R, bell station with G, post represented as con-
nected to ground and negative side of alternating current generator also grounded. When 
bell is rung, ringing key throws positive current in instrument at L2, across condenser 
and through bell and out at G. to negative side of generator through ground. 

PPG. 8,398.—Wiring diagram ot two party line J, bell station with G, past represented as con-
nected to ground and negative side of alternating current generator also grounded. When 
bell is rung, ringing key throws positive current in instrument at L2, across condenser and 
through bell and out at G, to negative side of generator through ground. 

The operators sit at the various " positions" of the switchboards, 
there being two types called the A and B boards. When a subscriber lifts 
the receiver, an electric light burns in a jack and the B, operator answers 
with the answering or hack cord and throws her listening key and says 
number please. 
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When the subscriber gives the number she gives the B, operator the 
number by going into the B, operator's ear over a call circuit button on 
the A, board, the B, operator then sets the ringing key and gives the A, 
operator the assignment of a trunk and the A, operator plugs the calling 
or fi ont cord in the outgoing trunk multiple in the jack which has been 
given her. The A, operator completes the connection when the subscriber 
who is connected through the B, board answers, the light or drop on the 
cord circuit goes out, and stays out until the parties hang up and then the 
light opens on the A, cord circuit and the A operator takes down the cords 
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Foe. 8,399.—Four party line R, station showing the primary and secondary of the induction 
coil and the receiver and transmitter ail of which are connected a ishown in all party wire 
instruments. In operation, when the relay armature is held up against its contact spring, 
the bell circuit is complete to LI, post and rings through ground. 

81400.—Wiring diagram of four party line J. bell station showing the primary of the In-
duction coil, the selective ringing relay, and the condenser connected in series across the 
line. One end of the bell coil connects with post G. to ground and the other connects with 
the relay armature. When this armature is held up against its contact spring the bell 
circuit is compl Ite to L2, post and rings through ground. 

Foc. 8,401.—Wiring diagram of four party line M, bell station showing the primary of the in-
duction coil, the selective ringing relay and the condenser connected in series across the 
line. One end of the bell coil connects with L2, post and the other end connects with the 
relay armature. When this armature is held up against its contact sprinr, the bell circuit 
is complete to G, post. and rings through ground. 

Poe. 8,402.—Wiring diagram of four party line W. bell station snowing the primary of the 
induction coil, the selective ringing relay, and the condenser connected in series across the 
uni. One (el of the bell coil connects with Ll. post and the other end with the relay arma-
ture. Whei this armature is held up against its contact spring, the bell circdit is complete 
to ground. a.1.1 rings through ground. 
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and as soon as the calling cord or front cord is taken out of the outgoing 
trunk iack the B, operator gets the disconnect signal and she disconnects 

the cord from the number in the subscriber's multiple. In all cases A, 
boards are connected to B, boards by call circuit buttons and the B, operator 
does not talk to the subscriber. 

P.B.X. systems extension stations are arranged to terminate on jacks 

of the size suitable for the reception of the cord connecting plugs. 

Party Lines.—These are so arranged, that the telephones of 
a number of subscribers may be connected on one circuit so 
that all have a common drop and jack at the exchange switch 
board. Systems of this type are frequently adopted where the 

business is small in proportion to the length of the line. 
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PIG. 8,403.—Stock Exchange extension station as installed in New York City. In operation, 
when main wants extension, the ringing key is used with ringing power. The extension bell 
is not connected but one can talk troni the instrument. 

Pic. 8,404.—Police signal box, shoving the hell and condenser connected as usual across the 
line between L2 and G posts. In conetruction, the switch hook is insulated from the 
instrument by hard rubbei bushings. 
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90 TELEPHONE TROUBLES  

Subscribers' Troubles  

1. Open bell. 2. Open condenser. 3. Open bell strap wire. 
4. Bell out of adjustment. 5. Open auxiliary bell. 

Effect: Can call central but central cannot ring subscriber although both 
can talk. 

6. Open receiver. 7. Open receiver cord. 8. Open secondary 
coil. 

9. Open switch hook contact. 10. Receiver diaphragm miss-
ing. 

Effect: Can hear central ring but cannot hear talking with receiver. 

11. Open primary coil. 12. Open switch hook contact. 
13. Open transmitter. 14. Open transmitter cord. 
Effect: Can hear central ring and talk but cannot talk back, 

15. Dented receiver diaphragm. 
16. Swinging open (cut out) receiver cord. 
17. Short circuited induction coil. 
18. Reversed secondary connections. 
Effect: Can hear bell ring but can hear talking only faintly, 

19. Packed carbon granules in transmitter. 
20. Cut out transmitter cord 
21. Primary coil reversed. 

Effect: Can hear central ring and talk but cannot be heard clearly, 

22. Swinging ground on ring side of line. 
23. Line crossed with other lines. 
24. Party wire biasing spring out of adjustment. 

Effect: Bell rings occasionally without cause. 

25. Loose connection at one or both sides of line 

26. Cut out desk stand cord. 
Effect: Noisy line. 

27. Open line wire. 28. Open inside wire. 
29. Badly corroded inside or outside wire. 
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Effect: Subscriber cannot call or be called. Test: Strap out opens with 
test receiver. Disconnect short circuited lines and then test by strapping in 
test receiver. Shake cut out cords to locate trouble. 

Private Branch Exchange (P.B.X.) Troubles 

30. Generator feeder not correctly poled. 
Effect: Pressing ringing key while plugging cord into any station jack, 

all extension bells will ring or tap. Clear by reversing connections. 

31. Generator feed& open. 
32. Buzzer ringer coils open. 

33. Buzzer relay contact does not make. 
erect: Central cannot ring P.B.X. operator on any drop. Test by 

following out circuit with test receiver. 

34. Battery feed open. 

Effect: Buzzer relay vibrates while plugging trunk jack until E, key is 
thrown. Test by following up battery with test receiver. 

35. Short circuited or grounded ring of battery feed. 
Effect: Battery of insufficient strength to talk and extensions cannot get 

switch board. Test by first removing wires from binding posts at cross 
connecting box and tapping with test receiver or 24 volt lamp strapped 
aczoss wires of incoming feed. If lamp light bright or receiver click loud, 
battery is coming in O. K. Reconnect the tip side of feed, connect one 
side of a test receiver to ring binding post and tap the other side several 
times on end of loose wire. If receiver click, trouble must be toward 
switch board. Then at back of switch board open ring side of battery and tap 
as before at cable end of wires. If click be heard, trouble is in switch board 
table; if no click be heard, trouble is in switch board. 

36. Short circuited cord plug. 
Effect: Cord plugs are hot or plugs emit smoke when dampness has crept 

in bushings separating the three parts of plug. Test by throwing up all 
listening keys and placing operator's receiver to the ear, start from first 
and depress each ringing key separately. Clicking noise in receiver indi-
cates short circuit. Turn down each cord where clicking noise is heard and 
disconnect each cord so turned down at cord lug connections. 

87. Cord circuit at relay contacts short circuited. 
38. Cord circuit shortened by touching of keyboard wires. 
39. Ringing key contacts crossed. 

Effect: Clicking still heard in operator's receiver when turned down cords 
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are disconnected and ringing keys are again depressed. If ringing key con-
tacts be thought to short circuit because the inner contact spring makes 
contact with the outer before breaking from the inner, the G, key can be 
thrown, which will temporarily clear the trouble. Then the contacts must 
be adjusted. 

40. Positive supervision relay sticks. 
41. Bull's eye cord signal sticks. 

Effect (0( 41): Operator cannot tell when parties have finished talking. 
Test by jarring relay and clear by making good adjustment. 

42. Open trunk jack springs. 
43. Open trunk line condenser. 44. Open trunk drop winding. 

Effect: Central cannot ring local P.B.X. trunk drop. 

45. Buzzer relay open. 46. Buzzer contact spring does not 
make. 

47. 500 ohm resistance coil open. 
48. Ring or ground side of battery open. 
49. Ground wire open where springs make contact in falling. 

Effect (of 49): Drop shutters fall when central rings but buzzer does not 
ring or buzz. 

50. Broken wire at trunk jack common to all jacks. 
51. Open 100 ohm resistance coil. 

Effect: Banging noise is heard when local operator plugs into central jack. 

52. Cut out hand receiver cord. 53. Cut out head receiver 
cord. 

54. Cut out transmitter cord. 
Effect (of 54): Breaking of circuit is noticeable by occasional breaks in 

the conversation. The conversation may be carried on O.K. if all cords 
be kept perfectly motionless, but as soon as moved or shaken there are 
noticeable cut outs in the conversation. 

Test: Throw any listening key and place tip of either plug of that pair 
of cord on first one binding post and then on another of the receivers, at 
the same time shaking the cords. The trouble is generally located at the 
cord tips or connections. 

55. Transmitter open. 
56. Primary coil of operator's set open. 
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57. Transmitter cord open. 58. Listening key contacts open. 
Effect (of 58): Central cannot hear local operator on any cords, nor can 

P.B.X. operator hear central. 

59. Receiver open. 60. Secondary coil open. 
61. Receiver cord open. 
Effect: P.B.X. operator cannot hear central operator but central can 

hear P.B.X. 

62. Short circuited trunk line condenser. 63. Short circuited 
jack springs. 64. Drop winding crossed with frame. 

Effect (of 64): Central gets steady light from P.B.X. 

65. Open station signal. 66. Open station jack contacts. 
67. Open wire between jack and signal. 

Effect: One extension station cannot get local operator. 

68. Open common wire to jacks. 
69. Open common wire to signals. 

Effect: All extension stations fail to get local operator. 

70. Open plug or cord. 71. Open contact at ringing key. 
72. Open positive supervision relay. Open cord relay contacts 
Effect: Cord in question cannot be used. 

73. Open condenser at operator's set. 
Effect: Operator cannot hear but can be heard O.K. 

74. Open between battery feed and listening key. 75. Open 
between listening key and E, key. 76. Open between battery 
feed and E, key. 77. Short circuited induction coil. 

Effect (of 71): Throwing of listening keys does not give usual side tone 
(live sound heard by tapping on transmitter) until E, key is thrown. 

78. Open holding coil. 79. Open N, key contacts. 
80. Open upper relay contact. 
Effect: When an extension station is connected through to central and 

receiver is hung up (such as a night connection) the central disconnecting 
signal shows. The holding coil should prevent this with its high resistance 
shunted across the line when N, key is thrown. 



-  

8 

8 

OINC/1110.13 PM CUTTING DRAINING 

- 

1-14 

-TELEPHONES 1,095 
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rics. 8,405 to 8,418. — Repairing 
Western Electric Steel Cords. A, 
remove the plug from the cord and 
cutoff the worn end of cord; B, cut back outer braiding and sewing with a pair of snips 
about 13,s' leaving sleeve conductor bare; C. pull out spiral sleeve conductor with a pair of 
pllers and cut to about in length; D,E,F,G, and H, bind outer braiding Vis" back with 
w .E. three ply gilling thread; I, cut back inner braiding_ le leaving tip conductor bare; J. 
pull out tip conductor and tram inner core to length; K, bind inner braiding with gelling 
thread about 6/is" back from end, the operation in accomplishing this being the same as 
outlined under D,E,F,G, and H; L. screw into plug; M, fasten sleeve and tip conductor* 
under screws and replace shall 

Plan Troubles 

81. Hand generator turns hard. 
82. On plan 3 or 5, listening key 

contacts are crossed. 
Effect: System is short circuited. 

83. Plan 3 or plan 5 generator 
handle sticks. 

84. Short circuited condenser. 
85. Wet desk stand cord. 
86. Ringing key contacts on plan 5 

are crossed because plunger sticks. 
Effect: Both extension station bells will 

ring when one listening key is thrown. 

87. Desk stand cord short circuited 
on plan 3 or 5 extension. 

Effect: That extension bell will ring or 
tingle at same time that main bell rings. 

88. Desk stand cord connected 
wrong on either extension. 

Effect: Plan will become confused and 
epear to be wired wrong, according ta 
how the cord is wired. 

89. Open strap wire at plan 3 or 5 
listening key. 

Effect: In any case the main instrument 
would be cut off by an open line and not by 
a short circuit for which the strap is used. 

90. Listening key contacts open on 
plan 8 key. 

Effect: Main station can ring extension 
but cannot talk. If key be not down 
normal for ringing and thrown for talking 
main, cannot get extension station. 
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CHAPTER 51 

The 
Automatic Telephone 

The term automatic telephone means a telephone system fitte.1 
with automatic electric devices such that the user, by means of a 
numerical dial attached to the instrument can: 1, establish a 
conne t lion in a large public exchange, in from three to five seconds; 
2, be sure that he gets the number he dialed; 3, receive a positive 
signal, if the line be busy, and 4, break the connection when he 
desires—all without the aid of an operator in the central station. 

Clearly then the automatic telephone does away with the large force of 
central station operators, and as the connection is made electrically, instead 
of by a second person, mistakes are largely avoided, and connections more 
quickly made. Accordingly, from the standpoint of the user, the appeal 
of the automatic telephone is due to its speed, accuracy, directness, im-
personality and secrecy. 

The transmitter, receiver, ringer, and hook switch for an 
automatic telephone may be of any standard type. The only 

part of the instrument that is peculiar to the automatic system 
is the calling device or dial. At the central office, the machines 
which make the connections between subscribers' lines are 

divided into the following classes: 

1. Line switches; 
2. Selector switches; 
3. Connector switches. 

According to the size of the installations the automatic tele-

phone system may be classed as: 
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1. Single office exchange; 
2. Multi-office exchange; 
3. Private automatic exchange (P.A.X.). 

IG. 8,419—A 50 lime private automatic exclunge (P.A.X.) equipped for 25 telephones. 
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The second system is simply a collection of groups of srbscribers, each 
group having its central station and arranged for inter-communication 
between the several groups. 

The private automatic exchange (P. A. X.) is something entirely apart 
from public exchange operation, being, in fact, a system of automatic 
electnc services designed for private ownership by business or industrial 
œstitutions. 

1. SINGLE OFFICE 
EXCHANGE 

General Working of the Automatic Telephone.—This 
can be most clearly illustrated by considering the private auto. 

8,420.—Automatic telephone wall type showing dial by which the subscriber makes calls 
without the aid of a central office operator. 

FIG. 8.421.—Automatic telephone, desk type. 

matic exchange system. The exchange consists of the auto-
matic switch board, current supply, terminals, etc 

The telephone lines (two wires each) entering the room, rnsq through b 
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main distributing frame and thence to line switches. The line switch is a 
device for enabling a large number of telephones to use a smaller number 
of automatic switches, based upon the well-known fact that only a small 
percentage of the telephones are in use at any one time. Thus fifty sub-
scribers' lines require only seven switches, because no more than seven con-
nections are needed at any one time. 
From the line switches wires run to the connector switches, whose func-

tion it is to make the connections, 

The current is supplied to the automatic switches by a 24-cell lead storage 
battery, with a controlled pressure of from 46 to 49 volts. 

When a user takes the receiver from the hook, the line switch associated 
with his line extends the latter to an idle connector switch and prevents 
anyone else using the same switch. 

While the first figure of the call number is being dialed, a magnet in the 
connector lifts the shaft and wiper springs with a step by step ratchet 
action to a certain row of contacts. 

When the second digit is dialed, another magnet rotates the shaft and 

wiper springs until the latter rest on the pair of contacts to wnich the i desired line s attached. The connector switch then tests the line to see if 

it be busy. If the line be busy, the connector prevents the completion of 
the connection and sends a distinctive tone to the calling station, so that 
the calling person knows the conditions. 

The busy tone is created by the rapid interruption of direct current 
through the primary of an induction coil. Mounted on the converter shaft 
is a commutator with many segments. The 48-volt battery current is led 
through this in series with the primary of the induction coil and a pair of 
interrupter springs. The latter makes the tone come and go periodically, 
causing it to be recognized clearly as a "busy tone." The secondary of the 
induction coil is led to the connector switches. 

If the line be not busy, the connector switch protects the called line 
from being seized by anyone else, clears it of attachments and rings the 
bell of the desired station. The calling person can hear that the ringing is 
actually taking place. When the desired station answers, the ringing is 
stopped, and conversation proceeds as in any common battery system. 

When the conversation is completed and the receivers are hung on their 
hooks, the connector switch and the line switch both restore to normal, and 
are at once ready for another oall. 

Essential Elements of the Automatic Telephone.—The 
various devices comprising the automatic system by which 
telephone connections are made without the aid of an operator 

at central office are 
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1. Subscriber s dial; 

2. Line switch; 

3. Connector switch. 

The relay group is considered a part of the connector. 

Subscriber's Dial.—The function of this device is to alta 
Vw electrical condition of the line in such a way as to cause th. 

apparatus at the central office to complete tlw desired connection. 

SPRING INSULATOR 
IMPULSE 
sPRINC7S. 

PRir16 

;1%—tVORM GEAR 

Pm. 8,422.— Subscriber's dial, front view showing holes in disc. numeral band finger ,tops. 

Pm. 8,423.—Subscriber's dial, rear view showing mecl-anism. 

It consists of a dial pivoted at the center and arranged so that it may be 
turned in a clockwise direction.  

As shown in fig. 8,422 it is perforated with ten finger holes, through 
which appear the numbers 1,2,3,4,.5,6,7,8,9,0. 

To call the number, say 53, the subscriber places the tip of his ringer 
the hole through which 5 annears and turns the diet to the right until h ih 

is 
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finger strikes the stop; he then removes his finger whereupon a spring causes 
the dial to return to its normal position. Similarly the second number, 3, 
is "dialed," thus completing the manual operations of ceiling the number 
53. 

The mechanism of the dial is such that each time the dial is moved, as 
just described, an electric circuit is opened a number of times corresponding 
to the number dialed. Thus when the number 5 is dialed the circuit is 
opened 5 times. This mechanism is shown in figs. 8,424 and 8,425, and 
in diagram in fig. 8,428. 

Subscriber's Circuit.—Included in this is the receiver, 
transmitter, shunt and impulse springs of the dial mechanism, 

line and release relays, as shown in fig. 8,426. 

FINC/ER STOP RAT 
WHEEL 

5HUNT sppip.ms 

PULSE 
PRINGS 

GOVERNO 

CAM 
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ws. 8,424 and 8,425 .—Front and sectional side view of subscriber's dial, showing mechanism and 

end view of cam. In operation, as the dial is rotated by the finger clockwise, a coiled spring 
is wound, which, after removing the finger on reading the stop causes the dial to return to ita 

initial position. This is a ratchet which transmits the return movement to gears and a 
governor. The gears are in mesh with a pinion on which is a cam which is so geared that 
when say No. 1 is "dialed," the cam will snake one half revolution, opening the impulse 

spring once. Similarly the impulse msing will be opened a number of times corresponding 

to the number dialed. 
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When the subscriber dials a number, the circuit will be opened a number 
of times corresponding to the number called and this is the principle upon which 
the apparatus at the central station dopends to make the connection. 

When the dial is moved from the initial position, the shunt springs close 
contact, maintaining a shunt around the transmitter and receiver until 
such time as the dial returns to its initial position. This prevents variation 
of resistace in the subscriber's loop and irregular operation of the central 
office mechanism. 

Connector Switch.—At the central station the impulses sent 
from the subscriber's station by the dial mechanism act upon o 
connector switch which makes the connection 

SHUNT 
SPRINGS 

,1 CAM 

IMPULSE. 
SPRINGS 

SLOW 
ACTING 
RELEASE iT 
RELAY 

PIG. 8,426.—Subscriber's circuit In operation, when the receiver is lifted from the hook, 
the circuit is through the upper winding of line relay L. transmitter, receiver, impulse spring, 
upper contact of switch hook, ower winding of L. to ground. When thus, line relay become: 
energized and closes the release line relay, whose circuit is from battery through release relay. 
contact maker F, to ground. When a number, say 1, is dialed, and the dial released, the 
cam is given one half turn as it returns to initial position, and one of the cam wings momen-
tarily opens the impulse spring as it passes between them. This momentarily opens the 
circuit of line relay L, which causes L, to disenergize for an instant, and in turn opens the 
circuit of relay R. The latter being slow acting remains closed even though its circuit was 
momentarily opened. 

There are two principal differences between the work of an operator on a 
multiple switchboard and that of an automatic connector. The first lies 
in the difference in the number of lines to which they have access. The 
operator has within her reach a multiple jack for every line in the switch-
board, be the number of lines 1,000 or 10,000. She may therefore make a 
connection to any line entering the office, but a connector switch has accesr 
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to but 100 lines. Secondly, a sub-
scriber's operator takes the orders of 
and makes the connections for cer-
tain predetermined subscribers only. 
The number she serves seldom ex-
ceeds 200 and is often less than 100, 
but a connector switch is, when 
idle, ready to handle the order of 
any subscriber who may wish to 
connect to any one of The 100 lines 
to which it has access. 

Fig. 8,427 shows a connector 
switch with cover removed. The 
lower part of the machine supports 
two curved banks of contact plates 
or strips. The under bank, called the 
line bank, contains 100 pairs of these 
contact plates arranged in 10 hori-
zontal rows, 10 pairs to the row. 
These pairs of bank contacts cor-
respond to the line springs in the 
multiple jacks of a manual board, 
and may be multipled before any de-
sired number of connector switches. 

The upper bank contains 100 single 
contacts which correspond to the 
sleeves of multiple jacks. This is 
the busy test bank, commonly called 
the "private" bank. The cord and 
plug of the manual board are rep-
resented by the "wipers" on the 
shaft of the machine. 

8,427.--Strowger type connector with banks. The connector is the final switch of a 
series used in making a call. It consists of a shaft carrying three wiper springs, which by 
means of a step by step vertical and rotary motion, may he caused to rest on any desired 
set of contacte in the bank. The relays at the top are used to control the action of the 
magnets, the busy signal. ringing current, transmission currents, etc. 

The lower or line wiper consists, as shown, of a pair of long flexible springs 
insulated from each other and each soldered to a flexiNe cord, while the 
upper or private wiper is a pair of springs connected together to a third cord. 

The movement of the wipers, corresponding to those of an operator 
raising a plug and inserting it into the proper multiple jack, are performed 
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FIG. 8.428.—Diagram of line bank contacts, associated with each connector and numbering 
system of the telephone lines of which they are the terminals. The number of any set of 
terminals can be determined by noting the number of -:ertical and sidewise steps the wipers 
must be given to reach that set, remembering that ten steps is always represented by zero. 
Thus six vertical steps and ten rotary steps would cause the wipers to reach contact No. 60. 
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FIG. 8,429.—Diagram of a 200 line office in its simplest form. Lifting 
WI the receiver of the telephone zonnects toe calling subscriber with an 

idle one of a number of selectors. 1 he numbering of the telephones 
in this office is from 200 to 300 inclusive, since the second and toed levels of the selectors 
are used. Dialing the first figure (a 2 or a 3) steps the selector up to the second or third 
level and thereby chooses the 200 cr 300 group of lines. Immeliately the vertical motion 
of the selector shaft is complete, the shaft and wipers automatically rotate to select an 
idle connector serving that 100 line group. This action is independent of the calling device. 
The last two figures dialed cause the connector to pick out the desired line. 
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FIG. 8,430.-100 line switch board front view. Here are shown 100 subscribers' line switches 
mounted on a steel frame in four sections of 25. Two sections of 25 are mounted on each 
swinging shelf and each shelf of 50 are controlled by a master switch. Above the switches 
may be seen the power panel and terminal assembly. 

Fin. 8,431.-100 line switch board rear view. On the rear of a line switch unit are mounted 
the connectors which serve that 100 lines. The incoming subscriber's lines, besides being 
connected to the line switches are also connected to the connector bank contacts. The 
capacity of a unit is usually 24 or 28 connectors, although it is seldom necessary to install 
more than 15 except for party lines. 
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by the shaft which has a step-by-step vertical movement and a step-by-
step rotary movement. These movements are actuated by pawls and 
ratchets operated by electromagnets controlled by the subscriber from the 

calling device on his telephone, 
and are always in accordance with 
the last two digits of the number 
he calls. 
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For example, if he call a num-
ber ending in 43, the shaft 
raised four steps and then rotated 
three steps, thus raising each 
wiper opposite the fourth row of 

contacts from the bottom of its 
respective bank and then sliding 
it over to the third contact in the 
row. 

The machine is then ready to 
close the circuit of the calling 
subscriber through to the circuit 

of the called party, but before 
doing this it first closes the pri-
vate wiper circuit only and thus 
makes an automatic busy test. 

If it find the desired line busy, 
it keeps the connection open and 
immediately transmits the busy 
signal back to the calling sub-
scriber. 

If the desired line be not engaged, 
the connector switch immediately 

etc. 8,432.—Diagram of connector switch, and the two banks of uontact. The switch consists 
of a shaft arranged to make under control of magnets, a step by step vertical movement, and 
a step by step rotary movement. Attached to the shaft near its lower end are two wipers. 
the lower (double) wiper makes contact with the line bank, and the upper (single) wipe, 
makes contact with the private bank. Further up on the shaft are vertical teeth by whicb 
the shaft is raised step by step, and just below which is a pinion or hub of rotary teeth by 
which the shaft is rotated step by step. The coiled spring at the top of the shaft causes 
it to reurn to its initial position when released. Gravity is utilized to lower the shaft te 
its initial vertical position. 
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begins ta king the called party's telephone bell automatically and inter-
mittently. When he answers, the ringing stops and the two subscribers' 
lines are closed together for conversation. 

Talking current is supplied to the transmitters of both telephones from 
the central office battery through the relay coils of this connector switch, 
just as in manual practice it is supplied through the relay coils of the cord 
circuit. 

The diagram fig. 8,432 shows clearly the mechanism of the 

connector switch. 

Fie. 8,433.—Connector switch circuit. When the subscriber removes the receiver, relays 
L and it, are closed as explained in fig. 8,426. Suppose the first number dialed by the sub-
scriber be 4, then the circuit of relay L, is momentarily opened 4 times; which in turn each 
time opens the circuit of relay R. Since R, is slow acting it does not open. The first time 
relay L, armature opens a circnit may be traced from ground, break springs relay L, snake 
springs relay R, break contact -cif normal spring'. relay S, through vertical magnet to battery. 
The current in the circuit canses relay S, and the vertical magnet to operate. S, being slow 
acting remains in position for fraction of a second. When relay and armature again opens 
the same circuit is closed, exce,,it that since the shaft has already been raised one step, the 
circuit will pass through the, make contacts of the "of normal spring" and the make contacts 
of relay S. Shortly after the last impulse of current has passed through S. it will open and 
cannot again close because of the open circuit at the off normal springs: When the subscriber 
dials the second number, each time relay L, opens, a circuit may be braced from ground 
break springs relay L,msLe springs relay R, make off normal springs, break springs relay S, 
through rotary magnet to battery. The current in this circuit causes the rotary magnet to 
close a number of times corresponding to the number dialed, thus rotating the switch to 

the proper contact. 

Connector Switch Circuit.—This circuit includes the vertical 

and rotary magnets, which operate the switch. 

Fig. 8,433 shows the circuit, which it should be noted, is a continuation of 
the subscriber's circuit shown in fig. 8,426, the two relays L and R, of fig. 

8.433 being the same relays at L and R, of fig. 8,426. 
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Private and Line Banks.—As shown in fig. 8,432 these form 
a part of the connector switch. The diagram fig. 8,434 shows 
100 single contacts in the private bank and 100 double contacts 
in the line bank. 

Each telephone is connected to a certain pair of contacts in the line bank. 
Por each pair of contacts in the line bank, there is a corresponding contatt 
in the private bank associated with it. 

8.434.—Diagram showing contacts of line and private banks of a l(h.' line system. These 
banks form a part of the connector switch. 

The object of the private bank is to protect a tine against intrusion when 
that line is in use; it is in other words, a busy test bank and in operation, 
whenever a telephone is in use the corresponding private bank is grounded. 

Private Bank or Busy Test Circuit.—This is shown in 
fig. 8,435. The spring assembly on relays A, and W, are what 
are called make before break springs. 
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When current flows through the relay, the make spring strikes the movable 
spring and causes it to break contact with the stationary spring. 
When relay B, is once energized it is independent of the private bank 

contact ground, hence the busy tone is continued even though the called 
line becomes idle. 
When a busy line fs called, the wiper cut off relay W, does not cut the 

connection through the wipers, hence there will be no interference with 
those already using the line. 
The circuit of the rotary magnet is taken through a pair of break springs 

on relay B, so that a subscriber, while receiving the busy tone cannot again 
operate the rotary magnet by interfering with the dial. 
The make springs on relay A, prevent opening of the rotary magnets, due 

FIG. 8,435.—Private bank or busy test circuit. Asstuning a telephone in use and its private 
bank grounded. relay A, being slow acting, will remain energized momentarily after the 
completion of the rotary movement. Now a circuit may be traced from ground at private 
bank contact, through private wiper, break springs relay - W, make springs relay A, through 
busy relay B, to negative battery. The current in this circuit will cause relay B, to close form-
ing a locking circuit for itself independent of the ground frprn the private bank contact. 
This circuit may be traced from "off normal spring ground," make springs relay B. break 
springs relay A (which by this time has opened) through relay B, to battery. Further relay B 
closes a pan of contact which places the busy time on the line indicating to calling subscriber 
that the line is busy. 

to the tendency of relay B, to operate shouict the private wiper pass over one 
or more busy contacts. 

If the called line be idle, there will be no guarding ground on the associ-
ated pri fate bank contact. After relay A, opens a circuit is closed through 
the wiper cut off (or ringing) relay W, which grounds the private bank 
contact, so that any one calling this number will receive the busy tone, 
thus protecting the busy line against intrusion. 
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Disconnection of Connector Switch.—After the completion 
of a telephone conversation means must be provided for returning 

PIG. 8,436.—Release circuit by which the connector switch double doi, is operated to restore 
connector switch to normal. Since during conversation, the line relay remains closed 
the connector switch release circuit remains open. Now when the receiver is hung on 
the hook (at the calling station) the line relay opens and a moment after the release relay 
opens. This completes a circuit from ground, break springs of line relay, break springs of 
release relay, off normal springs, through release magnet Y, to battery and ground. Thie 
energizes the release magnet which removes the double dog allowing connector shaft to re-
turn to normal position, the release circuit being opened at the off normal springs whet 
the shaft reaches the normal position. On the release relay is a pair of make springs, by 
which ground is placed upon the release trunk. 

8,435a.—Removal of line wipers during rotation. When the second number dialed 
requires several steps of rotation, the line wipers during the rotation make contact with the 
contacts rotated over. Hence, if any of the lines rotated over be busy an unpleasant sound 
would be heard as the wipers passed over the contacts unless they be disconnected from the 
connector during the rotary movement. Assume number 65 has been called and that the 
line and private wipers are now resting upon the bank contacts associated with telephone 
number 65. When relay A, de-energizes, following the last rotary impulse, a circuit may 
be traced from "off normal spring ground," low winding relay W, break springs relay A, 
break springs relay W, private wiper, private bank contact, through the B.C.O. to nega-
tive battery. The lower winding of relay W, will energize sufficiently to close the springs 
X, thus forming a locking circuit which may be traced from "off normal spring ground' 
springs X. through the high winding of relay W, to battery. The current in the circuit will 
cause relay W. to fully operate so that the line wipers are cut through to the connector and 
ground is placed on the private wiper. 
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FIG. 3,437.— Diagram of complete connector circuit. 

the connector switch to its normal position, wken the subscriber hangs up the receiver, 
thus disconnecting the line. 

This is done by a part of the connector switch mechanism called a double dog operated by a release 
magnet. The circuit which controls the release magnet, called the release circuit is shown in fig. 8,436. 

Complete Connector Circuit.—Connections in this circuit are shown in fig. 8,437. 
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Included in the diagram are the familiar line and release relays. 
also, series relay, instantaneous ring cut off relay, busy relay, 
back bridge relay, wiper cut off relay, release magnet, vertical 
magnets, rotary magnets, and slow acting rotary control relay. 
The duties of these various relays are here briefly given. 

Line Relay—Receives the dial impulses and repeats the same to the 
vertical and rotary magnets; also feeds talking battery to calling subscriber. 

Slow-Acting Release Relay—Prepares circuit of the vertical and rotary 
magnet, and maintains the release magnet circuit open until such time as 
the conversation is completed. 

Slow Acting Sei ¡es Relay—Used to operate the vertical magnets. 

Busy Relay—Used to give a calling subscriber a busy tone in case the 
line called be busy. It also prevents undue rotation of the shaft by the 
rotary magnets. 

Ring Cut Off Relay—Feeds ringing circuit to the called line and releaqPs 
ringing circuit when the subscriber answers. 

Back Bridge Relay—Feeds talking battery to the called subscriber, and 
reverses polarity of the calling line. 

Wiper Cut Off Relay—Cuts connector through to the wipers when an 
idle line is reached. 

Vet tical Magnets—Gives vertical movement to connector shaft when 
first number is dialed. 

Rotary Magnets—Gives rotary movement to connector shaft when 
second number is dialed. 

Release Magnet—Removes double dog to restore connector shaft to 
normal position when receiver is hung on hook at completion of conversa-
tion. 

Rotary Control Relay—Operates in parallel with the rotary magnets, 
and closes the circuit through to the busy relay. 

Line Switch.—As must be evident the complicated connector 

switch is a very costly part of the apparatus, and if, as has been 
assumed in the previous explanation that each line is provided 
with one of these connectors, the cost of the installation would 
be prohibitive. Now since only a small number of lines are in use 
at one time, it will suffice to employ only a few connectors in 
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proportion to the number of lines, if there be provided means by 
which when a subscriber removes his receiver from the hook, his 
line will be connected to an idle connector switch. This is accom - 
plished by what is called the line switch. 

With this device, it has been found in practice that only ten connector 
switches are needed for each 100 line installation. 
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8,438.—Line switch. It consists of a line relay and a combination "pull down 
coil'' and "holding coil" carrying two armatures. The larger armature carries a plunger, 
which is pivoted so that its point may be swung by the master switch in front of a bank 
of contacts. The bank consbts of 10 sets of contact springs with which are associated ten 
trunks. Line switches are mounted in groups of 25, four groups being provided for each 
100 line unit. One master switch may be provided for any number of groups of line switches 
depending upon the trunking capacity desired, since each master switch controls ten trunks. 
Normally the plungers are a', rest poised over bank contacts multiplied to an idle trunk. 
When a subscriber removes his receiver from his telephone switch hook preparatory to making 
a call, a circuit is thereby closed which causes the plunger arm of his lina switch to be 
at once pulled down, carrying its plunger out of engagement with the master shaft and 
thrusting it i:.to the Lank. he effect of this is to connect the subscriber's line to a trunk 
leading to an Lae Erst selector switch, as shown diagrammatically in the right hand porticn 
of the figure. The instant that one line switch thrusts its plunger into the bank, thus 
occupying the trunk over whose multiple all idle plungers have been poised, the masses 
switch operates and swings the remaining idle plungers forward over ',le next multiple of 
bank contacts. If this trunk should be busy, the movement proceeds until an idle trunk 
is found. It is to be noted that a line switch always uses a pre-selected idle trunk instead 
of making a selection after a subscriber startF to call. 
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PIG. 8,439.—Diagram of line switch and connections. The switch consists of. a magnet M. 
and plunger P. whose head or wing is slotted so that it may engage a projecting edge of the 
shaft. The shaft is pivoted at A and B, and is capable of a rotary motion of about 40 degrees 
under control of a master switch MS. The rotary motion causes the plungers of the various 
line switches to oscillate in front of the terminal of the trunks to the connector switches. 
Under control of the master switch the shaft comes to rest only opposite an idle trunk. If 
the shaft be holding all the plungers opposite, say the second trunk, and a subscriber re-
move his receiver, the corresponding plunger will plvnge in and extend the connection to 
the connector associated with trunk number two. The plunger when plunged in is now free 
of the shaft as shown at C. The master switch, by means of the shaft moves the remaining 
plungers opposite an idle trunk, giving what is called pre-selection of trunks. When the sub-
scriber who plunged in on trunk No. 2, hangs up his receiver, his plunger will come out ot 
the bank but the slot in the wing of the plunger will not engage the shaft at this time. Hence ttheunger will remain opposite trunk Igo. 2, until the shaft again swings in front of this 

and picks it up. Po prevent a caller connecting on a busy trunk, a plunger must not 
plunge in while the master switch is seeking an idle trunk. This requirement is met by 
what is called the open main battery feed. 
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In making a connection, after the line switch (also called the non-nu-
merical switch) connects the line with an idle connector, the connection is 
rompleteri by the connector switch as already described. 
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Fig. 8,439, shows the working of the line switch, and fig. 8,440, its general 
appearance. 

An important part of the line switch is the solenoid, which operates the 
shaft of the line switch in seeking trunks and the locking mechanism. This 
part of the mechanism with its circuit is shown in fig. 8,442. 

The shaft of the line switch is moved counter clockwise by a spring, ar.41 
clockwise by the solenoid. One arm of the locking segment L, is arranged to 
face springs Y, into contact when the switch is standing opposite the first 
hrunk. 

SOLENOID 

LINE 

TRUNK TO 
FIRST SELECTOR 

8,441.—Master switch mechanism of line switch and diagram of trunks to first selectors. 
tin the li:,e switch, the notch in the head of each plunger meshes with a rocking bar or "master 
theft" r.s it is called. A step by step device called a master switch (seen in the upper part 
d the figure) is connected to each pair or to each four master shafts and by means of them 
can swing the plungers back and forth, step by step over the banks of contact springs. The 
plungers are normally hell in position by the master bar, which carries a feather fitted into 
the slots at the rear of plunger. When the line switch operates, the plunger point is thrust 
into the bank, connecting the line to the connector or selector trunk, and at the same time 
disengaging itself from the master bar. The master switch is now automatically unlocked and 
begins to move under the action of the curved spring until an idle trunk is reached. When 
the master switch reaches the end of its stroke, the solenoid is energized and this pulls the 
shaft back in the opposite direction against the action of the spring. 

The trip relay T, has a mechanical locking feature, which after it is once 
energized, will hold the springs in an operated position until mechanically 
released. 

A section of L, is so formed as to release the springs of the trip relay T, 
when the master sl.fitcil cocu-.s opposite the tenth trunk. 
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8,442.—Solenoid control of line switch shaft, locking mechanism and circuit. If the line 
switch be standing opposite, say trunk No. 8, and a plunger plunges in on the trunk, a 
circuit can be traced from release trunk ground, through master switch wiper and starting 
relay SR, to battery and ground. SR, will energize and close a circuit from ground through 
springs of relay SR, locking magnet ML, to battery and ground. The locking magnet will oper-
ate to remove the retaining air from the locking segment, which now being free, to move, 
under the action of the spring will swing switch wiper and plungers in front of trunk No. 7. 
If this trunk be idle, the associated bank contact will not be provided and relay SR, will 
open and break the locking magnet circuit allowing the retaining arm to drop into the seventh 
slot of the locking segment. This arrests the rotation of the line switch shaft and holds the 
plungers opposite the seventh trunk until that trunk becomes busy. If this trunk had been 
busy the circuit of relay SR, would not have been opened, and the .ratation would have con-
tinued until an idle trunk was reached. A plunger cannot plunge in while the master switch 
is moving for during the motion the open main circuit is open at the springs of relay O. 
The springs af the locking magnet, when in an operated position, also close a circuit through 
the supervisory relay X. 

PIG. 8,443.—Diagram of portion of a connector switch circuit illustrating clearing the calle  
line of attachment, Suppose a called line found to be idle and relay W. cut the connector 
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PIG. 8,444.—Line relay and master switch circuits. 
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There are ten sets 
of double contacts 
in the master switch 
bank, the lower Con-
tact being multi-
plied together. 
Each contact of the 
upper row is associ-
ated with one of the 
line switch trunks. 

The switch wiper 
short circuits t h e 
upper and lower 
bank contact associ-
ated with the trunk 
upon which it hap-
pens to be standing. 

The locking mag-
net LM , operates to 
force its springs to-
gether and draw re-
taining arm RA, 
from locking seg-
ment L. Again if 
the retaining arm be 
resting against lock-
ing segment L, but 
has not yet fallen 
into a slot, it will 
hold the spr:ngs of 
relay LM, in con-
tact. The operation 
of the solenoid con-
trol is explained in 
fig. 8,442. 

FIG. 8,443.—Text continued. 

through to the wipers. A part of the plunger circuit associated with the called tine is shown 
at the right. When relay A, releases after dialing, a circuit may be traced from "off normal 
spring ground", low winding of relay W, break springs relay A, break springs relay W, privatd 
wiper, through the B.C.O. of the called plunger to battery and ground. The B.0 .0. of the called 
plunger will clear the called line of attachments, and relay W, will operate sufficiently to 
close springs X. When this condition obtains, a circuit may be traced from "off normal 
spring ground," mane springs relay W, high winding of relay W, to battery and ground. The 
current in this circuit fully operates relay W. Direct ground is now placed on the private 
bank contact by springs of relay W, so slowly that the B.C.O. of the called plunger will 
have sufficient time to clear the called line of attachments before W , cuts the connector thr ri4h 
to the wipers. The springs of W, are of the make before break type 80 that the 13.C.O, wtui 
not be opened. 
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Clearing the Called Line.—When a telephone is called it is 

necessary that the line be cleared from battery and ground feed. 
This is called "clearing the line of attachments" and is illustrated 
and explained in fig. 8,443. 

2. MULTI OFFICE 
SYSTEMS 

Up to this point only a 100 
line, single office exchange 

system with 10 connector 
switches has been considered 
However, in practice, a single 
office may contain any number 
of lines There is no limit either 
way. A recent single office in-
stallation at Norfolk, Va., of 
11,500 lines is at the present, 
the largest single office in ex-

istence. 

8,445.—Multi-central station dial. On all 100.000 line systems the numbers are made 
up of a letter and four figures instead of five fipres. With this method of numbering 26,187 
would, for instance appear in the telephone directory as B-2187. When operating the call-
ing device many subscribers will remember a letter and four figures more clearly than they 
will five figures. 

The grouping of lines in multi-office exchange system is, with 

respect to the exchanges strictly according to number. 

Thus, assuming 100 line units, telephones numbered 1 to 99 are wired 
to exchange A, those numbered 100 to 199, to exchange B, etc. At each 
of these exchanges is a set of connector switches, through which connection 
is made with any subscriber's line which terminates at the same exchange. 

Now if a subscriber whose line terminates at exchange A, desire 



1,12U U TOM A 1 lt! PEI-Lett Ul V n..1 

to talk with a subscriber where line terminals at exchange B, 
he must first obtain connection to an idle connector switch in exchange 
B, and in order to do this a new piece of apparatus called cs 

selector switch is necessary. 
as shown in fig. 8,446. 

It looks, and is very much 
like a connector switch; in fact 
the mechanism and banks are 
the same. Its mechanism gives 
the familiar vertical and rotary 
motion to a shaft and wipers 
and differs from the selector 
switch in the circuits and relays 
only. 

In any multi-exchange 
system, the selectors are 
divided into a number of 
classes according to the size 
of the group they are to choose. 

For example, in a 10,000 line 
system first selectors would 
choose the 1,000 line group, and 
second selectors the 100 line 
unit. 

8,446.—Stronger type selector with banks. It consists ol a group and trunk choosing 
switch. Like the connector it comprises the usual shaft, bank, and wipers, and a mechan-
ism whereby the shaft can be lifted and rotated step by step. Unlike the connector, how-
ever, it is a one digit switch. The vertical motion is controlled from the calling device and 
serves to pick out a certain group of lines. The rotary motion is automatic and picks out 
an idle trunk leading to that group. 

The bank contacts of the selector switches are terminals of trunk lines 
instead of subscribers' lines 
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The first or lower row of first selector bank contacts constitutes the 
terminals for a group of 10 trunk lines leading to second selector switches 
in the 1,000 section of the plant. 

The second row represents another group of 10 trunk lines to second selec-
tors in the 2,000 section of the plant, the third row represents a group of 
trunks leading to second selectors in the 3,000 section of the plant, etc., 
so that through the 10 rows of bank contacts the first selector has access 
to 10 second selectors in each of the 10 sections of 1,000 lines which make up 
a 10,000 line office. 

The first selector switch used by a calling subscriber is oper-
ated in accordance with the 6rst digit of the number he calls. 

Suppose, for example, he is calling the number 2,543. The impulses 
sent in by the first movement of his calling device will raise the shaft, and 
accordingly the wipers of the first selector switch two steps, placing each 
wiper opposite the row of bank contacts second from the bottom in its 
respective bank. 

Now the selector switch unlike a connector switch, does not wait for the 
subscriber to make another turn of his dial before rotating its shaft, but 
the rotation is automatic and beyond the subscriber's control. 

The rotation starts the instant the vertical movement is completed, and, 
in the particular case which is here used as an example, sweeps the wipers 
step by step over the row of bank contacts connected to trunks leading to 
the 2,000 section. 

At each step of the rotation, the oank contacts on which the wipers then 
rest are given the busy test, and as soon as a disengaged trunk line is 
found the rotary movement stops and the connection is completed to an 
idle second selector. This is all accomplished in a fraction of a second, so 
that the second selector is operated by the subscriber's calling device 
impulses corresponding to the second digit 5, of the number 2,543 which he 
is calling. 

The wipers of th t second selector are accordingly raised five steps and 
are then automatics.' y rotated just as the first selector wipers were. The 
bank contacts of this second selector are the terminals of the trunks to the 
10 sets of connectors which complete the connections to the line groups 
making up the 2,000 section of the plant. Consequently when the second 
selector wipers stop on an idle trunk in the fifth multiple, the calling sub-
scriber is placed in connection with an idle connector in the 2,500 group; 
that is, a connector which has access to the desired subscriber's line No. 
2,543. This connector is then operated by the last two movements of the 
subscriber's calling device, and performs the functions of an operator in the 
manner already described at some length. 
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Fig. 8,447 illustrates this grouping arrangement and shows the connection 
just described from the calling telephone to a first selector, then from the 
second row of first-selector bank contacts to a second selector in the 2,000 
section of the exchange, then from the fifth level of this second selector's 
bank contacts to a connector switch in the 500 group of the 2,000 section, 
and then through the fourth row of the bank contacts of this connector to 
the called telephone. 

It is readily understood that by thus using a first selector to 

HluhIll fillurn1 iinuu el111111111 ¡WU 1111111111 ¡ MIMI 
4000 5000 SO® no. «eo *000 lox 
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8,447.—Diagram illustrating working of the multi-exchange system by means of »elec. 
tor switches. As shown, connection has been mac12 by a subscriber with phone No. 2,544, 
by means ot first and second selector switches and a connector switch, the latter located 
at the central station at which the line of the subscriber called terminates. 

pick out a trunk to any one of ten different 1,000 sections, second 

selectors in each section to pick out trunks to any 100 group 
in each 1,000, and then by using the connectors to complete 
calls to individual lines in each 100, that connection may be 

made by the use of three switches from any calling telenhone 
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to any number from 0000 to 9,999 or in other words to 10,000 
different numbers. 

It will also be readily understood that by using a fourth switch, 
called a third-selector switch, and using numbers with five digits 
instead of four, that the capacity of the system will be multiplied 
by ten and will be 100,000 lines instead of 10,000. 

In a system of 100,000 lines, 10,000 numbers are generally set aside for 
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Yin. 5,448.—Diagram showing relation between the lines and the trunks at the line switch 
banks. Although only three trunks are shown, it must be understood that there are al ways 
ten, and the number of lines may be anywhere from 25 to 100. Assume that the position 
of the master switch is such that each line switch plunger is pointing opposite its set of con-
tacts belonging to trunk No. 3. If a call be originated on say line No. 3, the plunger of that 
line switch will operate to close its pair of contacts on trunk No. 3, thus connecting the 
line with the trunk. At the same time the master switch operates to move the remaining 
plungers until they are resting opposite the contacts of line No. 2, (assuming that trunk to 
be idle). The next line switch being used will take trunk No. 2 and the rest of the plungers 
will take up a position opposite the next idle trunk. It must be understood that the trunk 
finding movement takes place from No. 10 to No. 1. The master switch does not pre-
select trunks in moving from No. 1 to No. 10, but passes over them without stopping. 

each main central office. Consequently on each call the first selector picks 
a trunk to the desired office, the second selector picks a trunk to the desired 
1,000 in that office, the third selector picks a trunk to the desired 100 and 
the mu:lector completes the connection to the desired line. 
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Pic 8,449.—Diagram of automatic telephone system installed at Los Angeles, Cal. As shown 
there are six main offices, each with an ultimate capacity of 10,000 lines. The Olive Street 
main office is now equipped for 10,000 lines, West for 4,000 lines, Adams for 2,500 lines, 
South for 5,000 lines, Boyles for 800 lines and East for 1,000 lines. The numbers in the 
South Office all commence with 29,000. Those in Olive Street Office all commence with 
60,000 etc. South office has a branch office called Vernon; West office has two branches 
which are called Prospect Park and Hollywood; East office has a branch called Highland 
Park. The numbers in each branch office commence with the same digit as the numbers 
in the main office to which it connects. That is: one of the sections of 1,000 numbers are 
taken from the main office and are set aside for use in the branch. For example: the lines 
now equipped in South office are numbered from 21,000 to 25,000 and the numbers in its 
branch Vernon run from 29,000 to 29,999. It is ,of course, unnecessary for a calling sub-
scriber to know to which office he is connected or to which office the party he desires to 
call is connected. The trunking between offices is all automatic. A subscriber, for instance, 
in the South office, who, on the first move of his dial turns it from the number 2, will auto-
matically select a local trunk line to a second selector in South office. If he make the first 
turn from the number 3, a first selector at South office will automatically connect him to 
a trunk line terminating in a second selector at East office. Or, if he make the first turn 
from the number 6, the first selector at South Office will automatically select an idle trunk 
to Olive Street office, etc. Suppose, a subscriber connected to the South Office wish to call 
62,127, which is an Olive Street office number. The first movement of the dial operates a 
first selector at South office, and extends the connection over an idle trunk to a second se-
lector switch in the Olive Street office. The second digit 2 will operate the second selector 
at Olive Street office, and extend the connection to a third selector in the 2000 section of the 
Olive Street switchboard. The third digit I will extend the connection to an idle connector 
switch in the 100 group of the 2,000 section. The last two digits will operate this connector 
switch and complete the connection to 27 in this particular 100. Suppose, again, that a 
South office subscriber is calling 39,143 which is in the Highland Park branch office. The 
first movement of the dial operates a first selector in the South office and selects a trunk to 
a second selector in the East Main office. The second movement of the dial raises the shaft 
of this second selector nine steps, and selects an idle trunk to a third selector in the Highland 
Park branch office. The third movement extends the connection through a local trunk in 
the Highland Park branch office, to an idle connector in the 100 group, and the last two 
motions of the dial result in the completion of the connection to 4.3 in that particular hun-
dred. The time required to complete a connection and the number of machines used is 
independent of the number of office:, "rough which a connection may be trunked. 
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INTER. OFFICE TRUNKING (100.000 LINE SYSTEM) 

PIG. 8,450.-100,000 line automatic telephone system. Such a system is necessarily divided 
up into several offices, because it is too large to be placed in one. The ideal distribution 
would have 10 offices ef 10,000 lines each. The details of switch connections may be illus-
trated by using only two offices. Each office is somewhat like an ordinary 10,000 line ex-
change. There are 10 connectors for each 100 lines and there are 100 selectors which de-
liver traffic in a given thousand, consisting of 10 hundreds. These selectors are ¡low called 
third selectors, although their function is exactly the same as that of the second selectors 
in a 10,000 line system. Back of the third selectors are other selectors whose duty it is to 
choose thousands. The banks of the first selectors in the 100,000 line system distribute 
traffic to the offices of levels. One level will be the local level, because it runs to second 
selectors in the same office. All the rest of the levels trunk out to other officss. All the trunks 
from the given level of first selector banks run to a given office and any trunk serves as well 
as any other. They can all be formed into one group by means of secondary line switches. 
This is common practice. The incoming trunks end on incoming second selectors. Their 
hanks are multiplied to the banks of the local second selectors in such a manner as to mingle 
the traffic as uniformly as may be done. 
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Systems of 100,000 lines capacity have been installed in a number of 
different cities. One of the most notable is that in Los Angeles. as shown 
in fig. 8,449. 

In multi-central installations, each line terminates at a line switch. 
The line switch is not under the control of the subscriber, but connects him 
automatically to an idle first-selector switch the instant he removes hi. 
receiver from his switch hook preparatory .to making a call. The first 
selector is, therefore, operated by the first impulses transmitted from the 
subscriber's calling device just as in the older systems. When the line 
switches are used, 10 first selectors for each 100 linzs axe generally sufficient 
to handle the traffic. 

Each line switch (fig. 8,43S) includes the line and cut off relays with 
which each line is equipped just as in manual practice. 

Ordinarily the banks of 100 line switches are multiplied together and 
connected to 10 first selector trunks, but for four-party line service or extra 
heavy traffic, the number in one multiple is often reduced to fifty. Fig. 8,430 
shows a front view of a complete line switch unit with 100 line switches and 
two master switches mounted. Only one master switch is used at a time 
the other being held in reserve. Fig. 8,431 is a rear view of the sanie unit 
showing how the 10 connector switches used for handling calls incoming 
to any 100 lines are mounted on the same upright as the line switches hand-
ling their outgoing calls. 

While the primary object of the line switches was to reduce the cost of the 
switch board by eliminating 90 per cent of the comparatively expensive 
first selector switches, they have also simplified the central office equipment 
and have reduced the space required for it. Further, they have resulted 
in several new and somewhat radical departures in the art of building 
automatic telephone systems. The most important of these is the line 
switch district station which enables very considerable savings to be made 
in underground and aerial cable. 

A district station is installed by placing one or more line switch units 
complete with connector switches in a small building at the telephonic 
center of a district, generally a mile or more distant from the nearest central 
office. The lines of all telephones in the district are brought to the district 
station and are there connected to the line switches. The first selectors to 
which these line switches are trunked remain at the nearest large central 
office, consequently when a district station subscriber removes his receiver 
from his switch hook preparatory to making a call, his line switch instantly 
puts him into connection by means of a trunk with a first selector switch at 
central office. The connector switches for handling the calls to the district 
station telephones are mounted in their usual places on the back of the line 
switch units, and are connected by trunks to the banks of second selectors, 
also located at the nearest central office. Thus all calls from and to the 
district are handled over trunks instead of over subscribers' lines. 
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CHAPTER 52 

Motion Picture Projectors 

The function of a moving picture machine or projector is to 
project motion pictures upon a screen. The machine not only 
projects pictures on the screen, but is usually provided with 
apparatus for reproducing synchronized sound. 

The projector proper consists essentially of: 

1. An optical system, comprising 

a. Source of light; 

b. Lens { condenser, 
objective. 

2. Intermittent film feed-system, comprising 

a. Upper reel; 
b. Upper steady feed sprocket; 
c. Steady drum; 
d. Film gate; 
e. Intermittent sprocket; 
f. Intermittent movement; 

g. Shutter; 
h. Lower steady feed sprocket; 
i. Lower reel; 
j. Lower reel drive; 
k. Operating crank and drive; 
1. Numerous presser rollers. 

Besides these various essential parts, safety devices such as, fire shutter, 
fire valves, film shields. etc., are provided. 

How a Projector Works.—The elementary diagram fig. 7,790 
has been prepared to show in a very clear manner the operation 
of a projector. If the reader imagine the crank A. turned 
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PIG. 7,790.—Elementary moving picture machine without rase showing essential parts ar-
ranged to illustrate plainly the motion system. 
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counter clockwise he will have no difficulty in tracing the 
movements of the various parts. 

The diagram does not represent any particular machine but is intended 
to give a clear idea of how the film is fed across the film gate intermittently 
and the synchronous operation of the shutter whereby the light is cut off 
from the screen during each movement of the film, with alternate "on" 
intervals while the film is at rest. 

The operation of the projector is briefly as follows: 

By turning crank A, in fig. 7,790, counter clockwise, the main shaft B, 
is driven through the 4 to 1 reduction chain drive D, a steady turning 
motion being caused by the fly wheel C, this in turn operates the upper 
steady feed sprocket E, through the 4 to 1 reduction gear F, thus the 
teeth of E sprocket which mesh with the perforations in the film, feed 
the film at a constant rate, the film being held against E by pressure 
roller G. A film loop or length of loose film is thus maintained between E 
and the steady drum H. 

The film is fed past the film gate intermittently by the intermittent 
sprocket I, operated by the Geneva movement K, the latter producing 
a quick quarter turn of I, followed by a relatively long rest during which 
the main shaft B, makes one revolution. 

The barrel shutter L, by a 2 to 1 gear with the main shaft and proper 
timing, operates to cut off the light rays from the screen during each move-
ment of the intermittent sprocket I, and to admit the light during the 
intervals that I remains stationary. The synchronous operation of the 
intermittent sprocket and the shutter is very clearly shown in the diagram. 

A lower steady feed sprocket M, which operates at the same speed as 
the upper sprocket E, maintains a lower feed film loop N, and feeds the 
film to the lower reel O. Because of the increasing diameter of the roll 
of film due to winding the film on reel 0, the velocity of rotation of 0 
must be allowed to vary; this is accomplished by means of the belt drive 
P, the belt permitting slippage below the maximum speed. It should be 
carefully noted that the total revolutions made by each of the three sprockets 
E, I, and M, is the same, the only difference being that the motion of E 
and M is constant while that of I is intermittent. 

The object of the upper and lower feed loops is to lessen the inertia of 
the film by reducing the length of film subject to the sudden intermittent 
motion. 
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The film gate guides the film so as to prevent any lateral motion, flat-
tens the film and by frictional resistance prevents the momentum of the 
film causing any up and down vibration. 

The Intermittent Movement.—Various devices have been 
introduced for producing the intermittent movement necessary 
in projecting motion pictures. The movement consists essen-
tially of an intermittent sprocket and intermittent gear. 

The sprocket is a cylinder with teeth at each end, or for very light con-
struction, it may consist of two hubs provided with teeth and properly 

7.791.—Simplex Geneva type intermittent movement. 

iliumig=i8 10E4 

FIGS. 7,792 to 7,796.—Simplex gears. The bevel and intermediate gears are made of tons*" 
ahieh material absorbs noise and damps the rilig of metal gears. 



Motion Picture Projectors 1,131 

spaced on a shaft to take the film. The teeth mesh with perforations in the 
film and thus secure a positive movement. 

Of the various intermittent movements, the Geneva is extensively used 
and easily understood. Its operation is shown progressively in figs. 7,799 
to 7,804. 

The nature of the motion is as follows: 

1. Begins slowly (fig. 7,800), 

km. 7,797.—Simplex film trap. It has a felt runner type of tension shoe. The film guide 
may be removed from the mechanism by giving it a slight upward thrust; this permits ease 
and free access to all parts of the trap and door for the purpose of cleaning away emulsion. 
dust or dirt. Film trap is equipped with a slide in mask which eliminates the projection 
of the sound track to the screen. By slipping this mask in or out as desired, silent, sound 
on disc, or sound on film prints may be properly projected at will. A gate locking device also 
forms part of this assembly. This assures the projectionist that once the gate is closed 
it will remain locked in position during the projection of pictures. The gate may be re-
leased by a slight pressure of the finger when pressing on the opening device to which the 
lock is attached. The lire shutter ir of the gravity type. 

7,798.—Simplex center frame. 

2. Accelerates to a maximum at the mid position (fig. 7,801) 
and 

3. Gradually slows down to zero (fig. 7,802). 
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Light for Projectors.—Both arc and incandescent lamps are 
used to produce illumination for motion picture projection. 
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FIGS. 7,799 to 7,804.—Operation of Geneva movement shown progressively. It consists oi 
a maltese cross M, and a disc S, provided with a pin F, and circular guide G. In operation, 
the pin disc S, is in continuous motion and the pin is so located that it enters one slot of the 
cross M and carries it along with it, thus causing one-quarter revolution. The circular guide 
G, is cut away sufficiently to allow the cross to make a quarter revolution, but when it reg-
isters with the cross it holds the latter securely until the pin rotates around to the next slot. 
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PIG. 7,805.—Simplex take-up device. It is driven from the main driving gear, thus bal-
ancing the entire mechanism and equalizing the strain on the main driving shaft. The unit 
is adjustable for any desired tension. Two grooved pulleys are furnished permitting the 

of zeds with either 2 in. or 5 in. hubs. 
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fica. 7,806 to 7,811.—Construction details of Simplex film gate. It is made of machine steel¡ 
the lugs securing the gate to the holder being electrically welded. Fig. 7.806 represents 
milled surfaces. The film trap shoes (figs. 7,806, 7,810), are of steel ground on both sides 
and beveled (fig. 7,806) to permit sliding into the dovetail slots (fig. 7,80P). The lateral 
guide rollers (fig. 7,810 and 7,811) are of steel hardened and ground: the film cannot pass 
the guide rollers unless it be set between the two. If it should not be, it automatically 
rights itself. The distance between the rollers is adjustable by a set collar (fig. 7,811). 
The gate (fig. 7,810) is opened for thread:ng by a light inward pressure on a thimble (fig. 
7,811), and is closed by releasing the film trap door trip lever (fig. 7,810). Thus, in thread-
ing, there are only two operations: one to open, and one to close the gate. The intermittent 
sprocket tension shoe is made of ten pieces of hardened tool steel. The two inside shoes are 
offset and do not touch the film. The cooling plate (fig. 7.811) is made of two pieces of 
sheet steel separated inch, which arrests the heat by radiation and protects the fire shutter 
and aperture side of the film trap. The air space between the film trap i 3 inch. 
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In the old type arc, light is produced by passing an electric current across 
an air gap between two carbon electrodes, thereby heating the tip of one of 
the carbons, the positive, to bright incandescence. The resulting, slightly 
concave, bright spot constitutes the principal light source. 

7,812.—flail and Connolly high intensity arc burner. It consists essentially of a combina-
tion tilting and swiveling stand upon which, but electrically insulated therefrom, is mounted 
an upright bracket casting carrying the lamp frame proper. The lamp frame carries a long 
spline shaft and a threaded shaft along which ride the positive carbon holder carriage with its 
rotating gears and carbon clamp. The threaded shaft advances the carbon carriage at the 
same time that the carbon holder and clamp are being revolved in the carriage. At the front 
of the lamp frame is a locating V recess in which rests loosely a half round carbon contact of 
ample surface and weight. In this contact the carbon slides and rotates under pressure from 
another contact resting on top of the carbon held down by a spring and lever. The carbon 
carriage is provided with a quick release from the worm drive for quick retrimming of the 
carbon. The length of travel of the carriage is sufficient to give 22 minutes of continuous 
burning at normal amperage. The positive carbon contacts are shaded from the heat of the 
arc flame by means of insulated, laminated shields made of heat resisting non-corrosive metal. 
The negative carbon unit consists of a pivoted self-aligning carbon clamp carriage sliding on 
two substantial rods or guides, the upper ends of which are rigidly attached to the guide head 
casting, which in turn is attached to, but properly insulated from, the same bracket casting 
carrying the positive unit. The guide head casting has a V recess into which the carbon is 
held and slides under tension of a tungsten spring located underneath the pivoted carbon 
holder carriage. The pivoted carbon holder and the V shaped guide head insure constant and 
correct alignment with the positive carbon and at the same time give to the copper confect 
negative a good wiping contact. Feeding motion is imparted to the negative carbon thtough 
a connecting rod coupled to a nut traveling on a long threaded shaft lceaten on the. hack of the 
burner away from the direct heat of the are. 
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In the high intensity arc, light is similarly produced by 
passing a heavy current across an air gap between two elec-
trodes, but the position and composition of these electrodes 
are different. 

Fins. 7,813 to 7,815.—Comparison of arc and incandescent lights. The crater of the arc emit* 
light only forward. 'With such a distribution the 10 in. or 12. focus plano condensers and a 
,1% in. diameter projection lens collect and utilize practically all of the light. The incan-
descent lamp emits light very nearly equally in all directions. Obviously, if the incandescent 
lamp be simply substituted for the arc, only a small portion of the total.light emitted 
will be used as in fig. 7.813. Accordingly, in order to intercept more light, a much shorter 
focus condenser must be used. At first, a single piece corrugated condenser was used as in 
fig. 7,814 and later a triple lens aspheric condenser as in fig. 7,815. Such condensers pick 
up a solid angle of light of about 110°, as against 40° for the old plano condensers. In order 
to utilize the light which is given off to the rear of the lamp, a spherical mirror is placed be-
hind the bulb, and so adjusted as to reflect an image of the filament coils back between the 
coils themselves. Thus instead of the 60* picked up in the arc system, we are utilizing the 
equivalent of 220 ° of solid angle. It is very important that the spherical mirror be acculs 
ately adjusted, in order to secure the best results. 

r311.1!_î_ 
Condensing Objective 
Lens Lens 

J 
Apertura"" 

Mazda'C' 
Motion Picture 
Projector Lamp 

Spherical Mirror 
54.Diam. 3a Radius 

2- Wing 
Shutter 

•-tc 7.816.—Ontical tratn wi.5:. incandescent lamp using Bausch & Lomb Cinephor condatnen. 



1,136 Motion Picture Projectors 

The positive is made up of rare earths, the principal one of which is cerium 
fluoride, and this rod of luminescent, arc sustaining material is encased in a 
thin shell of carbon. The negative consists of a copper coated heavy carbon 
shell surrounding a flame sustaining core. The negative electrode is posi-
tioned at an angle varying from 20 to 45 degrees according to the service 
for which the particular burner is intended 

The current in passing across the air gap is concentrated in the core of the 
positive, causing great current density at this point. The core burns away 
more rapidly at first than the carbon shell, thus forming a cup shaped 
cavity more than % of an inch in depth, tapering down from about 3% the 

FIGS. 7,817 and 7,818.—The standard arc lamp reflector, when used with an incandescent lamp, 
redirects but a small part of the available light through the condenser. Good results with 
itiaindescent lamp projection necessitate not only the proper equipment, but also very 
accurate adjustment of the various elements of the optical system. 

diameter of the shell at the rim to about the diameter of the core at the 
bottom. In this cup or crater the luminescent gases from the core are gen-
erated and superheated, giving rise to tremendous temperature. These 
gases are the light source in the high intensity arc. This method of producing 
light is made possible by using sufficient current density, a special positive 
electrode of suitable structure and composition, by placing the negative 
electrode so that the arc stream is projected against the face of the crater 
to confine the positive gases, and revolving the positive carbon in order to 
prevent the rim of the crater burning away unevenly and letting the gases 
escape too rapidly. 

The brightness of the old type arc is about 140 candle power 
per square millimeter of crater surface. 
The brightness of the new high intensity arc may be forced 

to well above 900 candle power per square millimeter of crater 
surface 
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Fig. 7,812 shows the gear and mounting of a high intensity 
arc lamp. 
The construction and operation of a modern projector is 

shown in fig. 7,821. 

Referring to illustration, the pedestal, carriage, adjustable support and 
base, constitute a single symmetrical unit. The stand rests on six leveling 
points and the projector is not attached to the floor or fastened to the 
building. 

nos. 7,819 and 7,820.—Comparison of Mazda lamps. Fig. 7,819 shows a 28-32 volt, 900 watt; 
and fig. 7,820 a 1,000 watt Mazda projection lamp. The lower voltage lamp, on account oi 
the shorter length of filament and its lesser liability to squirm when heated, has the desirable 
factor of greater filament concentration. Reason for low voltage: It is characteristic o( 
tungsten filament that the higher the voltage, the smaller in diameter the wire must be, and 
the more it will squirm when it is heated and cooled. If 110 volt lamps were used the filament 
could not be concentrated into so small an area nor could it be run at quite so high a temper-
ature. The greatest filament concentration possible, with the low voltage high current lamp 
is, therefore, the prime reason for its use. The useful size of light source is limited by the 
optics of the projector. The lens system will pick up light from a limited area and any light 
outside of this area is of no avail. 

The underslung motor table 0, is close to the base and the motor is 
accessible for oiling or regulating. It can be raised or lowered on its sup. 
porting rod by loosening two wing screws. The position of the motor on 
the stand is an important factor in eliminating vibration. 

To tilt the projector, release locking handle A, attached to rear adjust-
able support, by turning it to the left, loosen pedestal adjustment locking 
nuts B and C, and pedestal adjustment hand wheel D, can then be turned 
with either hand to give desired angle. Micrometer adjustment can be 
made by means of the hand wheel, and compression springs E, on rear 
adjustable support make this extremely comfortable. When A, B, and C, 
are again locked, the projector is held rigidly in the proper position. 
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The lamp house can be placed in position for slides by loosening knobs 
F and G, firmly grasping slide over arm handle H, and drawing it to the left 
for the correct placing. Lamp house carriage K, turns on lamp house pivot 

FIG. 7,821.—Model M. Simplex projector. 
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N, and at G, and slides over lamp house carriage rod I, and rear adjustable 
support. When F and G, are again locked, lamp house carriage K, is held 
rigidly in position. 

The rear adjustable support consists of an upper fork Q, two rods R, and 
a lower fork S, swings on the pivot casting T. When the locking handle A, 
operates, it releases a powerful friction lock, and support rods R, are free 
to slip through the lower fork S. When the locking handle A, is released, 
the adjustable support ceases to act and hangs idle from the swinging table. 
When locked the rods and two forks constitute a structure that firmly con-
nects the swinging table to the base. The 100 ampere switch and switch box 
are attached to the rear adjustable support. There is a foot motor switch 
U, for starting and stopping the projector and the 4 in. opening V, is pro-
vided in the base for installing a condulet. 

TEST QUESTIONS 

1. What is the function of a motion picture machine or 
projector? 

2. Of what does a motion picture projector consist? 

3. Draw an elementary diagram illustrating how a pro--
jector works. 

4. Describe the construction of the intermittent movement. 

5. What is the nature of the motion due to the intermittent 
movement? 

Ó. What is a take up cieviLe? 
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7. Give construction details of the film gate. 

8. How does a high intensity arc burner work? 

9. Give comparison of arc and incandescent lights. 
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CHAPTER 53 

Electric Welding 
By definition electric welding is that branch of welding in 

which an electric current is used to create the great heat required 
for jointing together into firm union two pieces of metal. 

Electric welding may be classified: 

1. With respect to the method of applying the heat, as 

a. Arc; 

b. Flash; 

c. Resistance. 

2. With respect to the kind of electrode used, as 

a. Carbon; 

b. Metallic. 

3. With respect to the form of weld, as 

a. Spot; 

b. Butt; 

C. Line or seam; 

d. Tube; 
etc. 
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4. With respect to the method of bringing the metals to-
gether, as 

a. Compression; 

b. Autogenous. 

5. With respect to the method of applying the "added metal" 
as by 

a. Carbon arc with welding rod; 

b. Metallic arc. 

Source of Welding Current.—Any electric circuit of suitable 
voltage and amperage, either a.c. or d.c. may be used for elec-
tric welding. Usually in order to keep down the losses involved 
in reducing the voltage to that required by the arc, a special 
low voltage dynamo is used. 

Two types of dynamos are generally used: 

1. Constant voltage,flat compounded; 

2. Variable voltage. 

The constant voltage machine can be used to supply welding 
current to any number of welding circuits, while the variable 
voltage type supplies current for only one welding arc. 

The constant voltage machine operates at 60 volts and the current in each 
arc is adjusted to the proper value by means of an adjustable resistor. 

The windings of the variable voltage dynamo are so arranged 
that the terminal voltage of the machine automatically adjusts 
:tself to that required to maintain the arc. 

The open circuit voltage available for striking the arc in this type of 
dynamo, is usually slightly greater than the voltage of the constant voltage 
machine. Average values vary from 70 to 80 volts. Resistors are requi -ed 
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only for very low welding currents. Any necessary adjustments are made 
either by shifting the dynamo brushes or by means of a rheostat in the 
dynamo field circuit. In this type of dynamo a high, open circuit voltage 
is available for striking thc arc, after which it is automatically reduced to 
that required to maintain the arc. 

For metallic arc welding by the hand method, the usual range of arc cur-
rent is from 50 to 300 amperes at a voltage of approximately 20 volts. For 
automatic metallic arc welding, a current range of from 75 to 400 amperes is 
used with an arc voltage varying from 16 to 25 volts. 

Carbon Arc Welding.—In this method of welding the elec-
trode is of carbon or graphite and merely creates. the arc and 
melts the metal. 

Into this puddle of molten metal is inserted a rod or metallic stick which 
also melts and fills up the gap and fuses with the metal. 

Carbon arc welding differs from metaric arc welding in that 
it is a puddling process and is somewhat similar to the gas 
welding process. 

Metallic Arc Welding.—A metallic electrode is used in this 
method. The electrode forms a terminal for creating the arc, 
and also supplies the added or "filler" metal by melting. 

When welding with the metallic electrode an arc is drawn between the 
parent metal or work and the weldink rod, which causes the melted rod to 
flow across the arc into the molten pool of the parent metal. This deposition 
of metal is accomplished by contact made between the molten metal and 
the globules formed on the end of electrode filler wire. 

The concentration of thermal energy at the terminal of the wire electrode 
causes a small part of the work being welded to melt almost instantaneously. 
and an intermittent flow of metal across the arc stream. 

The metal in the arc stream is in both the liquid and gaseous form, the 
liquid metal being transferred across the arc by molecular attraction, adhe-
sion, cohesion, surface tension or a combination of these. 

The transfer of metal is not dependent on gravity since overhead welding 
indicates that the transfer of metal can be accomplished against the forces 
of gravity. The metal is melted at the point where the arc strikes the plate 
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or work causing a crater to be formed, which also provides a means of 
observing the penetration and consequently good fusion while welding, by 
noting the depth of the arc crater. Metallic arc welding is a widely used 
method. 

The Electric Welding Arc.—An arc is formed by current 
flowing across a gap in an electric circuit. 
A small amount of the material, forming the terminals of 

the arc gap, is heated to an incandescent vapor. This vapor 
provides the conducting medium in the arc stream by which 

eV-erode 

Are flame 

Deposited 
Metal 

44e4e4.4iee»: 

Work Piece 

Art Core 

Arc Street!!! 

Arc Flame 

Renetratiort. 

FIG. 7,973.—The welding arc. The terminal from which the current passes ro the arc is termed 
the positive electrode or the anode, and the terminal to which the current passes from the arc is 
called the negative electrode or cathode. Although the exact distribution of heat in the arc 
between the two electrodes is still unknown, it is the generally accepted theory that approx-
imately two-thirds of the heat is liberated at the positive terminal and one-third at the nega-
tive terminal. When d.c. is used, one terminal remains positive continuously and the greater 
portion of the total heat is liberated at this terminal. When a.c, is used, the terminals are 
alternately positive and negative so that approximately the same amount of heat is liberated 
at each terminal. 

the current is carried from one terminal to the other, as shown 
in fig. 7,973. The temperature of the vapors in the arc and, 
consequently, the intensity of the light given out are so great 
that colored glass must be used in order to protect the eyes. 

When suitable glass is used, the different portions of the arc can plainly 
be distinguished from one another. The center is usually referred to as th3 
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arc core, and some observers are able to see that this is divided into two por-
tions designated as "arc core" and "arc stream." In general, this portion 
of the arc will usually be seen as greenish in color, of comparatively small 
diameter, and forming a direct line between the two terminals. 

The point where the arc core strikes on either terminal is seen as a light 
ted or yellowish spot considerably brighter and, therefore, hotter than the 
metal surrounding it . The metal around this spot is molten and is usually 
seen as a bright red area. This color gradually shades off into a darker red 
with lower temperatures, and finally becomes black at a short distance, not 
over 3 in. from the arc, except in the case of very heavy welding. 

Slag, oxides, etc.. can be distinguished floating on the molten metal either 
as light or dark spots, depending upon the melting point of the impurity. 
Surrounding the arc core is the arc flame which is irregular in shape and in 
zonstant motion, being easily deflected by magnetic fields caused by the 
current in the electrode and in the plate, and also by drafts which may -wile 
by reason of the heat in the arc, or by exposure to wind, etc. 

Polarity.—Since the mass of the work to be welded is gen-
erally large in comparison with the mass of the electrode, it is 
desirable to have more heat liberated in the work to bring its 
temperature to the fusing point at the same time that metal 
is fused and deposited from the electrode. For this reason, 
d.c. is much more satisfactory for arc welding, since the work 
can be supplied with a greater amount of heat from the elec-
trode simply by using it as the positive terminal. However, 
in some cases involving the welding of certain alloy steels and 
a few other metals, it is sometimes desirable to reverse the 
polarity and make the electrode positive. 

The a.c. arc is inherently unstable on account of the fact that both cur-
rent and voltage pass through zero with each alternation. In order to make 
it possible to maintain an arc with any degree of certainty, it is necessary to 
insert a large amount of ballast, either in the form of resistance or reactance; 
that is, the open circuit or impressed voltage on the welding line must be of 
a relatively high value compared with that necessary if cl.c. be used. 

If resistance be used for the ballast, there is a great waste of power in the 
resistor, and if reactance be used, the excess voltage will be consumed as it 
reactance drop, resulting in low power factor for the equipment. 
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The polarity of a circuit can be determined in a number of 
ways. 

The simplest and most positive way is to determine it by means of a volt 
meter. Another method is to draw an arc between either a bare metallic 
electrode or a carbon electrode and a steel plate. If the plate be positive 
and the electrode negative, the arc will be fairly stable. If, however, the 
circuit be reversed and the electrode be positive, the electrode will heat up 
very rapidly and the arc will become "wild" or it v;PI flutter and be hard to 

Arc Crater 

Electrode 

Arc Crater. 

twice. 7,974 and 7,975.—Longitudinal section of deposited metal showing penetration and are 
crater. Correct penetration will make certain that the metal of the plate is melted and in 
condition to receive the metal projected from the electrode, and also that the area of tilt 
crater will be sufficient to receive all of the metal from the electrode and not permit any of 
the deposited metal to overlap on the solid metal of the plate where it will not stick. 

keep going. In welding low carbon steels with reversed polarity, the pene-
tration with the metallic electrode is poor, and the deposited metal can 
often be easily knocked loose. 

Penetration.—At the point where the arc strikes the plate, 
assuming that current, polarity and speed of travel are correct, 
the metal is melted and seems to be forced out of the pool by 
some sort of a blast from the arc. as shown in figs. 7,973 to 7.975. 
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This results in the metal piling up around the edges of a small depression 
in which the metal is in a molten state. This depression Ii referred to as the 
arc crater, and its depth provides a means of observing the penetration 
during welding, and to a certain extent, of predicting the soundness of the 
weld, since one requirement of a weld is to obtain good penevation. The 
crater depth will depend upon the thickness of metal welded, but, in gen-
eral, should be at least 14 in. 

Length of the Are. —While the correct arc length alone will 
not insure good welds, it is agreed that a long arc is almost 
certain to result in a poor weld. 

With a short arc, the heat is concentrated on the plate, whereas, with a 
long arc, a great deal of it is lost into the surrounding space. 

A long arc is not as stable as a short one. It tends to wander over a con-
siderable area on the plate and the arc flame blows about very rapidly. 
This action, however, together with the greater length ot the arc, affords 
considerable opportunity for the air to come in contact not only with the 
metal passing from the electrode to the plate, but also with the very hot 
metal in the arc pool or crater. This results in the absorption ot oxygen and 
nitrogen, both of which are detrimental to the quality of the weld. 

With a short arc, the flame, consisting of vapors coming out of the arc, 
acts as a pro tecticn and largely prevents the absorption of these outside 
gases. A short arc will deposit more metal in the weld, at the point needed, 
than a long arc. 

The following table of arc lengths gives the approximate de-
sirable gaps for different electrodes and voltages. 

Table of Arc Lengths 

Size of Electrode Voltage across the Arc Arc length 

14 15 to 17 

Y8, 5,41 17 to 20 
18 to 25 

Advantages of the Short Arc 

1. Maximum penetration; 

2. Slight overlap; 



1,148 Electric  Welding 

3. Maximum strength; 

4. Maximum ductility; 

5. Minimum porosity; 

6. Maximum amount of metal deposited at the point needed; 

7. Makes it possible to use alloy electrodes. 

Pins. 7,976 and 7,977.—Judging the arc length, 1. By appearance of arc. If the arc be short 
it will appear as in fig. 7,976. Here the molten metal X, passing through the arc, will appear 
-a be protected from the atmosphere by an enveloping neutral flame Y. It the arc be too 
long, the protecting neutral flame Y, will whirl around, exposing first one side and then the 
ether side of the molten metal,» in fig. 7,977, allowing it to become oxidized, and it will have 
a burnt and porous appearance when deposited. The bead will not have the same appease` 
ante as one made with a short arc. 

Disadvantages of the Long Arc 

I. Minimum penetration; 

2. Excessive overlap; 

3. Minimum strength; 

4. Minimum ductility; 

5. Maximum porosity; 

6. Uncontrolled deposit. 
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7. Excessive waste of electrode material; 

8. Burns out all the alloys in a high grade electrode. 

Experience will teach the operator to tell by observation 
'when a short arc is being held. 

It is possible to tell by sound, with low carbon steel electrodes, whether 
the arc be long or short. lithe arc make a rapid crackling sound that is 
fairly steady in intensity, much like the frying of grease in a pan, the arc is 
short. If the arc make a hissing sound punctuated by explosions occurring 
at intervals of from to 1 32 seconds, the arc is too long. 

A short arc throws a steady shower of small sparks, whereas each of the 
explosions caused by the long arc scatters many larger globules of metal. 

Fins. 7,978 and 7,979.—Judging the arc length, 2. By appearance of the weld. Good pene-
tration of the welding metal into the parent metal is not obtained with a long arc and there 
will be a bad overlap, as in fig. 7,978, while if the arc be short, there will be good penetration 
and a slight overlap, as in fig. 7,979. Another way to determine if the arc be too long is to 
examine the crater or depression in parent metal on breaking the arc, and see what the pene-
tration looks like. If there be no penetration in the parent metal, then the arc Is too 1..mg, 
providing of course, the proper electrode, current and correct polarity are used. 

Figs. 8,024 to 8,031 will further assist in judging the length 
of the arc. 

Metallic Electrodes.—In general, the metallic electrode for 
welding the commercial grades of wrought iron, plate, struc-
tural and cast steel, and to a considerable extent of cast iron, 
should be a high grade of low carbon steel wire which has a 
carbon content of .20% or less. Practically all commercial 
electric welding wire on the market meets this requirement, 
although there are a number of special electrodes containing 
greater amounts of carbon, which are used for special purposes. 
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The medium and high carbon steel electrodes are used where a hard 
deposit is required, but are not generally satisfactory where strength is 
necessary. In ordering, electric arc welding wire should be specified, since 
wire for acetylene welding is often treated in such a way as to render it 
unsuitable for electric arc welding. 

The electrode wire should be cut into pieces convenient for 
the oPération. 

7,980.--General Electric portable gas engine driven arc welder. The dynamo is self-excited, 
A self-adjusting stabilizing reactor automatically steadies the arc under all welding condi. 
Lions, making the arc easy to start and maintain. 

A length of 14 to 18 in. is satisfactory, since it is about the greatest length 
an operator can handle; at the same time it reduces the number of times thc 
electrode is changed, and consequently the wastage. 
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With an electrode which is red hot, it is impossible either to 
start an arc or to maintain it. 

The exact temperature varies with different electrodes, but it is advisable 
to keep the electrode cool. The passage of the welding current and the heat 
conducted back from the tip tend to heat that portion of the electrode wire 
carrying current. Accordingly, when the welding current is high for the 
electrode size, the wire should be gripped in the middle. By this means, the 
portion carrying current is all consumed before it has time to become too 
hot for use. With lower current values, the electrode is gripped at the end 
to save time and to minimize the number of times the arc is interrupted. 

Welding Currents.—It is difficult to give universally appli-
cable figures covering current, speed, etc., for electric arc weld-
ing because of the effect of conditions under which the work is 
done, the character of the work, and the varying skill of op-
erators. 
The following figures for bare metallic electrodes, are based 

on favorable working conditions and a skilled operator. How-
ever, they are approximations only and are given merely as a 
general guide. 

Electrode 
Diamoter 
in Inches 

Amperes 
Hand 

Welding 

Corresponding 
Plate Thickness 

in Inches 

1/f6 

s41 

50-100 
100-150 
125-175 
150-200 
175-350 
225-400 

Up to 346 
Up to 
Above 
Above ei 
Above 
Above % 

NOTE.—Defective electrodes.—Ore.cionally electrodes will be found that are not uni-
form as evidenced by the fact that, at intervals, the arc will suddenly become wild and erratic 
and the metal may pass from it in large drops without any apparent change in the electrical 
conditions or in the manipulation of the electrode by the welder. It is probable that at points 
in the weld where this action has taken place there will be weak spots with poor penetration. 
If a strong weld be desired, such an electrode should not be used, and metal deposited under 
these conditions should be chipped out before proceeding w..th the weld. Electrodes con-
taining a considerable amount of carbon are generally erratic in this way. 
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Position of Work.—There are three general positions of work 
to be welded. 

1. Flat; 

2. Vertical; 

3. Inclined. 

Flat indicates that the surface on which the weld is made is horizontal; 
"Weal that it is vertical; and inclined indicates an angle, not a right angle, 

t ele O Fla erhead Overhead 

Overheacii 
(lo. 7.981.—Various positions of weld. 

to the horizontal. When inclined, the angle between the horizontal and the 
surface to be welded is usually specified. 

Position of Weld.—There are four general positions of weld. 
1. Flat; 

2. Horizontal; 

3. Vertical; 

4. Overhead. 
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A flat position is one in which the welding material is applied in a gener-
ally downward direction. 

A horizontal position is one in which the welding material is applied to a 
seam or opening in a plate, the plane of which is vertical or inclined 45°, or 
less, to the vertical, and the line of weld is horizontal. The electrode is held 
in horizontal position, or the welding end is inclined slightly downward. 

A vertical position is one in which the welding material is applied to a 
vertical surface, or one inclined 45' or less to the vertical, so that the line of 
weld is vertical or inclined 45° or less to the vertical. The electrode is held 
horizontal, or the welding end is inclined slightly downward. 

An overhead position is one in which the welding material is applied from 
the under side of any members whose plane is such that it necessitates the 
electrode being held with its welding end upward. Tnese positions are 
shown in fig. 7,981. 

Type of Weld.—In general, there are four kinds of welds. 
1. Tack; 

2. Strength; 

3. Caulking; 

4. Composite. 

Tack Weld.—In this weld the welding material is applied 
in small sections or spots to hold two edges together, and should 
always be specified by giving the space from center to center 
of welds and the length of each weld itself. 

It is not necessary to consider the design of the weld. A tack is also used 
for temporarily holding in place material that is to be solidly welded, until 
the proper alignment and position are obtained. In this case, neither the 
length, space, nor design of weld need be specified. 

Strength Weld.—This is one in which the sectional area of 
the weld is sufficient to give the joint the desired tensile strength. 
At least 80% of the strength of the surrounding material is the 
minimum. A good welder should always be able to attain at 
least 100% strength. The welding material may be applied in 
any number of layers. 
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Caulking Weld.— In this weld the deposited metal is used 
to close a seam or opening so that no leakage occurs under a 
water, oil or air pressure test of at least 25 lb. per sq. in. 
Neither the ultimate strength nor the design of the weld is of 
particular importance in a purely caulking weld. 

Fins. 8,024 to 8,027.—Short arc. From the globular formation it will be noted that the globule 
never is subjected to full heat of the arc, as it is in contact with molten metal in plate before 
it leaves tip of electrode. It will therefore be readily seen that the length of a short arc will 
vary with the diameter of electrode used, and what would be a long arc on 34 in. electrode 

might be too short for a j.4. in. electrode. 
FIGS. 8,028 to 8,031.—Long arc. The illustrations show how the globule detaches from the end 

of electrode and in passing through a long arc to plate is subjected to full heat of arc, and of 
course the longer the arc the more burnt the globule will be when it reaches the plate. 

Composite Weld.—This weld is one in which both the strength 

and density are of vital importance. 

The strength must be at least as specified for a strength weld, and the 
density must meet the requirements of a caulking weld; both as defined 

above. 

Types of Welded Joints.—There are six general types of 
joints that are used in commercial welding. These may be 
designated by the manner in which the joint is made as; 
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1. Butt; 

2. Lap; 

3. T; 

4. Strap; 

5. Edge; 

6. Plug. 

Butt Weld.—The two plates to be joined are brought to-
gether, edge to edge, and welded along the seam thus formed, 

  'r) 
BUTT WELDS 

 1 
LAP WELDS 

 I I  

STRAP JOINTS 

EDGE 
WELD 

PLUG 
WELD 

Fins. 8.032 to 8,040.—Various types of welded joints. 

II 
 pr 

Two plates when so welded form a flat surface, or a corner, as 
shown in figs. 8,032 and 8,033. 

Lap Weld.—In this weld the edges of two plates are over-
lapped, and the welding material is so applied as to bind the 
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edge of one plate to the face of the other, as in figs. 8,035 and 
8,036. 

T Weld.—This occurs where plates are to be welded at right 
angles to each other, as in fig. 8,034. 

Strap Joint.—This is where the junction of the ends of two 
surfaces is re-enforced by a plate or strap of metal covering the 
joint and fillet welded to each of the adjoining surfaces, as in 
figs. 8,037 and 8,038. 

It is, in reality, a re-enforced butt joint. Two re-enforcing straps are used 
when a stronger joint is necesfflry. 

Edge Weld.—Where two comparatively thin, parallel pieces 
are joined by welding the edges together, the edge weld is used, 
as shown in fig. 8,039. 

Plug Weld.—Used in joining two plates by welding through 
a hole in either one, or both of them, as shown in fig. 8,040. 
This type of joint is very seldom used. 

The types of joint shown in figs. 8,032 to 8,040 may be made in a number 
of ways. The most useful and those most commonly found in commercial 
welding practice are shown in figs. 8,044 to 8,050. 

Expansion and Contraction.—While expansion and contrac-
tion cannot be prevented, their effects can be minimized if cer-
tain methods be adopted in arranging the parts preparatory 
to welding, or by the order in which the deposited metal is 
applied. 

For ductile materials, where the parts welded are free to come and go by 
reason of their ductility, extensive precautions to prevent contraction 
stresses are probably not advisable 
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WELDING MATERIAL STRENGTH 

Cynamic, Vibration 6000 Lbs. 
or Lifting Load f Per Square Inch Maximun 

Static Load-11,300 Lbs. per Square Inch Maximum for Throat of Fillet Welds 

11,000 Lbs. por Square Inch Maximum for Tension in Butt Welds 

15,000 Lbs. per Square Inch Maximum for Compression In Butt Welds 

Ultimate Strength-40000 Lbs. per Square Inch Maximum 

STRENGTH OF FILLET WELDS 

Size of Fillet 
Allowable Load In Pounds Per Inch Length 

At 5000 Pounds 
Per Square Inch 

At 11300 Pounds 
Per Square Inch 

X x % 440 1000 

Pi x l'is 660 1500 

% x ei 890 . 2000 

e4 X % 1330 3000 

5i X 3i 1770 4000 

N x ei 2210 5000 

% x 1,1,¡ 2650 6000 

1 X 1 3540 8000 

Fins. 8,041 to 8,043.—Strength of welds. The table showing allowable strength of fillet welds applies to figs. 8,041 and 8,042. For 
figuring the strength of the butt weld shown in fig. 8,043, use the sectional area of the steel plate at a stress of 5,000 lbs, per 
eq. in. for dynamic or vibration to.J and 13,000 lbs. per sq. in. for static load in tension or 15,000 lbs. per eq. in. in compression. 

00 



Electric Welding ,I59 

In the case of non-ductile materials and castings or large structures, when 
the contraction effects are liable to be cumulative and to distort seriously 
the finished product, considerable attention must be paid to eradicating 
these harmful effects. 

When welding joints formed by plate edges, if the welding 
be performed by starting at one end of the scam and continuing 

1 V 

FIGS. 8,044 to 8,046.—Various types of butt welds. For thin plates up to % in. in thickness. 
the plates are butted together at the end where the weld is to start and spaced apart a dis-
tance equal to 3 in. per ft. of weld at the other end as shown in fig. 8.044. This is to allow 
for the ccntraction stresses set up as the weld progresses. Plates 5,6 to % in. in thickness 
are spaced a small distance apart at the beginning of the weld. This spacing varies from 
14 to ;.¡ in. When butt welds are made on plates thicker than .!.1, in. some type of bevel or V. 
Is necessary in order to obtain the proper penetration. Fig. 8,045, s.ngle V weld, the most 
common type; fig. 8,046 double V weld for heavy plate. L = length of weld. 

PIPS. 8,047 to 8,050.—Various examples of fillet welds. Lap welds may be made with either a 
single or a double fillet as shown in 8,035 and 8,036. The fillets may be either the full thickness 
of the plate, as in figs. 8,035 and 8,036, or they may be smaller as in fig. 8.047. The size of ths 
fillet used will depend upon the strength needed in the joint. As in the case of lap welds. 
either the single or double fillet may be used for welding two plates together at right angles, 
as shown in figs. 8.034 and 8,048. The double fillet, fig. 8,034 is always used when strength is 
required. Fillet welds are used in making strap joints, as in figs. 8,037 and 8.038. In fig. 8.049. 
s strap joint using both a fillet and a V weld is shown. A corner joint, used when welding 
heavy steel olate. is shown in fig. 8.050. 
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until the other end is reached, as in figs. 8,051 to 8,053, the 
opening at C, will certainly be drawn together as the welding 
progresses from A to C. 

As the welding continues from B to C, the contraction of the fused•in 
metal will produce stresses, as indicated by the arrows. 

Fig. 8,054 shows a method of sequence of welding designed 
to distribute the heat and contraction stresses more evenly 

lipprox.eaper Per Foot on Each Side 
These Heavy Arrows Show *Direction of Travel ,of Plates 

Tension 

[These Arrows   Indicate the 
Forces Acting 
in the Weld Metal 

Compression 

A 

Ai?prox. 
5 L 

A 

Tension. 

Fins. 8,051 to 8,053.—Locked-in stresses in a weld due to contraction. When the joint is com-
pleted, the transverse contraction stresses along the joints will be greatly concentrated at the 
ends A and C. The stresses impair the quality of the weld and, in many cases, develop a 
fracture on cooling. When a fracture develops where this method is used, it usually occurs 
at the end where the joineis finished. 

throughout the joint, and thus reduce the amount of drawing 
and prevent concentration of contraction stresses. This order 
of welding is known as the step back method. 

When the parts are rigid and no allowance can be made for contraction, 
or when it is desired to minimize the drawing of the plates, the joint is 
*armed by welding in the order as shown in fig. 8,055. 
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When welding heavy sections, such as locomotive frame members and 
similar parts, it is advisable where possible, to spring the butting parts 
slightly preparatory to welding. Under exceptional conditions, an inter-
mittent procedure may be adopted to prolong the operation and reduce the 
amount of heat developed in the object welded. 

As the distortion caused by welding is due to localized or uneven heating, 
preheating may be employed to prevent this distortion, and thus reduce the 
difference in temperature developed between any two points of the parts 
affected by the welding. 

3 

Difett lee+ ef Tnsvel 
of Electrode 

,Avtrage 

4 

A 

FIG. 8.064.— Step back method of welding to distribute contraction stresses. As shown she 
deposited metal is applied in sections. The sections 1, 2, 3, etc., are welded in numerical 
order and in the direction shown by arrows. By starting at C, section 1, programing toward 
the end A, section 2 would best be welded in the same manner from D to C. Each section 
should be finished at least flush before starting another. 

Cast Iron Welding.—A welder is frequently called upon to 
weld broken iron castings. Cast iron is difficult to weld by 
any process under the most favorable conditions and the ro-
sults obtained are more or less inconsistent. 
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This is due to the brittleness and low tensile strength of cast iron. How. 
ever, satisfactory welds can be made by the exercise of care in the selection 
of welding equipment, proper electrodes and preheating the casting. There 
is no means, however, by which the strength of the welded joint may be 
accurately predetermined and for this reason the work should never be 
undertaken unless the person responsible is thoroughly familiar with these 
facts. 

Malleable castings are annealed gray iron castings. 

The annealing usually affects the casting only to a small depth, which 
makes it possible for welding to be done in the annealed or softened section. 

Treiver of Electrode 

wed9e 

8,055.—Method of reducing contraction by locking up the stresses produced. When weld-
ing long seams, the drawing may be reduced to almost nothing by the use of spacing blocks or 
wedges placed in the opening approximately 18 ins, from the section being welded, and 
toward the end of the seam to which the weld is progressing. 

Consequently, the weld metal becomes similar in character to carbon cast 
steel. 

If the casting be machined in the welded section, it must be re-annealed. 
In welding iron castings and castings similar in character, it is sometimes 
desirable to make the electrode rod the positive terminal in order to reduce 
the effective heat in the casting. 

Welding Non-Ferrous Metals.—Non-ferrous metals as used 
commercially have been welded with varying degrees of success. 
Such metals are more or less difficult to weld with the electric 
arc, due principally to their low melting points. 
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Brass.—It is difficult to weld brass due to the vaporization of the zinc 
content when subjected to the temperature of the electric arc. The addition 
of metal to brass can be done successfully, but the metal from a brass elec-
trode cannot be added to parent metal of the same composition. 

Bronze.—This metal having a low percentage of zinc, can be welded 
without difficulty either by the metallic or carbon arc process, providing an 
electrode having a low percentage of tin and zinc is used. 

Aluminum. —Great difficulty is experienced in welding aluminum by 
any process, for tIn o reasons. 1, the metal has a great affinity for oxygen, 
therefore as it becomes heated a skin of oxide forms on the surface. 2, the 
metal has a very critical melting point and passes from the solid to the 
liquid state suddenly. It must be supported at the point to be heated to 
prevent the hot portion caving in. The only way to attempt the welding 
of aluminum is by the puddling process using either the metallic or carbon 
arc. 

Copper.—Welding copper to copper or copper to mild steel can be done 
by either the metallic or carbon arc. It is recommended that a phosphor 
copper electrode be used in making such welds. 

Preparation of the Work.—There are several factors which 
must be considered when preparing work for welding in order 
to get the best results. 

Provision must be made for expansion and contraction wherever pos-
sible. The strength of the weld will depend on the correct beveling and 
spacing of parts to be welded. Uniform fusion is directly dependent on the 
proper beveling and spacing. 

The cleaning of the surfaces is another important factor, 
which must not be overlooked and considerable stress should 
be given this point, so that the welding operator will realize 
that good welds can be expected only when the joints to be 
welded are kept clean. 

In all cases the material should be cleaned of all rust, scale, paint, dirt 
or foreign matter. This is necessary in order to exclude the foreign matter 
from the weld and to help make the operation of welding as easy for the 
operator as possible. Foreign matter is usually a poor conductor of electricity 
and interferes with the control and manipulation of the welding arc. 
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The best possible fusion is obtained when welding in a down-
ward horizontal plane position on a flat steel plate. 

It follows, then, since this is the easiest and best position in which 
welding is done, that when possible and economical to do so, arc welding 
should be done in the downward, horizontal plane position. 

When welding in this position the welding wire is held approximately per-
pendicular to the face of the plate. It is necessary to bevel the abutting 
edges of plates or sections, except on sections in. thick or less, to approacb 
this position. 

8.056.—Best theoretical welding angle. 

The best type of welding preparation would theoretically be one giving 
the greatest included angle if all other considerations be omitted, excepting 
the angle of the welding wire to the face of the work. A joint of this kind 
la shown in fig. 8,056. The expense of preparation and welding joints of this 
type would, however, be prohibitive. It is readily seen that a much smaller 
inclueed angle will serve the requirements. 

Another fundamental of good preparation or joint design is 
to keep the cross section of the added metal as small as prac-
ticable, so as to localize the effective heat in adjacent sections. 
The accompanying examples figs. 8,057 to 8,064 illustrate the 

preparation of the most common joints of the butt type. The 
same principles of preparation apply to other types of joints. 

Lessons in Metallic Arc Welding.—While learning to weld, 
the beginner will find it convenient to tire a bench or table such 
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A QL% 
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Fos. 8,057 to 8,064.—Preparation of joints for welding. A, very bad. Except on sections of 
in. thickness or less, this is a very poor type of joint where strength of weld is important. 

The bad feature of this design is that the faces of the original metal are not presented for 
welding, and fusion to them cannot be obtained unless the arc can play upon them. Closing 
of the crack by fusion of the edges may look like a good weld but the strength is only equal to 
the strength of the weld section. However, this preparation is sometimes permissible, for 
carbon arc welding and for certain thicknesses of metals. B, bad, except for work where a 
square corner is essential after welding. When used, this joint should be prepared as shown in 
fig. C. This type of joint is better than that of fig. B. However, in this type of joint, great 
care must be exercised to obtain fusion at the apex of the angle and the vertical plate; D, 
good, but can be improved by adding a free distance between the two sections as shown in fig. E. 
This type of joint is good especially where more than one layer of metal is to be deposited; 
F, better. This type of joint satisfies all the requirements as to preparation for work welded 
on one side only; G, very good. This joint is better than the preceding one, and is applied 
on sections which are heavy enough to warrant beveling on both sides. The factors which 
influence the adoption of this type of joint are strength of weld required, thickness of the sec-
tion, cost of preparation as compared with the reduced cost of welding and permissible 
warpage; H, very best This type of joint satisfies the conditions as to arc manipulation and 
reduced section of weld. Warpage is also reduced, due to the fact that the force on either side 
is counteracted by the force of the opposite side. 

NOTE—When repairing cracks in castings, it is often desirable to drill a hole at the 
termination of the crack to prevent further breaking. Also, care should be taken to bevel 
the work to the extreme depth of the crack or flaw, so that it will be a solid section afte; welded. 
If this be done the unwelded portion may cause the casting to re-crack, when the added metal 
cures and contracts. 
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Standard 
ripe Fitting, 

Standard P;ré: 

Steet or 
Iron'Flansia 

Angle Iron Welded on 
Steel or Iron Plate 
to keep Plate in Position 
n Pi e Framework 

Jito 8,065.—Welding table with removable top suitable for small work which may be picked 

up and moved about by hand. It may be built of pipe and fittings with a steel plate top to 
which the positive lead is connected. The work may be set on this bench, the contact being 
sufficient to carry the current. In many cases, a vise mounted on the table will be found 
desirable. If the work be too large for the table, it may be set beside the table and a bar laid 
across to it. This will provide sufficient current carrying capacity, provided scale and rust 
do not entirely prevent contact. 

lbckets and Blow Holes' lbpa ters 

—01,erlag • . 
Si;Cia .Of 
No Fusion 

(14 Teo. long at-t used or ixis 
tropic( travel 

.enetnatiort 
(0) Not enough he used (d) Weld which 4s satis 

Fins. 8,066 to 8.069.—Cross section of beads deposited under diffe.^*  conditions. 
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as shown in fig. 8,065, with a steel plate top connected to the 
ground lead. 

The welder can sit in a comfortable position, and by avoiding muscular 
strain, can better concentrate on the exercise. The steel top will catch many 
of the sparks and prevent burning the floor or bench. 

Electrrde Held I 
%Tend icutor tx) Mate 

FIG. 8,070.—Lesson J. Laying single brods. Run straight, continuous beads at least 12 in. long. Do 

not let the arc go out while the bead is being run, except to change electrodes. Uniform 
width and height of bead. Proper penetration and no overlap. No signs of porosity. Length 
of bead should equal the length of electrode wire used. Instructions: Take all the prelim-
inary steps described before and strike the arc near the edge of the plate nearest the student. 
Move the electrode slowly and steadily across the plate away from the operator, keeping 
both arc length and rate of travel constant. 

The exercise plates can be laid on the steel top, which will 
make the connection of the ground circuit. 

For vertical and overhead welding, the plates can bt attached to the 
bench top by short tack welds. A screen should be placed around the table 
to protect the eyes of others. 

It is recommended that the beginner use a hand shield during the exer-
cises on metallic electrode welding, since it keeps the left hand occupied and 
prevents using the left hand as a brace for the right hand. Also, the shield 
can be quickly moved before the face, allowing the operator to direct the 
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Pic. 8.071.—Position of welder when welding, showing shield, electrode, electrode lead and 
work table. The operator should try to assume an easy position in which the whole body is 
comfortable and braced so as to be steady without strain, leaving the nght arm entirely free. 

Electrode Held 
Perpendicular to Plate 

Fins. 8,072 and 8,073.—Lesson 
2. Three parallel beads. In this 
and all following lessons, chi. 
deposited metal should meet 
all the requirements of a good 
weld, uniformity of height and 
width, regularity of ripples, 
good penetra ion, and no over-
lap nor si gns of p.)rosi ty.These 

• Path of 
Electrode 
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electrode visibly, until the instant before it makes contact and strikes the 
arc. 

The beginner will profit greatly by watching for a time, an 
experienced welder. 

He should closely observe the motions used in striking the arc and in 
moving along a weld. His ear will become accustomed to the sounds of the 
arc, both when it is too long and when it is of proper length. When at the 

Elect rode Held 
Perpendicular to Pieta 

No Over 
1..APProl• 

Sectional View Snowing 
Seems One on Top of 

the Other 

trios. 8,074 and 8,075.—Lesson 3. Three parallel beads in two layers. Current in arc. SO am-
peres. The reduction in current is because the conduction of heat into the plate is not as 
rapid, since the heat is applied to the top of a narrow ridge instead of the broad surface of the 
plate. A second layer deposited on each of the beads made in Lesson No. 2. Total height 
of completed beads, % in. Instructions: Use for practice the plates from Lesson No. 2 
that were not passable. Clean the surface of the preceding beads well with a scratch brush. 
When a good practice weld has been made, use the plate that passed the requirements of 
Lesson No. 2. Do not let the metal from the second layer run over the edges of the first layer. 

FIGS. 8.072 and 8,073.—Ted continued. 

factors will not be mentioned again, but it should be understood thab they are of the first 
importance, and it is assumed that the student will make welds that meet these requirements. 
The particular requirements of this lesson are: beads each 12 in. long, in. wide and h in. 
high. Instructions: The same as Lesson No. 1 except that, in order to obtain the required 
width of bead, it will be necessary to spread the weld by weaving the electrode in a crescent 
motion from left to right and from right to left across the line of travel. The arc will follow 
a path similar to that shown in fig. 8,073. This cross motion should not be too rapid, or the 
weld will not penetrate. This movement of the electrode should be governed by the same 
conditions laid down in the preliminary instructions allowing for the different motion. Each 
time an electrode is changed, use the scratch brush to clean the surface where the bead is to 
be deposited and to seal the crater properly. In making this weld, it will be necessary to use 
more than one electrode per bead. Each time the arc is broken to change the electrode, the 
arc should be recommenced accordine to instructions given in the section on depositing metal. 
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proper distance of X3 in. the arc will have a very snappy sound like frying 
grease; a long arc will have a dead, sputtering sound. 

By using an electrode holder and electrode, but without any current, he 
can practice the motions of striking the arc. The hand shield stolid be used 

Elect r ode Held 
Perpendicular 
to Plate 

Path of Electrode _Ae   

Section Through -A -e 

Section Through -8-e 

eta. 8,076 to 8,079.—Lesson 4. Filling space between welds made in Lesson No. 3. Weld made 
in two layers. Same he,ght as previous beads, leaving smooth surface. Weld must pen.. 
trate plate below and into beads at either side to form a solid mass of metal, as shown in. 
fig. 8,076. Inatr,Ectiona: Clean the surfaces where the weld is to be made by means of the 
ecratch brush and repeat each time an electrode is changed. Fig. 8,077 illustrates the manner 
in which the weld is made. The path of the electrode is as shown. At the start of the weld. 
the electrode is moved back and forth two or three times to build up the metal quickly te 
the desired height. A cross section of the weld at the start would have the appearance as 
shown in fig. 8,078. After building up toe weld to the height of the two parallel beads at the 
start, the path of the electrode is that of an elongated spiral. The weld, from now on, is 
made in two layers, the bottom layer thoroughly penetrating both plate and parallel beads. 
and the top layer overlapping the bottom layer about two-thirds of its width. The top layer 
completes the fill to the top of the parallel beads and gives a smooth finish to the weld. The 
appearance of a section of the weld is shown in fig. 8,079. The type of bead described and 
used in this lesson is known as the rope bead. 
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just as though an arc were to be struck, since the operator should form the 
habit of always covering the eyes before striking the arc. Repeated timbal 
of the arc on the eyes, even though they are only momentary, will cause 
eyeburn. 

en4 
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• 
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8,080.—Striking the arc, 1. Insert an electrode wire in the holder, gripping k by the 
middle. Adjust the current for about 125 amperes dead short when welding. It is possible 
to determine the current with an ammeter by holding the electrode holder against the plate 
and reading the current. This value will be roughly about one-half more than when the arc 
is being held. Lay one of the exercise plates flat on the table. Take the welding position 
shown in fig. 8,071. Holding the electrode vertical, bring it to the point on the plate where the 
weld is to be started, but do not touch the plate until the hand shield is moved in front of the 
face. Touch the electrode very lightly and quickly to the work by a motion of the wrist_ 
This is a quick, picking action. The movement in touching the plate and just freeing the 
electrode should be quick. Then bring the electrode away more slowly about 3 in. or until 
the arc has the proper snapping sound. Hold the arc a few seconds and then snap it out. 
If the electrode stick or freeze immediately, bend it from side to side with a steady pull which 
will probably free it. d this fail and the electrode become red hot, the circuit should be 
opened by opening the line switch, or by freeing the electrode from the holder, or by lifting 
the plate from the bench. On cooling, the electrode can be broken away with a hammer. The 
welder should practice starting the arc in this way, holding the arc a little longer time at each 
attempt, and moving it slowly over the plate until he is able to start and hold the arc con-
sistently. Move the arc straight along; dc not try to spread the bead or to weave or import 
a zigzag motion to the electrode holder. 

gm. 8,081.—Striking the arc, 2. This method is to avoid sticking. It consists in"scratching" 
the electrode on the surface of the plate. The withdrawal of the electrode should be slower 
than the rest of the motion. 

The accompanying illustrated lessons by courtesy of 
the General Electric Co., will be found to comprise an 
excellent course for the welding student. 
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Electrode 
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ta Plata 
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Tack Wetde 

5,082.—Lesson 5. Laying Meet parallel beads, 45'. Instructions: Similar to Lesson No. 
1. The plate may be rested against a brace or welded to the bench top by a weld about 3•¡ in. 

long, just enough to sup-
port it, as shown. Begin 
weld near bottom of plate. 
The arc must be kept short, 
or the metal will run, caus-
ing an uneven appearance. 

riectrocle Held 
Perpen cl icular 

a l< Weld 

Path of 
Electroda 

Closed 

Pam. 5,083 and 8,084.—Lesson Straight butt weld method of making rigid angle bull weld in 
herimostal psiÔon. Good appearing weld. even »ernes the top without bumps, cn.e4rS. or 
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Electrode Held 
Perpendicular 
to Line of Weld 

TFç W Lcs 

8,085.—Lesson 7. Right angle butt weld inclined 45 ° to horizontal. This is the same ag 
Lesson No. 6, except that, after tacking the plates as shown in fig. 8,083, they are placed so 
the weld makes an angle of 45 ° with the horizontal. The end having the .14i in. opening should 
be at the top. Begin at the lower end, and weld upward and away from the operator, as 
shown. 

Fins. 8,083 and 8,084.—Text continued. 

dribbles over the edges. Weld must extend through bottom of groove, and show on under 
side. The break should, in general, follow the middle of the weld. The grain of the metal 
should be uniformly fine and of a dull gray color. Instructions: Place the plates at an angle 
of 90 ° as shown in fig. 8,083. Assuming that the plates are 12 ins, long, they will be spaced 
about 3j in. at one end, as in fig. 8,084. Tack the plates at the ends where the edges touch. 
Start the arc at this end and, as the weld advances, the shrinking of the deposited metal will 
gradually draw the plates together. Therefore, as the arc reaches any point along the weld, 
the plates at that point will be spaced a slight distance apart. The general rule for spacing 
the plates in welds of this type is 3/8. in. per ft. length of the weld. At the beginning, the path 
of the electrode will be a simple, spreading motion to distribute the heat evenly. As the 
plates become hot, the metal in the weld and at the bottom of the groove tends to fall or sag 
through. To prevent this, the amount of heat in the middle of the weld is reduced by moving 
the electrode farther up along the edge of the plates and making a more pronounced horseshoe-
shaped path, the sides of the horseshoe being about a4 in. long. The travel across the middle 
of the weld should be made faster, and that along the sides of the horseshoe, slower. In this 
way, the maximum heating is caused along the edges of the cold plate where good fusion ie 
necessary. Do not run over the edges of the plates. 
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Striking the Arc.—The principal precaution to be observed 
when striking the arc is to prevent freezing or sticking the elec-
trode to the work. This is caused in the following manner: 

The electrode touches the work nnly on a small surface, a point, or sharp 
corner. The heavy current melts this and it sticks to the plate. More of 
the electrode melts and, as it is being pushed against the plate, the end of 

Electrode Pointing 

at Slight Angle 

Ahead of 

Perpendicutar 

I" 
4-1 

K—Approx. 15 0 

Line to Plate 

Tack Weld 

Path of' Electrode 

Note:- Opening betweery 
piatea, at other end • I/4 

Mies. 8,086 and 8,087.—Lesson 8. Straight butt weld, plates in same plane. Same as lesson 6, 
except position of plates is horizontal. Instructions: Place the plates as shown in fig. 8,086, 
with an opening of 3 in. at one end and 34: in. at the other. Tack the end with the 3,g in. 
opening. The path of the electrode will be similar to that in Lesson No. 6, except that the 
sides of the horseshoe are longer, about 34 to 54 in. The path of the electrode is shown in 
fig. 8,087. This path must extend over the edges of the plates as shown, in order that the 
deposited metal will be thoroughly fused with the plate. Figs. 8,088 to 8.090 illustrate the 
method of filling a hole caused by the use of too great an amount of heat or too slow a feed 
of electrode. 

the electrode will weld fast. The current then rapidly heats the rest of the 
electrode, unless it is broken away at once. This trouble is avoided by 
quickness in making the electrode touch the work and in bringing it back 
just away from the plate. The electrode should be drawn back to the arc 
length somewhat more slowly than the movement in the first part of the 
action, as in fig. 8,080. 
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Depositing Metal.—In advancing the arc, care should be 
taken not to move the electrode faster than it is possible far 

&lowing Stroke Second Layer 
Used After Started. Proceed 
Hde is Closed. as when Closing 
Proceed as Bottom of Hole 
atStart of Weld Until Hole is Filled 

showing Path of Electrode 
When Closing Bottom 

of Hole 

Hole Burned 
Through Plate 
by Excess 
Heat 

View Showing Bottom of' 
Hole Closed and Sauced 

Layer Started 

Opening BetWIL211 
Pieties 

Pica. 8,088 to 8.090.—Method of filling hole in butt weld caused by arc melting through. 

P.a. 8,091 and 8.092.—Diagrams showing flow of welding metal when welding. 
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Elect!'ode 14441cr 
Perpend idular 
to Line of Weld 

Tack Wetd 
both End \s 

8,093.—Lesson 9. Single fillet T weld. Clean and uniform surface, indicating penetration 
into plates at edges of weld. No signs of porosity. Surface of weld should be flat across, not 
re-enforced or concave. Clean surface of each layer with hammer and chisel, and brush before 
depositing a succeeding layer. instructions: In making the first bead, the electrode should 
be moved slowly across the plate, advancing as fast as necessary to keep the proper height 
of the deposited metal, which should be approximately in. Since the weld is being made 
in the middle of the horizontal plate, the heat will be conducted away in both directions by 
this plate, and, therefore, at a greater rate than by the vertical plate. The crater should be 
established at the juncture of the two plates, with the greater portion on the bottom plate. 

45A \ 

Showing 
Path of 
Electrode 

for 
Third L Fourth 
Layers of staid 

Perpendicular Line to Wald 

Electrode Held Tilted et 15 . 
Ahead of Perpendicular Line 

Weld in Direction of Arrow 

Tack Weld 
both End* 

eras. 8,094 and 8.095.—Leason /0. Method at making 4-layer T weld in horizontal position, 
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the arc to melt a place on the plate for receiving the deposited 
metal. If the arc be moved too fast, the metal will be merely 
laid on the plate with no penetration. 
The operator should keep the arc traveling forward just fast 

enough to keep it at the forward edge of the crater, as in fig. 
7,975. 

This is the greatest speed of travel possible with the combination of plate 
thickness, electrode diameter, and current used. Advancing the arc less 
rapidly will result in a bead somewhat higher and wider. 

Path Taken by Electrode Showing Electrode 
Always Slanting 
at Approx 15*Ahehei 
of Perpendicular 

Perpendicular 
Line tp Plate. 

Showtng Electrode when 
Welding Naar Previous 
Parallel Beads. Electrode 
at Approx. 15 Ahead of Per-
pendicular and also Swing-
mg Slightly as Shown. Upward 
Toward Upper Bead and 
Downward Toward* Lower 
Bead, 

8,096.—Lesson Il. Method of filling in between parallel, horizontal spread beads on 
vertical plate. 

Too low a speed will result in overlap of the bead, and possibly in oxidized 
metal caused by the melting of a large crater and exposure of this hot metal 
to the air. The gases and vapors from the arc will protect the metal in a 
small crater to a certain extent. 

These exercises should be continued until the operator is able 
to start the arc practically every time. 



1,178 Electric Welding 

Electrode Slanting 
Slightly Downward 
Towards Plate at 
Approx.15 ° from 
Perpend Lcu tor 

15° 

Perpendicular. 
Line to Plot° 

Pu. . L097.—Leeson 12. Method of building up a patch on a vertical plate working upward. 

Path of Electrode,.  

Start Arc Hurts 

Fias. 8,098 and 8.099.—Section of deposited metal showing penetration and craw. 
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Gradually increase the length of the bead and make curved lines, letters. 
etc., but do not weave. 

Now, begin to examine the beads deposited while moving 
the arc along the plate, by comparing them with fig. 8,099. 
The sound of the arc, and its appearance, both from the 

standpoint of length and size, and also the size and number 
of sparks, should be noted in connection with the appearance 

per penellettar 
Line 

--LL_ 

Electrode 
Pointin9 eli 
Sli9ht An9les 

Upward 
Towards 

Previous Weill 

Fro. 8, 100.—Learnn 13. Method of building up a patch on a vertical plate working downward. 

of a bead. Chip off the bead, commencing at the end where 
the weld was begun, since this is usually the weakest point. 
Continue making beads 3 or 4 ins, long until the bead has 

the appearance of a good weld; that is, even height, width, no 
overlap, and good penetration. 

If a volt meter be connected to measure the arc voltage, it 
will aid to have someone watch this and report from time to 
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time what the voltage is. It should be kept from 18 to 20 volte 
and the appearance under these conditions noted. 
Now repeat the above exercises, first using a current of 100 

amperes in the arc, and then of 75 or 80 amperes. 

These currents will require increasingly greater steadiness of the hand, 
both in starting and in holding the arc after it is started. The observations 
above as to arc sound and appearance should be checked in each case against 
the appearance of the bead. 

Electrode Perpendicular to Plate 

FIG. 8.101.—Lesson 14. Welding around tubes. The weld should be made continuously in one 
direction as shown, from start to finish. Particular attention should be given to obtaining 
a tight weld at the starting and finishing points, since such a weld under service conditions 
must be tight under high pressure. 

The surface of the bead should consist of regularly spaced 
ripples with no holes or spongy places. 

No large drops of metal should be outside the weld on the plate and, when 
the bead is chipped off, it should be necessary to cut it away the full width of 
the bead, thus showing that there is no overlap. 
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It will be noted that wherever the arc stops, there is a 
spongy, porous spot in the crater. 

In the case of long welds, where it is necessary to use more than one 
electrode, such a spot will be found wherever the arc is stopped to change 
electrodes. 

When an arc is broken, care should be taken in recommencing 
to close the gap in the deposited metal and also to guard 
against leaving a lump of metal on the bead. 

Fm. 8,102 and 8,103.—Lesson Id. Continued. Cross section of flue of locomotive showing 
method of welding tube to flue sheet. 

Strike the arc about Yi to in. in front of the crater, and come back as 
shown in fig. 8,098, holding the al c very closely, and then proceeding in the 
direction of the weld. The path of the electrode is as indicated in figs. 
8,098 and 8,099, the travel back to the point A, being faster than normal. 
From point A, the weld should be continued at the normal rate. 

It can now be assumed that the welder is able to start an 
arc and to hold it uniformly for a short time. 
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From this point on, the exercises will take the form of lessons on carbon 
arc welding as given in the accompanying illustrations with certain condi-
tions specified, and certain requirements which are to be met by the fin-
ished weld, before the student passes on to the next lesson. 

Lessons in Carbon Arc Welding.—A source of welding cur-
rent is required which will deliver from a maximum of 400 to 
600 amperes down to a minimum of about 40. A carbon elec-
trode holder and electrodes of various sizes are needed. While 
the hand shield may be used in cutting, it is necessary to use 
both hands for welding, and therefore, the helmet must be 
used for the latter operation. 

Tack Weld 
Both En .s 

Path Taken by 
Electrode 

Tack Weld 

Electrode Held 
Perpendicular 
to Top Plate 

Fps. 8,104.—Lesson 15. Method of making an overhead straight butt weld. 

Striking the Arc.—The carbon arc is very stable and easy to 
maintain. The length can be varied over wide limits without 
causing the arc to go out. 

There is no tendency for the electrode to freeze or stick, as in the case of 
the metallic electrode. Accordingly, the arc can be struck without difficulty 
at any point, and rapidly moved over the surface of the work to the point 
where the weld is to be made. 
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Depositing Metal.—In welding with the carbon electrode, a 
molten pool should be formed on the work and the added metal 
deposited in this pool. The arc should be kept at this point 
until the added metal is thoroughly melted and mixed with 
the original metal before more material is added. 

-Arc Core. White 
-Arc StrecumBlue 

!e. 
}›,:;•%. Arc Ficrtne. 

e  -- • 
PARENT ME TAL 

Positive 

ero. 8.105.—Correct position for graphite electrode and metal filler rod. 

Carbon or Graphite Electrode Traveling 
in Direction Indicated by Arrow 

Filler Rod 

Deposited Metal 

FIG. MOS.—Direction of travel in making a carbon weld. 
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The added metal is usually in the form of a long stick of filler rod held in 
the welder's left hand. When the pool or the work is ready, the end of the 
filler rod is inserted in the pool, and the arc directed against the rod just 
above the surface of the molten metal. This will melt through the rod, and 
leave the end in the molten pool on the work. 

Carbon or Graphite Electrode 

Filler Rod 

Deposited Meta 

Showing Horseshoe 
Ficth Taken by 
Electrode 

Fes. 8.107.—Electrode travel in making a butt weld with the carbon ere. 

C.arbori or Graphite 
'electrode Het 
fierpencl ¡cuter 

to Ptote 

Plate Held in Place 
Weitpt or Clamp 

Pito. 8.108.—Leeeon 1. Lop weld of thin sheet metal. Instructions: The line of weld will be 
along the middle of the overlapped portion. Strike the arc at one end, and move it slowly 
along the line of weld. The heat of the arc should fuse through the upper strip and into the 
lower. This depends on both the current and rate of travel of the electrode along the weld. 
Penetration can be increased by reducing the rate of travel until a point is reached where the 
heat spreads out too wide on the upper strip and causes the fusion of a wide area. When this 
condition is found, increase the current and advance the electrode faster. Experience will 
show the best combination to use. 



Electric Welding 1,185 

The arc should be played about on the pool until the added metal is all 
melted down, when, because of the circulation caused by the heat, the 
molten metal will be well mixed. After this, the filler rod may be again 
inserted in the pool, and the process repeated, advancing along the line of 
weld. 

Fics. 8,109 to 8,111.—A. E. F. spot welder dia-
grams showing operation. 1. Pressing clown 
on treadle brings welding points on work. 
This initial contact must press lightly to as-
sure high resistance and 11.:at generation at 
point of weld, yet not too light to create ais 
gaps. 2. Pressing further on treadle closes 
switch contact thus applying current. 
Switch remains closed, automatically opening 
with a quick break, cutting off current. 3. 
Treadle continu,d downward to end of 
stroke, applying pressure to the then plastic 
metals, setting the weld. 

Position of Electrode.—In welding or building up, the elec-
trode is generally held perpendicular to the surface of the plate, 
but is inclined ahead about 15° to the line of weld to direct the 
arc back into the weld. 

Direction of Travel.—By welding from left to right, a right 
handed welder avoids awkward positions. The arc is directed 
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backward into the weld, and the position of the arms and hands 
is comfortable. 

Resistance Welding.—The art of resistance welding was dis-
covered accidentally by Prof. Elihu Thompson in Philadelphia, 
in 1885. While experimenting with a spark coil operated from 
a bank of batteries he accidentally welded two steel rods of 
about V4 in. diameter. 

Cerbon Electrode Held 
Perpend icular'to Plate 'Car bdn Electrode FTeict 

Perpenci iculor to Pled 

FIGS. 8,112 and 8,113.—Lesson 2. Culling a steel plate with a carbon or graphite electrode. In. 
First, melt away the lower part of the plate, and then brag the arc toward the 

top. This undercutting makes it easier for the molten metal to run out. It is particularly 
beneficial in cutting heavy parts such as castings, shafts, etc. It is often necessary to follow 
the molten metal down with the arc to keep it fluid until it runs off. The width of the cut will 
depend on the size of the electrode used and on the skill of the operator in keeping to a straight 
Une. 

By definition, resistance welding is that method in which a 
sufficiently strong electric current is sent through the two metals 
in contact to be welded which melts the metals by the resistance 
they offer to the passage of the electric current. 
There are several forms of resistance welding known as 
1. Butt; 4. Seam; 
2. Flash; 5. Tube. 
3. Spot; 
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Each depends on the resistance offered by the metals in con-
tact, to the passage of the current for the production of the 

.0—ELEMENTARY CIRCUIT—a-: MECHANICAL PRESSURE! 

SPOT, BUTT AND LINE 

100 AMPAI 

4,400 AMPERES A.C. WELDING 
TEMPERATURE 
DEVELOPED 
HERE. 

5 VOLTS wa-TER 
COOLED' 
COPPER 
ELECTRODE 

LAMINATED COPPER ; FLEXIBLE COPPER MECHANICAL 
SECONDARY t CONNECTION PRESSURE 

Fm. 8,114.—Circui1 diagram for spot welding. Spot welding, for the most part. is used In 
place of riveting. It consists of 1, discharging an enormous current, at a fairly low voltage 
through two or more pieces of sheet metal or bar stock; 2, following up the discharge of current 
with sufficient pressure on the two or more pieces of metal so as to unite the molecules of the 
metal; 3, cutting off the current before the mechanical pressure is released, so as to prevent 
burning the die points. The spot welding process is also used largely in the manufacture of 
wire goods, such as lamp shades, wire cloth, screening, netting, fencing, and an endless 
variety of objects and utensils for various uses. Above elementary circuit indicated in figs. 

ELEMENTARY CIRCUIT 8,115 to 8,117 by dotted line. 

COPPER 
ROLLERS 

COPPER 
ROLLER 

ECHANICAL 
PRESSURE COPPER ROLLER 

Fins. 8.115 and 8,116.—Circuit diagrams for seam welding. It consists of passing two or mots 
metal sheets or bars, between the rollers of a seam welder. The electric current passing from 
roller to roller through the work heats up the parts to be joined in the nature of a spot welder 
and the mechanical pressure on the roller electrodes consummates the weld. 
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heat to melt or soften the metal. Usually there is mechanical 
pressure applied to the soft or melted metal to force the parts 
together and aid in binding them. 

In butt welding, the ends of the pieces to be joined are butted 
and current passed from one to the other until they become 
plastic and the pressure binds them. 
A modification of butt welding is flash welding. 

MECHANICAL MECHANICAL 
PRESSURE JOB PRESSURE 

LeCHALtl MECHANICAL; 
PRESSURE PRESSURC WATER COOLED 

JAVV.S 

••••••»... ....... • 

ELEMENTARY CIRCUIT 
FIG. 8.117.—Circuit diagram (Jr butt welding. 

The difference being that current is applied to the parts before they am 
brought together so that when they meet arcing or flashing takes place and 
greater heat produced and projections burned away and thereby the stu-
faces brought closer together; the pressure completing the bond. The flash 
method has almost entirely superseded the butt weld method. 

In spot welding, the parts or pieces are joined in spots. 

The metals are brought together either butted or lapped and the elec-
trodes connected to the metals both above and below the particular points 
where they are to be joined. This creates heat at these points and softens 
the metals within these restrictxd areas and by pressure completes the weld. 
The joining points being wherever the electrodes are connected. 
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8,118.—Thompson butt welder. Capacity.—Iron or steel. A cross section from .0123 
minimum to a cross section of % sq. in. maximum continuously, or 1 sq. in. at long intervals. 
Rims 2 % ins. wide by el in. thick by 10% ins, minimum diameter. Rims I% ins, wide or 
narrower and as small as 8 ins, diameter can be handled. Pipe or tubing up to 1 in. diameter 
extra strong; pipe or tubing 1 el ins, diameter standard, can be welded by fitting contacts to 

c=t== ===:1 c=Z=3 

PUGH SPEED 
STEEL 

Fm. 8.119 to 8,124.—Various examples of butt welds. Fig. 8,119, flash weld; fig. 8,120, tool weld: 
fig. 8,121, upset weld; fig. 8,122, Ingts speed steel weld; fig, 8,1M, pipe weld; fig. 8.124, tee 
weld. 



Butt Weld Data 

(According to Thompson Electric Welding Co.) 

Round Iron 
Diam eter' 

Area lo 
Square Inches KW Required Time in Seconds 

to Make Weld 
Cost per Thousand Welds 

at 12 per K W II 

All 
. 

.03 2 3 .02 
Yk .11 3.5 5 .05 
341 
" 

.20 5 5 .07 
54 .31 7.6 10 .21 
3i: .44 12 15 .50 

I' .79 
15 
18 

18 
20 

.75 
1.05 1;48 .99 25 2.5 1.73 lye 

e 
1.23 35 30 1.90 

1,14 1.37 50 40 3.55 
Ige 2.41. 65 43 8.12 

I 

2 3.14 75 .50 • 10.42 

In seam welding, the electrodes either in the form of wheels or rollers, move along 
the seam of work and weld it. 

This is used for cylinders or other work of that kind and either the rollers move or the work moves. 
Pressure of course is applied the same as for the oiler welds. 

The electric current passing from roller to roller through the work heats up the parts to be joined in 
the nature of a sp.)t welder and the mechanical pressure on the roller electrodes consummates the weld. 
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CHAPTER 5-1 

Soldering 
A knowledge of soldering is useful to the electrician, and 

the acquirement of proficiency in it will be found of value. 

Solder.—By definition, solder is a fusible alloy. There are 
a great many varieties of solder. In electrical engineering, the 
solder used in practically always an alloy of tin and lead. 

As the electrical conductivity of such an alloy is usually about one-sev-
enth that of copper, the best joint between copper conductors is made by 
bringing the copper surfaces as close together as possible and using a min-
imum of solder. 

For jointing, especially where work has to be done in awkward positions, 
it is essential that the solder should have a plastic stage between its liquid 
and 3olid states. 

There are two general classes of solder: 

1. Soft; 

2. Hard. 

Soft solder is an alloy composed of lead and tin. Sometime. J.'.aaa 
metals are added to lower the melting point. 

NOTE.—The soldering amateue will agree that soldering is a distinct art in itself, an4 
white it looks easy, it is not; moreover, skill cannot be acquired without (...e.isieeraule practice; 
however, the information to be obtained in books will be found helpft, nsr. tlj%o the be-
ginner. but also to the experienced workman. 
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The following table gives the melting points and relative 
hardness of various tin lead solders. 

Melting Points and Hardness of Tin Lead Solders 

Percentage 
Melting Brinell 

Percentage 
Melting Brinell 

Tin Lead 
Temp. 
Deg. F. 

Hardness 
Teed Tin Lead 

Tmn . 
Deg. F. 

Hardness 
Test 

0 100 618.8 3.9 60 40 368.8 14.8 

10 90 577.4 10.1 86 34 356.0 16.7 

20 80 532.4 12.16 70 30 365.0 15.8 

80 70 491.0 14.5 80 20 388.4 15.2 

40 60 448.0 15.8 90 10 419.0 13.3 

80 50 401.0 15.0 100 0 486.0 4.1 
t 

In the table which follows will be found the proper solder 
mid flux to use with various met.. 

Soft Solders and Fluxes for Various Metals 

Metal to be Soldered 

SOFT SOLDER 

Plus 

Tin Lead Zinc 
Mu- 
mi- 
nues 

PhOS. 
phor 
tin 

DIP I 
moth 

Aluminum  
Brass  
Gun metal..." } 
Copper .... -.  
Lead  
Block tin  
Tinned steel  
Galvanized steel  
Zinc  .... . 
Pewter  ..... 
Iron and steel..., 
Gold  
Silver .. .  - ... 
Bismuth  

Steam n ...  .... 

Chloride of zinc 'rosin or 
Chloride of arn;nonia . • • • • 
Tallow or rosin  
Chloride-of zinc   
Chloride of zinc or rosin 
Hydrochloric acid  
Hydrochloric acid. ..   
Gallipoli oil.. ... .   
Chloride of ammonia  
Chloride of zinc  
Chloride of zinc  
Chloride of zinc  

70 
66 
al 
" 60 
33 
99 
64 
58 
55 
25 
50 
67 
67 
33 

34 „ 
"' 40 
67 
1 

36 
42 
45 
25 
50 
33 
33 
33 

____ 

25 3 2 

--•••• 

50 

36 

Common or plumber's solder consists of one part of tin to two parts of 
lead, and melts at 441 ° Fahr. It is used by plumbers for ordinary work, and 
occasionally for electri -.al work where wiped joints are required, for In-
stance, in large lead covered work. 
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Medium or fine solder consists of equal parts of tin and lead, or half anoi 
half, and melts at 370° Fahr. This solder is always used for soldering joists 
in copper conductors, and for soldering lead sleeves on lead covered wires. 

Hard solder is an alloy composed of copper and zinc, or copper, zinc, 
and silver. 

Hard solder in general is sometimes erroneously called spelter. 

The following table gives the various hard solders, proper 
flux, and metals for which they are suited. 

Hard Solders and Fluxes for Various Metals 

Metal to be soldered Flux 

HARD SOLDER 

Copper Zinc Silver Gold 

Brass, soft  Borax   22  22 78 
Brass, hard  Borax .   45 55 
Copper  Borax ... .   . 50 50 
Gold   Borax •   Borax •  22 11 67 
Silver  Borax  20 10 70 
Cast iron .. Cuprous oxide ......... 55 45 
4-on and steel .. Borax .....  , 64 36 

As will be noted from the table, most of the hard solders are alloys of 
copper and zinc. An easily fusible hard solder may be made of one part 
copper to two parts zinc, this, however, makes a joint that will be weaker 
than when an alloy more difficult to melt is used. 

A hard solder that is readily melted is made of 4.4% copper, 50% zinc, 
4% tin, and 2% lead. 

A hard solder for the richer alloy of copper and zinc may be produced 
from 53 parts copper and 47 parts zinc. 

Solder must have a lower melting point than the metals to 
be joined to it. 

NOTE.—Solder containing much lead makes a weak joint because the lead does not 
transfuse with brass. 

NOTE---e"ur containing much tin is brittle. 
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The melting point should approach as nearly as possible that of the 
metals to be joined so that a more tenacious joint is effected. 

The fusibility of a solder can be increased by the addition 
of a small portion of bismuth. 

Soft solder melts at a low temperature compared with hard 
solder which melts at a red heat. 

German Silver Solders.—German silver is a very hard alloy of copper 
(50 to 60%), nickel ( 15 to 25%), and zinc ( 15 to 20%). A German silver 
containing 1 to 2% of tungsten is called platinoid. These alloys have a 
high electrical resistance, platinoid being higher than the other varieties of 
German silver; the resistance increases uniformly between 32° and 212° 
Fahr. 

German silver solders possess considerable strength, and are often used 
for soldering steel. The color is very similar to that of steel. 

In preparing German silver solders, the copper is melted first, and then the 
zinc and nickel added simultaneously. 

Hard German Silver Solders 

These solders, sometimes called steel solders, contain a large propor-
tion of nickel and are very strong. They require a very high heat for melt-
ing, and usually cannot be fused without the aid of a bellows or blast. 

No. 1. Copper, 35 parts; zinc, 56.5 parts: nickel, 9.5 parts. 

No. 2. Copper, 38 parts; zinc, 50 parts; nickel, 12 parts. 

Soft German Silver Solders 

No. 3. Copper, 4.5 parts; zinc, 7 parts; nickel, 1 part. 

No. 4. Copper, 35 parts; zinc, 56.5 parts; nickel, 8.5 parts. 

The following No. 5 formulae given by Kent is similar to No. 4: 

No. 5. Copper, 38 parts; zinc, 54 parts; nickel, 8 parts. 

Soldering Fluxes.—The word flux, means a substance applid 
to a metal to make solder flow readily on its surface. 

The action of a flux is largely that of cleaning the surface, and of reducing 
any oxide on the surface to the metallic state. 
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If a piece of sheet copper be carefully cleaned by means of emery cloth 
and heated over a gas flame, the surface will be seen to tarnish rapidly and 
assume a dark brown appearance. A small piece of rosin dropped nn the 
surface will melt, and when the liquid runs, the initial brightness of the 
surface will be found to reappear. 

There are a number of fluxes suitable for various kinds of soldering, but 
pine amber rosin is the best for electrical work as it does not cause corro-
sion. A corrosive flux, such as zinc chloride solution (killed spirits) should 
be strictly excluded from any electrical work. 

The Underwriters' code permits the use of a flux composed 
of chloride of zinc, alcohol, glycerine, and water. 

This preparation is easily applied and remains in place. It permits the 
solder to flow freely and is not highly corrosive. This flux is made as fol-
lows: Zinc chloride, 5 parts; alcohol, 4 parts; glycerine, 3 parts. Anhydrous 
zinc chloride crystals should be used dissolved in alcohol. 

The glycerine makes the flux adhesive. To prevent the alcohol igniting. 
the mixture may be diluted with water. 

For electrical work, especially when very small wires are 
used, rosin should be insisted upon to avoid any corrosion. 

No one flux can be assigned to any one metal as being peculiarly adapted 
or fitted to that metal for all purposes. The nature of the solder often 
determines the flux. 

The various fluxes and their use are given in tabular form 
in the accompanying tables. According to Haswell, the proper 
fluxes to use are as follows: 

For iron, use borax For zinc, use chloride of zinc\ 
" tinned iron, use rosin " lead, use tallow or rosin ' 
" copper and brass, use sal- " lead and tin, use rosin and 

ammoniac sweet oil 

Soldering Bolts or Bits.—The erroneously called soldering 
"iron" or bit consists of a large piece of copper, drawn to a 
point or edge and fastened to an iron rod having a wooden 
handle as shown in fig. 8,194. There is a great variety of bits 
which may be classed: 



1,196 Soldering 

zz4D 

Fins. 8.194 to 8,197.—Various soldering bits, or so called "irons.» Fig. 8.194. ordinary edge 
bit; figs. 8,195 and 8,196, hatchet bits; fig. 8,197, pointed bit. 

8.198.—Chapman manual commutator fluxing machine. In construction, two cloth 
rollers carried by a spring actuated lever, dip into a trough of flux and press aftegial 
tommutator as armature is rolled by hand • 



Soldering 1.197 

1. With respect to their shape, or construction as: 
a. Pointed; 
b. Grooved; 

c. Hatchet. 

2. With respect to the method of heating, as: 

a. Externally heated; b. Internally heated f electrically, or by 
1, gasoline torch. 

The various types of bit are shown in the accompanying (Arcs. 

rOGS. 8.199 and 8,200.—Two methods of cleaning the bit. Fig. 8.199. filing; fig. 8.200. ne. 
bing on soft brick. 

A heavy bit is preferable for joining work, as one weighing less than two 
pounds does not retain the heat long enough. 

Tinning the Mt.—Preliminary to soldering, the bit must be 
coated with solder, this operation being known as "tinning." 

To tin a soldering bit, heat it in a fire or gas flame, until hot enough to 
melt a stick of solder rapidly when it is lightly pressed against it. 

When the bit is at the right temperature, the heat can be felt when it is 
held close to the face. When hot enough clean up the surface of the copper 
with an old file, 
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If the temperature be too high, 
the copper surface will be found to 
tarnish immediately, in which case 
the soldering bit must be allowed to 
cool slightly and the cleaning re-
peated. When the surface only tar-
nishes slowly a little flux is sprinkled 
upon it, and then rubbed with a 
stick of solder. 

After the molten metal has spr ead 
over the whole of the surface which 
it is desired to tin, the superfluous 
solder is wiped off with a clean damp 
rag. 

The surface should then pres-
ent a bright silvery appearance 
when properly tinned. 

The operation of tinning the bit is 
shown in figs. 8,204 to 8,206. Once 
a soldering bit has been well tinned 
care should be taken not to overheat 
it. If the bit at any time reach a red 
heat it will be necessary to repeat 
the whole tinning process before it is 
fit to be used again. No good work 
can be done with an unarmed or badly 
tinned bit. 

Soft Soldering.—The theory 
of soft soldering is that: as the 
solder adheres to and unites with 
the surface of the copper when 
the bit is tinned, so will it adhere 
to and unite the surfaces of the 
metals to be soldered. 

FIG. 8,201.—Chapman "Allatonce" electrically heated commutator eoldering machine. Vie* 
Mewing general appearance oí 
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Soft soldering, as well as hard soldering, consists in welding 
together two or more pieces of similar or dissimilar metals by 
means of another metal of lower melting point. 

In order to solder successfully wire joints, the following in-
etructions should be followed: 

1. Clean and tin the bit as shown in figs. 8,204 to 8,206. 
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oocKET 
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8,202.—Electrical heating elements as used on Chapman "Allatonce" commutator sol. 
dering machine. Rating of heating elements 1600° to 2200° Fahr. but operated at only 

about 1200°. 

8,203.—Bemz gasoline torch with holder for heating soldering bits. 

2. Heat the bit in the fire until it reaches the right temperature. Do 
not try to solder a joint with a bit so cool that it only melts the solder slowly. 
nor with one so hot that it gives dense clouds of smoke when in contact 
with rosin. Burned rosin must be regarded as dirt. 

3. Remove the bit from the fire and hold it, or preferably support it 
on a brick or block of other material which does not conduct heat readily. 

4. Wipe the surface clean with a rag. Apply solder until a pool remains 
on the fiat surface, or in the groove, if a grooved bit be used. 

5. Sprinkle with rosin, lay the joint in the pool of solder and again 
sprinkle with rosin. 
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6. Rub the joint with a stick of solder so that every crevice is thor. 
oughly filled. 

FLUX AND 
SOLDER 

DAMP FtAO 

FIGS. 8.204 to 8,206.—"Tinning" the bit. Fig. 8,204. cleaning bit by filing working surfaces 
with an old fete; fig. 8,205, rubbing the bit on the flux and solder, which may be conveniently 
placed on a piece of sheet tin as shown; fig. 8,206, removing surplus solder by giving eacb 
aide of the bit a quick stroke over a damp rag. 

Pic. 8,207.—Picking up solder with a hot bit. This is the proper method for small work. 
Rest the bar of solder on some support as a brick or piece of wood and touch it with the 
end of the hot bit. Some of the solder will melt and remain on the bit. It is then trans-
ferred to the part to be soldered, and if the surfaces be in proper condition and fluxed when 
the bit touches the surfaces, the solder will leave the bit and cover the surfaces. In picking 
otp solder from the stick, care should be taken not to leave the bit in contact with the 
loader too long or some of it will drop off. The larger the bit and area tinned, the more sol-
der will the bit how 
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7. Remove the bit, and lightly brush superfluous solder from the bot-
tom of the joint. See that no sharp points of solder remain which may 
afterwards pierce the insulation. 

8,208.—Chapman full automatic thermostatic wafer soldering machine. In operation 
automatic dial feed timing is arranged to take stock from a chute. Timed immersion ist 
flux; four tests for sound stock and proper entry in machine; four throw outs for defective 
stock or entry. The machine does not stop but throws out the defective pieces and keeps 
on going. Solders by immersion, and a gentle removal from solder bath, then spun at 
1800 r.p.m. to throw off excess solder. Cooled in a device to prevent sticking of welkin, 
together, and discharged through a non-denting ievice (not shown). 

NOTE.—// the bit be overheated or burned, heat to redness and then plunge into cold 
eater, when most of the hard oxidized surface will scale off. 

NOTE.—A soft coal fire will quickly destroy the tinning on a bit. 
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When the bit is first placed on the joint, the solder should run up into 
the joint. This will occur only when the joint is well made and thoroughly 
cleaned, and if the workmanship be perfect it is even possible to fill the 
joint completely by feeding in solder below the joint as it melts and runs 
up into the joint. 

A well soldered joint should present a smooth, bright appearance like 
polished silver. Wiping the joint before it cools destroys this appearance, 
and is also liable to produce roughness, which is detrimental to the insu-
lation. 

Fics. 8,209 to 8,212.—Sweating. When two surfaces are to be united by sweating, first 
see that the surfaces are perfectly clean, then flux as in fig. 8,209. Put a piece of tinfoil over 
one surface and the other surface on top. They should be held firmly together by a clamp 
or other means and heated as in fig. 8,212 by a hot bit, or if the metal have considerable 
thickness by a torch, ountil the solder melts. When cool, the surfaces will be found to be 
firmly united. 

NOTE.-42% tin 58% lead is the strongest of the tin lead alloy. It works good and has 
sufficient viscosity to fill commutator lead slots automatically. It is therefore not surprising 
that the nearest commercial composition 40% tin 60% lead (also known as "commercial") 
is the most popular composition for soldering commutators. It is cheap, works easily and 
does not throw out of hot commutators as readily as solders containing a higher proportion 
of tin. 

NOTE.—Soldertng Temperature. The correct temperature for soldering must be deter-
mined for each job and flux largely by experiment. It varies with the size of the work, the 
insulation of the commutatoi, the solder composition and the nature of the flux. Usual sol-
dering ranges are between 500° Fahr. and 700° Fehr. Do not try to work around 800° Fahr. 
as about this temperature the drosses become soluble in the solder and the solder is said te 
be "burnt" and will behave badly'. 
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In order to prevent the insulation on the wire near the joint being 
damaged, the process of soldering should be carried out as quickly as 
possible, and for this reason the tendency to burn the insulation is less 
with a hol bit (a quick bit) than with a cooler one. 

Fins. 8,213 to 8,215.—Airco-Davis-Bournonville lead burning torch designed for "burning" or 
welding lead. By attaching a proper mixing head and using City gas instead of acetylene, 
this torch may be used for soldering. The temperature with gas is about 3,500° Fabr. 

8,216.—Chapman universal armeter used with carbon contact resistance soldering leada. 
Connect pair of No. 8 flexible leads to say 0 and 5V terminals. 

NOTE.—Block tin melts at 446° Fahr. and is used by many especially on very high speed 
and otherwise heavily worked commutators on account of its 88° higher melting point. Ita 
viscosity is low, that is, it flows freely and it therefore may be necessary to fill the commu-
tator lead slots by hand after it is soldered, but before it cools, using a piece of wire solder 
et fire block tin. 
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Sweating.—In this operation the surfaces are cleaned, heated, 
and covered with a film of solder. The soldered surfaces are then 
placed together and heated by passing the bit over the outside 
surface until the solder melts and unites the two surfaces. 

Sweating is often employed for the temporary holding together of work 
which has to be turned or shaped, and which could not be so conveniently 
held by other methods. After having been turned or shaped, the separatioo 
of the parts is readily effected by the aid of heat. 

TEST QUESTIONS 

1. What is solder? 

2. Name the two general classes of solder. 
3. What is the difference between soft and hard solder? 
4. Of what does common or plumbers' solder consist? 
5. What is the requirement with respect to the melting 

point of solder? 
6. What is a soldering flux? 
7. Why are some fluxes undesirable for electrical work? 
8. What is the right name for a so-called soldering 

iron- ? 
9. Why should the bit be tinned? 

10. Describe the operation of tinning the bit. 
11. What is the theory of soft solders? 
12. Describe the operation of sweating. 
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CHAPTER 55 

Electric Heating 
The application of electrical energy to domestic and indus-

trial heating has numerous advantages. 
For domestic and some industrial purposes, heat is pro-

duced by electricity by forcing it through resistance wires, raising 
the temperature of the latter, and applying the heat thus gen-
erated to the articles to be heated. 

Heating Units.—By definition a heating unit or heating ele-
ment sometimes called resistor, is a length of resistance metal in 
the form of a strip, or coiled wire through which electric current 
is passed to give off heat. The heating unit becomes hot on 
account of the resistance it offers to the current. 

Selection of Heating Units.—The choice of material for a 
heating unit depends upon temperature conditions. All ma-
terials used deteriorate to some extent when heated, some will 
withstand higher temperatures than others. Accordingly in 
the manufacture of resistance wires there are several kinds to 
meet the different conditions of service. 

Classification of Heating Units.—The numerous applications 
of heating units give rise to various types which may be classi-
fied: 
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1. With respect to form, as 

a. Wire; 

b. Strip. 

2. With respect to service, as 

a. Stove; 
b. Immersion; 
c. Space, etc. 
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8,217.—Temperature coefficient curves of "Nichrome" and "Nichrome" IV here shawl 
rep esent wire slowly cooled from 1000' C. as specified by the American Society for Testing 
Ma criais. Slight variations from this curve may be expected due to variations in method. 
of annealing of different sizes of wire. 

3. With respect to the general application, as 

a. Domestic; 
b. Industrial. 

Design of Heating Units.—To obtain satisfactory and effi-
cient results in electric heating the unit should be properly 
proportioned, located, placed and suitable for the service. 
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Refractory materials surrounding resistor elements should possess high 
thermal conductivities, otherwise the resistors will not be able to dissipate 
their heat as rapidly as it is generated, and will be subjected to undue tem-
perature rise. 

As the flow of heat through materials is inversely proportional to the 
length of the path, the refractory material surrounding resistors should be 
of minimum thickness consistent with safe mechanical and dielectric strength. 

Selecting Nichrome IV resistance wire for illustration, the accompanying 
table gives size of this resistance wire suggested for a given number of watts 
at 110 volts. The sizes selected are those which will operate at approxi-
mately 1700° Fahr. in open coils and are suitable for radiant heaters, range 
units, etc. 

Nichrome IV Wire, 110 Volt Circuit 

Watts Amperes B.8cS.Size Oluns750 F Length 

300 2.72 25 37.6 19F1. 4 Ins. 
325 2.95 24 34.7 22 5 
350 3.2 24 31.6 20 5 
375 3.4 24 30,1 19 6 
400 3.64 23 28.1 22 10 

425 3.87 23 264 21 5 
450 4.10 22 25.0 25 7 
475 4.32 22 23.7 24 4 
500 4.55 22 22.5 23 0 
525 4.77 22 21.5 22 0 

550 5.0 21 20.5 26 7 
575 5.23 21 19.6 25 6 
600 5.46 21 18.7 24 4 
625 5.67 21 18.0 23 5 
650 5.91 20 17.3 28 5 

675 6.15 20 1'6.6 27 3 
700 6.36 20 16.1 26 5 
725 6.58 20 15.6 25 7 
750 6.82 20 15.0 24 7 
775 7.04 19 14.5 30 0 

800 7.26 19 14.1 29 o 
850 7.72 19 13.3 27 s 
900 8.17 19 12.5 25 10 
950 8.63 19 11.9 24 6 
1000 9.08 18 11.3 29 2 

For other voltages divide the number of watts required at that voltage by 
the voltage factor (next table). Select nearest number of watts in the 110 
volt table, multiply the length in 110 volt table by voltage factor. Suppose 
a device should require 550 watts and the supply voltage is 150. Factor for 

550 
150 volts is 1.36 and = 40D watts. Nearest value in 110 volt table is 
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400 and would require No. 23 wire. This size should be used on 150 volts 
but length should be 21 ft. X1.36 or 28 ft. 7 in. 

Voltage Factors on Basis of 110 Volts 

Voltage  100 120 150 200 

1.82 

220 

2.0 

240 32 

Factor  91 1.09 1.36 2.18 0.29 

Nichrzme Wire-110 Volts 

Watts Amperes B. & S. Size Ohms 75° F Length 

250 2.27 25 43.6 21 Ft. 2 Ins. 
300 2.72 24 36.4 22 0 
350 3.2 23 31.0 24 G 
400 3.64 23 27.2 21 0 
450 4.10 22 24.1 23 5 

475 4.32 22 23.0 22 4 
500 4.55 22 21.8 21 o 
550 5.0 21 19.8 24 5 
575 5.23 21 18.9 23 2 
600 5.46 21 18.1 22 4 
615 5.6 20 17 :7 27 6 
640 .5.82 20 17.0 26 6 
660 6.0 20 16.5 25 3 
700 6.36 20 15.6 24 4 
750 6.81 19 14.5 28 5 

Nichrome Ribbon-110 Volts-%é" Width 

Watts Amperes Thickness Ohms 75° F Length 

400 3.64 .003 27.2 9 Ft. 10 Ins. 
425 3.87 .0035 25.6 10 9 
440 4.00 .0035 24.7 10 5 
450 4.1 .004 24.1 11 7 
475 4.32 .0045 22.9 12 5 

500 4.55 .0045 21.8 11 8 
525 4.77 .005 20.8 12 6 
550 5.0 .005 19.8 11 11 
575 5.23 .0056 18.9 12 10 
GOO 5.46 .0056 18.1 12 3 

625 5.68 .0063 17.4 12 11 
650 5.91 .0071 16.7 II 11 
660 6.00 .0071 16.5 13 10 
675 6.15 .008 16.1 15 9 
700 6.36 .008 15.6 14 
750 6.82 .0089 14.5 15 1 
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Another example follows taking the alloy "Nichrome" which is suitable 
for electric irons, toasters, hot plate, space heater, etc. 

The second and third tables on page 1,208 give size for a 
given number of watts at 110 volts. 

For voltages other than 110 divide the number of watts required at the 
given voltage by the voltage factor page 1,208, Select nearest number of 
watts in the 1) 0 volt table, multiply the length in 110 volt table by the 
voltage factor. Suppose an electric iron take 550 watts and the supply 

550 
voltage is 100. Factor for 100 volts is .91 and .b-f — 605 watts. 

Nearest value in 110 volt table is 600 watts which requires 12 ft. 3 ins. 
of X .0056 "Nichrome" ribbon. This gives the size to be used on 110 
volts, but the length should be .91 x 12ft. 3 ins. or 11 ft. 2 ins. The winding 
for 550 watts, 110 volts would then be 11 ft. 2 ins. of 14X .0056 "Nichrome" 
ribbon. 
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raa.8,218.—Temperature resistance curves for "Advance and Lucero" resistance wire showing 
change in resistance of one ohm of wire with increasing temperature. 

Immersion lleaters.—These devices for heating liquids are 
tnade in a variety of forms to suit different conditions. 
The various methods of heating water may be classed: 
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1. With respect to rapacity, as 

a. Non-storing; 

b. Storing. 

2. With respect to the heating element, as 

a. External element; 

b. Immersed element. 

MICA INSULATION 
CAST IRON TOP PLATE 

HEAT& ELEMENT CLAMPED 
CONCENTRATING HEAT iN 

TOPPLATt 

CHROMIN WOLFE -------
HEATING CONDUCTOR 

COMESINATION PLUG 
RtCEPTACLE CAST IRON THREE NEAT INDICATING 

OR TERMINAL DOA PRESSURE PLATE -.-----=----- CONTROL SWITCH 

Fin. 8,219.—Electric disc stove. Adapted to laboratory and other industrial purposes. The 
maximum surface temperature is 750° Fahr. 

HEATING ELEMENT INTERCHANGEAALE 

ALLOT CONNECTING 
LEADS AND CONNECTIONS 

PERFORATED STEEL ENCASING 
HEAT INSULATING AIR GAP 

The so-called "instantaneous" is an example of the non-storing class and 
consists of a heating element and coil of pipe through which water passes, 
the rate of flow, and consequently the temperature being controlled by 
a valve. Nothing can be more ridiculous than to call these affairs"instan-
taneous" heaters, as no physical change takes place instantaneously. 

The average use of water is from 20 to 125 gallons per family 
per day; temperature 104° Fahr. for bath purposes; 150° Fair. 
for dish washing. 

If water be heated as required for use, a large demand, 2 to 5 k.w. is cres 
ated for a short time and under usual conditions, does not secure a suf-
ficiently low energy rate to be economical. 
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The rate can be lowered by using a lower demand, .5 to 1 kau. over a 
longer time or continuously, that is, heating the water in advance and stor-
ing it in a suitable heat insulated tank. 

The demand can also be lowered by arranging a double throw switch to 
permit use of either range or water heater, but not both at same time. 
Effective heat insulation on the tank, to reduce heat loss into the room, is 
required where water is stored. Automatic temperature control aids in 
securing constant temperature of stored water, and automatically adjusts 
the average current consumption to the existing hot water requirements. 

Fins. 8,220 to 8.222.—Cutler-llammer water immersion heaters, fora.c. or d. c. circuits. Fig. 
8,220, pipe outlet type heater. Cord and switch removed; fig. 8,221, circulation type heater. 
Cord and switch removed; 8,222, bottom outlet heater complete with cord and switch. These 
heaters are adapted to applications such as water tanks, sterilizers, stills, vulcanizers, glue 
cookers and other industrial applications where it is necessary or advantageous to have the 
heater immersed directly in the water. This method of heating liquids results in highest 
heating efficiency since there is practically no direct loss of heat to the atmosphere, the heat 
is imparted directiy to the water. In addition with the heater ; nside the tank, it is usually 
a simple matter to insulate th?, entire tank to prevent Lome% by radiation. 
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Fics. 8.223 to 8,226.—Cutler-liammer tubular heater units of special shapes and sizes. 
showing the adaptability of these heater units. 

HOT WATER LINES 
IN 

OUTLET 

CONDUCTORS 
IN CONDUIT 
TO NEATER 

DRAIN COCK 

UNION 
e 

SHUT OFF COCK 

COLD INLET 

FIG. 8.227.—Wiegand -Chromaloz." side arm type electric water heater attached to storage 
tank. 
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MAIDN I F I ED SECTION 
SHOWING RESISTANCE 
WIRE AROUN 
ASBESTOS CORE 

SPINAL 
WINDINO 

ASBESTOS 
CORE. 

NEAvY 
CANTON 
FLANNEL 

OUTSIDE COVER OF 
HEAVY, WASHABLE 
EIDERDOWN 

OUTER WINDING OF 
AS B F_ST OS AROU ND THERMOSTATIC CONTROLS 
RESISTANCE WIRE. WITH PLATINUM CONTACTS 

8,228.—Electric warming pad. It consists of a flexible heating element with an outer 
cover of eiderdown which is removable and washable, so that the pad may always be kept in 
a sanitary condition. The pad is arranged for three heats, which are regulated by means of a 
switch so designed as to be easily operated in the dark, the sense of touch enabling the user 
to change from one heat to the other. It also contains two thermostats to prevent over. 
beating. Never leave a pad applied to a patient unable to remove same. 

Efficiency and Gallons per 24 Hours 

of Water Heated to 104° Fahr. 

(36 gal. tank covered with 1 in. hair felt insulation on tank and 1 in. 
magnesia covering circulation piping. Cold water 39° Fahr. Faucet close 

to tank.) 

THREE HEAT 
REGULATION 

SWITCH 
10 FT. 
CORO 

.4" 
ATTACHMENT 

PLUG 

Kind of 
system 

Storage 
Storage 
Storage 
Intermittent 
Intermittent 

No. gal. hot wa-
Kind of Efficiency ter available (at 

equipment Watts per cent. 104° Fahr. per 24 
hrs.) 

Outside circulation 600 82 75 
Outside circulation 1,000 76 117 
"Clamp on" 750 78 89 
Outside circulation 3,000 73 330 
Outside circulation 5,000 69 525 

Space Heaters.—As its name implies a space heater is for 
diffused instead of concentrated_ heat, such as room heating. 
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For this purpose the unit is 
strip 

The electric energy required 
outside air is near the freezing 
at. ft. 

VI> 

made from ribbon in the form of a 

to heat an ordinary sized room when the 
point ranges from about 1 to 2 watts per 

8.229.—Cutler-Hammer space heater with rheostat heat control. 

The following table shows the loss of heat per sq. ft. of window and wall 
surface, for one degree Fahr.. difference of inside and outside temperature, 
the loss being expressed in heat units per hour. 

Loss of Heat per Sq. Ft. of Surface 

Kind of Surface 
B. t. u. 
per hour 

4 in. brick wall  
8 in. brick wall  
12 in. brick wall  
16 in. brick wall  
20 in. brick wall  
Floors, fire proof  
Floors, wooden beams.. 

68 
46 
32 
26 
23 
124 
683 

Kind of Su?face B. t. u. 
per hour 

Window, single glass.... 
Window, double glass... 
Skylight, single glass.... 
Skylight, double glass... 
Ceilings, fire proof  
Ceilings, wooden beams  
Ordinary wooden wall, 
lathed and plastered  

.776 

.518 
1.118 
.621 
145 
.104 

.1 

Example.—What will be the loss of heat per hour in a single room, 
wooden structure when the temperature inside is maintained at 70° Fahr., 
while the outside is at 32°, Size of room 10 X10 X10, having three 3X6 
windows. Here all surfaces must be considered. 
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Area of windows = 3 (3 X6) = 54 sq. ft. 
Area of walls = 4 (10 X10) —54= 346 sq. ft. 
Area of floor = 10 X10 = 100. 
B . t .u. lost through windows = (70 —32) X .776 X 54 = 1 , 592 .4 
B.t.u. lost through walls = (70-32) X .1 X346=1,314.8 
B.t.u. lost through floor = (70 —32) X .083 X100 = 315.4 

Total loss of heat per hour =3,222.6 B.t.u. 

8.230.—Cutler-Hammer space heater: view showing general appearance and size show» 

by a 2 ft. rule. 

.1flos. 8,231 and 8,232.—Application of space heaters under floor and on wall. 

Space heating units as made by Cutler-Hammer are two feet long and may 
be used singly or in groups. These units have a capacity of 500 watts each 
and may be connected to d.c. or a.c. circuits of proper capacity and for 
any voltage between 100 and 125, or 210 and 250. Each heater is stamped 
with the voltage for which it is designed and should not be used on systems 
of higher voltages. Being made up in the 500 watt capacity, they provide 
a very flexible scheme for heating. Only as many as are actually required 
need be installed, yet additions can be made easily. They can be mounted 
in groups, or singly at different locations. The mounting holes permit the 
use of ordinary screws for mounting. There is no assembly. 

The number of heaters required depends on many factors. An outdoor 
crane cab in a northern state would require more heat than one in a locality 
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where the winters are moderate. Also a cab of good construction will be 
warmed satisfactorily with fewer heaters than one of poor construction. 

The watt rating of a heater is determined by three general 
considerations: 

1. Safe heater temperature. 

One that will insure a satisfactory length of life. 

2. Desirable operating temperature for the service. 

3. Fire risk. 

BIM 
8.233.—Wiegand one inch wide, strip heater designed for use in building special machinery 

where heat is required at some local point on the machinery as is the case in package forming 
and sealing machines, marking machines, and other manufacturing process equipment 
These strip heaters are rated at comparatively high wattage per sq. in. They safely operate 
at red heat, not exceeding 1,300° Fahr. The single end strip heater shown has the usua-
advantage of bringing the terminals to one end which is often desirable in machine building 

The maximum safe operating temperature of the space 
hater is between 700° and 800° Fahr. 

This is the approximate operating temperature of the standard 500 watt 
space heater when used under the conditions for which it is primarily 
designed, that is, for heating air at atmospheric temperatures and with free 
ventilation. It is evident that if the heaters be mounted in an enclosure 
which is at a much higher temperature than atmospheric or living room 
temperatures, the temperatures of the heater will be increased and it will 
therefore be over-rated and its life will be shortened. It is also evident that 
if the heaters be crowded together so that there is an interchange of heat 
between them, one acting to heat its neighbor, the safe operating tempera-
ture will be exceeded and the heaters may burn out unless the rating be 
reduced. 
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Example.—Assume that a standard space heater is installed in a plate 
warmer for keeping plates or dinner service warm. It is evident that while 
a standard rating might be used, the temperature of 700 to 800° Fair. in 
contact with or close to chinaware, would be very apt to cause breakage. 
Therefore, the plates should be spaced away from the heater and preferably 
shielded from direct radiation and convection, or a lower rated heater used. 
For example, a 220 volt heater on a 110 volt circuit, which will deliver 12.1 
watts. 

In the same way the temperature must be considered from the operation 
or service standpoint in many industrial processes. In a package sealing 
machine, for instance, while a standard rating might be safe so far as the 
heater is concerned, the high temperature might burn the glue or overheat 
the paraffin. Therefore, a lower rating would be called for, not on account 
of the life of the heater, but on account of operating conditions and results 
to be accomplished. 

Building Heating, Thumb Rules.—As a rough approxima-
tion, a rule of thumb is as follows: 

_35 watts per cu. ft. (See A) 
Plus 3.5 watts per sq. ft. of wall area (See B) 
Plus 35. watts per sq. ft. of glass area (See C). 

A. This takes care of the heat required for raising the temperature of the 
air approximately one complete change of air per hour. For more frequent 
changes, increase the wattage proportionately. 

B. This takes care of the loss of heat through the walls. In figuring the 
wall area, the area of the four sides of the rooms and the ceiling and the 
floor are all included and a deduction is made for the glass area. The rule 
assumes good building construction, such as a good 12 in. brick wall or well 
made, double frame wall. 

C. For measuring glass area, the overall area of the frame is measured and 
this area is deducted from the total wall area. 

The above rule assumes a temperature elevation of 70° Fahr. 
sr, in other words, external temperature of zero, room tempera-
ture of 70° Fahr. If the room adjoin other heated rooms, 
allowance must be made, based on the difference in tempera-
ture between the room under consideration and the adjoining 
MOMS. 
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This thumb rule is for rough estimates only. It will agree quite closely 
with more complicated calculations in some cases, but on the other hand, 
there may sometimes be a considerable error so that it must be used cau-
tiously. The following two examples will illustrate how the above rule is 
applied: 

Example.—Small house 12 ft. X10 ft. X9 ft. high, good construction, 12 
in. brick walls, with 3 windows each 3 ft. X5 ft., is tc be heated to 70 ° Fahr. 
with zero temperature outdoors and one complete air change per hour. 

F 
\ • 

8,234.—Arrangement of internal circuits for heaters in which each resistance section it 
controlled by a separate switch. 

Fie. 8,235.—Internal cc:uiections of a cooker. T. terminals; PS, parallel or series switch; 
S, ordinary switch; S', two pin socket for plug connection; R,R', resistance sections. Cur-
rent is turned on or off from R,R' at S. while PS. puts R and R' either in parallel or series. 
S', allows of the attachment of an auxiliary heater. This arrangement is applicable to 
other types of heater, and S', would then generally be omitted. 

Fie. 8,236.—Arrangement of two circuit heater with pilot lamp L. When either switch is 
put on, L lights up. The top switch controls one-third of the heater resistance, and the 
bottom switch two-thirds. 

.35 (12X10 X9) 

Plus 3.5[(12X10X2)±(12X9 X2)+(10 X9 X2)—(3 X5X3)i 

Plus 35(3 X5 X3) 

Equals 4,022 watts. Eight 500 watt space heaters should be used, which 
will give a total of 4,000 watts. 

Example.—Room 12 ft. X10 ft. X9 ft. high, good construction with well 
made, double frame walls, with two exposed walls containing 3 windows, 
each 3 ft. X5 ft. Room is on top floor, with ceiling (roof) exposed, with the 
room adjoining the 10 ft. wall heated to 70° Fahr. and that adjoining the 12 
ft. wall 60° Fahr. The room beneath is heated to 70° Fahr. Two complete 
air changes per hour 



Electric Heating 1,219 

.35 X2(12 X 10X9) 

Plus 3.5[(12X10X1)±(12 X9 X 1)+(10 x9 X 1) 

70 ° — 60°  (12 X9X 1)—(3X5 X3)] 
70° 

Plus 35(3 X5 x3) 

Equals 3,339 watts. Seven 500 watt space heaters should be used, which 
will give a total of 3,500 watts. 

Swircm 
IsWereel•J 

FIG. 8,237.—Control panel with switches, fuses and thermostat for the automatic regulation of 
heat. 

Regulation of Heat.—To properly control the heat output, 

regulation of wattage may be required to: 

1. Heat up rapidly from room to operating temperature; that 
is, to supply the heat of absorption and latent heat. 

2. Provide for changes in operating temperature. 
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3. Provide for operation at uniform temperature where the 
heat requirements vary during operation. 

The following methods of regulating wattage are in most 
common use: 

1. By dividing the heater into sections and changing the voltage impressed 
on each section by connecting the sections in different combinations. 

• 8,238.—Two heaters and snap switch. High, full heat, heaters 1 and 2; medium, ooe-
half heat, heater 2 only; low, one-quarter heat, heaters 1 and 2; off. 

• 8,239.—Three heaters and snap switch. High, full heat, heaters 1, 2 and 3; mediums, 
two-thirds heat, heaters 2 and 3 only; low, one-third heat, heater 1 only; off. 

8,240.—Four heaters and snap switch. High, full heat, heaters 1, 2, 3 and 4; medium 
one-half heat, heaters 3 and 4 only; low, one-quarter heat. heaters 1, 2, 3, and 4; off. 

2. By dividing the heater into sections each designed for line voltage, and 
providing each section with a switch. 

3. By the use of a series rheostat. This gives closer regulation than 
methods 1 and 2, and does not complicate the heater by sectionalizing it. 
Rheostat control is particularly wall suited to heaters developing small 
wattages. 

4. By connecting the heater intermittently to the line, opening the circuit 
when the maximum operating temperature is reached and closing the circuit 
when minimum operating temperature is reached. This is the method gen-
erally employed in automatic temperature control. A thermostat or other 
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temperature responsive device is used and for low wattages, opens and closes 
the circuit directly, or for higher wattages actuates a suitable magnet switch. 

5. By a time switch for connecting and disconnecting the heater at pre-. 
determined times. 

Figs. 8,237 to 8,240 show how some of the methods of regulation just 
described are accomplished. 

.SWITCH S 
SINGLE ELEMENT 

n.txaur own) 

SLUG 

PIG. 8.241.—Arrangement of internal circuit for heaters giving three heating values. In 
the diagram A, represents one-third of the heating circuit; BB, two-thirds. With switch 
S, on, one-third of full heat is given; with S'. two-thirds, while with both S. and S', on, the 
heater works with full power. At T, are two terminals to which the ends of the flexible cord 

from the plug are secured. 

Non-Metallic Heating Units.—These are suitable for high 
temperature service such as applications in which the tem-
peratures range from 1900° Fahr. (1038° C.) to 2750° Fahr. 

(1510° C.). 

This temperature range covers the heat treatment of high speed steels, 
firing of ceramic ware and the heating of metals for forging. Non-metallia 
heating units are manufactured in cylindrical rods of carborundum brand 
silicon carbide. Silicon carbide has no known melting point; it is highly 
refractory and has a high specific resistance. 

TEST QUESTIONS 

1. What are heating units? 
2. Upon what does the choice cf material for heating 

units depend? 
3. Give classification of heating units. 
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4. Give calculation for heating units for electric irons, 
toasters, etc. 

5. Describe an immersion heater. 

6. How much electric energy is required to heat an 
ordinary sized room in freezing weather? 

7. Give calculation for house heating. 

8. What name is given to heating units used for house 
heating? 

9. How is the watt rating of a heater determined? 

10. What is the maximum safe operating temperature of 
a space heater? 

11. Give building heating thumb rules. 
12. Describe the regulation of heat. 
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CHAPTER 56 

Domestic Refrigeration 

Domestic Refrigeration.—By definition, domestic refrigera-
tion is refrigeration on a small scale as accompanied by a self-
contained unit with automatic control, fool proof and of suitable 
size for household use. 

The term electric refrigeration is misleading. 

Electricity has nothing to do with the refrigeration cycle, but is used to 
furnish the power to perform the cycle, that is, to drive the compressor. 

Details of domestic refrigeration systems are given in the 
sections following. 

Compression Systems.—There are two general type of com-
pressor apparatus classed according to the method of expanding 
the refrigerant and known as 

1. Dry system. 

a. Expansion valve; 

b. Capillary tube. 

2. Flooded system. 
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! In the dry system, the refrigerant 
is admitted into the expansion coils of 
the evaporator in a semi- liquid or 

0- Cr 
In 1 spray form, which is controlled by an 

41LJ expansion valve actuated by pressures. 
—I pia .el .. 0 
= In the flooded system, a relatively 

a Cr. I— ‘Nle. CO larger amount of liquid refrigerant is 
à held in the evaporator and the proper < 

0 operating level is maintained by 
Ï means of a foal valve actuated by 

gravity flow. 

g 

1 Methods of Heat Transfer.-8. 
g Two methods are employed to 
I" transfer heat from the interior of 
t a cabinet to be cooled, namely, 
ce 

1. By direct expansion; 

è 2. By brine circulation. 

F
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e a 
These methods have been 

.1 fully described and need no fur-._, 
u a ther explanation. 
,g' 2 

@1. 1s 
z t9s Compressors.—There are 
'a fd three types of compressors used: 
î :.a 
-5 - 1. Reciprocating; 

..d 2. Oscillating; 

.-É 
3. Rotary. 

I Reciprocating type compressors 
ro- - are generally either of single cylinder 
ce 'S or double cylinder construction, hay-
9 ,1 ing discharge and intake valves of 
r: Z. varied differences of construction. 
to. e 
co , The compressors may be belt driven. 
.¡ 8 gear driven, or directly connected to 

Zs P..c i. the motor. 
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Condensers.—The condensing element is usually one of three 
types: 

1. Water cooled; 

2. Air cooled by natural air circulation. 

3. Air cooled by means of a forced fan draft. 

I HIGH SIDE f -'..-----------:-.7  
San-IIGH PRESSURE SOz LIQUID 
GEII1 " u 502 GAS 

(eZ1 LOW PRESSURE SO2 LIQUID 
LOW SIM. f ma „ If 502 GAS 

.111M 50% OIL 

Fm. 8.680.—Kelvinator flooded system cycle. 



1,226 Domestic Refrigeration 

Motors, Control Mechanism, Valves, Stuffing Box, Etc.— 
Motors of fractional horse power capacities to 1 h.p. and over 
of various industrial types are the prime movers of any electric 
refrigerator. 

Control mechanisms are either of the following types: 

, HIGH { 1-11511 PREs5uRe 502 LIQUID 
p...1_. SIDE EIE ,, " 502 GAS 

LOW {CZ LOW PRESSURE SO2 LIQUID AND O 
SIDE ganl " " 50a GAS 

am KELvINA-roR so, () IL 
Flo. 8,681.—Kelvinator dry system cycle. 
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1. Pressure type; 

2. Thermal type. 

Service and shut off valves are usually required on the average refriger-
ating system. In many compression systems where the drive is by belt or 
gear involving the use of a compressor drive shaft, a stuffing box is a primary 
element. 

Vie. 8.682.—General electric domestic refrigerator unit. Exterior view showing general appear. 
ance. This unit fits on top of the refrigerator. 

The function of the stuffing box is that of a packing gland to prevent 
leakage of the refrigerant by sealing the compressor drive shaft. 

Typical Compression Type Domestic Refrigerator.—As an 
example of how the compression cycle is applied in a small unit 
for household duty the following brief description of the General 
Electric refrigerator is here given. 
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Fm. 8,683.—Rice automatic control by temperature. The electric circuit to the motor is opened 
and closed by the tilting of the mercoid switch A. which causes the mercury to flow from one 
end to the other, making or breaking contact with the terminals. The power element B, con-
sists of a metal bellows containing a gas which quickly expands with a slight rise in temper-
ature. When temperature increases, the power element exerts an upward push on the stem 
C. forcing up the lever D, which rocks the mercoid switch to the left closing the circuit. A 
decrease in temperature causes the power element to contract and the large adjusting spring 
at E, throws the switch back, opening the circuit. Spring F. gives the required snap antics 
to the switch and is neoewiary for the proper operation of the control. 

Pm. 8,684.—Rice automatic control by pressure. The electric circuit to the motor is opened 
and closed by the tilting of the mercoid switch A, which causes the mercury to flow from one 
end to the other, making or breaking contact with the terminals. The power element B. 
consists of a metal bellows to which is attached a stern C. The bellows within B. is connected 
direct to the refrigerant on the low pressure side. Experience has shown that there is a con. 
stant relation between the low side pressure and the temperature of the cooling unit. It is. 
therefore, possible to control temperature by controlling the low side pressure. As the low 
side pressure increases (unit closed down) the bellows power element expands pushing down-
ward on stem C, and lever D. which rocks the mercoid switch to the right and closes the cir. 
cuit. Running of the unit causes a decrease in low side pressure allowing the bellows element 
to contract. The adjusting spring at E. then throws the switch back, breaking the circuit' 
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8.685.—Cutaway section of General Electric refrigerator machine. The parts are 1, main 
frame; 2, rotor; 3. main shaft; 4, bearing plate; b. piston; 6, cylinder; 7, muffle box: 8, oil 
screen; 9, unloader; 10, surge chamber; 11, check valve plunger; 12. unloader tube; 13, 

mction tube; 14, supporting springs. 
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The General Electric compressor is of the oscillating type. 

The refrigerator consists in its entirety of two integral parts. 

1. Refrigerating unit. 

2. Cabinet. 

The refrigerating unit consists of five principal parts. 

1. Compressor. 3. Float chamber. 

2. Condenser. 4. Evaporator (super-freezer). 

5. Control. 
COMPRESSOR UNIT 

CHECK 
VALVE 

EVAPORATOR OP 
CHILL ING 

FREEZING TRAYS 

EVAPORATED 
GAS 

COMPRESSED 
GAS 

LIQUEFIED 
GAS 

TATOR 

TOR 

SHAFT 

UHLOADEP 
VALVE 

Oil ER> 
PUMP 
CYLINDER - 
PISTON 

vALvi_ 

CONOtNSING 
COILS 

FLOAT 
CHAMBER 

FLOAT 
VALVE 

LI QUID 
SUPPLY TUBE 

FREEZINE7 TRAY 
SUPPORT 

FIG. 8.686.—General Electric refrigerator una. Diagram showing parts and cycle of operation. 
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Compressor unit.—This unit consists of the motor and compressor, 
together with the main frame on which they are mounted. The assembly is 
mounted on three vertical springs in order to reduce to a minimum the 
transfer of any noise or vibration to the outside casing. 
The motor is of the single phase induction type. 
The compressor is of the single oscillating cylinder type on the small 

units. As the piston is moved in and out by the action of the crank pin, the 

Fms. 8,687 to 8,690.—General Electric bearing plate, crank shaft, piston and compressor of 
refrigerator. The parts are: 3, crank shaft; 4, bearing plate; 5, piston; 6, compressor; 15, oil 
piston; 16, gas ports; 17, oil ports; 18, oil grooves; 19, crank pin. 

. cylinder is made to oscillate about its trunnions. The cylinder rides on the 
bearing plate and its oscillation opens and closes the suction port. This 
oscillation also operates the oil ports. The compressor operates at 1,750 
revolutions per minute, which is the rated speed of the motor. 

The base of the machine in which the mechanism is mounted is shaped 
like a bowl, which is filled with a permanent supply of high grade mineral 
oil up to the level of the bearing plate, thus forming an oil sump. 
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Positive forced feed lubrication is obtained by means of a plunger which 
is mounted beside the main compressor piston, and the cylinder in which it 
operates is in the same block as the main cylinder. 

The oil plunger operates on the permanent oil supply in the same manner 
as the main piston operates on the vapor. Since the oil is never overheated, 
and it cannot become mixed with dirt, and it cannot oxidize or evaporate, 
there is therefore, no need to replace it. 

Condenser.—This consists of circular copper coils, which are rigidly 
wound on sheet steel fins welded to the outside of the compressor case. 
These fins serve the double purpose of supporting the condenser coils and 
dissipating heat from the motor and condenser. 

Float chamber.—The float chamber is located on the cabinet top to the 
right of the compressor case. Its function is to accumulate liquefied 
refrigerant until there is a sufficient supply to raise the float valve, allowing 
liquid, but no vapor to return to the evaporator as it is needed. 

Evaporator.—This is located on the underside of the cabinet cover as an 
integral part of the whole refrigerating unit. Its function is to refrigerate 
the cabinet. It is made of two steel sheets, one of which is corrugated. 
These are folded into shape, with the upper part of the inner and outer 
sheets forming a cylindrical header and are then electrically welded and 
brazed together. This construction gives in effect a series of parallel tubes 
extending around the outer surface of the evaporator and opening into the 
header or refrigerant reservoir. 

The liquid refrigerant is admitted from the float chamber into the evap-
orator where it evaporates, absorbing heat from the interior of the cabinet. 
The interior of the evaporator is made to accommodate ice freezing trays, 
two of which are set side by side and in direct contact with the floor of the 
evaporator for fast freezing. 

The control.—This is located on the cabinet top at the left of the com-
pressor case and consists of 

1. A switch to throw the unit On or Off manually; 

2. A thermostat to start and stop the motor in response to temperature 
changes in the evaporator when the manually controlled switch is On. 

3. An overload protective device. 

4. A starting relay. 

Temperature control is accomplished by a metallic bellows, to which Is 
attached a copper tube, the end of which is fastened to the evaporator. The 
bellows and tube contain a supply of sulphur dioxide to evaporate with a 
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8,691.—Operating cycle of Rice methyl chloride direct expansion refrigerating unit. The 
refrigerating effect is due to the latent heat of vaporization of the methyl chloride, that Is. 
the amount of heat taken out of the surrounding air when the methyl chloride boils. This 
liquid methyl chloride starts vaporizing when released through the capillary tube O. It then 
boils or vaporizes in the cooling unit C. taking heat from the surrounding air inside the refrig-
erator. This vapor is conducted to the suction side of the compressor S. usually reaching it 
in a slightly superheated condition. The compressor then forces the vapor or gas into the 
condensing element K, where it is liquefied by cooling by a flow of air over the coils while 
the vapor inside is under pressure. It collects in liquid form in the bottom of the coils K, and 
is then allowed to return to the cooling unit C, through the capillary tube O. It should be 
noted that the resistance due to the constricted opening in the capillary tube 0, causes it to 
act as an expansion valve. The tube builds up a back pressure in liquid feed line or high 
pressure side, and at the same time relieves it at low pressure into the low pressure side or 
ending unit and suction pipe line. 
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resultant increase in the pressure. This increase in pressure actuates, 
through the metallic bellows, a switch which starts the motor. 

Conversely, a decrease in temperature causes reduction in pressure. 
which opens the switch and stops the motor. The temperature may be 
adjusted by increasing or decreasing the tension on the temperature adjust-
ing spring. This may be accomplished by means of the temperature adjust-
ing dial which is on the front of the control. This allows the owner to adjust 
the cabinet temperature by a simple movement of the dial. 

The motor is protected against overload by means of an overload trip 
which opens the circuit when an abnormal condition arises. The purpose 
of the starting relay is to close the starting contacts and thereby energize the 
starting winding, supplying the additional torque necessary to bring the 
motor up to speed. 

In the case of the smaller units, a resistance, located in the control box, is 
in circuit with the starting winding. In the larger units one point of a 
capacitor is in circuit with the starting winding. Then when the motor has 
come up to speed, the starting winding is connected to another point on the 
capacitor unit and thereafter the motor runs as a polyphase motor. The 
capacitor on the larger units serves the purpose of increasing the power fac-
tor and decreasing the starting and running current. 

Cycle of operation.—When the switch is closed and the motor is 
started, the pump begins to suck the sulphur dioxide vapor from the evapor-
ator through the suction line. This reduces the pressure on the sulphur 
dioxide liquid and allows it to boil or evaporate freely. 

As the sulphur dioxide changes from a liquid to a vapor, it absorbs heat 
from the interior of the refrigerator. The function of the rest of the refriger-
ator mechanism is then to reliquefy this vapor and feed it back to the 
evaporator. The pump, sucking the vapor from the evaporator, compresses 
it into the steel compressor case. From there the compressed refrigerant gas 
passes to the condenser coils, where it is cooled and as a result liquefies. 

The liquid then drains down into the float chamber. When a sufficient 
quantity of liquid has accumulated to raise the float, the valve is opened, 
permitting some of the liquid to run back into the evaporator to complete 
the cycle. 

The moving parts of the unit are liberally oiled by a forced feed system. 
A small piston plunger, attached beside the main piston, sucks oil from the 
sump in the base of the unit and forces it up around the piston and main 
bearings, from whence it drips back into the sump. 

The oil pressure also operates an unloader, which equalizes the pressure 
on both sides of the main piston whenever the unit stops, thereby reducing 
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the starting torque required and permitting the use of a smaller motor than 
would otherwise be required. 

When the unit is running, the oil pressure forces the =loader plunger 
upward, thereby closing a small by-pass valve. As soon as the unit stops, 
the oil pressure decreases, allowing the unloader plunger to drop, and there-
by opening the by-pass valve. This allows compressed vapor to enter the 
suction side of the pump. The rush of compressed vapor also closes the 
check valve, preventing this vapor returning into the super-freezer. 

When the unit starts again, the by-pass valve is closed by the oil pressure. 
the check valve drops open and the unit resumes normal operation. 

Multiple Refrigerating System.—Some apartment buildings 
have instead of individual refrigerating units, a central plant 
located in the basement or other remote place, and furnishing refrig-
eration to each apartment by pipe line. This is known as a multiple 
refrigeration system and it includes all systems in which the 
refrigerant is circulated from a common source to two or more 
separate refrigerator cabinets, each containing one or more 
evaporators or chilling units. 

There are two general classes of these systems, namely 

1. Brine piping systems. 

2. Vapor piping systems. 

The brine piping system comprises one or more commercial compressors 
placed in a machinery room which is generally located in the basement of the 
apartment building. A cold brine solution at a temperature of about 9' 
Fahr. is pumped through heavily insulated pipes into the refrigerator cab-
inet of each apartment kitchen. 

The vapor piping system comprises one or more commercial compressors 
installed in the basement and a cabinet containing a cooling coil placed in 
each apartment kitchen refrigerator box. 

Copper tubing and piping are used to connect the machines in the base-
ment with the coils in the apartments. The refrigerant liquid is circulated 
through these tubes into the cooling coils of each cabinet, and the refrigerant 
gas returned to the compressor in the basement 
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Pis . 8492.—Sarvel apartment bowie installation with header and riser piping system 
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Fen. 8.693.—Servel apartment house installation using the manifold system. 
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There are two general methods of piping, known as 
1. Header and riser system. 

2. Manifold system. 

These are shown in figs. 8,692 and 8,693. 

Typical Absorption type Domestic Refrigerator.--As an ex-
ample of how the absorption cycle is applied in a small unit for 
household duty, the following brief description of the Servel 
Electrolux refrigerator is here given. 

The strong liquid (distilled water and ammonia only slightly stronger 
than household ammonia) is heated by the gas flame in the generator. The 
ammonia vaporizes and passes into the rectifier, where a constant tempera-
ture is maintained by the evaporation of ammonia from the previously 
liquefied ammonia in the bottom of the U tube. The ammonia then passes 
from the rectifier through the water cooled condenser, where it is cooled and 
liquified, the liquid ammonia flowing back into one leg of the rectifier. 
When the level of the ammonia in the rectifier U tube becomes higher than 

the inlet pipe into the evaporator (located in the chilling compartment) the 
liquid ammonia flows from the rectifier through the heat exchanger into the 
evaporator where it evaporates and absorbs heat from the box. 
A hydrogen gas atmosphere in the evaporator causes the ammonia to 

evaporate, maintaining a constant pressure in the system and requiring no 
valves or checks of any sort. As the ammonia evaporates into the hydrogen, 
the mixture being heavier than the hydrogen itself, sinks to the bottom of 
the evaporator, passes through the gas heat exchanger and into the absorber. 

In the absorber the ammonia and hydrogen meet a stream of weak liquid 
which has been cooled in its passage from the generator. The liquid readily 
absorbs practically all the ammonia in the gas mixture. Heat is given off 
when the ammonia dissolves in water, so the absorber must be cooled. 
The hydrogen being insoluble in water and being lighter than the incom-

ing mixture of ammonia and hydrogen, rises and flows again to the evap-
orator, which is at a slightly higher level than the absorber. 

The mixture of water and ammonia sinks in the absorber and passes by 
gravity back to the lower section of the generator. It is lifted from this 
point to the upper part by means of the thermo-siphon actuated by heat 
applied at this point. The heat supplied not only lifts the liquid from the 
lower level in the generator to the higher level in the generator, but also 
releases ammonia from the strong liquid to repeat its cycle. 
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Service Instructions.—First try to locate the source of trouble 
before tinkering with the plant. By doing this much time and 
unnecessary labor will be saved. The following are the troubles 
ordinarily met with. 

Frosting Back.—This is the term applied to any condition 
which frosts the suction line outside of the cabinet. 

There are three causes, and they should be checked in the following order 
to save time: 

Fir ci, the charge may be low allowing the float to stand in a half open posi-
tion and a gas and liquid mixture blows through. This can be checked by 
opening the test cock on the receiver and bringing the reserve charge up to 
this point. This indicates a full charge and a reserve. 

Second, the float may be stuck in an open position by a particle of dirt ol 
scale, or the seat may be damaged. Stop the machine and listen attentively 
at the head of the float valve. If a continuous hissing be heard with the 
machine off, it is a clear indication that the needle is not seating. (Note 
that this test is unreliable unless there be adequate charge in the system.) 
In many cases, simply shaking or jarring the float valve will seat the needle, 
or it may be rapped lightly with a hardwood block. If these methods fail to 
close off the liquid supply, pump out the refrigerant, remove the float head 
and repair, clean or replace the needle and valve body. Before replacing the 
head on such a float valve, wipe the interior dry and heat the head and valve 
mechanism until they are too hot to hold in the hands so that no moisture 
will remain between the needle and valve body. 

Third, the oil return orifice may be too small for the machine used on the 
job. This effect will be apparent as soon as the installation is made, and will 
persist whenever the machine operates. With an adjustable orifice in the 
float valve, the remedy is to remove the cap from the orifice body and turn 
the stem to the left just enough to prevent frosting outside the cabinet. It 
run out too far, the pull out and oil return will be killed and an oil bound 
float will result. A quarter turn in either direction near the break over point 
will make a great deal of difference. 

Dead Chilling Units.—If this occur on an installation having 
only one cabinet on one machine with pressure control, the 
machine will operate very little or not at ail. 
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If on a multiple system, it is possible to have one or more dead chilling 
units and yet have the machine operating on the others. Proceed to elimi-
nate the possible causes in the following order: 

No current to machine: 

Check fuses and machine; 

Closed liquid or suction valve. 

Stuck float valve. 
Treat this as described under "Frosting Back." 

Oil Bound Float.—The simplest way to decide whether this is 
the trouble is to loosen the float or complete chilling unit, and 
rock it slightly forward and backward. 

If the float release periodically due to the undulating motion of the oil, a 
hiss will be heard and the outlet line of the float will chill slightly due to the 
release of methyl. This effect is positive indication of excessive oil in the 
float chamber. 

To remedy, loosen two or three of the lower cap screws at the lower part 
of the float head and drain the oil into a shallow pan. This affords temporary 
relief only. Before leaving the job, determine what caused the trouble and 
remedy it. 

Short Cycle Operation of Machine.—Be sure the suction 
pressure control is set on a wide range. 

Extremely Long Runs at Low Suction Pressure.—This will 
occur only on overloaded jobs or when sluggish thermostatic 
control is uced instead of pressure control. 

It can be overcome to some extent as explained under Improper Orifice 
Adjustment. 

Short Cycling Due to Action of High Pressure Safety Switch.— 
This will occur only when the water supply is inadequate, or 
when the machine has an excess of reserve refrigerant in the 

condenser. 
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Incorrect Orifice Adjustment.—The smaller the gas orifice in 
the rear of the float shell body the more oil and refrigerant will 
be drawn through the oil return tube. 

With float valve with adjustable orifice, the stem should be screwed in 
far enough to completely frost the vaporizer coil at a pressure near 18 lbs. 
on the suction gauge, for methyl chloride ref.igerant, and one or two turns 
of the vaporizer should be frosting freely when the machine reaches cut off 
pressure. This means that some oil, methyl mixture will be drawn out all 
through the run, and under these circumstances, the float cannot oil bind. 
When near the correct adjustment a quarter turn left or right on the adjust-
ment will make a great deal of difference in performance. 

In domestic or apartment house chilling units, or submersion coils having 
the in. fixed orifice the oil binding may be caused by too many chilling 
units on a given size machine. This lowers the velocity and consequently 
the oil pull out on these farthest away from the machine. The only remedy 
is to pump down the offending chilling unit, remove the head and substitute 
a 34 in. diameter orifice plug for the standard 742 in. plug. 

With the new type automatic orifice in the domestic units, the condition 
cannot occur unless a large particle of scale or dirt should block the flapper 
disc in an open position and prevent it seating. Tapping will usually relieve 
such a condition in the remote possibility of its occurrence. 

Clogged Oil Return Tube.—If tubing scale, filings or dirt 
collect in the oil return tube or strainer, so as to obstruct it, 
oil binding may result. 

The only remedy is to remove the float head and clear the strainer or tube. 

Plugged Line Filter.—In some cases it is remotely possible 
that the liquid line or the liquid filter may become plugged 
from an excess of dirt in the system. This will cause a dead 
chilling unit and the plug can be located by cracking connec-
tions successively until the joint is found where the liquid 
stops. Mashed or kinked tubing is the most frequent cause 
of this trouble. 
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Continuous Operation.—This may simply be a symptom of 
some of the troubles previously considered. 

Severe frosting back due to any cause may force continuous operation. 
Correct as previously described. Overloaded machines may strike a balance 
point near cut off and may be unable to pull the chilling unit pressures down 
far enough to cut off. Them are only two remedies. Either set the control 
to cut off at a higher tempeiature, or install a machine with enough capacity 
to pull the temperature down. 

Compressor Not Pumping Full Capacity.—This may be 
caused by had suction or discharge valves, worn rings, etc. 

Chilling Unit Fails to Frost Fully During Run.—Sometimes 
on a chilling section installation, the first sections on the cir-
cuit will frost freely during the run while the latter sections 
near the return connections to the float valve will not frost. 

Under these circumstances, the sections that do not film with frost are not 
doing their full share of work, and excessive machine operation will be 
necessary to keep the cabinet cold. 

Under any circumstances, the section connected to the float outlet will be 
colder than the one at the opposite end of the circuit connected to the return 
inlet. This is true because the first section is fully flooded, and the last one 
carries a rather thin mixture of gas and liquid. It is not possible to have 
them at equal temperatures, but if properly regulated, all sections will oper-
ate to film with frost and be effectual in cooling the cabinet. 

On float valve systems the flow of refrigerant through the 
section is governed by the frequency of lowering of the float 
ball. 

This lowering is caused by drawing liquid out through the oil return tube. 

The adjustable orifice permits drawing out enough liquid to 
take care of any normal set of sections. 

The further the orifice is reduced by adjustment the greater the quantity 
of liquid drawn out, and consequently the more active the sections will be. 
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The best criterion for this adjustment is the condition of the line which 
returns gas and liquid from the sections to the float valve shell. If liquid 
be kept flowing in this line during the run the maximum effect will be 
obtained from the sections, and this line will frost freely. 

The flow may be continuous with continuous frosting, or it may occur in 
even surges, as the float opens and closes, but for maximum results a frost 
film should be apparent on this line, clear to the end of the run. 

If this line persist in defrosting near the end of the run, the sections are 
being starved, and the orifice must be run in further to increase the refrig-
erant flow. If, when this adjustment is secured, the frost line on the vapor-
izer has followed the suction line outside the cabinet or in extreme cases back 
to the machine, the only remedy is to add extra vaporizer surface. In any 
case, an excess of vaporizer coil will not have any unfavorable effect if 
extremes are avoided. 

Cutting Off on High Pressure.—Any trouble that causes the 
head pressure to rise excessively may cause a machine to cut 
off and on at the high pressure mercoid. 

The possibilities should be checked in the following order: 

1. Insufficient water flow ing. 

This may be due to misadjustment of water valve, line pressure, or mineral sed-
iment plugging lines or valve. 

2. Water supply warm. 

This can be caused by water backing up from hot water heaters or line running 
through boiler rooms. 

Excess Charge.—This will cause cutting on and off by the 
high pressure control whenever the liquid floods the condenser 
tubing to such an extent that the surface in contact with warm 
gas is seriously decreased. Check by opening the test cock on 
the side of the condenser. 

!ce Collecting on or Below Sections.—This trouble is caused 
by too low a cut on pressure. 
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The machine starts up before the last of the frost has melted off. It 
becomes harder to deal with when there is insufficient clearance between the 
bottom of the sections and the pan or deck. Keep the clearance wide and 
set on a high enough cut on to eliminate the last vestige of frost or ice before 
the machine starts up. Regulate the cabinet temperature by changing the 
cut off pressure. 

Unbalanced Temperatures on Multiple Installation.—It will 
sometimes be found that the salesman or engineer on a job 
has underestimated the refrigeration demand on one cabinet, 
and overestimated the demand on another. 

This results in equipment that gives temperatures below normal in one 
or above in another, with normal control settings. The best way to correct 
such a condition is to add one or more sections to the chilling unit whose 
cabinet is too warm. It can sometimes be remedied by removing one or 
more sections from the cabinet that is too cold, but this should not be 
done unless the machine has sufficient capacity to take care of the equip-
ment at lowered suction pressures. 

Chilling Units That Will Not Defrost During Idle Period.— 
This is caused by setting at too low a cut on pressure. 

Occasionally temperatures are desired near or even below freezing. 
Under such circumstances, it is impossible to get a defrosting cycle. 

If the cabinet temperature be below 32° it is a physical impossibility to 
melt the frost off the sections because frost only melts above 32°. 

Float Valve Leaks (Mayflower).—If for some reason the float 
valve be prevented shutting off liquid supply at proper level, 
the refrigerant will be drawn through suction tube to crank 
case causing refrigeration and a formation of frœt to take 
place at these points. 

Sometimes there is insufficient liquid reserve in the receiver under com-
pressor base to permit the liquid level in cooling unit to rise to a point where 
back frost will occur, and in this case only compressed vapor will be forced 
through float valve, causing a gurgling sound in cooling unit like air being 
blown under water. If this condition exist, compressor will be running at 
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short intervals or continually, also a very low reading will be noticed it 
pressure gauge be attached to condenser shut off valve. To remedy this 
condition, first charge additional refrigerant hito system. 

If during this process frost should appear on suction tube, it is a sure sign 
that the float valve is not seating properly. This condition while rare, 
occurs shortly after a machine has been installed and is largely caused by 
careless handling of cooling unit in transportation. The trouble can usually 
be rectified by allowing system to remain idle for about 12 hours. (Refrig-
erator doors should be left open during this period.) 

The rise in temperature in cooling unit causes the liquid to expand and 
its level to rise, thus forcing the float valve needle firmly into its seat. 

If unsuccessful by this method, cooling unit hanger rod nuts may be 
loosened to permit unit to be rocked back and forth, which will agitate the 
liquid and thus cause the needle to move back and forth in its seat, having a 
tendency to properly seat float valve needle. If unable to correct trouble 
by above methods, it is possible that float valve is held open by a particle of 
foreign matter. Shut off liquid valve on compressor, block crank lever in 
switch housing, allowing compressor to run for about 30 minutes. 

Stop compressor and apply blow torch to under side of receiver tank 
(move torch back and forth so as not to burn enamel) until gauge shows 
about 120 lbs. pressure. 

Open liquid valve on compressor and allow liquid to rush under great 
velocity, through now wide open float valve. The general effect of this pro-
cedure is to wash out any foreign matter that may have become imbedded 
in float valve seat. 

If, after all the methods just mentioned have been tried the system con-
tinue to back frost, it will be necessary to replace cooling unit. 

Float Valve Stuck (Mayflower).—If float valve do not open, 
all the refrigerant in cooling unit will be pumped into receiver, 
causing little and eventually no refrigeration. 

When this condition occurs, it is sometimes traceable to the needle point 
being wedged into its seat. To loosen, take a small piece of wood and place 
with end of grain against body of cooling unit directly above the float shut 
off valve and strike with short, sharp blows with small hammer. This pro-
cedure is usually successful in jarring needle out of its seat, permitting 
float ball to drop and liquid to flow into cooling unit until proper level it 
reached, at which point float valve will shut off. 
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If the proper results be not obtained by this method, it is possible that 
some foreign substance is lodged against outer orifice of float valve. To 
remove this obstruction, proceed as follows: 

Remove plug from *liquid alve and attach empty or partially empty 
service cylinder at B-3 (see fig. 8,695). Discharge liquid into service cyl-
inder, thus relieving head pressure in compressor. Close valve on service 
cylinder. 

Apply blow torch to tubing, leading from service cylinder to liquid valve, 
to drive liquid in tubing back to receiver. 

Close charge valve and liquid valve and disconnect service cylinder. 
Turn compressor shut off valve to left as far as possible. Remove plug in 
shut off valve and insert half union coupling. 

Complete a by-pass from this coupling to B-3, using short section of % 
tubing with flare nuts on each end. Close compressor shut off valve by 
turning to right as far as possible. Start compressor by blocking switch 
with screw driver. 

Now open charge valve. This will cause a vacuuni to be drawn on liquid 
line and interior of float shut off valve on cooling unit, tending to withdraw 
obstruction. 

During this procedure rap float shut off valve body above liquid valve 
with piece of wood and hammer. 

Leaky Crank Shaft Seal.—This trouble is detected by meth-
ods depending on the kind of refrigerant employed. In an SO2 
machine a leak is detected by the smoke test. 

Air in System.--A defective crank shaft seal, flare nut or 
tubing will cause air to enter through the suction or low pres-
sure side. 

Air, being a non-condensable gas, will cause a high head pressure in the 
condenser coils. 

High head pressure indicates air in system or too much refrigerant. 

If the compressor motor run in the wrong direction, the condenser will 
not get a sufficient blast of air. This results in overheating and high head 
pressure. 
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Purging System of Air. (Mayflower).—Shut off compressor 
t-‘nd allow to remain idle for ten minutes. 

Detach pressure gauge and turn stem on condenser shut off valve slightly 
to the right, allowing air to escape (air being lighter than SO, vapor rises to 
the top). If compressor be located in cabinet, or if a considerable amount of 
air is to be discharged, attach hose or piece of tubing and lead to out doors 
or in pail of lye water. 
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8,698.—Mayflower float valve. The function o the float valve is to maintain a cons 
level of liquid sulphur dioxide in cooling unit, and f functioning properly, will shut off liquJ 
supply before it reaches a point where it will be drawn back through small hole in suction 
tube marked oil return. This small hole is located at a point about a quarter inch above the 
normal liquid level in cooling unit and permits a certain amount of oil to float on top of 
liquid sulphur dioxide. (Oil being considerably lighter than sulphur dioxide.) If an excent 
of oil be pumped over by compressor, it will eventually reach this opening and be drawn back 
into the crank case, essuring lubrication of all moving parts. 

Moisture in System.—If moisture come in contact with SO2, 
sulphurous acid (H2S03) will be formed. 
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This acid has a corrosive effect on the highly poliGhed cylinder walls and 
causes the piston to stick. In mild cases it is sometimes possible to break 
compressor loose by a rocking motion of fan wheel and by drawing a small 
amount of oil, about WI pint in crank case. 

If above method be not successful, it will be nece-.fflry to dismantle com-
pressor, thoroughly clean, dry and evacuate same. This is best done at the 
factory. 

This difficulty is rarely met with, but if it occur, it is invariably traceable 
to carelessness in installation, such as using tubing that has not been prop-
erly dried or sealed after it is dried, or by allowing air to enter system, 
especially in humid or rainy weather. 

TEST QUESTIONS 

1. What is domestic refrigeration? 

2. Name two types of compression system. 

3. Name three methods of cooling the condensers. 

4. Describe the motors, control mechanism, valves, 
stuffing box, etc. 

5. Describe in detail a typical compression type machine. 

6. What is the function of a stuffing box? 

7. What are the five principal parts of a refrigerating 
unit? 

8. Give the cycle of operation. 

9. What is a multiple refrigeration system? 

10. Name two general piping methods used in multiple 
systems. 

11. Describe in detail a typical absorption system. 

12. Give full instructions for operating and maintaining 
domestic refrigerators. 
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CHAPTER 57 

Domestic Oil Burners 
Some knowledge of the fuel oils employed is essential to the 

intelligent operation of domestic oil burners. Fuels are de-
rived from crude oils, obtained from different fields and vary 
considerably. 

Oil fuels are now commercially known as domestic fuel oils Nos. 1 ,2, 
and 3; and industrial fuel oils, Nos. 4, 5, and 6. Sometimes the fuels ara 
referred to as light, medium and heavy domestic oils; and light, medium 
and heavy industrial oils. 

For most of the domestic burners, the manufacturers recommend fuel 
oil No. 3, while many burn either Nos. 1 or 2 fuel. The No. 4, a light indus-
trial oil, is recommended for a small number of domestic burners now man-
ufactured. 

Effect of Grade of Oil on Economy.—The grade of fuel that 
can be used is usually fixed by the design of the burner with 
respect to the method of atomization, the type of ignition, etc. 

The gravity feed burners invariably are designed to burn only the high 
grade distillates. The atomizing domestic burners use oil as heavy as No. 4, 
The grade of oil which can be burned determines to a considerable extent 
the cost of heating. 

Oil Burners.- -An oil burner is any device wherein oil fuel 
is atomized or vaporized and mixed with air in proper proportion 
for combustion, previous to ignition. 
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Oil burners may be classified: 

1. With respect to operation, as 

a. Manually controlled: 

b. Automatic. 

2. With respect to method of igniting, as 

a. Torch; 

b. Pilot light. 
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LUG OIL SUPPLY 

Vio. 8.699.—Casting which constitutes a simple gravity feed, vaporizing type burner. 

3. With respect to the gasifying process, as 

a. Vaporizers; 

b. Atomizers. 

4. With respect to the method of oil feed, a, 

a. Pressure; 

b. Gravity. 
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8,700.—Non-mixing gravity feed vaporizin: or gas type burner and automatic control. 
It is designed for gasoline or other light hydrocarbons or ordinary headlight oil, of 150° test. 
In operation, the oil is supplied through a pipe to the vaporizer indicated by the letter A, 
In its passage through the fire box and the vaporizer, it is converted into a vapor or gas 
which burns without odor, soot or residuum. From the top of the vaporizer A, the gas is 
conveyed through an elbow pipe C, as shown by arrows, to the mouth of the burner, where it 
escapes through a small opening D (made adjustable), and is ignited. The flame striking 
centrally upon the bottom of the vaporizer A, is spread in every direction, thus serving 
the double purpose of generating the gas in the vaporizer and distributing the heat equally 
to every portion of the boiler. The flame striking centrally upon the bottom of the vaporizes 
is spread radially and by heating the vaporizer converts the liquid fuel into gas. Working 
in this small opening D, is a shut off plunger E, which, raised or lowered, controls the flow ot 
:he gas. This plunger is connected by means of a rod El, counter-balanced rock shaft E3, bell 
crank lever E3, connecting rod V, to bell crank lever H, and to a hollow spring on the 
outside of the furnace. The weight of these rods is counterbalanced by the rod and ball E4. 
The hollow spring is supplied with steam at boiler pressure through a small pipe at opening K. 
The saucer F, is for oil or alcohol used in raising the proper heat under vaporizer at starting, 
and until sufficient gas is generated for its own reproduction; a matter of three or four min-
utes. The burner is furnished with removable plugs BB', to facilitate cleaning. Rock shaft 
E2 is furnished with stuffing box G. to prevent leakage. In control, the straightening of 
the spring caused by an increase of pressure in the boiler, operates directly on the plunger by 
means of the adjusting screw I, bell crank lever H, and intermediate connections; thus 
establishing the relation between steam pressure and fire. Should the steam pressure rise, the 
plunger would close off the flow of gas correspondingly, and vice versa, thereby regulating 
the heat of the fire. The plunger cannot, however, shut off the flow of gas entirely; a small 
orifice is always left, enough to keep the burner and boiler hot; and in this way the trouble and 
annoyance of having to relight the fire after every stop is avoided. 
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Gravity Feed Vaporizing Burners.—This is the simplest 
type of burner, very often consisting merely of one or two 
rough castings which are set inside the furnace, and its initial 

cost is low. 

There are two types of this burner, Imcwn as 

1. Non-mixing: 

2. Mixing. 
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8,701.—Elementary gravity feed induction mixing vaporizing burner. In operation, 
oil flows from tank to vaporizer, regulated by the control valve. The flame from the burner 
vaporizes the oil entering the vaporizer producing a gas which passes out to the mixer. The 
gas is injected through a nozzle into the mixer sucking in air, the mixture passing out and 

igniting at the top. 

In the cheapest burners of this class the control is entirely manual; the 
burner is started by hand, and the control of temperature is effected in like 
manner. In some cases automatic control has been applied with apparent 
success. 

The gravity feed non-mixing vaporizing burner is limited to the use of 
the relatively high priced fuels. Fig. 8,700 shows the construction of a 
burner of this type arranged for automatic control. 



o I The principle upon which the non-mixing type operates is 
hown in fig. 8,700.  

In this type the air to support combustion is brought into the furnace by 
the natural draft produced by the chimney. Some rather ingenious means 
are used to induce an intimate mingling of this air with the vaporized fuel, 
but in general, good combustion is not obtained by this method unless a 
highly volatile fuel be used. 
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8,702.—Elementary gravity feed mixing, vaporizing burner. Connected to the burner 
is a fan blower with outlet pipe surrounding the gas pipe as shown. In operation, air from 
the fan blower mixes inside the burner with the gas coming from the vaporizer. Thus the 
Mr is mixed with the gas before ignition, resulting in a blue flame and efficient combustion. 

The principle of the mixing type vaporizing burner is shown 
in fig. 8,702. 

Fig. 8,703 shows the construction and working of a well known mixing 
vaporizing burner. This burner is, strictly speaking, a mixing, combined 
atomizing and vaporizing burner. That is, the oil is atomized by the air at 
the intake to the fan blower and the fine spray carried by the air current 
to the vaporizer where vaporization takes place before ignition. 

Another type of mixing vaporizing burner is the hot plate 
variety shown in fig. 8,714. 
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FIG. 8.703.--Crystal mixing vaporizing burner. Sectional view showing operation. 
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3,7O4.—Oil-Electric draft tube, air diffuser and spray nozzle showing location of spark 
in gelation to spray nozzle. 
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8.70o.—Elementary centrifugal force atomizing burner. The oil flows through the hollow 
spindle of a disc which is rotated at high speed by a motor. The oil overflowing at H, onto 
the disc at its center is hurled off the disc by centrifugal force, and ignited by a torch or 
pilot light. Produces a ring of flame. 
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Here the vaporizer consists simply of a plate heated partly by a pilot 
flame as shown, ignition takes place at the plate, the plate being virtually 
a combined vaporizer and burner. 

Atomizing Burners.—In this class of burner various methods 
are used for breaking up or atomizing the fuel. This is accom-

plished by: 

1. Compressed air, or 

2. Centrifugal force. 

ATOMIZING CUP 
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Fie. MM.—Motor driven centrifugal atomizing burner. 

These two methods are shown in figs. 8,708 and 8,705 re-
spectively. Fig. 8,706 shows a centrifugal force type burner 

as constructed. 

Ignition.--Burners may be classified roughly with respect to 
the method of lighting, as 

1. Wick; 

2. Gas: 
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3. Electric; 

4. Electric-gas; 

5. Electric-oil. 

With the manually controlled gravity burner, the hot plate 
is preheated by a wick which is saturated with oil and ignited 
by a torch. 
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11,709.—Motor driven atomizer burner of the electric ignition type. 
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8.708.—Atomieng oil by air jet or spray. 
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The plate must be heated to a temperature sufficient to vaporize the oil 
falling upon it. The heat of combustion is supposed to do this once the 

Etc. 8,709.—Method of commingling air and atomized oil by whirling each in contrary direction 
in conical streams. The oil stream comprises the inner cone, while the air stream comprise. 

the outer. 
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Pic. 8,710.—A simple manually controlled vaporizing burner installation in a warm air furnace. 
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8,711.--Berryman atorn.zer oil burner installation showing various connections, etc. 

flame is started. The temperature of the house is maintained at a desired point by increasing or decreas-
ing the intensity of the flame by means of a valve in the oil line, or the burner may be operated at a fixed 
intensity and then completely shut off as the condition may demand. Whenever the burner is off for a 
few minutes, the hot plate must be preheated again before the oil can again be vaporized and ignited. .  _ 
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In some automatically controlled vaporizing burners a gas 
name is used for heating the hot plate and as a pilot light for 
igniting the fuel. 

The gas flame burns continuously and keeps the hot plate at such a tem-
perature as to cause the oil to vaporize when it is admitted to the apex of the 
plate and trickles down over the corrugations, fig. 8,713. At the same time 
the pilot flame licks through holes drilled in the hot plate and ignites the 
mixture of vaporized oil and air. The automatic device in this case merely 
shuts off or opens a valve in the oil line to the burner. 
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The pilot flame is sometimes caused to expand at the time the burner 
comes on, and by this means the danger of extinguishing the pilot light is 
somewhat lessened and ignition is presumably hastened. 

With the atomizing type of burner it is necessary to intro. 
duce a flame or electric arc within a region which is filled with 
an intimate mixture of oil and air in such proportions as to 

mike it comparatively easy to ignite. 

In the electric gas type, a gas pilot is turned on, the gas being ignited 
by a spark. The pilot light then ignites the charge. Still another device 
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is the electric-oil ignition in which an independent atomized mixture is 
ignited by an electric arc and Is utilized as a source of heat energy to ignite 
the charge of the burner proper. 

In general, it should be noted that the type of burner selected 
must conform to the particular igniting facilities present, whethet 
gas or electricity, or both. 

AIR HEATIND 
MANIFOLD 

Fm. 8,713.—Casting of a vaporizing burner with which is incorporated the continuous booming 
gas pilot and plate heating name. 

FLAME 

OiL VAPOR 

LIQUID OIL 

Fm. 8,714.—Hot plate method of vaporiz-
ing oil. 

/101. PLATE 

FLAME 

Combustion.—Oil fuel used by domestic oil burners contains 
principally hydrogen and carbon, with much smaller quantities 
of oxygen, nitrogen and sulphur. Of these elements, the carbon 
hydrogen and sulphur are the ones that burn or combine with 
oxygen. 

Insufficient air supply is one cause of clouds of dense smoke and soot. This 
form of combustion is inefficient in that the fuel is not entirely consumed, 



1,264 Domestic Oil Burners 

An excess of air is essential to insure that each subdivided bit of oil it 
provided with the amount of air necessary. 

Furnace Design.—To obtain satisfactory results combustion 
must take place in a region of high temperature. 

Note the following points on furnace design: 

1. Practically all air must pass through the flame; 

ael M 'BOILER 

TACICSWITCPI 
FURNACE 

conernot. f.4 
LOCKOUT 
SWITCH 

t 

ULTPUITE I 
SAPETY .  

..'.''.',..' .,  . — O, ) eTE re E.- bC / • r;O" ; HEAT I 
ELEHENT i  

•see'T C.  
•.i.7,...c I 1/4 

1- I 
I 

-̀-f 

1-4 ta su.scol.I....— ie ' -t 

,- Illit »Oat. ''r- fuo 

1° TO RED  et.„., 
• , --,  

I Ye 
LOW WA? 

NO 77 LOCKISPR TC 

,  I›'sCrd• 1*. 
.)\ 

IGNITION 

ORS, ELECTRIC PULL U RI.  
OR IPOTN 

To GREEN 

• 
%is-

- -.1N— O— Njente"1- - 
I TO RCL • II 

I 

I 
e 

HOLD COIL 

00 NOT I 

l USE ROC I 

j TERMINI. 

MOTOR 

FIG. 8,715.-7'1mo-0-Star control system, 1. Start or cold position. In this position the 
mercury tubes are tipped downward toward the left. The current, therefore, cannot pass 
through the lower tube of the stack switch, but passes through the upper tube of the stack 
switch, returning over the blue wire to the blue terminal on the lower left hand board. At 
this point the current has two paths flowing outward to the ignition valve or spark transformer 
over one path and starting the ignition. The return line for the ignition circuit is connected 
to the green terminal on the lower right hand terminal board which is interconnected to the 
yellow terminal on the right hand terminal board and thus provides a return to the ground 
side of the line, completing the ignition circuit. The secondary path from the blue terminal 
on the lower left hand board leads the current to the pull coil and energizes this coil. This 
coil being energized rotates the motor switch to its on position and completes the circuit of 
the motor from the green terminal on the upper right hand board to the motor. The motor 
starts at this time. Its return line leads back to the ground connection through the green 
terminal on the lower right hand board. Connected in series with the pull coil is the heat 
element of the lockout mechanism through which, in the starting cycle, the current of the 
pull coil passes. The return line from the heat element leads back to the ground connection 
on the lower right hand terminal board at the green terminal. Upon completion of the cur-
rent flow through the paths as outlined, the oil burner begins to run. Assuming entirely 
normal Conditions. flame will result and the stack switch will be moved to its hot position, 
that is, both tubes tipped downward to the right. 
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2. The flame must not be allowed to impinge directly on either boiler 
sheets, tubcs or brick work; 

3. The flame produces better results when worked near hot brick; 

4. The flame should be distributed over as large an area as possible 
to prevent localization of heat; 

5. Every precaution must be taken to guard against excess air. 

Automatic Control.—The oil flame is extremely rapid in 
heating and if not controlled in some manner will build up 
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FIG. 8,716.—Time-O-Stat control system, 2. Running position. In this position the cur-
rent enters as before through the line switch from the hot side of the line through the lockout 
switch to the green terminal on the upper right hand terminal board, then through the 
therrno-switch and limit control to the white terminal on the lower left hand terminal board..? 
The current then pa...es out as before to the white terminal in the stack switch, but inasmuch 
as the stack switch is now in its hot position, the circuit through the blue terminal of the 
stack switch is open and thus the pull coil and the ignition have been de-energized and the 
ignition turned off. The current returns ,rom the stack switch now on the hot side through 
the red terminal and to the red terminal on the lower left hand terminal board of the lock 
switch. From this terminal it is led through the hold coil, and from the hold coil it returne 
to the ground side of the line through the green terminal on the lower right hand terminal 
board. The hold coil being energized, the motor switch is maintained in the on position and 
the motor continues to run. Thus the flame and full operation of the oil burned is continued. 
The lockout switch heating element is of course taken out of the circuit as soon as the pull 
coil is de-energized and therefore the heat element cools off without opening the lockout 
switch. As soon as the thermo-switch limit control or low water cut off opens the circuit. 
current can no longer flow through either of the coils of the lock switch, therefore the motor 
switch returns to its off position and the burner is shut down. 
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temperatures and pressures in the heating system which may 
prove dangerous. 

If the drafts of a coal furnace be inadvertently left open, the worst that 
can happen is to burn up the coal in the furnace. With the oil burner, 
however, overheating would go on as izing as the oil supply lasted. 

The power atomizing type of burner best lends itself to a variety of 
automatic controls, and it is in this type that such controls have been 
most successfully utilized. 

The thermostat is the device on automatic burners which 
renders the burner active or inactive in the process of maintaining 
desired room temperatures. 

In the thermostat there is a member, actuated by temperature changes, 
which operates to maintain a constant temperature by shutting off or 
starting the burner. 

In automatic oil burner installations there are boiler controls 
in addition to the room thermostat. 

The boiler controls are termed hydrostats, if it be a hot water system. 
and pressurestats if it be a steam system. 

This boiler control is operated dually with the room thermostat and 
controls conditions at the boiler while the thermostat controls tempera-
tures in the room. By the use of the hydrostat the temperature of the 
water in the boiler is kept within certain limits, and in the case of the 
pressurestat the steam pressure is kept within certain limits regardless of 
the temperature conditions in the rooms. 

NOTE.—Time-O-Stat control system, 3. Operation on ignition failure. Should there be 
any failure of the ignition to start the fire properly when the thermo switch calls for heat, the 
stack switch will not go to the hot position during the starting cycle and the continued passage 
of heat through the heat element will warp the bimetal unit to which the lockout switch is 
attached and after a period of approximately a minute and a half the lock out switch will trip 
to the off position and shut down the oil burner by opening this switch. When this switch is 
open, current can no longer pass to any part of the lock switch system and in order to re-estab-
lish any operation in the lock switch system or the oil burner, it is necessary to reset the lockout 
switch by means of the manual reset in the lock switch. It has been demonstrated that a failure 
of ignition as the oil burner starts usually requires that some attention be provided for correction 
of the trouble, hence the opening of the lockout switch is made so that it will not reclose auto-
inatically. 
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In addition to the controls just mentioned, it is essential 
that precaution be taken to cut off the burner in the event that 

ignition fails to take place. 

In such burners as permit, a drip bucket or sump is provided to catch 
the unburned fuel which flows to it when ignition fails. This device trips 

when a certain quantity 
has been delivered to it 
and either cuts off the oil 
supply or breaks the power 
circuit, in either case ren-
dering the burner inopera-
tive as to the generation of 
heat and flow of oil. The 
machine must then be 
reset by hand before oper-
ation can be resumed. 

One of the chief objec-
tions to this control is the 
clogging of the line which 
delivers the unburned oil 
to the drip bucket or sump, 
owing to the accumulation 
of swt, scale, etc. Liberal 
passages offset this tend-
ency to a great extent. 

8,717.—Time-O-Stat lock switch. This switch provides full automatic operation for e 
burners of the power driven intermittent on and off type for either domestic or commercial 
use. The lock switch system is known as a high voltage system and all of the units of the 
system operate at the voltage of the electrical supply line. 

Another emergency control is designed on the assumption 
that so long as the pilot light burns, the charge will be ignited 
and accordingly a thermostatic member which is exposed to the 
heat of the pilot light breaks the power circuit when the pilot 

lign e:dinguished. 
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FIGS. 8,718 and 8,719.—Ins allation dia-
gram showing thermostat and connec-
tion. The thermostat or mechanical 
thermometer is the part of the device 
placed in one of the central rooms which 
is set for the degree of temperature de-
sing> 

When the general design of 
the burner is such as to make 
the catching of unburned oil and 
its subsequent delivery to a 
sump or drip bucket impractic-
able, the stack control is util-
ized. 

A thermostatic member is placed 
in the stack and if, after a predeter-
mined period, it do not become 
heated, indicating that the burner 
has failed to function, the thermo-
static member breaks the power 
cirvuit and stops the motor and 
supply of oil. 

Low water emergency con, 
trois are also applied in some 
installations and there are other 
devices, such as alarm bells. 
which are employed in conjunc-
tion with these emergency con-
trols. Doubtless even more in-
genuity will be manifested in 
this direction as design pro-
gresses. 

Opcation of Control System. 
—As an example of the meth-
ods employed in heating control 
a description of the operation 
of the Minneapolis-Honeywell 
system is here given. 



Domestic Oil Burners 1,269 

This system consists of three separate units, so designed that they are 
integral parts and will not operate the burner except as a whole. These 
units are the recycling motor switch, combustion safety control, or pro-
tectostat with special relay, and room thermostat. A limiting device 
can be incorporated in the system and is highly desirable. 
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fem. 8,720.—Minneapolis-Honeywell protectostat or combustion safety device. It consists os 
a main casting supporting an annular ring 46, to which a diaphragm 33, is attached. Ths 
diaphragm 33, and ring 46, expand and contract equally when subjected to the same tern-
perature. This is the reason why the protectostat is not affected by changes in basement 
temperatures. If the diaphiagm of the protectostat be subject to the radiant energy of an 
oil fire, the absorption of this energy will cause a temperature difference between diaphragm 
33, and the ring 46. This causes the diaphragm 33, to expand rapidly and always buckle 
in the une direction as governed by strap 27, and spring 28, thus rotating roller 31, and 
raising arm 37, allowing contacts 25 and 26, to make. The closing of these contacts will 
close relay No. 2 of protectorelay. Evidently contacts 25 and 26, respond promptly to 
exposure to flame; also that the flame must be continued, for if it be not, the heat accumu-
lated by the diaphragm is rapidly conducted to the ring 46 and housing, causing the dia-
phragm to cool and straighten out, separating the contacts 25 and 26. 

The recycling motor switch provides low voltage current for the opera-
tion of the room thermostat and limiting device, and the low voltage side 
of the combustion safety control. 

The maintaining switch and rotary line switch are of the rotary type 
and are always in definite relation to each other. They are integral parts 
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of the motor switch, and in conjunction with the combustion safety con. 
trol switch provide the safety features of the system. 
The combustion safety control consists essentially of a thermostatic ele. 

ment of high temperature metal which is installed in the boiler or furnace 
smoke pipe and to which are connected suitable switches for both the 
line and low voltage circuits. These two switches are actuated by the 
expansion or contraction of the thermostatic element and prevent the con-
tinued operation of the oil burner under abnormal conditions. The com-
bustion safety control closes the line circuit to the burner motor and opens 
the low voltage starting circuit as the burner goes into operation. When 
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Foss. 8,721 and 8,í22.—Elementary pressure switch illustrating principle, ln operation, 
when the steam pressure is low the diaphragm or "bellows" will be expanded as in fig. 8,721. 
the link holding the mercury contact tube in horizontal position. In this position the mercury 
will cover both contacts closing the electric circuit which starts burner. As the steam pres-
sure rises, the diaphragm is compressed which causes the mercury tube to tilt and open the 
circuit thus shutting off the burner as in fig. 8,722. 

the burner is turned off by the motor switch these operations are re-
versed, and the controls are ready for a restart. 

The system performs the following functions: 

1. Starts and stops the oil burner at the command of the room thermo-
stat, or when the temperature of the boiler or furnace has reached the 
predetermined maximum or inirimum, if a limiting device be used. 
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Z. Provides safety in the event of failure of ignition and premature ex-
tinguishment of the flame, thus preventing the abnormal discharge of oil 
in the fire box. It functions in from 15 to 45 seconds, depending upon 
local installation conditions. 

FIG. 8,723.—Minneapolis Honeywell vacuumstat or pressure switch fo, pressures lower than 
atmospheric as used on vacuum and so-called vapor systems. It can be used with systems 
employing a pump to maintain constant vacuum and both indicator hands may be set in the 
vacuum range. Within the base of the instrument is a flexible diaphragm that is forced 
upward as steam pressure is applied, carrying with it plunger 2. to which actuating pin 3 
is attached. As the pressure increases pin 3, will cause arm 4, to which indicator hands 
5 and 6, and the dial are attached, to move to the right. It will be noted that the upper half 
of the indicator hands extend and that pin 7, is attached to the mercury tube carrier and 
is located between the indicator hand extensions. As pressure is built up arm 4, assembly 
will move to the right until hand 6, extension meets pin 7, causing mercury tube 8, to tiit 
and stop the motor. As the pressure recedes, arm 4, assembly will move to the left until 
band 5, extension meets pin 7, causing mercury tube to tilt and complete the circuit to 
the motor. Scissors 9, and 11, and spring 10, form the strain release. 

3. In the event of a current failure, the motor switch will automatically 
recycle and start the burner again as current service is resumed. 

In operation, when the room thermostat signals for heat. 
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circuit is made to the maintaining switch, causing the motor 

switch to operate. 

The rotary member of the line switch revolves, starts the burner motor, 
and carries the line circuit through the starting cycle. If ignition take 
place before the completion of the starting cycle, as it should, the heat 
of the stack will tilt the combustion safety control switch, and the line 
circuit to the burner motor will be carried through the line voltage tube 
thereof to continue the operation of the burner. 

LIMIT CONTROL 
PLACED IN RI3ER 

U M IT CONTROL 
LOCATED 
TOP SECTION 

1 14 e 
FIG. 8.724.—Minneapolis Honeywell aquastat or limit control showing p acement. It Is used 

to limit the water temperature in hot water heating plants. It may be used either inde-
pendently to control the burner or in dual control with room thermostat. For example, 
with the room thermostat set at 70° and the aquastat at 160° the motor is shut off when the 
room temperature reaches 70° regardless of water temperature. However, if the water 
temperature reach 160 ° before the room temperature reaches 70° as might be the case when 
the boiler is being forced, the aquastat shuts down the burner. As soon as the boiler temper-
ature has dropped a few degrees and should the room temperature still be below 70 °, the 
aquastat will restart the motor. If the thermostat continue to call for heat, the aquastat 
will maintain the water temperature between 150° and 160° until the room temperature has 
reached 70 °. This prevents overheating that at times may occur when only the room 
thermostat is used. Absolute control of the boiler at all times means more even and com-
fortable heating with a greater saving in fuel. 

If ignition fail, no heat will be transmitted to the stack and at the 
completion of the starting cycle of the motor switch, the line circuit to 
the burner motor through the combustion safety control switch will be 
open, and the burner motor stopped. Both the burner motor and motor 
switch will be inoperative and in the dormant position until the release 
switch has been manually operated, which necessitates someone going to 
the basement to determine and remedy the cause of failure. 
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Should the fire be extinguished prematurely there will be an immediate 
drop in stack temperature which will tilt the combustion safety control 
switch and break the circuit to the burner motor. At the same time the 
circuit to the burner motor is broken through the line voltage mercury 
switch, contact is made in the low voltage mercury switch of the com-
bustion safety control which closes the circuit to the motor switch and 
causes it to recycle. 
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FIGS. 8,725 and 8,726.—Minneapolis Honeywell stack switch or py-ostat. It is a combustion 
safety and operates on the change in stack temperatures. ils operation is caused by the 
tendency of the spirally wound bi-metallic strip to unwind with a rise in temperature. The 
spiral is so mounted as to project into the stack; one end is attached to the body of the pyto• 
stat and the rotation of the free end as the temperature rises turns a shalt which passes back 
through the center of the spiral and into the body of the instrument. A ratchet toothed 
wheel is mounted on this shaft and turns with it. As the temperature rises, the rat chet 
wheel turns, carrying with it a phosphor bronze spring, a hid, allows tac contact points to 
come together completing the circuit to the protectorelay. As the ratchet wheel continues 
to turn with the continued rise in temperature. this spring passes from tooth to tooth without 
affecting the contact. If the stack temperature drop a predetermined amount. the ratchet 
wheel will engage the spring and separate the contact point, breaking the circuit to the 
protectorelay. 

The burner will be put through the starting cycle again, but if ignition 
fail the combustion safety control will remain in the cold position and the 
burner will stop. It will then be necessary for someone to determine and 
remedy the cause of failure and depress the release switch button before 
the burner can again be started. In the event of current failure when the 
burner is in the on position, the motor switch will automatically recycle 
and start the burn eC again as current service is resumed. 
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F10. 8,727. — Minneapolis - Honeywell 
magnetic oil valve with relay. It is de-

he  signed to control the high-low fire type 
,«.C. oil burner directly from the room theis-
t," mcmat or limit control, or both. The 

CO? valve is contrelled by a small relay di-
3 œ redly attached as shown. By this ai-

ii rangement it is possible to operate a 110 
CC r volt valve by means of a low voltage 
• thermostat. Whea the room thermo-
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which energizes the valve, the plunger 
fiscs, allowing an increased amount of 
oil to flow and maintain the high fire. 
When the thermostat or limit control 
calls for less heat, the circuit to the 
valve is broken and the plunger falls to 
the low fire point. 
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Pro. 8,728.—Minneapolis Honeywell connection diagram for motor switch: 110-220 yoke, 80 
cycle 4.C. 
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Storage of Oil.—In contemplating the installation of an oil 
burner provision for storing fuel should be considered. For 
coal, the average home owner generally provides storage ca-
pacity ample to contain all the coal used during the heating sea-
son. With oil this is not usually the case. Aside from the 
added convenience of having a large supply of oil on hand, a 
more attractive price scale is offered to those consumers who 
buy oil in relatively large quantities. 
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PIGS. 8,729 to 8,731.—Diagram showing Minneapolis Honeywell thermostat and controls 
Minneapolis limiting devices were primarily designed for limiting the amount of heat gener-
ated by the furnace or boiler in excess of that which could be absorbed by the system. Ordi-
narily the limiting device is used in dual control with the thermostat, but it can be used as the 
controlling means without a thermostat if that be desirable. Such a hook up is easily made 
with the six terminal post instrument by bridging or linking the three posts marked from 
thermostat, together and omitting the thermostat, wiring the balance of the circuit in the 
um! way. 

Large storage tanks are installed in various ways and usually must con-
form to the ordinances which regulate such matters in the particular 
Locality. From this tank the oil must be fed to the burner by suitable 
means, since regulations restrict the quantity of oil which may be stored 
above the burner level. 
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Installation Notes.—The following information will be found 
helpful: 

1. Not only the furnace, but the chimney and the smoke pipe should 
be cleaned prior to the installation. 

2. The damper in the stack should be removed or wired wide open. 

3. All air leaks around the furnace, the ash pit opening, the stack and 
the chimney should be caulked with furnace cement. 
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 30 
Pto. 8,732.—Minneapolis Honeywell thermal safety switch. It acts to provide a time ele-
ment in the control system, allowing a sufficient ignition period, and affording a means of 
shutting down the burner as directed by the protectostat, preventing further operation until 
manually reset. It consists of the bimetallic strips 20 and 21, which when heated by the 
resistance wire grid 24. warp apart until the spring 23, is allo,”eci to fall into the notched 
contacts 29. to snap cpen and latch, remaining so until blade 20 and 21, cool, when switch 
can be manually reset by push button 30. A bimetallic strip compensates for any 
movement of strips 20 and 21, due to rise and fall of the room temperature. The time 
required for the switch to operate can be varied by adjusting screw 31 to 30 seconds to 1;5 
minutes. Be very careful in making a change in adjustment, as a slight movement of screw 
will make a marked difference in time. 
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4. Local ordinances must be followed implicitly in regard to the installa-
tion of all electrical equipment. 

5. All connections must be made tight. Oil leaks never take up. Clean 
all threads before putting on pipe joint cement and use a suitable cement. 
Red lead and similar dopes are not satisfactory, litharge and glycerine, 
key paste, or pro tar joint and gasket cement are best. 

6. Pipe cement should be brushed on clean, dry male threads only. 

7. Gasket unions must not be used. The brass seat ground joint type 
should be used. 

8. Keep pipe line running absolutely parallel when running close to-
gether. All p'.pe must be straight without kinks and run in straight lines 
to give neat mechanical appearances. 

9. Use all galvanized pipe and be sure it is clean inside. Rap and blow 
through it to remove all scale. 

10. All electrical connections must be soldered. 

11. See that the oil is of the proper grade to meet the needs of the 
burner and be careful to instruct the owner in regard to buying the right 
grade of oil to suit the requirements of the burner. This is an important 

12. See that the boiler is properly supplied with water. 

13. See that the burner gets a fair start. Clean all flues of soot and dirt. 
Clean the boiler carefully. Remove all ashes and dirt. 

14. Start burner and give it a thorough working test. 

15. Leave the boiler or furnace room neat and clean. 

TEST QUESTIONS 

1. What is the effect of grade of oil on economy? 

2. What is an oil burner? 

3. Give full classification of oil burners. 

4. Describe a gravity feed vaporizing burner. 
5. What is the difference between a mixing and a non-

mixing burner? 
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6. Explain how a non-mixing burner operates. 

7. State the principle of the mixing type burner. 

8. How does a hot plate burner work? 

9. How is the oil broken up in an atomizing burner? 

10. How are burners classified with respect to ignition? 

11. In a hot plate burner how hot must the plate be heated? 

12. What must be provided for safety if ignition fail? 

13. What kind of a pilot flame is used in sorne automatic• 
ally controlled vaporizing burners? 

14. What are the conditions for proper ignition? 

15. What determines the type of burner to be used? 

16. What is combustion? 

17. What happens with insufficient air supply? 

18. Give some points on furnace design. 

19. What is a thermostat? 

20. Name the various devices necessary for automatic 
control. 

21. Describe in detail the operation of the Minneapolis 
Honeywell control system. 

22. What are the points relating to the storage of oil? 

23. cive a few points on installation. 
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CHAPTER 58 

Air Conditioning 
Air is a mechanical mixture, chiefly of the gases, oxygen and 

nitrogen, about in the proportion of one to four. Air nearly al-
ways contains certain impurities, such as ammonia, sulphurous 

acid and carbon dioxide. 

The latter being a product of exhalation from the lungs and of complete 
combustion, is so universally present (about in the same proportion every-
where, except where concentrated by some local condition), that it may be 
regarded as a normal constituent of the air. 

Air Conditioning.—The term air conditioning, sometimes 
called manufactured weather, means in general the treatment to 
which atmospheric air is subjected in order to regulate its tem-
perature and humidity, and to make it pure. 

The effects of air upon comfort and health are due to the reactions of the 
human being to variations in air temperature, humidity and purity. The 
sense or feeling of warmth is dependent upon the moisture content of the 
air, and for this reason comfortable and healthful heating requires coinci-
dent regulation of humidity. 

The purity of the air breathed by the human being is, of course, primarily 
important to his physical well being and personal efficiency is materially 
depressed by air that is contaminated with foreign matter, particularly in 
congested centers, manufacturing districts, or in proximity to any source 
of pollution. 
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Air conditioning is a sure and sane means of eliminating the personal 
inefficiencies resulting from improper air qualities in spaces enclosing 
human beings. 

Humidity.—By definition humidity of the air is the amount 
of water vapor it contains. Humidity is stated as: 

1. Absolute, or 

2. Relative. 

FIG 8,733.—Carrier spray nozzle. The water entering through the small circular chamber 
tangentially, acquires a whirling motion and is discharged through a small orifice in the 
center of the cap. The approach to the orifice is conical in shape, so that the rotation, or 
whirling speed of the water is greatly increased at the instant of discharge. 

Absolute humidity is the actual quantity of water in the air, 
usually expressed as so many grains of moisture in a cubic foot 
of air. 

A grain is 1/7,000 part of a pound. The amount of water the air à 
capable of holding is determined by the temperature, for the warmer the air, 
the more moisture it can retain. At 80 it can hold nearly twice as much 
moisture as at 60°, 
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Relative humidity denotes the relation between the actual 
amount of water in the air and the maximum amount it is pos-
sible for the air to hold at the same temperature expressed in per 
cent. 

Air which is saturated has a relative humidity of 100%, while the air at 
the same temperature and holding but one-half of the saturation amount 
has a relative humidity of 50%. 

It is the relative humidity and not the absolute humidity, that 

Fro. 8.734.—Carrier humidifier equipped with rotary strainer. In operation, air enters at 
nght, through the baffle plates, passes through the spray chamber and leaves at the left 
through the washer eliminator plates. The parts are, R. rotary strainer; E. ejector healer 
Y. pump: M. pump motor. S. pot strainer. 
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is important, for there exists a definite relation between the 
relative humidity and the moisture content of fibrous materials. 

The higher the temperature of the air, the greater is its capacity to hold 
water. For example, air with a relative humidity of 70% at 90° contains 

8,735.—Carrier diffuser outlet (phantom view showing construction of the vanes). 

about seven times as much water per cubic foot as air at 32° with the same 
relative humidity. 

To put it another way, if air be heated without adding water vapor, the 
relative humidity decreases, and if it be cooled without taking out water 
vapor the relative humidity is increased. 



IThe feeling as to whether the air is moist or dry depends on elative and not absolute humidity. 

Since all substances which are affected by the presence of water vapor 
in the air absorb or give off water substantially in proportion to the relative 
htuniditV, this form of notation is the one Trost commonly used, and 
humidity is generally understood to mean relative humidity, or percentage 

of saturation. 
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FIGS. 8,736 and 8,737.—Carrier adjustable hygrostat with cover removed to show the hygros-
copic mechanism. This instrument varies the humidity in accordance with variations is 
temperature, maintaining any desired relation between the two. 

Dew Point.—By definition, this is the temperature at which 
air becomes saturated with water vapor. 

NOTE.—Relative humidity is little understood by the average person, as indicated by 
the widespread (though now decreasing) use of radiator pans, and mechanical or electricaâly 
heated devices for the evaporation of moisture in homes or offices. 
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FIG. 8,738.—Buffalo air washer; part of casing removed showing eliminator in position. Th. 
eliminator which is integral with the scrubbing surface, is made up of a series of corrugated 
plates spaced and set in a vertical position across the discharge end of the spray chamber. 
The eliminator is made of a single sheet, the last three corrugations having projecting lips or 
gutters which remove the entrained water from the air. The plates are assembled in an angle 
iron frame demountably carried on clips on the sides of the casing. These angles are provided 
with slots into which the edges of the plates are slipped and held rigidly. 

FASTENED HERE 

INSPfClION 
DOO, 

8,739.—Buffalo flooding nozzles. The flooding of the eliminator, type A and B, washers, 
is done by an independent set of nozzles across the top. These nozzles distribute the water 
over the washing surface uniformly. The flooding is used continuously but provision is made 
for shutting off atomizing sprays in summer on very humid days. When the atomizing sprays 
ese shut off, the increase in the humidity is so small that it practically amounts to nil. 
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FIGS. 8,740 to 8,742.—Carrier 
dew point control applied to a 
humidifier. This diagram 
shows all of the apparatus and 
the connections. In opera-
tion, the safety relay is held 
open by the pump water pres-
sure, opening the reverse act-
ing diaphragm valve, in the 

steam line to the ejector heater, only when the 
pump is operating properly. Thus steam cannot 
be blown through the ejector heater and into the 
air stream should the pump fail for any reason. 
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Since the capacity of air to hold water vapor decreases with 
lowering temperature, it is always possible by cooling the air to 
reduce its capacity to the point where the water vapor present 
just equals this capacity. The air is then said to be saturated. 

PIG. 8,743.—Buffalo eliminators; front view showing washing surface and narrow >wages 
through which the air passes. The eliminators are so arranged that the first four corruga-
tions are kept constantly flooded with a sheet of water which catches any solid matter, not 
already precipitated by the first set of sprays, and washes it to the settling tank. The wet 
surface exposed to the air thus obtained amounts to 19.5 sq. ft. of washing surface per 1.000 
Cu. ft. of air per minute, counting only the side of the corrugation against which the air 
impinges. 

FIG. 8,744.—Buffalo suction compartment with screen cover. The settling tank is divided into 
two compartments by a brass wire cloth strainer, through which the water passes before 
entering the suction of the pump. This strainer offers a surface of more than one sq. ft. for 
each foot in width of the tank. The area of the strainer being many times the area of the 
suction pipe, provides a thorough filtering of the water at very low velocity. 
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If cooled below this saturation point, the capacity is still further de-
creased, the air cannot hold as vapor all of the water present, and the excess 
condenses into visible form as fog or dew. Accordingly, this condensation 
begins at the dew point.* When the relative humidity is 100%, the air is 
hilly saturated, and no more invisible vapor can be added without precipi-
tation as dew, fog, or rain. 

Wet and Dry Bulb Hygrometer.—This is a device for meas-
uring the relative humidity or hygrometric state. 

It consists of two thermometers mounted side by side, the 
bulb of one being kept moist by means of a loose cotton wick 

FIG. 8,745.—Buffalo automatic make up and quick filler. The required water level in the tank 
is automatically maintained by the float valve here shown. This allows constant operation 
of the pump at uniform suction head. It is also essential that provision be made for rapid 
tilling of the tank after cleaning, and this is provided for by the extra flanged pipe inlet. 
which also serves as a hose connection. 

*NOTE.—Example of dew point.—A good illustration is the sweating of a vessel of ice 
water on a hot day. What really happens is that a thin film of air surrounding the vessel ia 
cooled below the dew point, and the excess water is deposited as sweat. To put it in figures, 
if the air be at 72° with 60% relative humidity, it contains about 5 grains of water to the 
cubic foot. If the layer of air around the vessel be cooled to 42°, the air at this temperature 
can hold only 3 grains per cubic foot when sal:noted, and the extra two grains per cubic foot 
is precipitated or deposited on the vessel as sweat. The same thing happens in the formation 
of dew out of doors when the lowering of temperature at night brings the air near the groundi 
below the dew point. Frost is formed whenever the dew point is below 32 0 or freezing tem-
perature. 
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tied around it, the lower end of which dips into a vessel of 
eater. 

On account of evaporation from the bulb, this instrument is cooled, and 
indicates a lower temperature than the other, the difference depending upon 

8,746.—Buffalo water sealed overflow and drain. The water sealed overflow pipe is bolted 
to the side of the tank. Hooded construction prevents waste of the spray water. A drain 
box connection which can be easily cleaned is provided under the tank. 

8,747.—Sectional view of Buffalo spray nozzle. In operation, water enters a small cir-
cular chamber tangentially, which gives it a whirling or centrifugal action. The approach 
to the discharge opening is conieil in shape, so the rotation, or whirling speed of the water, is 
greatly increased as it approaches the discharge. The effect of this arrangement is to give a 
most minutely divided or atomized spray, which offers an enormous amount of surface for 
washing and evaporation. The construction of he nozzle is such as to make it free from clog-
ging with foreign material. The area of orifice of the nozzle is ample. In order to provide 
against clogging of the strainer, at least 12 sq. ins, of strainer screen is provided for each and 
every spray nozzle, giving a strainer surface 280 times the area of the nozzle orifice. 
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the rate of evaporation and hence upon the amount of aqueous vapor 
present in the air. 

There is no simple relation between the readings and the 
hygrometric state; the latter is deduced therefore by reference 
to tables, although various empirical formulœ have been pro-
posed. 

Fw. 8,748.—Buffalo spray nozzle under strainer screen, exact size. 

The accompanying relative humidity tables are for use with 
and dry bulb thermometers. Directions are given under 

the tables. 

Accurate readings can be obtained only when the air is caused to pass 
very rapidly over the moistened wick, either by means of a fan, aspiration, 
or by whirling the thermometer. The latter is the usual method, the instru-
ment, comprising a dry bulb and a wet bulb thermometer mounted on a 
handle or chain for whirling. being known as a slinp psychrometer. 
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No stationary wet and dry bulb hygrometer mounted on a wall (unless 
in a strong air current) can indicate the true wet bulb temperature and 
such instruments are to be avoided. 

8.749.—Buffalo type A. air washer with side and distributing plate removed to allow 
interior construction. 
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In a textile mill, for instance, where one of the chief functions of air con 
ditioning is to control the moisture in the yarns in course of manufacture 
it should now be obvious that temperature control is equally as importan 
as moisture control, since it is upon the relative humidity (water vapo 
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3,750.—Carrier graduated thermostat; sectional view showing operating principle. It 
consists essentially of an outer expanding stem, usually of brass, and an inner non-expand-
ing stem of nickel steel. These two members are rigidly connected at one end. The other end 
of the inner, non-expanding member, is provided with a bronze valve, ground to fit an 
adjustable valve seat. Between the inner and outer tubes there is an annular chamber. 
Compressed air, from a small auxiliary compressor, usually driven from the fan or pump 
shaft, is admitted to this annular space, and its passage through the instrument is regulated 
by the small valve attached to the non-expanding stem. As the temperature of the air 
surrounding the stem of the instrument rises, the outer member expands, the regulating 
valve recedes from its seat, and the compressed air passes through into the outlet chamber. 
from whence it goes to the diaphragm valve in the steam line to the spray water heater. 
Upon reaching this diaphragm valve, the compressed air moves it so as to decrease the amount 
of steam admitted to the ejector heater and thereby reduce the temperature of the spray 
water as required. When the temperature of the air leaving the conditioning machine falls 
below the point desired, the outer shell contracts and closes the compressed air supply to 
the diaphragm valve, whereupon the pressure upon the diaphragm of the valve is relieved 
through the air leak, as shown in the figure, and the valve opens, admitting steam to the 
spray water heater. 
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content as related to temperature) that the moistening effect of the air 
depends. 

ter 

Fin. 8,751.—Buffalo ejector type dew point humidity control. In operation, saturation is 
produced by heating the spray water. This water supplies the latent heat of evaporation. 
and, in addition, raises the temperature of the incoming air to the desired dew point; that is, 
to the temperature necessary to bolt. the required amount of moisture. The water tempera-
ture is varied as may be necessary to maintain a constant dew point under variable conditions 
of entering air. The stem of a graduated thermostat A, is placed in the passage just beyond 
the eliminators, so that it is exposed to the temperature of the air leaving the washer. Any 
change in temperature causes a contraction or expansion of this thermostat and the tempera-
ture regulation is accomplished by contraction and expansion. A water heater and mixing 
chamber B, of the ejector type, is placed in the suction line to the pump. The diaphragm 
steam valve C, is placed in the steam line which supplies the water heater. This valve is 
operated by compressed air pressure from graduated thermostat A. The air compressor D, 
furnishes air at about 15 lbs. pressure to the storage tank E. The compressor is driven by the 
same motor that drives the spray water circulating pump. The diaphragm steam valve C, 
is normally closed. It only admits steam to the circulating water when air pressure is admitted 
to the diaphragm through the reverse acting thermostat A. This arrangement provides a 
safety feature in addition to a sensitive and accurate control, for if the air pressure should 
fail the steam would immediately be shut off. To provide for further safety from over 
humidification a safety relay valve F, is placed on the air line to the steam valve. This relay 
allows air to pass to the diaphragm steam valve C, only when the washer sprays are in opera-
*ion . 
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Drying Effect of Air.—Briefly, the drying effect of air varie 
approximately inversely with its relative humidity, the greater t 
-elative humidity, the lesser the drying effect. 

It should be noted that it is the relative humidity which determines th 
effect and that, therefore, the effect depends upon both the temperatur 
and the water vapor content of the air—since relative humidity depend 
upon both these factors. 

WATER LINE 

CIRCULATING 
FROM PUMP 

TO DIAPHRAGM • FROM 
I- VALVE THERMOSTAT 

8.752.—Buffalo safety relay valve. 

Heating Effect of Air.--The 
quantity of heat which dry air 
contains is very small, because 
its specific heat is low, .2415 
(for ordinary purposes) which 
means that one lb. of air falling 
one degree in temperature 
(Fahr.) will yield but .2415 of 
the heat which would be avail-
able from one lb. of water, re-
duced 1° in temperature. The 
presence of water vapor in the 
air materially increases the total 
heating capacity of the air be-
cause of the latent heat of the 
vapor itself. 

Moist hygroscopic materials in the presence of dry air, even at high dry 
bulb temperatures, may actually be cooled, rather than heated. This 
occurs because the dry air immediately begins to evaporate moisture from 
the material and in so doing removes from the material, as well as from the 
air, the latent heat of evaporation. 

Air Conditioning.—This operation (sometimes called "manu-
factured weather") involves four distinct air conditions upon 
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Fics. 8,753 and 8.754.—Buffalo closed heater type dew point humidity control. Where steam is not available at a pressure of 
3 lbs. or over, that is, where a vacuum steam heating system or hot water heating system is installed, an ejector hcrer cannot 
tie depended upon for continuous and satisfactory service. In such plants a dosed water heater is substituted for the ejector 
seater and safety device with the reverse acting diaphragm valve. Trie mixing valve C, is used with the closed water heater 
and s sperated by the graduated action dew point thermostat. The seat of this valve takes intermediate positions to give 

the ?roper mixture of heated and by-passed water required. 
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the relation of all of which depend the 
fects of indoor air. 
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FIG. 8,755.—Carrier diaphragm valve. It is located in 
the steam line to the water heater, and is of the direct 
acting type, which means that it is held open by 
means of a spring, and closed when air pressure is ad-
mitted to its diaphragm motor. 

comfort and health ef 

These are: 

1. Temperature; 
2. Relative humidity 
3. Purity; 
4. Motion. 

Air conditioning ac-
complishes the simulta-
neous control of the four 
conditions enumerated. 

Any system which neg-
lects any one of these fac 
tors is not an air condi-
tioning system. Hence a 
ventilating system or a fan 
heating system which 
merely moves uncondi-
tioned air, heated air, 
cooled air, filtered air or 
moistened air, is not an 
air conditioning system. 
Such systems have their 
legitimate applications, of 
course, but are too often 
confused with or miscalled 
air conditioning systems. 
hence this distinction. 

Methods of Air Conditioning.—There are several methods 
employed for the automatic control of temperature and humid-
ity and various standard forms of apparatus are used for ac-
complishing the required purposes. The Carrier dew point 
control is here given as an illustration. 

With this control, the dew point, or saturation temperature of the air is 
automatically controlled by means of a simple expansion thermostat, ex-
posed to the air at the instant of saturation in the air conditioning machine 



8,7i,6.--Carrier central station air conditioning unit showing the automatically controlled dampers, the spray chambers, 
the fan and the water circulation system. Within this chamber the air is completely cleansed, its moisture content adjusted 
either increased or reduced. From the fan the air is delivered through the duct system to the rooms to be conditioned. 

s.i 
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itself. Thus, the absolute humidity of the air is definitely fixed in the con 
ditioning machine, because, as has been pointed out, where air is satura 
at a given temperature, it contains a given quantity of water vapor cor 
responding to that temperature. 

Obviously, any absolute humidity ( t. e., the number of grains of wa 
vapor per cu. ft. of air) can be established by adjusting the thermostat 
the corresponding temperature. 
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The saturated air leaving the machine is heated by passage through suit-
able heaters, and its dry bulb temperature is increased sufficiently to estab-
lish the required dry bulb temperature in the space being conditioned. 

The temperature of the air leaving the heaters is controlled by means of 
a second thermostat located in the room itself, and regulating the steam 
admitted to the heaters. 

WM. 8.758.—Carrier rotary strainer for removal of dirt or other foreign matter. The strainer 
is placed in the sewing tank of the conditioning machine. The suction line to the pump is 
connected to a hollow trunnion, open to the interior of the revolving screen cylinder. A 
stiff cylindrical brush revolves against the surface of the revolving screen, sweeping it cleat 
of accumulated dirt or fibrous matter. The dirt so collected by the brush is deposited in a 
small auxiliary tank, so that it does not again mingle with the water. The strainer tank 
requires cleaning about once a week, ordinarily, the operation takes not more than 15 
minutes. 

In certain instances it is permissible, during the summer season, for the 
dry bulb temperature to exceed that maintained in the winter, so long as the 
relative humidity is controlled at an approximately constant value. In such 
instances there is no provision for dehumidification, and the humidifier is 
used to effect as great a degree of cooling as possible by evaporation only. 
The dew point temperature of the air leaving the humidifier then becomes 
the same as the wet bulb temperature of the outdoor air, the dew point 
thermostat being inoperative. 
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The dry bulb temperature in the enclosure is regulated in accordance 
with the prevailing wet bulb temperature of the entering air and this regula-
tion is accomplished by means of a hygrostat located within the enclosure, 
usually adjacent to the thermostat which is used for winter control. The 
shift from the room thermostat to the room hygrostat can be made either 
manual or automatic as required. In most cases it is automatic. 
The hygrostat, which is sensitive to relative humidity, controls the dry 

bulb temperature of the enclosure by regulating the volume of air admitted. 
This avoids the use of heaters, and takes advantage of the available sun 

8,759.—Carrier fixed suction strainer, the cover open. The pump connection shows in, 
the lower left corner. 

heat, or heat from sources within the room. li the dry bulb temperature of 
the enclosure be high, the hygrostat opens the volume dampers and admits 
a greater volume of cooler air from the humidifier. 

If the dry bulb temperature be low, the hygrostat reduces the volume 
of cooler air and permits the sun's heat, or the heat from sources within 
the enclosure, to restore the desired condition. 

If in summer, a dry bulb temperature lower than that of the atmosphere 
must be maintained, a dehumidifier is provided. In this case the dehumidi-
fier acts, during the winter, as a humidifier, under dew point control, and, 
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during the summer, functions as a dehumidifier under the same dew point 
control, except that the dew point thermostat at the dehtunidifier, instead 
of regulating the steam to the water heater, regulates the three way mixing 
valve in the pump suction line, controlling the temperature of the spray 
water by admixture of the warmer water from the spray chamber settling 
tank and cold water from the refrigerating coils, or other source; and the 
room thermostat, instead of regulating the steam to the heaters, regulates 

FIG. 8,760.—Carrier washer eliminator plates. In operation, as the air leaves the spray 
chamber it passes through a set of staggered washer eliminator plates which baffle the air 
from right to left, so that it is scrubbed against the wet surfaces of the plates. The cleansing 
action resulting is extremely effective, removing practically all of the solid foreign matter 
carried in the air, including those air borne organisms of disease, mold or decay with which 
the air may be contaminated. The latter three corrugations of the plates are provided with 
lips or gutters which trap the entrained free water carried in the air stream, remove it and 
return it to the settling tank. 

the volume dampers in the supply ducts, controlling the temperature of the 
mom by means of the volume of cold, dehumidified air permitted to enter. 

The two control instruments, then, regulate the actual water vapor con-
tent of the air and its dry bulb temperature, thereby fixing its relative 
humidity. 
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FIG. MM.—Carrier aenumidifier. A, distributor plates; B, sprays; C, eliminator plates; D, outlet; E, fan connection; F, fan, 
G. fan motor; H, fan outlet connection to duct system; I, pump suction screen; J, pump suction line; K, three-way mixing 
valve; L, line from upper tank to three-way valve; M. pump; N, pump motor; O. pump discharge line; P, pot strainer; Q. 
by-pass to upper tank for quick cooling at start; R, drip troughs over baudelot coils; S, baudelot cooling coils; T refrigerant 
connections; V, air compressor for automatic control; W, overflow from lower tank; X, upper tank drain; Y. lower tank drain 
te sewer; Z. fresh water connections for make up and cleaning. 
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There arc many variations of this control, but to a general understand-
ing of air conditioning practice, n knowledge of this control is sufficient. 

In the complete conditioning of air, its purity must be main-
ined. Air conditioning machines, humidifiers and dehumidi-
ers, thoroughly wash and cleanse the air, removing practically 
11 of the solid or soluble gas impurities, and most of the aerobic 
rganisms of disease and decay. 

The cleansing effect of the Carrier air conditioning machine is produced 
by the finely divided and uniformly dense water spray and the staggered 
washer eliminator plates against which the air is baffled as it leaves the 

tos. 8,762 to 8,764.—Webster spiral mist nozzle disassembled to show construction. 

chamber. These plates are flooded with water, so that their wet surfaces 
accomplish an extremely effective cleansing action. 

Addition of Moisture to Air.—The addition of moisture to 
the air is termed humidification, and the conditioning machine, 
when functioning to add moisture to the air, is termed a 
humidifier. A humidifier is, in reality, a low pressure, low 
temperature boiler in which the water is evaporated into vapor 
and then caused to mix with the air. 

In a humidifier, the water acts as the medium which conveys heat to the 
air, and as the source of the water vapor required to saturate the heated air. 
When the temperature of the spray water is above that at which the mois-
ture in the air will condense, the conditioning machine is functioning as a 
humidifier. 
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Removal of Moisture from Air.—When the conditioni 
machine is functioning to remove moisture from the air, it i 
called a dehumidifier, and the process of removing moistur 
from the air is termed dehumidification. 
The rem Dval of moisture from the air is accomplished b 

condensation, the temperature of the air being lowered belo 
its dew point, thereby causing the excess water to condens 
and fall into the tank of the conditioning machine. 

In this case the water acts solely as a conveyor of heat from the ai 
(besides its cleansing action) and, as such, the finely divided mist is ex 
traordinarily effective (practically 100%). 

In the Carrier syste—, the dehumidifier functions either as a humidifie 
or as a dehumidifier, y `hout alteration or rearrangement, except that thL 
valves in the control line from the dew point thermostat are adjusted to 
connect the steam control to the water heater for winter operation, and to 
connect the three way mixing valve for summer operation. 

Whether the requirement is humidification or dehumidification, the 
apparatus always operates under accurate automatic control, maintaining 
the required indoor conditions winter and summer, regardless of the out-
door weather. 

Air Movement.—The effectiveness of any air conditioning 
apparatus depends as much upon the proper distribution of 
the air as upon the efficiency of the conditioning machine 
itself. 

It may be said that an air conditioning installation is no better than its 
duct system. To be effective, the conditioned air must be uniformly dis-
tributed over the entire area of the enclosure, and, especially in closed or 
dry rooms, processing rooms, the circulation must not only be uniform, 
but vigorous. 

Evaporative Cooling.—Since outdoor summer air is rarely 
fully saturated, there is usually a considerable difference be-
tween its dry bulb and its wet bulb temperature. 



Air Conditioning 1,305 

This difference is called the wet bulb depression. Due to the higher 
dry bulb temperature of summer, the wet bulb depression is greatest during 

the summer season. 
As has been explained, the wet bulb temperature is that temperature to 

which air would be cooled, by evaporation, if the air were brought into 
contact with water and allowed to absorb sufficient water vapor to become 

saturated. 
Thus, if outdoor summer air be drawn through a humidifier, wherein it 

will be completely saturated, its dry bulb temperature will be reduced to 
its wet bulb temperature, and the air will leave the humidifier at the 
outdoor wet bulb temperature. This cooling is accomplished entirely by 
evaporation, and is due to the latent heat required to convert the liquid 
water into water vapor, such conversion occurring the instant the air is 
brought into contact with the mist in the spray chamber of the humidifier, 
the heat being taken from the air. 

The spray water in the humidifier is used over and over, only that quan-
tity being added which is actually absorbed by the air. Thus, without any 
additional operating expense, a humidifier will, in summer, perform the 
function of cooling the air through the wet bulb depression. 

The wet bulb depression is often, in some localities as much as 25° or 
even 30°, and quite commonly from 10 ° to 15°, even in localities adjacent 
to great bodies of water, where the humidity is high and the wet bulb de-
pression, therefore, correspondingly low. In the vicinity of New York, for 
instance, the maximum outdoor wet bulb temperature is about 78". 

On such a day the dry bulb temperature would probably be about 90°, 
the wet bulb depression being 90°-78' = 12°. In Denver, where the maxi-
mum wet bulb is usually less than 78°, the coincident dry bulb is usually 
much higher than 90°, resulting in a greater wet bulb depression, which 
means that more cooling can be accomplished by evaporation. 

Precautions in Using the Sling Psychrometer.—This instru-
ment, shown in fig. 8,772, consists of two accurately graduated 
mercury thermometers mounted on a metal strip and equipped 
with a swivel handle or a chain to permit whirling. The ther-
mometers are known as the wet and dry bulb. 

The wet bulb is provided with a closely fitting fabric cover, usually silk, 
which serves to retain liquid and keep the bulb wet during observations. 
The dry bulb is set somewhat higher on the metal strip than the wet bulb, 
to avoid the influence of evaporative cooling. 
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To observe the wet and dry bulb temperatures of the air, 
the wet bulb is thoroughly saturated with clean water, prefer-
ably distilled. The instrument is then whirled at a rate of 
100 or more r.p.m. 

The whirling should be continued for a half or three-quarters of a minute, 
then stopped and read quickly, the wet bulb first. Record the wet and dry 
bulb readings and make, immediately. one or more subsequent observations 
to check. 

The following precautions should be observed: 

1. The wet bulb covering should be of clean, closely fitting fabric free 
from sizing or other foreign matter. 

2. Do not touch wet bulb covering with oily fingers. 

3. Use clean water, preferably distilled. 

4. If air be in motion, face the breeze while making the observation. 

5. Step froni side to side, while whirling, to prevent body influence. 

6. If observations be made out of doors, it is well to seek shade from 
direct sunlight. 

7. Be sure the wet bulb has been cooled to the minimum. 

8. The stationary wet and dry bulb hygrometer is frequently subject te 
an error greater than 20% of the wet bulb depression, and is not a reliable 
instrument. 

How to Use Psychrometric Chart.—On the chart, fig. 8,765, 
the dry bulb temperatures are shown by vertical lines, with the 
values indicated on the base line of the chart. 

The wet bulb temperatures are represented by the oblique lines with values 
indicated at their intersection with the curved line A, marked "Dew point 
or saturation temperatures." 

Dew point temperatures are represented by horizontal lines with values 
indicated at their intersections with the curved line A, marked "Dew 
point or saturation temperatures." 

NOTE.—The Draper recording hygrometer gives a permanent and continuous record 
of relative humidity over a period of one week. 
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The percentages of relative humidity are represented by converging 
curved lines with values indicated thereon. 

Any two of the above properties may be found, if the other 
two are known. The following examples and diagrams indi-
cate the methods of using the chart. 

Example 1 
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Fins. 8,766 to 8,771.—Diagrams to accompany the examples illustrating methods of using the 
psychrometri, chart. 
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Example 1.—Given: Dry bulb temperature, 70'; wet bulb temperature, 
60°. Find the percentage relative humidity and the dew point. 

Locate point of intersection of vertical line representing 70° dry bulb 
temperature with the oblique line representing 60° wet bulb temperature. 

By interpolation this point indicates the percentage of relative humidity 
as 56% and by following the intersecting horizontal line to the left to its 
intersection with curve A, the dew point is indicated as 53.4°. 

FIG. 8.772.—Two convenient forms ot the sling psychrometer. The larger instrument has 12 
in. thermometers graduated in one degree divisions. The smaller instrument, lying on the 
table, has a smaller temperature range and less open graduations, but is a convenient pocket 
type. 

Example 2.—Given: Dry bulb temperature. 80"; relative humidity, 
59%. Find the dew point and wet bulb temperature. 
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Locate the point of intersection of the vertical line representing 75° dry 
bulb temperature with the horizontal dew point line intersecting curve A, 
at 55°. This point indicates the relative humidity as 50%, and by inter-
polation the wet bulb temperature as 62.6°. 

Example 4.—Given: Relative humidity 50%; wet bulb temperature, 
60° Find dry bulb temperature and dew point. 

Locate the point of intersection of the curved line representing 50% 
relative humidity with the oblique line representing 60° wet bulb tempera-
ture. 

Reading vertically downward from this point to the dry bulb tempera-
ture scale, the dry bulb temperature is indicated as 71.8° and, reading 
horizontally to the left to curve A, the dew point is indicated as 52°. 

Example 5.—Given: Wet bulb temperature, 55 °; dew point, 50°. Find 
dry bulb temperature and relative humidity. 

Locate the point of intersection of the oblique line representing 55° wet 
bulb temperature with the horizontal line representing the dew point of 50°. 

Reading vertically downward from this point to the dry bulb temperature 
scale, the dry bulb temperature is indicated as 61.5°, and by interpolation, 
the relative humidity is indicated as 67%. 

Example 6.—Given: Relative humidity, 40%; dew point, 40°. Find dry 
bulb temperature and wet bulb temperature. 

Locate the point of intersection of the curved line representing 40% 
relative humidity with the horizontal line intersecting curve A at 40° dew 
point tempecature. 

Reading vertically downward from this point to the dry bulb tempera. 
ture scale, the dry bulb temperature is indicated as 65°, and reading 
obliquely upward to the left, along the wet bulb lines, to curve A, the 
wet bulb temperature is indicated as 52°. 

TEST QUESTIONS 

1. What is air conditioning? 

2. Define humidity. 

3. What is the difference between absolute and relative 
humidity 
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4. Which kind of humidity is important? 

5. Define the term dew point? 

6: What happens if air be cooled below the saturation 
point? 

7. Describe the wet and dry bulb hygrometer. 
8. Describe the dew point. 

9. What is the moistening effect of air? 
10. How does the drying effect of air vary? 

11. Describe the heating effect of air. 

12. Name the four items of air conditioning. 

13. Describe several methods of air conditioning. 

14. What is a unit air conditioner? 
15. What is a hygrostat? 

16. Describe the construction of washer eliminator plates. 
17. What is a de-humidifier? 

18. What name is given to the addition of moisture to air? 

19. Name an important item in air conditioning. 
20. What is a sling psychrometer? 

21. State precautions in using the sling psychrometer. 

22. How is a psychrometric chart used? 

23. Give examples showing methods of using the psychro-
metric chart. 
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CHAPTER 59 

Air Compressors 
Compressed air is air forced into a smaller space than it orig-

inally occupied, thus increasing its pressure. 

The power available from compressed air is used in many applications 
as a substitute for steam or other force as in operating rock drills, shop 
tools and engines. 

A compressor is a machine (driven by any prime mover) which 
compresses air into a receiver to be used at a greater or less distance. 
The system is not subject to the loss by condensation in the 
pipes, as is the case of carrying steam in pipes long distances. 

Air stored under pressure in a reservoir can be used expansively, in an 
ordinary steam engine returning an equivalent amount of work that was 
required to compress it, less the friction. 

The Compression of Air.—When the space occupied by a 
given volume of air is changed, both its pressure and tempera-
ture are changed in accordance with the following laws: 

Boyle's law: At constant temperature, the absolute pressura 
of a gas varies inversely as its volume. 

Charles' law: At constant pressure, the volume of a gas is 
proportional to its absolute temperature. 
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In the ordinary process of air compression, therefore, two 
elements are at work toward the production of a higher pressure: 

1. The reduction of volume by the advancing piston; 

2. The increasing temperature due to the increasing pressure 
corresponding to the reduced volume. 

GAUGE PRESSURE 
Va VOLUME 
117.6 LBS. L 

■94 

14.7 

o 

'44 VOLUME 
58 8 LBS VOLUME 

117.6 

58.8 
>e, VOLUME 

 ..„..1/4 VOLUME 

29.4 

EF 
1/2 VOLUME 

14.7 

2a4 LBS. 

UNIT VOLUME 

UNIT VOLUME 

14 LBS (ATMOSPHERIC PRESSURE) 

o  ZERO PRESSURE  

Fms 8.927 to 8,931.—Diagtam and compression stroke progressively shown illustraring 
Boyle's law. As the piston travels from position F, to R,A,L, the pressures are 14.7, 29.4, 58.8, 
117 6 ibs absolute. respectively, being Inversely proportional lo the volume. The points F, R, 
A, L, on the compression curve correspond to the piston positions F, R, A. L as shown. 
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The application of the two laws is illustrated in fig. 8,938, 
which shows a cylinder fitted with an air tight piston. If the 
cylinder be filled with air at atmospheric pressure (14.7 lbs 

A 
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D 

D 

Fins. 8,932 to 8,937.—Compression cycle illustrated by indicator diagrams and elementary 
compressor. A, beginning of intake stroke; B, intermediate position of intake stroke; C, end 
of intake stroke, note atmospheric intake line LF, and vacuum line MS; D, intermediate 
position R, of compression stroke; E, point of maximum compression, note compression 
curve FRH ; F, end of cycle, note horizontal discharge line HD, indicating discharge into 
receiver at constant pressure. 

per sq. in. absolute) represented by volume A and the piston. 
be moved to reduce the volume, say to M A, as represented by 
B, then according to Boyle's law the pressure will be trebled or 
=14.7 x3 =44.1 lbs. absolute, or 44.1 — 14.7 = 29.4 gauge 
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pressure. In reality, however, a pressure gauge on the cylinder 
would at this time show a higher pressure than 14.7 gauge pres-
sure because of the increase in temperature produced in com-
pressing the air. 
Now, in the actual work of compressing air, it should be care-

fully noted that the extra work which must be expended to over-
come the excess pressure due to rise of temperature is lost, because 
after the compressed air leaves the cylinder it cools, and the pres-

A 

VOl.r=-3.-« 

  UNITY VOLUME  

Fto. 8,938.—Elementary air compressor illustrating the phenomem. of compression as stated 
in Boyle's and Charles' laws and explained in the accompanying text. 

sure drops to what it would have been if compressed at constant 
temperature. 

Accordingly, in the construction of air compressors, where 
working i?Ificiency is considered, some means of cooling the 
cylinder is provided, such as projecting fins, or jackets for the 
circulation of cooling water. 

NOTE.—In air compressor problems careful distinction should be made between gauge 
pressure and absolute pressure, the former being the pressure as indicated by a pressure 
gauge, as distinguished from absolute pressure which is the gauge pressure plus 14 73 lbs, 
the weight of the atmosphere at sea level, when the barometer reads 30 ins, or, for ordinary 
calculations. 14.7 lbs. 
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Free Air.—By definition free air is air at ordinary atmos-
pheric pressure and temperature. 

Heat of Air Compression.—This subject has probably re-
ceived more consideration in air compressor design than any 
other. The principal losses in the earlier compressors were 
traceable to this source. Figs. 8,939 to 8.942 show why tho 
heat of compression results in a loss. 

t" 

VOLUME COLD 

VOLUME HOT 

ovt 

LOSS D'JE TO 
,1EAT OF COMPRESSION 

i:As. 8,939 to 8,942.—Diagrams and elementary compressors illustrating loss due to heat of 
compression. If no means be provided to carry off this heat, compression will be adiabatic 
as indicated by the curve It' fig. 8,939. Assuming all the heat to be carried off by the vates 
jacket (fig. 8,942) compression will be isothermal as indicated by the curve tt" fig. 8,940. 
Here both curves are shown, the shaded area representing loss. Hence in compressor 
construction provision is made to carry off as much of the heat of compression as possible. 

It should be noted that the heat of compression, as already explained, 
represents work done upon the air for which there is usually no equivalent 
obtained, since th c heat is all lost by radiation, before the air is used. 

The selection of an air cylinder lubricant is, of course, governed to a con-
siderable extent by a knowledge of the cylinder temperature it must 
withstand. 
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Knowing the air pressures, the corresponding temperatures 
are ascertained fairly accurately, as shown in the following 
table. 

Cylinder Temperatures at End of Compression 

Ale.. 
Compressed to 
Lbs. (Jauge . 

Final 
Temperature 
Single Stage 

Deg. F. 

Final I 
Temperature 
Two Stage 
Dec. F. 

10 145 _ _ _ 
20 207 
30 255 __ _ 
40 302 
50 339 iiiii 
60 375 203 
70 405 214 
80 432 224 
90 459 234 
100 485 243 
110 507 250 
120 529 257 
130 550 265 
140 570 272 
150 589 279 
200 672 309 

, 250 749 331 

This table gives the final temperature in the cylinder at the end of the 
compression stroke, for single stage, also for two stage (or compound) com-
pression, when the free air entering the cylinder is 60° Fahr. 

Variations from these temperatures will occur in actual practice due to 
water jacketed air cylinders and radiation, tending to lower the tempera-
ture at the higher pressures. However, at say, 50 lbs. pressure and lower,, 
the heat is likely to be somewhat greater than given by the table, particu-I 
larly if the compressor be run at high speed and also if it be not water 
jacketed. 

Methods of Abstracting the Heat of Compression.—Since 
the heat of compression results in a loss, various methods have 
been devised to carry off this heat so that the temperature of 
the air during compression will remain as near constant as 
possible. 
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The two important methods are known as: 

1. Wet compression; 

2. Dry compression. 

In the earlier compressors, compression was accomplished in one stage 
to single cylinder machines, and the heat of compression was removed by 

FIG. 8.943.—Sullivan angle-compound compressor direct connected to electric motor. Recent 
improvements in synchronous motors have made it possible to employ a simple and compact 
design of direct connected motor drive on angle-compound compressors. The rotor is 
mounted directly on the crank shaft close to the compressOr Lraine, allowing sufficient room 
for getting at the hearing boxes. 
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injecting water into the cylinder in the form of a spray; or, in another type, 
the water was used as a piston for compressing. 

The spray injection cylinder has now given way almost entirely in this 
country to the dry or jacketed cylinder. 

The advantage of spray injection is higher thcrmal efficiency but from a 
commercial point of view its efficiency is not so high as with dry compres-
sion, for the water in the cylinder prevents proper lubrication, and the 
impurities therein attack the cylinder walls. 

FIGS. 8.944 and 8,945.—Sullivan "wafer" valves. Fig. 8,944 valves and port arrangement for 
angle-compound compressors; fig. 8,945, cylinder head showing arrangement of wafer valves. 
The inlet and discharge valves are seated in pairs in tandem, one pair in each port, providing 
large valve area and small clearance space. They co nxist of thin fiat rings resting on ground 
seats of the same shape. These valves are fully automatic. They are held to their seats by 
air pressure and are returned after opening by annular springs of the same size and material 
as the valves themselves. One spring is used on each inlet valve and two springs nested 
together on the discharge valves. 

In dry compression a jacketed cylinder is provided and cold water cir-
culated through the jacket which keeps the cylinder walls sufficiently 
cool so that proper lubrication is not interf red with and all other disad-
vantages of the wet compressor are obviated. 
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Single Stage and Two Stage Compressors.—In a single stage 
compressor the air is compressed to the desired pressure in one 
operation; or, in other words, the air is taken into the air 
cylinder at zero gauge pressure (that is, atmospheric pressure 
or 14.7 lbs. per sq. in.) and compressed with one stroke of the 
piston to the desired pressure. It is then discharged directly 
into the air receiver. 

%rms. 8,946 to 8,951.—Sullivan wafer air valves and parts. When placing these valves in chi 
beads, be sure that the inlet valves come up to the seats; to do this make sure that the cap 
bolt heads on the inlet valve guards clear the ribs on the discharge valve seats; by turning 
the valve slightly this position can easily be found. 

In a two stage compressor the desired pressure is reached in two opera-
tions, and two separate cylinders are required. The air is taken into the 
low pressure (large) cylinder and compressed to an intermediate pressure, 
whence it is passed through an intercooler to the high pressure (small) 
cylinder, in which the compression to the desired pressure is completed. 

The principal advantage of compound compression over 
simple compression is the reduction of the loss due to the heat 
of compression. 
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This is due to the fact that more time is taken to compress a certain 
volume of air, and that this air while being compressed is brought into 
contact with a larger percentage of jacketed surfaces. 

Other important advantages due to compounding may be 
enumerated as follows: 

1. Cooler intake air; 

2. Better lubrication; 

3. Reduction of clearance losses; 

4. Lower maximum strains and nearer uniform resistance. 

The temperature of air leaving the intake cylinder being low, the cooling 
influence of the jacket is better, the cylinder walls are cooler between 
strokes, and the air enters the cylinder cooler than in a single stage com-
pressor. 

The lubricant for cylinders and valves is not subject to the pernicious 
influence of high temperatures; and the clearance losses, or losses due to 
dead spaces, are less in a compound compressor than in a simple compressor. 

Clearance loss in an air compressor is principally a loss in capacity, and 
therefore affects only the intake cylinder; it increases with the terminal 
pressure, but since the terminal pressure of the intake or low pressure 
cylinder of a compound compressor is much less than the terminal pressure 
of a simple compressor, the volumetric efficiency of the compound com-
pressor is greater than that of the simple compressor. 

The life of a compound compressor is longer than that of a simple com-
pressor for like duty, due to better distribution of pressures. 

More heat is generated in compressing to a high pressure than a low 
pressure. Up to a pressure of about 60 lbs. per sq. in. it is not practical to 
remove this heat, and single stage compressors should be used. Above 60 
lbs. a two stage compressor will not only deliver more air than a single 
stage compressor of equal size, but will consume less power. 

NOTE.—Air cooling.—Hot air in the cylinder of an air compressor means a reduction 
in the efficiency of the machine. The trouble is that there is not sufficient time during the 
stroke to cool thoroughly by any available means. Water jacketing is the generally accepted 
practice, but it does not by any means effect thorough cooling. The air in the cylinder is 
so large in volume that but a fraction of its surface is brought in contact with the jacketed 
parta. Air is a bad conductor of heat and takes time to change its temperature. The piston 
while pushing the air toward the head, rapidly drives it away from the jacketed surfaces so 
that little or no cooling takes place. 
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Inter-coolers.—By definition an inter-cooler is a species of 
surface condenser placed between the two stages of a compound air 
compressor so that the heat of compression liberated in the 
first cylinder may be removed from the air as it passes to the 
second or high pressure compression cylinder. 

The cooling surface usually consists of nests of small brass or copper tubes 
through which water circulates. 

FIG. 8,952.—Ingersoll-Rand horizontal after cooler. The arrows show the course of the air or 
gas. The moisture separator is in the base below the right hand end of the lower tube nest. 

After-coolers.—Moisture in compressed air or gas is costly 
and annoying. Carried into the lines in the form of vapor, it 
condenses when cooled and has many harmful effects. In 
compressed air, it washes away lubricant from the tools and 
machines through which it passes. It freezes in valves, ports 
and other openings because of the sudden expansion of the air. 
It hastens corrosion of all metal that it reaches and hastens 
the decay of rubber hose. 
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In the case of compressed gas for distribution, it is one of the leading 
causes of line and meter troubles. 

Removal of moisture before the air or gas is introduced into the lines in 
the best method of procedure. This can be done effectually by an after-
cooler which cools the air (or gas) to a point where most of the moisture and 
oil condense and can be removed. 

This is accomplished by bringing the air (or gas) into contact with pipes 
through which cooling water is constantly circulated. This not only elim-
inates the difficulties which moisture causes at points where the air is used, 
but also insures more effective distribution. 

The air leaves the after-cooler at a uniform and relatively low tempera-
ture, thus obviating the alternate lengthening and contraction of lines 
previously referred to. 

With efficient after-coolers, sufficient moisture is removed to 
satisfy most applications of air, and no further care need be 
exercised. 

Where the air is used for such purposes as paint spraying, enameling, 
food preparation, and the like, further drying of the air can be effected by 
passing it through special separators immediately before it is used. These 
remove the moisture which may condense due to further cooling of the air 
in pipe lines following the cooler. 

Piston Displacement.—The displacement of a compressor is 
the volume displaced or swept through by the piston during the 
compression stroke. It is not a measure of the amount of air 
which the compressor will actually deliver. 

Actual Air Delivered.—The amount of air actually delivered 
by the compressor is always less than the piston displacement 
and is the amount of air available for useful work. It is ex-
pressed in Cu. ft. per minute of free air. 

Volumetric Efficiency.—By definition, volumetric efficiency 
is the ratio of the actual air delivered to the piston displacement. 
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For instance, if a compressor have a displacement of 20 Cu. ft. per minute 
and the actual air delivered be 16 cu. ft. per minute, its volumetric efficiency 

. 16 
is 2-0 =80%. 

Pressure Regulators.—Because of varying and intermittent 
demands for compressed air, some form of pressure regulator 
is necessary to maintain a constant pressure in the receiver. 

Various methods are employed depending on the type of 
compressor, drive, and other conditions. 
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Fin. 8,953—Sullivan air or gas after cooler. 
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In the case of power driven machines which run at constant speed some 
form of "unloader" is employed which closes the inlet pipe or connects the 
two ends of the cylinder when the receiver pressure reaches the maximum 
point desired. 

Duplex steam driven machines, which have a wider range of speed, may 
often obtain sufficient air regulation by simply varying the speed by means 
of a throttling or automatic governor attached to the engine. 
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flos. 8,954 and 8,955.—Sullivan type R. C. pilot valve. l'he parta are: 1, body; 2, piston; 3, cap; 4, vent adjusting screw 
5, stem; 6, adjusting screw; 7, lock nut; 8, lever with hand unloader; 9, spring; 10, spring hook; 11, adjusting nut. In opera-
tion, the pilot valve delivers receiver pressure to the unloading device at predetermined maximum receiver pressure to unload 
compressor and at predetermined minimum receiver pressure it shuts off receiver pressure and exhausts all pressure in uuloader 
device to load compressor. The cycle is repeated as receiver pressure rises and falls. 
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When the conditions are more exacting, as in mining operations, a com-
bined speed governor and =loader is used. 

Among other methods of regulation may be mentioned the shifting of the 
driving belt in the case of small power machines; the starting and stopping 
of the motor of electrically driven compressors used in connection with air 

brake systems; and the varying of the 
clearance on the compressor as the load 
changes. All of these devices operate 
automatically through changes in the 
receiver pressure. 

8,9:>6.—Sullivan unloading device with pilot valve for air intake conduit. It consists ot 
a double beat valve, placed on the air inlet duct, and controlled by a pilot valve. The valve 
is set to shut off all the incoming air from the compressor when the receiver pressure rises 
above a predetermined point; that is, when the demand for air drops away. The compressor 
then runs under no load except that due to friction, compressing no air, and reducing the 
consumption of power to a very low factor. When the demand for air begins once more, 
that is, when the pressure in the receiver falls below the point at which the unloading device 
is set to act, the valve again opens fully, and the compressor automatically resumes its 
entire load until the demand for air again ceases, when the cycle of operation, just described, 
is repeated. The pilot valve may be adjusted to maintain any desired pressure in the air 
receiver. 

8,957.—Sullivan auxiliary control valve. This works independently of but co-ordinating 
with the unloader. In operation when the low pressure unloading valve has been on a few 
revolutions, and the high pressure cylinder has pumped out the inter-cooler, the auxiliary 
control valve on the high pressure cylinder provides that any air which may have leaked into 
the machine is exhausted. All chances of building up excessive heat and pressure in a closed 
circuit in and on crosshead pins, crank pins, guides, etc., are eliminated. 
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Fm. 8,958.—Sullivan diagram for automatic start and stop control of direct connected syn-
chronous motors, when time delay relay is used. 
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P. 8,959.—Sullivan diagram for automatic start and stop control of direct connected syn-
chronous motors, when time delay relay is not used. 
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Prevailing types are shown in the accompanying illustrations. 

Automatic Start and Stop Control.—As an example of this 
method with direct connected synchronous motor drive, two 
diagrams are shown, figs. 8,958 and 8,959. 

In the diagram 8,959, the control consists of the regular 
automatic starter operated by a start and stop push button. 

8,960.—Sullivan close connected belt driven air compressor showing idler pulley and air 
filter on air inlet. 

The automatic starter is an essential part of the equipment and must be 
substituted for the manually operated starter regularly used with slip ring 
induction, squirrel cage or d.c. motors. To this is connected, as indicated 
in the diagram, an electric pressure switch, a definite time delay relay and 
another push button, which cuts in and out at will the automatic start and 
stop operation. Two types of pressure switches are available. 
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Fin. 8.961.—Piping diagram for Ingersol-Rand stationary direct connected electric motor 
driven air compressor arranged for constant speed operation. 
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Fin. 8.962.—Piping diagram for Ingersoll-Rand stationary direct connected electric motor 
driven compressor arranged for automatic start and stop control. 



Air Compressors 1,331 

The diaphragm type is operated by a diaphragm and has a 
differential in pressure between stopping and starting. 
The gauge type is operated by a Bourdon tube and has a 

small differential pressure. They are interchangeable. 

N LE.T 

AIR 
DISCHARGE 

AIR 
RECEIVER 

AIR SEALED 
UNLOADER 

AUXILIARY 
VALVE 

Pm. 8,963.—Ingersoll-Rand unloader for stationary direct connected electric motor drives 
compressor arranged for constant speed operation. See fig. 8,964 for operation. 

The definite time relay provides a means for unloading the compressor 
before stopping or starting and is to be recommended in most cases. It is 
required with all short belt idler drives with multi-step control. 

When the definite time relay is omitted, the wiring is as in fig. 8,959. 
This equipment controls the pilot valve with solenoid. 
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The equipment will run by hand or automatic control, depending on the 
position of the maintaining contact push button station used as change over 
switch. 

When operating on hand control, that is, with the button marked hand, 
on the maintaining contact switch depressed, the motor is controlled by the 
regular start-stop push button. In this condition, the compressor will load 
and unload as governed by the setting of the =loader. 

When starting, the compressor will load after the motor is up to speed 
and will unload simultaneously with the power being thrown off the motor 
when the stop button is depressed. 

When the automatic button of the maintaining contact push button 
station is depressed, the regular start-stop push butt= station mentioned 
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Fm. 8.964.—Enlarged View of auxiliary valve 
shown in fig. 8,963. Constant speed control: 
With the compressor operating under normal 
conditions, it builds up pressure in the air re‘ 
teiver unta maximum des:red pressure is 
reached. The auxiliar:. valve B, drops to the 
lower seat, opening up the passage and ad-
mitting receiver pressure to the air-sealed un-
loader. Receiver pressure applied to the un. 
loader overcomes the resistance of spring 1111, 
and forces the plunger E, down, holding open 
the inlet valve H. Thus the compressor is 
unloaded, since no air can be compressed and 
discharged to the receiver. When the pres-
sure in the air receiver has fallen approxi-
mately 10 lbs. the auxiliary valve B, is forced 
to its upper seat by the spring, closing the air 
passage between the receiver and unloader. 
This releases the pressure over the unloader 
bellows to atmosphere. The spring M, in the 
unloader now raises the plunger E, and the 
inlet valve is free to open and close. Thus 
the compressor is loaded and air is again com-
pressed and discharged to the receiver. The 
normal operating pressure between unloading 
and reloading points is usually 90 to 100 lbs. 
giving a range of 10 lbs. This can be varied 
slightly by adjusting the auxiliary valve. 
Operation of auxiliary valve: Air enters the 
auxiliary valve from the receiver through 
piping A, passing through a strainer and 
screen. When the air pressure reaches say 100 
lbs. this pressure acting downward on the valve 
B, overcomes the upward push of the spring, 
and the valve B, starts downward. In this posi-
tion the additional surface at E, is momentarily 
exposed to receiver pressure, quickly forcing 
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before, is removed from the control circuit and the pressure governor sub-
stituted. The equipment will then start and stop automatically, governed 
by the setting of the pressure governor. 
A similar sequence of starting and stopping is obtained by the pressure 

governor control in that the compressor will load after the motor is up to 
speed and unload when power is cut off from the motor. 

so RECEIVER 
PRESSURE 

8,965.--Magnetic unloader for Ingersoll-Rand stationary direct connected electric motor 
driven compressor arranged for start and atop control. The =loader is wired in parallel 
with the last step of the controller so as to load the compressor only after motor has attained 
full speed and full voltage conditions. When the last contact on the controller is made, 
electric current energizes the solenoid, which raises the weight suspended beneath it. Acting 
through the lever M, this drops the pin A, and unseats the ball valve B. There is a pin C, 
between the upper and lower ball valves of such length that when one ball is unseated the 
other is permitted to seat. In shutting down, the solenoid is de-energized and the weight 

FIG. 8,964.—Text continued. 
valve B, to the lower valve seat. Receiver pressure against the larger area now exerts a 
total force which more than makes up for the additional force exerted by the spring through 
being compressed. With the valve D, on the lower seat, pressure from the receiver passes 
freely out piping D, to the =loaders. When the receiver pressure has dropped about 10 lbs. 
then the force that the air is exerting downward on the valve is less than the spring is exert-
ing upward and the valve returns to the upper seat. With the valve in the upper position 
there is an open passage from the =loaders to atmosphere. This passage is through piping 
D, past the slots F, and down the valve spring guide. With the escape of air from the 

ffleoaders to atmosphere, the compressor resumes its load. 
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8,966.—Sullivan oiling system for angle compound compressor. In operation the oil 
pump forces the oil from the crank chamber up the standpipe, into the reservoir. From the 
standpipe the oil is distributed through branch pipes to the various bearings to be oiled. 
Adjustable sight feeds are attached at each of these points in order that the flowing stream of 
oil may be watched and adjusted at all times. The surplus oil is returned to the crank 
chamber through the overflow pipe. When the compressor stops, the oil contained in the 
standpipe and reservoir is prevented draining back into the crank chamber by suitable check 
valves, thus insuring an immediate flow of oil to the bearings when the compressor is again 
started. 
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F,o. 8,965.—Text continued. 

drops down. This moves the pin A, up, holding the ball valve B, tight against its seat. 
This forces the pin C, up, unseating the upper ball D, Unseating the ball D. opens the passage 
so that the receiver pressure is admitted to the unloaders. When lasll D, is seated this 
passage is closed off and ball B, is unseated, opening a passage from the unloaders to atmos-
phere. When the receiver pressure rises above that for which the pressure switch is set, 
the switch cuts out and the motor and compressor stop. At the time the solenoid is de-
energized, the weight drops and lever M, pushes up on pin A, until the ball valve B, is 
seated. Discharge pressure is now admitted past ball D; going to the unloaders and acting 
through the bellows, it holds the inlet valves open. Thus the compressor stops in an unloaded 
condition. When the receiver pressure drops below that for which the pressure switch is set, 
the switch cuts in and the motor and compressor are started up. When the last contactor in 
the controller is reached the solenoid is energized, lifting up the weight and moving lever M. 
so that the pin A, drops down and the ball valve B, is unseated. Until this time the com-
pressor has been starting up unloaded; that is, with the inlet valves held open. With 
the lower ball unseated and the upper one seated, receiver pressure is cut off and the air in the 
unloaders exhausts to atmosphere through the unloader, permitting the inlet valves to oper-
ate and the compressor to discharge air. Pressure in the receiver now builds up ;nail the 
pressure switch cuts out again, thus completing the cycle. By hooking the solenoid in 
with the last step in the controller, the compressor starts up unloaded, and remains unloaded 
until the motor has attained full speed. 
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Three Stage Air Compressors.—These are used for extra 
high pressure air. Taking the Ingersoll-Rand three stage com-
pressor as an example, the low pressure air cylinder of three 
stage compressors is double acting, while the intermediate n.nd 
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8,967.—Curves showing moisture remaining in saturated air or gas when compressed to 
any pressure and cooled to temperature shown. Example: Saturated air at 80 ° at com-
pressor intake (01b.) contains 1.57 lbs. of moisture per 1,000 Cu. ft. Compressed to 100 lbs. 
and cooled to 80 ° with 65 ° water the air contains only .20 lb. per 1,000 Cu. It. or 13% of the 
moisture originally taken into the compressor. The rest, has been condensed in the inter-

cooler (if used) and the after cooler. 

high pressure air cylinders are single acting. The low pres-
sure cylinder is supported by a foot piece. Inlet valves are 
of the direct lift, poppet type, and discharge valves are of the 

cushioned direct lift poppet type. 
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All three air cylinders, as well as the steam cylinder of steam driven 
units, are oiled by means of a force feed lubricator having separate feeds to 
each cylinder. 

The standard construction on three stage compressors, both belt and 
steam driven, also includes a cast iron box type sub-base, which extends 
under the entire machine. 

An inter-cooler is located above and between the low pressure and inter. 
mediate air cylinders, while a second inter-cooler of coil construction i9  
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8,968.—Sullivan unloading device with pilot valve on air intake conduit. 

8,969.—Detail of Sullivan pilot valve and piping, handle (down) in loading position 
(horizontal for starting). 

located in the sub-base between the intermediate and high pressure air 
cylinders. Separators remove the condensed moisture from the air before 
it enters the second stage of compression. 

Control Methods.—Since the power driven compressor is 
almost always a constant speed machine various methods of 
regulation are employed. Constant speed means constant 
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piston displacement; the problem of delivering a variable 
volume of air with constant piston displacement, becomes one 
of making a portion of that displacement non-effective in the 

compression and delivery of air. 

The following methods should be noted: 
First method.—This is really one of unloading, rather than of regu. 

Eating. A pressure controlled mechanism is arranged so that when pressure 
exceeds normal, a communication is opened between the two sides of the corn-

Esa. 8,970.—Sullivan straight line center crank, single stage belt driven compressor. 

pressor piston. Usually this is accomplished by opening and holding open 
one or several of the discharge valves at both ends of the cylinder, the air 
is then simply swept back and forth from one side of the piston to the other 
through the open valves and the air discharge passage. 
When normal pressure is restored, the valves are automatically closed, 

and compression and delivery are resumed. Evidently this is practically a 
total unloading of the machine for a longer or shorter period—a sudden 
release from load and a sudden resumption of load. Moreover, the air which 
is swept back and forth by the piston in its travel is air under full pressure; 
so that when the discharge valves suddenly close, the piston at once 
encounters a full cylinder of air at maximum pressure. These facts limit 
regulators of this class to machines of comparatively small capacity. 
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L.F? CARDS 

PoLI Load--100% CapacIty:"100% Indicated Hp. 

Three-Quuter Load-75% Capacity; 76 to 77% Indicated Hp. 

One-Halt Load-.-50% Caparity.„53 to 53% badkated Hp. 

One-Quarter Load- 25% CaracitY: to 29% Indicated Hp. 

No Load—O% Capacity; 3 to 5% Indicated Up.-

FIGS. 8,971 to 8,980.—Indicator cards showing operation of clearance control at five load point,. 

NOTE.—Clearance control regulation for Ingersoll-Rand compressors. This control 
automatically regulates the capacity of the compressor in five equal steps; namely, full, %. 
h and no load, keeping the power input approximately in proportion to the amount of 

air delivered at the compressor discharge. It further maintains a nearly uniform crank effort, 
not only at full load, but at all partial loads, thus eliminating the necessity for extremely 
heavy fly wheels required by other types of part load regulation where the crank effort is 
not kept uniform. Each cylinder is equipped with four clearance pockets, two at each end. 
With a two stage machine the volume of the clearance pockets in the 'nigh pressure cylinder 
bears the same relation to the volume of the low pressure clearance pockets as the cylinder 
ratio. On the single stage machine with two cylinders, the clearance pockets in both cylin-
ders have the same volume. Each of these pockets is equipped with a balanced clearance 
valve. The regulating device which is automatically controlled from receiver pressure is built 
with four pilot valves, which operate in succession to control the opening Pad closing of the 
clearance pocket valves in the proper sequence. If the compressor be running at full load 
and rated discharge pressure and the demand for air decreases, the receiver pressure will 
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Second method.—By means of a pressure operated device, the partial or 
total closing of the compressor intake under reduced load is accomplished. To 
avoid the dangers attendant upon such an operation acting suddenly, 
these devices are provided with some damping mechanism so that they are 
compelled to operate slowly, making the release or resumption of the load 

gradual. 
Third method.—This is very similar to the first, except that here the 

inlet valves, instead of the discharge valves, are held open when the machine is 
unloaded, the piston thus simply drawing in and forcing out air at atmos-
pheric pressure. It is open to the same criticism (though in somewhat less 
degree) as the first method, namely, undue shock and strain on release and 
resumption of load. 

Fourth method.—A pressure controlled valve is here used on the com-
pressor discharge of single stage machine, combining also the functions of a 
check valve to limit the escape of air from the receiver or air line. Excessive 
pressure blows the discharge to atmosphere, instead of into the line. This 
arrangement is also used on two stage machines by placing it on the low 
pressure discharge to the inter-cooler. Then, when the governor valve is 
opened by excess pressure, the low pressure cylinder discharges to atmos-
phere, and the high pressure cylinder acts simply as a low pressure cylinder 
with intake at atmospheric pressure. 

This device is more of a relief valve than an unloader, for the piston must 
continue to compress to a pressure which will open the discharge valves; 
this volume of compressed air is wasted. 

Fifth method.—Provides auxiliary clearance spaces, or pockets, at each 
end of the cylinder, which are successively "cut in" as load diminishes. The 
excess air is simply compressed into these clearance spaces and expanded on 
the back stroke. The capacity of the cylinder is reduced without any 
appreciable waste of power; for the energy used in compressing the clearance 
air is given back by its expansion. 

NOTE.—Continued. 

tend to rise until, at a predetermined point the clearance regulator functions to open the first 
set of clearance pockets; that is, one clearance pocket in each cylinder. In this manner ap-
proximately 25% of the air being compressed will pass into the clearance pockets, cutting 
the capacity of the machine to 75% of its full capacity rating. On the return stroke, the 
sir thus trapped in the clearance pockets expands again, giving up its power to the pistons. 
Similarly, if the demand for air continues to decrease, the second set of pockets open, cut-
ting the capacity of the compressor to 50%, etc., until, with all the pockets open, the ma-
chine is completely unloaded and no air is delivered to the receiver. 
NOTE.—Three things are to be avoided in the successful unloader or regulator fog 

power driven machines; first, a sudden release or resumption of load, throwing heavy strains 
on the machine; second, undue rarefication of the intake air, resulting in a wide range of cylin-
der pressures and temperatures; third, the blowing off of compressed air to the atmosphere 

with a waste of Dower 
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TEST QUESTIONS 

1. State Boyle's and Charles' Law. 

2. What is the difference between absolute and gauge 
pressure? 

3. What is free air? 
4. What happens when air is compressed? 
5. Describe two methods of removing the heat of corn, 

pression. 
6. What is the object of two stage compression? 
7. Describe the construction of compressor valves. 
8. What are the advantages due to compounding? 
9. What is an inter-cooler? 

10. What is the difference between an inter-cooler and an 
after-cooler.2 

11. What is the piston displacement of a compressor? 
12. Define volumetric efficiency. 
13. Describe the various methods employed for pressure 

regulation. 
14. What is a pilot valve used for? 
15. What is the function of a start and stop by pass? 
16. Describe automatic stop and start control. 
17. Describe the connections of an automatic starter. 
18. Describe the method of constant speed control. 
19. How does a magnetic unloader work? 
20. What are three stage air compressors used for? 
21. Describe the five control methods in general use. 
22. Sketch indicator cards, illustrating clearance control. 
23. Name three things to be avoided with unloaders. 
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CHAPTEk 6o 

Radio Principles 

Questions and Answers 
What is meant by an "A" power supply? 

Ans. A power supply device providing heating current for 

the cathode of a vacuum tube. 

What is an alternating current? 

Ans. A current, the direction of which reverses at regularly 
recurring intervals, the algebraic average value being zero. 

What is meant by amplification factor? 

Ans. A measure of the effectiveness of the grid voltage rela-
tive to that of the plate voltage in affecting the plate current. 

Describe an amplifier. 

Ans. A device for increasing the amplitude of electric cur-
rent, voltage or power, through the control by the input power 
of a larger amount of power supplied by a local source to the 

output circuit. 

What is an anode? 

Ans. An electrode to which an electron stream flows. 
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What is an antenna? 

Ans. A conductor or a system of conductors for radiating or 
receiving radio waves. 

What is meant by the term atmospherics? 

Ans. Strays produced by atmospheric conditions. 

Describe what is meant by attenuation. 

Ans. The reduction in power of a wave or a current with 
increasing distance from the source of transmission. 

What is the approximate length of audio frequency waves? 

Ans. A frequency corresponding to a normally audible 
sound wave. The upper limit ordinarily lies between 10,000 and 
20,000 cycles per second. 

What is an audio frequency transformer? 

Ans. A transformer for use with audio frequency currents. 

What is meant by autodyne reception? 

Ans. A system of heterodyne reception through the use of 
a device which is both an oscillator and a detector. 

Describe an automatic volume control device. 

Ans. A self-acting device which maintains the output con-
stant within relatively narrow limits while the input voltage 
varies over a wide range. 
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What is meant by a "B" power supply? 

Ans. A power supply connected in the plate circuit of a 
vacuum tube. 

Describe and give the function of a "Baffle." 

Ans. A partition which may be used with an acoustic radi-
ator to impede circulation between front and back. 

Describe a band-pass filter. 

Ans. A filter designed to pass currents of frequencies within 
a continuous band limited by an upper and a lower critical or 
cut-off frequency and substantially reduce the amplitude of 
currents of all frequencies outside of that band. 

What is meant by the ierm "Beat"? 

Ans. A complete cycle of pulsations in the phenomenon of 
beating. 

What is meant by beat-frequency? 

Ans. The number of beats per second. This frequency is 
equal to the difference between the frequencies of the combining 
waves. 

What is meant by the term beating? 

Ans. A phenomenon in which two or more periodic quanti-
ties of different frequencies react to produce a resultant having 
pulsations of amplitude. 

What is meant by broadcasting? 

Ans. Radio transmission intended for general reception. 
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Describe a by-pass condenser. 

Ans. A condenser used to provide an alternating current 
path of comparatively low impedance around some circuit 
element. 

What is meant by a "C" power supply? 

Ans. A power supply device connected in the circuit be-
tween the cathode and grid of a vacuum tube so as to apply a 
grid bias. 

What is meant by a capacity coupling? 

Ans. The association of one circuit with another by means 
of capacity common or mutual to both. 

Describe a carbon microphone. 

Ans. A microphone which depends for its operation upon 
the variation in resistance of carbon contacts. 

Describe the meaning of the term carrier. 

Ans. A term broadly used to designate carrier wave, carrier 
current or carrier voltage. 

What is meant by carrier frequency? 

Ans The frequency of a carrier wave. 

What is meant by carrier-suppression? 

Ans. That method of operation in which the carrier wave in 
not transmitted. 
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What is a carrier wave? 

Ans. A wave which is modulated by a signal and which en-
ables the signal to be transmitted through a specific physical 
system. 

What is a cathode? 

Ans. The electrode from which the electron stream flows. 

Describe and give the function of a choke coil. 

Ans. An inductor inserted in a circuit to offer relatively 
large impedance to alternating current. 

Describe a condenser loud speaker. 

Ans. A loud speaker in which the mechanical forces result 
from electrostatic reactions. 

Describe a condenser microphone. 

Ans. A microphone which depends for its operation upon 
variations in capacitance. 

What is meant by continuous waves? 

Ans. Continuous waves are waves in which successive cycles 
are identical under steady state conditions. 

Define the meaning of Conversion transconductance. 

Ans. The ratio of the magnitude of a single beat-frequency 
component ( fi f2) or ( fi — f2) of the output current to the mag-
nitude of the input voltage of frequency fi under the conditions 
that all direct voltages and the magnitude of the second input 
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alternating voltage f2 must remain constant. As most pre-
cisely used, it refers to an infinitesimal magnitude of the 
voltage of frequency fi. 

Describe a converter generally as applied to super-heterodyne 
receivers. 

Ans. A converter is a vacuum tube which performs simul-
taneously the functions of oscillation and mixing (first detec-
tion) in a radio receiver. 

What is meant by coupling? 

Ans. The association of two circuits in such a way that 
energy may be transferred from one to the other. 

What is meant by cross modulation? 

Ans. A type of intermodulation due to modulation of the 
carrier of the desired signal in a radio apparatus by an unde-
sired signal. 

What is meant by current amplification? 

Ans. The ratio of the alternating current produced in the 
output circuit of an amplifier to the alternating current supplied 
to the input circuit for specific circuit conditions. 

What is a cycle? 

Ans. One complete set of the recurrent values of periodic 
phenomenon. 

What are damped waves? 

Ans. Waves of which the amplitude of successive cycles at 
the source, progressively diminishes. 
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What is a decibel? 

Ans. The common transmission unit of the decimal system, 
equal to 1/10 bel. 

E1 Ii 
1 bel = 2 log10 E2 = 2 log10-- 

12 

'What is meant by detection? 

Ans. Any process of operation on a modulated signal wave 
to obtain the signal imparted to it in the modulation process. 

What is a detector? 

Ans. A device which is used for operation on a signal wave 
to obtain the signal imparted to it in the modulation process. 

Describe a diode vacuum tube. 

Ans. A type of thermionic tube containing two electrodes 
which passes current wholly or predominantly in one direction. 

What is meant by direct capacitance (C) between two con-
ductors? 

Ans. The ratio of the charge produced on one conductor by 
the voltage between it and the other conductor divided by this 
voltage, all other conductors in the neighborhood being at the 
potential of the first conductor. 

What is meant by direct coupling? 

Ans. The association of two circuits by having an inductor, 
a condenser, or a resistor common to both circuits. 
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What is a direct current? 

Ans. An unidirectional current. As ordinarily used, the 
term designates a practically non-pulsating current. 

Describe what is meant by distortion. 

Ans. A change in wave form occurring in a transducer or 
transmission medium when the output wave form is not a faith-
ful reproduction of the input wave form. 

What is meant by double modulation? 

Ans. The process of modulation in which a carrier wave of 
one frequency is first modulated by the signal wave and is then 
made to modulate a second carrier wave of another frequency. 

Describe an R.C.A. dynamic amplifier. 

Ans. This is a variable gain audio amplifier, the gain of 
which is proportional to the average intensity of the audio sig-
nal. Such an amplifier compensates for the contraction of 
volume range required because of recording or transmission 
line limitations. 

What is meant by the dynamic sensitivity of a phototube? 

Ans. The alternating current response of a phototube to a 
pulsating light flux at specified values of mean light flux, fre-
quency of pulsation, degree of pulsation, and steady tube 
voltage. 

What is an electro-acoustic transducer? 

Ans. A transducer which is actuated by power from an 
electrical system and supplies power to an acoustic system or 
vice versa. 
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Describe what is meant by electron emission. 

Ans. The liberation of electrons from an electrode into the 
surrounding space. In a vacuum tube it is the rate at which 
the electrons are emitted from a cathode. This is ordinarily 
measured as the current carried by the electrons under the in-
fluence of a voltage sufficient to draw away all the electrons. 

What is an electron tube? 

Ans. A vacuum tube evacuated to such a degree that its 
electrical characteristics are due essentially to electron emission. 

What is meant by emission characteristics? 

Ans. A graph plotted between a factor controlling the emis-
sion (such as the temperature voltage or current of the cathode) 
as abscissas, and the emission from the cathode as ordinates. 

What is meant by facsimile transmission? 

Ans. The electrical transmission of a copy or reproduction 
of a picture, drawing or document. This is also called picture 
transmission. 

What is fading? 

Ans. The variation of the signal intensity received at a given 
location from a radio transmitting station as a result of changes 
occurring in the transmission path. 

What is meant by fidelity? 

Ans. The degree to which a system, or a portion of a system, 
accurately reproduces at its output the signal which is impressed 
upon it. 
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What is a filament? 

Ans. A cathode in which the heat is supplied by current 
passing through the cathode. 

Generally define and give the function of a filter. 

Ans. A selective circuit network, designed to pass currents 
within a continuous band or bands of frequencies or direct cur-
rent, and substantially reduce the amplitude of currents of un-
desired frequencies. 

What is meant by the term frequency? 

Ans. The number of cycles per second. 

Describe a full- wave rectifier. 

Ans. A double element rectifier arranged so that current is 
allu'ved to pass in the same direction to the load circuit during 
each half cycle of the alternating current supply, one element 
functioning during one-half cycle and the other during the 
ncxt half cycle, and so on. 

What is meant by fundamental frequency? 

Ans. The lowest component frequency of a periodic wave or 
quantity. 

What is meant by fundamental or natural frequency of an 
antenna? 

Ans. The lowest resonant frequency of an antenna, without 
added inductance or capacity. 
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What is a gas phototube? 

Ans. A type of phototube in which a quantity of gas has 
been introduced usually for the purpose of increasing its 
sensitivity. 

What is a grid? 

Ans. An electrode having openings through which electrons 
or ions may pass. 

What is meant by grid bias? 

Ans. The direct component of the grid voltage. 

What is a grid condenser? 

Ans. A series condenser in the grid or control circuit of a 
vacuum tube. 

What is a grid leak? 

Ans. A resistor in a grid circuit, through which the grid 
current flows, to affect or determine a grid bias. 

What is meant by the grid-plate transconductance? 

Ans. The name for the plate current to grid voltage trans-
conductance. This has also been called mutual conductance. 

Describe a ground system of an antenna. 

Ans. That portion of the antenna system below the antenna 
loading devices or generating apparatus most closely associated 
with the ground and including the ground itself. 
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What is a ground wire? 

Ans. A conductive connection to the earth. 

Describe a half- wave rectifier. 

Ans. A rectifier which changes alternating current into 
pulsating current, utilizing only one-half of each cycle. 

What is meant by a harmonic? 

Ans. A component of a periodic quantity having a fre-
quency which is an integral multiple of the fundamental fre-
quency. For example, a component the frequency of which is 
twice the fundamental frequency is called the second harmonic. 

Describe a heater. 

Ans. An electrical heating element for supplying heat to an 
indirectly heated cathode. 

Describe heterodyne reception. 

Ans. The process of receiving radio waves by combining in 
a detector a received voltage with a locally generated alternat-
ing voltage. The frequency of the locally generated voltage is 
commonly different from that of the received voltage. Hetero-
dyne reception is sometimes called beat reception. 

What is meant by homodyne reception? 

Ans. A system of reception by the aid of a locally generated 
voltage of carrier frequency. Homodyne reception is some-
times called zero-beat reception. 
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Describe an expansion type hot-wire ammeter. 

Ans. An ammeter dependent for its indications on a change 
in dimensions of an element which is heated by the current to be 
measured. 

What is meant by an indirectly heated cathode? 

Ans. A cathode of a thermionic tube in which heat is sup-
plied from a source other than the cathode itself. 

Describe an induction loud speaker. 

Ans. It is a moving coil loud speaker in which the current 
which reacts with the polarizing field is induced in the moving 
member. 

What is meant by inductive coupling? 

Ans. The association of one circuit with another by means 
of inductance common or mutual to both. 

What is meant by interelectrode capacitance? 

Ans. The direct capacitance between two electrodes. 

Describe what is meant by interference. 

Ans. Disturbance of reception due to strays, undesired sig-
nals, or other causes; also that which produces the disturbance. 

What is meant by intermediate frequency in superheterodyne 
reception? 

Ans. A frequency between that of the carrier and the sig-
nal, which results from the combination of the carrier frequency 
and the locally generated frequency. 
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What is meant by intermodulation? 

Ans. The production in a non-linear circuit element, of 
frequencies corresponding to the sums and differences of the 
fundamentals and harmonics of two or more frequencies which 
are transmitted to that element. 

Describe what is meant by interrupted continuous waves. 

Ans. These are waves obtained by interruption at audio 
frequency in a substantially periodic manner of otherwise con-
tinuous waves. 

What constitutes an ion? 

Ans. It is an atom or molecule having an electrical charge 
either positive or negative. 

What does the term "kilocycle" stand for? 

Ans. When used as a unit of frequency, it is one-thousand 
cycles per second. 

Describe a lead-in. 

Ans. That portion of an antenna system which completes 
the electrical connection between the elevated outdoor portion 
and the instruments or disconnecting switches inside the build-
ing. 

What is meant by linear detection? 

Ans. That form of detection in which the audio output 
voltage under consideration is substantially proportional to the 
modulation envelope throughout the useful range of the de-
tecting &vice. 
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Describe and give the function of a loading coil. 

Ans. An inductor inserted in a circuit to increase its induc-
tance but not to provide coupling with any other circuit. 

What is generally meant by a loud speaker? 

Ans. A telephone receiver or apparatus designed to radiate 
acoustic power into a room or open air. 

What is meant by a magnetic loud speaker? 

Ans. One in which the mechanical forces result from mag-
netic reactions. 

What is a magnetic microphone? 

Ans. A microphone whose electrical output results from the 
motion of a coil or conductor in a magnetic field. 

Describe a master oscillator. 

Ans. An oscillator of comparatively low power so arranged 
as to establish the carrier frequency of the output of an amplifier. 

How many cycles per second is one megacycle? 

Ans. When used as a unit of frequency, it is one million 
cycles per second. 

Describe a mercury-vapor rectifier. 

Ans. A mercury-vapor rectifier is a two electrode, vacuum-
tube rectifier which contains a small amount of mercury. Dur-
ing operation, the mercury is vaporized. A characteristic of 
mercury-vapor rectifiers is the low voltage drop in the tube. 
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Describe a microphone. 

Ans. A microphone is an electro-acoustic transducer actu-
ated by power in an acoustic system and delivering power to an 
electric system, the wave form in the electric system correspond-
ing to the wave form in the acoustic system. This is also called 
a telephone transmitter. 

What is generally understood by a "Mixer tube" in super-
heterodyne receivers? 

Ans. A mixer tube is one in which a locally generated fre-
quency is combined with the carrier signal frequency to obtain 
a desired beat frequency. 

What is a modulated wave? 

Ans. A wave of which either the amplitude, frequency or 
phase is varied in accordance with a signal. 

Describe what is meant by modulation. 

Ans. Modulation is the process in which the amplitude, 
frequency or phase of a wave is varied in accordance with a sig-
nal, or the result of that process. 

Describe what is meant by monochromatic sensitivity. 

Ans. The response of a phototube to light of a given color, 
or narrow frequency range. 

What is a moving-armature speaker? 

Ans. A magnetic speaker whose operation involves the vi-
bration of a portion of the ferromagnetic circuit. This is 
sometimes called an electromagnetic or a magnetic speaker. 
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Describe a moving coil loud speaker. 

Ans. A moving coil loud speaker is a magnetic loud speaker 
in which the mechanical forces are developed by the interaction 
of currents in a conductor and the polarizing field in which it is 
located. This is sometimes called an electro-dynamic or a 
dynamic loud speaker. 

What is meant by Mu-factor? 

Ans. A measure of the relative effect of the voltages on two 
electrodes upon the current in the circuit of any specified elec-
trode. It is the ratio of the change in one electrode voltage to 
a change in the other electrode voltage, under the condition 
that a specified current remains unchanged. 

What is an oscillator? 

Ans. A non-rotating device for producing alternating cur-
rent, the output frequency of which is determined by the char-
acteristics of the device. 

Describe an oscillatory circuit. 

Ans. A circuit containing inductance and capacitance, such 
that a voltage impulse will produce a current which periodically 
reverses. 

Describe a pentode tube. 

Ans. A type of thermionic tube containing a plate, a cath-
ode, and three additional electrodes. Ordinarily the three addi-
tional electrodes are of the nature of grids. 
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What is meant by percentage modulation? 

Ans. The ratio of half the difference between the maximum 
and minimum amplitudes of a modulated wave to the average 
amplitude, expressed in per cent. 

Describe a phonograph pickup. 

Ans. An electro-mechanical transducer actuated by a phon-
ograph record and delivering power to an electrical system, the 
wave form in the electrical system corresponding to the wave 
form in the phonograph record. 

What is a phototube? 

Ans. A vacuum tube in which electron emission is produced 
by the illumination ol an electrode. This has also been called 
photoelectric tube. 

What is meant by the plate in a vacuum tube? 

Ans. A common name for the principal anode. 

Describe what is meant by power amplification of an amplifier. 

Ans. The ratio of the alternating current power produced in 
the output circuit to the alternating current power supplied to 
the input circuit. 

What is meant by power detection? 

Ans. That form of detection in which the power output of 
the detecting device is used to supply a substantial amount of 
power directly to a device such as a loud speaker or recorder. 
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Describe what is meant by pulsating current. 

Ans. A periodic current, that is, current passing through 
successive cycles, the algebraic average value of which is not 
zero. A pulsating current is equivalent to the sum of an alter-
nating and a direct current. 

What is a push-pull microphone? 

Ans. One which makes use of two functioning elements 180 
degrees out of phase. 

Define the term radio-channel. 

Ans. A band of frequencies or wave-lengths of a width suffi-
cient to permit of its use for radio communication. The width 
of a channel depends upon the type of transmission. 

\Vita; is a :-aclio compass? 

Ans. A direction finder used for navigational purposes. 

Describe what is meant by radio frequency. 

Ans. A frequency higher than those corresponding to nor-
mally audible sound waves. 

What is a radio-frequency transformer? 

Ans. A transformer for use with radio-frequency currents. 

What is a radio receiver? 

Ans. A device for converting radio waves into perceptible 
signals. 
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Describe what is meant by radio transmission. 

Ans. The transmission of signals by means of radiated elec-
tro-magnetic waves originating in a constructed circuit. 

What is a radio transmitter? 

Ans. A device for producing radio-frequency power, with 
means for producing a signal. 

Describe a rectifier. 

Ans. A device having an asymmetrical conduction charac-
teristic which is used for the conversion of an alternating cur-
rent into a pulsating current. Such devices include vacuum-
tube rectifiers, gas rectifiers, oxide rectifiers, electrolytic recti-
fiers, etc. 

What is meant by a Reflex circuit arrangement? 

Ans. A circuit arrangement in which the signal is amplified, 
both before and after detection, in the same amplifier tube or 
tubes. 

Describe what is meant by regeneration. 

Ans. The process by which a part of the output power of an 
amplifying device reacts upon the input circuit in such a manner 
as to reinforce the initial power, thereby increasing the amplifica-
tion. This is sometimes called "feedback" or "reaction". 

What is a resistance coupling? 

Ans. The association of one circuit with another by means 
of resistance common to both. 
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What is meant by the term "resonance frequency" of a reactive 
circuit? 

Ans. The frequency at which the supply current and supply 
voltage of the circuit are in phase. 

Describe a rheostat. 

Ans. A resistor which is provided with means for readily 
edjusting its resistance. 

What is the function of the screen grid in a vacuum tube? 

Ans. A screen grid is a grid placed between a control grid 
and an anode, and maintained at a fixed positive potential, for 
the purpose of reducing the electrostatic influence of the anode 
in the space between the screen grid and the cathode. 

What is secondary emission? 

Ans. Electron emission under the influence of electron or ion 
bombardment. 

What is meant by the term selectivity? 

Ans. The degree to which a radio receiver is capable of 
differentiating between signals of different carrier frequencies. 

What is meant by sensitivity? 

Ans. The degree to which a radio receiver responds to sig-
nals of the frequency to which it is tuned. 

Describe sensitivity as applied to the photo-electric tube. 

Ans. The electrical current response of a phototube with no 
impedance in its external circuit, to a specified amount and kind 
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of light. It is usually expressed in terms of the current for a 
given radiant flux, or for a given luminous flux. In general the 
sensitivity depends upon the tube voltage, flux intensity, and 
spectral distribution of the flux. 

What is meant by the term "service band"? 

Ans. A band of frequencies allocated to a given class of radio 
communication service. 

What is meant by the term "side band"? 

Ans. The bands of frequencies, one on either side of the 
carrier frequency, produced by the process of modulation. 

What is a signal? 

Ans. The intelligence, message or effect conveyed in com-
munication. 

Describe what is meant by single-side band transmission. 

Ans. That method of operation in which one side band is 
transmitted, and the other side band is suppressed. The car-
rier wave may be either transmitted or suppressed. 

What is static? 

Ans. Strays produced by atmospheric conditions. 

What is meant by the static sensitivity of a phototube? 

Ans. The direct current response of a phototube to a light 
flux of specified value 
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Describe a stopping condenser. 

Ans. A condenser used to introduce a comparatively high 
impedance in some branch of a circuit for the purpose of limiting 
the flow of low-frequency alternating current or direct current 
without materially affecting the flow of high frequency alter-

nating current. 

What is meant by the term "strays"? 

Ans. Electromagnetic disturbances in radio reception other 
than those produced by radio transmitting systems. 

Describe superheterodyne reception. 

Ans. Superheterodyne reception is a method of reception in 
which the received voltage is combined with the voltage from a 
local oscillator and converted into voltage of an intermediate 
frequency which is usually amplified and then detected to re-
produce the original signal wave. This is sometimes called 
double detection or supersonic reception. 

What is meant by the term "swinging"? 

Ans. The momentary variation in frequency of a received 

wave. 

Describe a telephone receiver. 

Ans. An electro-acoustic transducer actuated by power from 
an electrical system and supplying power to an acoustic system, 
the wave form in the acoustic system corresponding to the wave 
form in the electrical system. 
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What is television? 

Ans. The electrical transmission of a succession of images 
and their reception in such a way as to give a substantially con-
tinuous reproduction of the object or scene before the eye of a 
distant observer. 

Describe a tetrode vacuum tube. 

Ans. A type of thermionic tube containing a plate, a cath-
ode, and two additional electrodes. Ordinarily the two addi-
tional electrodes are of the nature of grids. 

What is meant by the term thermionic? 

Ans. It is a term relating to electron emission under the 
influence of heat. 

Describe what is meant by thermionic emission. 

Ans. Electron or ion emission under the influence of heat. 

Describe a thermionic vacuum tube. 

Ans. An electron tube in which the electron emission is pro-
duced by the heating of an electrode. 

How does a thermo-couple ammeter operate? 

Ans. An ammeter dependent for its indications on the 
change in thermo-electro-motive force set up in a thermo-
electric couple, which is heated by the current to be measured. 

What is meant by the term "total emission"? 

Ans. The value of the current carried by electrons emitted 
from a cathode under the influence of a voltage such as will draw 
away all the electrons emitted. 
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What is meant by transconductance? 

Ans. The ratio of the change in the current in the circuit of 
an electrode to the change in the voltage on another electrode, 
under the condition that all other voltages remain unchanged. 

Describe a transducer. 

Ans. A device actuated by power from one system and sup-
plying power to another system. These systems may be elec-
trical, mechanical or acoustic. 

What is a transmission unit? 

Ans. A unit expressing the logarithmic ratios of powers, 
voltages, or currents in a transmission system. 

Describe a triode vacuum tube. 

Ans. A type of thermionic tube containing an anode, a 
cathode, and a third electrode, in which the current flowing 
between the anode and the cathode may be controlled by the 
voltage between the third electrode and the cathode. 

Describe a tuned transformer. 

Ans. A transformer whose associated circuit elements are 
adjusted as a whole to be resonant at the frequency of the alter-
nating current supplied to the primary, thereby causing the 
secondary voltage to build up to higher values than would 
otherwise be obtained. 

What is tuning? 

Ans. The adjustment of a circuit or system to secure opti-
mum performance in relation to a frequency; commonly, the 
adjustment of a circuit or circuits to resonance. 
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What constitutes a vacuum? 

Ans. Vacuum is absolutely nothing, if we can conceive of 
such a thing. The degree of vacuum is measured in microns, 
one micron represents one-millionth part of the usual atmos-
pheric pressure which is approximately 14.7 pounds per square 
inch. Thus a perfect vacuum would be zero microns; such a 
state is however only a theoretical ideal that can never be real-
ized even with the most perfect laboratory technique. 

Describe a vacuum phototube. 

Ans. A type of phototube which is evacuated to such a 
degree that the residual gas plays a negligible part in its oper-
ation. 

What is a vacuum tube? 

Ans. A device consisting of a number of electrodes contained 
within an evacuated enclosure. 

What is a vacuum tube transmitter? 

Ans. A radio transmitter in which vacuum tubes are utilized 
to convert the applied electric power into radio-frequency 
power. 

Describe a vacuum tube volt-meter. 

Ans. A device utilizing the characteristics of a vacuum tube 
for measuring alternating voltages. 

Define voltage amplification. 

Ans. The ratio of the alternating voltage produced at the 
output terminals of an amplifier to the alternating voltage im-
pressed at the input terminals. 
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What is a voltage divider? 

Ans. A resistor provided with fixed or movable contacts 
and with two fixed terminal contacts; current is passed between 
the terminal contacts and a desired voltage is obtained across a 
portion of the resistor. The term potentiometer is often 

erroneously used for this device. 

Generally what is meant by the term "Wave"? 

Ans. a. A propagated disturbance, usually periodic, as an 
electric wave or sound wave. b. A single cycle of such a dis-
turbance, or c. A periodic variation as represented by a graph. 

Describe what is meant by wavelength. 

Ans. The distance traveled in mt.- period or cycle Dy a 
periodic disturbance. 
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Bar indicating fraction  m• • • mi. • 
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'Break (Bk.) (dot.bl• dash)   am • • • ma 
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End of each message (mom)  • em • ma • 

Transmission linished (end of work) (concis  
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CHAPTER 61 

Radio Testing 
It is of the utmost importance that the serviceman, in order 

to intelligently cope with the various faults liable to develop in 
radio sets should be provided with the necessai y testing instru-
ments, of which there are a great variety available (some cf 
which have very desirable characteristics). 
The selection of instruments described in this chapter how-

ever, are by no means essential for intelligent servicing of radio 

sets. 
Testing instruments to be of value to a radio serviceman must 

have the following features: 

1. They should be easily portable. 

2. They should be ruggedly constructed so that instruments 
will not be damaged or their calibration changed in transport. 

3. The instruments must be designed to stand considerable 
overloads without damage, as in service work it is often difficult 
to estimate the exact magnitude of the measurements being 

taken. 

The following instruments are requiy ed to properly service 

any radio set: 

1. A volt-ohm milliammeter for measuring voltage, resistance 

and current. 
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2. Analyzer with the necessary selector switches and analyzer 
cable with adapters. 

3. Output meter. 

4. All-wave oscillator. 

5. Capacity meter. 

6. Inductance meter. 

7. Tube tester. 

This equipment may be supplemented by a cathode-ray 
oscillograph, a vacuum tube voltmeter, etc., and hence will 
provide the serviceman with equipment necessary to success-
fully cope with almost any servicing problem. 

Analyzers and How to Use Them.—The fundamental pur-
pose of an analyzer is to locate trouble in receivers without un-
due waste of time and without disturbance to the wiring of the 
radio set. 
A modern analyzer consists of various resistances, capaci-

tances, inductances and meters, which by means of switches are 
connected to the circuit whose values it is desired to verify, 
and mounted in a compact cabinet to facilitate transportation. 

Preliminary Pointers.—However, before analyzing the radio 
set for trouble, it is well to consider possibilities of trouble in the 
installation itself. The aerial may be grounded or touching 
foreign parts; the aerial connection may be corroded; or the 
lead-in wire itself possibly broken inside its insulation. The 
lightning arrester may be leaky or short-circuited. A poor ground 
connection is also a frequent cause of trouble due to interference 
with reception from outside causes. If, by disconnecting the 
aerial and ground the noise disappears, the trouble is un-
doubtedly located outside the set. 
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If it be evident that the trouble is inside the radio set itself, 
a careful examination of the wiring connections and interior 
parts of the set is next in order. The condition of soldered joints 
should be examined to be sure that there is a good electrical 
connection. r.  

PLATE 
VOLTS 

PLUG 

ANALYZER CABLE 

RECEIVER 
TO BE TESTED 

FIG. 1—Principal parts of a simple analyzer. The performanc., of the test is as 
follows: After a preliminary investigation of possible outside sources of 
trouble such as faulty or grounded aerials, open soldering joints, broken 
parts, etc., remove tube to be tested from set to proper socket in analyzer, 
and insert analyzer plug in place of the tube removed from set. Test the 
tubes one by one, starting with the antenna stage and proceed until the 
power amplification stage is reached. This test will indicate the location of 
troubles in the various circuits or in the tubes as well as in their power supply. 

TUBE 
SOCKETS 

SW. 

It should be noted that the insulation of the wiring be not cut 
or frayed where it passes through metal, around the edges of 
tube socket contacts, etc. The tube socket fingers should be 
clean and tight. The possibility of variable condenser plates 
touching should be checked. A visual inspection of this kind 
may quickly locate the cause of the trouble. 
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Electrical Tests.—The first electrical check on the set should 
be on the power supply to insure a normal supply of voltage to 
the various circuits in the radio set. 

If the set be a battery operated type, check the condition of 
the various batteries by making use of the tip jacks on the 
analyzer and the test leads supplied with it. If the set be sup-
plied with power from an alternating current house lighting cir-
cuit, measure the line voltage to be sure that it is correct for the 
set as indicated on the name plate of the radio set. The various 
batteries should give approximately their rated voltage read-
ings with the radio set connected and turned on. If the batteries 
are low they should be re-charged or replaced. 
Having checked the source of power to the radio set, the next 

step is to check the current and voltage supplied to each tube. A 
suggested method is to check the tubes in the order in which the 
signal passes through them. That is, start with the antenna 
stage and end with the power amplifier stage. 

After making preliminary tests and a visual inspection and 
finding everything in good order, the electrical tests should be 
made. These electrical tests will show the location of troubles in 
the various circuits, in the tubes and in the power supply to 
them. 

First, place the radio set as near as possible in good operating 
condition. If battery operated, all batteries should be properly 
connected. If power operated, connect to the proper power cir-
cuit. Turn on the set and make such adjustments as are nor-
mally necessary to bring in a good signal. 

In general, all electrical tests should be made with the volume 
control in the maximum volume position, since this position 
generally gives the optimum distribution of currents and 
voltages through the various circuits in the radio set. A second 
set of readings with the volume cont rol in the average working 
position is often helpful in locating trouble. This second set of 
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readings is the current and voltage values in the various cir-
cuits under average conditions and should compare favorably 
with the first set. Radical differences should be checked up for a 
possible source of trouble. 

In a battery operated set all batteries should be checked; any 
which are low in voltage should be replaced before proceeding 
with a more detailed analysis of the radio set. 

Selection of Voltmeter Scales.—It is advisable when reading 
direct current voltages to set the selector switch on the range 
which will give the smallest deflection of the instrument which 
can be read satisfactorily. While this may seem to be contrary 
to general practice, the fact that many modern radio receivers 
have individual voltage divider networks for eath tube, allows 
the current drawn by the voltmeter to throw the voltage ap-
plied to the tube somewhat in error. 

It is obvious that a network supplying three milliamperes 
plate current to a tube will be upset to a considerable extent by 
connecting a voltmeter to it which requires one milliampere full 
scale. Consequently, deflections of less than half scale, as would 
be obtained on a higher range, will introduce less error than de-
flections of approximately full scale on a lower range, since the 
latter require considerably more current from the voltage 
divider network. When a difference in voltage indicated on the 
instrument scale exists as the range selection is changed, the 
indication read on the highest full scale voltage should be taken 
as the more accurate. 

Selection of Current Scales.—In reading current always take 
the reading on the range which will give the largest possible 
deflection. By doing this the greatest possible accuracy will 
result. 
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Testing a Triode.—For a complete analysis of a triode for 
example, it is necessary to measure the following values: 

1. Plate voltage 

2. Plate current 

3. Grid voltage 

4. Grid current 

5. Filament voltage. 

In addition where cathode screen grid or pentode tubes are 
being tested, it is necessary to measure-

6. Cathode voltage 

7. Screen grid voltage. 

8. Screen 'grid current. 

A complete outline of the above tests is given on pages 

1,382 to 1,387. 

Test Oscillators and Their Use.—The fundamental use of a 
test oscillator is to replace the broadcast signal for test and 
adjustment of radio receivers. Of special importance to the 
servicemen are the following uses: 

Alignment of IF, RF and oscillator padding circuits. Check-
ing the condition of tubes. To determine the gain in any part of 
radio receivers. For testing a.v.c. circuits. For checking 
selectivity. 

Alignment Procedurt..—Unless the manufacturer of the 
receiver instructs otherwise the following sequence should be 
followed in the alignment of a radio ser 

1. The various tuned circuits of the IF amplifier are first 
aligned properly at the intermediate frequency for which the 
amplifier was designed. 
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2. The oscillator tracking condenser should then be adjusted 
at about 1,400 k.c. so that it tracks properly at the high fre-
quency end of the dial. Adjust the padding condenser at about 
600 k.c. so that it tracks at the low frequency end of the dial. 

3. Align the radio frequency, the pre-selector, amplifie/ or 
tuned circuit last. 

If double spot or image suppression circuit be employed in 
the receiver, the manufacturer's instructions should be con-
sulted for the proper procedure. Maximum transfer of energy in 
output is only obtained when every section is synchronized 
properly. 

Use of Output Meters.—To determine the condition of tubes 
feed the signal from the oscillator to the aerial and ground con-
nections of the receiver. Connect an output meter to the radio 
set; substitute new tubes for those in the radio set, one at a 
time and if the output meter indicates a greater value when 
each new tube is placed in the set, the original tube should be 
replaced. 

To determine the gain in any part of the receiver, connect 
output meter as before and feed signal to aerial connection of 
radio set. Adjust oscillator to a high output and move the 
oscillator aerial connection to each succeeding RF or IF stage, 
noting the drop in the output voltage as shown on the output 
meter. Always use the proper frequency and proper scales for 
the output meter. 

To check a.v.c. to determine when it is functioning properly, 
wide changes in the alignment with a large signal voltage will 
produce no appreciable change in output. 

To check selectivity feed a signal of low value to aerial and 
ground connections, tune oscillator to perfect resonance. move 
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oscillator signal dial until signal disappears. Note number of 
kilocycles between resonance and inaudibility. 

Capacity Measurements.—On account of the fact that 
capacitors very frequently give rise to trouble in a.c. receivers, 
it is necessary to be able to measure and compare the value 
received by that as given in the manufacturer's circuit diagram. 
Hence it is important that the serviceman should understand 
the theory of capacity values and how they are derived. 

The dial of most a . c. milliammeters are calibrated to read 
directly in microfarads (M.F.). The capacitive reactance of a 
condenser in ohms is given by the following formula: 

X,— 1'000'000 ohms  (1) 
2x.rxfxCmj 

When a 60 cycle current is used (j= 60) and C is measured 
in microfarads, this formula then 

„ 2,650 
m1—  Xc (2) 

From this last equation it is possible to calibrate an a.c. 
milliammeter to read directly in capacity. 

If any other frequency than 60 cycles is used, the result 
obtained in equation 1 or 2, must be multiplied by the fraction 

f ' where (F) is 60 cycles and (f) is a cycle of the current being 

used. For example, if a 50 cycle current be used, then the values 
60 

of equations 1 or 2 must be multiplied by —50 or 1.2. 

Before using any instruments designed for use on 60 cycles, 
on any other frequency, one must make sure that the equip-
ment will function at the new frequency. 
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How to Make Capacity Measurements When the Capacitor 
Be Shunted by a Non-Inductive Resistor.—In a.c. receivers it 
is very frequently desired to obtain the values in microfarads 
when an ohmic resistor is shunted by a condenser as shown in 

fig. 2. 

A 

Xc 

KC. 
2 MILLIAMMETER 

z.  

FIG. 2—Connection for measurement of capacity when capacitor is shunted 
by a non-inductive resistor. 

The impedance Z, of the above circuit combination is ob-

tained by the following formula: 

Z-1r2-F (R-I-2r)RX,2 (3) 
R 2 —EX c2 

in which r = Resistance of the a.c. milliammeter in ohms 

R = Resistance of the shunt resistor in ohms 

X, =The reactance of the capacitor to be measured in 
ohms 

Z= The impedance of the circuit combination, in ohms. 

The X, values as used in formula (3) are the effective resist-
ance values of capacitors given by formula (I). 
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From the above mathematical relationship, curves may be 
plotted as shown in chart, fig. 3. In this chart the resistance 
value from 500 to 5,000 ohms and capacitors from 0.1 to 15 
microfarads are covered. The chart is used as follows: 
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FIG. 3—Parallel resistance-capacity chart. Charts may conveniently be de 
signed to suit lndividual requirements. 
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The value of r, is the resistance of the meter being used. 

The value of R is obtained by an ohmmeter (d.c.). The a.c. 
milliammeter reading is obtained by placing it across the points 
A and B of fig. 2 as indicated. 

The intersection of the line corresponding to the a.c. milliam-
Meter readings and the resistance given by the ohmmeter will 
intersect on one of the curves and following this curve out, the 
value of the condenser in microfarad is obtained. 

Example.—If the a.c. milliammeter reads 30 M.A., and the 
resistance (R) is found by the ohmmeter to be 2,500 ohms, what is 
the value of the condenser? 

Solution.—Following the curve fig. 3 at the intersection of 
the 30 M.A. and the 2,500 ohms line shows the value of C to be 
1.82 microfarads. 

Inductive Measurements.—Inductance values may be ob-
tained in a manner similar to that already described in capacity 
measurements. It should however be remembered that induc-
tive reactance is vectorially positive whereas capacitive react-
ance is negative, and that the larger the value of the inductive 
reactance the lower will be the reading of the a.c. milliammeter. 
Also the larger the capacitive reactance the higher will be the 
reading of the a.c. milliammeter. 

The formula for the inductive reactance (X in ohms is: 

XL=2.7cfL ohms (4) 

or if f=60 cycles, then 

X . 
L— 377 henries    (5) 
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When i =the a.c. current in amperes 

e= Impressed a.c. voltage 

R=Resistance of a.c. meter in ohms 

X,.=Effective resistance of the inductor in ohms 

then the formula for current is as follows: 

e  
i=  (6) .\/R2 ± x   

The reading of the a.c. milliammeter may conveniently be 
referred to a chart computed from equation (4) from which the 
value of the inductance can be found similarly as previously 
shown. 

If 50 cycles is used instead of 60 cycles the results should be 
60 

multiplied by el or 1.2. 
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Commercial Type Analyzers 

Weston Model 665 Selective Analyzer.—The external view 
of this instrument is shown in fig. 4. and its internal connection 
diagram in fig. 5. 

The instrument is principally a volt-ohm-milliammeter for 
both a.c. and d.c. service. 

All voltage ranges are available at the pin jacks, and by 
means of socket selector units may be had through the plug. 
They are 0-1/2.5/5/10/25/100/250/500/1,000 volts, either 
a.c. or d.c. The individual ranges are selected by means of the 
large selector switch. A reading cannot be had till either the 
d.c. or a.c. push button at the bottom of the panel is pressed. 
These are locking types and should be returned to their original 
position after each test is completed. 

All current ranges are available at the pin jacks and are also 
available for current measurements at the socket by means of 
the socket selector units. These ranges are 0-/2.5/5/10/25/50/-
100/250/500 milli-amperes, d.c. only. 

Resistance measurements may be had with test leads and 
the various ohmmeter pin jacks, as a point-to-point tester. 
Also by means of a socket selector unit, resistance measure-
ments may be taken between any two socket prongs or a socket 
prong and ground. 
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A very useful feature in this instrument is that it may easily 
be converted into a complete analyzer by addition of the 666 
socket selector shown in fig. 6, thus bringing the tube socket 
connections to the analyzer circuit. 

With reference to the Tube Base Chart shown on page 1,385 
the various measurements should be made as follows; 

Ht% 

4 H. 

MODEL 66S 

WiDÉN,1 SEt'.1DE 4NALYZIR 

ter.o" r 
• fee 

FIG. 4—Front view of Weston Model 665 selective analyzer. 

Heater Voltage.—This is read between 1 and 4 on 4 prong 
tubes; 1 and 5 on 5 prong tubes; 1 and 6 on 6 prong tubes, and 
1 and 7 on 7 prong tubes. However, it is advisable to check with 
the tube base chart because no fixed rule for the location of any 
terminal can be given. 
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Plate Voltage.—The plate is generally terminal No. 2 and for 
heater type tubes this voltage would be read between plate and 
cathode and for filament type between plate and negative fila-
ment. Since the plate and cathode terminal are not in the same 
locations for all type tubes, reference to the tube base chart is 
suggested _ 

HIGH 
GRID TEST 9 0  

G 10.000.4 

REG COMMON 

ERRECT   

MULTIPLY 3 6.4 
8, 10 0  
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.1.4.1j: •:f.i .   

1254 
GRID TEST 

PRESS FOR A.C. 

  222 166 6n. - 

PRESS Fe 
0 C. 

FIG. 5—In"ernal connection diagram of Weston Model 665 selective analyzer. 

Grid Voltage.—There are a number of grids such as control, 
screen, suppressor, anode, etc. For heater type tubes the voltage 
is measured from the cathode to the desired grid and for fila-
ment type tubes from the negative filament to the desired grid. 
Reference to the tube base chart will give the correct location of 
the various grids for the tube in question. 
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Reference should be made to the service manual of the radio 
set being tested for the determination of the correct values of 
grid and plate voltage. 

FIG. 6—Socket selector for use with Weston Model 665 analyzer. 

Plate Current.—A pair of leads are plugged into the M.A. 
pin jacks on the panel; the other ends of these leads are placed 
in the two jacks opposite the plate terminal on the socket selec-
tor unit. The dial switch is turned to the desired milliampere 
range. This will give a plate current reading on the milliam-
meter. It is necessary to hold down the "Press for D.C." 
button. 

True total current in any lead is read in this way, since the 
inner jack of each pair functions as a closed circuit jack switch. 
When a pin tip is plugged into the inner of a pair of jacks, the 
main circuit is opened between the jacks. The total current. 
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TUBE BASE CHART 
THE WESTON METHOD USEODO WESIETLHECTIYE ANALYSIS 

Tab, Ba. Tube Base Tu be Base Tube Ba.a Tube B." Tube Rau. 

00A 4-1 27 5-1 47 5-3 71 4-1 98 5-5 12A5 7-6 
01A 4-1 271IM 5-1 48 6-3 71A 4-1 X99 4-1 1423 4-7 
°IAA 4-1 29 6-2 49 5-4 7IB 4-1 1A6 6-9 25Z3 4-7 
1 4-7 30 4-1 50 4-1 75 6-4 2A3 4-1 2525 6-7 
IV 4-7 3j 4-1 51 5-2 76 5-1 2A3Il 4-1 182B 4-1 
62 5-5 32 4-2 52 5-3 77 6-1 2A5 6-3 183 4-1 
64 5-5 33 5-3 53 7-4 78 6-1 2A6 8-4 213 4-5 
KH I 4-7 34 4-2 55 6-4 79) 6-5 2A7 7-2 21611 4-6 
1<132 4-7 35 5-2 56 5-1 80 4-5 2136 7-8 482A 4-1 
1<135 5-3 36 5-2 57 6-1 80M 4-5 2137 7-3 482B 4-1 
10 4-1 3M 5-2 57AS 6-1 81 4-6 5Z3 4-5 483 4-1 
I 2A 4-1 37 5-1 58 6-1 81M 4-8 6M 5-3 484 5-1 
WX 12 4-1 37A 5-1 58AS 6-1 82 4-5 6A7 7-2 485 5-1 
14 5-2 38 5-2 59 7-1 82V 4-5 6137 7-3 58.5 4-1 
15 5-2 3M 5-2 59B 7-9 83 4-5 6C6 6-1 586 4-1 
17 5-1 39 5-2 64 5-2 83V 4-5 61:7 7-10 864 4-1 
18 6-3 39A 5-2 64A 5-2 84 5-5 61)6 6-1 950 5-3 
19 6-6 40 4-1 65 5-2 684 4-6 61)7 7-2 951 4-2 
20 4-1 41 6-3 65A 5-2 85 6-4 6E7 7-2 AI) 4-7 
22 4-2 42 6-3 67 5-1 89 6-1 6F7 7-5 AF 4-5 
24 5-2 43 6-3 67A 5-1 90 6-2 6Y5 6-10 AG 4-5 
24A 5-2 44 5-2 68 5-2 92 6-2 623 4-7 LA 5-3 
.131325 6-3 45 4-1 6M 5-2 95 6-3 67.4 5-5 PZ- 5-3 
26 4-1 46 5-4 69 6-2 96 4-7 6z5 6-8 P2I I 6-3 

LOOKING DOWN ON TOP OF SOCKET 
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therefore, must flow out through the measuring instrument and 
back into the other jack. Note that voltage measurements 
cannot be made in the inner jacks, since the circuit is opened 
when pin tips are placed in them. 

Grid Current.—Grid and screen current measurements are 
made in the same manner as the plate current. All current 
ranges are available for this purpose. The push button marked 
"Press for D.C." must be held down for this test. These read-
ings are obtained by placing one end of each of a pair of leads in 
the "M.A." pin jacks and the other ends in the two pin jacks 
opposite the terminal of the grid desired. 

The plate current of the second plate of rectifier tubes is 
tested as above. It is advisable to consult the tube base chart 
for location of the terminals for the various elements. 

Grid Tests.—Two grid tests are available, one with a low 
shift of 4.5 volts, the other a high shift of 13.5 volts for power 
tubes only. A separate set of pin jacks is provided on the panel 
for each shift. 

A pair of short leads is plugged into the panel at the upper 
corner marked "Grid test" and the other ends plugged into the 
pin jacks opposite the control grid terminal desired on the 
selector unit. Be sure lead from "G" pin jack is inserted in the 
pin jack nearest the tube on selector unit. 

Another pair of leads is plugged into the M.A. pin jacks on the 
panel, the other ends of these leads are placed in the two jacks 
opposite the plate terminal on the socket selector unit. The dial 
switch is turned to the desired M.A. range. This will give a 
plate current reading on the milliammeter. Pressing the "Grid 
Test" button (located in center of lower edge of panel) will 
give an increase in the plate current reading. 
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The grid test reading is an indication of the relative goodness 
of the tube, and is proportional to the mutual conductance. 
No values can be given for this reading because of the high plate 
circuit resistance in many radio sets. 

Cathode Voltage.—Cathode voltage is measured with refer-
ence to the heater. In some sets the cathode is connected 
directly to the heater, in which case the cathode voltage read-
ing will be zero. 

In other sets the cathode is grounded through the grid bias 
resistor with heater connected to some positive potential, in 
which case the cathode will read negative with reference to the 
heater. In most alternating current radio sets the cathode is 
grounded through the grid bias resistor with the heater 
grounded, in which case the cathode will read positive with ref-
erence to the heater. 

Output Test.—This test is made exactly like the measure-
ment of a.c. voltage, except when d.c. is present in the output 
circuit, then the "Series Condenser" pin jack must be used. All 
voltage ranges are available for this test. It is necessary to hold 
down or lock in position the "Press for A.C." push button. 

Weston Model 571 Output Meter.—The external view of this 
meter is shown in fig. 7 and its internal connection in fig. 8. 

This instrument has a constant resistance of 4,000 ohms on 
each range, is usually used as a terminating impedance on 
sound line or receiver output circuits. It can be used, however, 
on bridging measurements on low impedance lines. It is also 
valuable as a multi-range a.c. volt-meter of wide adaptability. 
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The 5 voltage ranges are available at pin-jacks and are se-
lected by means of a dial switch. It also has a self-contained 
condenser for blocking any d.c. components. This condmser is 
connected to a separate pin-jack. 

(4) íPuT ME TER 
". • 4 Da0111I•S 

•Vil 

>>. 

PIG. 7—Panel view of Weston Model 571 output meter. 
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The voltage ranges are: 0-1.5„'6/15/60,/150. Test leads and 
adapter for connection to the plate pin of any output vacuum 
tube are provided for the meter. 

FIG. 8—Schematic wiring diagram of Weston Model 571 output meter. 
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Weston Model 763 Ohmmeter.—Front view and connection 
diagram of this instrument is shown in figs. 9 and 10 respec-
tively. 

) 

FIG. 9—Panel view of Weston Model 763 ohmmeter. 

With this instrument resistance measurements of from 0.2 
ohms to 300 megohms may be made with high accuracy on 6 
ranges. It can also be used with good results on the top range as 
a modified megger in which 125 volts (maximum current 50 
microamperes) is available for insulation tests. 
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The power consumption is small, as the instrument requires 

only 50 microamperes for full scale deflection. 
Leakage on all types of condensers, even those having resist-

ances of up to approximately 300 megohms can easily be meas-
ured. A filament type vacuum tube requiring a very short heat-
ing time is used as a rectifier, and the operating power is ob-
tained from any 105-130 volts, 50-60 cycle a.c. source. 

FIG. 10—Wiring diagram for internal connection of Weston Model 763 ohm-

meter. 
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Weston Model 765 Analyzer.—A front view and internal 
connection diagram of this instrument is shown in figs. 11 and 
12 respectively. 

This instrument is claimed to be of very high sensitivity. For 

FIG. 11—Front view of Weston Model 765 analyzer. 
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example the d.c. and a.c. sensitivity according to the manu-
facturer is 20,000 ohms per volt and 1,000 ohms per volt re-
spectively. This minimum loading effect permits checking of 
sensitive relay circuits without interrupting operation and facili-
tates a great multiplicity of measurement which are practically 
impossible with instruments of lower sensitivity. 
The over-all a.c. accuracy of the instrument is held within 

3%, whereas for d.c. measurements the accuracy is within 2%. 

FIG. 12—Diagram showing internal connection of Weston Model 765 analyzer. 

In addition a special rectifier circuit is incorporated designed 
for temperature compensation between 50 and 110 degrees F. 
limiting temperature errors to within 2%. 
The ranges for a.c. and d.c. voltage measurements are as 

follows: 0—/1.5/3 /6 / 15/30/60 / 150/300/600/1 ,500 . 
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Ranges for d.c. current measurements are: 
0-150 p..a./600 p..a./1.5/3/6/15/30/60/150/600 m.a./3a/15a. 
The decibel ranges provides measurements of power levels 

between-18 to +58 db. 

I 

FIG. 13—Panel view of Weston Model 772 analyzer. 



Weston Model 772 Analyzer.—This analyzer is designed to 
make the necessary tests on present day equipment such as 
commercial radio receivers, transmitters, television receivers, 
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public address systems, vacuum tube and cathode ray equip-
ment, etc. 

The instrument is illustrated in fig. 13 and its connection 
diagram in fig. 14. 

It has a 20,000 ohms per volt sensitivity on five d.c. voltage 
ranges. A.c. readings are made on single arc scale. 
The ranges for d.c. current measurements are 0-/0.1/10/50/-

250 m.a./la/10a. 

A.c. or d.c. voltage measurements have the following ranges: 
0-2.5/10/50/250/1,000 v. Five decibel ranges provide power 
level measurement from-14 to +54 db. 

Resistances are measured on the following scales 0-3,000/-
30,000/3 Meg./30 Megohms. 
The instrument is equipped with pin jacks for mounting 

model 666 socket selector unit. 

Weston Model 773 Tube Checker.—This instrument is man-
ufactured both for counter and movable service, as shown in 
figs. 15 and 17 with a common diagram of connections in fig. 16. 
It has eight sockets for the various types of tubes, a direct read-
ing "Bad-Good" meter scale, two selector switches, voltage 
adjustment switch, in addition to position and test switches. 
With this instrument a complete analysis of any tube may 

readily be obtained. Separate electrode switches for grid, plate, 
screen, suppressor, diode or cathode are provided for emission, 
short and leakage tests. This point to point testing feature will 
be recognized as extremely important whenever doubtful tubes 
are encountered. 
A most frequent source of trouble in radio tubes are the de-

fects in circuit continuity of the electrodes and although an 
over-all efficiency test may at times fail to disclose these de-
fects, a point to point electrode check will nearly always dis-
close the trouble. 
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nG. 15—Front view of counter type Weston Model 773 tube checker. 
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FIG. 17—Panel view of Weston Model 773 movable type tube checker. 

Weston Model 655-2 Selective Analyzer.—The internal con-
nection of this instrument is shown in fig. 18. 



1,400 Radio Testing 

0.0945n. 

MA •Ç 
2.000 

500 

250 

100 

50 

25 

10 

+ 9.45 

5 

18.9rL 

/5 

e 56.7 

943.5 it 

PRESS FOR 
GRID TEST 

0.0945n. 

0.189.n. 

0.567.n. 

0.945.n. 

1.119n. 

5.67n 

o 
0.1 MF ( SERIFS CONDENSER) 

0-11— ? -± VOLTS 
1.000 

GRID TEST 
800.n.LOW HIGH 1,500 .n. 

D C. o 

TO 
BATTERY 

500,000n.. 

500 

250,000.n. 

250 

150,00an. 

100 

50,000n. 

-. 15,000A. 
OHMS 

o 

50 

25 

10 

5,000.n. 

4912n. 

100.n-

2,500.n. 

1,500n. 

100.n. 

."2,250 .n. 
22,650.n.. 2,250.n. 24..n. 225.n_ 

• R X 1,000 • R x 100 R x 10 0 R DIRECT 

FIG. 18—Connection diagram of Weston Model 665-2 radio set analyzer. 

25.n. 

5 

2.5 

1,500n. 



Radio Testing 1,401 

The principal difference between this instrument and the 655 
previously described is that the various scales are available by 
means of pin jacks instead of a rotary switch. The volt meter 
ranges a.c. or d.c. are: 0-1/2.5/5/10/25/50/100/250/500/1000 
volts.The current ranges d.c. only are 0-1/2.5/5/10/25/50/100/250/ 
500/1006 milliamperes. 

Supreme Model 339 Analyzer.—The panel view and connec-
tion diagram of this instrument is shown in figs. 19 and 20 
respectively. 

It has five sockets for various types of tubes, a sensitive d'Ar-
sonval fan shaped meter, and a rugged 4-gang, 5-position rotary 
switch for selectivity connecting the meter to any of the follow-
ing measuring circuits: 
(a) d.c. milliammeter-0/5/25/125/250/500 m.a., and 0/1.25 

ampere. 
(b) d.c. voltmeter-0/2/25/125/250/500/1,250 volts. 
(c) Ohmmeter-0/2,000/20,000/200,000 ohms and 0/2/20 
megohms. 

(d) a.c. voltmeter-0/5/25/125/250/500/1,250 volts. 
(e) Capacity Meter-0/0.05/0.25/1.25/2.5/5.0/12.5 mfds. 

electro-static (paper) and electrolytic. 
For current, potential and resistance measurement the meter 

is "built up ' to a resistance value of 300 ohms by means of a 
multiplier resistor connected in series with the meter, and all 
shunt and multiplier resistance values are calculated on the 
basis of a full scale current sensitivity of 1.0 milliampere and a 
resistance value of 300 ohms for the meter. 
The actual armature resistance of the meter is approximately 

115 ohms. The operating procedure for the various measure-
ments is as follows: 

1. Current Measurements.—When it is desired to obtain 
current in terms of milliamperes the meter is shunted as shown 
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in fig. 20. The total shunt value of 75 ohms is determined by the 
lowest current-measuring range of 5 milliamperes. The meter, 
with its resistance built up to a value of 300 ohms, requires a 
potential of 0.3 volt (300 millivolts) to cause a full scale current 
of 1.0 milliampere to pass through the meter. 

FIG. 19—Front view arrangement of Supreme Model 339 radio set analyzer. 

The shunt resistor for the 5 milliampere range, being in 
parallel with the meter, will have the same 0.3 volt potential 
difference. Since 1.0 milliampere of the 5 milliampere range 
will pass through the mebr, the shunt resistor will pass the 
other 4.0 milliamperes and its value is determined by dividing 
4.0 milliamperes (0.004 ampere) into 300 millivolts (0.3 volts). 
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For the current measuring ranges above the 5.0 milliampere 
range, the 75 ohm shunt resistor is divided into smaller values, 
thereby forming what is known as a "ring type" shunt, the 
total "ring" resistance value being 375 ohms. 

The resistance values of the 75 ohm shunt resistors are de-
termined by multiplying the total "ring" resistance by the full 
scale current of the meter, dividing the result by each range 
value, in turn, from the common terminal, and subtracting the 
sum of the preceding values from each newly-determined value. 

When the "ring" value of 375 ohms is multiplied by the full 
scale sensitivity value of 0.001 ampere, 0.375 is the result, into 
which each range value is divided, in turn, for determining the 
required shunt values. For example, the shunt value for the 
1.250 ampere range is determined by dividing 1.250 into 0.375, 
giving a value of 0.3 ohm for that range. 

For the 500 milliampere range, 0.500 ampere is divided into 
0.375, giving a value of 0.75 ohm for the 500 milliampere range; 
but since there already is a value 0.3 ohm for the preceding 
range, it is necessary to subtract 0.3 ohm from 0.75 ohm, leav-
ing a value of 0.45 ohm for the second section of the shunt. 

For the 250 milliampere range, 0.250 ampere is divided into 
0.375, giving a value of 1.5 ohms for the 250 milliampere range; 
but since there already is a value of 0.75 ohm for the two pre-
ceding ranges, it is necessary to subtract 0.75 ohm from 1.5 
ohms, leaving a value of 0.75 ohm for the third section of the 
shunt. The shunt sections for the other ranges are determined 
in a similar manner, and can be checked by Ohm's law. 

For example, the shunt value of 0.3 ohm for the 1.250 
ampere (1,250-milliampere) range is in parallel with the remain-
ing 374.7 ohms of the "ring" circuit, which when multiplied by 
the meter current of 0.001 ampere, produces a potential drop of 
0.3747 volt. With 0.001 ampere going through the meter, trie 
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remaining value of 1.249 amperes will be going through the 0.3 
ohm shunt, producing potential drop of 0.3 times 1.249 or 
0.3747 volt. Since the potential drop across both parallel paths 
is identical by Ohm's law, it is concluded that the calculations 
are correct. The other ranges may be similarly checked by 
Ohm's law. 

2. D.C. Potential Measurements.—When the meter is being 
used for potential measurements, enough resistance must be 
connected with it to limit the current to within the full scale 
sensitivity value of the meter. 

The value of the multiplier resistor for the 5-volt range is 
established by subtracting the meter resistance value of 300 
ohms from the 1,000 ohms-per-volt value of 5,000 ohms leaving 
a multiplier resistance value of 5,000-300 or 4,700 ohms. 

For the higher ranges the multiplier resistance values are cal-
culated on this basis of 1,000 ohms per volt. 

3. Resistance Measurements .—For resistance measure-
ments, the meter is used primarily as a voltmeter, with the cur-
rent passing through the meter calibrated on an "Ohms" scale 
instead of being calibrated on a "Volts" scale. In the multi-
range ohmmeter circuits of this tester, however, shunts are 
used to enable the different sensitivities required for each range, 
and to this extent, the ohmmeter circuits resemble current 
measuring circuits in which shunts are usually required. 

It will be observed from diagram fig. 20, that for the lowest or 
2,000 ohm range, the 33 ohm resistor is a shunt resistor, while 
the 297 ohm and the 2,723 ohm resistors act as multipliers to the 
meter with its 700/4,300-ohm shunting resistor made up of a 
fixed 700 ohm resistor and a variable 5,600 ohm rheostat for 
accommodating battery potential variations. 
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For the 20,000 ohm range, the 33 ohm and the 297 ohm 
resistors, totaling 330 ohms, act as a shunting resistor, with the 
51 ohm and 2,723 ohm resistors functioning as multipliers. 
For the 200,000 ohm range, the 33 ohm, 297 ohm and 2,723 
ohm resistors act as a shunting resistor, and a 3,269 ohm resistor 
acts as a multiplier resistor. 

4. A.C. Potential Measurements.—The a.c. potential meas-
uring functions differ from the d.c. potential in that the meter 
is connected to the output terminals of a full-wave instrument 
rectifier and a capacitor is substituted for the 4,700 unrn 
multiplier resistor, the capacitor being connected in series with 
the rectifier input circuit. Each of the multiplier resistors above 
the 5-volt range is by-passed with a calibration capacitor. The 
elements involved in the a.c. potential measuring functions are 
indicated in wiring diagram. 

5. Capacity Measurements.—When the meter is used for 
capacity measurements, the resistance value of the meter and 
of the shunt and multiplier resistors associated with the measur-
ing circuit constitutes one leg of an impedance triangle. See 
fig. 21. The reactance of a capacitor of unknown value, which 
may be connected into the measuring circuits for the purpose of 
determining its value, constitutes another leg af the same 
impedance triangle. 

It is obvious that the resistance value of the meter and of its 
associated shunt and multiplier resistors is a constant value for 
any particular capacity-measuring range, regardless of the 
capacitive value of any capacitor which may be connected to 
that range, and that the capacitive reactance, in every case, is 
determined by the capacitive value of the capacitor which may 
be subjected to the measurement; therefore, the capacitive 
leg of the triangle is the variable element. 
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It is further obvious that the meter current is related directly 
to the hypotenuse of the impedance triangle and will not, 
therefore, have a linear relationship to capacitive values. For 
example, assume an impedance triangle in which a full-scale 
meter current corresponds to a certain hypotenuse length, and 
in which the reactance leg corresponds to a capacitive value of 

Z=e, 

FIG. 21—Arrangement of impedance triangle in rapacity measurements. 

5.0 microfarads; if we remove the 5.0 mfd. capacitor and put in 
its place a 2.5 mfd. capacitor, the length of the reactive leg of the 
triangle will be doubled, but the length of the hypotenuse will 
not be doubled, and, therefore, the meter current will not be 
reduced to one-half of its former full scale value. In other 
words, a linear or evenly-divided scale cannot be used on the 
basis of fixed resistance values for the meter and its associated 
shunt and multiplier resistors. 

From what has just been explained, it is natural to ask a 
question as to how capacitive measurements are enabled on an 
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evenly divided scale in this tester. The answer lies in the fact 
that, although the meter, shunt and multiplier resistance 
values constitute a fixed resistive value for each capacity 
measuring range, a variable resistive value is introduced by the 

full wave instrument rectifier employed, and shunts and multi-
pliers are employed of such values as will enable the variable 
element of the rectifier resistance to approximately counter-
balance the variable reactive element introduced by the differ-
ent capacitive values which may be encountered for measure-

ment. 

In other words, the divisions of a meter scale would be 
crowded on the upper end of the scale for capacitive measure-
ments if the rectifier were linear in its characteristics, and the 
non-linear characteristics of the rectifier would cause the 
divisions of the meter scale to be crowded on the lower end of 
the scale, if no capacitive variable elements are introduced into 

the circuit; but when both variable elements are introduced into 
the cir-uit in approximately equal and opposite proportions, 
the meter scale divisions can be equally separated across the 
whole scale, or, what amounts to the same thing, the regular 
evenly-divided scales can be utilized for capacitive measure-

ments. 

For the measurement of electrostatic (paper) capacitive 
values, comparatively high a.c. potentials are used, but it is 
necessary to use comparatively low a.c. potential values for the 
measurement of electrolytic capacitive values, so as not to 

puncture the electrolytic film around the electrodes. Actually 
the a.c. potential applied to electrolytic capacitors in the 
0/1.25/2.5/12.5 mfd. ranges is about 9 volts. The capacity-

measuring circuits are shown in the wiring diagram. 
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Supreme Model 585 Diagnometer.—This instrument shown 
in fig. 22 with the connection diagrams of the tube testing cir-
cuit in fig. 23 has the following service facilities. It actually con-
sists of 14 instruments in one compact assembly, for complete 
circuit and tube checking on all radios, P.A. amplifiers and tele-
vision sets. 
The instrument is a complete point to point set tester, or the 

"Free Reference" system of analysis direct from tube sockets 
may be chosen. 

The meters provide for the following ranges: 

1. Six d.c. potential ranges of 0-7/35/140/350/700/1,400 
volts. 

2. Six a . c. potential measuring ranges of 0-7/35/140/350/ 

700/1,400 volts. 

3. Seven d.c. current measuring ranges of 0-1/7/35/140/350/ 
700/1,400 tn.a. 

A d.c. scale 0-14 amp. is provided for checking drain of auto 
radios and 6 volt mobile sound systems. There are six output 
meter ranges, ohms 0-200/2,000/20,000/200,000. The first 
division on the 200 ohm scale is 0.25 ohm. Can be read to 0.05 
ohm. Megohmeter 0-2/20. 
The 20 megohm range operating at 450 volts is an excellent 

electrostatic and main filter electrolytic condenser breakdown 

tester. 
Decibels-10 to +6/0 to + 16/ + 10 to +26/ +20 to +36/ +30 

to +46 direct reading on the 500 ohm line; zero level 0.006 watts 
Electrostatic capacity meter 0-.07/0.35/1.4/3.5/7.0/14.0 Mfd. 

Electrolytic capacity meter 0-3.5/7.0/14.0 Mfd. Direct 
meter leakage test for main filter electrolytics on colored 
"Good-Bad" scale. 
Also a sensitive full size neon test for electrolytic condensers. 
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All meter services and ranges are selected by indicating 
rotary switches. New "Free Reference" tube for all old and new 
radio, P.A. and television tubes, except thyratrons and kine-
scopes. 

FIG. 22—Front view showing arrangement of instruments and switching de-
vices in Supreme Model 585 diagnometer. 

With this diagnometer it is possible to test all multi-purpose 
tubes section by section, as well as for overall performance, 
there are 48 possible basic combinations of load and voltage 
to insure proper and accurate tests of every conceivable type of 
tube. 
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Supreme Model 501 Tube Tester.—The panel view of this 
tester is shown in fig. 24 and illustrates the various controls. 
The connection diagram is shown in fig. 25. This new improved 
circuit tests all old and new tubes for radio, public address 
systems, and television, except thyratrons and kinescopes. It 
tests all multi-purpose tubes section by section, as well as for 
overall performance. 

FIG. 24—Front view of Supreme Model 501 tube tester. 

All quality tests are made at full rated load for highest ac-
curacy. Six sockets test all types and combinations of tubes, as 
both ends of the filament or heater are free, through switches, 
for instant connection to any pair of tube terminals including 
the top cap. 
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FIG. 25—Schematic wiring diagram of internal connection in Supreme Model 
501 tube tester. 

Supreme Model 551 Analyzer.—The panel view and connec-
tion diagram of this instrument are shown in figs. 23 and 24 
respectively. 

This set analyzer will handle all service and circuit problems 
of all types of radios, P.A. amplifiers and television sets. It is 
also as useful in servicing industrial vacuum tubes and photo-
cell devices. 
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It has five sockets for the various types of tubes, and a 
sensitive 4 in. square meter, with easily readable scale. The 
various ranges and services are quickly available by means of 
an indexed rotary switch connecting the meter to any of the 
following measuring circuits: 

a. D.c. volts 0-7/140/350/1,400 

b. A.c. volts 0-7/140/350/1,400 

c. D.c. milliamperes 0-1/7/35/140 

d. Ohms  0-200/2,000/20,000 

FIG. 26—Exterior view of Supreme Model 551 analyzer. 
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The first scale division of the 0-200 ohm range is 0.1 ohm, 
and at center scale the resistance reading is 3.5 ohms. This 
extreme open scale which can easily be read as close as 0.02 
ohms is especially valuable when checking the resistance of 
shorted voice coils, filament windings on transformers, rosin 
joints, shorted turns in converter armatures, etc. 
The megohmeter has two ranges 0-2/20 megs, which is 

operated from a self-contained power supply for high resistance 
and cable leakage testing. 

FIG. 28—Panel view of Supreme Model 581 signal generator. 

Supreme Model 581 Signal Generator.—This all wave r.f. 
oscillator has a range of 130 k.c. to 60 m.c. on 5 fundamental 
bands and 3 harmonically related bands. 
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Other noteworthy features includes a 400 cycle modulating 
oscillator which modulates the r.f. carrier the standard 30%; 

a beat frequency audio frequency oscillator having a 60/10,000 
cycle range with less than 5% harmonic distortion; and an 
electronic frequency modulator or "Wobbulator." 

This model is useful for alignment testing by the output meter 
(amplitude modulated r.f. signal) method or the visual cathode 
ray tube (frequency modulated r.f. signal) method; demodula-

tion and detector testing; checking fidelity and overall response, 
and gain of audio and P.A. amplifier systems, band pass width; 
selectivity curves of if. amplifiers, etc. 

UNE METER 

NOTE- RESISTANCE VALUES SHOWN ARE AVERAGE 
CORRESPONDING RESISTANCE VALUES IN MODEL 

No, 430 VARY SINCE THEY ARE CALIBRATED TO THE 

CHARACTERISTICS OF THE TRANFORMER 

2 

FIG- 30—Internal connection diagram of Readrite Model 430 tube tester. 
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The whole circuit is very stable, using a modified electron 
coupled system, which will not drift due to changes in line 
voltages, ambient temperature or attenuator control operation. 
The circuit shown in fig. 29 has incorporated in it two 6A7, 

one 84 and one 76 tube. 

:FIG. 31—Front view arrangement of devices in Readrite Model 430 tube tester. 
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Readrite Model 430 Tube Tester.—The wiring diagram and 
panel view of this type of instrument is shown in figs. 30 and 
31 respectively. 
This instrument is designed to test both metal and glass types 

of tubes. 
The panel has five sockets and a direct reading "GOOD-BAD" 

meter scale, two selector switches, one load control knob, one 
a.c. voltage adjustment knob and one push button switch to 
indicate the condition of the tube under test. 
The circuit is designed on the "emission" principle in that the 

meter indication depends on an emission test of the tube. 
Cathode-leakage and short-circuit tests can also be made 

with this instrument. . 

FIG. 32—Panel view of Readrite Model 720-A point to point panel. 
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Readrite Model 720-A Point-to-Point Tester.—This tester 
is equipped to handle both the glass and the glass-metal 
tubes. It may be used to measure resistance capacity and con-
tinuity, as well for voltage checking of any tube circuit. 
The point-to-point tests are made through an eight conductor 

cable, which is plugged into the receiving set socket. Tester 
socket terminals are arranged according to R.M.A. standards, 
thereby making it unnecessary to remove chassis from cabinet 
when localizing faults. Arrangement of the different tube ele-
ments does not affect tests. 

CABLE 

SOCKET A.B.C.O. 
SOCKET E 

1275n 

8? . 
6 

BATTERY 
JACKS 

SELECTOR SWITCH CONNECTIONS 

OFF NO READING 7R BLANK 

2R 15 D.C. VOLTS BR 150 MILLIAMP 

3R 150 9R 750 AO. VOLTS 

IR 300 IOR 150 

5R 600 I IR 25 

6R 15 MILIJAMP. I2R 10 

I3R BLANK 

FIG. 33—Connection diagram of Readrite Model 720-A point to point tenter. 
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The tester is equipped with two meters; a d.c. meter having 
scale for reading 15-150-300-600 volts, 15-150 milliamperes and 
an a.c. meter for reading 10-25-150 and 750 volts. 

Separate meter ranges made available by connecting a single 
pair of jacks and using th z selector switch. For diagram of con-
nection and panel view, see figs. 33 and 32. 

FIG. 34—Front view arrangement of Readrite Model 710-A tester. 

Readrite Model 710-A Tester.—This instrument is used to 
test all parts of the tube circuits by plugging directly into the 
receiving set socket. 

It will handle sets equipped with either glass or glass-metal 
tubes. 
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There are three meters, a d.c. volt-meter which reads 
0-20/60/300/600 volts, and has 1,000 ohms resistance per volt, 
a d.c. milli-ammeter scale 0-15/150 and an a.c. voltmeter, 

scale 0-10/140/700. 

C VOLTS 

15 PUSH 

15 

60 

60 PUSH 

300 

AG. VOLTS Ce.0 MILLI AMP 

Iso 
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140 700 
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54 
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3 
2 

 T  

o 

C 

3 2 
4 1 

r----

%E CONTACTS LECTOR  
TCH 7- PRONG 

SOCKET 

3 

4 

2-6 

3 — 6 

C.G —6 

SELECTOR 
SWITCH 

CONTACTS 
7- PRONG 
SOCKET 

4 — 2 

4 — 3 

4-5 

4-6 

5-3 

5-4 

I — 6 

6-4 

6 6-5 12 

FIG. 35—Schematic diagram of connections in Readrite Model 710-A tester. 

A special positive contact selector switch connects all d.c. 
circuits to the d.c. volt meter. Panel jacks are provided to make 

individual range connections for the three meters. 

The panel view and connection diagram are shown in figs. 

34 and 35. 
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PhiIco Model 025 Signal Generator and Radio Tester.—This 
instrument consists principally of a volt-ohm-milliammeter for 
both a.c. and d.c. service. 

The a.c. and d.c. voltage scales are 0-10/30/100/300/1,000. 
Current up to 10 amperes may be read directly on the milli-
ammeter by using a special shunt. 

OHMS. 
150 
• 6 

8 15,000 

1.5 MEG. g 
-•• . 45 V. 

MILS 

10+ 

6 
o 

61 14 
• 

100+ 

3 

OUTPUT 
'1. MFD. 

•—TAC.  RECTIFIER 

¡WITCH CODE 
1 • A.C. VOLTS 5.10iIiLS 2•D.C. VOLTS • 1.5 MEG. 3. METER - 15,000 OHMS 4 . 100 MILS • 150 OHMS X • BREAK 

FIG. 36—Wiring diagram of Philco Model 025 radio tester. 

30 V. 

100 V. 
300 V. 
1,000 V, 

The circuit is designed for capacity and resistance measure-
ments which values are recorded on special scales, although in 
reading capacity (Mfd.) a special calibration chart should be 
consulted. 

For internal connection and exterior views of instrument, see 
figs. 36 and 37. 
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Readrite Model 557 Signal Generator.—This signal generator 
is equipped with coil combinations to obtain frequency band as 
follows: 

Coil "A" covers the band from 110 to 295 K.C. 

Coil "B" covers the band from 275 to 840 I 4 

Coil "C" covers the band from 820 to 2,800 

Coil "D" covers the band from 2,500 to 8,500 

Coil "E" covers the band from 8,000 to 20,500 

FIG. 37—Panel view of Philco Model 025 Signal generator and radio tester. 

The operation of the oscillator is as follows: After determina-
tion of the frequency to be covered, select proper plug in the 
coil as shown under heading "Plug-in Coils"; place coil in 6-
hole socket in shield can which is accessible by removing the 
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nickle cap near the toggle switch marked "On-Off". Connect 
oscillator and set the attenuator to approximately 75 on the 
dial, after which the toggle switch marked "MOD-UNMOD" 
is set to position desired. 

PIG. 38—Panel arrangement of Readrite Model 557 signal generator. 

Generally speaking, all oscillator alignments are made with a 
modulated signal. Consult graph chart for the coil selected. 
Note dial sctting for the frequency desired. Set dial pointer of 
frequency selector dial to the position as shown on graph. Turn 
oscillator power on by throwing the OFF-ON switch to the ON 
position and attenuate the signal to desired level by rotating 
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the attenuator control so that a minimum signal is reached. If 
further reduction in signal strength is wanted, use jacks marked 
Minimum and Ground. 

COIL - C. O & E 

50,000.a. 

(low 265 MFD..10. 000051;El- 7H 

0 000 265 MFD 

-,, 

ON 

COIL SOCKET 

OFF 
4V. SWITCH 5  

+ - 
A 

850-". 

5Ort 

55Ort 

MAX.' 

1-4 -le  
0 0003 Mil) 

45 V 

FIG. 39—Wiring diagram and coil arrangement in Readrite Model r.37 signs) 

generator. 

Output Meter.—An output meter should always be con-
nected to the radio output when using a signal generator. In 
order to avoid serious energy loss the output meter should be 
connected between the plate of output tube and chassis. If the 
output meter does not have a condenser there should be a con-
denser inserted in the output plate lead. This will prevent a 
burnout of meter. A .5 mfd. 400 volt condenser is suitable. 

Vacuum Tube Voltmeters (General).—The vacuum tube 
voltmeter is an instrument used in service work for direct 
measurement across high impedance circuits, such as in the 



1,428 Radio Testing 

measurements of radio-fiequency and audio-frequency voltages 
where the use of power consuming instruments would be un-
satisfactory on account of the small current in the circuit. 

For example, the impedance of an r.f. circuit such as is used 
in the first and second stage of a receiver may be as high as 2 
or 3 megohms when adjusted to resonance with an incoming 
signal. 

To make any measurement of potential across such a circuit 
it is obvious that a meter having a resistance of 3 to 4 megohms 
would be required, as a meter having a lower resistance might 
change the potential condition in the circuit it is desired to 
measure, too much, and hence make the measurement un-
satisfactory. 

It has been found that the only connection that could profit-
ably be made across such a circuit without upsetting the circuit 
potentials would be that of another vacuum tube, the connec-
tion being made across the grid and cathode of said tube. 

Essentially, the vacuum tube volt meter as the name implies, 
is nothing more than a vacuum tube connected through a meter 
in its plate circuit to a suitable power supply. 

The grid and the cathode of the tube are connected across the 
circuit to be measured, the potential of said circuit causing a 
change in grid voltage on the tube and thus, a resultant change 
in plate current is indicated on the instrument. 

As the vacuum tube is also a rectifier, potentials of any fre-
quency placed across the grid and cathode of the vacuum tube 
voltmeter will result in a direct current deflection on the in-
strument in the plate circuit. 

It is for this reason that the vacuum tube voltmeter can be 
used for measuring audio as well as radio frequency potentials 
provided the circuit is worked out correctly to cover this broad 
range of frequency. 
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Weston Model 669 Vacuum Tube Voltmeter.—Front view 
and internal connection of the instrument is shown in figs. 40 
and 41 respectively. The principal characteristics of this type 
of instrument is as follows: 

1. It has 6 self-contained ranges controlled by a rotary 
switch in the lower left hand corner, the full scale readings being 
0-11.2/3/6/8/12/16 volts. This meter is different from other 
multiple range vacuum tube voltmeters in that on all of these 
ranges only the grid to cathode impedance of the vacuum tube 
appears across the circuit to be measured. 

2. The device operates directly from a 120 volt 60 cycle a.c. 
line, a self-contained transformer and power supply providing 
the necessary direct current potentials. A neon regulator bulb 
is used to hold the d.c. grid and plate voltages fixed irrespective 
of variations in line voltage. Up to the present time the problem 
of eliminating variations in vacuum tube meter readings with 
line voltage fluctuations has been a serious problem. The use of 
this regulator bulb has therefore put measurements of this type 
on a different plane as readings in the vicinity of .2 to 1 volt 
were practically impossible without having some sort of regula-
tion of supply voltages. 

3. Tubes used in the instrument are a type 78 and a type 1V, 
the former being the measuring tube and the latter the rectifier 
for the power supply. The 78 tube is mounted with the top 
projecting through the panel so that direct connection can be 
made to the grid cap using short leads. In the same way the 
grid is kept approximately 1 in. from any other metal surface 
and in this way input capacity is kept at a minimum. 

4. A six range scale is provided, all a.c. readings being made 
directly without reference to curves or charts of any kind. The 
circuit has been worked out so that readings can be taken on 60 
cycle lines without visible error, the frequency coverage of the 
device being from approximately 40 cycles up through receiver 
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short wave ranges. On very high frequencies such as from 10 to 
20 megacycles slight errors will occur due to tube capacity even 
though this has been kept at a very low value. Such errors, how-
ever, are not very great being of approximately the same order 
as attained on other instruments used in this frequency range. 
Among the measurements which can be made on this instru-

ment is analysis of oscillator performance on super-heterodyne 
receivers, measurements of gain per stage in all types of re-
ceivers, checking of resonance, automatic volume control 
measurements, etc. 

TYPE 78 TUBE 

GRID 
LEAD 

OPEN 

CLOSED\  

MODEL 301 
100 

0 
NEON LAMP 

AMP 
FUSES 

TYPE IV TUBE 

\AANV' 

3 

6V 

2V 

8V 

6V 

3V 0 

2V 

  ON 

 c(OFF 

FIG. 41—Schematic wiring diagram of Weston Model 669 vacuum tube 
voltmeter. 
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CHAPTER 62 

Resuscitation 
General Points to be Observed.—The following suggestions 

should be carefully noted: 

1. Take Care of the Patient.—An unconscious person becomes 
cold very rapidly, and chilling means a further strain on a vital-
ity already weakened. 

Experience has shown that the cold to which the victims of gassing, 
electric shock, or drowning are often carelessly exposed, is probably the 
most important cause of pneumonia, and this disease is the most danger-
ous after eftect of all these accidents. 

As far as possible keep the patient covered and warm both during and 
after resuscitation. Use hot pads, hot water bottles, hot bricks, radiant 
heaters or other similar means, but remember that an unconscious man 
has no way of telling when he is being burned. Do not permit the patient 
to exert himself. If it should be necessary to move him, keep him lying 
down. 

2. Medicines and Medical Help.—Never give an uncon-
scious man anything to drink. It may choke him. Medical 
science knows no drug which of itself will start the breathing in 
a patient whose breathing has ceased. 

There is great danger of prematurely ceasing resuscitation. Breathing 
has been re-established after eight hours of resuscitation in cases of elec-
tric shock and of gas asphyxiation. Therefore, the ordinary and general 
tests for death should not be accepted, and any doctor should make several 
very careful examinations and be sure that specific evidence, such as the 
onset of rigor mortis, is present before the patient is pronounced dead 
and resuscitation is stopped. 



1,432 Resuscitation 

Considering the widespread use of electricity for light, power, 
heat and many other purposes, ic is almost surprising how few 
cases occur of serious electric shock from coming in contact with 
live wires. 

However, when a case does occur, it often finds the witnesses as helpless 
as the victim because they don't know how to help him. Prompt help 
he needs and it can be easily given. Power plant engineers should be 
familiar with the subject because electricity is being used more and more 
in their plants. 

In this chapter is given instructions for resuscitation from: 

1. Electric shock; 

2. Gas poisoning; 

3. Drowning. 

1. Prone Pressure Method for 
Resuscitation 

Recommended by 

National Electric Light Association 

Follow These Instructions Even if Victim Appear Dead 

I. Free the Victim from the Circuit Immediately 

1. Quickly release the victim from the current, being very 
careful to avoid receiving a shock. 

Use any dry insulator (rubber gloves, clothing, wood, rope, etc.) to 
move either the victim or the conductor. Beware of using metal or any 
moist material. If both of the victim's hands be grasping live conductors 
endeavor to free them one at a time. If necessary shut off current, 
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Begin at once to get the subject to breathe (resuscitation), for a moment 
of delay is serious. Use "Prone Pressure Method" for four (4) hours if 
necessary, or until a doctor has advised that rigor mortis has set in. 

2. Open the nearest switch, if that be the quickest way to 
break the circuit. 

3. If necessary to cut a live wire, use an ax or a hatchet with 
a dry wooden handle, turning your face away to protect it from 
electrical flash. 

II. Attend Instantly to Victim's Breathing 

1. As soon as the victim is clear of the live conductor, quickly 
feel with your finger in his mouth and throat and remove any 
foreign body (tobacco, false teeth, etc.). 

If the mouth be tight shut, pay no attention to the above-mentioned 
instructions until later, but immediately begin resuscitation. The patient 
will breathe through his nose and after resuscitation has been carried on a 
short time, the jaws will probably relax, and any foreign substance in the 
mouth can then be removed. Do not stop to loosen the patient's clothing; 
every moment of delay is serious. 

2. Lay the patient on his belly, one arm extended directly 
overhead, the other arm bent at elbow and with the face resting 

NOTE.—Obeerve the Following Precautions: a. The victim's loose clothing, if dry, 
may be used to pull him away; do not touch the soles or heels of his shoes while he remains 
in contact—the nails are dangerous. If this be impossible, use rubber gloves, a dry coat, a 
dry rope, a dry stick or board, or any other dry insulator to move either the victim or the 
conductor, so as to break the electrical contact. b. If the bare skin of the victim must be 
touched by your hands, be sure to cover them with rubber gloves, mackintosh, rubber sheeting 
or dry cloth; or stand on a dry board or on some other dry insulating surface. If possible, 
use only one hand. If the man receive a shock while on a pole, first see that his belt is secure 
around the pole, if possible above cross arm so victim will not fall, then break the current. 
Pass a hand line und2r his arms, preferably through his body belt, securely knot it, and pass 
the end of the line over the first cross arm above the victim. If you be alone, pass the lino 
once around this cross arm. If you be not alone, drop the line to those at the base of the pole. 
As soon as the rope is taut, free the victim's safety belt and spurs and descend the oole, guiding 
the victim. When the victim is about three feet from the ground, lower rapidly so that the 
victim's feet hit the ground bd. 
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on hand or forearm so that the nose and mouth are free for 
breathing, as in fig. 9,053. 

3. Kneel, straddling the patient's hips, with the knees just 
below the patient's hip bones or opening of pants pockets. 

Place the palms of the hands on the small of the back with fingers resting 
on the ribs, the little finger just touching the lowest rib, the thumb along-
side of the fingers, the tips of the fingers just out of sight as in fig. 9,053. 

4. With arms held straight, swing forward slowly so that the 
weight of your body is gradually brought to bear upon the 
subject, as in fig. 9.054. 

Fro. 9,053.—Resuscitation from electrical shock by Prone pressure method. First Position. 

This operation, which should take from two to three seconds, must not 
be violent—internal organs may be injured. The lower part of the chest 
and also the abdomen are thus compressed, and air is forced out of the 
lungs, the diaphragm is kept in natural motion, other organs are massaged 
and the circulation of the blood accelerated. 

5. Now immediately swing backward so as to completely 
remove the pressure, thus returning to the position shown in 
fig. 9,055. 

Through their elasticity, the chest walls expand, and the pressure being 
removed the diapluawn descends, and the lungs are thus supplied with 
fresh air. 
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6. After two seconds swing forward again. 

Thus repeat deliberately twelve to fifteen times a minute the double 
movement of compression and release—a complete respiration in four or 
five seconds. If a watch or a clock be not visible, follow the natural rate 
of your own deep breathing, the proper rate may be determined by count-
ing—swinging forward with each expiration and backward with each 
inspiration. 

7. As soon as this artificial respiration has been started and 
while it is being continued, an assistant should loosen any tight 

F 1G. 9,054.—Resuscitation from electrical shock by Prone pressure method. Second position. 

clothing about the patient's neck, chest or waist. (Keep the 
patient warm.) 

Place ammonia near the nose, determining safe distance by first trying 
how near it may be held to your own. Then the assistant should hit the 
patient's shoe heels about twenty times with a stick, and repeat this 
operation about every five minutes, until breathing commences. Do not 
give any liquids whatever by mouth until the patient is fully conscious, 

8. Continue artificial respiration without interruption (if 
necessary for four hours) until natural breathing is restored. 

Cases are on record of success after three and one-half hours of effort. 
The ordinary tests for death are no conclusive in cases of electric shock 
and doctors must be so advised by you, if necessary. 
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9. When the patient revives, he should be kept prone (lying 
down)—and not allowed to get up or be raised under any con-
sideration unless on the advice of a doctor. 

If the doctor has not arrived by the time the patient has revived, he 
should be given some stimulant, such as one teaspoonful of aromatic 
spirits of ammonia in a small glass of water, or a drink of hot ginger tea cm 
coffee. The patient should then have any other injuries attended to and 
be kept warm, seing placed in the most comfortable position. 

PIG. 9.055.—Resuscitation from electrical shock by Prone pressure method. Third position., 

10. Resuscitation should be carried on at the nearest possible 
point to where the patient received his injuries. 

He should not be moved from this point until he is breathing normally 
of his own volition, and then moved only in a lying position. Should it be 
necessary, due to extreme weather conditions, etc., to move the patient 
before he is breathing normally, he should be kept in a prone position 
and placed upon a hard surface (door or shutter) or on the floor of a con-
veyance, resuscitation being carried on during the time that he is being 
moved. 

11. A brief return of spontaneous respiration is not a certain 
indication for terminating the treatment. 
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Not infrequently, the patient, after a temporary recovery of respiration, 
stops breathing again. The patient must be watched, and if normal 
breathing stops, artificial respiration should be resumed at once. 

III.— Send for a Doctor 

If other persons be present when an accident occurs, send one 
of them for a doctor without a moment's delay. 

If alone with the patient, do not neglect the immediate and continued 
resuscitation of the patient for at least one hour before calling a doctor to 
assist in further resuscitation efforts. A published up-to-date list of doc-
tors posted by the company is recommended. 

IV.— First Care of Burns 

When natural respiration has been restored, burns, if serious, 
should be immediately attended to while waiting for the doctor 
to arrive. 

A raw or blistered surface should be protected from the air. If clothing 
stick, do not peel it off—cut around it. The adherent cloth, or a dressing 
of cotton or other soft material applied to the burned surface, should be 
saturated with picric acid (.5 per cent). If this be not at hand, use a solu-
tion of baking soda (one teaspoonful to a pint of water), or the wound may 
be coated with a paste of flour and water, or it may be protected with 
vaseline, can-on oil, olive oil, castor oil or machine oil, if clean. Cover 
the dressing with cotton gauze, lint, clean waste, clean handkerchief, or 
other soft cloth, held tightly in place by a bandage. The same coverings 
should be lightly bandaged over a dry, charred burn, but without wetting 
the burned region or applying oil to it. Do not open blisters. 

2. Gas Poisoning and the Inhalation 
Treatment 

1. What Carbon Monoxide Does 

The reason that automobile exhaust gas, the gases from coal 
beating furnaces, the smoke from fires, producer gas, coke ove» 
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gas, blast furnace gas, carburetted water gas, coal gas and other 
manufactured gases are poisonous if actually breathed is that 
they all contain carbon monoxide. 

When carbon monoxide is breathed it combines with the blood. The 
more carbon monoxide there is in the blood, the less oxygen the blood 
will hold. 

The gas victim becomes asphyxiated just as if he were being gradually 
choked to death. As low as one-tenth of I% of carbon monoxide, or even 
less, in the air will kill a man in time; 1% will kill in a few minutes. 

If the patient do not die in the gas, but is removed to fresh air, the 
carbon monoxide leaves the blood in a few hours. The quicker it is breathed 
out of the blood, the better are the chances of recovery. 

If the asphyxiation has not been too long or severe, and the first aid 
treatment has been prompt and correct, the patient will recover com-

pletely. 

2. Protect Yourself 

Do not breathe gas yourself even for a short time. If it do 
not overcome you, it will cut down your strength. If you have 
to go into gas to get a man out, remember that nobody is 
immune. Protect yourself. 

A handkerchief tied about the nose and mouth is not a gas mask; many 
have died in the belief that it is. It does not stop carbon monoxide; it 
simply filters off the irritating fumes in smoke, but carbon monoxide itself 
does not irritate the throat and has no smell. It gives no warning. It often 
paralyzes the legs first, and so suddenly that the man even though conscious 
may fall down, and cannot walk or crawl. 

If you must go into gas or smoke wear a mask equipped with an air hose, 
or an oxygen breathing apparatus. 

3. Get the Man out of Gas 

When a man is overcome by gas, the first thing to do is to 
get him into fresh air quickly. 
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'MATHEMATICS FOR HOME STUDY OR REFERENCE. 700 pages, 550 illustratbns, pocket size. 
This work has beers arranged as a progressive study, starting with the first principles of arithmetic and 
advancing step by step, through the various phases of mathematics, including the many necessary rules 
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical 
olcuiations and tables, fully indexed for quick use. 
Practical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering 
a complete review of practical arithmetic. Illustrated with examples. Includes mensuration—plane and 
solid geometry—trIgonometry--algebra—calculus—etectrical and mechanical shop calculation—practical 
,ests—reference tables and data. How to use the slide rule. A REAL HELP TO ALL MECHANIC.;. 

D AUDELS NEW MACHINISTS & TOOL MAKERS 
HANDY BOOK $4 

COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 
New from cover to cover. Tells how to set up and operate lathes, screw and milling machines, shapers, 
drill presses and all other machina tools. 
1600 pages, fuily illustrated, 5 x 61/2 x 2, flexible covers. Indexed. 5 sections, 60 chapters. Easy to 
read and understand. 
A complete instructor and reference book for every machinist, tool maker, engineer, machine operator, 
mechanical draftsman, metal worker, mechanic and student, covering lathes, screw and milling machines. 
shapers, drtil presses, etc. 5 practical books in 1: Section 1: Modern machine shop practice-2: ale 
prIrr, reading-3: mathematics for machinists-4: shop physics-5; bow la use the slide rule. 
) SHOP COMPe.NION THAT ANSWERS YOUR QUESTIONS, 



Fj-j AUDELS ELECTRIC MOTOR GUIDE $4.00 
JUST OUT1 Covers the construction, hook-ups, control, maintenance and trouble shooting of all types or 
motors including armature winding. Explains entire subject in every detail. A Handy Guide for Electrician's 
and all Electrical Workers. 
Over 1000 Pages of Information-31 Instructive, Interesting Chapters-617 Diag•ams, hook-ups and draw-Ines. All types of motors fully illustrated and indexed for ready reference. 

LI AUDELS QUESTIONS & ANSWERS FOR 
ELECTRICIANS EXAMINATIONS $1 

A PRACTICAL BOOK U P AR TO HELP YOU FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAM I un NATIONS. A Helpful Review of all the fundamental principles underlying each question and answer needed to prepare you to solve any new or similar problem, which ,, hile being asked differently still calls for the same answer and knowledge. 
Covering the National Electrical Code, Questions and Answers for License Tests: Ohm's Law with applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed and Illustrated. Pocket Size, Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 

AUDELS WIRING DIAGRAMS FOR 
LIGHT & POWER  _ _ _  $1 

Electriciaa em m s, wiren, lineen, plant superintendents, construction engineers, electrical contractors a and students will find these diagrams valuable source of practical help. This book gives th ri practical man the facts on wiring of electrical apparatus. It explains clearly simple language how to wire apparatus for practically all fields of electricit y. Each diagram is complete 
and self•explaining —210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 

D AUDELS HANDY BOOK OF PRACTICAL 
ELECTRICITY ,14 

FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS. 
pages. 2600 i 1340 pallustrations. A quick, simplified, ready reference book, giving complete instruction and practical information on the rules and laws of electricity—maintenance of aiectrical machinery—AC. and D.C. motors—armature winding and reaair—wiring diagrams—house lighting—power wiring—cable splicing—meters--bat-teries—transformers--elevators—electric cranes—railways—hells—sign flashers—telephone—ignition—• radio principles—refrigeration—air conditioning—oil burners—air compressors—welding, and many modern applications explained so you can understand. 

THE KEY TO A PRACTICAL UNDERSTANDING OF. ELECTRICITY. 

D AUDELS ELECTRONIC DEVICES ... - . - .. .$2 
TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. Covering photo-electric cells and their applications. Includes easily understood explanations of ithe workin a as of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequen-cies, photo tubes, grid basis, voltage, photo-electric tubes, photocell, vacuum tubes, the oscillator, electron tubes, electrons versus atoms, Ohm's Law, wiring diagrams, 
A PRACTICAL BOOK ON ELECTRONICS. 



• GUETHS MECHANICAL DRAWING $1 
A CONCISE DRAWING COURSE. 150 pages, SO plates, size 6 x 9, flexible cover. 
A complete instructor and reference work on: Drawing tools and their use, drafting room and shop 
practice, laying out sheets and lettering, important rules for working drawings, Cale views and isometric 
simple models, joints and carpentry work, machine drawing, projections, sections, intersections, warped 
surfaces, mrthod of plan of elevatui, method of vanishing point, shades and shadows, points, lines and 
planes, prisms and pyramids, spheres, screw surfaces, shadow perspective. HOW tO use the slide rule. 

E3 ROGERS DRAWING AND RESIGN.............. .$2 
MECHANICAL DRAWING SELF TAUGHT. 
606 pages, 600 illustrations ( many full page drawings), flat-opening. 
A standard work, with all details so clearly explained that tnis valuable trainir.g is easily oMained 
without an instructor. Covers terms and definitions, how to use drawing board—instruments, T square. 
triangles, how to do lettering, shade and section lining, geometrical drawing, development of surfaces 
and isometric, cabinet and orthographic projections, working drawings, explains how to do tracing and 
make blue prints, how to read prints, machine design. Reference index, with valuable tables. How t( 
use the slide rule. A STANDARD STUDY TEXT FOR DRAFTING ROOM AND SHOP. 

• AUDELS MILLWRIGHTS & MECHANICS GUIDE. $4 
PRACTICAL LATE INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE. 
1200 pages, completely illustrated, 5 x x 2, flexible covers, fully indexed. 1000 facts at your fingertips. 
For millwrights, mechanics, erecting maintenance men, riggers, shopmen, service men, foremen, inspec-
tors, superintendents. 
Section 1: Mechanical power transmission-2: millwrights and mechanics tools and th.ir use-3: build. 
log and construction work-4: plant operation and maintenance-5: installation and maintenance of 
electrical machinery-6: practical calculation and technical data—how to read blue prints. 

• AUDELS CARPENTERS & BUILDERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPER* 
TERS, JOINERS, BUILDERS, MECHANICS AND ALL WOODWORKERS. 
Exmlaining in practical, concise language and by illustrations. diagrams, charts, graphs and pictureS1 
principles, advances, short cuts, based on modern practice. How to figure and calculate various jobs. 
Vol. 1—Tools, steel square, saw filing, Joinery. furniture--431 pages-1200 illustrations. 
Vol. 2—Builders mathematics, drawing plans, specifications, estimates-455 pages-400 illustrations. 
Vo!. 3—House and roof framing, laying out, foundations-255 pages-400 illustrations. 
Vol. 4—Doors, windows, stair building, millwork, painting-448 pages-400 illustrations. 
4 VOLS.. 1600 PAGES, 9700 ILLUSTRATIONS, FLEXIBLE COVERS, $6. EACH VOLUME POCKEI 
SIZE. SOLD SEPARATELY $1.50 A VOL 

D AUDELS PLUMBERS & STEAMFITTERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER 
PLUMBERS, JOURNEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS, 
SHEET METAL WORKERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS. 
Explaining in plain language and by clear illustrations, diagrams, charts, graphs and pictures the 
principles of modern plumbing practice. 
Vol. 1—Mathematics, physics, materials, tools, lead work-974 pages-716 diagrams. 
Vol. 2—Water supply, drainage, rough work, tests-496 pages-6126 diagrams. 
Vol. 3—Pipe fitting, ventilation, gas, steam-400 pages-900 diagrams. 
fol. 4—Sheet metal work, smithing, brazing, motors. 
4 VOLS - 1670 PAGES-3642 DIAGRAMS—FLEXIBLE COVERS, $8. EACH VOL POCKET SIZE. 
SOLD SEPARATELY $1.50 A VOL 

1:1 AUDELS MASONS & BUILDERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK. 
LAYERS—STONE MASONS—CEMENT WORKERS—PLASTERERS AND TILE SETTERS. 
Explaining in clear language and by well-done illustrations, diagrams, charts, graphs and pictures. 
principles, advances, short cuts, based on modern practice—including how to figure and calculate 
various jobs. 
Vol. 1—Brick work, bricklaying, bonding, designs-266 pages, 
Vol. 2—Brick foundations, arches, tile setting, estimating-245 pages. 
Voi. 3—Concrete mixing, placing forms, reinforced stucco-269 pages. 
Val. 4—Plastering, stone masonry, steel construction, blue prints-345 pages. 
4 voLs.-1100 PAGES-2067 ILLUSTRATIONS—COMPLETE SET, 66. EACH VOL (POCKET SIZE. 
FLEXIBLE COVER) 41.60 A VOL 



• AUDEL; HOUSE HEAI1NG GUIDE   $4 
For Heating, Ventilating and Air Conditioning Engineers, Plumbers, Maintenance Men, Contractors, 
Building Superintendents and Mechanics seeking practical, authentic information on Heating, Ventilating, 
Air Conditioning. 1000 Pages-910 Illustrations-57 Chapters explaining the working principles of all 
Modern House Heating, Ventilation and Air Conditioning systems. Fully illustrated and indexed. This 
up-to-date book of reference gives answers to 1001 questions. 

• AUDELS DIESEL ENGINE MANUAL  $2 
A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY, PRAC-
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES. 
384 pages, fully illustrated, tlexiule binding, packet size. 
Explains in simple, concise language Diesel operating principles—engine starting—air starting valves— 
fuel spray valves— inlet and exhaust valves— valve timing— fuel pumps— fuel injection compressors--
starting air compressors—scaven4ing air compressor;—pistons and piston rings—cylinders—lubrication 
—cooling systems—fuel oil—the engine indicator—governors—engine reversing—semi- Diesel engines— 
high speed Diesel engines—answers on operation—horse power calculations, including two-cycle 
Diesel engines. ALL DETAILS ARE PLAINLY BROUGHT OUT. THIS BOOK IS OF EXTREME VALUE 
TO ENGINEERS, OPERATORS, STUDENTS. 

E AUDELS MECHANICAL DICTIONARY  $4 
A WORD BOOK FOR MECHANICS, COVERING THE MECHANIC ARTS, TRADES AND SCIENCES. 
950 pages, 53/4 x 8 x 13/4, flexible binding. A very useful book. If constantly referred to will enable the student to acquire a correct knowledge of 
the words, terms and phrases in use in mechanical engineering and its various branches. Included are 
valuable tables, formulas and helps—an encyclopedia as well as a dictionary. 

• AUDELS NEW AUTOMOBILE GUIDE   $4 
A PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN. TRAINEES & OWNERS 
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto typo 
Diesel engines. 1540 pages, fully illustrated, 5 X 61/2 x 2. 55 chapters. Indexed. 
FEATURES: All the parts of an automobile—autoinotive physics—the gas engine--pistons—piston 
rings—connecting rods—crank shafts—the valves—the valve gear—cams and cam action—valve timing 
—cooling systems—gasoline—fuel feed systems—the mixture--carburetors—automatic choke—super-
chargers--transmissions—synchro-mesh--clutches--universals and propeller shafts—the differential— 
rear axles—the running gear—brakes—wheel alignment—knee action—steering gear—tires—luhrication 
—ignition systems—magneto ignition—spark plugs—ignition coils--distributors--automatic spark 
control—ignition timing—generators—starters—lighting systems—storage batteries—Diesel engines. A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS. 
• AUDELS MARINE ENGINEERS HANDY BOOK. $4 
AN ENTIRELY NEW, MODERN, PRACTICAL TREATISE FOR MARINE ENGINEERS (ALL GRADES), 
FIREMEN, OILERS, MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND 
QUESTIONS AND ANSWERS FOR EXAMINATIONS. 
1246 Pages-23 Chapters, logically arranged—fully illustrated and Indexed for Ready Reference. 

• AUDELS PUMPS, HYDRAULICS  COMP I_SSORS • $4 
A NEW MODERN, COMPREHENSIVE GUIDE ON PUMP, HYDRAULIC AND AIR PROBLEMS FOR 
ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH QUESTIONS AND ANSWERS, 
1658 Pages-3 Books in one—fully illustrated. 
Practical Information covering: 
PUMPS—SECTION A-908 PAGES: Centrifugal—Rotary— Reciprocating Pumps—their theory, con-
struction, operation and calculations. Air and Vacuum Chambers-- Power Pumps—Air Pumps—Jet Con-
densers—Surface Condensers—Condenser Auxiliaries--Condenser Operation—calculations. Cooling Ponds 
—Cooling Towers—Water Supply— Hydraulic Rams—Special Service Pumps—Automotive Fire Pumps— 
Dredges—Code. 
EYDRAULICS—SECTION B-320 PAGES: Hydraulic Physics—Drives— Machine Tool Power—Accumu-
kz,;j:__Flevates—Airplane Control—Automobile Brakes—Shock Absorbers—Presses—Turbines. AIR COMPHECSION— SECTION C-406 PAGES: Compression—Work—Compressor Classification— 
Parts, Types— Inter vu, u ,ter Colees— Regulating Devices--Installation—Lubrication—Operatiuri— 
Maintenance—Blowers—Superchargers—Friz4mztic Hand Toros. A PRACTICAL TREATISE with a Ready Reference Inge, le 24 Pages, 



 r 
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D Volume 8  $3.00 
HELPFUL INFORMATION IN HANDY FORM. 

For every engineer, mechanic, machinist, electrician, fireman, oiler, engineer student, this Master Sel 
Is a gold mine of daily, practical helps for workers in every branch of engineering. A self educating study 
tourne for the student, the standard reference work for the chief. Thousands of rules, tables, calculations 
and diagrams make it easy to read and leans. Latest inside information on theory and practice of modern 
engineering for reference, study and review. Thousands of new short-cuts that make the lob easier. 
/3 pocket volumes with ready reference index, 4500 pages, 7750 Illustrations. Easy to read. Highly en-
dorsed. Help in securing engineer's license. 
Vol. 1—Engine principles, valve setting, pumps. 470 pages, 847 illus. 
Vol. 2—Corliss, uniflow, pumping, contractors engines. 500 Pages. 997 illus. 
Vol. 3—Locomotive, marine, turbine engines, indicators. 375 Pages, 793 illag 
Vol. 4—Gas, gasoline, oil engines, producers, aviation. 475 pages, 640 
Vol. 5—Steam, fuel economy, boiler construction. 525 Pages, 755 
Vol. 6—Firing, oil burners, stokers, repairs. 575 Pages, 999 HIUS. 
Vol. 7—Pipe fitting, heating, refrigeration, elevators. 550 pages, 1071 illuS. 
Vol. 8—Wiring and electrical reference. 1040 pages, 2600 illus. 

LI AUDELS ANSWERS on Practical Engineering. . $ 1 
QUESTIONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRAC-
TICE OF STEAM ENGINEERING. FOR ENGINEERS, FIREMEN, MACHINISTS. 
288 pages, fully illustrated, handsomely printed and bound. 

AUDELS QUESTIONS & ANSWERS FOR 
ENGINEERS AND FIREMANS EXAMINATIONS $1 

An aid for Stationary, Marine, Diesel & Hoisting Engineers' Examinitions for all grades of Liren,es A new 
concise review explaining in detail the Principles, Facts 8i Figures of Practical Engineering. Over 500 Pages 
& 435 Illustrations of Questions & Answers, fully indexed cor ready reference. Pocket size. 

AUDELS SHIPFITTERS HANDY BOOK $1 
208 PAGES OF INFORMATION. INSTRUCTION, PICTURES AND REFERENCE C"ArTS. 1OGEIHER 
WITH MANY SHORT CUTS AND TROUBLE SWERS FOR SFIIPFITTERS IN TilEIR DULY ROU-
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTH EG TRADE BOOK LI i%E 17. 

D AUDELS AIRCRAFT WORKER $1 
HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOUT MEN, DRAFTSMEN, DE-

SIGNERS, APPRENTICES AND STUDENTS. 240 pages—fully. illustiatcd and indexed. Flexible binding. 
Answers your daily questions with clear, concise practical information, pointers, facts and figures. 

D PAINTING & DECORATING METHODS $2 
A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER DIRECTION OF INTER. 
NATIONAL ASS'N CF MASTER PAINTERS AND DECORATORS. 
Over 300 pas—fully illustrated. PRACTICAL INFORMATION—EASY TO UNDERSTAND. 
The purpose of this book is to help educate men to be first class journeymen house painters and decora. 
tors. Painting problems are quickly and easily worked out by its aid. 
Covers tools, materials, outside and inside work, floor and wood finishing, paper hanging and calcimininb 
M simple, progressive outline for each class of work. 

AUDELS GARDENERS & GROWERS GUIDES 
EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES. 
Here is your opportunity to get a vast amount of expert plans—helps—hints—suggestions—iecrets—_ 
short cuts—discoveries for better results. 

4 practical help reference volumes-1700 pages—rich, flexible covers—hundreds of illustrations. 
Vol. 1—Working, fertilizing, irrigating, draining the soil-284 pages, fully illustrated. 
Vol. 2—Good vegetables and market gardening-443 pages, fully illustrated. 
Vol. 3—Fine fruit culture, cash crops-492 pages, fully illustrated. 
Vol. 4—Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated. 
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR PLEASURE OR PROFIT. 
COMPLETE SET OF 4. 16. SOLI1 SEPARATELY. $1,50 EACH.. 



AUDELS ELECTRICAL POWER CALCULATIONS . $2 
275 TYPICAL PROBLEMS FULLY WORKED OUT. 
Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday, 
practical problems In electricity—Onm's and Kirchhoff's laws for Direct Current—the generation and 
application of alternating current—xoblems in series and parallel circuits—transformers—transmission 
lines—electrical machinery. Valuatle notes on Radio Circuit Calculation. 
With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbol, 
Formulae. 420 pages, fully diagreimed. Two parts ( AC.--D.C.). Indexed. 
EVERY ELECTRICAL WORKER e• STUDENT NEEDS THIS MODERN "MATHEMATICAL TOOL." 

AUDELS NEW ELECTRIC DICTIONARY.... .$2 
FOR EVERY WORKER WHO FIAS TO DO WITH ELECTRICITY. 
The language of your professicn in convenient, alphabetical order so you can instantly locate any 
word, phrase or term. To be an expert in any line, you must "talk the language," Audels New Electric 
Dictionary enables you to understand and explain electrical problems so your hearer will thoroughly 
understand you. 
Defines more than 9000 words, terms and phrases in plain and unmistakable language, compiled with the 
same accuracy and thoroughness that has characterized Audel books for 65 years. 
Valuable as an Encyclopedia of Electricity and as a Dictionary. 
AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 

AUDELS NEW RADIOMANS GUIDE $4 
A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE. 
MEN, AMATEURS. 
750 pages, 400 illustrations and diagrams. Size 5 x 
Features: Radio fundamentals and Ohm's Law—physics of sound e related to radio science--electrical 
measuring instruments—power supply units—resistors, indicators and condensers--radio transformers 
and examples on their designs—broadcasting stations—principles of radio telephony—vacuum tutrss—. 
radio receivers—radio circuit diagrams—receiver construction—radio control systems—loud speakers— 
antenna systems—antenna systems ( automobile)—phonograph pickups—public address systems—aircraft 
radio—marine radio equipment—the radio compass and principle of operation—radio beacons—auto-
matic radio alarms—short wave radio—coil calculations—radio testing—cathode ray oscillographs--
static elimination and radio trouble pointes— underwriter's stanoards—units and tables. 
AUTHENTIC, CLEAR, CONCISE. 

D AUDELS NEW ELECTRIC LIBRARY. .$ 1.50 a vol. 
FOR ENGINEERS. ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS. 
Presenting in simplest, concise form the fundamental principles, rules and applications of anplieci 
electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference. 
Helpful questions and answers. Trial tests for practice, study and review. Design. construction, operation 
and maintenance of modern electrical machines and appliances. Based on the best knowledge and 
experience of applied electricity. 
Vol. 1—Principles and rules of electricity, magnetism, armature winding, repairs-700 illustrations-

480 pages. 
Vol. 2—Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting-573 illur• 

trations-418 pages. 
Vol. 3—Electrical testing instruments and tests, storage battery construction and repairs-631 illus. 

trations-472 pages. 
Vol. 4—Alternating current principles and diagrams, power factor, alternators, transformers-801 

illustrations-484 pages. 
Vol. S—A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circuit 

breakers-1489 illustrations-498 pages. 
Vol. 6—Relays, condensers, regulators, rectifiers, meters, switchboards, power statior practice-689 

illustrations-548 pages. 
Vol. 7—Wiring--house, light and power, circuits, high tension transmission, plans, calculations, code, 

marine wiring practice-1218 illustrations-728 pages. 
Vol. 8—Railways, signals, elevators, ignition-1078 illustrations-812 pages. 
Vol. 9—Radio, telephone, telegraph, television, motion pictures-793 illustrations-576 pages. 
Vol. 10—Refrigeration, illumination, welding, x-ray, modern electrical appliances, index-1084 illus-

trations-674 pages. 
Vol. 11—Electric mathematics and calculations-700 pages. 
Vol. 12—Electric dictionary, 9000 words and terms-550 pages. 
.7.1MPLETE IN 12 VOLUMES—EACH VOLUME SOLD SEPARATELY AT $1.50 EACH. 
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CAUTOMOBILE MECHANICS GUIDE, 1800 Pages 
D TRUCK & TRACTOR GUIDE, 1295 Pages • . 4 
DDIESEL ENGINE MANUAL, 575 Pages   2 
CWELDERS GUIDE, 400 Pages .. ... . .   1 
CMACHINISTS 8. Toolmakers Handy Book, 1600 Pages  4 
CBLUE PRINT READING, 416 Pages   2 
DCARPENTERS & Builders Guides 4 Book Set . . • 6 
DMASONS and Builders Guides ,4 Book Set . . . • 6 
LPLUMBERS & Steamfitters Guides 4 Book Set , . • 6 
DHOUSE HEATING GUIDE, 1000 Pages   4 
Don_ BURNER GUIDE, 384 Pages . . .   1 
DSHEET METAL PATTERN LAYOUTS, 1100 Pages .   4 
DSHEET METAL WORKERS Handy Book, 388 Pages   1 
CPAINTERS & DECORATORS MANUAL, 450 Pages   2 
CREFRIGERATION & Air Conditioning Guide,1280 Pages 4 
DMAT HEMATICS and CALCULATIONS, 700 Pages . . 2 
CENG INEERS & FIREMANS EXAMINATIONS, 525 Pages 1 
CPOWER PLANT ENGINEERS GUIDE, 1500 Pages . . 4 
DPUMPS, HYDRAULICS & Air Compressors, 1658 Pages 4 
D:vuLLWRIGHTS & Mechanics Guide, 1200 Pages . • 4 
DMECHANICAL DRAWING GUIDE, 160 Pages . . • 1 
CMECHANICAL DRAWING & DESIGN, 480 Pages . • 2 
DMARINE ENGINEERS Handy Book, 1280 Pages. • 4 
DSHIPFITTERS HANDY BOOK, 250 Pages • 1 
DGARDENERS 8, GROWERS GUIDES 4 Book Set). • 6 
LAIRCRAFT WORKER, 240 Pages   1 
CMECHANICAL DICTIONARY, 950 Pages   4 
DENGINEERS LIBRARY 3 Book Set ,   9 
DELECTRIC MOTOR GUIDE, 1000 Paves . . .   4 
DELECTRIC WIRING DIAGRAMS, 272 Pages . .   1 
DELECTRICIANS EXAMINATIONS, 250 Pages . .   1 
DELECTRICAL POWER CALCULATIONS, 425 Pages   2 
DPRACTICAL ELECTRICITY Handy Book, 1440 Pages  4 
DELECTRIC DICTIONARY, 9000 Terms   2 
LELECTRONIC DEVICES, 216 Pages   2 
D TELEVISION SERVICE MANUAL 346 Pages 2 
DRADIOMANS GUIDE, 914 Pages   4 
DELECTRIC LIBRARY, 7000 Pages (12 Book Set .   18 
Vols. I, II, Ill, IV, V,VI, VII, VIII, IX, X, XI, XII- $1.50 Each 
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