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CHAPTER LXXIII
ELECTRIC RAILWAYS

Any system of electric car propulsion includes besides the
back and rolling stock suitable apparatus: 1, to produce the
current, and 2, to transmit and distribute it to the electric
motors on the cars where it is transformed into mechanical
energy to give motion to the car.

The extensive development of the electric railway has given
rise to numerous systems. which may be classified in several
ways, as

1. With respect to the current, as

a. Direct;
b. Alternating;

2. With respect to the method of current generation, as

. steam;
a. Mechanical { hydraulic;
gas engine.

b. Chemical { storage battery.

2. With respect to the power system, as

a. Direct current transmission and distribution;
b. Alt,ernat@ng current transm.iss:ion, direct current distribution:
¢. Alternating current transmission and distribution.




2,534 HAWKINS ELECTRICITY

4. With respect to the current collecting devices, as

a. Trolley;

b. Surface Contact;
' c. Third rail;

d. Conduit.

5. With respect to the location of the electrical source, as

a. External { power station.

storage battery:
b. On the car { gas-electric plant.

6. With respect to the distribution pressure, as

C pressures
a. Low tension up to
600 volts.

, i pressures
b. High tension s
600 volts,

7. With respect to the service, as

b N [ clevated;
a. City lines surface;
| subway.

b. Interurban or suburban;
¢. Long distance lines;
d. Industrial short lines.

~ Power Systems.—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.
The various transmission and distribution systems which
may be successfully employed are here described and 111ustrated
in the accompanying diagrams.
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Direct Current Transmission
and Distribution.—This system
is especially well adapted for
densely populated sections as in
large cities. It is not well adapted
to the operation of roads cover-
ing large areas and is becoming
obsolete, owing to the great amount
of feeder copper required to trans-
mit large amounts of energy at 600
volts, which is the standard pres-
sure used.

n men-
ts and
oltage
as shown by

he low voltage and maintain the proper v

The dynamo delivers current direct to the line at
at the cars necessitates the use of booslers for increasing the voltage on the feeders in proportion to the demand,

y as possible 500 volts direct current at the motors on
y where the power is not transmitted further tha

The first system and the one most generally used in connection with
railway lines to greater distances into suburban distric

es having a radius of 5 to 8 miles from the power house.

% b -
i < Ques. Why is the use of
m m boosters objectionable on these
8 3322 lines?
3 m - Ans. They add largely to the
[ -]
g mm g fuel expense.
L1
o
m. s A floating storage battery at the
28 end of a long feeder is sometimes
- more expensive to instail and oper-
Sg8 ate than some of the other systems

volt system are designed for full

EEE
§58238
38388
tEgze
203@ 3 »
) dmmw later described.
3 m )
3 AT
3, mwmm Ques. What are the stan-
o 89
Fig mwm dard voltages?
& ..D oh
2 mMmm Ans. 600, 1,200, 1,500 and
§a02% 2,400.
fgSagy
sE5ge Ques. How are the motors
. Yoz e o
58 mT fgr. operated at these various pres-
bestc20%  sures?
ﬁywnmm 3
WERESG B Ans. The motors for the 600
é
~
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F1G. 3,487.—Direct current transmission and distributer with booster. 850 voits at the dynamo, radius 7 to 15 miles from the power
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station. The booster, which consists, usually, of a series wound dynamo driven by an engine or a motor is connected directly
in series with the feeder on which it is desired to raise the voltage. Its economy is due to the fact that the cost of the power
for raising the voltage sufficiently to maintain the proper voltage at the end of the feeder is less than the interest charge on
the larger amount of copper which would be required to accomplish the same result with the normal voltage loss of the system.
The booster has the additional advantage, that in the case of a motor driven outfit, its loss varies substantially with the de-
mand for current, whereas if copper were used, it would be necessary to employ a sufficient amount to takecare of the maxi-
mum demand and still give normal voltage at the end of the line. In addition to boosters of the motor-generator type,
some generating stations employ storage batteries to take care of peak loads and the sudden fluctuations of load charac-
teristic of electric railway work. Batteries are used also in substations at distant points on the system, where by means
of reversible 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 demand is heavy. In some cases the batteries are simply floated on the line and tend to equalize the demand
and the voltage. By these means the radius of successful operation of direct current systems is extended to about 15
miles from the power house.
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wer
at
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ey

connecte:
insulated for

n the latter instance the motors are series
have employed motors wound for 600 volts and

ement is adopted with four motor equipments, the pairs

ynamos operated normally in series, thus feeding into the tro!

ratus

1,200 volt two stage generation, radius 10 to 20 miles from the

When this arrang

f two 600 volt d

,200 volt ap

ither 1,200 volt or 600 volt motors may be used;

pairs. Most of the roads equipped with 1

enerating plant consists o
1,200 volts, two motors connected in series.

connected in series and parallel to give the excellent result obtained by series parallel control.

station. The

P1G. 3,488.—Direct current transmission and distribution;
1,200 volts.

current of suitable working
voltage for the motors at the
distribution points.

New York City is fed en-
tirely from rotary converters
which receive their power from
alternators and alternating cur-
rent transmission lines at 6,600
and 11,000 volts.

Alternating Current
Transmission and Distri-
bution. — The first practical
application of the alternating
current for both transmission
and distribution involved the
use of the induction motor.
This system required the use
of two trolley wires with the
ground as the third wire of a
three phase distributing sys-
tem. The motors were usually
wound for the trolley voltage
and for operating at half speed
or slower, the current induced
in the secondary of one motor
was fed into the primary of a
second motor, and resistance
was placed in the secondary
circuit of the latter for re-
ducing the speed still further.

Owing to the complicated
overhead construction due to
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DIAGRAM

or
THREE PHASE DISTRIBUTION

P1Gs. 3,489 to 3,401.—Allernating current tremsmission, direct current distribution. The diagrr:m shows the main station and two
t!

sub-stations with apparatus and connections to the line, In the system here shown e phase current is generated at the
main station, where it passes to slep 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 500 or, 600
volts by step down transformers, and converted into direct current by rotary converters. The relatively low pressure direct
{:_urrent is then conveyed by feeders to the rails, resulting in a considerable saving in copper in moderate and long distance
ines.
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F1G. 3.402.— A lternaling current transmission, divect current distribution. Sub-stations for 1,200 volt direct current trolley using two
sotariesin series. Alternating current radius dependson the transmission voltage. The system shown consists of three p

25 cycle alternators, wound for 360 to 390 volts, depending on the direct current voltage desired; step up transformers
for raising the generated voltage to the voltage necessary to transmission; sub-stations each having one or more rotary con-
verters, with each converter having a set of three step down transformers for lowering the alternating current voltage to the
proper value for reception by the converter for conversion to the proper direct current voltage supplied by it to the troliey,
and in some cases the installation of rotari,' converters in the power station, as shown at A, for taking current directly from

n

ay3 £1unod

the generators without transformation. In cases where a large amount of direct current is required near the power sta-
tion, and for plants of moderate capacity where the transmission pressure is higher than 13,500 volts it is desirable to
have the alternators wound for the low voitage stated; but for cases where the transmission on voltage does not exceed
13,500 volts, the use of the step up transformer may be avoided by winaing the alternators for the hig% voltage; while for
cases where the units of power handled at the switchboard exceed 1,500 kilowatts it is almost essential that thz generated
voltage should be higher than 390 volts. This system may be varied in several ways to satisfy special conditions, for ex-
ample; 60 cycles may be used where the general lighting circuits are su plied 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 to take
care of the load, The primary elements of all such installations are practically the same, however, and the sub-stations are
usually placed from 10 to 15 miles apart. depending on the character of the road and the traffic.
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igh pres-

pressure machine with step u

ge in cases where it isdesirable to fu

usual trolley voltages are
6,600 and 11,000 volts.*

Ques. What kind of
motor is used on the
single phase system?

tnis
am railways.

be used, or one I
3,000 are in

Ans. The series single
phase motor.

but for long linesah
and as high as 1

1000,

600
roads, and 11,000 for the electrification of existing ste:

In construction it is very
similar to the ordinary direct*
current motor, except that
the entire field is made of
laminated steel and an aux-
iliary or compensating wind-
ing 1s placed in the slots be-
tween the poles to secure
good commutation with al-
ternating currents. The
motors are usually wound
for 240 volts to which value
the trolley voltageis reduced
by an auto transformer
placed on the car.

As in the case of the
direct current motor, the
speed of the single phase
motor varies with the vol-
tage at its terminals,
therefore, by simply

11

ase alternator may
y voltage,

h
r the tmlg

r a medium

6,

ngle phase current to the railway, and the t

,300

ly a single

l(?)fo

y be woun
used to furnish si

ley voltages of 3
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*NOTE.—For a single phase system
the alternators are usually wound for
the trolley voltage and feed directly
into the line without transformation,
thus supplying the whole of the road.
Where the length of the road exceeds 35
or 40 miles, 1t is equipped with step
down transformers to lower the trans-
mission voltage to that of the trolley.
In cases where it is desirable to furnish
polyphase current for stationary power
service, and for the operation of rotary
converters, three phase alternators hav-
ing one phase the full capacity required,
and utilizing only one of the three
phases for railway work. The cost of
such installation does not differ materi-
ally from that of installations having
single phase generators.

g current lrans

phase machine. For s ! | Y
sure machine must be used in connection with step down transformer sub-stations o;

use, but the usual pressure is 6,600 volts for ordinary trolley

and step down transformer as here shown.
polyphase current for stationary Ko € e
other legs to furnish current for the stationary service.

of a three

F16.3,493.—A lternatin
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connecting the motor to different taps on the auto-transformers, for
operating at slower speeds, or any voltages higher than the normal
in an emergency requiring a higher speed.

's Line, in
Attt N Y., M. B, & H. R, B. (Steam)

Ersex

(, G sacheim N
P i &"'3”“"“" i SHORE  LINE ELECTRIC |  RAILWAY
O AY e ~60 VOLT e—- 1300 VOLT- eb Lo

PG, 3,404.—Map of the Shore Line Electric Railway. This line follows the Connecticut
shore of Long Island Sound connecting New Haven with the towns situated along the
lower end of the Connecticut river and passing through the numerous summer resorts
which line the coast between Stony creek and old Saybrook. The energy for operating
the eystem is generated at Saybrook by three phase Curtis turbines wound for 11,000
volts, 25 cycles, and is transmitted at the same voltage to two sub-stations, one at the
car bgrn about a mile distant from the power house and the other at Guilford which
supply 1,200 volts direct current to the entire 52 miles of line. The power house is
built on the banks of the Connecticut River about a mile distant from the town of Say-
broo! The prime movers are Curtis steam _turbines of the vertical type. At present,
two of these units are installed, each of 1,500 kw. capacity. They are designed to operate
at a gauge pressure of 160 1b,, and with a vacuum of a proximately 2814 inches. The
station is designed for an ultimate equipment of four of these turbines. There are two
exciter sets, one a Curtis turbine set and the other a motor generator set. The former,
consisting of a type CC two pole, 35 kw, 125 volt dynamo, coupled to a Curtis steam
turbine unit, runs at 3,600 r.p.m. This exciter set operates non-condensing. The other
set .5 composed of a CLB six pole, 35 kw., 125 volt compound wound dynamo direct ‘
connected to a four pole, 50 h.p., 440 volt Form K induction motor. The speed of this
set is 750 r.p.m. Current at 440 volts is supplied to the motor generator sets through
the medium of three type H 20 kv-a., 11,000/400 volt, 25 cycle, o1l cooled transformers.,
The switchboard for the power house consists of one three phase induction motor and
transformer panel, two three phase turbine generator pane s, two blank panels for future
generators, two three Aahase outgoing line panels, a swinging bracket provided with syn-
chronous indicator and voltmeter for the exciter sets, and one two circuit exciter
Lightning arresters of the electrolytic type are provided to protect the apparatus in the
power house. The boilers are of the water tube type. There are three 625 h.p. boilers
at present and provision is made for a fourth.

Comparison of the Various Systems.—For ordinary street
railway service the 600 volt direct current system is almost
universally employed, but for interurban and trunk line service
theve is a great difference of opinion as to which of the various
systems is the most economieal when all the factors are taken
into account. The factors which must be considered in com-
paring the three systems in any particular case are the following:

1. For a given weight and length of trolley or third rail the per cent.
power loss for a given amount of power transmitted varies inversely
as the square of the troliey or third rail voltage.
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F168. 3,495 and 3,496.—Map showing route of the Indianapolis and Louisville electric railway
and connections, and diagram of feeder layout. The lines of this road extend from Seymour
to Sellersburg, a little over 41 miles. The company also operates cars between Louisvills
and Indianapolis, a distance of 110 miles. The general scheme of electrification is of special
interest, owing to its simplicity. The power house islocated between Seymour and Sellers-
burg; it feeds the 41 mile line without sub-stations. The arrangement of the feeders is
shown in fig. 3,496, and is symmetrical in each direction, so that it is only necessary to
consider a half section. For the first five miles from the power house, the feeder has a capacity
of 500,000 cir. mils.; _for the next ten miles, 300,000 cir. mils., and after that,211, cir.
mils. for two miles. The feeder and trolley are joined every 1,000 feet.
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2. The higher the trolley or third rail voltage the fewer are the
number of sub-station required for the same efficiency of distribution
and weight of conductor.

3. The higher the trolley or third rail voltage the more costly is

the insulation and supporting structure, and also the greater is the cost
of maintenance of the distribution system.

P16. 3,497.—Interior of power station at Scottsburg (Indianapotis & Louisviile line), showmg
t connected two stage units. The two dynamos as shown are mounted on the extende
shaft of each engine (there being two sets), and the armatures are connected in series to
give 1,200 volts. The fields are connected in series on the ground sides. The switchboard
consists of two dynamo panels, two feeder panels, and two exciter panels, The switches
are all of the knife ’Hfttem. The control is of the automatic Sprague-General Electric
parallelunit type. e commutating switch used on these equipments is located on the car
tform beside the master controlier for convenience in operation. The operating mechan-
ism of the contactors is similar to those used on standard 600 volt equipments, the only
difference being that additional insulation is used. The protective devices are similar
to those on standard 600 volt equipment with the exception of additional blowout capacity
in the main fuse bores. As is usual on 1,200 volt-equipments, a dynamotor is provided to
supply 600 volts for the auxiliary circuits, including the secondary control, lighting and
COmpressor circuits, -

43
4. Both the first cost and annual expense of the sub-stations are
less for the alternating current systems than for the direct current
gystems, since for the former static transformers only are required
whereas for the latter rotary converters must be used.
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5. The relatively
low power factor of
alternating current
motors (80 to 90 per
cent.) as well as the
relatively low power
factor of the line
(due to the reac-
tance of the trolley
wire and track re-
turn) gives rise to a
greater power loss in
the alternating cur-
rent distribution sys-
tem for the same
power delivered than
in the case of the
direct current sys-
tem, and this great
loss and lower power
factor make neces-
sary the employment
of generating appar-
atus of greater kva.
capacity.

6. The 600 volt
direct current motor,
for the same horse
power rating and
speed, costs less,
weighs less, and oc-
cupies lessspace than
either type of alter-
nating current motor.
The high voltage
direct current
motors cost more,
weigh more, and oc-
cupy more space
than the 600 volt
type.

7. With the alter-
nating current
motors, transformers
are required on the
locomotives, which
add to the cost and
weight of the loco-
motive equipment.
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8. The 600 volt direct current motor costs less to maintain and is
liable to fewer operating troubles than any of the other motors.

| 9. With the commutating type of alternating current motor the power
lost in the control equipment is practically negligible, since the pres-
sure type of control can be used. For both the direct current motor

and the induction motor a resistance control is necessary, with conse-
quent loss in power.

10. The induction motor is inherently a constant speed machine,
and consequently the power input varies directly as the opposing
resistance. The direct current motor and the alternating current
commutator motor are inherently variable speed machines, and the

Fi1Gs, 8,499 and 3,500.—Overhead construction on the Indianapolis & Louisville 1,200 volt line.
e line throughout is of the single bracket construction on tangents, as shown in fig. 3,499
and of the span type at curves, as in fig. 3,500. The poles are spaced 90 ft. apart on tangents
and 60 ft. on curves. A single No. 0000 trolley wire of grooved section is used, and is held
in_alignment by 8 in. four screw clamps reinforced with soldered strain guys every half
mile. Lightning arresters are installed every 1,000 ft., and are tapped alternately to the
trolley and feeder. Telephones have been installed throughout the system, and jack boxes

are attached to the poles at all sidings and at half-mile intervals.

power input varies approximately as the square root of the opposing
resistance, the speed at the same time falling off. ;

11. The three phase induction motor, when kept connected elec-
trically to the source of power, automatically operates as an alternator
when the train is going down grade at a speed greater than the syn-
chronous speed of the motor, the motor thus returning power to the
line and at the same time acting as a brake preventing any considerable

@
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increase in speed.  Regemeration, as this action is called, can also be
obtained with the other types of motor, but only at increased expense
for the additional control equipment required.

Current Collecting Devices.—The various electric traction
systems in successful use as distinguished by the mechanical
means provided and special methods adopted for supplying

S,

PiGs. 3,501 and 3,502.—Trolley wheel and harp. The word trolley signifies the wheel which i
supported at the top of the trolley pule, and which makes rolling contact with the overhead
conductor. As shown, tae trolley c sists of a light wheel W, usually of bronze, supported
1n a frame or harp H, a.d revolviny frecly on a spindle, the latter not shown in the figure,
"The grooved form given to the wheel not only serves the purpose of securing additional
contact surface, but prevents the trolley slipping off the wire The spring S, pressi
against the side of the tmll? maintains gooti electrical conta: t between the wheel ant
insulated wire which passes down through the trolley pole to tae car. For city service
the wheel principally, used on the large city systems runs to faitly uniform practice being
414 inches outside diameter, with a 3{ inch V groove, 1}4X1] ¥ 1n., bronze angdgmphnw
bushing, and weighing from 2 to 4 lbs.; 134X 14 in. bushings aie largely employed on cit;
roads. For interurban service trolleys of from 414 to 814 in. outside diameter are used.
In general the larger the diameter the greater the mileage. Mr. Chas. A. Ingle, Electric
Railway Journal, 1914, states as follows: “For the past year the Rockford & Interurban
Railway, Rockford, 1lis., has been able to average approximately 10,000 miles on its trollc&v)
wheels by getting the maximum possible wear out of them. Weusea 6in., 4 1b. wheel wi
a % in. hollow shaft, for which we pay §1.05. The new wheels are installed in interurban
service, and as they wear down are transferred to city car until worn out. We had much
trouble at first because the hub would become badly worn before the rim. Now when this
occurs we bore out the hub 114 inch scant and press in a 7§ in. inside diameter, 114 in.
outside diameter phosphor bronze bushing, which is swaged at both ends with a tapered pin
(Me in. t:}pgr to fit). This makes the bushing tight in the wheel and allows it to run freely
on the 74 in. axle. At a cost of 7 cents for labor and material we frequently obtain from
3,000 to 4,000 additional life from a wheel, and in all cases we obtain the limit of wear.”
Other companies report wear from 2,800 miles in interurban service, to 25,000 or 30,000
miles in city service.
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current to the motors are, as already mentioned, divided into
four c'asses:

1. Overhead trolley system;

2. Surface contact system;

3. Third rail system;

4, Underground rail or conduit system.

FiGs. 3,503 and 3,504.—Section through trolley showing lubrirating bushing, and viev x bushing
removed from trollex. Since trolleys revolve at a very high , 3ome unust.a) means of
lubrication must be provided, as shown in fig. 3,503, e trolley hub is fitted vith a brass

shing, having a spirul groove into which 1s pressed graphite whi:h acts to ill the pores
of the metal, thus giving a smooth surface which reduces the friction. Roller bearing
wheels have been used to a limited extent with considerable success. On some lines a
very long journal is used instead of the usual short brass graphite bushing.

F1G. 3,505.—Trolley base. As shown, the POI" D terminates in a fork F, attached to a pair of
sector S, 8, 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 binding to force the pole P upward.

is tension has screw adjustment behind the springs. In order to use the trolley when
the direction of the car is'reversed, the pole is pulled down by a rope attrched near the
trolley, and then swung around the vertical pivot V, when it is allowed to re-engage with
the wire in the opposite direction.
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The 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 of a “trolley”
with grooved wheels, which is held up against the wire by a
flexible pole. The wires from the contact wheels pass down the
pole to the car controller and thence to the motor, the return
circuit usually being through the rails.

FiG. 3,506.—Pantograph trolley; view of motor car showing trolley raised. For use on high
speed roads operating at high pressures a pneumatically operated pantograph trolley has
been devised which can readily be raised or lowered by the motorman without leaving his
cab. In trains of several motor cars, moreover, the trolleys on the entire train may be
simultaneously contro}led from any one point. This trolley is normally held against the
wire by means of a spring, but is lowered and automatically locked down by the application
of compressed air. Application of the air to another point will then unlock the trolley
and allow it to rise,

The Surface Contact System.—This system may be ad-
vantageously used in some industrial works where an overhead
trolley is objectionable, and a third rail is not permissible. The
Westinghouse surface contact system requires no poles or over-
head wires and leaves yards and buildings free of all obstructions.
The current is supplied to the motors through contact buttons
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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.

The Third Rail System.—In this system a rail called the
“third rail” is laid outside the track rails. The current is taken
/E=HOTOR LEAD

~
N
\ SHOE BLAM
N

CQuALIZER BAR

CQUALIZER EARS
THIRD RAIL

Fics, 3,507 and 3,508.—Construction details of third rail and contact shoe as used on the
Manhattan Elevated Railway, New York City. As shown, the shoe is attached to the coil
spring seat of the truck, and the shoe proper, which is suspended by two links from the
yoke, which is in turn bolted to castings on the shoe beam. This type of shoe has a
tendency to ride on its .1jose when the speed is high, and does not permit of adequate pro-
tection of the rail from the weather.

by 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,
subway systems, and on those roads which have a private right
of way, as in the case of electrified steam roads, which operate
heavy trains at high speed.
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By means of the third rail it is possible to successfully deliver
to the cars much heavier currents, and to operate the cars
safely at higher speeds than is possible with the ordinary type of
overhead or underground trolley construction, two important
features which serve to greatly expand the field of application

of the 500 volt direct current motor.

2"3" 10 GUAGE LINE
OF TRACK RAIL

N
160 NAILS SPACED 8°.

HOLES SLANTED BOTH
LATERALLY ANP LONGITUPINALLY

Fics. 3,509 to 3,512.—Construction details of New York Central Railroad inverted third rail,
As shown, the rail is supported from above every eleven feet by iron brackets, which hold
the insulation blocks by special clamps. These blocks, which are in two pieces, are 6 X ¥ in.,
and are interchangeable. Between supporting brackets the upper part of the rail is covered
by wooden sheathing, which is appliecf in three parts and nailed together. At the joints
where the third rail is bonded, and at the feeder taps, the wooden sheathing is, mortised.
This rail is given a little play in the insulators for expansion, except at certain points, where
it is anchored. The raif)is of special section and composition and has a conductivity of
about 14 that of copper. The under, or contact surface is placed 23{ inches above the top
of the service rail, and its center is 4 ft. 914 ins. from the center line of the service track,
or 2 ft. b ins. from the gauge line of the near rail.

*NOTE.—The location of the third rail with reference to the track rails has been different
with each road using it. The Penn:glvania. Long [sland, New York Central and Interborough
Rapid Transit railroads have agreed upon a location which will not interfere with the passage
of any of their rolling stock, either passenger or freight, viz: *‘The third rail shall be located
outside of and parallel to the track rails so that its center line shall be 27 inches from the track
gauge line and its upper face 3 }4 inches above the top of the track rail.”
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The Underground Trolley or Conduit System.—Previous
to 1893 many patents were granted on conduit or other sub-
surface systems of carrying the conductors for electric railroads,
but it was not until after that year that capitalists began to
expend cnough money to make a really successfully operating
road. In the conduit system the conductor carrying the current
is supported in conduits and the current is taken from it by
means of a trolley which extends from the motor car into the

00000d4d
000000

sess

FiG, 3,513.—Sectional view showing construction details of conduit system of the Third Ave.
Strect Railway, New York City. A 4 inch layer of concrete forms a surface on which
toalign the iron work, all of which is assembled before the main body of concrete is installed.
The track rails and slot rails are supported on iron yokes sgaced 3 feet apart and made u
in three picces, which is a new feature in such work., The three members are a steel
beam A and two cast iron side pieces B, weighing about 125 pounds each. The yokes rest
on the 4 inch concrete bottom, and the space between the yokes, the center, of which sraoe

place,

is the conduit proper, is filled with concrete that must be put in after the iron is in
because the throat of the yoke dictates the general shape of the concrete part of the
conduit. In order to shape the walls between the yokes, iron linings are used to support the
concrete until it hasset. These linings are made so that they can be freely drawn through
the slot either way, and they are forced into position by means of a folding form operated
by a lever. The track rails are 9 inch grooved girders 107 pounds to the yard, in 60 foot
lengths, laid on pine stringers. This stringer construction 1s in accordance with the idea
heldkby many engineess that a rigid support for the rails does not afford an casy riding
track,

conduit through a central slot and makes a sliding contact with
the conductor.

This system is used in the streets of large cities where the
use of overhead trolley wires are objcctionable, but the cost of
construction is very great.
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Ques. How does the conduit system differ from the
overhead system electrically?

Ans. The conduit system has a metallic circuit (two insulated
conductors) while the overhead trolley has a ground return,
that is to say, the track rails which are not insulated from the
ground are used as the return.

F1G. 3,514.~Direct current railwny 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 ). The gears serve to reduce the s; 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
inspection of the working parts may be obtained by throwing back the upper half of the
casing K upon the hinges L L, after unscrewing two bolts, one of which is shown at M.
The insulated cables shown at N, pass through the casing and supply current to the motor.

Ques. What are the requirements of a conduit system?

Ans. Perfect drainage; conductor inaccessible from surface
to anything except the contact shoes; good insulation of the



ELECTRIC RAILWAYS 2,553

conductors; provisions for expansion and contraction; acces-
sibility for repairs.

Motors.—The severe operating conditions of railway service
demand a motor differing in many respects from the ordinary
machine. The principal requirements are: 1, that it shall be
dust and water proof because of its cxposed location beneath

Fi6. 3,515.—Direct current railway motor, casing open; as shown, the essential working parts
of the motor consists of an armature A, with a commutator at B; the brushes C C, which
serve to carry the current from the trolley line into and out of the armature; and the four
poles between which the armature rotates. One of the poles is shown in the upper half of
the casing at D), surrounded by the upper field coil E. The pinion_F secured to one end
of the armature shaft er:fages with a gear wheel on the car axle, which passes through the
bearings G G, corresponding to the bearings designated E in fig. 3,514.

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
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Fic. 3,516.—Direct current split frame motor which allows the lower part to be swung down

into a pit for the inspection or renewal of the working parts. The main exciting pole
pieces two of which are shown at AA, are bolted to the frame at an angle of 45 degrees to
the horizontal. The commutating go]e pieces one of which is shown at B, are bolted to the
frame at 1g:‘)mts'mldway between the main exciting poles. Commutator doors DD, fitted
with malleable iron covers and gaskets are provided at both ends of the motor to permit
of the inspection or ventilation of the working parts under service conditions. They are
inclined at any angle 80 as to allow of the brush holders being readily reached either from
under the car, or through a trap door in the floor of the car. e covers for these openings
are held in place by a readily adjustable cone locking device. Supporting brackets EE for
the armature shaft, and brackets F F for the axle bearings are located on the outside top
magnet frame. The linings are held rigidly in the supporting brackets by means of caps
bolted tightly against them. The armature shaft linings consist of bronze sleeves soldered
in Flaqe. The layer of babbit metal is so thin that the armature will not rub against the
pole pieces in case it is melted out by overheating. All bearings are designed for oil and
waste lubrication in a manner similar to the standard box journal bearing. e oil wells are
reached through large hand holes protected by strong springs, as shown. Waste 0il from
the armature shaft bearings is s;revented entering the inside of motor casing or frame
by deflectors which divert the oil into grooves which conduct it away. The main field
coils and the commutating coils are of the type and are wound with either copper wire or
strip as may be necessary. The strip is insulated between turns with asbestos and the
sections are separated from each other b an insulating partition of oiled asbestos and mica.
All coils, whether of wire or strip are first provided with a wrapping of cotton tape and
are thoroughly filled with an insulating compound by the vacuum process. They are then
thoroughly insulated with several wrappings of specially prepared tape, and finally given a
wrapping of heavy cotton webbing thoroughly hlled with japan to protect them against
mechanical injury. The coils are securely clamped to the frame when the pole pieces are
bolted in. The armature core is built up of laminations of soft iron interspaced with venti-
lating ducts, The armature coiis are of the forme:d type, and the windings at both ends are
covered with a strong canvas dressing securely bound in place. The commutalor sezments
are made of hard drawn copper insulated throughout with mica. The cone micas are built
up and pressed hard and compact in steam moulds. The mica between the segments is
made of softer quality, so that it will wear evenly with the copper. The shells and caps are
of cast steel or malleable iron in strong sections which serve to prevent breakage and pre-
serve the proper shape of the commutator. The brush holders, two in number, are made of
cast bronze and hold from two to four carbon brushes each, accordin;ito the size of the
motor. The brushes slide in finished ways, and are pressed against the commutator by
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periods without attention. The first requirement calls for
enclosed construction, thus instead of a frame as in the ordinary
motor, this number takes the form of a case or the “‘iron clad”
construction.

To permit the heavy overloads necessary at starting as well
as the heavy duty running conditions, the proportion of parts
comprising the electrical circuits, as inductors, field coils,

F1G. 3,517,—General Electric standard box frame motor. *In this type the magnet frame is
one piece of cast steel, and, as shown, is approximately octagonal in shape, The frame is
rovided with bored openings at each end, through which the armature, pole pieces, and
eld coils can be inserted or removed through the pinion end opening. Bails are cast on
the frame at convenient points to facilitate handling. The opening through the frame over
the commutator is lalﬁe and inclined at an angle to allow easy access to the commutator
and brush holders. Hand hole openings are located at points most convenient for the
inspection of the interior of the motor. Drain holes are drilled in the lower side of the
motor frame. The axle caps (which are inclined at an angle of approximately 60 degrees

to the horizontal) are tongued and bolted to machined surfaces on the magnet frame.

F16. 3,516.—Description continued.

independent fingers, which exert a_uniform pressure throughout the wortll';g range of the
brushes. A *pig tail” or shunt is inserted between the fingers and the b holder MK
to prevent current ing through the spring which actuates the fingers, or thro
the pivoting pins. The brush holders are adjustable in position to allow for wear of the
commutator, and can be readily removed through the commutator door. The three point
suspension is a salient feature in the designing of these motors. In the box frame type
the front of the frame or casing is provided with a lug which rests on a bracket secured to
the truck transom. The motor is ept from rising by means of a forged strap bolted over
the top of the lug. When the truck is out from under the body of the car, the motors can be
mounted on or taken off the truck from above, no pit being required. In the split frame
motors, lugs are cast on the upper half of the frame to which a suspension bar is bolted.
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commutation segments, brushes, must be increased to proper size
for the heavy -current. A similar increase of dimension of the
bearings, shaft, pinion, etc., must be made to securc proper work-
ing stresses. These requirements together with the fact that
the construction must be compact, result in a design of motor
considerably different in appearance from the ordinary motor
for stationary service.

Fi1c. 3,518.—Method of forced ventilation with internal air. In this arrangement there are no
v:nnlatlon openings to the outside air, the air being circulated internally in the motor, as
shown.

Ques. Name an important provision that should be
made in railway motor design.

Ans. Some means of ventilation should be provided espe-
cially for motors to be opcrated in warm climates.

Ques. Name two methods of ventilation.
Ans. Natural, and forced.

Natural Ventilation.—This may be secured either by
internal circulation or circulation of outside air. In the first
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mentioned method, the heat is distributed by keeping the
warm air stirred up through the ducts.

The method of circulating the external air through the in-
terior of the casing may be used in warm weather but with
caution when there is much dust in the air.

Forced Circulation.—This muy be sccured by a fan located
either within or outside the motor. The fan is usually

FiG. 3,519.—Method of forced ventilation with external air. In construction, the fau is cast
integral with the pinion end armature head, which draws air in through a screened inlet.
In operation, the air passes around field coils, over and through the commutator and
armature coil, carrying the heat from the interior, and thus increasing the service capacity
of the motor.

mounted on the armature shaft at the pinion end and inside
the casing. This fan drives air out of the motor through open-
ings in the pinion end of the motor which is replaced by
cxternal air entering through a screened opening over the
armature and field coils, under and through the commutator
and then through longitudinal ducts in the armature core.
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Motor Classification.—There are several types of motor
used for railway service, and thcse may be classified

1. With respect to the kind of current used, as

a. Direct;

b. Alternating {;io",gy';h‘;};:f‘e;

2. With respect to the pressure of the current, as

50 volts
a. Low pressure o
[ 220 volts;
) 250 volts
b. Medium pressure to
550 volts;
) 600 volts
c. High pressure to
2400 volts.

3. With respect to winding and operating principle, as

a. Seties direct current;
b. Series single phase;
¢. Induction, three phase.

4. With respect to the method of ventilation, as

. ol internal circulation;
a. Natural ventilation {e“emal Gireulation.

ats [ self-contained fan;
b. Forced ventilation  { giiernal fan, ;

5. With respect to the transmission, as

a. Direct drive;
b. Geared drive.

The various types of motor and their principles have already been
treated at such length (see Guide No. 2 for direct current motors, and
Guide No. 6 for alternating current motors) that it is not necessary to
add anything here, save to treat of the peculiarity of construction,
behavior, methods of placement, etc.




o N

ELECTRIC RAILWAYS 2,559

Motor Suspension.—An important point in railway motor
design is the method of suspending the motor and usually much
care is devoted to the selection of the best arrangement.

Usually the motor is constructed with a set of bearing 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

F16s. 3,520 to 3,523.—Frame heads for General Electric box type motor.

to a bar, which in turn is mounted upon springs connecting it
to the car truck.

There are numerous 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.
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Ques. Describe the cradle suspension.

Ans. It consists of a U shaped bar fastened to the truck at
the middle of the U, as shown in fig. 3,525.

Pics. 3,524 to 3,526.—Various motor suspensions. Fig. 3,524, nose suspension; fig. 3,525,
cradle suspension; fig. 3,526 parallel bar suspension.
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The cradle suspension is intended to relieve the bearings of the weight
of the motor. The total weight of the motor is hung by lugs on either
side from a longitudinal horizontal bar which at the back end is spring
supported from lugs on the arm which carries the axle bearing and at
the front end by a cross and beam truck frame. This type of suspension
is now semi-obsolete.

Ques. Describe the nose suspension.

Ans. This method consists of casting a projection or ‘“‘nose’”
on the motor frame, and fastening it to the motor truck by means
of a heavy link..

Fics. 3,527 and 3,528.—Frame heads for General Electric split frame motor. These heads are
of the solid type and special provision is made to secure good lubrication.

The object of nose suspension is to distribute the weight of the
motor befween the car axle and the truck. This is the most used
method. In operation the springs in the nose suspension lessen shocks
during starting or sudden changes of torque, about 60 per cent. of the
weight of the motor being carried directly on the axles without spring

support.

Ques. Describe yoke suspension.

Ans. In this method a cross bar is rigidly bolted on to seats
cast on the motor casing, and the ends of these bars are spring
supported on the truck frame.

Ques. Describe parallel bar or side suspension.

Ans. This consists of two parallel bars fastened to the car
truck supporting the motor on springs at its center of gravity.
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Fics. 3,529 to 3,533.—Various motor sus-
pensions. Fig. 3,529, New Haven geared
motor; fig. 3,530, New Haven gearless
motor; fig. 3,531, New Haven top geared
motor; fig. 3,532, Pennsylvania gearless
motor with connectinirods; fig. 3,533,
geared mutors with yoke, or erroneously
called Scotch yoke.
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Ques. Describe twin motor suspension.

Ans. In this arrangement 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.

By this method, two small motors, each having twice the rotative
speed of one large motor, may be used. Since each little motor is about

WiGs, 3,534 to 3.537.—Armature construction of General Electric ventilated railway m.otor
The core is built up of laminations mounted upon and keyed to the armature shaft. The
armature is so constructed that the shaft can be removed without disturbing the windings
or connections to the commutator. The laminations are punched and assembled with the
holes in alignment so as to provide longitudinal holes through the core structure. The
pinion end thrust collar has two oil throws, and the commutator end thrust collar, three, so
designed as to prevent oil reaching the interior of the motor.

2165, 3,638 to 3,540.—Railway motor gearing and case. Fig. 3,538 large gear, which is attached
to the car wheel axle; fig. 3,539 pinion, which meshes with the large gear, and which is
x‘ittacléed to one end of the motor shaft; 3.540 sear case to protect large gear and pinion

rom dust, ctc.
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half the diameter of one motor of capacity equivalent to that of the

pair, the pair may be mounted on a lighter frame and the weight of

the end housings may be reduced. The width of the gear required on

each axle is but half that required with one large motor of equivalent

capacity. Hence the weight of the gear is reduced and a larger and
motor is made possible.

more economical design of

Fic. 3.541.—General Electric split frame motor. The frame is split horizontally with the
suspension on the top half. The bottom half is arranged to drop to permit inspection
of the interior of the motor from a pit. The armature bearing frame heads are of the
solid head type glvm%;he same qualities of oil lubrication as are obtained in the standard
box frame motors. e upper and lower halves of the frame are held together by four
bolts and two hinge bolts, and each frame head is firmly secured to the upper frame by
bolts which are easily accessible from a pit. By removing these bolts (excepting the
hinge bolts) and the lower half of the gear case, the armature can be removed. ’Fhe upper
and lower magnet frames are provided with machined surfaces fitting closely around the
bearing heads, which act as keys in securing the alignment of the upper and lower halves
of the motor frame. The axle bearing caps are bolted to planed surfaces on the top half
of the frame and all the bolts are accessible from a pit, The armature is so constructed
that the shaft can be removed without disturbing the windings or connections.

Fics. 3,512 to 3,547.—Various construction details of General Electric oommutatm? pole

ik motor, fig. 3,542, exciting field coil and supports; figs. 3,543 to 3,545 details o
:\lx;?ng field ggil and supports; fig. 3,546, brush holders; fig. 3,547, malleable iron gear
case.

com=- .
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F16. 3,5648.—Ordinary rheostatic controller, designed to contro} one or more motors by means
of resistance only. As shown, it consists of a switch cylinder A, carrying nine insulating
supports upon which are mounted nine metallic conducting segments B, B, B. These
segments differ in length and position, and when the cylinder is turned by means of the
handle C, they come in contact at different times with the nine fixed contact sp
D, D, D, which effect the changes in the connection by which more or less resistance is
brought into or out of the motor circuit, thereby producing a change in the speed of the car.
It is evident that after contact has been made between the motor and the trolley, an electric
arc, very destructive to the breaking contact within the controller would be established
unless some means were provided for brc:lkimi) the arc at the instant of its formation.
This is accomplished by means of a magnetic blow out device consisting of the magnet E
and its g)lc piece, carrying the polar ridges G, G, G, which rest close to the contact
springs D, D, D, when the polc picces are placed in normal Position. In operation, the
current passing through the motor passes through the coils of the magnet E, and converts
its core into an electromagnet 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 wgcn the current is entirely shut off, the irresistable influence of this power-
ful 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 H, carries four
conducting segments K, and a corresponding number of contact spring I, 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 reversuﬁ
operation cannot be safely accomplished while the motor is running, the handles C and
are made interlocking so that the latter cannot be moved unless the former be in the “off
position.” In other words the current must first be shut off before the direction of the car
can be reversed. This prevents any arcing on the contacts of the reversing cylinder, The
proper operation of a controller requires that all the successive contacts made and
none omitted. This is insured by the action of the star wheel located at N. Rheostatic
controllers may be used ior single motor railway cquipments, single or double motor mining
equipments, and for crane, etc. It is important to have a full knowledge of all the require-
ments of any particular service before selecting the controller. For service requiring fre-
quent motor reversals, a controller with a single handle, with the motor circuits so arranged
as to perform the function of the reverser, is found more convenient than a controller witha
scparate reversing handle. Controllers with single handles are usually employed to operate
travelling cranes, turn tables, stationary and portable hoists, etc., while those having two
handles are generally used with street railway and mining equipments.
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Motor Control Systems.—In the case of nearly all railway
motors of both the direct current and alternating current types,
the speed of the motor varies with the voltage impressed upon
its terminals. In other words, by increasing or decreasing the

bt 3|
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Fics. 3,549 and 3,550.—General Electric series parallel controller. In this type,of which thereate
several forms, the power circuits are not broken during transition from series to parallel
connections. The series parallel controller, as is well known, is used to control two motots,
or two pairs of motor, and serves to connect these motors in series or in parallel relation.
By means of these connections a car may be run economically at a medium speed, as well
asat full speed, and can be accelerated to full speed more efficiently than is possible with a
simple rheostatic controller. Hence, the practically universal adoption of the series parallel
controller in railway service. The older forms of K controller were designed for operation
onanormalline pressure of approximately 600 volts. With the advent of the commutating
pole railway motor, the use of higher operating pressures, 600 to 6850 volts, became possible
and is now common pragtice, especially on interurban lines. To successfully operate on
these higher voltages, individual blow outs and other features were introduced.
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voltage applied to the terminals of a motor its speed may be
correspondingly increased or decreased.

It is evident that one of the principal requirements in the
operation of electric cars is that they should not only be capable
of being started, run up to full speed, slowed down and stopped
gradually, but should also be capable of being stopped suddenly
and their direction of motion reversed in emergency.

These various speed requirements give rise to several control
systems, and the apparatus employed to effect the proper
sequence of connection corresponding to the system of control
adopted is known as a controller. A comprchensive classi-
fication would divide the various systems

1. With respect to the methcd of operation, as

a. Hand control;
b. Automatic control;
¢. Master control.

2. With respect to the current, as

a. Direct;
b. Alternating.

3. With respect to character and sequence of connections, as

ahici)static;
. eld:
a. Direct current series parallel;
multi-unit (master control).
. rheostatic;
[ single phase compensator;
I induction regulator;
] rheostatic;
b. Alternating current | Chanesstle '{°l°l‘
single;
three phase cascade parallel single;
combined changeable
pole and cascade.

4, With respect to the method of transition, as

a. With power off;
b. With series resistance;
¢. Bridge.
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The various systems in general use are illustrated in the
accompanying cuts.

Ques. Define hand control.

Ans. In this system the motorman, by moving the con-
troller handle, can vary the current value without any time
limit device.

" Pote Piece for Biow vt

£1G. 3,551.—Detail of General Electric type K magnetic blow out showing main finger and
wire clamps. The figure shows the construction of blow outs used in forms K-34, K-35,
K-36 and K-44 controller. Each finger is supplied with a separate magnetic blow out,
consisting of a complete magnetic circuit, blow out coils and arc deflecting chutes. In
this illustration one of the iron plates forming part of the magnetic circuit is removed to
show the finger and blow out coil. The current entering at the clamp terminal passes
through the blow out coil, through the finger to the segment, generating a strong magnetic
field across the space between the arc deflector plates, so that when the circuit is broken
the arc is blown 1n an outward direction, away from the cylinder. In order to extend the
pole pieces to a point where arcing occurs, between the finger and segment, iron plates
are imbedded in the insulation of the arc chutes. The arc chutes are made of a special
moulded insulation compound, which does not carbonize under the influence of an arc.
Ample space is provided in these chutes for the expansion of the arc when breaking a
circuit. As the arc is projected away from the cylinder, the danger from short circuiting,
which occurred with the older form of blow out, has been eliminated. In the older con-
trollers, the magnetic blow out is composed of one magnetic field, extending the full length
of the cylinder, and produced by a single coil. _The effect of this field is to extinguish the
arcs by blowing them either up or down against the deflector plates, and not directly
away from the cylinder.

Ques. Define automatic control.
Ans. This system includes certain automatic devices which
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prevent the motorman applying to the motors a current greater

than a predetermined value.

Thus, the motor starts with a proper current and as soon as the cur-
rent has decreased to a specified value, the connections are automatically
changed so that the rate of acceleration and the current are kept prac-
tically uniform throughout the period of contrel.

Ques. Define master or multi-unit control.

Ans. This 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.
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FiG. 3,552.—Detail of General Electric type K magnetic blow out showing pole piece, seg~
ment and removable tip.

The principal object of multi-unit control is in service requiring that
cars be operated singly or several coupled together in a train and oper-
ated simultaneously, the connection being so arranged, when several
cars are coupled together, that the motors on all of the cars 'may be
controlled from either end of any car by a single operator.

Ques. Describe rheostatic control.

Ans. This consists of progressively cutting out sections of
a resistance connected in series with the motor.
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An ordinary rheostat is used and the method is confined to single
motor installations as in mining or other small industrial locomotives,

Ques. Describe field control.

Ans. This method 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.

Bty (o 3tling

W T ‘

FiGs. 3,553 and 3,554, —Details of Genera) Electric tvpe K controller construction. Pig. 3.553
method of fastening tips to segments; fig. 3,654, detail of cylinder casting assembly
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Thus, when the two sections of the motor field winding are connected
in series, a strong field is obtained, and therefore slow speed. By
arranggg the second step of the controller to cut out one field section
the sp is increased. The complete sequence of connection gives two
series running positions and two parallel running positions, thus making
four running positions.

Ques. What control system is very largely used?
Ans The series parallel.

Ques. Describe this method.

Ans. This method is used with two or four motor equip-
ments. 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, control resistance progressively
reduced, 3, control resistance again put in circuit in series with
parallel connection of motors, 4, control resistance progressively
reduced, 5, both motors in parallel with control, no resistance.

Ques. What feature of series parallel control divides
this method into several types?

Ans. The mode of transition.

Ques. Describe the power off method of transition.

Ans. In this method the controller is so arranged that the
power is cut off from both motors in changing the motor con-
nections from series to parallel.

This was formerly used for large size motors and locomotives but
is not used much at present.

Ques. Explain series resistance transition.

Ans. During the transition from series to parallel, a re-
sistance 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.

This method is in general use in equipments of small motors with
the so called type K controller.
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Ques. What is bridge transition?

Ans. This method consists in grouping the motors and their
resistances like the arms of a Christi, or erroneously called
Wheatstone bridge,* so that after the two motors are in full

TROLLEY WIRE (500 VOLTS)

MOTOR 2
{250 VOLTS)

MOTOR |
(250 VOLTS)

—TO GROUND

1l

RESISTANCE  ARMATURE FIELD ARMATURE FIELD

(ALL OUT)
(500 VOLTS)
MOTOR |
Vi ==—  (500V0LTg) —
=411 HFOMWW O A-—
RESISTANCE d = ' MOTOR 2
(ALLOUT) (500 VOLTS)
Figs. 3,555 and 3,556.—Diagrams of series parallel two motor control. . Fig. 3,555, series
running position, all resistance cut out; . 3,556, parallel running position, all resistance

- cut out. When the controller handle is in the series running position, fig. 3,555, the motors
are in series, and with a 500 volt trolley circuit, each motor therefore operates at 250 volts
In fig. 3,556, both motors are in parallel under the full 500 volt pressure. The two positives
here shown are with resistance allout. A number of intermediate positions may be obtained
in both series and parallel positions by progressively cutting out a series resistance. When
a rheostatic controller is used with, for example, a two motor equipment, the motors are
connected permanently in parallel, and the current divides into two branches, one of whch
passes through each motor, before they become joined again in a single circuit, passing to
the ground. Under this condition the amount og current required by each motor is double
that which would be required by one of the motors to move its share of the load. As all
this current has to flow through the resistance of the rheostat, the volts dropped in the
rheostat constitute a loss, since they do no work, but are wasted in the form of heat.
Series parallel operation prevents some of this loss as the motors are in series at starting
and the same current which starts one motor passes through and starts the other, thereé)dy
taking only one-half as much current from the line as when a rheostatic controller is used.
The final or full s, connections are the same in both methods, the motors operating in
parallelat the fulltrolley line voltages with all resistance cut out of the circuit. Inselecting
a series parallel controller, as in the case of any other similar apparatus, it is important to
consider the nature of the circuit, whether wholly metallic or ground return, the number of
motor per equipment, and the capacity of each, and the character of the service required of
the controller, whether for simple series parallel operation, series parallel control with
emergency electric brake, or series paralle] control with electric brake for regular operation.
The controller should not only be of sufficient capacity, but should be arran for the
number of motor, operated. For example: a series parallel controller designed for two
100 H. P. motors is not suitable for an equipment of four 50 H. P. motors, as the reversing
switch must have separate connections for each motor. Furthermore, controllers of either
the rheostatic or series rpm‘allel type for operation with electric brakes for either emergency
?l: r%gular service should have the necessary contacts and connections for the operation of

e xakes.
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series position, the resistances may be placed in circuit again
in parallel with the motors without opening the circuit. The
two motors are then corrected in parallel with each other and
each in series with its own resistance.
Ques. What is the advantage of bridge transition?
Ans. There is no noticeable jerk as both motors are in

(250 VOLTS)

MOTOR 1 (250 vours) .

| TO GROUND

RESISTANCE
CALL OUT)
MOTOR

3 (250 vouTs) ¢4 (250 VOLTS)

(50C VOLTS)

—_———

(500 VOLTS)
J MOTRI S ANAR
I
CALLOUTH
TR JMoTOR 4
(500 VOLTS)

FiGs. 3,557 and 3,558.—Diagrams of series earal]el four motor control. Fig. 3,557 series running
position, all resistance cut out; fig. 3,558, parallel running position, all resistance cut out.

ope:.tion throughout control period and it is not necessary to
open the circuit which would cause flashing at the switches.

This method is used mestly on multi-unit control equipments,
particularly for large size units.

*NOTE.—See note page 2,239,
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Fics. 3,570 to 3,580.—Di: ms showing control connections of

Pics. 3,559 to 3,569.—Di ms showing controlz onnections of
General Electric type K series parallel four motor controller.

General Zlectric type K series parallel two motor controller,
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Ques. How is series parallel control applied to four
motor equipments?

Ans. By connecting the motors in parallel in pairs and
treating each pair as a unit.

Ry 3
fuseand Switch = x L

; R =0 —§
' Lghtimg Arrester 70Li7/ts and Pump)

H'AIGg Col/ MU TP pping Switch

Mair? SWitclry
A
d
[ q
7roMey errmira/— ‘/\
Auxiiary Contacts b
- 2 Controller 3
;F_h £7 -6
LJ}Caﬂcacz:or.s I
ruseLox

FiG. 3,581.—Wiring diagram of General Electric contactor equipment, designed to climmnate
all destructive arcing form the car platform, by opening and closing the main power circuit
with contactors located underneath the car body. Two of these contactors are connected
In series in the main circuit between the trolley base and the controller and are enclosed in
an iron box for protection. Additional contacts are rovided in the controller for opening
and closing the operating circuit of the contactors when the controller is turned off or on
respectively. By this arrangement heavy arcing is avoided at the controller. This
equipment also includes overload devices, tripping switches for interrupting the encrgizi
circuit of the contactor coils in case of overload. These switches perform the function of
the circuit breakers ordinarily used, and are located in the cab convenient for operation by
the motorman. They are adjusted, set and tripped the same as a circuit breaker but only
open the small energizing current of the contact coils. A combined switch and fuse is
connected in the contactor operating coil circuit. Where the_auxiliary contactor equip-
ment is used, the car circuit breakers are usually replaced with non-automatic magnetic
dlowout switches, for opening the main circuit when desired,
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FiGs. 3,582 to 3,593.—Westinghouse type K-12 con-
troller connections. In changing the motor connec-
tions from series to parallel, it will be noted that the
controller short circuits 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 conncctions
until all are cut out.

Alternating Cur-
rent Control Sys-
tems. — The single
phasc motor used on
alternating  current
roads has a commu-
tator, and in fact is
almost identical with
the series direct cur-
rent motor, save that
all the iron in the
magnetic circuit is
laminated, and there
is a compensating
winding in the field
magnet whose office
it is to neutralize the
inductance of the ar-
mature caused by the
alternating  current
flowing therein.

Ques. How are
single phasemotors
controlled by the
compensator
method?

Ans. The impress-
cd pressure is gradu-
ally increased by pro-
gressively cutting out
sections of the com-
pensator or auto-
transformer.
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Ques. What is the objection to rheostatic control as
compared with the compensator method?
Ans. The compensator method is the more efficient.
Ques. Describe the induction regulator method of
control.
1]
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FiGs. 3,594 to 3,618—Westinghouse type L-2 controller connections. This type controller opens
the circuits to both motors before making the change from series to mr:llle‘).c In this parallel
mcthod additional sections of resistance are connected in parullel 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 first section and, finally on the last step the entire
group is short circuited.

NOTE.—Jonres three speed control system.—This control which is used on the Pitts-
burgh low floor cars, provides three running points, one full series, one series—parallel and_one
parallel, the points between, where there are one or more idle motors, being simply transition
points. Thisarrangement makes possible the chanying of the motors from the fullseries to fullpar-
allel relation without breaking the initial series connections between the motors. These original
connections are maintained and the various changes effected by short circuiting one or more
motors and establishing circuit connections of a character to cause the current to flow through
both the fields and armatures of some of the motors in a direction reversed to that in which it
flowed in the series position. On the first point all four motors are connected in series through
a resistance, on the second point this resistance is cut out, which, on a 600 volt circuit, makes
150, volts drop across each motor and makes the second point on the control a running point.
The third point is made by manipulating two switches which short circuits two motors and place
300 volts across each of the other two. The fourth point simply closes the ground connection
to the two idle motors which makes 300 volts across all four motors and parallels the two pairs.
Transition is made from this fourth point, which is a running point, to the next running point,
which is the seventh, by first Froyldmg connections which short circuit one motor and place
one across 600 volts in parallel with the other two in series with 300 volts across each; then
short circuiting another motor circuit beyond the first controller position, it thus also reduces
the weight of resistances which must be carried on the car, :
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Ans. An induction regulator (fully described in Chapter LX,
Guide No. 7) consists of two coils: a primary, and a secondary,
which are wound upon separate cores and are capable of angular
adjustment for changing the direction of the flux from the
primary through the secondary so that the voltage generated
in the secondary increases or decreases the voltage supplied
to the motors by the auto-transformer according to the relative
angular position of the secondary to the primary.

I

ot

fs

Tronsii

CONTROLLER
K35

Ty 2 2 e
FES MOTORS /83 MoTORS 24 €

o ST O

8

Fics. 3,619 to 3,628.—Westinghouse type K-35 controller connections.

Clearly, the voltage induced in the secondary of the regulator may
be made to buck or boost the voltage applied to the motor from the
auto-transformer, by any amount within the range of the regulator.
By making the range of the regulator equal to one step of the auto-
transformer, full control is secured without shock; thus, the first position
of the regulator lowers the transformer voltage by one half step. On
turning the regulator the voltage reduction gradually drops to zero;
as the turning is continued, the regulator delivers a rising additional
voltage which gradually reaches the value of one half step, and this
equals the next higher step on the transformer.
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Ques. What are the objections to the induction
regulator method?

Ans. Considerable weight, low power factor, and complexity
of the apparatus as compared with the compensator method.
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Fi16. 3,629.—Diagram of connections of Westinghouse auxiliary contactor equipment. The
wear and tear on drum controllers may be reduced and life of the contacts increased by the
use of auxiliary contactor equipments. A contactor equipment consists of a powerful
pneumatically operated switch, or “contactor,” 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 the 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 valye is broken before the main power circuits are
broken, and thus the main power circuit is always opened by the neurnatically operated
switch beneath the car rather than by the controller contacts, e auxiliary circuit is
carried also to a small tripping switch, located near each controller, and corresponding to
the usual car circuit breaker. is switch is so arranged that an overload or “‘short’ in the
main, circuit will release the handle of the tripping switch, thus opening the auxiliary
circuit and causing the contactor beneath the car to open the main circuit. The air sup&)ly

ve

for operating the contactor is carried through an auxiliary reservoir and a check va)

before going to the pneumatic cylinder.

-
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Figs. 3,630 to 3,633.—Con-
struction details of West-
inghouse auxiliary con-
tactor equipment. Fig.
3,630, tripping swvitch; fig.
3,631, pneumatically op-
erated line switch; fig.
3,632, electrically oper-
ated contactor in iron box;
fig. 3,633, auxiliary con-
tact attachment for type
K-28 controller. Theelec-
trically operated con-
tactor shown in fig. 3,632
is used in cases where a
supply of compressed air
is not available; it oper-
ates in the same way as
the pneumatic type, ex-
cept that the auxilia
circuit closes the switc
directly by means of a
magnet coil, instead of
operating a magnet valve.




ELECTRIC RAILWAYS 2,581

Three Phase Induction Motor Control.—As outlined in
the classification of control system, there are four methods of
control for three phase induction motors. The changeable pole
and cascade methods were extensively tried out by German
manufacturers, and have been practically abandoned because
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P16. 3,634.—Diagram of connections Westinghouse unit switch controt (type 1IL) 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 pncumatically operated switches assembled in a common 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 construotion, 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 is8 regu-
lated by means of electrically operated magnet valves, one of which is attached to each
piston cylinder. The circuits from the various magnet vaives are controlled by a mastet
controller on either car platform through a control train line, which extends the len%h
of the car and terminates at each end in a twelve conductor train line receptacle. By
moving the handle of the master controller from 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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of their complications. In addition to the complications, the
rheostatic method must also be used with them to provide the
smaller gradations of speed.

Ques. How is rheostatic control applied to three
phase induction motors?

Ans. By arranging a variable resistance in series with the
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Fi1G.3 630 —Arrangement of piping of Westinghouse unit switch control, type HL. The piping
shown is for the compressed air which operates the control npparatus, the air supplé
bemg taken from the brake system. The air passes through a cut out cock for shutting
the supply if desired, a hair strainer for removing dirt or scale, and a reducing va]ve, with
equalizing reservoir and check valve for maintaining a uniform pressure. 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.

armature winding and progressively reducing it as the motor
speeds up, till at full speed or the last step of the control all
the resistance is cut out.

Ques. What type of motor is used for rheostatic control?
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Ans. The slip ring or external resistance form of induction
motor.

Ques. What kind of resistance is used?
Ans. Resistance in the form of grids or liquid.

In the case of liquid resistance, the electrodes which dip into the
liquid are held stationary and in the process of reducing the resistance,
the level of the liquid is raised by compressed air, the influx of which
is regulated by an air valve controlled by a magnet in the motor circuit.

P16. 3,636.—Westinghouse unit switch with sides of box, arc chute, cylinder and valve cut away.
The construction of the switch includes two stationary copper castings, one of which forms
directly the upper or fixed contact, while the other scrves as a_support for the lower or
movable contact, The current carrying parts are enclosed in an insulating box of moulded
material, in addition to which the jaws of the switch are further surrounded by an arc
chute slipped inside of the switch box to protect the latter from the arc. The switch
secured to the base plate of the switch group by two copper bolts, one of which is screwed
into each of the stationary castings; and these same bolts serve as terminals to carry the
current. By merely removing these two bolts the entire switch unit, complete with insu-
lating box and arc chute, can be readily taken out. The force with which the switches
operate is independent of the force with which the magnet valves operate. Aslong as the
trolley voltage is sufficient!ly high to operate the magnet valves at all (200 volts), the
switches close and remain closed with the same certainty and power as when the full normal
voltage of 600, or more is available.

Finally the resistance is automatically short circuited by a switch
governed by a float. To cut in the resistance the liquid is depressed by
air pressure.

Ques. Describe the changeable pole method.
Ans. In this method the number of pole may be altered to
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securc variable torque either by providing the motor with
independent field windings, or by regrouping the field coils.

Ques. Which changeable pole method is preferable
and why?

Ans. The regrouping method because it utilizes all the
winding.

FiG. 3,637.—\?\’05(inghouse.cylinder and magnet valve cut to show working parts. In operating
the reaction of the spring, when compressed by the admission of air to the cylinder, is 120
unds and the leverage is such that the pressure of 100 pounds appears at the switch jaws
or forcing them apart. The same construction which secures the wiping action of the
contact tips when the switch is closing is also of considerable benefit when it is opening,
and an efficient application of the above force is obtained. The size of the air cylinder 1s
such that the net pressure at the jaws for closing the switch is also approximately 100
pounds at all times of operation. e low voltage current from the trolley, through the
control resistor, for operation of the valves is so small as to permit their arrangement for
operation under a wide variation of trolley voltages. The assembled unit of cylinder and
magnet valve is so secured to the frame of the switch group by means of two bolts that,
like every other part of the group, it can be easily removed and replaced, should this
become necessary.

Ques. What other names are given to cascade
operation?
Ans. Concatenation, and tandem control.

Ques. What is cascade operation?
Ans. The various combinations of connection of two motors.

In the concatenation of two railway motors, the armatures are
mechanically connected, the field of the first is connected to the supply
and the armature to the field of the second motor; the armature of the
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second motor is connected to the external resistance at start. As the
motors speed up, the external resistance is cut out till armature of second
motor is short circuited. For motors cf equal number of pole, after
reaching maximum speed, they may be separated and ecach, having
resistance inserted in its armature circuit, may have its field connected

Pics. 3,638 and 3,639.—Westinghouse blow out coil. Pig. 3,638 view with side of box cut away;
fig. 3,639, complete with pole piece. Each blow out coil consists of a number of turn of
copper strap enclosed in an insulating box similar to the switch box. Each coil is secure
to the base plate of the switch group by two copper bolts, in the same way as the switches.

Fi1G. 3,640.—Westinghouse switch group, covers removed, front view. The most important
item of a control equipment is the switch group. This consists of a cast an 1 malleable iron
frame upon which the various switches are mounted, completely enclosed by three easily
removable sheet iron covers. A blow out coil is located at the side of each switch in order
to extinguish the arc formed when the switch (s opened under load. Tae motor cut out
switches and the control circuit termina’ board are located in a suitable compartment on
one end of the group and the overload trip, when not mounted on a line switch, is on the
other. The term unit switch as applied to this system of control signifies that the funda-
mental pieces of apparatus have a]fparts arranged on the unit plan, so that any worn or
damaged part may be removed and replaced. A switch group, for instance, is made up by
assembling the requisite number of each of four different units, known resg)ecn.vely as the
swilch, the cylinder, the magnet valre and the blow out coil, these being described in the
accompanying cuts.
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to the supply. For maximum effort the external resistances may now
be progressively cut out resulting in full parallel operation.

Ques. Describe the single control cascade method.

Ans. In this method the second motor is cut out after the
period of concatenation.

Ques. Describe parallel single cascade control.

Fi1G. 3,641.—Westinghouse standard reverser, covers removed. The reverser comprises a
number of co?per ﬁn?ers mounted on a stationary base, and pressing on one or the other
of two sets of movable contact carried on a wooden drum. e drum is revolved to the
forward or the reverse position by one or the other of two pneumatic cylinders, each con-
trolled by a magnet valve similar to those in the switch group. Powerful forces approximat-
ing those for operating the switches, are used for moving the reverser, so that heavy pressures
on the fingers and firm contacts are thus secured. This construction gives the reverser_large
overload capacity for taking care of heavy current rushes. No springs are used in the
reverser cylinders and the drum, when moved to one position by closing the circuit of one
of the magnets, remains in that position until the circuit of the other magnet is closed.
Suitable small fingers mounted upon the reverser frame, and pressing upon corresponding
movable contact pieces on the reverser shaft, establish the necessary interlocking connec-
tions. The reverser parts are built upon a skeleton cast iron frame and enclosed by remov-
able sheet iron covers,

Ans. In this method 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.

Ques. How are the changeable pole and cascade meth-
ods combined?
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Ans. By first making the sequence of pole change and then
applying either of the cascade methods, thus giving several speeds.

Combined Direct Current and Alternating Current
Control.—In changing from alternating current to direct cur-
rent (or from direct to alternating) it is necessary to guard
against the possibility of wrong connections upon the car for
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Fi1G. 3,642.—Westinghouse standard resistance grids for railway service. These grids are
designed with the object of providing ample mechanical strength and liberal current carrying

capacity. Individua] grids of sufficient section to resist breakage are used; and this,
together with the triangular arrangement of the tie rods, makes the assembled frames
strong and solid.

the current received, that is, to prevent disaster should con-
nections be made for 600 volts direct current operation and
zccidental contact be made with 6,600 volts alternating current
trolley. To guard against this, the main switch of the direct
current and alternating current car equipment is provided with
a retaining coil so designed that it will open when the motor
current is interrupted. Where alternating current and direct
current trolley sections adjoin, a dead section is left between
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the two for a length not exceeding a car length, so that a car
may pass from 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

Figs. 3,613 and 3,644.—Westinghouse master controller. Fig. 3,613 view with cover removed;
- 3,644 with cover in place. The master controller contains the usual power and reverse
handles, mutually interlocked. Except for the smallest sizes of equipments, it is arranged

with five notches in series and four in parallel. The position of the notches 1s indicated on
the cap plate of the master controller and also by a suitable star wheel inside of the case.

automatically for alternating or direct current operation as the
case may be, after leaving the dead section.

Electric Locomotives.—Numerous types of electric locomo-
tive have been built for a variety of purpose, from yard switching
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to the hauling of heavy passenger trains at high speeds.
They may be classed

1. With respect to service, as

a. Switching;
b. Freight;

¢. Passenger;
d. Industrial;

2. With respect to the running gear, as

a. Single truck;

b. Double truck;

¢. Double truck with trailers;
d. Articulated, etc.;

216, 3,645.—Westinghouse control resister. This is used to reduce the trolley voltage for
operating the magnet valves. The resistance element is of the slotted ribbon type, and is
iron clad to protect it from the weather,

3. With respect to the transmission, as

a. Gearless;

b. Geared;

¢. Connecting rods;

d. Scotch yoke;

e. Combination gear and connecting rods;

4. With respect to the power source, as

g. ]SExtemall;
. Storage battery;
¢. Gas electric.
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The accompanying cuts give example of various types of
electric locomotive construction.

Ques. What is a gearless locomotive?

Ans. One having the armatures built on the axles of the
driving wheels.

Ques. What is a geared locomotive?
Ans. One in which the motor drive is through gears.

B

FiG. 3,646.—General Electric 100 ton locomotive for moderate speed heavy passenger and
freight service. There are four 300 horse power motors of the box frame, commutating
pole forced ventilated type. Each of these motors at its one hour rating will develop a
torque of 4,000 Ib. at a one foot radius. The gearing between the motor and driving axle
has a 4.37 reduction and the dnving wheels are 48 in. in diameter. With this reduction
each motor will develop a tractive effort of 8,750 Ib. at the rail head, which gives a total
tractive effort for the four motors of 35,000 1b. This tractive effort will be developed at a
:Keed of 12 miles per hour. The four motors have an overload capacity sufficient to slip

e drivmﬁ)wheels and can develop under maximum conditions a momentary tractive effort
of 50,000 1b. to 60,000 1b. The maximum safe speed of the locomotive running h%ht is 35
%o 40 miles per hour. The gears are shrunk on to an extension of the driving wheel hub
and there are two gears and two pinions per motor, one at each end of the armature shaft.
This form of construction is adopted on account of the unusually heavy torque and the
excessive overloads to which the motors are liable to be subjected in heavy railroad service.
The control comprises two master controllers located in the cab. There are two four wheel
trucks with articulated coupling. .

Ques. Describe the side rod driver.

Ans. In this method, the motors are placed in the cab and the
driving torque communicated to the drivers by means of con-
necting rods.
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Fi1G. 3,650.—Combination car and side rod locomotive.

Main line passenger locomotives are required
to operate safely at speeds of 60 to 75 miles per
hour, and the heaviest service requires that trailing
loads of 1,000 tons be handled at these high speeds
in order to meet the requirements. .

Main linre freight locomotives are propor-
tioned for speeds to meet requirements, but in gen-
eral for mountain grades the speed will approximate
15 miles per hour on ruling grade with rated ton-
nay andp:lill reach a maximum of from 25to 30
miles per hour on level tangent
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Ques. Describe the Scotch yoke arrangement.

Ans. The yoke drives one axle through a sliding block and
the others through rods connected to the yoke by knuckle pins.

Ques. Describe the combination gear and connecting
rods.

Ans. In this drive the motors are geared to jack shafts
which in turn transmit the power to the drivers by means of
connecting rods.

Fi6. 3,651.—Plan view of a Westinghouse mine_locomotive showing two motor equipment,
geared drive, brakes, controller, resistance grids, etc.

The Running Gear.—There are twc 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 as in the
case of the Brill maximum traction truck shown in fig. 3,652,
and 2, those in which the car body rests upon the truck bolster
supported from the truck frame which rests upon springs
carried by equalizer bars resting on the axle journal boxes, as
in the case of M. C. B. or Master Car Builders type of truck
shown in fig. 3.653.
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Ques. For what service are maximum traction trucks
extensively used?
Ans. For city street railway cars where the numerous stops
required demand a high rate of acceleration.
This is secured by supporting the weight of the car body between

the center of the truck and the axle carrying the motor so that seventy
five per cent. of the total weight of the car falls on the larger or driving

Figs, 3,654 and 3,855.—Two arrangements ot motors. Fig. 3,654, tandem hung; fig. 3,655
inside hung. The tandem method permits a locomotive to be made with a short wheel
base and at the same time with good riding qualities. The average gauge, track, and curve
limitations of mine service make this the prevailing arrangement. ere a locomotive
car has a large wheel base, the inside lining arrangement is generally used, as under such
conditions the weight is better distributed.

wheels of the truck. The idle wheels, which are commonly known as
the pony or guiding wheels are made of much smaller diameter than
the driving wheels in order to permit them to clear the under frame of
the car when the truck swivels on curves.

Ques. What use is made of the M. C. B. type of truck?
Ans. They have been designed to satisfy the greater weight

[
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and higher speed requirements of the rapidly extending inter-
urban electric railways.

So long as the weight of the cars and the power required to propel
them remained comparatively small, the designs for electric car trucks
were naturally developed entirely from street railway practice but when
it became necessary to apply as much as 400 horse power to a truck, it
was quickly recognized that the solution of the problem depended
upon or the correct application of the principles which have been so
carefully and thoroughly worked out on steam locomotives. It must
!)e understood, however, that the conditions are not exactly the same
in the two cases. For instance, in the electric motor truck the driving

* OVERFLOW
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e —

Fics. 3,656 and 3,657.—Westinghouse self-lubricating bearin% Fig. 3,656 type used on box
frame motor; fig. 3,657 type used on split frame motor. As shown in the sectional views,
the bearing housing has a separate oil pocket from which the oil is fed and which may, at
any time, be gauged. With’ this arrangement there is no excuse for wasting oil. The
inspector pours only enough oil into the ¢ amber to bring the free oil up to a predetermined
depth. With the supply of free oil normally below the level of the opening in the bearing
there is no oil wasted when the motors are at rest through dripping or draining. The
bearing is provided with suitable wiper rings, that prevent an over supply of o1l work-
ing into the motor and damaging the windings. In addition, it has an easily accessible
drain chamber, that catches the oil as it works out of the bearings. There is no variation in
saturation of the waste. In modern Westinghouse motors the armature bearings are
lubricated on the low pressure side. With this type of bearing it is usually sufficient to
renew the oil once a month.

wheels and the truck wheels are combined, and are necessarily much
smaller than the driving wheels of a locomotive. Furthermore, the
high speed motor truck cannot have any other guiding wheels other
than the driving wheels themselves, and must possess good riding
qualities for the protection of the electrical apparatus.
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Brakes.—Next to the controller, the brake is the most
important device provided for controlling the motion of a car.
Its function is to slow down or stop a car at any desired place,

FiG. 3,858.—Internal arrangement of General Electric platform type storage battery locomo-~
Uve. Since the energy required for propelling the locomotive is obtained from storage
batteries and is, of necessity, limited in amount 2' the space which is available for installing
such a battery, it is desirable to keep the speed of such machine comparatively low in order
that the pulling power may be retained to a value within the limits of the battery capacity.
The cost for power will var from 50c to probably $2.50 per charge per locomotive, depend-
ing upon the type, size and efficiency of the batteries furnished, as well as the eﬂicienc¥ of

e ¢ rgmg equipment: The cost of power is here considered at 5 cents per kw, hr. The
frequency of charge will depend on the severity and conditions of service,

after the power has been cut off and the car is being propelled
by its own momentum. As this momentum is overcome by
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the friction of the brake shoe
on the car wheels, it is
obvious that the longer the
interval of time allowed be-
tween the cutting off of
the power and the ap-
plication of the brake, the
less will be the labor required
of the motorman to apply the
brake; while the wear and tear
on the rolling stock and the
amount of power wasted would
be correspondingly reduced.
Therefore, in order to oper-
ate a car successfully, that is,
to maintain the schedule time
with a minimum power con-
sumption, the controller and
the brake should be used in
connection with each other,
intelligently and with good
judgment.

The prime mover is a gas engine direct connected to a dynamo. The

There are several types of
brake used on electric cars:

1. Hand brakes;
2. Air brakes;
3. Electric brakes.

Ques. Describe a hand
brake.

Ans. It consists of a ver-
tical brake staff secured to the

method of control is by voltage variation.

FiG. 3,639.—Genera) Electric gas-electric motor car.
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F1G. 3,660.—Diagram of hand brake system showing the chain of connection from the brake
handle to the brake shoes, and the leverage employed at the various points in the hand
brake system most commonly used on trolley cars. The tensions in the connections
and the brake shoe pressures are those resulting from the application of 50 pounds of
pressure at right angles to the horizontal arm of t| 1e brake handle. One of the objection-
able features of this arrangement is the use of a single sway, bar and floating lever, which
results in the application of the greater braking pressure to the rear wheels or truck in-
stead of to the front wheels or trucks where it should be applied to secure the most effect-
ive braking, as shown in fig. 3,667.

Fic. 3,661.—General Electric gas-electric direct connected set for gas-electric motor car
showing control levers. It consists of an eight cylinder, 550 r. .m., four cycle, gas engine
of the V type, direct connected to the dynamo. Cylinders, 8 in. diameter, 10 in. stroke.
This set supplies power for the motors and compressed air for braking and ajr start.
Starting is accomplished by compressed air. A two cylinder, auxiliary gas enrine with
integral air compressor provides an initial charge of compressed air for air start snd brak-
ing reservoirs. A dynamo, direct connected, supplies current for car illumination and
headlights. The controller regulates the voltage and in addition places the motors pro-
gressively in series and parallel. Located on the controller are also separate handles for
throttling the engine and reversing the driving motors. Two standard type, 600 volt,
box frame, railway motors, 100 horse power each, are mounted on the axles of the front
trucks, are inside hung and equipped with standard gears and gear cases. . The trucks
are of the high speed, all steel, swing bolster, equalized type. Wheels, 33 in. diameter
with M.C.B. bearings, wedges, treads and flanges. A fin tube radiator is mounted on
cab roof, thermo-syphon circulation. The gasoline tank has a capacity of 150 gals.




Pres. 3,662 and 3,083.—
Baldwin truck frame,
and truck complete
equipped with West-
ngl ouse motors. Por
sleetric locomotives
weighing from 20 to
05 tons, 1t = esually
preferable to use two
4 wheeled trucks.
This arcangement
provides a suffi-
ciently Jong whoe!
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ricding and give a
satasfactory weight
dmstribution, while at
the pame time the
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Tunction of carrying the locomotive and alo of tromnittig to the mamn frame the tractive force developed by the
motors. Thin tractive force i trunsmstted through the wheels and jouranin (0 the track frame, and thence through the
bolster nnd center pin to the main frume snd to the drawbgr. The most impottant charmcterstic of a lecomotive truck
is ability to “stand up” in service, Riding Qualition are very mportant but are necessarily wecow  to eandurance.
The teactive force developed in a loctraotive in high, and a strong durable construction @ necesary, i is obtained \
by secuning the bolster niidly to the truek frames. Esay ndiag qualities are esseatial in 80 far wn they affect track

maintenance. In

Baldwin - Westing -

house locomotives

the trucks ordipar-
ily used are of

the C.B.

equlised type, in |

which the boxes |
are allowed a ver-

tical play in the |
pedeetals. The |
truck frame is of |

tron, forged in ore l

|

)

MTIVY OIdLOHTH

A V.

A

pitee. The trunstm
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end of the car, at the dash board and to the left of the controller.
The upper end of the staff carries a crank or wheel by means of
which it may be rotated by the motorman so as to wind arounc
its lower end a short length of chain connected to the brake
lever system through which the manual force exerted on the

PiGs. 3,664 to 3,666.—Center and side bearings. Fig. 3,664 center bea% for city and inter
urban service; fig. 3,665, side bearing with 9 inch travel; fig. 3,666, side bearing, wit),
12 inch travel for interurban cars operating on short curves. The center and side bear-
ings of a truck form the contact points between itself and the car body. The car bod
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.
It is a fact, however, that owing to a lack of adjustment, or from the displacement of the
car body from the vertical when rounding curves due to the excessive elevation of the
outer rail, the side bearings on one side may be brought into solid contact with the car
body. In order to facilitate the swivelling of trucks when rounding curves ball bearings
are frequently used in place of the ordinary bearing plates.

|

|

|

|

brake handle is multiplied.in amount to the desired direction,
and applied to the brake shoes which press against the wheels
of the car.

Fig. 3,660 shows a typical hand brake system.
\
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Ques. How do air brakes operate?

Ans. By power derived from compressed air and applied
to the brake levers by means of a brake cylinder.

There are two systems of air brake, which are distinguished from
each other by the method employed for admitting the compressed air
to the brake cylinder.

Lspezes
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£1G. 3,667.—Geared brake. This apparatus has a pinion A, on the lower end of the brake
staff, which engages a gear B, made in one piece with a double sprocket wheel. The two
chain loops running through these sprocket wheels engage two hooks formed on the end
of the brake rod, or two separate brake rods which are attached at the same point the
sway bar. The upper chain is the only one used in braking, the other being left slack
and held in reserve for use if the first set fail to work. When the brake is applied to a
car mounted on maximum traction trucks as shown, the difference in pressure between
the brake shoes on the driving wheels and those on the pony wheels is obtained by means
of a spring interposed between the brake system and the pony wheel brake shoes. The
dimensions of the different levers are as follows: Length of sway bar C is 48 inches; dis-
tance 1) between pins for the arch bar rods E and F 1s 9 inches; length truck lever B it
13 inches; and length of horizontal part of brake handle K is 15 inches. With levers
of these dimensions a force of 65 pounds applied at the brake handle gives a total brak-
ing pressure of 29,000 pounds, or an amount exceeding the weight of an empty car., The
b:st proportion of the lever 1s secured when, (C+D)X (G X H) X 85k =total weight of
the empty car.,

In the “‘straight air’ brake system, the air from the reservoir is
piped to the motorman's valve, which is so designed that when the
valve is turned to the position for applying the brakes, the air passes
into the pipe running directly to the bra.i

e cylinder.
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3,668.—Diagram of automatic_air brake system. This arrangement is very similar to
that used on steam railway trains and is adopted for use on electric railway trains com»
posed of more than two cars. It differs from the straight air brake in that the com-
pressea air instead of passing directly from the air reservoir through the train pipe, to
the various brake cylinders, passes from the train pipe into auxiliary reservoirs connec
with each brake cylinder, as here shown, where it 1s stored and automatically operates
the brake mechanism in response to the movements of the motorman’s valve handle.
When the motorman turns the valve handle to the position which allows the air to pass
from the main reservoir into the train pipe, the triple valve on the several cars allow the
air to flow into the auxiliary reservoirs. The system is now in the proper condition for
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In the “‘automatic air’ brake system the air from the reservoir is
admitted to auxiliary reservoirs which are connected to the brake
cylinder by means of ‘special devices called the “triple valve.”

The straight air brake system is adopted to single cars or short trains
composed of motor car and one or two trailers. It is not suitable for
longer trains on account of the objectionable length of time which
would be required to supply the quantity of air necessary to fill the
brake cylinder.
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Fias. 3,669 and 3,670.—Elevation and inverted plan of storage air brake equipment as in-
stalled on car.

FiG. 3,668.—Description continued.

settng and releasing the brakes. When the motorman moves the vaive handle to the position
for setting the brakes, the action of the valve cuts the communication with main reser-
voirs and permits the air to escape from the train pipe. The consequent reduction of

ressure in the train pipe causes the triple valves to open a connection between the aux-
fliary reservoirs and the brake cylinders, which allows the air to enter the latter and
set the brakes. To release the brakes the motorman must again turn the valve handle
to the position for admitting air from the main reservoir to the train pipe. The pressure
in the train pipe being thus increased above that remaining in the auxiliary reservoirs
causes the triple valves to take a position which allows the air 1n the train pipe to pass into
the auxiliary reservoirs, whileat the same time the airin the brake cylinderisallowed toescape

to the atmosphere through the triple valve exhaust posts, thus releasing the brakes.

Prom the foregoing descriptions, it will be noted that in the straight air system, air is
admitted to the train pipe to set the brakes, while in the automatic air brake system air
is admitted to the train pipe to release the brakes. In the straight air system the train
pipe is never under pressure except during the time the brakes are applied, while in the

automatic system is always under pressure, which is greatest when the brakes are re-
leased, .
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Car Lighting.—This is largely a matter of taste and judg-
ment, the arrangement and power of the lamps depending
upon the size of the car and the character of the service. In-
candescent lamps are used almost universally for both interior il-
lumination and for headlights. Cars of ordinary size usually have
a cluster of three lamps in the center of the ceiling and one at
each end. Larger cars have a row of single lamp placed at a
convenient height above the seats, and an additional row, or

one or more clusters of lamp along the center line of the ceiling.
>-

3 WAY SWITCH TO BE PLACED

ONE SIDE OF HEATER SWITCH
TO BE USED FOR LIGHTS OVERHEAD AT FRO';‘\rN?\Fng?NTi'TBgII‘-lE

S —————— "\
r P

par]
pr}
o
[+

o
S~

3 WAY SWITCH

i . YT _PLUg’ |
[VEST. (6T, / - o I
— CEILING LIGHTS 2

b

HEAD ) RESISTANCE -3 r = )
s

"

UeRTR
JG
\ u Q. a o W hd T T L 1

T 3 WAY
GROUND = SWITCH

Pic. 3,671.—Car lighting wiring diagram showing head light in series with interior lamps.
n this case there are five circuits of four 16 c.p. 110 voit, 14 amp. lamps each, operating
~m a trolley voltage of 550 volts, therefore, 110 volts from each circuit goes to the head
light, thereby giving 214 amp. of current which is sufficient for a 80 c.p., incandescent
lamp for city cars, or a 24 ampere arc lamp for interurban cars. The wiring diagram
shows 7 lamps on each side, 4 lamps on the ceiling, one lamp in each vestibule and one
lamp for the illuminated sign at each end of the car. A three way switch is located in
each vestibule by means of which either the vestibule light or the sign light at either
end may be cut out of circuit, thus keeping only 20 lamps in service at any one time.
A three way switch for cutting out either head light is also provided at each end of the
car. When neither of the head lights is in use, a small resistance inserted in the ground
connection is cut into circuit to take up the 214 amperes usually taken by the head light.

Theselamps are, usually, connected in series on a special lamp circuit
with the trolley, the wiring being very much the same as in the case of
ordinary house lighting. The lamp on each platform is usually wired in
series with the head light on the other end of the car, and a change over
switch is provided for throwing into circuit the proper platform lamp
and head light whenever the running direction of the car is changed.

It is quite practicable, however, to connect the head light to the
interior lamp circuit as shown in fig. 3,671, thus elirainating the re-
sistance used with the independently wired head light and effecting a
great saving of current.
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The following brief descriptions give the essential features of
some typical axle lighting systems.

The Stone System.—This equipment was invented in 1895 by Mr.
A. B. Gill, and was developed and improved by Messrs. ]J. Stone & Co.,
of Deptford, England, hence is known as the Stone system. It has
reached almost universal adoption on the English railways.

F1G. 3,672.—Safety Lighting Co. axle driven dynamo. It is a four pole machine, with single
shunt winding designed, to give §F;\rkless commutation at varying speeds and varying
loads met with in_car lighting. e frame is a one piece steel casting, the supportin,
lugs being cast solid with the frame. Annular ball bearings are used. n%pace is provideg
around the bearings for irea.se for lubrication. Grease grooves and felt washers prevent
the entrance of dirt into the bearings and the leakage of grease into portions of the ynamo
where it should not go.

NOTE.—It is a tradition that the honor of first lighting railway cars belongs to one Thos.
Dixon, the driver of the Experiment, as the coach was called, on the Stockton & Darlington
Railway, England, in 1825. It is said that on the dark winter nights, out of pure goodness of
heart, he used to ﬁring in a penny candle and set it on the rough oak board that served as a
table in the center of the coach. In those days the railway companies made no effort to light
their cars except to offer candles for sale to gassengers. Gradually times changed and the
railway companies furnished a few smoky candles to be placed in each car. This was only to
enable the passenger to find his way in and out of the car and took no thought of his real comfort
and accommodation. Later, oil lamps were substituted in place of the candles, and these, though
at first only a slight improvement over candles, were improved and developed to give a fairly
good light as the railway practice develoged. Car lighting has followed the same general lines of
development as have the common methods of house and street illumination, but at no time
till within the last few years has any method of railway car lighting been equal to that employed
in houses or public places. The reason for this is obviously in the great difficulty of adapting
any method of illumination to the severe conditions of railway service. But, nevertheless,
practically all of the house and street illuminants have been utilized in lighting railway trains
and in addition to this the vast application of compressed Pintsch gas for lighting railway cars
bas been developed, and later, various systems of electric lighting.
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The characteristic feature of the equipment is that each car is a unit
by itself, thus affording a much more flexible system than that of the
earlier systems of England, where the dynamo was located in the
guard’s van, this being suitable for block trains only. The equipment
consists essentially of a dynamo, a storage battery 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
regulation 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 output and belt pull. The method of mounting the dynamo
is shown in fig. 3,673.

i ) 1

BELT ADJUSTMENT
DYNAMO

)

S

FiG. 3,673.—Method of dynamo suspension in Stone system. As shown, the dynamo is sup-
?orted at one corner of its frame by the adjustable link A, in such a manner that it is
ree to swing toward or away from the driving axle. The suspending link is so placed
that the belt draws the dynamo out of the diagonal position in which it would naturally
hang, thus putting a definite tension on the belt, just sufficient to absorb the power re-
quired. It 1s obvious that when the pull on the belt exceeds that due to the offset sus-
pension of the dynamo that the dynamo wiil 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 above the critical value, A strong 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 rﬂ-
lator to keep the lights constant, absorbing all the variations of dynamo output. e
lubrication of the dynamo is effected by means of an electrically controlled oil supg]y
so0 adjusted that when the dynamo is in operation oil will flow from the oil tank, but
when the dynamo is inoperative, the supply is cut off and no waste takes place. The pre-
determined speed of dynamo was 915, at which ‘it delivered 20 amperes.

McElroy System.—In this system the dynamo is mounted directly
on the trucks and is driven by a gear and pinion similar to those used
on the motors of trolley cars; these being enclosed in a wrought iron
gear case which is made dust proof with leather packing.



Pics. 3,674 and 3,675.—Safety Lighting Cc. dynamo suspension. Fig. 3,674, position of dynamo when distance between axle

pulley and the suspension is shortened; fig. 3,675, position of dynamo when distance between axle pulley and the suspension
1s lengthened. In construction there are two carrying lugs a cast on the dynamo frame and which are pivoted to the
supporting lugs b on the suspension casting by the suspension bar c. The suspension casting is to be bolted to a suitable
plate secured to the car under frame. Belt tension is maintained by the weight of the dynamo and by the tension spring
which engages at one end with the lug e on the dynamo frame, and at the other end with the bracket f, fastened to the
suspension casting. The parts are so designed that the sum of these two varying factors is constant. When the dynamo
is hanging as in fig. 3,675, so that its center of gravity is directly under the supporting bar ¢, the weight adds nothing
to the belt tension, but the spring d has its greatest effect, since the leverage on which the spring acts (the distance between
c and x) is greatest. If the dynamo be swung as in fig. 3,674, the weight of the dynamo is giving tension, but the pull of
the spring is decreased as the leverage cx is shortened; the sum of the two tensions being the same as in the first posi-
tion. Ample latitude is provided between the two extreme positions of the dynamo (figs. 3,674 and 3,675) to take care of
belt stretch and the variation_in distance between the dynamo and axle when the car is on a curved track. The tension

ring is assembled on a carrier under the proper tension, so that to aprly_ it to the suspension it is only necessary to slip
:Ee two pins through the holes and in the carrier and corresponding holes in generator lug e and in the |suspension bracket
f. The arrangement for lmin% the dynamo with the car axle is simple. The hole in the lug b for the supporting bar ¢
is slotted. and the position of the bar can be adjusted and locked by means of the bolt i which is provided with locknuts on
either side of the lug §.
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Ques. Describe a common defect in car illumination.

Ans. The use of lamps of high intrinsicbrilliancy produces glar-
ing effects which are hard on the eyes especially when reading.

F1G. 3,676.—One method of installing Safety 1 ighting Co. dynamo under a steel car. The
dynamo is a four pole shunt wound machine and has a capacity of 3 kw. or 75 amperes
at 40 volts. It is of the enclosed type to secure rotection from dust, flying gravel, etc.
The armature is fitted with ball bearings, space being rovided around the bearings fo1
lubricating E'ease The direction of current from the dynamo is kept constant by rotat-
ing the brushes through an angle of 90 degrees whenever the direction of rotation of the
armature is changed. The four brush boxes are mounted on a brush rocker and are in-
sulated from it by mica bushings and mica washers with large creepage surfaces. This
brush rocker is mounted on ball bearings, and is free to rotate between two stops, 90 de-
grees apart, on the head, While running in one direction, the friction caused by the pres-
sure of the brushes against the commutator holds the brush rocker against one of the
stops, with the brushes in the proper position for sparkless commutation for this direc-
tion of rotation. Reversing the direction of rotation causes the brush rocker to be turned
over against the other stop, char&ing the position of the brushes 90 deg:ﬁ. The dynamo
than gives the same polarity, although the direction of rotation has n reve: 8
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The intrinsic brilliancy of a lamp i the intensity of the light emitted
divided by the area of the source emitting the light. For example:
of two lights of equal candle power the one having the shorter or more
closely coiled filament and smaller bulb is the more brilliant, and is
the one that will have the greater tiring effect on the eyes. For the

- same reason a large number of low candle power lights distributed
through a car will give a more useful illumination than a few high
candle power lights.

PiG. 3,677.—Safety Lighting Co., type F, lamp regulator. It consists of two piles of carbon
discs in series with the lamps; the two piles being in parallel. The pressure on these
carbons, and therefore their resistance, is determined by the armature of a magnet, the wind-
ings of which receive lamp voltage. By aunique design of magnet and levers, a high degree
of accuracy in voltage regulation is accomp]isxed without the use of any auxiliary control.
The carbons C, are compressed by an adjustable spring connected to the link L, acting
through a toggle. The pull of the spring is op; l‘);y the pull of the electro-magnet
which is connected directly across the lamp mains and is so designed that the armature
A will stay in any position through its stroke when the lamp voltage is right. When
the lamp voltage is high the magnet becomes stronger and pulls armature A down against.
the pull of the spring and reduces the pressure upon the carbons C, increasing their re-
sistance and bringing the lamp voltage gack to normal. If the lamp voltage be low, the
magnet becomes weakened, the spring pulls armature A back, and through the toggle
exerts enough pressure on the carbon piles to decrease their resistance and bring the lamp
voltage back to normal. An air dash pot of the same type as used on the dynamo regu-
lator 1s employed on the lamp regulator.

‘“Axle’’ Lighting of Cars.—This method of car lighting is
one now being very generally adopted on steam railways, and
in brief, it consists of a dynamo belted to the axle, storage
battery, and necessary auxiliaries for proper control.
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¥1c. 3,678.—Wiring diagram of Safety Lighting Co. 40 volt, type F regulator. In operation, the dynamo is controlled to give

the proYer output through changes in speed and battery conditions, by the amount of current supplied to the shunt field.
This field current is controlled by the resistance of the carbon pile C in series with the field. The resistance of this carbon
is determined by the pressure exerted on it by levers operated by the plungers of magnets A and S. The winding of S carries
the total current output of the dynamo; if the current output tend to rise above that for which the regulator is set, the
plunger of the coil S, through its lever, reduces the pressure on the carbon ile C, reducing the field current and holding the
current output to its proper value. If the voltage tend to rise above that for which the regulator is set, the plunger of the coil
A, through its lever reduces the pressure on the carbon pile C, and holds the voltage to its proper value. The coil S is set
to hold the current value to the full output of the dynamo. The voltage coil A is set for a maximum voltage of 2.45 voits
per cell, or 30 volts on a 16 cell lead battery. With this as a maximum voltage overcharging of the batteries will not
place, since the current to the batteries will automatically taper down to a low value as the cells become fully cha: . As
the output of the dynamo is limited to its full output by the series coil S, the dynamo cannot be overloaded either by lamp
load or charging an exhausted battery. At the same time the full output of the dynamo is available for battery or. lamp
load whenever it be needed. An equipment with this system of regulation with a dynamo of a given size will maintain the
service with a higher lighting load than with a system in which the regulator maintains the battery current constant, regard-
less of lamp load. The auto-switch is of the closed magnetic circuit type with pivoted armature. It has a dynamo s-Smnt
1ifting coil which, when the dynamo voltage equals the battery voltage, lifts the armature, bringing into action the series ooil,
which holds the switch tightly closed and assists in ogening the switch when the dynamo voltage falls below battery voltage.
Carbon contacts are provided to prevent arcing at the main brushes. o
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Within the dynamo compartment is a mechanical device that deter-
mines the jolanty of the circuit on reversal of the direction of motion
of the car.

A battery auxiliary is supplied as in all other axle devices. This
equipment is one of the type that controls by varying field resistance.
The regulator is the characteristic part of the equipment and consists
essentially of a compound solenoid controlling a motor, which in turn
operates a field rheostat.

The compound solenoid is a part of the equipment that deserves
special consideration. It consists essentially f)? a series coil of heavy
wire placed in the battery circuit, and in addition to this a shunt coil
which is connected directly across the dynamo terminals. Thus the
control is one combined for voltage and current regulation and appears
at least partially to eliminate the evils of the control by constant current.

By a proper adjustment of the ratio of ampere turns of the shunt
coil to those of the series coil, the regulator may be made to protect the
batteries from the destructive overcharge which is so often experienced
when a constant current regulator is employed.

This, from a battery standpoint, is a very commendable improve-
ment over the principle of control by constant current regulation and
deserves special emphasis.

In explanation of the operation of this solenoid, assume actual oper-
ating conditions; there being 16 cells in the storage battery, the dynamo
voltage then varies between 32 and 42 volts at different points of the
battery charge. Accordingly the magnetic flux in the solenoid due to
the shunt coil would vary proportionally to this pressure. This might
be expressed as a variation from 320 to 420 ampere turns. Assuming
that the series coil had been adjusted so that normal charging current
would develop 110 ampere turns, this making a total number of 320
plus 110 equals 430 ampere turns in the solenoid when charge was first
commenced. Now as the batteries become charged the voltage rises
and the shunt coil magnetism is increased, thus requiring less magnetic
pull from the series coil to regulate. It should be noted that the mag-
netic pull which balances the pull of the adjustable regulator spring 1s
the sum of the magnetic pull due to the shunt coil combined with that
due to the battery current flowing through the series coil, and that as
the one increases the other must decrease to maintain equilibrium.
When charged condition is obtained, the 430 ampere turns total in the
solenoid would consist of 420 ampere turns due to the shunt coil, and
only 10 ampere turns due to the series coil, thus the charging current
has been reduced to only 9% of its normal maximum value. It is
obvious that by a suitable proportion of ampere turns due to the series
and shunt coils the battery overcharge may bereduced to any desired value.

In regard to the detail operation of tle controlling apparatus, the
compound solenoid moves an iron plunger back and forth, which in
turn makes contact through the armature of a small motor, causing it
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gerously high temperature. This type of

ed in a panel in the side of the car.

; the coil terminals are led out through insulating

y_rise to a dan,

, as shown
grating or equivalent to prevent the clothes of passengers coming in

contact with the coils, which under certain circumstances ma
heater is commonly known as a panel heater, as it 1s usually install

P1G. 3,679.—Electric heater coils and case. There are two coil units
bushings and the front of the coil is covered with a wire i

to rotate backward or for-
ward, cutting in or out a
field rheostat as may be
required to regulate the
dynamo voltage. A lamp
resistance is also inserted
in each lamp circuit by
this motor when the dy-
namo becomes operative.
The motor serves also to
close the dynamo circuit
when the critical speed is
attained, thus an auto-
matic switch is not re-
quired.

In this regulator the
motor runs only when
regulation is necessary, so
that a minimum wear on
moving parts is obtained.

Due to the series coil of
the regulator being placed
in the battery circuit, the
batteries will be charged
entirely irrespective of
whether or not the lamps
are lit, so that, though the
lamp resistance te in cir-
cuit, the rise in charging
voltage of the battery
will cause a proportionate
rise in voltage at the
lamps.

This could be largely
eliminated by a slight
modification of the regu-
lator solenoid, if another
series coil were added to
thesolenoid and thisplaced
in the lamp circuit so that
when the lamps are turned
on the current through
this coil will create a mag-
netic flux which will
largely replace that of
the battery charging cur-
rent.

This would cause a
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large decrease in the battery current when all the lamys are turned on,
and would accordingly require that the charging be done largely during
theday. Thisin many cases would be a serious disadvantage, but when
installed on a car making at least a part of its run during the day
it might be made to operate satisfactorily.

Car Heating.—This may be accomplished by means of stoves,
hot water heaters and electric heaters. Systems using either
stove or hot water heaters are undoubtedly cheaper than those
employing electric heaters.

- ——
FiG. 3,6ﬁ8g0.3—5ec!ion through car seat, showing location of panel heater of the syster: snown
in fig. 3,679.

The amount of power consumed by electric heaters naturally
varies with the climatic condition, but for cars ranging from
24 to 34 feet in length the power consumption for average and
severe weather conditions varies from 5 to 7 kilowatts, respec-
tively, so that the electric heater loads on both street railway
and interurban systems compose a very large part of the total
energy consumed. It is well known that on many well equipped
<lectric railway systems, the amount of power consumed in
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heating and lighting the cars during very cold weather exceeds
20 per cent. of the power supplied to propel them. Both stove
and hot water systems however possess several disadvantages.
They occupy useful space, require special attention, and intro-
duce dust smoke and dirt into the car.

In the case of the stove, the heat is principally developed
in the upper part of the car, leaving the air near the floor com-
paratively cold. Furthermore, in the case of cars used for

FiG. 3,681.—Type of electric heater suitable for installation under cross seats of car.

heavy city service, where vestibules are not used and the cars
are not run as frequently in one direction as the other, it is
practically impossible to heat them by any other system than
that of electric heaters.

Ques. Describe an electric heater.

Ans. An electric heater consists of a resistance in the form
of a coil of wire, usually of galvanized iron, wrapped in the form
of a close spiral around a porcelain tube.
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Usually, two such coils are mounted in a
metallic case as shown by fig. 3,679, and the
entire arrangement secured to the risers under
the seat as shown, fig. 3,680.

Ques. What important point should
be considered in the design of electric
heaters?

Ans. Special provision should be made
to secure good circulation of air around
the resistance coils so as to transfer the
heat from their radiating surfaces as rap-
idly as possible into the space to be
heated.

Unless this arrangement be effective, the
heat given out will not be uniform, and a
large amount is apt to be lost through the back
of the casing. Furthermore, if the heaters be
installed too near the edges of the seats, they
are liable to become muffled by the clothing
of the passengers resting against the perfo-
rated front of the heater case, thus arresting
the air circulation, and causing the tempera-
ture of the coils to rise to a degree sufficient
to scorch the clothes, or to set fire to the
woodwork of the car.

Ques. How may the amount of heat
furnished by six single coil heaters be
varied?

Ans. This may be done by means of a
temperature regulating switch.

Usually, this switch hasfive positions. When
it is turned to the first position all the heaters
are connected in series between the trolley
and the track, the resistance in the heater cir-
cuit is greatest, and consequently the heat
radiated is least. When the switch is turned
tc the fifth position the heaters are connected
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in three parallel groups of two each, the maximum current is allowed
to pass through them, consequently the greatest amount of heat is
obtained. In the intermediate position of the switch, one or more of
the heaters are entirely cut out of circuit at will.

Track Construction for Electric Railways.—This varies
in design according to the character of the service and the trac
tion system or method of power transmission employed.

_JROLLEY

FUSE

SWITCH
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: R ——— W
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FiG. 3,683.—Wiring diagram of six heater equipment with type of heater shown in fig. 3,682.
Three variations in the amount of heat furnished may be obtained with this arrangement,
a suitable switch being provided by means of which either the smaller, or the larger coils
(see fig. 3,682), or all the heaters may be turned on at a time, or both sets of coil may be
operated at the same time.

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 ground return this is absolutely necessary to secure a con-
tinuous metallic path, thereby reducing the resistance which
would otherwise be introduced into the circuit.

Rail bonding is accomplished by a variety of method. A common
form of rail bond used on trolley roads consists of a copper wire, which
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is passed twice through holes in
the rail on each side of a fish
plate. Atintervals the wire is led
directly across the track and at-
tached to the other rail, thus
effectively connecting the tworails
together. Copper wedges are
dniven into the holes in the rails
to effectually wedge the wire
against the rails. In the case of
doubletrack roads both tracks are
connected together in a similar
manner. Thistypeof bond is com-
monly known as the solid wire
bond, and when made in short
lengths breaks easily from track
vibration.

; fig.

g holes drilled through

1 expanded to a tight fit by the tapered steel pins

n type of cable band havin

Ques. Describe the cable
bond.

Ans. The cable bond con-
sists of a bundle of copper wires
the ends of which are soldered
together and to terminals by
which it is attached to the rails
outside the fish plates. In some
forms, the terminals have holes
drilled through the center of the
shanks. These shanks are in-
serted in the holes in the rails
and then expanded to a tight
fit therewith by beveled steel
pins driven into the holes.

Fig. 3,684 steel expansion pin; f?ig: 3,683 and fig. 3,686 two forms of cable band
used 1

pansion pin shown in fig. 3,684 as

These shanks are inserted in the holes in the rails and ther

which are driven in the shank holes.

Ques. Describe the ribbon
bond.

Ans. The ribbon bond con-
sists of a series of lamination
or thin strips of copper, about

3,687 ribbon band. The steel ex

the shanks.

FiGs. 3,684 to 3,687.—Various rail bands.
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.023 inch ‘thick, bent into various forms to give the greatest
possible degree of flexibility.

In the soldered type of ribbon bond, the ends of the laminations are
separately timed, clamped together, and after being dipped in solder
or welded together, are covered with wrappers. The terminals thus
formed may be soldered to the head of the rail, or to the base of the rail.

Ques. What advantages are claimed for the T form
of rail, as compared with the girder or grooved rail?
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Fics. 3,688 to 3,691.—Cross sections and plans of typical car tracks with T rails in paved
street. _The height of the rail used in any particular case will depend on the character of
the paving. In some cases it might be necessary to use an excessively heavy standard rail
weighing from 90 o 100 1bs. per yard, but in most cases the necessary height can be securcd
by using a high T rail of lighter section. The cost of this form of comstruction with the
paving strip 8 ft. wide will vary from & to 7 dollars per lineal foot of single track, according
to the cost of material, weight of rail, wages and character of labor, etc.

Ans. 1, It is designed on better mechanical lines, and there
is not eccentric loading as in the grooved rail, 2, there is not
excessive waste of material in rails required for heavy traffic
and large wheel flanges. Grooved rail weighing from 125 to
150 lbs. per yard, are being used in many cities, where T-rail
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weighing 80 to 90 lbs. per yard, would be amply sufficient,
3, the flangeway is always ready for an increase in the size of
wheel flanges of local cars, or for the large wheel flanges of high
speed interurban cars, 4, the T rail is not as noisy as the girder
or grooved rail, 5, it has a longer life than any other type of
rail, particularly at the joints which are the vital points in
any rail, and 6, it is cheaper, more easily handled, and does not
require the use of high priced shop curves.

F1G. 3,692, — Section of underground conduit showing handhole at each insulator; these are
located 15 feet apart, manholes being provided every 150 ft.

Figs. 3,688 to 3,691 show cross sections and plans of typical track
construction with high T rails in paved streets.

Conduit or Underground Trolley Systems.—The kind
of construction employed largely depends upon the local con-
ditions and requirements. In general it consists of a series of
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iron yoke embedded in a concrete sub-surface structure which
forms the conduit from the underground conductors. The
type of yoke used in the construction of the track of the Lenox
Avenue line of the Metropolitan Street Railway Company of
New York City, is shown by fig. 3,693.

y il : \M
H""T il J
YA/ A

Fic. 3,603.—Yoke construction for conduit or underground trolley, as installed on Metropolitar,
Railways, New York City. These yokes were placed 5 feef apart in an excavation madc
through the strcet. The track rails A, A,and the slot rails lg. B, were then laid on the
yokes, and the ties C, C, inserted. The whole structure was then blocked up, surfaced and
lined, and constituted the track construction. The conductors consist of two channel
beams, D, D, placed 6 inches apart and supported by insulators E, E, at each yoke. The
contact rail joints are bonded in a manner somewhat similar to ordinary rail bonding, and
from a complete metallic circuit having a pressure of 500 volts tetween the conductors.
The current from these conductors passes through the slot or opening between the slot rails
and extends into the conduit to a distance sufficient to bring the plow contacts or shoes
F, zﬁamst the conductors. The spring G, tends to keep the shoes normally about
8 inches apart, so that when they are pressed into the 6 inch Sﬁace between the conductors,
they maintain a firm sliding contact with the latter. The yokes used on some of the lines
constructed later are practically the same, but T iron conductors are used instead of the
channel beams. In order to provide of expansion and contraction the center of each section
of railis fastened solidly to an insulator at that point, and_ the ends of each rail are slotted
and bonded with a flexible bond. Hand hole provided with iron covers are placed about
15 fect apart directly over the insulators. The manholes are placed about 150 feet apart,
and usually between the tracks. Arrangements are made at these points to drain the
conduit into the sewers. The bottom of the conduit is given a minimum ¥rade of 2 inches
to 100 feet, so as to insure proper drainage on sections of level track. The contact rails
are treated like a double trolley wire, and the feeders and mains are laid in underground
conduits. This system is so expensive to install that its use is limited to only a few of the
la e'sl:i céges where for various reasons the use of the overhead trolley is objectionable and
P ted.
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Third Rail Construction.—There are two types of third
rail in general use:

1. Exposed type;

2. Protected type { &%éﬁfﬁmct

The third rail is usually placed outside the rack rails on insulators
mounted on the ties, and is either entirely exposed as on the lines of the
Manbhattan Elevated Railway, or protected by wooden shields carried
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FIG. 3,694.—Cross section showing cartruck of protected top contact third rail.

by yokes from the rail itself, as on the lines of the Interborough Rapid
Transit Company of New York, as shown in fig. 3,6904. These represent
the simplest type of third rail construction, but while they give good
service with the special condition under which they are used, it has
been found that in many ways the top contact rail is not suitable for
interurban railway systems or for the electrification of existing steam
railroads. The principal objection is that as its lower part is only about
four inches above the ties, it cannot be effectively protected from
accumulations of snow, ice, dirt, etc., which tend to cause serious
ground and excessive leakage. This objection is almost entirely
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eliminated in the protected third rail system which has been adopted on
the tr?.cks of the New York Central Railway, the Philadelphia Rapid
Transit system, and a number of other roads, as shown in figs. 3,695

to 3,697.

Trolley Line Construction.—The various methods of
trolley line construction may be divided into two classes

C:Nﬁ.‘! LINE
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et T L.

SIDE VIEW
INSULATOR

Fics. 3,695 to 3,607.—Details of protected bottom contact third rail. It consists of aseries of
iron bracket carried on ties, to the tongued vertical face of which are clamped non-charring
moisture proof insulating blocks which loosely embrace the head of the rail, Intermediate
between the insulators the rail carries an insulating sheathing which embraces the head
and reaches down nearly to the bottom face of the rail, but extends outward from the web
so as to form a petticoat protection against stow and sleet. The position of the rail depends
upon the clearance rec“nrements. To meet the ordinary trunk line conditions, the bracket
height is made such t! at the under-contact surface of the third rail is 23{ inches above
the surface of the track rail and the center of therailis 271 inches from the rail gauge line.
With this arrangement the height of the third rail above the ties and ballast 1s about 5
inches more than it would be in the case of ordinary top contact rail construction. On
crossings, the horizontally extending slipper shoe, which is normally pressed upwards by
the spring, lifts and clears the track rail by a safe margin.

according to the method employed for suspending the trolley wire,
1. Bracket construction;
2. Span wire construction.
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In both classes, the trolley wire may be supported either
directly from the insulators carried by the brackets or spans,
or from a steel cable or messenger cable which in turn is sup-
ported by insulators carried by the brackets or spans. The
former is the old and familiar method of construction employed

—MESSENGER CABLE
—TROLLEY WIRE

—HANGERS

F1i. 3,698.—Fleven point bracket catenary construction for single track. The bracket type of
construction is the cheapest and is the one generally used for ordinary interurban service.

On double track lines the poles carrying the brackets are placed on each side of the right of
way.

for direct current lines, and the latter is the new method com-
monly known as catenary line construction.

Although the catenary type of construction has been developed to
meet conditions incidental to the distribution of high tension alter-
nating current for the operation of interurban electric railways, the
marked mechanical improvement obtained both in the strength and
durability of the overhead structure, and in the maintenance of a
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straight trolley wire, at a cost less than that of the older type, tend
to make the catenary the standard practice, not only for alternatiiyg
current work, but also for low and high voltage direct current work,
even on lines of limited extent.

The catenary type of construction was originally designed by the
Westinghouse Company in connection with their single phase railway
equipment designed for operation with line pressures from 3,300 to
11,000 volts.

There are two general classes of catenary construction: the single
catenary, 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.

F1c. 3,609.——Anchorage for double track span wire catenary construction. The span wire
construction is more expensive than the bracket construction and not as satisfactory, as
it requires longer poles and produces a more severe loading of the poles, than bracket
suspension. It is used only where the local conditions make its use absolutely necessary
ias in the case of section of track passing through very wide streets or roadways of country
awns.

Ques. How is the wire supported in the single catenary
construction?

Ans. By a single messenger cable carried by the brackets,
spans, or bridges.
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Fig. 3,008, shows an example of 11 point bracket catenary construc-
tion for a single track line. Fig. 3,699, shows the anchorage, for a
double track span wire catenary as designed by the General Electric
Co. Fig. 3,700, shows a bridge supported catenary for a double track line.

Ques. What strain is brought on the trolley wire in
catenary construction?

Fi1G. 3,700.—Bridge type single catenary construction for double track road. In this arrange-
ment the troﬁey wire is suspended from a messenger. cable supported on bridges spaning
the tracks and supported by towers on each side. 'l his type of construction is seldom u
for anything but the heaviest ciass of service, such as electrified steam railroads, and
substantial interurban roads handling heavy freight traffic as well as heavy passenger traffic.

Ans. The trolley wire has to support its own weight, only,

in the short spans between the hangers.

Accordingly, it can be selécted with regard to its electrical carrying
capacity and regardless of its tensile strength; but in order to keep the
deflection in these spans at a minimum, the trolley wire is usually
strung with a tension of about 1,000 lbs., thereby serving also to stiffen
the structure and prevent the trolley pushing it over to one side.




Fics. 3,701 to 3,707.—Diagrams showing length of hangers tor spans wit
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13 ft., 7 14 in. hanger spacing, based on a span length of 150
feet on tangents. The sag of the messenger cable 1s proportioned to balance the pull o adjoiming spans, and 1s based on a
temperature of 60 degrees Fahr., but the amount of sag in any particular case should be modified to suit local temperature
conditions. On tangents, the spacing of the hangers depends largely upon the character of the service. For speeds up to
65 miles per hour, with trolley wheel collectors, the hangers may be placed 30 feet apart, giving a 3 point suspension between
poles placed 150 feet apart. A stqmght or stiffer trolley wire is necessary, howeve.r. with the sliding pantagmph or bow trol-
Irvs which are of relatively sluggish action, and experiments show that a 11 point suspension, giving a hanger spacing of
13 ft.. 716 inches on 150 spans. 1s the most satisiactory in such cases.
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P1c. 3,708.—Single catenary curve construction. In locating the bracket arms on poles and
<he 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. A4 nchor
spans should be placed at the ends of curves and at frequent intervals on tangents.
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FiGs. 3,709 to 3,711.—Detail of bracket arm with steady strain. The bracket arm is con-
structed of a 3 inch I-beam, the outer end of which is bent u; ward, to prevent the mes-
senger cable falling if it should happen to become detached from the insulator. The
I-beam is secured to the pole by means of a tension rod and steel angles. The regular
distance from the center of the track to the pole is 7 ft., 4 ins., which is sufficient to provide
ample clearance on tangent for all types of equipment. It may be found necessary, how-
ever, to increase thisdistance on sharp curves, to allow for the overhang of large cars, and the
bracket arm can be readily lengthened to cars for any degree of super-elevation, The
steady strain and insulator are secured to the bracket arm by hook bolts and malleable iron
clamps so that they can be shifted to stagger the trolley wire, a maximum throw of 814
inches being possible on each side of the center line. This staggering is essential where

antagraph or bow trolleys are used, but may be omitted on lines using wheel trolleys.
he steady strains are placed upon every fourth or sixth bracket arm on tangents, and
upon every bracket arm on curves. The insulators which support the messenger cable are
porcelain with brown glaze, and are proportioned for the operating line voltage. The
form of the vital points in high voltage trolley line construction here shown is the skirt
type; it is secu to the bracket arm by a malleable iron clamp and hook boit, as shown
at A, fig. 3,711. The steady strain which prevents the trolley wire swinging laterally,
consists of treated hardwood rod with substantial end sockets, one end being adopted to
clamp the trolley wire, and the other secured either to the bracket arm for pressures up
to 6,600 volts, as shown at B, or to an insulator and bracket, for higher p , a8 sh
at C,fig. 3,709
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Ques. What kind of messenger cable is used?

Ans. The messenger, or supporting cable is usually a %s
inch seven wire galvanized steel strand. Bessemer steel is used

for spans up to a maximum of 120 feet, and Siemen’s-Martin
steel for longer spans.
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F1G. 3,712.—Catenary construction at anchor span. Inerecting, the clamp used for the mes-
senger cable is placed at the center of a span, so as to grip both the messenger cable and the
diagonal anchor cable. Two pull off hangers are placed each side of the messenger anchor
clamp, replacing the ordinary hangers, and a short piece of strand wire is used to tie these
pull off hangers to each other and the anchor clamp. The anchor wire is pulled between &

pole and an anchor pole on the opposite side of the track, both of which are guyed, and the
anchor cable is dead ended on the strain insulators.

The messenger cable should be of sufficient strength to support the
span under the most severe weather conditions. The cable is run out
in long lengths and then pulled up to a uniform tension in all spans.

Ques. In erection how are the trolley wire and mes-
senger cable installed?
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Ans. It is usually found convenient to run out the trolley
wire and messenger cable together, laying them on the bracket
arms for support until the messenger cable can be pulled up
and tied to the insulators; the trolley wire is then stretched
and hung. Tower line cars or wagons of the usual design are
used in this work.
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F1G. 3,713.—Trolley deflector construction at switch. The method of construciion employed
at turnouts and sidings depends upon the ty;l)le of current collector used. For the wheel
trolley, the siding trolley wire is brought to the main line at the switch, and then carried
down the main line, parallel to and at a distance of 12 inches from the main line trolley
wire, to a distance of about 200 feet. For the pantagraph trolley, a so called deflector set
is used to prevent the trolley becoming caught, The layout of the poles and line and the
construction of the deflector are here shown. The deflector consists of number of trolley
wires held in place by ordinary trolley ears which are bolted to cross bars spaced about
3 feet apart and supported by the main line and siding trolley wires., The ends of thesc
rods are raised about 4 or 5 inches above the siding and the main line trolley wires so
that no possibility of the ends of the pantagraph becoming cau&l:: in them. The siding trolley
wire is carried over that of the main line to an anchorage on farther side.
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Signal Apparatus.—The selection of proper signal apparatus
for an electric railway is governed by many conditions: whether
the system be single or double track, city, suburban, or inter-
urban; whether the track be straight, or have many curves, be
level, or of many grades; whether direct or alternating current
be used for train propulsion, etc. There are two general classes

of railway signal:

=== N

Fic. 3,714.—Pour track double catenary construction with bridge supports. In this construc-
tion, the trolley wire is carried by two messenger cables supported on bridge of substantial
construction spaning the tracks at intervals of 300 feet or more, as here shown, This
type of construction represents the highest development of the art of line construction for
electric railways. It produces a very rigid structure which is not subject to undue lateral
vibration for wind pressure, but is very flexible with regard to vertical pressures ex-
erted by the current collectors, Owing to its great cost, however, it is used only in
the electrification of lines of the heaviest class.

1. Block system;
2. Interlocking system.

Block signaling has to do with keeping trains which are
running on the same track, at a proper distance apart.
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Inter-locking signaling is for the control of trains over tracks
which intersect at points of crossing or divergence, 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 govern-
ing movement over them can be made to give a proceed indi-
cation.
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FiG. 3,715.—Automatic block signal system. This system comprises a signal box with white
and red lights, located at the end of each block provided with corresponding red and
white semaphore discs; a set of trolley switches by means of which the signal boxes are
automatically operated.

Block signals may be classed as

1. Man-automatic;

a. Non-controlled manually operated;
b. Controlled manually operated;
¢. Staff system.

2. Automatic.
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Ques. Where are non-controlled manually operated
signals used?

Ans. At passenger stations, junctions or other convenient
points where operators are convenient in connection with the
telephone or telegraph blocks.

They are put in the proceed position to permit a train to enter the
next block when information has been received by the operator from
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F1G. 3,716.—Corresponding aspects of semaphore and position light signals with their in-
dications. Early in 1914 Dr. Churchill of the Corning Glass Company, while working
on some_of the electric headlight troubles of the western railroads, discovered that it
was possible to secure very long ra e from a small light source located in the exact focal
point of a small wide angle lens, and in talking the matter over with A. H. Rudd, signal
engineer of the Pennsylvania, it was seen to be altogether practicable to combine these
small separate units into rows of lights which would have the effect of the present sema-
phore arm and would do away with the color scheme altogether. Thus was evolved
the position light signal, which has now been covered by various patent applications.
It was, of course, a long way from the conception of the idea to the perfection of the
design, and it was not until the summer of 1914 that the signal was considered satisfactory
enough to adopt. The principal experiments were conducted at Wayne and later at Paoli.

the next station in the direction of traffic that the preceding train has
passed out of the block. They are placed in the stop position on the
passage of the train.

Ques. What is the objection to non-controlled manu-
ally operated signals?
Ans. Misunderstandings, and the dangers resulting therefrom.
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Ques. What provision is made in controlled manually

operated signals?
Ans. Electric locks are applied to the levers operating the

manual signals.

The locks are included in circuits running between block stations,
and are so arranged that when an operator wishes to place a signal in
the proceed position he has first to ask (by bell signal or otherwise)
for an unlock from the next station in the direction of traffic, and
codperate with the operator at that station in the proper manipulation

of the circuit to get his unlock.
o
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rG. 3.717.—-Wirin%‘diagram of automatic operator system. By using the automatic operator
connected as shown, it is possible to operate a staff block without an operator at either
station. Twenty dry cells of battery are generally used to furnish current for the operation
of each automatic operator. When current is passed through the line the armature is
rotated in a direction to cause it to lift the weight on which the normally closed contact is
fixed. When current through the line is broken this weight causes the armature to rotate
in the opposite direction a sufficicnt distance to close the other contact and cut in a local
battery. Current from this battery ﬂ_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, battery is cut off the line.

Ques. Describe the staff system.
Ans. In this system the possession of a small metal cylinder,
or “staff”’ gives the engineer permission to run through a block.

These staffs are normally in one or the other of a pair of instrument
call staff instruments, one of a pair being at each end of a block. Only

AUTOMATIC
OPERATOR
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one staff can be taken from a pair of instrument at a time because of
their locking features, controlled by circuits between the instruments,
requiring the co-operation of two people, one at each instrument, to
abstract a staff. Until this staff is replaced in one or the other instru-
ment, no other staff can be withdrawn.

Ques. What provision must be made for tracks used
for block signal circuits?

Ans. They must be insulated from the ground by fibre,
so that the electric current will not dissipate into the ground.

F1G. 8,718.—Method of a%lying bond wires to two butting rail ends. ‘f'wo wires, which are
B.W. . - ‘e

usually No. 8 galvanized E. B. B. iron, are shunted across the fish plate, con-

nectien being made by means of channel pins.

Where rails are joined they must have extra electrical connections,
that is, be bonded so as to overcome the open break between the rails.

The block sections of track must be insulated from the rest of the
track at these terminals as shown in fig. 3,719, .

Bell and Relay Circuits.—For the operation of bells or
relays, there is the two rail circuit and the single rail circuit.
The rail or track circuit is that which is affected by the presence
of a train within a block. Where the railroad is equipped for
third rail electrical propulsion the single rail system is gen-
erally used; when steam engines are employed the double

{ track system is used.
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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.
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RAIL RAILS L RAIL
>
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F16. 3,719.—Insulated rail joint at end of a block section of track. A type used for heavy main
line traffic. Insulating fibre is placed between the rail ends and clamped between the rail
and the joint plates and insulated bushings are placed around the bolts.

INSULATI?H INSULATION

F1G. 3,720.—Simple method of connecting a relay between insulated joints of tm‘ck and forming
a block signal, the circuit being closed by the train as it passes over that section of track.
Ques. Name three kinds of signals in general use.

Ans. Caution, stop, and proceed signals.

Distant block signals are sometimes used in connection with heme
block signals to signify the approach of a train.

Ques. What kind of signals are used during the day
and at night?

Ans. Flags or metal signals during the day and lights of
various color at night.
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Disc signals are displayed by movable shutters or discs in front of a
fixed background; semaphore signals, by the position of a movable

IMILE—
‘ |
I J ;5

FiGs. 3,722 and 3,723.—Universal train annunciator. Pig. 3,722 shows annunciator equi

d
with manual reset, and fig. 3,723, with magnetic reset. The indications displaved by eft%eer

type are shown in figs, 3,724 to 3,726.
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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 signals have straight ends. When a home semaphore signal is up
it 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 indicate 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.
i { T {1
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F1gs. 3,724 to 3,726.—Diagrams showing operation of three position universal annunciator.
ig. 3,724, normal position: card displaying elear, local bell contacts open; fig. 3,725,
trasn in circudt position: card showing train, local bell contacts closed; fig. 3,728, restored
position—showing red color—this 1s done while train is on circuit; local bell contacts open.
The bell works on open circuit; the spring contacts being closed only when the train is on
the track. If it be desired to stop the ringiny of this bell and reset the annunciator while the
train is still in the block, the lever is pulled down and the indicator shows a red color signal
which remains in view until the train has left the block, when it automatically restores to

the position showing clear, as in fig. 3.726.

Relays for Railway Signals.—There are four kinds of relay
used for signaling; these are classed as

1. Polarized;
2. Neutral;
3. Interlocking;
4. Time.
These are shown in the accompanying illustrations. Polarized relays

and neutral relays have much the same kind of electromagnets as are
used in the construction of crossing bells and are used in the simplese
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P1c. 3,727.—Polarized relay, wall type, with four front and four back neutral contacts and two
front and two back polar contacts. The armature of this relay is itself a permanent
magnet and swings back and forth to either Pole of the electromagnet as the current
attracts and repels it or whenever the polarity of the relay magnet changes.

P16.3,728.—Slow release neutral relay with six front and back contacts. This relayis equipped
with extra large magnets having the slow relcase feature added as sometimes required by
polarized wireless rail circuits when it is necessary to prevent the opening of signal circuits
during the reversal of current through the polarized track relay. This slow releaserelay is
also used when line wire circuits controlling annunciators or indicators are used with track
instruments or short rail sections to prevent the circuit being opened or closed with the

passing of each car.
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bell circuits. Interlocking relay magnets are similar to double polarized
OE neutral relay magnets. Time relay magnets consist of a single coil
of wire.

Signal Circuits.—On electric railways equipped with a
trolley or third rail alternating current supply, direct current
must be used to operate the signals and thc apparatus de-
scribed will work well on a single rail circuit, but where the road

Fi1G. 3,729.—Glass enclosed interlocking relay; wall type with interlocking contact. Inter-
locking relays are in reality a combination of two relays in one and are used in connection
with two track circuits. The entire operation is actuated by gravity and without springs.
Fig. 3,734 shows the interlocking relay connccted to the frack of an unoccupied block;
fig. 3,735 shows the condition of the relay as the train entersit; fig. 3,73% shows the train
between the relay connectioas and fig. 3,737 shows the condition of the relay when the
train has pessed into a second block

is equipped with a trolley or third rail direct current supply,

alternating current must be used o operate the signals on a single
rail circudt.

The trolley railway is in this case supplied by direct current which

is fed by the trolley wire. After passing through the car motors it

passes to the grounded rails and thence back to the power house from
whence it came.
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One part of the track is insulated from the rest of it between the
joints in two places, which part represents the terminals of a block.

The other track remains grounded and uninsulated, and to it is
attached one end of an alternating current relay winding, the other
end being connected to the insulated section. This relay, which is
generally known to signalmen as the polyphase relay is connected
between the insulated and the uninsulated tracks as is also the second-
ary winding of an alternating current transformer. The primary coil
of this transformer is connected to an alternator. A second smaller
transformer has one winding connected across the alternator mains
and the cther winding connected to the signal circuit.

FiG. 3.730.—A crossing bell circuit showing application of Chicago time relay (shown in fg.

3,731). There is a wide variety of application for this type of relay, including wire oper-
ating crossing belle, locking and release circuits.

. Across the alternating circuit relay winding is shunted, or connected
in paralle!, a low resistance reactance coil for the purpose of absorbing
some of the alternating current. The relay works on closed circuit.

When there is no train in the block the drop in voltage of the direct
propulsion current is divided between the two insulated ends of track
in proportion to the resistance of the apparatus connected across the
track, there being practically no drop of voltage in the block rail. Such
is the case also when a train is in the middle of the block. However,
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when a train is just entering the block near the relay both rails are at
the same pressure at that point because they are connected by the
wheels and axles, which cuts out the relay and renders it inoperative,
allowing the alternating current to flow full into the danger signal lamp.

The drop in direct current is then at the transformer which is very
unfavorable for the cperation of the transformer, which then receives

the maximum direct current from the track while delivering alternating
current to work the relay.

il
Ahl!«,".‘“ 1 'IT

I1G.3,731.—Rear view of Chicago time relay. A time relay is used when electrically controlled

time signals are required, such as line wire operated crossing bells. When current issent into
the high resistance of the releasing magnet the armature is attracted, which allows the pen-
dulum to swing toward the other magnet of the relay. Then it is automatically pushed g:ck

ain and so is kept oscillating back and forth like the pendulum of an electrically operated

clock. This may continue for a minute or a minute and a half, according to how the
mechanism is set.

When the train is at the other end of the block and about to leave it,
the transformer receives no direct current and can deliver a maximum
of alternating current and at the same time the relay reccives direct
current and is properly rendered inoperative but the danger signal
lamp glows bright.

This single rail alternating current signal circuit is ased with marked
success in the New York subway.

. The automatic block signals, the automatic train stops and the
interlocking switches there are of the electro-pneumatic type.

S
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The track block relays control circuits which in turn control mag-
netically operated pin valves governing the admission of air to the
cylinders which actuate the signals and train stops.

It is possible to use the double rail return system for signaling where
the railroad uses direct current for propulsion and alternating current
for signal operation, by the use of balanced inductive bonds connected
across the rail insulations at the ends of the blocks. This double rail
circuit is a feature of the signaling operation of the New York, New
Haven and Hartford Railroad.

In the New York subway tunnel, home signals consist of a series of
regulated lights whose source of electrical supply is governed by the
action of the track circuit.

\

Fic, 3,732.—A method of frog bonding. There are many %C;.Od foremen in charge of construc-
ve

tion forces bonding frogs, but there are no two who the same ideas as to the best
method. It is the custom to put the holes in the rail where it is most convenient and to
put the channel pins on the side on which the bond wire is put through the hole. This
1s done because it is impossible to drive in the pin securely where the rail leads are close
tegether. The man driving the pins often bends the wire away from the pin <o as not to
strike it. To get around this method drill 4 instead of 2 holes and put the bond wire
through the hole and then bend back with a loop, and bond from the outside; this does
away_with all chances of striking the bond wire. In the majority of cases copper clad
wire is used to bond in frogs, which is not difficult to bend, as shown. In bonding
around the frog it is advisable to twist the wires and staples about 6 inches from the rail.
This leaves the wire so the section man does not interfere with it when lLie draws

spikes. At the points A, B,and C it would be difficult to drive the pins if not put in as
described above.

The home retay control circuit is fed from a secondary track relay
sircuit ahead, to and through a secondary track relay circuit at the
nlace where it energizes the home relay.

A train passing into the block governed by this signal causes the
track closed circuit to open and the home danger signal to show.

The distant signal circuits are so arranged that when the distant
relay is energized a circuit is completed to the home relay which throws
a caution signal.
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Electric Interlocking.—When a switch lever in a tower is
manually moved from normal to reverse, the locking between
it and the signal lever controlling the governing movements
of the signal over the switch reversed is instantly released,
but when electric power is used for operating the switches, the
movement of the lever merely turns on the power and it is not
safe to assume that the switch follows the movement of the
lever because the circuit may be open at any place. For this

4. 3,733.—Interlocking relay for alternating current. The contact springs are glass cnclosed.
Each armature may be equipped with as many as three extra front and back contacts in
addition to interlocking contacts, of which there may be as many as four. It is an im-
proved type of polyphase relay.

reason the lever movement is divided into two parts: 1, the move-

ment which causes the closing of the operating circuit, and 2,

the movement which causes the interlocking of other levers.
The first important step toward the development of a prac-
tical system of electric interlocking was when a means was
discovered for making use of a current of electricity which
could be generated by the switch overating motor itself,
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fias. 3,734 to 3,737.—Diagrammatic sketches ill
crossm% bell relay. Fig. 3,734 track circuit
5 train has entered track circuit.
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Fig 3,738.—Advanced block distant signal circuit. In operation when the towerman pulls a
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.

1G. 3,739.—Distant signaland repeater circuit. Here, through a lever connection, when the lever
is pulled out in the tower, current is 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.

F1G. 3,740.—Diagram illustrating electric interlocking. A switch and lock mr-ement is driven

by a direct current motor, the shaft of which 1s 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 controf:ircnits and closes the indication circuit, The direc-
tion of rotation for reversing the switch is controlled by a double field winding in the
motor, one part of which is cut out while the other is in circuit.
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Blocks.—The length of block sections of any railroad will
vary anywhere from one to two miles. To secure a maximum
capacity for train movements the maximum distance required
for the stopping of any train on the road should first be decided.
There are various conditions to be considered in fixing the
length of block.
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FrG. 3,741.—T'rain dispatcher’s selector svstem. This is used to indicate to the train engineer
whether he is to roceed on the main line or to take a side track. The indicution' may be
in the formof a glsc. a light, a semaphore, or any prescribed signal. 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. This device is controlled by a commutator operating on the signal
mechanism in connection with an induction coil. " To display a “take siding"” signal the
dispatcher turns a switch or degressa; a key which operates the selector by closing the
normally open contacts marked C. The *‘stick 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" tg restore to normal position and throws a reverse signal back to the

- This system is semi-automatic,
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Ques. What road conditions require long blocks?

Ans. Blocks should be longer on a descending grade than on
an up grade because it is more difficult to stop a train on a
descending grade.

Another feature involved is the curvature of the road or obstructions
to view, such as bridges. In every case the block represents the space
between home signals, the distant signals acting only as repeaters
for the home signals and indicated by notched semaphores.

1L

EASTBOUND

i

SO0UTHBOUND

Fia. 3,742.—Intersection of two double track lines, with their respective signals. If thsce
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, toallow a
south bound train to pass, 2, and 4, must be locked in the normal or sto sition
when electric locking or interlocking is used and prevented moving to clear i tgg ordi-
nary automatic system be employed.

Management.—This relates, not only to the necessary
conditions of operation and control, but also to the numerous
disorders and mishaps likely to be encountered. The motor-
man or repair man who possesses a thorough knowledge of the
construction and working principles of all the car mechan-
ism is well equipped to cope with the ordinary faults arising in
operation, especially when some practical experience is coupled

with the theoretical knowledge.
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On many large roads the motormen are expectzd to do nothing beyond
operating their cars and whenever trouble occurs to a car on the road
it is pushed in by the next car and the repair men at the barn make the
necessary repairs.

There are, however, many small roads ‘where a knowledge of how to
remedy trouble is needed, and even on the large roads, the man who
understands his car can save many delays if he know how to intel-
ligently report troubles.

In enumerating many of the troubles to which cars and motors are
subject, the reader should not think that, without practical experience,
by simply reading these lines, he can manage a car as well as a man

i I3
F1G. 3,743.—Standard home and distant semaphore signals. In operation, until cither blade
has reached a position approximately 30 degrees from the vertical it will indicate the same
as t.hou¥h at the full horizontal position. This is effected by using several spectacles,
each held in place by ind:sendent bezel rings, semaphores vary in length from 4 to 5
feet, about 414 being regarded as standard.

who has been operating one for years. Practical experience is abso-
lutely necessary, but in connection with it the information here given
will be very helpful to the motorman.

A great deal must be learned by actual experience, and success in
economical operation on a car line depends partly on the watchfulness
of the motorman. While operating his controller he can readily detect
irregularities, first, by the way the motors take the current when the
controller is operated, and secondly when the car is under way, by the
sound of the motors.
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The economy which can thus be accomplished lics in the fact that
loose bolts, 2 loose connection and the like are easily tightened. These
are small troubles, caused by constant jarring of the car, which are
easily attended to. However, if the car be not watched, bolts will be
lost, bearings will come loose, the armature revolving at a high rate of
speed may be rubbing against the field magnet poles, or a wire working
out of its connection may cause a short circuit and blow the fuse, ete.
Tt will be readily seen that these small troubles, if not attended to in
time, are the causes of others far more serious, yet a turn of the wrench
o}r; the (sicrewdriver in proper time may easily prevent such troubles on
the road. ¢

Trolley Car Operation.—To start the car, see that the
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.

Always wait for the car to get up to the speed corresponding to the

notch the controller handle is on before going to the next notch, other-
wise more current will be used than is necessary.

In shutting off the current the handle may be moved around
as rapidly as desired to “off” from whatever position it may
happen to be on. When stopping at any point, the reverse
lever is sometimes used to make the car go backwards. Never
reverse while the car is 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. -

If too much current be turned on, the wheels will lose their adhesion
to the rails and spin backwards, which will increase the minimum dis-
tance in which the car may be possibly stopped.

Sometimes a very violent stop must be made, when the brakes fail,
0ssibly, or the trolley comes off, in which case reverse and put the
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controller handle on the highest point of the controller. This causes
an interaction between the motors which brings them to a standstill.
It may damage the apparatus, however, and should only be used in
rare emergencies; this method is only available when there are two

motors on the car.
When approaching curves or turnouts the power should be
turned off, applying such power upon reaching the curves as
may be necessary to carry the car easily around.

. The conductor should be on the rear platform with the trolley rope
in his hand, ready to give the signal in case the trolley jumps the wire,

1

gmﬂ'] Ty
f1G. 8,744.—Three spectacle automatic double route home and distant semaphore signal
The post B consists of two lengths of channel iron strengthened by a lattice structure.
the base bein% bolted to, or incorporated with a foundation of concrete, A. The top con-
sists of a platiorm G, railing E, semaphores F, being pivoted to short posts and operated

by motors and accessories housed in watertight base boxes C D. This arrangement
protects two tracks having trains running in the same direction.

in which case the motorman should move the controller handle to “off”
until he is notified to go ahead. The motorman should never stop on
curves unless absolutely necessary.

In running down grades, always have the trolley on the wire,
the controller handle at “off,” and the brake arranged so that
it can be applied instantly.
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Before going down a steep grade slow up the car, and set
the brakes gradually. If the wheels slide, loosen the brakes to
allow them to get hold of the track; then apply the brakes
again. If the brakes then fail, reverse the motors. If, in the
meantime, the trolley leave the wire, so that there be no
power, reverse and throw the controller handle to the last notch,
which will make the car come to a standstill.

In running up heavy grades, get the car up to speed, if possible,
before reaching the grade so that it will not require so much
current to climb up. ’

If the car be started while on a heavy grade, it will require a
very large amount of current. Whether to climb these grades
in series or parallel positions is a question on which instructions
are given in each individual case. If the wheels slip on the rails,
the sand box can often be used to advantage; but always be
sure, especially in wet weather, that the sand is dry. Do not
use the sand too freely, as you may run short just when it is
needed most.

If the power give out, notice if the other cars experience the
same trouble, as it may be due to an open circuit on the line;
if so, throw the controller handle to “off,” close the lamp circuit
and wait until the lamps light up.

If, when the lamps light up, the equipment will not move
the controller handle on the first point, the motorman should |
first look to see whether his fuse has blown or burned out; if so,
open the head switch, or tie down the trolley pole and replace
the fuse.

If the fuse be not blown, the rails may be dirty and the car
insulated from the rails.

In this case have the conductor jam the switch bar between the
wheel and rail, while the motorman starts the car.

In rare instances there is a case of dead rail. .
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A length of wire should be kept in the car where possible, and one
end placed on the rail back cf the car toward the power station, and
one on any exposed part of the iron truck. Always place the end on
the rail first, otherwise a shock will be received.

In case, as the car goes along, a peculiar jumping action
occur, known as the bucking of motors, the motor affected should
be cut out by means of the motor switches in the controller.

Instructions are given the motorman howy the motors are cut out on

each different type of controller. For remedies for more troublesome
accidents see below.

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.

Points Relating to Controller Operation.—The question:
of the proper handling of the controller is one in which grades.
the weight of equipment, motors and controller, all enter. It
is the usual practice to instruct motormen to handle their
controller so as to get the equipment up to full speed in a certain
time; but they should be fully instructed to realize the difference
between the time when they are operating near the power sta-
tion, or at the end of the line, where the voltage drop is greater.
In this case the acceleration is slower, and to turn the controller
on too fast will increase the drop on the line and decrease the
acceleration of the motor.

In climbing grades the question arises whether the motors should be
in parallel or in series. Ei‘his depends largely on the location of the
car with respect to the voltage delivery to the trolley at this point.
If the voltage drop be considerable with the motors in parallel, the
series position will be found more economical, and the available energy
for the equipment greater. It has been proven beyond a doubt that
the proper handling of the controller will save as much as 20 per cent.
in the coal bill. The curves (Fig. 3,745) show some data obtained
from the Chicago Street Railway, illustrating the difference in power
consumption bétween a rapid start and a slow start,
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Failure to Start Car.—If the car fail to start when the
controller is “on” and both overhead switches are closed, the
trouble is due to an open circuit, and probably to one of the

following causes:

have
7 and

1. The fuse may
or pull off the trolle
from under the bin
fuse than that specified

blown or melted. Open an overhead switch
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of using controller correctly.
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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 connect 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
too 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 suth 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
contact. 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 platform to handle the brake and give orders to the motor-
man 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 broken 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 controller 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 conveniently be estab-
lished, 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; do not touch
it but run car back to barn.
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Ques. What causes a motor to increase speed beyond
normal?

Ans. This may be due to a short circuited or burned out
field magnet coil.

The motor should be cut out.

Ques. What causes a car to start with a jerk and the
gears to make considerable noise?

Ans. This may be due to worn pinion teeth, or worn bearing
permitting loose meshing of teeth, or the key seat on the arma-
ture shaft may have become wider by the constant wear of a
loose key.

Ques. What should be done if the motors start with a
jerk or do not run smoothly?

Ans. The conductor should lift one of the tran doors at a
time, while the car is running to examine the commutator and
brushes of each motor.

Should there be seen a flash all around the commutator or connecting
two brushes, there is an open circuit in the armature. Cut out the motor.

Faulty Operation.—Heavy flashing and smoking in the
controller is due to dirt, moisture, metal dust in the controller,
or the too slow turning off of the controller. Open the over-
head 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.
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¢ 1Gs. 3,751 and 3,752.—Westinghouse interpole motor as used on Piedmont railway. Fig.
3,751 pinion end of motor; fig. 3,752 commutator end. The motor is rated at 110 horse
power at 750 volts. Two motors are connected in series for 1,500 volt operation. These
motors are geared to 36 inch wheels with a 20 tooth pinion and 57 tooth gear. ‘Che cars,
weighing complete without load, approximately 41 tons, are operated at a schedule speed
of 34 miles per hour. The weight of the motor complete is 4,150 pounds. The armature
is_especially designed to withstand the higher voltage, being insulated with mica, and
having liberal creepage distances provided at the end of the commutator. The brush
holders have extra heavy porcelain insulators. The length of the dust ring at the end
of the commutator, and the clearances from the line parts of the motor to the ground are
greater than in ordinary designs.
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Motor Troubles.—A few motor troubles often met with are
given here: for a full treatment of the subject in general, see
Guide No. 3.

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 have become
loose and project slightly, cause the brushes to be quickly forced 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
gassed. This causes heavy sparking at the brushes and excessive

eating 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 due 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 to 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, heatin ma{ be due to the oil or grease used which does not
melt properly, it 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, pour in
soft oil and go ahead.

" It may be well occasionally to feel the car axle bearings, which get
pretty warm when insufficiently supplied with oil.

Before Starting a Train.—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;

2. Pass through the train, closing air compressor and third rail
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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;

4. Take position in the motorman’s compartment at for-
ward 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 is ready to start.

Starting a Train with Master Control.—After receciving
the signal to start, press down the button in the controller
handle, insert the handle key and give it a quarter turn.

Ques. Why should the button in the controller handle
be held down?

Ans. To prevent the pilot valve in the controller operating
and applying the brakes.

Ques. What next should be done?

Ans. Move the controller handle to the left as far as it will
go, holding it there against the spring, which tends to return
it to the ‘“‘off”’ position.

The motor control will then notch up to full speed position by the
automatic progression of the contactors in successive steps, under the
control of the current limit relay. In this position it is not necessary
to hold the button down to prevent application of the brakes.

To Start Slowly.—Move controller handle to the left to
first point. In this position both motors on each car are
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connected in series with all resistance in circuit and the motor
control will not notch up to higher speed.
Ques. How is the speed increased slightly?

Ans. By moving the controller handle to the second point
and quickly returning it to the first point.

Ques. What will happen if the controller handle be
left in second point?

Fic. 3,753..—“'estinghouse.interpole 750 volt railway motor, showin, axle caps and axle dust
guard in place, This is another view of the motor used on the Picdmont locomotives as
shown in figs. 3,751 and 3,752.

Ans. Al resistance will be progressively cut out giving full .
series or half speed.

Ques. What are the running positions?
Ans. The second and fourth notches.

The train should not be operated for more than a few minutes at
a time on the other or intermediate notches.
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Reversing.—When the train has come to a stop it may be
reversed by moving the controller handle to the right to the
first point. This connects the motors in reverse direction in
series with all resistance in circuit.

Ques. How fast can the train be run in reverse
direction?
Ans. Up to half speed.

Ques. How can higher speed be obtained in reverse
direction?
Ans. By operating the master controller at the other end of

the train.

This, of course, strictly speaking, is not reverse operation, but for-
ward operation. considering the rear car as the front end of the train.

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 control circuit;

4. Non-release of air brakes.

Ques. How may a failure of power be detected?

Ans. By turning on the lights; if lights do not burn, the
current is off.

Ques. Name some faults liable to occur in the master
control circuit.

Ans. Loose cable jumper; grounded train cable; poor con-
tact in master controller; master control fuse blown.

Ques. How is a loose cable jumper detected?

Ans. By noting if the contactors on each car be working
while the train is accelerating.
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The traininen should make the observations. If there be a loose
cable jumper, all cars ahead of the jumper will operate.

Ques. How is a grounded cable detected?

Ans. By operating the master controller; if the master
controller fuse blow, it indicates that one or more wires of the
train cable are grounded.

froliey

Cutout Switches 0. b.kcore\ §
connected %o %1 hondla R

Cutouvt Swilches d aéfare €O
connrected to ¥2hond/lz

@ Reccplacie
s
Sequence of Swite

i TeheE
@

H

&

1
‘§ Control Res.

Control Reg

ool |1
6lo

o

1010000000

ol | lo/ojo, |0
g

FiG. 3,765.—Schematic diagram of connections type HL control for four 75 horse power 500
volt motors.

Ques. How is a'ground in the train cable located?

Ans. 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.
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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.

Ques. How is poor contact in the master controller
detected?
Ans. Open master controller switch, remove cover from the
controller and turn the handle slowly, noting if each finger
make good contact with the drive.

Ques. What indicates a blown master controller fuse?
Ans. 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.

Ques. Name some faults liable to occur in the motor
control circuit.

Ans. Main fuse blown; shoe or trolley fuses blown; buc
fuses blown; loose or disconnected bus jumper; circuit breakers
open.

The blowing of the main fuseé should not occur often. It is
caused by 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 cr truck may
cause the trolley fuse to blow. The trolley or trolleys should be
pulled down and trolley switch epened 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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Electric Ship Propulsion.—Although the steam turbine is
extensively used for propelling vessels of various kind it is
subject to certain limitations which detract from its value,
especially for heavy marine work such as battleships.

For instance, while the turbine operates at its highest efficiency
when driven at a very high rate of speed, the screw propeller
of the ship attains its maximum efficiency when turning at a
speed relatively very low—about 160 revolutions per minute.
This means the introduction of gearing or some other mechanism
-0 reduce the speed of the turbine to that best adapted to the
propeller. ’

Furthermore since the turbine runs inherently in one direction
only, means must be provided for reversing the propeller, either
by providing a reverse gear, or by installing on the turbine
shaft an extra set of vane for backing. The latter method is
the one generally used, although the backing turbine is driven
idle by the ahead turbine, thus increasing the cost weight and
space of the unit while decreasing its mechanical efficiency.

Flexibility of control in both backward and forward move-
ments is of the highest importance in the fighting ship and for
this reason the builders have been forced to employ a driving
mechanism embodying every possible feature of advantage
regardless of the cost of installation and subsequent operation.

Another essential in the propulsion of a battleship is that it
ghall be capable of cruising day in and day out at about
three quarter speed and at the same time be able to make a
sudden, though perhaps long continued spurt at its maximum
speed.

The turbine is essentially a one speed machine and its ideal
operating speed is a high one. In order, therefore, that it be
made capable of attaining the higher speed, it must be operated
for the greater part of the time (while cruising) at compara-
tively low efficiency.
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The object of the electric drive is to overcome the inherent
defects or limitations of the turbine, that is to say, 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.

Various combinations of machinery for electric propulsion
have been worked out, being suggested by plans and principles
of proved appropriateness which have been employed in electric
power plants on land. These various systems have been pro-
posed by Emmet, Mavor, Durtnall, Hobart, Day, anQ others.
The problem has been to so combine generating units with

PiG. 3,756—Elementary diagram illustrating the essentials of electric ship propulsion. Two
turbine alternator units are shown on the right which are wired for various connection:
with the motors; the latter operate the propellers A, B, C, and D.

motors that the maximum efficiency of the turbine could be
obtained under all working conditions of the vessel, as in
maneuvering, cruising at low or moderate speed, and when
being driven at high speed.

An examination of the simple diagram, fig. 3,756, will serve
to make clear the plan of the driving mechanism. The generating
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
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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 operation, while for the greater speed
the two alternators would be operated in tandem with the
motors 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

1G. 8,757.—Hobart’s alter-cycle control of induction motors for electric ship propulsion.
There are four motors E, F, G and H, wound respectively for 24, 36, 48, and 72 poles.
The maximum speed of the propeller shaft is 100 r.p.m. with full power of all the motors.
To run the motors at 100 r.p.m, requires frequencies of 20 cycles for the 24 pole motor,
30, for the 36 pole motor, 40, for the 48 pole motar, and 60 for the 72 pole motor. Thus
to obtain equal r.p.m, the freqaencies 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 sag' tc
600 r.p.m. requires respectively 4, 6, 8, ami 12 poles for the alternators A, B, C, and D
To drive the ship at two thirds speed, motors F and H are connected toalternators A
and C, which grovide respectively 3¢ of the frequencies of B and D, to which P and H
were connected for full speed running. S8ince for the lower speed only about ¥ as much
power is required as for top speed, alternators B and 1), and motor E and G are shut
down. For half speed a single motor is sufficient; this can be provided by opel:atinﬁ
}notorA H from alternator B, or G from A. One third speed is obtained by operating
rom .

is idle. Likewise, when full speed is required, the second alter-
nator is started and run also at its peak of efficiency.

The following description of the machinery for electric pro-
pulsion in the new battleship California will illustrate more
in detail the features of electric propulsion:
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The outfit consists essentially of a port and a starboard unit, each
consisting of a turbine driven, two pole, quarter phase alternator and
two double squirrel cage induction motors. Direct current field ex-
citation, at 230 volts, for the alternator, is supplied from a turbine
driven altemator in the engine room, or, if desired, is obtained from
the ship’s mains.

Conversely, the two exciters may be used in port to supply power
to the ship’s mains, and thus form two valuable additions to the vessel's
power plant.

The motors have two possible arrangements of pole, the change
from 36 poles to 24 poles being accomplished by simply throwing a
switch. There is one motor in a separate compartment for each of
the four shafts.

For 21 knots both turbine units are run and the four motors are used
in _their 24 pole rig (low gear). This reduces the full turbine speed of
2,000 r. p. m. to 165 r. p. m. of motor or propeller.
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¥1G. 3,758.—The Menlees system ot propelling ships by gas engines. In the figure A i3 a
six cylinder gas engine coupled to a dynamo B. The shaft C of the dynamo and engine
is adapted to be connected by a clutch D with the shaft E of the electric motor F, which
is connected with the propeller shaft. In operation, at all ahead ship speeds direct driv-
ing may be employed, but, for speeds less than half, the electrical transmission may be
used, the motor F, receiving electrical energy from the dynamo B. The drive may also
be employed for reversing the astern speegl by not greater than half the full ahead
speed, suitable switches and gear being provided. .

At cruising speeds one turbine is connected to the four motors in
their 36 pole rig (high gear). Thus either turbine at 2,000 r. p.-m.
drives four motors at 110 r.p. m. The other turbine is meanwhile
not in use.

When the motors are not connected, the turbine runs at no load and
the motors stand idle. If connected to one alternator, all the motors
turn (if in the same pole setting) at the same speed, although, if it be
desired to back the port and at the same time stop or go ahead on the
starboard motors, this is possible. In other words, when in cruising
rig the ship can be quickly started, stopped, or turned by various
combinations of the four motors driven by one turbine, and power
for 19 knots is available,
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Speed control with either one or two alternators running is entirely
by turbine throttle or on the so called “variable-frequency” principle.

It is at once evident that the electricity between turbine shaft and
propeller shaft simply performs the same function that a clutch and
gear box do on an automobile. The electric machinery simply makes it
possible to reverse the propeller shafts and keep the turbine running
in the same direction, and also gives two gear ratios between turbine
shaft and propeller shafts.

The electric rig does not have a ‘‘direct drive,” as does an auto-
mobile, because this is just what is not wanted in a ship. On the other
hand, the electric rig gives two speed ratios ahead and two backing,
while the automobile gives usually two ahead (besides “direct”) and

T -t ke

FiG. 3,759.—Generating unit of U. S. Collier Jupiter, consisting of an alternator directly
connected to a turbine,

dakalil

one backing. Being in any gear setting with either ship or automobile,
to go faster, speed up the engine; to slow, slow the engine. Without “shift-
ing gear’' speed changes can be made in no other way. In the automobile
the clutch can at any time be thrown out and leave the engine running;

with the ship, the motors may be disconnected electrically and leave the
turbine running.
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Between the exciter and the alternator there are, besides the usual
protective circuit breakers, one switch and one rheostat. As has been
said, the ship's circuit can be used for supplying excitation for the
alternators, or in port the exciters, which are of about 300 kw. capacity,
can be used for supplying power to the ship's mains.

The four main leads from the armature of, say, the port alternator
go through a four pole switch to the port bus bars. As this switch
is opened only when no power is on the system, it is of the usual knife
type. The two port motors are connected in parallel and then through
either one of two electrically actuated main oil switches to the bus bars.

s e ~
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FiG. 3,760.—View of 6.000 horse power Metville-MacAlpine speed reduction gear with case
broken away showing construction. It is a double elical spur gear, designed with in-
volute teeth, and a transmission capacity of 6,000 horse power ata wmon S of 1,500
r.p.m. The pinions have 35 teeth, the spur wheels 176 teeth. The 176t tooth con-
Stitutes a bunting cog and equalizes the wear. The pitch_circle diameters are 14 ins.
and 70 ins. respectively. The reduction ratio 18 thus practically 5 to 1, hence the power
is delivered from the gear at a speed of only 300 r.p.m. The pitch line speed is 5,500
ft. per minute and the design is based on a limiting pressure of 450 1bs. per inch of tooth
contact. Provision is made for the liberal use of lubricating and machine oil. Rear-
Admiral Melville writing in Proc. Inst. Civil Engineer, Feb., 1910, states as follows: A
full power test of 6,500 horse power was carried out for afpeqod of 40 hours from 2.30 P.M.
on Oct. 16, 1909, till 6.30 A.M. Oct. 18. At the close of this test the gear was found to
be in excellent condition and without any sign of wear. This established without ques-
;lprlz‘ the fact that gearing could be made to transmit such large powers continuously at

igh speed.

When closed, one of these oil switches connects the pair of motor for
“ahead” operation; and when closed, the other switch connects the
motors for “astern” operation. Only one of these switches can be
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closed at a time, and the closed switch is locked so that it cannot be
opened until after the alternator field switch is open. This last pro-
vision makes it impossible to break the main circuit until the current
in it practically oeases to flow.

In each motor circuit there is a four pole, double throw switch. One
closed position of this switch conneets the motor for 36 poles, the other
closed position for 24 poles. As the pole changing switches are never
used with power on the circuit, they are simply knife switches.

When in cruising rig with all four motors driven by one turbine
unit, the port and starboard bus bars are connected together. At all

FiG. 0,000.—Arrangement of Westinghouse marine steam turbines with Melville-MacAlpine
reduction gear, proposed for U. S. S. Baltimore. The entire equipment is shown
as if installed in one of the two engine rooms occupied by the reciprocating engines with
which this vessel was actually fitted. Since the gearing 1s of 9814 per cent or conserva-
tively 98 % efficiency, the output for a group of turbine such as would drive the Mau-
retania at a speed of 25 knots would be 60,500 +.98 =62,000 horse power, requiring an
estimated weight of 260 tons. The weight of gearing for a ship of the Mauretania's dis-
placement and speed would amount to some 300 tons in place of a weight of some 1,100
tons of machinery which would be saved. The tarbines of the Mauretania are rated at
70,000 shaft horse power. Even the comparatively low speed at which these turbines run
is too high for maximum propeller efficiency. It is hardly ible that the propeller
efficiency exceeds 55 per cent, which means that the actual effective propelling power is
only about 38,500 horse power. At a lower spced well within the capabilities aof the
reduction gear, a propeller could be made that would have an efficiency of not less than 85
per cent. With this improved efficiency, the shaft horse gower required for the same
effective propelling power would be somewhat less than 57,000, a saving of almost 15
per cent. “Piih the turbine and propeller direct connected so that both revolve at the

same speed, not only is it necessary to sacrifice the efficiency of the propeller, but also

the efficiency of the turbines.

other times the port and starboard sides of the ship are not electrically
connected.

As the alternator field switch, the main switches, and even the turbine
governors will in all prebability be electrically operated, two nmaster
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contollers, one in front of the instrument board in each engine room,
will suffice for handling’ the entire main propelling plant.

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 triple
or quadruple expansion engines.

In view of the economic results obtained in the White system
and in the various ‘‘locomobiles,” a quadruple expansion con-
densing engine, not handicapped with the present boiler limita-
tions, and operating under favorable conditions, that is to say,
under desirable initial and terminal pressures, and with a
sufficient degree of superheating and rcheating to secure passage
of the steam through the cylinders without condensation,
should produce an indicated horse power on five pounds of water
per hour, or about one third the amount now required.

In devising any new method of steam making, a study of Prof.
Carpenter’s tests on the White steam generator will show the
marked effect of rapid circulation in reducing the heating
surface necessary for a given output.
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CHAPTER LXXIV .

MOTION PICTURES

The subject of motion pictures may be included with pro-
priety in a work on electricity because of the electric arc gen-
erally used for illumination and the auxiliary apparatus neces-
sary for the proper working of the arc; in some installations the
generating machinery being included, comprising an isolated
plant.

While arc lighting has been treated at considerable length in
the chapter on electric lighting, the special adaptation of the
arc for moving picture machines is best explained in a separate
chapter. For completeness, the subject of motion pictures is
treated at length with respect both to its electrical and non-
electrical features. With this in view, a comprehensive cxpla-
nation of motion pictures is naturally given in the order of the
outline below which is followed in part.

1. Optics; 9. Projection;

2. The film; 10. Reproducing the pictures on the screen;
3. Motion picture cameras; 11. Stage effects;

4. Taking the pictures; 12. Motion picture theatres;

5. Devcloping; _ 13. Theatre lighting;

6. The electric arc; 14. Installation;

7. Auxiliary apparatus; 15. Operation;

8. Motion picture machine; 16. Care and repair.

Optics.—By definition, that part of physics which deals with
the property of light is known as optics.
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Ques. What is light?

Ans. Various hypotheses have been made, the most important
of which are the emission or corpuscular theory, and the undu-
latory or wave thcory.

The emission theory assumes that luminous bodies emit, in all
directions, an imponderable substance which consists of molecules
of an extreme degree of tenuity. These are propagated in right lines
with an almost infinite velocity. Penetrating into the eye, they act
on the retina and produce a sensation which is called vision.

The undulatory theory assumes that all bodies, as well as the
celestial spaces are filled with an extremely subtle elastic medium,

P1G. 3,762.—Images produced by small apertures showing the crossing of luminous rays at
the aperture causing inversion of the image.

called the luminiferous ether, the luminosity of a body being due to
an infinitcly rapid vibratory motion of its molecules, which, when
communicated to the ether, is propagated in all directions in the form
of spherical waves, and this vibratory motion, being thus transmitted
to the retina, produces the sensation called vision.

Ques. What is an image?

Ans. An image is the appearance of an object at a place

where no object exists.

Ques. What is the difference between a real and a
virtual image?

Ans. A real image is formed when the rays actually meet;
a virtual image is formed when the rays only appear to meet.
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Ques. What is a mirror?
Ans. A polished surface which reflects objects placed before it.

According to their shape, mirrors are called plane, concave, convex,
spherical, parabolic, conical, ete.

Ques. What kind of image is seen in a plane mirror?
Ans. A virtual image.

o
>

e emceme=dean

FiGs. 3,763 and 3,764.—Formation of images by plane mirrors. The determination of the
ition and size of image resolves itself into investigating the images of a series of point.
EOA;SE 1. Single point A placed in front of a plane mirror, as in fig. 3,763. Any ray AB,
incident from this point on the mirror is reflected in the direction BO, making the angle
of reflection DBO equal to the angle of incidence DBA. If a perpendicular AN, be let
fall from the point A over the mirror, and if the ray OB, be prolonged below the mirror until
it meets this perpendicular in the point A’, two triangles are formed, ABN and BNA’,
which are equal, for they have the side BN common to both, and the angles ANB, ABN,
equal to the angles A’NB, A’'BN; for the angles ANB and A’NB are right angles, and
the angles ABN and A’BN are each equal to the angle OBM. From the equality of these
triangles, it follows that A’N is cqual to AN; that is, that any ray AB, takes such a
direction after being reflected, that its prolongation below the mirror cuts the perpendicular
AA’ in the point A’, which is at the same distance from the mirror as the point A. This
applies also to the case of any other ray from the point A, as AC. It follows, that all
rays from the point A, reflected from the mirror, follow after reflection, the same direction
as if they had all proceeded from the point A’. The eye is deceived, and sees the point
A at A’, as if it were really situated at A’. Hence, in plane mirrors, the image of any point
is formed behind the mirror at a distance equal to that of the given point, and on the perpen-
dicular let fall from this point on the mirror. CASE 1I: Object AB placed in fromt of the
mirror, as in fig. 3,764. The image of any object will be obtained by constructing the
image of each of its points, or at least, of those which are sufficient to determine its form.
Fig. 3,764 shows how the image A’B’ of any object AB is formed.

Ques. How are images produced by small apertures?

Ans. When luminous rays, which pass through a small aper-
ture into a dark chamber, are received upon a screen, they form
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1. The angle of reflection is equal to the angle of incidence.
2. The incident and the reflected rays are both in the same plane
which is perpendicular to the reflecting surface.

Ques. Describe a spherical mirror.

Ans. If a segment were cut from a hollow sphere and the
surfaces were silvered or polished, each side of the segment
would be a spherical mirror.

F1G. 3,767.—Angles of incidence and reflection. LAW: the an&k of reflection is equal lo the
angle of incidence. The ray IO is called the incident ray; OR, reflected ray; angle ION,
anﬁzle of incidence; angle NOR, angle of reflection; NO, normal or perpendicular to the
reflecting surface.

The inner side is a concave spherical mirror, and the outer side, a
convex spherical mirror.

| Ques. What is the focus of a curved mirror?

Ans. A point where the reflected rays meet or tend to meet
if produced ecither backward or forward. :

There is a_real or principal focus, a virtual focus, and conjugate
foci. The principal and the conjugate foci are always on the same
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P1G. 3,768.—Multi-image formed by two mirrors. When an object is placed between two
plane mirrors, which form an angle with each other, either right or acute, images of the
object are formed, the number of which increases with the inclination of the mirrors.
If they be at r’llgl,:t angles to each other, three images are seen, arranged as represented
in the figure. e rays OC and OD from the point O, after a single reflection, give the
one, an image O’, and the other an image O’ , while the ray OA, which has undergone
two reflections at A and B, gives the third image O”””. When the angle of the mirror is
60°, five images are produced, and seven if it be 45°. The number of image continues to
increase in proportion as the angle diminishes, and when it is zero (mirrors parallel), the
number of image is infinite. In general, if two mirrors be inclined to each other, the
number of image they produce is equal to the number of times the angle between them
is contained in 360.

Fi16. 3,769.—Position of image in a plain mirror. Let a candle be placed exactly as far in front
of a pane of window glass as a bottle full of water is behimf it, both ebjects being on a
perpendicular drawn through the glass. The candle will appear to be burning inside the
water. This experiment explains a large number of familiar optical illusions, such as ‘‘the
figure suspended in mid-air,” “'bust of person without trunk,” *‘stage ghost,"” etc. Inthelast
case the illusion is produced by causing the audience to look at the actors obliquely through
a sheet of very clear plate glass, the edges of which are concealed by draperies. Images of
strongly illuminated figures at one side appear to the audiencs to be in the midst of the actors.
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side of the mirror as the luminous point, while the virtual focus is always
| on the other side of the mirror. The distinction between these various
foci is illustrated in the accompanying cuts.
| Ques. What is a parabolic mirror?

Ans. A concave mirror whose surface is generated by the revo-
lution of the arc of a parabola AC about its axis AB as in fig. 3,770.

Ques. . What is avoided by the use of parabolic mirrors?
Ans. Spherical aberration.

K l% L
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F16. 3,770.—The parabola. A parabola DAC is @ curve such thal every point in the curre is
equally distant from the direcirix KL and the focus F. The focus lies in the axis AB, drawn
from the vertex or head of the curve A, so as to divide the figure into two equal parts.
The vertex A, is equidistant from the directrix and the focus or AE = AF. Anyline parallel
lotheaxisisa ‘diameter. A straight line, as HG or DC, drawn across the figure at right angles
to the axis is a double ordinate, and either half of it is an ordinate. The ordinate to the
axis H F G drawn through the ’ocus. is called the parameter of the axis. A segment of
the axis, reckoned from the vertex, is an abscissa op the axis, and it is an abscissa of the
ordinate drawn from the base of the abscissa. Thus A B is an abscissa of the ordinate
B C. Abscissae of a parabola are as the square of their ordinates.

Ques. What is refraction?

Ans. The change of direction which a ray of light under-
goes upon entering obliquely a medium of different density
from that through which it has been passing, as in fig. 3,773.

If the incident ray be perpendicular to the surface separating the two
media, it is not bent, but continues its course in a right line,
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According as the refracted ray approaches or deviates from the
normal, the second medium is said to be more or less refringent, ot
refracting than the first.

Mathematical analysis shows that the direction of refraction depends
on the relative velocity of light in the two media.

Ques. Define theindex of refraction, or refractive index.

M A\
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FiGs. 3,7 7 71 and 3,772.—Concave spherical mirror; definitions. In the diagram V is the vertex;

’, the apcrturc. CV, the principal axis; CS, a secondary axis; C, center of curvature;

F pnnupal focus (mldway between V and L) Any line drawn from C to the mirror will be

ndicular to the mirror at that point. This line then will always be the normal which

wﬂ be used in making the angle of incidence equal to the angle of reflection. Now in fig.

3,772, if AB be an incident ray of light, the angle ABC is the angle of incidence. To find

the dircction of the refiected ray draw BR so that the angle CBR equals angle ABC, then
will BR be the direction of the reflected ray.

F1G. 3,773.—Diagram illustrating refraction definitions. All the light which fallson a refracting
surface does not completely pass into it; one part is reflected and scattered, while the other
penetrates into the medium. Accnrdlna to the undulatory theory, the more highly
refracting media is that in which the velocity of propagation is least. In uncrystallized
media, such as air, liquids, ordirary Flaw, the luminous ray is singly refracted; but in
certain crystallized b ies, such as Iceland spar, selenite, etc., the incident ray gwes rise to
two refracted rays. The latter phenomenon is called double re/ramon
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Ans. It is the ratio between the series of the incident and

refracted angles.
It varies with the media, for instance from air to glass it is §; from
air to water, §.
Indices of a few common substances are as follows: alcohol 1.35;
crown glass 1.53; turpentine 1.47; diamond 1.67; flint glass 2.17.

Pi1G. 3,774.—Experiment illustrating multi-image in ordinary mirror. Let the flame of a candic
be obscrved very obliquely in an ordinary mirror. From four to ten images of the flame
may be seen arranged in a row, as here shown. The second image of the series will be by
far the most brilliant.

Laws of Refraction.—When a luminous ray is refracted in
passing from onc medium into another of different refractive

power the following laws obtain:

1. Light is refracted whenever it passes obliquely from one
medium to another of different optical density;

2. The index of refraction for a givenm substance is a constant
quantity whatever be the angle of incidence;
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3. The refracted ray lies in the plane of the incident ray and
the wormal;

4, Light rays are bent toward the normal when they enter a
more refractive wmedium, and from the normal when they enter a
less refractive mediumi,

Ques. Define the critical angle.

Ans. In fig. 3,775, let CD be-a surface separating two trans-
parent media, the lower one being the denser of the two (as air

[
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CRITICAL ANGLE
F16.—3,775.—Diagram illustrating the critical angle or that angle between the incident ray and

the perpendicular drawn to the surface in the medium of smaller velocity at the point at which
tobal reflzction begins o occur; the diagram is explained in the accompanying text,

and water). If a ray EO strike the surface it will be bent away
from the normal AOB, along the line OF, in accordance with
the law of refraction sin AOF =p sin EOB. If now the angle
EOB be increased, AOF will go on increasing until sin AOF =1,
and the refracted ray passes along OD; in this case the ray in
the dense medium makes an angle BOG with the normal such
NOTE.—Effect produced by refraction. Bodies immersed in a medium more highly
sefracting than air appear nearer the surface of this medium, but they appear to be more
distant xi?zi}'nmefsnd in a less refracting gnediura.wig‘ stick plunged obliquely into water a;

bent, the immersed part appearing raised. to refraction stars are visible even when
they are below the horizon.
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that u sin BOG =1, from which, sin BOG=1-+u. This angle
BOG is the critical angle.
The critical angle varies with the nature of the substance: thus, for

water and air, it 1s about 48.5%; for crown glass, 42.5°; for flint glass,
38.6°; for diamond, 23.7.

Ques. What is total reflection?
Ans. When the angle of incidence is greater than the critical

——B 5

A

F1¢. 3,776.—Construction of refracted ray. Let AO be a ray of light passing through air and
entering water at O. The index is }. Draw two circles with centers at O and with radii
whose lengthsareas 4 : 3. Draw Al and BR'?echndicular to the normal NN'. Since AO :
BO = 1 :3, then Al : BR = 4 :3. Hence if Al be the sine of the angle of incidence, BR
is the sine of the angle of refraction. If then, BB’ be drawn parallel to the normal, and a
Etraight ruler be placed on the points B’ and O, the line OB”, the refracted ray may be

rawn,

angle, none of the light will emerge into the adjacent medium,
but all will be reflected; this is called total reflection.

Total reflection can take place only when light traveling in any
medium meets another medium in which the speed is greater.

Ques. How do external objects appear to an eye under
water?
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Ans. They appear to lie within a cone whose angle is 97°, as
explained in fig. 3,777.

Lenses.—A lens may be defined as, a piece of glass or other
transparent substance with one or both sides curved. Both sides
may be curved, or one curved and the other flat.

The object of a lens is to change the direction of rays of light,
and thus magnify objects, or otherwise modify vision.

CONE OF VISION

#1G. 3,777.—Appearance of external objects to an eye under water. Since the critical angle
for water is 4814°, an eye located at M will see ob{:acts above the water as though located
e

within a cone whose angle is 2X 4814° = 97°. The reason for this is because if the eye
look toward the surface at an angle greater than 4834° it can see nothing but the reflection
from the bottom of the water.

There are various kinds of lens and they may be classed as:

1. Convex.

a. double convex;
b. plano convex;
€. CONCavo convex.

2. Concave.

a. double concave;
b. plano concave;
¢. convexo concave.
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These various types of lens are illustrated in figs. 3,778 to 3,783,
which give a better idea of the numerous combinations of curved and
plane surface than is obtained by definition.

I E
FiGs, 3,778 to 3,783.—Various lenses. The first three are thicker at the center than at the

rders, and are called converging; thesecond three, which are thinner at the center are
called diverging. In lenses whose two surfaces are spherical, the centers of these surfaces
are called centers of curvature, and the right line which passes through these two centers

is the principal axis. In a plano-concave or plano-convex lens, the principal axis is the
perpendicular let fall from the center of curvature of the spherical face on the plane face.

F166. 5,784 and 3,785.—The principal focus. By definition, it is, that point where all the rays
Famllel to the principal axis meet after reflection, as, for instance, the rays from a source of
ight at an infinite distance from the mirror. The sun is so far distant that its rays are
practically parallel. When they are reflected upon a concave mirror they are reflected to
the principal focus P; forming a point of intense light and heat.

Foci in Double Convex Lenses.—7he focus of a lens is the
point where the refracted rays, or their prolongations meet. Double
convex lenses have both real and virtual foci, like concave mirrors.
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Principal Foci.—Fig. 3,786 shows the case in which the luminous
rays which fall or: the lens are parallel to its principal axis.

In the figure, any incident ray as LB, in approaching the normal of
the point of incidence B, and in diverging from it at the point of emerg-
ence D, is twice refracted toward the axis which it cuts at F. Since all
rays parallel to the axis are refracted in the same manner it can be

FiG. 3.786.—Principal focus in double convex lens. CASE I: Rays from luminous source
parallel to the principal axis.

Pic. 3,787.—Conjugate foci. By definition, wher two points are so related that object and
image may exchange places, they are called conjugale foci. 1f a luminous object be placed at
the point O, it projects divergent light rays upon the mirror. These rays will focus at u
point I, a little further from the mirror than the principal focus F. If the source of light be
now placed at I, the rays will pass back over the same aths and will come tc a focus at O;
the points I and O thus related to each other are called conjugate foci. Concave mirrors
make divergent rays less divergent, parallel or convergent; parallel rays, convergent;
convergent rays more convergent.

shown by calculation that they all pass very nearly through the point F,
so long as the arc DE does not exceed 10° to 12°. This point is the
principal focus and the distance FA, the principal focal distance.

Fig. 3,788 shows the case in which the luminous source is outside
the principal focus, but so near that all incident rays fotm a divergent
pencil. 3 o
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Vg'rtual Foci.—A double convex lens has a virtual focus when the
luminous object is placed between the lens and the principal focus, as shown
in fig. 3,790.

In this case the incident rays make with the normal greater angles
than those made with the rays Fl from the principal focus.  Accordingly,

£ )0 o T R Ry = SR O Yl
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F16. 3,788.—Principal focus in double curve lenses. CASE 1I: Divergent rays from luminous
source. Inthe gure the luminous source being at L., by comparing the path of a diverging
ray LLB, with that of a ray, SB, parallel to the axis, the former is foumfto make with the
normal, an angle LBN, greater than the angle SBN, hence, after traversing the lens, the
ray cuts the axis at a point L’, which is more distant than the principal focus F. As all
rays from the point L, intersect approximately in the same point L’, this latter is the con-
jugate focus of the point L. This term has the same meaning here as in the case of mirrors,
and expresses the relation existing between the two points L. and L./, which is of such a
nature that, if the luminous point he moved to L., the focus passes to L. 5

£

H

Fi1G. 3,789.—The virtual focus. If a source of light be placed at L, between the principal focus
* P, and the mirror, any raz LM emitted from L, makes with the normal CM, an angle of
incidence LMC, greater than FMC. The angle of reflection must be greater than CMS,
and therefore the reflected ray ME diverges from the axis AK. Thisis also the case with all
*  rays from the point L, and hence these rays do not intersect, thus forming no conjugate
focus. If they be regarded as being prolonged on the other side of the mirror, their pro-
~longations will intersect in a point L’, on the axis, giving the same effect to the eye as
though the rays were emitted from the point L’, this point being called the virtxal focus.

- L |l
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when the former rays emerge, they move farther from the axis
than the latter, and form a diverging pencil HK, GM. These rays
cannot Produce a real focus, but their prolongations intersect in some
point L’, on the axis, and this point is the virtual focus of the point L.

Foci in Double Concave Lenses.—In lenses of this form,
there are only virtual foci, whatever be the distance of the object.

K

F16. 3,790.—Virtual focus in double convex lens. In the f:ﬁm‘e. 1. is the position of the luminous
source between the principal focus and the lens; Fisthe principal focus, and L’, the virtual
focus corresponding to the position L of the luminous source.

F1G. 3,791.—Poci of convex mirrors. This type of mirror has only virtual foci. Let SI, and TK
be rays parallel to the principal axis of a convex mirror. These rays, after reflection, take
the diverging directions IM, KH, which, when continued, meet at a point F, which 13 the
principal virtual focus. In the t_nanlglp CKEF, it may be shown, in the same manner as
with concave mirrors, that the point F is approximately the center of the radius of curva-
ture CA. If the incident luminous rays, instead of being parallel to the axis, proceed from
a point L, situated on the axis at a finite distance, a virtual focus will be formed at a point
L’, between the principal virtual focus and the mirror.
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In fig. 3,792 let S$’ be any pencil of ray parallel to the axis. Any
ray SI is refracted at the point of incidence I, and approaches the
normal CI. At the point of emergence it is also refracted, but diverges
from the normal GC’, so that it is twice refracted in a direction which
moves it from the axis CC'. Since the same conditions obtain for
every other ray, S’KMN, it follows that the rays, after traversing the
lens, form a diverging pencil, GHMN. Hence, there is no real focus,
but the prolongations of these rays cut one another in a point F, which

is the principal virtual focus.
-4

—y 27

Fic. 3,792.—Virtual focus in double concave lens. CASE I: Parallel incident rays.

FiG. 3,793.—Virtual focus in double concave lens. CASE 11: Divergent incident rays. In this
case where the rays radiate from a point 1, on the axis, it is found by the same construction
that a virtual focus is formed at L’, which is between the principal focus and the lens.

Experimental Determination of the Principal Focus of
Lenses.—To determine the principal focus of a convex lens, it

Pi1G. 3,794.—Effect of placing luminous source at the principal focus of a double convex lens.
As the point of light comes near the lens, the convergence of the emergent rays decreases,
and the conjugate focus L.’ (fig. 3,788) becomes more distant. When the source of light L.
coincides with the principal focus F, as shown above, the conjugate focus is at an infinite
distance, that is to say, the emergent rays are parallel. When this condition obtains, the
intensity of light decreases slowly, thus, a small lamp canilluminate considerable distance.
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may be exposed to the sun’s rays so that they are ‘‘parallel” to
its axis. The emergent pencil being received on a ground glass
screen, the point to which the rays converge or the principal
focus is readilv seen.

Fig. 3,795 shows the experimental determination of the principal focus
of a double concave lens.

w

F1G. 3,795.—Experimental determination of the principal focus of a double concave lens. The
face AB is covered with an opaque substance, such as lamp black. two small apertures, A
and B, being left in the same principal section and at an equal distance from the axis.
A pencil of sunlight is then recetved on the other face, and the screen P, which receives the
emergent rays, is moved toward or away from the lens until A and B, the spots of light
from the small apertures, are distant from each other by twice A’B’. The distance DI is
then equal to the focal distance FD, because the triangles FA’B’ and FAB are similar.

Optical Center; Secondary Axis.—In or necar every lens
there is a point called the optical center, which is located on the
axis, -and which has the property that any luminous ray passing
through it experiences no angular deviation, that is to say, the
emergent ray is parallel to the incident ray. The existence of-
this point is demonstrated as in fig. 3,796.

By definition, a secondary axis is any right line (as PP’, fig. 3,797),

which passes through the optical center of a lens without passing through
the centers of curvature. From this property of the optical center, every
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P1G. 3,796.—O0ptical center. Let two parallel radii of curvature CA and C’A’ be drawn to

the two surfaces of a double convex lens. Since the two plane elements of the lens A and A’
are parallel, as being perpendicular to two parallel right lines, it is evident that the refracted
ray AA’ is propagated in a medium with parallel faces. Hence a ray KA, which reaches A
at'such an inclination that after refraction it takes the direction AA’, will emerge parallel
to its first direction. The point O at which the right line cuts the axis is therefore the
optical center. The position of this point may be determined from the case in which the
curvature of the two faces is the same, which is the usual condition, by observing that the
trian%lcs COA and C’OA’ are equal, and therefore that OC = OC’, which gives the point
0. If the curvatures be unequal, the triangles COA and C'OA’ are similar, and either CO
or C’0O may be found, and therefore also the point O. In double concave or concavo-
convex lenses, the optical center may be determined by the same construction. In lenses
with a plane face, this point is at the intersection of the axis by the curved face.

p

Fic. 3,797.—Secondary axis. This is any right line passing thyou%x the optical center, but not
through the centers of curvature. Rays emitted from a point P on the secondary axis PP
nearly converge to a center point P’ on the axis PP’, and according as the distance from the
point P to the lens is greater or less than the principal focal distance, the focus thus formed
will be conjugate or virtual. The formation of image is in accordance with this principle.

=

- Y
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F1G. 3.789.—Image in convex mirror. lLet AB be the object; draw two lines from A, and two
from B, to the convex side of the mirror. Draw lines from C through these points. These
lines are the normals. Construct the angles of refiection and extend the rays until they
meet. It isfound in this case that the imaie A’B’ is virtual, erect, smaller than the object,
and located on the oppusite side of the mirror. The effect of a convex mirror is to make
convergent rays less convergent, parallel, or divergent; parallel rays, divergent, and
divergent rays, more divergent, In general, the concave murror tends to collect the rays,
and the convex mirror tends to scatter them.

F16. 3,799.—Formation of real image by double convex lens. Let AB be placed beyond the
rincipal focus. If a secondary axis AA’ be drawn from the outside pomnt A, any ray AC
rom this point will be twice refracted at C and D, and both turning in the same direction,

approaching the sccondary axis, which it cuts at A’, the other rays from the point A will
intersect in the point A’ which is accordingly the conjugate focus of the point A._ If the
secondary axis be drawn from the point B, it will be seen that the rays from this point
intersect in the point 13/, and as the points between A and B have their foci between A’
and B’, a real and inverted image of AB will be formed at A’B’. To see this image it may be
received on a white screen, on which it will be depicted, so the eye may be placed in the
g:}h of etc{xe 12){35 emerging fromit. Again, if A’B’ were the luminous object, its image would
ormed at o
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secondary axis represents a luminous rectilinear ray passin from this
point because, from the slight thickness of the lens, it may be assumed
that rays passing through the optical center are on a right line.

Formation of Images by Double Convex Lenses.—In
lenses as well as in mirrors, the image of an object s the col-
lection of the foci of its several point. Accordingly images fur-
nished by lenses are real or virtual in the same case as the foci,
and their construction resolves itself into determining the posi-
tion of a series of point.

Fi1G. 3,800.—Formation of virtual image by double convex lens; object AB, placed between the
lens and its principal focus. If a secondary axis OA’ be drawn from the point A, every ra
AC, after having been twice refracted, diverges from this axis on emerging, since the point
is at a less distance than the principal focal distance, this ray, continued in an opposite
direction, will cut the axis OA’ in the point A’, which is the virtual focus of the point A.
Tracing the secondary axis of the point B, it will be found in the same manner, that the
virtual focus of this point is formed at B’. There is, therefore, an image of AB at A’B’.
This is a virtual image; it is erect and larger than the object. The magnifying power is
greater in proportion as the lens is more convex, and the object nearer the principal focus.

Fig. 3,799 shows the formation of a real image, and fig. 3,800, the
formation of a virtual image.

Ques. Describe the image formed with object at twice
the focal distance.

Ans. The image is real, inverted, same size as the object,
and at the same distance from the lens.
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F1Gs. 3,801 to 3,804.—Images formed by double convex lens with object at various distances from the lens.

at twice the focal distance; fig. 3,802, object more than twice focal distance;
the focal distance; fig. 3,804, object at a distance less than the focal distance.

rays from any point are all that are needed to locate the image.

Fig. 3,801, object

fig. 3,803, object at a distance less than twice
In the construction of these figures, two
The two most convenient are, one parallel to the principal

axis and the other through the optical center. The former will, after refraction, pass through the principal focus, which in
cases here considered is at the center of curvature, and the latter will pass through the lens without change of direction.
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Ques. Describe image formed when the object is be-
tween the principal focus and the lens.

Ans. The image is virtual, erect and larger than the object.
In this case the rays are made less divergent but not convergent.
Formation of Images by Double Concave Lenses.—These

lenses like convex mirrors give only virtual images, whatever
he the distance of the object.

£

Fi1G. 3,805.—Formation of virtua limage in double concave lens; no real image is formed with
this type of lens. Let AB be an obiject placed in fiont of the lens. af the secondary axis
AO be drawn from the point A, all rays AC, Al, etc., from this point are twice refracted i ln
the same direction, diverging from the axis AU, so that the eye receiving the emergent ra
DE and GH, supposes them to rocced from the point where their prolongations cut t! e
secondary axis AO in the point A’. Similarly, drawing a secondary axis from the point B,
the rays from this point form a pencil of divergent rays, the directions of which, prolonged,
intersect in B’. Accordingly the eye sees at.'x ‘B’, a virtual image of AB, which is always
erect, and smaller than the object.

Ques. How are rays affected by double concave lenses?
Ans. Diverging rays are always made more divergent.

Ques. Describe the image formed.
Ans. It is virtual, erect, and smaller then the object.
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Formulze Relating to Lenses.—In all these lenses the re-
lations between the distances of the image and object, principal
focus, also radii of curvature, the refractive index, etc., may be
expressed by a formula.

If O be distance of the object from tte lens, I the distance of the
image, and F, the principal focal distance, then
1 1 1

>
O

/

Fi1G. 3,806.—Spherical aberration. The reflected rays of concave spherical mirrors do not meet
at exactly the same point. For instance, the ray AB, will be reflected to F, but DE will be
reflected to H, a point closer to the mirror. This is called spherical aberration. It has been
observed that the reflected rays only pass through a single point when the aperture of the
mirror does not exceed 8 or 10 d s. A larger aperture causes spherical aberration,
producing a lack of “sharpness.” very reflected ray cuts the one next to it, and their

ints of intersection form in space a curved surface which is called the caustic by reflection.

y experiment, when the light of a candle is reflected from the inside of a lea cup or a glass
tumbler, a section of the caustic surface can be seen by parily filling the cup or tumbler with
milk. Spherical aberration may be avoided by the use of a parabolic mirror, The point C
is the center of curvature.

From the equation it is seen that if any two of the distances are
given the other can be found. Thus solving (1).

1 1 1
= =5 <= 50060000500000000000000000 2
I F O &)
1 1 1
DS F TG o s 3)
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Spherical Aberration; Caustics.—The assumption that
rays emitted from a single point intersect also after refracting
in a single point is virtually correct with a lens whose aperture,
that is, the angle obtained by joining the edges to the principal
focus, does not cxceed 10° or 12°.

Ques. What is the effect of a larger aperture?

Ans. The rays which traverse the lens near the edge are
refracted to a point F on the principal axis nearer the lens than
the focus of the rays G which pass near the axis.

—
TR

FOCUS OF lNTéRMEDlATY_ RAYS

FIG. 3,807.—Effect of spherical aberration: il produces a lack of sharpness and definition of
an image, 1f a ground glass screen be placed exactly in the focus of a lens, the image of an
object will be sharply defined in the center but indistinct at the edges, and if sharp at the
edges, it will be indistinct at_the center. This effect.is very objectionable, especially in

photographic lenses. . To avoid this, a disc D with a hole in the center is placed concentric
with the principal axis of the lens, thus only the central part of the lens is used.

That is to say, the rays farther from the principal axis are refracted
more than those near this axis.

Ques. What ill effect is due to spherical aberration?
Ans. The image is slightly blurred.

Ques. How may this be avoided?
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Ans. By means of a “stop,” that is to say, a disc with a
small hole in it placed in the path of light, as shown in fig. 3,807.

Ques. What name is given to the luminous surfaces
produced by the intersecting of the refracted rays?
Ans. Caustics by refraction.

F1G. 3,808 —Experiment illustrating the dispersion or decomposition by refraction of white
light. If a pencii of the sun's rays SA be allowed to pass through a small aperture in the
window shutter of a dark chamber, this pencil tends to form a round and colorless image of
the sun at K, but if a flint glass prism arranged horizontally, be interposed in its path, the
beam, on emerging from the prism, becomes refracted toward its base, and produces on a
distant screen a vertical band rounded at the ends, colored in all the tints oPthq rainbow,
which is called the solar spectrum. In this spectrum there is virtually an infinity of
different tint, which merge into each other, but it is customary to distinguish seven princi-
pal colors, viz: violet, indigo, blue, green, yellow, orange, red; they are arranged in this
order in the spectrum, the violet being the most refrangible, and the red the least. They
do not all occupy an equal extent in the spectrum, vioﬁ-t having the greatest extent, and

orange the least.

Chromatic Aberration.—When white light is passed through

a spherical lens, both refraction and dispersion occur.

This causes a separation of the white light into its various colors and
causes images to have colored edges. This defect which is most observa-
ble in condensing lenses is due to the unequal refrangibility of the simple
colors, and is called chromatic aberration.
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Ques. What is white light?
Ans. The light from the sun, the electric arc, etc.

Ques. What is dispersion?
Ans. The decomposition of white light into several kinds of
light as shown in fig. 3,808.

Fi16. 3,809.—Achromatic lens, consisting of a combination of a double convex lens of crown
glass, and a double concave lens of flint glass. Whenever it is desired to project es; lalﬁ'
good pictures upon a screen, lenses are often combined as shown in the figure. ere
indicates the line through the principal axis, at which the red rays reflected by the double
convex lens would strike, and S, the line where the violet rays would be projected. The
addition of the double concave lens brings the red and violet together again at G. A com-
bination of two such lenses F H, placed the proper distance apart and the surfaces properly
proportioned, may be made to combine any two of the colors of the spectrum. Accordingl:
even with these connected lenses there is always some coloring on the screen, althoug
hardly noticeable.

Fics. 3,810 to 3,812.—Various achromatic lenses. Fig. 3,810 and fig. 3,811 are types usually
used 1n photography, and fig. 3,812, a combination used 1 motion picture and stereopticon
projection,

Achromatic Lenses.—The color effect caused by the chro-
matic aberration of a simple lens greatly impairs its usefulness.
This may be overcome by combining into one lens, a convex lens of
crown glass and a concave lens of flint glass.

Ques. What is the action of the first lens?
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Ans. It produces both
bending and dispersion.

Ques. What is accom-
plished by the second
lens?

Ans. It almost com-
pletely overcomes the dis-
persion without entirely
overcoming the bending.

Principles of Optical
Projection.—The process
is almost the reverse of
ordinary photography.

For instance in photograph-
ing a scene by means of the
photographic objective or lens,
a reduced image is obtained on
ground glass. This glass is
replaced by a sensitized plate,
and by the use of chemicals
the image is fixed thereon.

In projection the process is
reversed, that is, a transparent
slide is made from the picture
made with the lens, or the roll
of film taken with a motion
picture camera is developed
and used in the projection
lantern or ‘“‘motion picture
machine” as it is usually
called.

By means of a condensed
light these are strongly illumi-
nated, and with an objective
lens, an enlarged image is pro-
jected upon the screen; this
screen image corresponding to
the real objects photographed.

P16. 3,813.—Diagram showing the various lenses of a motion picture machine and illustrating the principles of optical projection.
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The principles of optical projection for both lantern slide and
motion picture apparatus will readily be understood from the
diagram fig. 3,813.

At E is an electric light or other suitable illuminant the light from
which is caught up by the condensing lenses or condenser C; this
condenser is an arrangement of lenses so constructed as firstly, to gather
up as great a volume of light as possible and secondly, to concentrate
the light which it gathers at the center or diaphragm plane of the ob-
jective when the objective is located at the proper distance from the
slide or film, which distance is determined by the focal length of the
objective.

The slide or film should be placed at such a point that the entire area
of the opening is fully illuminated, and it should also be placed so that
the greatest number of light ray possible should pass throughit. Taking
into consideration the fact that the opening in the mat in the lantern
slide is 234 X 3 inches and in the motion picture film is s X 1%4s
inches, it will at once be evident that the slide must be placed at the
point D in the diagram in order that its entire area be covered, and the
moving picture film must be located at the point F, in order that it may
take in the greatest number of light ray.

Proceeding from the slide or film, the light passes through the objec-
tive O, where the rays cross and the object 1s therefore reversed; by
means of the objective, the object is also imaged or delineated upon the
screen S, the degree of sharpness or flatness of the image depends upon
the optical connection of the lens.

Ques. What must be the relative positions of the arc,
condenser and objective?

Ans. They must be so placed that an image of the light
source will be formed at the diaphragm of the objective.

Under these conditions all light coming from the condenser is utilized
and the image on the screen is at its brightest.

Ques. What provision should be made wherelantern slide
and motion picture films are to be used interchangeably?

Ans. Since the opening in the slide mat is approximately
three times that of the moving picture film, it is therefore necessary
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to have a lens for lantern slides about three times the focal
length of that of the lens used for films.

It should be noted that it is possible to match the size of the image
in one dimension only (either width or height) because the two openings

are not proportionate in size; accordingly, ¢ is necessary in ordering
lenses to specify whether the images are to be the same height or width.

How to Select a Lens.—The lens is probably the most im-
portant consideration in projection work, for on its selection
depend the quality and size of the image on the screen. Not

F16. 3,814.—Bausch & Lomb standard projection lens. It consists of two combinations fitted

into a cell and mounted in a brass tube which slides through a brass tube or sleeve. The
focusing is by rack and prism, asshown. Connection is made for spherical and achromatic
aberration. Equivalent focus 2}4 to 32 inches, and back focus l& to 30 inches; corres-
ponding diameter of lenses 114 to 274,

the lens mounting, nor even the diameter of the lens itself, but
its equivalent focus, and distance from the screen, determine
the size of the image.

Ques. At a given distance how does the size of the
image on the screen vary with the focal length?
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Ans. The greater the focal length the smaller the image.

Accordingly short focus lenses give large images.

Ques. What precaution should be taken in selecting
a lens?

Ans. The lens should not be of such short focus that the
magnification will be so great as to sacrifice definition and
perspective when viewed by an observer near the screen.

Fics. 3,815 and 3,816.—Two forms of condenser. Owing to its form, the meniscus condenser
will intercept and utilize a larger percentage of light ray from the arc than the planc,
which means that more light will be transmitted to the film, when a meniscus condenser is

‘The meniscus, however, because of being closer to the heat of the arc, is more liable

to breakage. A combination consisting of one meniscus, and one bi-convex condenser is
recommended.

Ques. What kind of picture is most desirable?
Ans. Brilliant pictures of medium size.
Ques. Howshould the projection distance be measured ¥

Ans. From the slide or film to the screen.

The accompanying tables show the size of image obtained with
lenses of different focal length at varying distances. Other sizes, focal
lengths and distances can be computed as follows:
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Size of Image. RULE: Multiply the difference batween the
distance from the lens to screen and the focal length of the objective,
by the size of the slide and divide the product by the focal length.

EXAMPLE.—Let L be the projection distance, 40 feet or 480 inches;
S, the slide mat 3 inches; F, the focus of the lens 12 inches. The
formula for size of image, is
_S (L—F)

F

where d =size of image substituting the given data

_3(480—12)
=T 12

d

d =117 ins. or 934 ft.

Focal Length. RULE: Multiply the size of the slide or
film opening by the distance from the lens to screen, and divide the
product by the sum of the size of the image and the size of the slide.

Expressed as a formula

_SXL
d+S

substituting the values previously given

_3X480 1,440 _
Tn743 120

F

12 ins.

Distance from Slide to Screen. RULE: Multiply the
sum of the size of the image and size of slide mat, by the focal length,
and divide this product by the size of the slide mat.

Expressed as a formula

_F@d+5)
L=—"%—

substituting the values previously given

12 (117+3)
B

L =480 ins., or 40 ft.




Table showing size of screen image when Table showing size of screen image when
lantern-slides are projected.

moving picture films are projected. Size of Mat opening 2K x 3 fnches
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Exanris: With a lens of 10-inch focus at a distance of
20 f2. the screen image will be 5.3 x 5.8; at 25 ft., 6.6 x 7.3;
w30 ft. ROx8.8; at 50 ft., 13.5 x 14.8 etc.

Examrre: With a lens of 5% inch focus at a distance of
85 ft. the screen image will be 4.3 x 5.9; at 40 ft., 49x6.7;
at 45 ft., 5,6 x 7.6 etc.

SHINLIId NOILOW

G0L'Z



[

2,706 HAWKINS ELECTRICITY

Motion Picture Machines.—The term motion picture
machine is the proper name of the apparatus used in projecting
motion picture film upon a screen; the use of such expressions
as projector, graphoscope, etc., should be avoided.

The function of a moving picture machine, as stated, is to project
motion pictures upon a screen, in distinction from a motion picture

camera_used for motion picture photography. Some of the ‘“‘coined
expressions’ are both ill advisedly and erroneously used.

A motion picture machinc may be said to consist of:;
1. An optical system, comprising

a. Source of light;
b. Lens {(‘ondensor;

objective.

2. Intermittent film feed system, comprising

a. Upper reel; g. Shutter:

b. Upper steady feed sprocket; h. Lower steady feed sprocket;
¢. Steady drum; i. Lower reel;

d. Film gatc; J. Lower reel drive;

e. Intermittent sprocket; k. Operating crank and drive;
f. Intermittent movement; I. Numerous presser rollers.

Besides these various essential parts, safety devices such as, fire
shutter, fire valves, film shields, etc., are provided.

The elementary moving picture machine shown in fig. 3,819
is so drawn that every part can be seen; it 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.

Ques. Upon what property of vision is moving picture
projection based?

Ans. Upon the “persistence of vision.”




FiGs. 5,817 and 3,818.—Simplex motion icture machine. Pig. 3,817 shows the right side with film covers and upper magazine

fire valve removed from the top. . Tge valve consists of one large steel roller and two smaller ones which are set at an angle of
45 degrees. They bear against the film top and bottom, and protect the reel from fire. Fig. 3,817 shows also the revolving
shutter and shutter mechanism. The three wing shutter shown is used with direct current, but on A. C. circuits of 60 cycles
or less a two wing shutter is recommended as it does not intercept the light periods in step with the alternation of the arc. A
three wing shutter used with alternating current is liable to get into synchronism with the alternations of the arc and cause a
wavy effect in the light similar to a bad flicker. The shutter may be set during operation by turning the knurled knob located
alongside the framing handle, thus avoiding ghosts or white streaks. Fi - 3,818 shows right side of machine with fireproof
covers removed; it also shows clearly the path of the film through the macgme.
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Ques. Define persistence of vision.

Ans. It is that property of the eye by which vision remains
or persists for a short interval after the thing viewed has vanished.
Owing to the persistence of vision, when two views are seen with an
interval of not more than one fiftieth of a second between the two, the

eye blends the two and accordingly does not appreciate the interval of

darkness which has occurred between the two, as is demonstrated in
moving picture projection. o

Ques. Describe briefly the operation of the elementary
motion picture machine shown in fig. 3,819.

Ans. By turning the operating crank A, 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 film1 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 movement 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 rcel O.
Because of the increasing diameter of the roll of film due to
winding the film on reel O, the velocity of rotation of O must be




Fics. 3,820 to 3,826.—Construction details of Simplex film gate. It is made of machine steel,

the lugs securing the gate to the holder being electrically welded. Fig. 3,820 represents
milled surfaces. The film trap shoes (figs. 3,820, 3,825), are of steel ground on both
sides and, beveled (fig. 3,520) to permit sliding into the dove tail slots (fig., 3,823). The
lateral guide rollers (fig. 3.824 and 3,826) are of steel hardened and ground; the
film cannot ass the guide rollers unless it be set between the two. If it should not be, it
automatically rights 1tself. The distance between the rollers is adjustable by a set collar
(fig. 3,826). “The gate (fig. 3,825) is opened for threading by a light inward pressure on a
thimble (fig. 3,826), and is closed by releasing the film trap door trip lever (fig. 3,823).
Jhus, in t reading, there are only two operations: one to open, and one to close the

The two inside shoes are offset and do not touch the film. The cooling plate (fig. 3,826)
1s made of two pieces of sheet steel separated 4 inch, which arrests the heat by radiation *
film trap. The air space between the
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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 7s constant while
that of 1 is intermittent.

FiGs. 3,827 to 3,835.—Construction details of an intermittent sprocket and interniittent mave-
ment. Fig. 3,827, intermittent sprocket and intermittent movement with case broken to show
interior; figs. 3,828 to 3,835, parts. The intermittent movement is of the Geneva type
arranged to run in oil. The case is in two pieces, consisting of hox and screw cover, as
shown in fig. 3,827. “Framing" of the film is accomplished by advancing or retarding the
intermittent movement by a device for turning the intermittent box forward or backward.
The revolving shutter synchronizes automatically by a cam system.

Ques. What is the object of the upper and lower feed
loops.

Ans. To lessen the inertia of the film by reducing the length
of film subject to the sudden intermittent motion.

- Ques. What duties are performed by the film gate?
Ans. It guides the film so as to prevent any lateral motion,
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flattens 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
construction, it may consist of two hubs provided with teeth and

INITIAL
POSITION

CENTRAL POSITION
ONARY..

PiGs. 3,836 to 3.841.—Di?§mms showing progressively the ations of the Geneva inter~
mittent movement. |§ 3,836, approach of pin; fig. 3,837, initial position or beginning
of the movement; fig. 3,838, mid-position; A)g 3,839, final position or end of the move-
ment; fig. 3,840, recession of the pin; fig. 5,841, mid-position of stationary period. The
Geneva movement consists of 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 registers with the cross it holds the latter securely
until the pin rotates around to the next slot.

properly spaced on a shaft to take the film. The teeth mesh with
perE)rations of the film and thus secure a positive movement.

Of the various intermittent movements, the Genevais extensively used
and easily understood. Its operation is shown progressively in figs.
3,836 to 3,841.

Ques. What is the nature of the Geneva intermittent
motion?
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Fics. 3,842 to 3,845.—* ' Threading” a typical motion picture machine, Fig. 3,842 illugtrates

the method of threading the film through the film trap by forming the upper loop with the
second finger of the left hand and gripping the film below the intermittent sprocket with
the first finger. Fig. 3,843 illustrates how the film is threaded through the film trap by
forming the upper loop with the second finger of the left hand and gripping the film below
the intermittent sprocket with the first and third fingers of the ri%l?i_t and and closing the
film trap gate by tnpginf the film trip lever with second finger. Fig. 3,844 illustrates the
method of forming the lower looP. threading the film over the lower feed sprocket and
closing the lower feed sprocket rollarm by a ownward pressure with the first er of the
right hand. The film is then inserted through the fire valve by means of the slot in the
base of the mechanism and is then fastened on to the lower reel s0 as to rewind to the right.
Pig, 3,845 shows the machine completely threaded from the top reel to the feed sprocket
through the film trap and on to the I>wer feed sprocket and the take up reel.
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Ans. The motion begins slowly, (fig. 3,837), accelerates to
a maximum at the mid position (fig. 3,838) and gradually slows
down to zero (fig. 3,839).

B ANDH
SPECIAL REE LA

Prcs. 3,846 to 3,855.—Simplex take up device. Pig. 3,846 belt drive for small reels; fig. 3,834,
chain drive for large reels; figs. 3,847 to 3,853, parts. The takeupisthe equivalent of the belt
drive P, fig. 3,819, that is, it performs the same function, viz.: to rotate at variable sgeed
the lower reel upon which the film is wound. Instead of securing the variable speed by
belt slippage, a friction disc clutch is provided. Part 260 is the driving side of the disc and
is dlrectry. connected to the take up shaft 684. Theleather friction washer 262 is 3” diameter
by 4" thick; it operates between friction disc 260 and pulley 26014. The driving pulley
2604, driven by belt 263 14, is forced to bear against leather washer 262 by spring 264,
which is kept in place by a thimble and set screw 265.

Ques. Describe a variation in construction details.
Ans. Instead of only one pinon thedisc, there aresometimes two.

Ques. How may the relative periods of rest and motion
e varied?
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Ans. By making the disc large in proportion to the cross.

The interval of movement can be reduced as much as desired in
proportion to the interval of rest, but the characteristic features of
starting and stopping the film gradually will be lost directly in por-
portion as the ratio between disc and cross sizes is increased.

Ques. How is the Geneva movement sometimes ar-
ranged in construction?

Ans. Provision is sometimes made for the movement to be
run in oil.

F1G. 3,856.—Power’s motion picture machine or Cameragraph; view showing lamp house and
machine with covers removed, exposing mechanism.
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Illumination for Motion Picture Projection.—Both gas
and electricity are used to produce illumination for motion picture
projection. The electric arc is universally employed wherever
glectric current. is available, but in many rural districts where

Fi1G. 3,857.—Powers' intermittent movement. The driving element is a diamond-shaped
revolving surface which projects from the disc, the latter being attached to the main
spindle or shaft. A locking ring for the driven element is also formed on the face of the
disc in such relation to the diamond that the driven element passes from engagement with
the diamond to engagement with the ring. The driven element consists of a cross as
shown with intermittent sprocket spindle formed out of a block of drop forged tool steel.
The intermittent movement is arranged to run in oil.

electricity cannot be obtained, gas is used and gives satis-
factory results. Several kinds of gas are used for illumination.

Burners for use with these gases are shown in the accompanying
cuts, also some types of generator or gas making outfit.
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The Electric Arc.—The subject of electric arcs has been
presented at length in Guide No. 9, and it is only necessary to
treat here of its special adaptation to optical projection.

The only modification of the ordinary arc required to adapt
it for use in the optical lantern is to make it as much one sided
as possible, that is to say, to so arrange it that as much of the
light as possible will be thrown toward the condensers.

3,858.—Challenge multi-tip acetylene burner. It has eight tips set in pairs at an anglc.
The gas comes from each set at an upward and inward angle, meeting to form one flame.

Ques. What kind of current is used for the arc?
Ans. Either direct or alternating .

Ques. How is the direct current arc connected?
Ans. The positive pole is connected to the upper carbon of
the lamp and the negative pole to the lower carbon.

Ques. How are the carbons adjusted for direct current
motion picture arc?

Ans. The carbons are placed end to end in a straight line
cxcept that the axis of the lower one is slightly in advance of
that of the upper one as in fig. 3,859. To bring the maximum
light upon the condensers the carbon must be inclined about 25°.
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If inclined too much, the end of the lower carbon will throw a shadow
upon the condenser; if not enough, the maximum light is not projected
upon the condenser.

Ques. How are carbons adjusted for direct current
stereopticon arc?

Ans. The carbons are set at right angles, positive carbon
horizontal, and negative carbon vertical, as in fig. 3,860.

A POSITIVE CARBON

\ ADVANGE
\, DISPLACEMENT. — ] A~
“ et | TR T 4 R
R Sy ey~ et
\’ \-\J e ’/
| CONDENSER

A CONDENSER
d T AXIS

FiG. 3,859.—Motion picture arc for direct current. The advance displacement, say 14 inch,
causes the upper carbon to burn with a diagonal end containing the brilliant crater and
the light is accordingly thrown toward the condenser.

That is to say, the positive carbon is set in the axis of the condenser
with the negative carbon at right angles.

Ques. What troubles are encountered with alternating
current arcs?

Ans. Two craters are formed and if the light from both is to
be used, a very careful setting and adjustment is necessary tc

avoid poor illumination and a double spot at the center of the
screen.
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Ques. What kind of carbon should be used for alter-
nating current arcs?

Ans. Cored carbons.
Ques. For angular settings, how does the angle of
carbon vary?

Ans. It varies with the amount of current used, and the size
and quality of the carbon.

CONDENSER

POSITIVE P
CARBON )//

NEGATIVE CONDENSER

CARBON

Pic. 3 860.—Stereopticon arc for direct current, TRis setting does not give as brilliant an arc
fig. 3,859, wgen a8 long arc i3 used, but for a short arc the carbons become 8o near that
an arc of more brilliancy than fig. 3, 859 is obtained.

Ques. In operation how is the proper angle secured?

Ans. By varying the angle, that is “rocking” the carbon:s
while watching the screen till the best illumination is secured.;

Ques. How is the light centered?

Ans. By moving the arc in a direction opposite to that in
which it is desired to move the bright spot on the screen.

Ques. Describe the lamp adjustments.

Ans. There are four adjustments: 1, vertical, 2, lateral, 3,
focusing, and 4, feed.
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Ques. How is the arc started or ‘‘struck?”’
Ans. Bring the carbons together by turning the proper

knob, then reverse and draw them apart until the proper arc
is secured.

Ques. What is a proper arc?
Ans. An arc of medium length.

F16. 3,861.—Fulco pastil adapter. By means of this device the Guil pastil may be used with

any calcium burner. The main portion of the adapter is a hollow shell which serves as a
receptacle for the pastil when not in use.

PFics. 3,862 to 3,865.—The Economic calcium light; makes its own gas automatically from

oxone and ether. Fig. 3,863 shows section view of interior of outfit. The parts are;: M.
main tank; L, cover for tank; G,gas bell or chamber; C, container for holding charge ot
oxone; R, wire rod for supportixllf container in position; O, needle valve controlling flow
of oxygen gas direct to burner; H, needle valve controlling flow of gas through saturator
S which causes ether vapor (hydro-carbon ?’“) to flow to burner; S, saturator; I, inlet
connecting with nipple of needle valve H; F, filler plug; X, overflow; B, bottom cap of
saturator; P, pastil; N, nozzle of burner.
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Ques. What are the characteristics of a long arc?

Ans. The crater is at less than maximum brilliancy and the
current is reduced.

Ques. How is the feeding of the carbon gauged?

Ans. By observation through the peep hole in the lamp
house, or by the sound produced by the arc.

Auxiliary Apparatus.—Various devices are necessary for
the proper and safe control of the electric arc used in motion
picture projection.

ANGULAR SETTING lTlLT%IgT%mé\GHT

CONDENSER _ -
AXI -~

4 CONDENSER

F16. 3,866.—Arc setting for alternating current arc with cored carbons. When cored carbons
are used, the crater will form in the end of the core, keeping in the center of the carbon
pencil, and the vapor of the soft core will hold the arc between alternations. Without
cored carbons, an alternating current arc has a tendency to run to the nearer edges of the
carbons with loss of brilliancy upon the condensers.

FiG. 3,867, —Tilted straight setting for alternating current arc carbons. The lower carbon is
placed a little ahead of the upper carbon. This tends to draw the crater of the et:fper
too

carbon forward, thus improving the h?ht on the condenser, but if the carbons be tilt

much the lower carbon will obstruct light from the lower part of the lens. The carbons

must be in perfect alignment in a vertical plane, passing through the arc and axis of
condenser.

Each installation will require proper fuses and switches in accordance
with the Underwriters’ regulations.

Rheostats are required with direct current to regulate the voltage so
as toobtain best results with thearc. Rheostats should never be used on
alternating current circuits for permanent installation as they are very,
wasteful in comparison with transformers.

On alternating current circuits when it is considered that the hand
feed arc lamp used requires only about 30 to 35 volts, while the alter-
nating current is supplied at from 104 to 250 volts, it is obvious that
there is a large percentage of current wasted unless a transformer
having a proper transformation ratio be used.
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Fic. 3,868.—Ninety degree or right angle arc lamip.  With the 90° setting, the arc can be kept
nearer in line with the center of the lenses for a greater length of time, without rp-adjust.m%
the carbons, because of the horizontal carbon Leing placed 1n line with the principal optical
axis and fed directly toward the center of the condenser. .

F16s. 3,869 to 3,876.—Bausch & Lomb diagrams illustrating the results of defective
centering, that is, the shadows produced. Swuccessful results in projection depend
largely upon the correct adjustment of the lamp, which must throw a brilliantly
illuminated circle upon the screen. After the objective is focused, as will be evi-
denced by a sharp, clear image on the screen, remove slide and slide holder, and
examine the illuminated circle. If the light be centered and the lamp correctly
adgusted, the circle will be entirely free from coloration or shadows. In figs.
3,869 and 3,870, the crater needs to be properly adjusted latcrally, it being as
shown too far to the right or left; figs, 3,871 and 3,872, show the crater too iigh
or too low; in figs. 3,873 to 3,875, it is too near or 100 far from the condenser:
fig. 3,876 shows it to be in correct position, the field being entirely clear.

% PE—
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Fr6. 3,877.—Simplex arc lamp. The carbon holders are furnished to accommodate carbons of
16" to 34" diameter and 12” upper and 6” lower in length, carrying capacity 75 amperes.
«There are eight adjustments, six being accessible from the back of the lamp house; and
two, to alter the angle of the carbon, from the inside. The lamp can be witﬁdrawn from

the back of the lamp house, so that all parts are readily accessible.

F16. 3,878. Powers’ arc lamp. Carrying capacity 100 amperes. All adjustments are accom-
Pllshed from the outside of the lamp house. Carbon range from 35” to %” in diameter, 6”
ength for lower and 127 length for upper carbon, The carbon may be placed at any angle
desired, and can be moved independently of each other, forward, backward and sideways,

or the whole lamp can be swung forward or backward, laterally, and up and down.
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The Film.—This is made of celluloid, being similar to the
film used in ordinary cameras, excepting that it comes in long
strips, one thousand or more feet in length.

The size of each picture on the film is 1z inch high by 136 inch

wide. The film is 13§ wide which leaves a margin on each side’ of
the pictures for the holes which mesh with the sprocket teeth. These

FiGs. 3,879 and 3,880.—Powers’ rheostats. The type shown in fig. 3,879 is designed for use on
110 volt circuits and will carry 25 amperes without overheating. The coils are so supported
that any of them may be repiaced when desired. Adjustment 1s effected by means of a lever
switch. Fig. 3,880 shows Bnderwriters' pattern rheostat of 25 amperes capacity. It is
designed for 110 volts and is not adjustable.

holes are about 3 inch apart. At present there is no standard as to

the spacing of the holes, but as in other lines, the makers will sooner or
later adopt a standard.

Ques. How is film treated by the manufacturer before
shipment?

Ans. It is treated with glycerine.

This keeps the film pliable, and delays drying out.

Ques. What precaution should be taken with film?
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Ans. Because of its inflammable character it must always
be kept in fire proof enclosures.

Ques. How is film repaired?

Ans. Usually by cutting out the defective part and splicing
the ends together.

V'1G. 3,881.—Powers’ multi-tap transformer. It is without casing and is mounted on heavy legs
which support it several inches above the floor. The numerous leads are properly marked
as shown, to distinguish them.

. \

Ques. How is a splice made?

Ans. Cut one end on the line between pictures and cut the
other end with a quarter picture on; thus in cutting a film there
will be three quarters of a picture cut out, a picture and three
quarters, etc. Moisten the gelatine on the quarter picture and
scrape it clean, also scrape the celluloid side of the other end
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FiGs. 3,882 to 3,884.—Various film perforations. These are called: fig. 3,882, round; fig. 3,883,
square; fig. 3,884, barrel. The square and barrel holes seem to be more durable the
round hole. The shape of the holes should correspond to the shape of the sprocket teeth.
A standard perforation is four pairs of holes per picture, each hole being approximately
4% X34, spaced along the edges of the film 34 inch apart, making four holes at each edge for
a 3¢ inch motion picture image.

F1c. 3,885.—The are controller or device designed to control the rate of feed of the carbons of an
arc lamp, with the object of maintaining at all timesa predetermined size of arc. It consists
of the controller proper, direct coupled to a fractional horse power motor. There are two
shafts, primary and secondary. l}‘he former, which is direct coupled to the motor,
carries governor parts, and rotates constantly at the motor speed. The secondary, to
which the telescope rod is ’feared. remains idle until the sgeed of the primary shaft exceeds
the point of adjustment. The adjustment for any preferable size of arcis made with a brass
adjusting nut upon a rod projecting from the cover of the controller. The inner end of the
rod is connected through a heavy wire spring to a pawl, the function of which is to “‘step
in" and transmit the power to the primary, throug| didgrentml gearing to the secondary
shaft, at the sh'fgtegt tendency of the arc to become wider than the predetermined size
adjusted for. e installation of the arc controller does not interfere with any of the
lamp adjustments already provided. The operator may trim as he pleases, and feed by

d if he choose, by loosening a thumb screw at the feed handle gearing, Having loosened
the thumb screw and trimmed the lamp, the operator strikes the arc y hand and makes
the original and only feeding adjustment, by parting the carbons to the size of arc that he
wishes to maintain; he then tig!’ntens thumb screw, and sets adjusting nut at the controller
80 that feeds do not occur below that size; the controller will then feed the carbons to that
certain size of arc without further attention. To increase size of arc, tighten adjusting
aut; to decrease size, 1o0sen nut.
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clean. Spread cement on the cleaned quarter picture space
and fit it on the back of the other end, sticking the two ends
together with the picture lines matching and the sprocket
holes matching. Cut either through a sprocket hole or midway
between sprocket holes straight across the film.

S,___A ___io ol A, ___io
o to ol Tlo
o, i© @ g ©
o! 1o ol lo
ol Y. lo ol =
ol 1o ol‘h"-—‘"”}o
of ¢ o Jop % o
ol _______lof [ETTTTTTTS
ol ) ol e
or""To| o =
| D 1
o o o o 1o
o: o ol R | =
otr____-___-_dlo of 1o
ol i) oi- E {=}
o £ o o, o
ol 1O ~o:________‘_}o
o o ol F lo
o __F 10 ol 19

®G. 3.886.——8%&:0, inframe. The picture C has four holes at the side, just as have the pictures
, B, D, E, etc., and when that film is passed through the film gate and intermittent
mechanism, the frammg will be preserved, because mechanically the film is the same in
distribution of pictures and of sprocket holes as though no splice had been made. The
difference is found in thew‘éhump" of the pictures when one or more pictures have been
omitted, but the ‘‘frame” not be disturbed as the splice passes.

Fi1G. 3,887.—Splice out of frame. The ricture C has but three holes at the side. Hence, when
the picture B is pulled out of the film window and C is pulled in, the intermittent sprocket
pulling down four holes will pull into the fitm window the three-quarter picture C,and also
the top quarter of the whole picture D. At the next shift, the intermittent sprocket pulls
down another four holes, pulling into the film window the remaining th uarters of D,
and the ‘ﬁ quarter of E, etc. This continues until the gperator notices the screen and
frames with his lever, This is called a splice “out of frame” because the splice throws the
picture out of frame in passing.



2,728 HAWKINS ELECTRICITY

Motion Picture Cameras.—Apparatus for taking motion
pictures differs in many ways from ordinary cameras. Fig. 3,888

is a diagram showing the essential parts of a motion picture
camera.
There are three compartments: 1, a front compartment U containing

a rotating shutter N, pin mechanism OP, and other parts not shown:
2, a compartment V, containing the film mechanism and magazines,
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F16. 3,888.—Diagram of motion picture camera showing the essential parts, Cameras are built
for various numbers of picture per turn of the crank; four, six, and eight are common.
An eight picture camera should g)eerun at a speed of almost one hundred turns per minute.
To operate at this speed, get a watch ticking 300 ticks per minute and learn to count one,
two, three; one, two, three, etc., just as fast as the watch ticks, turning the crank one
revolution for every one, two, three counted; that is to say, one revolution per every
three ticks of the watch.

and 3, a compartment on the opposite side containing mechanism com-
municating with the spools in tEe magazines, with the sprocket wheels,
and the points in the first compartment.

The two magazines A, B, consisting of light boxes, fit into the back
portion, and carry reels, W, X, on which the film is wound.

In operation, the roll of unexposed film L, which passes out of a
small aperture H’ at the corner omshe top magazine A, around guide
rollers C, D, engages by its perforations with the sprocket wheel F, to
which it is kept %y the roller E. The film forms a loop at H? and passes
downward through the guide grooves made in the gate G.
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Continuing, it passes out past the bottom of the gate, forminga second
loop H?, and then passes between a spring roller I and sprocket J,
under the guide roller K, and enters at H* the lower magazine B when it
is wound up on the bobbin X.

The sprocket wheels rotate continuously drawing the film from the
supply at L and taking it up at M.

Fies. 3.889 to 3,891 -Schneider motion
hicture camera. Case of mshagnny,
he film engigring device is a meipro-

citing double pin movement. The film

bed 1s covered with antiseptic velvet
ribbon, also the aluminum film pressure
dnor which is sdjustable to any demred
pressure,  Two film retorts are fur-
nished having a capucity of 200 feet of
film. There is a flush set take up
spindle and a film bobbin to wind the
filmon. By lifting the s lf-closing door
on the side focusing device, tnly one
pieture will be sporled. Thereis a film

counter dial which counts up th 360

feet, and can be set at zero for any

reading.

The motion of the film in the gate G, however, is intermittent. During
the period of rest, a surplus loop of film forms at H2, which is then pulled
down through the gate by the action of the pin O, engaging with the

perforations.

The whole mechanism is so arranged and geared together that,
while the film 1s being shifted, the light is excluded from the lens,
and adwilted during the stationary periods.
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A long tube V extends through the center of the camera, and is provided
with a detachable cap at S. This tube forms the sight hole for inspecting
the image on the film, prior to exposure.

The gate G is a kind of hinged door with an aperture in it, and its
" . function is to keep the film flat and vertical during exposure and also to
act as a channel or guide. ’

/ EMULSION S1DE EM |
mmm 1S ULSION SIDE OF FILM

TOWARD THE LENS

c i i
% RETORT FILLED /f FILM
{ wm/-q NEG. FILM /, { "o PRESSURE
DOOR
¥ )
\ ly D E\ T
8 < P 0 I
A A
O | |
R LENS
SHUTTER
S SET SCREwW
/
ADUUSTABLE
SHUTTER
RﬁA% H /A
NUT. X
& TAKE UP RETORT :

F16. 3,802.—How to use the Schneider camera. Open the doors on both sides of the camera by
opening locks, fill retort B in dark room with perforated, sensitive negative film A of reliable
manufacture, close cover and secure retort B, with nut, screw V into the camera box;
lead film A through film gate K of retort B in a way that the emulsion side of film will be up
in passing over guide roller C.  Now lead the film under guide roller D so the emulsion side
of the film will ?ay against this roller D, then lead the film over the sprocket R under the
two film pressure rollers E and be sure that the tecth engage the holes in the film and not
between the holes, also make sure that the film lays straight over the large sprocket R
make a few turns of the sprocket to obtain more slack of film, lift pressure door G with the
ring finger of right hand and place the film straight into the aperture track, leave enough
slack for loop F and let the door go, but make sure that the doar presses on the film. Now
leave enougg slack for under loop H and pass the film between sprocket and pressure
rollers L through retort gate K on to bobbin M of retort N. - Make another turn of sprocket R
and see that the film is guided properly between all members and that the loops are there and
that bobbin M takes up the film. Place the cover on retort N and fasten same into the rear
wall by rear nuts V, close all camera doors and set the film counter to zero. The
cam.era has either a fixed or an adjustable focus lens (the latter preferred) either lens has a
diaphragm. The camera can be focused for either the inside or outside.

After taking a subject, the operator presses a button, and in so
doing punches a hole in the film at a point just above the gate, thus
indicating the end of the subject and beginning of the next subject.
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Prics. 3,893 to 3895.—
Views of Universal
motion picture cam-
era. Pig. 3,893 front
view showing lens, fiy
wheel, shutter, and
aperture ac justment;
fig. 1}595. right side
showing film channel
sﬁmcket wheel and
shuttle movement.
The adjustable shut-
ter may be set for
from 25%_to 50%
exposure. Under or-
dinary day light_con-
ditions and ordinary
spoad, 37%%, {about
15th second) is found
to be the correct time
of exposure; fig. 3,894,
left side showing ar-
rangement of take up
mechanism_and stop
picture shaft.
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Ques. What requirement should be fulfilled by the
shutter?

Ans. It should be adjustable to give a variable ratio between
the open time and closed time.

FiGs, 3,806 and 3,807.—Exteriorand interior views of Angelusmotion picturecamera. Theframe
is made of pressed steel with table bronze bearings, claw movement is of the finger type,
counterbalanced, and feeds film forward or backward equally well, . Take up 1s of the
g:lley tﬁ)e with sgring belt and adjustable tension; takes up in both directions, forward or

ckward. Punch or film marker is placed on one side so as to notch edge of film instead
of punching hole in center.

Ques. Can a motion picture machine be used as a
camera?
Ans. Yes.
Pictures may be taken by constructing a light tight box for the

motion head of the machine.” Such an arrangement is, however, rather
bulky in comparison to a regular motion picture camera.
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CHAPTER LXXV

GAS ENGINE IGNITION

Most treatises on ignition begin with an explanation of
electrical principles and considerable space is thus taken up,
which, if confined to the main subject, would be of greater value
to the reader, assuming that he either has an elementary knowl-
edge of electricity, or that he will acquire this knowledge else-
where.

The author especially recommends that the reader at least
acquaint himself with fundamental electrical principles before
taking up the study of ignition, so that he can, with greater ease,
become familiar with the working principles of the multiplicity
of ignition apparatus*now in use. This preliminary knowledge
may be obtained by consulting the preceding Guides, however,
for convenience, a summary or condensed outline of elementary
electricity is here given.

Electricity.—The name electricity is applied to an invisible agent
known only by the effects which it produces, and the various ways in
which it manifests itself.

Electrical currents are said to flow through conductors. These offer more or less resistance

to the flow, depending on the material. Copper wire is generally used as it offers little resistance
to the flow of the current.

The current must have pressure to overcome the resistance of the conductor and flow.
This pressure is called volfage caused by what is known as difference of pressure between the

An electric current has often been compared to water ﬂowmg through a plpe The pressure
under which the current flows is measured in poits and the quantity that passes in amperes.
The resistance with which the current meets in flowing along the conductor is measured in

-
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The flow of the ousrent s proportional to the voltage and inversely proportional to
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 8o guarded
that there will be no leakage. Hence to prevent leakage, wires are snsulated, that is, covered
by wrepping them with cotton or silk thread or other non-conducting materials. 1f the in-
sulation be not effective, the current may leak, and so return to the source without doing its
work. This is known as a short circust.

The conductor which receives the current from the source is called the kad and the one
by which it flows back, the retxrn.

When wires are used for both lead and return, it is called a metallic circuit; when the
metal of the engine is used for the return, it is called a grounded circuit, the term originating
in telegraphy, where the earth is used for the return.

In ignition diagrams, then, the expression “to ground”’ means fo the metal of the engine.

An electric current may do work of various kinds, but the one property which makes it
available for ignition is the fact that whenever its motion is stopped by interposing a resistance,
the energy of its flow is converted into heat. In practice this is accomplished in two ways:
1, by suddenly breaking a circuit; 2, by placing in the circuit a permanent asr gap which the
current must jump. In either case, the intense heat caused by the enormous resistance inter-

. produces a spark which is utilized to ignite the charge. The first method is known as
the make and break or low tension and the second, the jump spark or high tension.

An electric current is said to be: 1, direct, when it is of unvarying direction; 2, allernating,
when it flows rapidly to and fro in opposite directions; 3, primary, when it comes directly
from the source; 4, secondary, when the voltage and amperage of a primary current have
been changed by an énduction coil.

A current is spoken of as low tension, or high tension, according as the voltage is low or high.

A high tenslon current is capable of forcing its way against considerable resistance, whereas,
a low tension current must have its path made easy. A continuous metal path is an easy one,
but an interruption in the metal, as, the permanent air gap of a spark plug, is difficult to bridge,
because air is a very r conductor. Air is such a poor conductor that it is usually, though
erroneously, spoken of as a non-conductor; it is properly an insulator.

- The low tension current is only able to produce a spark when parts are provided in the
path, so arranged that they may be in contact and then sudden] separated. e low tension
current will, as the separation occurs, tear off very small metallic particles and use these as
;or bridge to keep the path complete. Such a bridge is called an arc, the heat of which is used

ignition.

Magnetism.—The ancients applied the word ‘“‘magnet,” magnes
lapes, to certain hard black stones which possess the property of
attracting small pieces of iron, and as discovered later, to have the
still more remarkable property of pointing north and south when hung
up by a string; at this time the magnet received the name lodestone.
The automobile word magneto is derived, as may easily be understond,
from the word magnet.

‘

Magnets have two opposite kinds of magnetism or magnetic les, which attract or repel
each other in much the same way as would two opposite kinds of ere(::tﬁﬁcation. ’

One of these kinds of magnetism has a tendency to move toward the north and the other,
toward the south.

The two regions, in which the magnetic p; rty is strongest, are called the poles. In
a long sha magnet it resides in the ends, while all around the magnet half way between
the poles there is no attraction at all. The poles of a magnet are usually spoken of as north
pole and south pole. °

When a current of electricity passes through a wire, & certain change is produced in the
surrounding space producing what is known as a magnetic field.

If the wire be insulated with a covering and coiled around a soft iron rod, it becomes
an electromagnet having a north and south pole, so long as the current continues to flow. The

ic strength increases with the number of turn of the coil, for each turn adds its magnetic
te thut of the other turns.

\
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Inductien.—If a second coil of wire be wound around the coil of
an electromagnet, but not touching it, an induced current is produced
in this second coil by what is known as induction, each time the current
in the inside coil begins or ceases flowing. The inside coil is called the
primary winding and the outside coil the secondary winding. Similarly,
the current passing through the inside coil is called the primary current
and that in the outside coil the secondary or induced current.

. It has been found that by varying the ratio of the number of turn in the two coils, the

ratio of voltage of the two currents is changed approximately roportionately. That is, if the

primary winding be composed of ten turns and the secondary,of one hundred, the voltage of the

secondary current is increased approximately ten times that of the primary. This principle is

:;n loyed to produce the extremely high tension current necessary with the jump spark method
1gnition.

Methods of Producing Electricity.—Currents are roduced by,
1, chemical, and 2, mechanical means. In the first met! od, two dis-
similar metals such as copper and zinc called electrodes are immersed
in an exciting fluid or dielectric. When the electrodes are connected at
their terminals by a wire or conductor, a chemical action takes place,
producing a current which flows in the external circuit from the copper
fo the zinc. This device is called a cell, and the combination of two or
more of them connected so as to form a unit, is known as a baflery.

The word battery is frequently used sncorrectly for a single cell.
That terminal of the copper electrode from which the current flows is
called a plus or positive pole and the zinc electrode terminal a negative

le. It should be carefully noted, however, that the copper electrode

itself is negative and the zinc electrode, positive.

Cells are said to be primary or secondary according as they generate a current of them-~
selves or first rpcimre to be charged from an external source, storing up a current supply which
is afterwards yielded in the reverse direction to that of the charging current.

There are two methods of producing an electric current by mechanical means, 1, by a
dynamo, and 2, by a magnelo. A dynamo has an electromagnet which is known as a Sield
magnet to produce a magnetic field and an armature which when revolved in the magnetic
field develops electric current. A magneto has a permanent magnet to produce the magnet
field and an armature which is usually arranged to revolve between the poles of the magnet.

The basic principles upon which dynamos and magnetos operate are the same.

Magnetos are divided into two classes, 1, low tension, and 2, high tension according as
generate a current of low or high voltage. Low tension magnetos are used for make

the;

m(( break ignition and the high tension type for the jump spark system. There are numerous
80 ca.lled.hngh tension magnetos on the market each consisting of a low tension magneto in
combination with a secondary induction coil used to produce a high tension spark.

Ignition.—A thorough knowledge of ignition is of prime
importance to any operator of a gas engine, whether it be
stationary, marine, or automobile type. Many of the troubles
still encountered, notwithstanding numerous improvements,
have arisen from failure of the ignition system to perform its
proper function. The engine may operate with an imperfect



2,736 HAWKINS ELECTRICITY

fuel mixture, if the ignition system be in working order, but any
defect in the latter will in nearly every case cause the engine to
misfire or stop.

Numerous devices have been tried to fire the charge in gas engines.
In the early days, a flame behind a shutter was usetf, the latter being
opened at the proper moment. Sometimes the flame was blown out
by a too violent explosion, so this method gave way to a porcelain tube
that was kept atl white heat by an interior flame. Tube being subject
to breakage, spongy platinum, heated by compression, was next tried
and found to work, 1f not too moist from watery vapor in the gas mixture,
or if the engine speed were not too high. Electricity is now universally
used. Hence, in order to gain an understanding of ignition principles,

LOW TENSION
O MARE AND BREAX|

F1Gs. 3.898 to 3,902. —Various methods of ignition. Fig, 3,898, naked flame; fig. 3,809, hot
tube; fig. 3,900, hot ball; fig. 3,901, low tension electric or make and break; fig. 3,902, high
tension electric or jump spark.

it is necessary to have at least an elementary knowledge of electricity,
as previously mentioned, and because of which, the preceding electrical
introduction will be found of value.

| 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:
2. By means of a highly heated metallic surface;
3. By an electric spark;
4. By the heat of very high compression.
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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 pre-
pared to furnish hot tube ignition.

Point of Ignition.—The “‘timing” or selection of the point
of the stroke at which ignition shall take place is an important
{actor in the application of any method.

Obviously the amount of ‘“‘advance,” that is to say, the pre-dead

center angular position of the crank selected for firing the charge, will
vary in different types of engine and in the same engine under different

EXPLOSION 1 INE

POINT OF IGNITION
&
/ C/OMPRESS|ON CURVE

FiG. 3.903.—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 higﬁ peak coming almost to a point, denotes a strong mixture and a quick explosion.

running conditions; thus, noting that there is an appreciable time
interval between the spark and t%xe maximum pressure of combustion,
it is clear that the spark should be advanced more for an engine running
at high speed than for one running at low speed.

Ques. In general how much should the spark be ad-
vanced? )

Ans. As much as possible, consistent with smooth running
and economy.
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Ques. Why?

Ans. Inorder that the temperature at release, that is to say,
when exhaust begins, should not be high enough to injure the
exhaust valves.

If more attention were paid to this, especially by automobilists, there
would not be the need for such frequent grinding of the exhaust valves.

= b= =

F1G. 3,904.—Sectional view through valves of cagine showing hot tube method of ignition.
This is a modification of the method described in the accompanying text and is more
exact and satisfactory. In construction, a valve A, commonly called the timing valve,
is provided, and which is interposed between the admission valve chamber B (com-
municating with the clearance space of the cylirtder) 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-
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Hot Tube Ignition.—This method consists of a short tube
of metal or porcelain which is maintained at a dull red heat by
contact with a gas flame, and which is attached to the engine
cylinder in such a manner that a portion of the explosive charge
is forced into it, this, being ignited by contact with the hot
walls of the tube, ignites the whole charge.

-
e

2]
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16, 3,905.—Meitz and Weiss two cycle oil engine with hot ball igniter. In operation, air
is drawn into the closed crank chamber A, from the interior of the base B, through the
part C, in the lower part of the cylinder. On the outward stroke of the piston, this air
is compressed, and the opening of a port D, by the piston, allows the air, together with the
steam generated in the water jacket, to pass into the combustion space of the cylinder.
At the same time, the exhaust port E, having been overrun, and thus opened by the piston,
discharges the products of combustion of the previous charge into the exhaust pipe. The
fuel is injected into the cylinder by the pump F, and mixes with the air and steam previously
admitted from the crank chamber, so that on the com ression stroke, the charge is auto-
matically ignited by contact with the heated walls of the hollow igniter ball G. This
ball, made of cast iron, is located in the projection attached to the cylinder head, as shown.
A charge is compressed at every revolution of the crank shaft, and compressed by the
piston into the compression space of the cylinder and the interior of the igniter ball where
it is ignited. 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 projection O, extending from
the igniter ball and is sptl;:ﬁegl, vaporized and mixed with the air and steam in the compres-
sion gpace. The igniter is maintained at.a dull red heat by the heat of the explosives.
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In the ordinary arrangement, the time of ignition depends upon the
degree of compression. %‘he products of combustion remain in the tube
and mix with the succeeding fresh charge, so that varying degrees of
compression cause ignition at different points of the piston stroke or
cycle of operation. Under these conditions, the moment of ignition
becomes later and later as the amount of compression decreases, until
the compression becomes so weak as to produce failure to ignite.

|
Electrical Ignition Systems.—There is a multiplicity of ‘
mcthod for using electricity for ignition. A classification of
these various system, would divide them

1. With respect to the generation of the current, as

a. Primary battery;
b. Storage battery;
¢. Dynamo;
d. Magneto.

2. With respect to the spark, as

a. Low tension;
b. High tension.

3. With respect to the nature of the sparking device, as

a. Make and break;
b. Jump spark.

'S8

. With respect to the induction coil, as

a. Primary coil;
muiti-coil;
single coil (synchronous ignition).

b. Secondary coil {

5. With respect to the primary circuit control, as

a. Contact maker;
b. Contact breaker;
¢. Mechanical vibrator;
d. Magnetic vibrator { ;‘g;‘&f‘ﬁ{,}’;{’;w ;
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6. With respect to the magneto, as
a. Low tension;

b. So called high tension;
¢. True high tension.

7. With respect to extra or duplicate apparatus, as
a. Dual;

b. Duplex;
c. Double.

8. With respect to circuit arrangement, as

a. One wire (grounded);
b. Two wire (metallic).

o)

. With respect to special spark plug construction, as

a. Magnetic spark plug;
b. Coil spark plug;
¢. Multi-point spark plug.

Current for Ignition.—The clectric current used for igniting
the charge may be produced either by chemical, or mechanical
means, or it may be gencrated mechanically and stored chemic-
ally. The apparatus required for these various methods consist
of primary and secondary cells, dynamos and magnetos.

Primary Cells.—Two types of cell arc in general use for
ignition, namely, liquid cells and the so called dry cells.
Liquid cells are used extensively for stationary engines and
for some classes of marine work.
In purchasing a set of wet cell, the following points should be noted:
1. They should be substantial and constructed so that the chemicals

will not creep over the edge of the jar or evaporate; 2, They should
be slop proot and all renewals required should be easily obtainable.

When i[)ace allows and first cost is not of great importance, wet cclls
give excellent service. The advantage of these cells is that they give
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FiGs. 3,006 to 3,909.— Hydraulic analogy of capacity. Figs. 3,906
and 3,907 show two tanks of water of difterent sizes (capaci-
ties). The head of water is the same in each and consequently

A the gressure in the stop cock is the same in each, irrespective
of the fact that they are of different capacities. The two dry

n o ks cells shown have the same voltage even though they are of

different size. . The difference in size, however, means that
ARGE AL they contain different amounts of electricity. The voltage of
CAFICITY  CAPRCHT a dry cell does not depend on its size. It is about 1.5 volts

FiGs. 3,910 to 3,913.— Hydraulic analogy of pressure. Pig. 3,910
shows three tanks connected in series. The total head-and
therefore, the pressure on the stop cock is three times that
of a single tank. When three cells are connected in series, as
in fig. 3,911, the terminal voltage is increased threc times, in a
like manner. Fig. 3,912 shows three tanks connected in
parallel. Here the pressure is the same as if there were only
one tank. When three cells are connected in parallel, as in
fig. 3,913, the vollage remains the same as that of a single cell.

F1Gs. 3,914 to 3,917.— Hydraulic anal-
ogy of resistance. Figs.3,914 and
3,915 show two tanks, having equal
depths of water, and consequently
equal pressures in the discharge
cocks. ‘The left tank has a small
cock (hégh resistance) and the other
has a large cock (low resistance).
It is obvious that the flow from the
first will be less than the flow from
the second. Inan analogous man-
ner it may be seen that the two dry
cell circuits have equal voltages

applied and that the circuit of high resistance, §ﬁg. 3,018),

permits less current to flow than does the circuit of low resist-

ance, fig. 3,917. It is apparent that both these conditions
show the current to depend on the voltage and resistance,
in accordance with Ohm's law.

CoTANC

WIGH RESGTA oW RESST
\UIGAT FLOW = A eom

Fics. 3,918 to 3,921.— Hydraulic analogy of current. Figs. 3,918
and 3,919 show two tanks with discharge cocks of the same
size (equal resistances). Obviously the higher pressure in tank

. 3,918 will cause a greater flow through its cock than
will the low ‘!zressure in tank, fig. 3,919. The analogous
electrical condition is shown in figs. 3,920 and 3 921.

Assuming the infernal resistance of each cell to be zero and

each circuit to have an equal external resistance, the current

in fig. 3.920 will he two times stronger than in fig. 3,921.

it should be noted that in an actual circuit the internal re-

sistance of the cells must be considered. Thus, an ammeter

- connected across the end terminals of the cells in figs. 3,920

and 3,921 will give the same reading because_the internal resistance of a battery

of cells in series increases in proportion to the number of cell
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constant current, moreover the liquid or electrolyte may be renewed
so that it is not necessary to buy a new battery when it becomes ex-
hausted.
“Dry” Cells.—The so called dry cell consists usually of a
carbon and zinc element immersed in moistened salts.

stest | | wenpower 8] B L
T LOW POWER - |
HIGH PRESSURE LOW PRESSURE
Lt e LOW POWER

HIGH PRESSURE
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F1Ga. 3,922 to 3,925.— Hydraulic analogy of power. Figs. 3,922 and 3,923 show two tanks
with equal flows at different pressures. In both, the same number of pound of water is
discharged per second, but in the high pressure tank this amount is lifted higher than in
the low pressure tank, and consequently the first jet has more power, because it raises
the same amount of water higher in the same time. Power, accordingly, increases with
Eressure, as well as with flow. The electrical case is analogous. In fig. 3,924, the circuit
has 3 volts applied to two 114 ohm lamps, thus, according to Ohm’s law, one ampere
is flowing. Fig. 3,925 shows a circuit having l}{volts applied to one 114 ohmn lamp so
that here also one ampere is flowing. -The candle power, however, of the two lampe
in fig. 3,924 is two times that of the lamp in fig. 3,925.

'\IFor fuil description of dry cell and points relating to same, see Guide
No. 1.

Since the gasoline engine has come into prominence and the demand
for an efficient, reliable and inexpensive source of current supply has
been created, the dry cell has been brought to a high state of efhciency.

An ammeter test should be made of each dry cell before purchasing.

The ignition size cell should test at least 25 amperes; to avoid waste of
surrent, make the ammeter test as quickly as possible.

Points Relating to Primary Cells.—In order to obtain

satisfactory results in battery systems of ignition, the following
suggestions should be carefully noted and followed:
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Fics. 3,926 to 3,929.—Hydraulic analogy of equal capacities
at different pressures. Theoretically, two batteries com-
posed of the same number of cell differently arranged,
contain equal amounts of electrical energy, but at different
voltages; é’pst as two tanks may contain equal amounts of
water at different pressures, as is shown in figs. 3,926 and
3,927. This is assuming that the cells could be used till dead.

o Spp———
iieh, Y In actual conditions, however, the pattery can only be run
down to a definite voltage, at which the apparatus ceases
J to ogerate. Applying this to the two tanks in figs. 2,926 and
O} 3,927, supposes they could be used until the level fell to one

foot from the bottom, then, there would be more useless water
remaining in the left hand tank than in the other. In the

T
ANK ON SIDE m&

same way, if the batteries be discharged to the same end point, more unavailable energy
will remain in the left-hand than in the right-hand battery.

Fics. 3,930 to 3,933.— Hydraulic analogy of useful service.

Service is usually expressed as the length of time a cell or

battery will continue to operate a given apparatus, that is

until the voltage falls to a definite value. It is evident that

with a lower cut off voltage more current can be obtained, just

as lowering the limit of the water level in a tank allows more

water to be withdrawn. It is also evident that the lighter the

flow from a given tank, the longer will be the service. is is

true to an even greater extent in the case of dry cells on

account of the charactenstic that the lower the current drain

the greater becomes the useful life. The length of service is

increased, then, for two reasons; first, because energy is with-

drawn more §lowlf. and second, because the capacity is increased. Thus, if the current
drain be cut in half, the length of the service wilrbe considerably increased.

Fics. 3,934 to 3,937.— Hydraulic analogy of parallel connection.
Figs. 3,934 and 3,938 show conditions of a single tank, and
three tanks fn parallel, furnishing equal flows. 'ﬁ is apparent
that in the case of the parallel tanks, each is furnishing onl
one-third the total flow, while the single tank has to furnis|
it all. The parallel connection for dry cells has the same
effect of dividing the current, giving triple the length of service.

NN
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FiGs. 3,938 to 3,941.— Hydraulic analogy of recuperation. The
wer of recuperation and some other phenomena may be
illustrated by an analogy in the form of such a tank asis
shown in fig. 3,938, containing an internal diaphragm pierced

by a small hole. When the tank is in the condition of fig. 3,938,
with no water flowing, the pressure on the stop cock is due to

| MULTI-UNIT BATTTRY LONG SCRVICS

13 TOTAL CURRENT the head of water all the way to the top level. This corres-
CHECHC W ponds to the open circuil vollage of a cell. When, however, the
ﬂ&&“ stop cock is opened, as in fig. 3,939 and water flows out of the
3‘ TOTAL CURRENT lower compartment faster than it can flow in from the upper,

the pressure immediately drops just as the voltage of a cell

drops under a heavy current

of the total water in the tank that can be used before the
{g::er (useful) compartment becomes exhausted. With alighter
flow more opportunity would be afforded to use water from the
upper tank, thus increasing the effective capacity. If now the
flow be stopped, the tank will “recuperate’’ to the cond‘lt.to.n_of
fig. 3,940, so that it can once more be used, but the “initial
pressure’” will be less than formerly and the recuperation after
2 second discharge will not be as rapid as before. inally, when
the upper compartment is emptied the recuperative power fails
altogether and the tank becomes “‘dead.” In the case of very
light flow from the lower chamber, as in fig. 3,941, the recupe-
ration may be able to keep up with the discharge in which case
the initial and working pressures remain approximately equal.

rain.

The greater the flow the
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1. In connecting up cells the terminals and connecting wires should
be scrupulously clean and bright, using sand paper or a scraper if nec-
essary. All terminal nuts should be screwed down tightly so as to make
a firm connection and reduce the resistance of the joint to a minimum,

2. Batteries consisting of two or more series connected units should
not be used with series parallel connection except in case of emergency
because the units are never of exactly the same voltage, hence the
storage set tends to discharge through the weaker.

3. Never use more cells than necessary, because an excess of current

HIGH INTERNAL RESISTANCE

FiGs.

will flow, thus reducing the life of the battery.

4. In general four dry cells are sufficient for automobile ignition,
and six for marine ignition.

SMALLORIAICE

'DRY CELL

3.946 and 3,947.—
Columbia R. S. A. sig-
nal cell, type 72. It con-
forms to the R. R. 8. A.
specifications for copper
oxide, zinc and soda
primary battery. The
cell is self-oiling and does
not require the shippis
or handling of any oiE xf
protecting layer of oil
automatically forms on
the surface of the solution
within a comparatively
short time after the
element is immersed. A
sand blasted space on jar
is provided for record.
Although primarily de-
ed for signal work the
cell is also satisfactory
for gas engine igniton.

LARGE ORIFICE
LOW INTERNAL RESISTANCE

Fiss. 3,042 to 3,945.— Hydraulic analogy »f

internal resistance. Figs. 3,942 and
3,943 show two tanks (cells) both having
discharge pipes (external circuits) of prac-
tically no resistance. The internal resist-
ances of the tanks are represented by a
targe and small orifice through which the
tanks must discharge. It is evident that
the flow in one case will be high, and in
the other case low, corresponding to initial
currents of cells of low and high internal

resistances. It is certain that on ordinary

work either of these tanks would give

25 AMPERES equally good service if the flow required
be less than the initial flow of the high

LOW INTERNAL resistance tank. This is true of dry cells.

H}{'“[Sl‘g‘;g&“ RESISTANCE The required drain in any kind of work is

less than the lowest initial current; hence,
a low current cell may give just as good
or better service results than a very high
current cell.
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5. Weak dry cells can be strengthened by removing the paper jacket
and punching the metal caps full of small hole, then placing in a weak
solution of sal-ammoniac, allowing the cells to absorb all they will take
up. Do this only in emergency; if the holes be closed by soldering, the
cells will last longer.

6. Extra service may be obtained by two run down séries connected
units by connecting them in series parallel. .

7. Extra service may be obtained by closer adjustment of the vibra-
tor coil or reducing the distance between the spark plug points.

FILLING® ceLL covem

APERTURE
) ~ILr%

POSITIVE.
naTe

PrG. 3,948.—Sectional view showing construction of Edison cell. The solution should be
maintained 23{ inches above plates. If solution level be low in any cell, hold battery out
of service until renewal golution can be obtained. Normal charge. After battery
has been practically discharged, the normal charge is for seven hours at normal rate.
Charging resistance should be adjusted from time to time to keep current normal. 1.
this be impracticable, set resistance so that current is about 50 per cent. above normal
at the start. It should taper off by rise in battery voltage so that the average current
will be at normal rate. If battery be only half discharged, recharge for half of seven hours
at normal rate; if only one quarter discharged, charge for a quarter of seven hours, esc.
Lo rate charge. To secure best results on five hour or eight hour discharge, charge
at not less than the normal rate. If, however, the cells be discharged at a very low
rate, a charging rate lower; than normal can be used with satisfactory results. Ampere
hour meter. An nmperé hour meter, if used, should be set to recharge 25 per cent.
in excess of discharge. Discharge rate. The size of cell used should be such that
the continuous discharge does not exceed 25 per cent. above normal rate. Water. Re-
plenish cells with distilled water as frequently as is necessary to keep solution level above
tops of plate. When adding water do so before charging. - Changing solution. After
about every nine or ten months of continuous daily service, test solution with hydro-
meter after a full charge. If it read below about 1.160, the solution should be changed.

. \ B
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Secondary Cells.—A second chemical means of producing
eleciricity for ignition is the storage battery which consists of
two or more secondary cells contained in a carrying case or box
usually of wood or hard rubber. A secondary cell is made up of
a positive and a negative set of plate (usually of lead) immersed
in an electrolyte of dilute sulphuric acid. The plates are spaced
apart by insulating separators. The proportion of acid to water
is about one part acid to three and one-half parts water.
In preparing the electrolyte, acid should always be added to
the water—not water to acid.

In passing an clectric current through a cell, the plates undergo a
chemical change; when this is complete the cell is said to be charged.
A quantity of electricity has been stored in the cell, hence the name,
storage battery. The cell after being charged will deliver a current in
a reverse direction because during the discharge a reverse chemical action
takes place which causes the plates to resume their original condition.
When fully charged the positive plates are coated with peroxide of lead
and are brown in color and the negative plates gray.

For a very extended treatment of the subject of storage batteries sce
Guide No. 4

Points Relating to Secondary Batteries.—Many storage
battcries are ruined after short service by neglect or ignorance
in caring for them; accordingly, the following items should be
carefully noted.

1. The water in the electrolyte evaporates but the acid never does.

2. Keep plates well covered with electrolyte.

3. To replace loss by evaporation add only distilled water, or clean
rain water which has been collected in a non-metallic vessel. The water
must positively be chemically pure or the battery will be ruined within
a short time.

4. The battery capacity is rated in ampere hours. Thus a fifty ampere
hour battery means that with full charge it will give an ampere for
50 hours.

5. Never test a storage battery with an ammeter. The internal resistance
of battery being very low, a very large current flows on short circuit,
hence, an ordinary pocket ammeter would probably be injured—use a
volt meter and take readings whilz the battery is delivering current, not
when the circuit is open. )

6. The capacity of a battery is independent of ‘its voltage.
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7. Don'’t take it for granted that the wiring on automobile lighting and
starting systems is o%rlarge enough size to carry current of a short
circuited storage battery without excessive heating—such short circuit
in the vicinity of a léaking carburetter is not to be recommended
(though only so called “‘gasoline” be used), especially in the case of
makeshift rigs installed by amateurs. .

8. Except for stationary service, keep battery securely fastened in place.

!C)I.dKeep battery and interior of battery compartment wiped clean
and dry.

10. Do not permit an open flame near the battery

1. Keep terminals and connections coated with vaseline or grease.

12. Test specific gravity of each cell regularly with a hydrometer.

13. When all cells are in'good order the gravity will test about the same
(within 25 degrees) in all.
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CIRCUIT CIRCUIT

F1Gs. 3,949 and 3,950.—Circuit diagrams to illustrate the difference between a dynamo and a
magneto. The former has its field magnets FF magnetized by means of a small current
flowing around a shunt circuit. In a magneto the field magnets are permanentiy mag-
netized. The strength of the magnetic field of a magneto is constant while that of a
dynamo varies with the output, hence, a magneto may be run at a widely varying speed
and meet ignition requirements, but a dynamo must have its speed maintained approxi-
mately constant to keep the voltage within limits.

14. A dead battery tests 1,150; when fully charged 1,275 to 1,300.

15. A battery which is to stand idle should be fully charged.

16. A battery should not remain idle for more than six months without
recharging.

17. Disconnect the leads from an idle battery to avoid any slight leak
in the external cirecuit.

18. Many batteries are ruined by entrusting their care to incompelent
garage men.
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Mechanical Generators.—The two methods of producing a
current by mechanical means are by the use of dynamos or
magnetos.

Ques. How does a dynamo differ from a magneto?

Ans. Chiefly in that the dynamo has field magnets of soft
iron or mild steel, wound with wire through which circulates
the whole, or a portion of the current generated by the machine;

B8 :
E R
K_J e S S T-.U
= » —N_g i MEAR LAl v
T e 0
POL il | A Bt
G e oo x

-

(anes

TIILL
T

1

F1G. 3.951.—Sectional diagram of the Apple igniting dynamo. The parts shown are: A, cast

iron body containing the moving parts; B, the hinged lid of the body; C, the one pole

iece of one of the field magnets; F, brass bearing of the armature spindie; G and H,

bre tubes surrounding the spmdle: k. brass spider supporting the spindle; L, commu-

tator; M, wick feed oil cup; N, beveled nut supgorting the commutator; (). P, Q. sup-

ports of the commutator; ﬁ. the driving disc; S, lever friction pinion. This machine

can generate a direct current at 8 volts at a speed of between 1,000 and 1,200 revolutions

per minute. It is provided with a simple centrifugal governor that automatically inter-
rupts the driving connections when a certain speed has been exceeded.

whereas, a magneto has field magnets constructed of steel and
permanently magnetized, no part of the current adding to the
magnetism.

The circuit diagrams, figs. 3,949 and 3,950, illustrate this difference.
In the dynamo the field magnets FF are magnetized by means of a
small current flowing around a shunt circuit; that is, a certain amount
of current is taken from the system and used to magnetize the field.
The remainder of the current generated is used in the outside circuit,
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Dynamos.—The field magnets of a dynamo increase in
strength as the current which passes around them increases.

Moreover, as the magnetic strength increases, the voltage of
the generated current also becomes stronger. Hence, it is evi-
dent that a dynamo is not self-regulating, and if run at too high
speed is liable to be overheated or even burned out in its effort
to furnish a current beyond its capabilities, on account of this
faculty of automatically strengthening its own fields.

- $O—Tm NITION WIRES
P16, 3.952.—Motsinger ‘‘Auto Sparker™ friction drive dynamo. The small friction pulley
ives sufficient speed to ignite the charge when engine is turned slowly as in cranking.
After the engine is under motion, the governor on the shaft of the dynamo_limits
its speed so as not to obtain an excessive voltage. This is accomplished by mounting the
dynamo on its base so that it can oscillate on an axis, the small friction wheel making and
+breaking contact with the engine fly wheel. In operation, when normal speed 1s ex-
ceeded, the governor weights fly out and draw the friction wheel away from
the fly wheel, one spring serving the double purpose of pushing the friction pulley against
the fly wheel and acting as a tension on the governor. By increasing or diminishing the
tension on the governor spring by means of a thumb nut provided for the purpose, the
speed of the dynamo may be increased or diminished, which in turn increases o- dimin-
ishes the volume of current and size of spark. By screwing up on this thumb nut the
position of the dynamo is not changed, but the contact of the pulley and tension of the
governor are increased. Thus, by adjusting the thumb nut, the size of the spark may
be regulated at will.

Ques. Describe the friction drive for a dynamo.

Ans. In thisform of drive, motion is transmitted through a very
small wheel in frictional contact with the fly wheel of the engine.
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This frictional wheel is small enough to run the dynamo at full speed
when the engine is turned slowly, as in cranking. As the engine speed
increases, the governor acts, and maintains the speed of the dynamo
unchanged.

Ques. How is a dynamo generally used?

Ans. In connection with a storage battery, the current for
ignition being supplied by the battery, which, in turn, is con-

$OE8s 3
] COMBINED LICHTING &
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F1G. 3,953.—Wiring diagram of Remy ignition, lighting and starting system as installed on
Oakland automobiles. The 6 volt dynamo is a four pole shunt wound machine driven
at 14 crank speed. A discriminating cut out controls its connection with the batte:
in charging. The I%mtlon distributer which is a part of the dynamo distributes the hig

the

tension current to cylinders in proper sequence. The interrupter contact points are
made of silver.

stantly charged by. the dynamo to replace the energy drawn
from the battery.

A discriminating cut out or reverse current circuit breaker (erro-
neously called relay) disconnects the dynamo from the battery when
the voltage of the former becomes equal to, or less than that of the latte.
and this prevents the battery discharging through the dynamo,
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Magnetos.—There are many types of magneto in use for
ignition. They may be classified,
1. With respect to the armature, as

a. Stationary;
b. Oscillating;
¢. Rotating.

2. With respect to the kind of current generated, as
a. Low tension;
b. So called high tension { i it o
¢. True high tension.

ARMATURE, WINDING UCTORS

Q

e AN

FiG. 3,95¢.—Remy ball bearing shaft showing inductors and stationary armature of inductor
magneto. This type of magneto consists of a winding which is held stationary between
the pole pieces, on either side of which revolves a laminated steel inductor. Tnasmuch
as the winding is held rigidly stationary, such construction eliminates all revolving or
moving wires, all sliding or wiping contacts, collector rings, etc. This design permits of
rugged electrical, as well as mechanical, construction. In operation, at each half
turn of the inductor shaft, the direction of flow of the lines of force through the winding
is reversed, producing in the winding two electrical impulses for each complete revolution.
The stationary winding is directly connected through the magneto circuit breaker with the
primary of the secondary coil used with the magneto. The timing of the spark is ac-
complished by shifting the circuit breaker around the inductor shaft, to which is
attached the circuit breaker cam. The timing range is 35 degrees.

Inductor Magnetos.—In this class of magneto, the arma-
ture 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 join-
ing the field poles. This position of the core furnishes the least
magnetically conducting path. An annular space between the
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TIMER END-

GROUNDED
REVOLVING ARM TWO SPARK

§° MAGNETO  PRIMARY

INSULATED
TERMINAL

-

8 i Tension!

P ARMATURE '
TO SPARK
> IN5ULATF.D
::van ARM - } TERMINAL
IMING " PRIMARY COIL
ADJUSTMENT SECONDARY COI.
SECONDARY GROUND

|MAGNETO ADVANCE ARM

____---_---_------..'---_

ISYNCHRONQUS 'NSULATED CONDENSER
[ {ADVANCE ROD CAM

4 h ]
JINTERRUPTER
[ h
1
|
|
= =i M o (e 1 ) B — el =

SECONDARY MAGNETO
e

Ll IR
: i
AN
e j COIL CASE
PRIMARY SECONDARY I'/
i |
i CONDENSER
(S S s e e O el e, S |

FiG. 3, 955 to 3,057.—Double ignition consisting of a two spark high tension magneto system.
and a battcry synchronous ignition_system with engine driven distributer. Fig. 3,955
elementary diagram of connections; fig. 3,956, position of magneto armature just before
time of spark; a%g 3,957, position of armature at time of spark.
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Pic. 3,058, —Huinze low tension mugneto, The reason round magoets mre umd s Hecanse

it s claimed Dotter contuct i thua bt
the ends of the mugnety and rewming ti
1, Keep intenor of breaker box elean:

clean; 3, keep steel plate 1n breaker
surfacon flat; O, wse pot! bus emery
all lands are soldered in términaly of rigidl

ned with the pole pieces or by carefully grinding
hotes it pole picces. Magneto instructions:
op phoaphor bronze studs on end of srmnture
eloen; A, keep platinum poants clean and
er or Jine file on platinum poasts; 6, be sure
conmected; 7, platinnm points should bo ad-
"u.\tn! to .02 of an inch; 8, lube ¢ boarng i interrupter lever with one drop of very
ht oil every two or three thousand miles; 9, spark plug gap should be adjusted 1o o
mipiem of (02 isch and maxienum of 025 inch; 10, connect dry ce its wo pa to produace
not more than 3 or 4 velts; 11, never lenve switch 0n battery point for any lengih ¢f tune
either when etgine is wlle or running, as this causes excessive battery curtont and will
njure the platmura pownts; 12, magnetos are connidered runniug clockwise looking at
the driving end. How io ellk‘irnll( aperale a Helnze magneto. In the figure the
distrnbuter cover C, und brush arm A, are shown semi-ttunsparent 80 as to dwimguuh
parts behind them. Be sure m is securely fastencd to hase und driviag shaft 18 1
porfect alignment. Be sum all connections as suldered or otherwine positively con-
aected. Keep interior of breaker box clean. K psphor hronae smds S clean nad
lubricate occasionally with a few drops of very thin oil.  Keep insile surface of hosh arm
A, clean, as studs § ko contnct on thiz. Reep platintm points P, clean and surfaces of
same fiat. Use only genery cvloth or fine file for J:u. purpose. Platuen points showld be
adjunted to 02 of an inch sepamtion when cpeas  Gauge furnishec] ca small weeach with
magneto i proper thickness for this purpose. fjust by turning platinum polnl screw
Pl 1n or out as nocessary. Lubncats Deariog make and break lever L, with ona cdton
of very thin o1l every two woeks when magneto @ in continuous If make and breal
lover roil R, should bocome fat from wanr, loosen nut N, snd tum ¢ Wl slghtly o present
o new surface (o cam, and then tightea agein. Be sure londs sro ngadly connectod
termsioals TT. Lewds nust be Jong enough o allow free movemont of breuker box.
Remove distaibutar cover C occasionally and wipe out intecior of same., aleo clean off any
carbon dust or dirt from distributor brosh B, Magneio baurings should be Itbricated by
oiling at QOO every weck when magnuto s in contiuous we. Two or three drops are
enougl 8t & ume. Thore is cae ailer ot rour ond which does not ehow in cut.

[
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armature and the field poles is provided for the rotation of an
tnductor. This consists of two diametrically opposite cylindrical
segments of soft iron supported and carried by a shaft located
at the center of the circle described by the segments.

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 Magnetos.—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 wind-
ing consisting of about 150 to 200 turns of fairly thick wire,
covered with a double layer of insulating material.

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 ‘n metallic contact with the base of the magneto), the circuit is com-
plete. The wiring therefore is very simple, which is one of the advan-
tages 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 arma-
ture shaft, 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 contained within the magneto, and 3,
those having the coil in a separate box usually placed on the
dash.
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FiG. 3,959, —Circuit diagram of a magneto with self contained coil. A is the armature inding
P, primary of transformer; 8, secondary of transformer; D, distributing brush carrier;
E. contact eegments; F, safety spark gap; G, terminals to plugs; U, interrupter; Z,
spark plugs. Zn operation, alternating current flows 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 b{ the refusal of
the condenser to permit the passage of the current, as the condenser will merely absorb
a certain amount of current at the proper moment, that is at the instant of the opening
of 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 bi/
the condenser K. This sudden rush of current into the Bnmary 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, Thedistributionof the current in proper
sequence to the various engine cylinders is accomplished 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 conn- ts with one of the terminal sockets that are
connected by cable with the sgarlg 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 pluibe 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 dis-
charges over this gap are visible through a small glass window conveniently located.
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The first mentioned type constitutes the only real high tensior
magnetos.

Ques. How does a magneto deliver current to the
cylinders in proper sequence?
Ans. By means of a self-contained distributer.

Ques. Describe briefly a so called high tension mag-
2eto with self-contained coil.

g V'.u"'
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P1G. 3,060.—Sumter low tension oscillating magneto. In this type the armature does not re-
volve continuously but oscillates back and forth through an angle of about 80°.

Ans. The essential features are a low tension armature
arranged to revolve in a permanent magnet field and provided
with interrupter, secondary coil, condenser, and distributer.
The construction and operation of this type magneto is clearly
shown in fig. 3,959.

Synchronous Drive for Magnetos.—Ignition magnetos are
generally constructed to deliver an alternating current, that is,
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a current consisting of a succession of regularly alternating
electrical impulses, varying in intensity from a plus maximum
to a negative maximum, and separated by points of zero pres-

sure depending upon the armature position with respect to the
field.

Hence, it is necessary that the generator, unless geared to run at high
speed, should be driven synchronously, that is, at a speed in a definite
rate to that of the engine, in order that the periods when a spark is
desired shall coincide with the periods when sufficient voltage is being
developed, as otherwise the sparking periods might occur with a zero
point of electrical generation, and no spark would be produced.

LEFT RIGRT,

FiGs. 3,961 and 3,962.—Sumter low tension magneto installed on stationary engine, and marking
on the ends of shaft and bearing for timing. 7o time, turn engine over in running direction
until igniter snaps; be careful not to turn past this point. ith gear on magneto shaft,
turn the magneto in running direction until timing mark N on the shaft is in line with
mark L, if rotation be left hand, or R, if rotation%e right hand. Now mesh the gears,
without moving the timing; this 1s accomplished by a proper location of the keyway in
the magneto gear in relation to a marked tooth on same. The teeth on the engine driving
gear meshing with marked tooth on magneto gear should also be marked, and after this
marking i once determined all keyways may be cut in proper relation to the marked tooth,
thus making all magnetos on the same type of engine interchangeable. These magnetos
are usually driven at engine speed, but may be driven at other speeds.

To meet these conditions, the drive must be positive and may
consist of either toothed.wheel gears or chain and sprocket; the former is
more desirable, since, with a chain and sprocket drive, there is sufficient



GAS ENGINE IGNITION 2,759

16s. 3,963 to 3,965.—Timing Sumter low tension magnetos. Tyge “Imp” is timed as in
figs. 3,963 and 3,964, the end of shaft and bearings being marked as in fig. 3,065. All
other Sumter magnetos are timed as shown in figs. 3,963 or 3,964. Some machines have
the notched disc as per fig. 3,963; others, the pointed disc, fig. 3,964. In either case, the
timing is exactly the same. With the poin disc, use the point to time with instead of
the notch. Speed: On single cylinder 2 and 4 cycle engines, magnetos may be run at
engine speed, or 14, 114, 13{, or twice engine speed. In the majority of cases, engine
speed is most desirable, although other speeds result in reversing the current through
igniter points, preventing pitting, which is advantageous. On two and four cylinder,
4 cycle engines, run magneto at engine speed. Three cylinders, at 134 times engine speed.
For fixed ignition, turn the engine in the direction in which it runs until the igniter snaps.
Do not turn past this point. Observe the setting disc on the magneto shaft, and so mesh
the magneto driving gear with gear on engine that either small notch N (see cut) is exactlgr
in line with the mark R on the end plate if rotation be right hand, or L, if rotation be left
hand, looking at magneto from gear end. Where tlmm;z discs have points like fig. 3,964
set either point in line with the proper mark. For variable ignition, where the range is
not excessive, place the spark lever in the starting position, and then time the magneto
as described agove. Some engine builders prefer to reverse this order, giving the best
spark for the advance or running position, although for starting on magnelo it is preferable
in most cases to use the best spark for starting. These are matters which have to be
tested out by the manufacturer, and the engine dealer and user should be particular not
to change the speed or method of timing on the engine as originally furnished. i en
magneto is properly timed, it is necessary to secure the magneto gear against sllps%infg.
The gear should be marked and keyway cut to register with keyway in armature shaft.
As the keyway is the same in all armature shafts, the gears may also be keyed and marked
alike, and by simply meshing the marked tooth on magneto gear with marked tooth on
driving gear, the correct timing will be obtained without the necessity of setting each
magneto. The driving gear should be so meshed that there is a very small amount of
play. Otherwise, destructive wear of magneto bearings will take place. The amount of
play is sometimes provided for by the engine manufacturer, by adjusting collars in the
magneto bracket, or is easily accomplished by shimming either the magneto itself or the
bracket. In old engines, when checking timing, it is best to note that the magneto marks
line up when the piston is in the proper firing position, as it is possible that the igniter
may have gotten out of time with the piston through wear. If so, the igniter should be
properly adjusted, so that it will snap in time with the magneto. Sometimes the magneto
1s suspected of being out of time, when as a matter of fact it is the igniter. Igniters should
be s0 adjusted that the points remain closed as much as possible, and open only to make a
spark. This not only keeps the points from getting dirty, but also gives the magneto,
time to “‘build up” and produce its maximum current.

NOTE.—Sumter reversing altachment. Muny marine engines are reversed “‘on the
spark,” and to accomplish this, a special attachment is necessary. This ists of acollaron
magneto shaft carrying the gear and having a pin_engaging a cutaway shoulder on the collar.
This arrangement allows sufficient lost motion between the gear and collar so that, when the

engine is reversed, the magneto is brought in time with the snapping of the igmiter,
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lost motion when the chain is loose enough for smooth running
to prevent the accurate timing of the spark.

The friction gear drive or belt and pulley are alike objectionable,
from the fact that no slipping or variation is permissible. While some
recent forms of high tension magneto are advertised to operate asyn-
chronously, that is, not speeded in definite ratio to the engine, the
common types are s> made that the spark shall occur in the cylinder
at precisely the moment the magneto armature is at a certain point in
its rotation. If, therefore, this condition be not strictly observed, the
spark will be of defective intensity.
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F1G. 3,966.—Sumter electrode for make and break ignition. In construction, the stem is
insulated with rolled mica, which does not have any upturned edges in the combustion
chamber. The taper arrangement makes it impossible to loosen or pull out the insulation.
A copper gasket inside the igniter casting makes a gas tight joint. The stem is long
en to talg_e care of igniter castings of various thickness, and the superfluous portion
may cut off.

Ignition Systems.—There are two systems in general use
for igniting the charge by electricity:

1. The low tension or make and break.

2. The high tension or jump spark.

Ques. What are the characteristic features of each
system?

Ans. The low tension system is electrically simple and me-
chanically complex, while the high tension system is electrically
eomplicated and mechanically simple.
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Low Tension Ignition.—In this system there is a device
known as an igniter, placed in the combustion space of the
engine cylinder. This consists of two electrodes, one of which
is stationery and the other movable. The stationary electrode
is insulated, while the other, having an arm within the cylinder
and placed conveniently near, is capable of being moved from
the outside so that the arm comes into contact with the station-
ary electrode and separates from the latter with great rapidity.

PiGs. 3,967 to 3,970.—Bosch magnetic spark plug. This consists of a coil A having one end con-
nected to a terminal B, and the other to the plug casing C. A spark is produced when a sepa-
ration takes place between the moving contact DD and the stationary contact E. Witg‘iln
the plug is a metal core F and a swinging lever G, which lever pivots on the projection
H which is a part of the core F. K shows a portion of a hair-pin spring, the end L which
rests in a recess within the lever G, the ordmarfs tension of the spring tending to hold
the lower end of the lever G carrying the contact D against the stationary contact piece E.

This sudden breaking of the circuit produces an electric arc or
primary spark caused by the inductance—that is, by the “iner-
tia” or tendency of the current to continue flowing after the
separation of the contact points.

The current may be derived from cither a primary battery,
storage battery, or low tension magneto.
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Ques. Name the elements in a low tension circuit.

Ans. 1, a source of current supply consisting of either a
primary battery, storage battery, or low tension magneto, 2, a
primary induction coil when a battery is used, 3, an igniter,

MAGNETO

"COIL ¢

ADVANGE U
/ )
BATTERY G@ ® G

P16, 3,971.—Low tension or make and break system. Two sources of current supply are
provided: a dri\; battery and a magneto. One terminal of both the battery and magneto
18 grounded; the other terminal A, of the magneto M, is connected to the point S, of a
two way switch. The cells comprising the battery J, are connected in series and the
terminal not grounded is connected to a primary induction coil K, and thence to the
point T of the two way switch. By moving the arm of this switch to the right or left,
current may be had from the battery or magneto respectively. A conductor C, connects
the third point of the switch to the stationary or insulated electrode of each igniter, a
smgl: throw switch being placed at each igniter which allows either or both cylinders
to thrown out of the circuit at will. The movable electrodes and metal of the engine
furnishes the ground return to the battery and magneto. On a multi-cylinder engine it
13 evident that no other contact can be made at the moment of break in one cylinder
since the current would then flow through any other igniter that might be in contact
instead of producing a spark at the break. The operation of the make and break system
is as follows: Starting, say on the ballery, 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

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
undsr the lower end of F, the latter drops with great rapidity by the action of spring H
and in so doing a shoulder at the upg:r end of P, strikes the external arm of a blow
causing the contact point of D to quickly smapped 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.
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4, a switch for breaking the circuit, and an additional switch
to alternate between the battery and the magneto when both
means of furnishing the current are provided, and 5, connecting
wires, as shown in fig. 3,971.

Ques. How is the spark produced in the low tension
system?

Ans. The sudden breaking of the circuit by the quick sepa-
ration of the electrodes produces an electric arc or primary

F16. 3,972 —Wiring diagram of a low tension system with ma%netic spark plugs. A portion
of the wiring of the magneto armature is short circuited by the platinum points of the
interrupter, and when the circuit is broken the resulting armature reaction has the effect
of raising the armature voltage sufficiently to operate the plugs.

spark caused by the inductance—that is, by the “inertia’ or
tendency of the current to continue flowing after the separation
of the contact points.

Ques. What is the object of the primary induction
coil?
Ans. To intensify the spark.

When a magneto is used, a coil is not necessary, as the armature
winding serves the same purpose. A magneto furnishing either direct
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or alternating current may be used; the voltage will depend on the
armature speed and the strength of the magnets.

Ques. What is used for the electrode contact points?

Ans. Iridium or platinum, as these metals resist the oxi-
dizing effect of electricity and heat better than others.

Ques. What is the action of
the current in low tension
ignition?

Ans. A considerable interval of
time is required for the current to
rise to its full value, and the time
of separation of the electrodes should
not be sooner than the moment when
the maximum current strength has
been attained. When a magneto

Pie. 3,973.—Bosch low tension, type NO, oscillating
macfneto used in connection with mechanical make
and break igniters. A current wave being produced
by each oscillation of the armature, it is necessary
to drive the maegneto in a fixed relation to the
engine crank shaft. The magneto trip lever should
be h lly con ed to the movable igniter

on the engine, as in this way only can proper

synchronism be obtained. It should be borne in mind, however, that the
“NO'* cannot be used at speeds greater than 250 ignitions per

minute, and where a greater speed 13 desired, the type **NR *‘which has a

rotating armature, should be used. In timing the magneto, the mark on

the armature should register with the proper mark on the dust cover, thus

ing the timing for either rotation extremely simple, in that it requires
no disassembling of the instrument. Since no meth: of varying the timing
of the spark is provided, arrangements to this end should be made in the
tripping mechanism, and since the igniter and the armature are driven in
synchronism by the trip lever, the instrument is always oierated at its point
of maximum_efficiency rﬁardlm of whether the spark be retarded or advanced. In

order to obtain proper results, the trip lever should be deflected through an angle of 30

degrees before it is released, and, since the spark is produced by spring action rather than

directly through the speed of the engine and therefore is independent of the latter, no
battery is necessary for starting, and in ordinary cases one turn of the fly wheel will be
sufficient, provided, of course, that a proper gas mixture be present.

is used, the current strength increases with the speed, hence
the contact interval can be shorter at high speeds than when
a battery is used.
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Ques. In low tension ignition, what is necessary in
nrder to produce a good spark?

Ans. The ‘‘break® or separation of the contact points of the
igniter should take place with extreme rapidity, that is, the
spring H (fig. 3,971) should be sufficiently strong to cause the
shoulder or rod F, when it falls, to strike the igniter arm a
decided blow, thus quickly snapping apart the contact points.

IMMEDIATELY
BEFORE SPARKING

71Gs. 3,974 and 3,975.—Low tension ignition system with inductor magneto. Fig. 3,974,
ition immediately before sparking; fig. 3,975, Rosltinn immediately after sparking.
n construction, the cam which operates the make and break igniter has a link con-
nection to the inductor crank of the magneto which gives an oscillating motion to the
inductor. The connection is such that at the instant of ‘'break’” the inductor cuts th: h
the greatest number of magnetic line. In operation, the cam C, on the half time shatt,
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 at the instant of break of contact
at N. ‘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, nor-
mally rests against it by means of a spring.

Ques. State some disadvantages of low tension ignition.
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Ans. Mechanical complication, excessive noise, wear of the
igniter points, and possible leakage through the igniter.

Ques. For what service is low tension ignition espe-
cially suited?

Ans. For marine service especially in open, off shore fishing
boats, such as Cape Cod dories, Sea Bright skiffs, etc.

T

Y ZZ %

N7
1

AN

hg, 3,976.—Hammer 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
cylinde: 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 F,
provides a semiflexible 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, w%ich is usually inserted through the
wall of the cylinder head, so that the igniter points extend into the compression space
of the cylinder. In the circuit is a battery L, and primary spark coil M. In operation,
when the igniter terminals are brought together, the circuit 1s closed through the battery
and the gpark coil, and when the terminals are quickly separated, the induction
of the coil causes an electric arc between the igniter terminals which ignites the elarge.
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Ignition with Inductor Magneto.—In this system of low
tension ignition, the current is furnished by a magneto having a
stationary armature and a rotating inductor as before described.

The inductor is arranged to either revolve continuously o1 to oscillate
through a small arc. An example of the latter type for low tension

ignition is shown in figs. 3,974 and 3,975 which illustrates the Simms-
Bosch system.

o
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T1G. 3,977.—Wipe contact igniter. [t 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 H, and either one of the electrodes can
be reached for inspection or removal independently by removing the cap K. Inoperation,
when B is revolved by the motion of the igniter rod C, the revolving blade D, 1s brought
into contact with the Sprin%‘ 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
on the contact surfaces and this serves to rcduce the resistance of the closed circuit.
It is subject however to wear of the contact surface, and breakage of the sprmg.
In adjusting the timing can be changed during operation by turning thumb screw ¥,
on the end of the igniter rod, advancing or retal:smg the arc.

Low Tension or Make and Break Igniters.—These devices
may be divided into two general types according to the manner
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of separating the terminals, that is to say, according to the method
of break, as hammer break, and wipe contact (figs.3,976 and 3,977.)

High Tension Ignition.—In this method of producing a
spark, a device called a spark plug is employed. It consists
of two stationary electrodes, one of which is grounded to the

SETTING SCREW B

2
5
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FOR ADJUSTING CONTACT
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; GAUGE FOR ADIYSTING
CIRCUITING IGNITION PLATINUM CONTACTS

PiGs. 3,978 and 3,97¢0.—Eisemann type G4 magneto showing method of timing and special
wrench. Timing «he magneto: As the spark occurs when the primary circuit is broken
by the opening of the %l:tmum contacts in the make and break mechanism, it is necessary
that the magneto will be so timed that at full retard position of the timing iever body, the
platinum contacts will open when the respective piston of the engine has reached the top
point on the fring stroke. Turn engine by hand until piston of No. 1 cylinder is on the
uppar dead cenier; remove distributer plate from magneto and turn the driving axle of
the armature until the setting mark on the distributer disc is in line with the setting
screw a< shown. (For clockwise rotation use mark R, for counter clockwise, use mark L).
With the armature in this position, the platinum contacts are just opening, and the metal
insert of the distributer disc is in connection with carbon for No. 1 cylinder. The driving
medium must now be fixed 10 the armature axle without disturbing the position of the
latter, and the cables connected to the spark plugs.

NOTE.—Primary Induction Coils. When an electric current flows along a coiled
conductor, an inductive effect is produced which opposes any rapid change in the current strength,
This principle is employed in low tension ignition to intensify the spark when a battery forms
the current source. The device wkich accomplishes this effect is known as a primary snduction
coil and consists of a long iron core wound with a considerable length of low resistance copper
wire, the length of the core and the number of turns of the insulated winding determining the
efficiency. e current passing through the winding magnetizes the soft iron, and a self-
induced current is generated. hen the circuit is broken, the magnetic reactance tends to con-
tinue the flow of current, despite the break in the circuit, and occasions a spark of great heat and
brilliancy. The spork occurs at the momeniof breaking the circuit, mot al the moment of making.
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engine cylinder and the other insulated. The points of the
clectrodes are permanently separated from each other by about
16 of an inch, the space betwcen the points being known as
an air gap. This space offers so much resistance to the flow of
an electric current that a very high pressure is required to cause
the current to burst through the air gap and produce a spark,
hence the term “high tension ignition,” meaning high pressure
ignition.

Since the spark jumps from one electrode to the other, this
method of igniting the charge is also known as the jump spark

SECOMDARY
WIRES TO
SPARK
PLUGS
4 3 { 2
[}
. 1 1

e 1 L

ENGINE CYLINDERS

16, 3,980.—Wiring diagram for K-W t

H and HT magneto, for firing order

1, 2, 4, 3. To time magneto: Place

No.1 piston on upper dead center of

compression stroke, and have rocker

arm A, horizontal 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. MAGNETO

At this point secure magneto shaft to gear or coupling with set screws. When one aylinder
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 on until all the plug cables are connected. The secondary con-
nections on the hard rubber distributer block 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. Replace
parts on the magneto and start the engine to test the setting. See that all nuts and
connections are tight, also that retainer spring has been replaced. There should be a
tendency for the engine to kick back slightly when starting, and if it do not, advance
magneto until it does kick slightly. To advance, shift coupling against direction of
rotation. To retard, shift coupling with direction of rotation. Shift slightl{ each time
until correct position is obtained. Pin magneto shaft to gear or coupling with taper pin.
do not depend on a set screw, as it will surely work loose in time.
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system. The spark itself is properly described by the prefix
high tension or secondary.

In the production of the spark two distinct circuits are necessary; 1, a
low tension or primary circuit and 2, a high tension or secondary circuit.
The current which flows through the low tension circuit is called the
primary current and that which it énduces in the high tension circuit,
the secondary current.

In order to obtain the high pressure required to produce a spark, a
device known as a secondary induction coil 1s used which transforms the
primary current of low voltage and high amperage into a secondary
current of high voltage and low amperage, that is, the quantity of the
current is decreased and its pressure increased.

The general principles upon which high tension or jump spark ignition
is baseg are as follows: e .

An automatic device is placed in the primary circuit which closes
and opens it at the time a spark is required. When the circuit is closed,
the primary current flows through the primary winding of the coil and

FiG. 3,981.—Automatic spark advance mechanism and armature of Eisemann magneto. The
automatic advance is accomplished by the action of centrifugal force on a pair of weight
attached at one end to a sleeve through which runs the shaft of the magneto, and hinged
at the other end of the armature. Along the armature shaft, run two helicoidal ridges
which with similarly shaped splines in the sleeve. In operation, the rotation of

the armature causes the weights to spread and exert a longitudinal pull on the sleeve
which in turn changes the position of the armature with reference to the pole pieces.
Thus, the moment of greatest induction is advanced or retarded and with it the break in
the primary circuit, for the segments (or cams) which left the circuit breaker and cause
the grenk in the primary circuit are fixed in the correct position and thus the break occurs
only at the moment when the current in the winding is strongest. On other magnetos
it is the segments or cams that are moved forward or back as the case may be. To apply
the automatic control principle to any engine, there have been produced spindles of
varying pitches; spindles that will give 19, 25, 38, 45 and 60 degrees advance. For use
in connection with these spindles, there are sixteen different springs. With these parts,
in connection with the governor mechanism, 160 advance curves can be produced. By
varying the length of the stop on the bronze nut, more may be obtained. "Many engines
require a great deal of advance, others will not permit of more than 20 to 25 degrees. It is
necessary to take into consideration the size and shape of the combustion chamber, the
compression, the position of the spark plugs and the speed of the motor. It is also univers-
ally acknowledged that an engine of high compression will give a quicker burning mixture
and will not require, or in some cases, stand, as early a spark as one of lower compressior .
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To the frame  To the negative pole

Conneclion of the battery
1. Switch handle. 9. Milled edged nut, 15.
2. Movable cover. 10. Iron coreg 16.‘} Auxillary contact breaker,
i. g;)ll”houslnz. - 11, Plate carryl;lg :?ohsfmln t;: glbrator spring.

. Stariing press butlon. arrangemen the condenser. ! top screw [or swi
6, Flxed ,5onn«:llon late. 12. Condgnser. w han‘a’ﬂe. for suitch
-7. Movable swiich plate. 13, Contlact spring. 24, Locking key.

8. Cable cover. 14, Vibratok.
b=iz

Dimensions ; ;='3; © Horizontal Coil Type “C*.
d= 171 ,

F1Gs. 3,982 and 3,983.—Bosch type C horizontal secondary coil. In construction, a movable

brass cover 2 carries the switch handle 1, and is attached to the cylindrical coil housing 3
b{ means of a bayonet joint. The press button used for starting projects from the center
of the cover. A pin set on the coil end plate engages an opening in the cover, which
causes the coil and cover to move together. The switch contacts being located on the
other end plate of the coil, this permits the operation of the switch by the movement of
the cover. Switch positions: Four positions are provided, 1, O, of, 2, B, baltery,
3, MB, magneto and_battery, 4, M, magneto. The base of the coil housing is formed
b}; the stationary switch plate 6, and the contacts carried on it régister with the contacts
of the movable switch plate 7. The partial rotation of the coil by the movement of the
cover plate causes the different switch contacts to engage. The coil body consists of a
cylindrical iron core 10, upon which are wound the primary and secondary windings;
the former consists of a few layers of heavy wire, and the latter of many layers of fine wire.
One end of the primary winding is connected to a segment on switch plate 7, while the

other end leads to the vibrator, from whence it passes to ground. The iron core 10, carries
the condenser 12, and to it is screwed the end plate 11 that supports the starting device.
The parts of the starting device are the brass button 4, the contact sgrmg 13, and the
vibrator blade 14. When the switch handle is turned to either of the battery positions,
a pressure on button 4, will complete the prima circuit by causing the contact pin to
touch the platinum point carried on spring 13. This contact will be in parallel with the
primary timer, and the current will flow from the blade 14, to the end plate 11, to the iron
core 10, and by blndig post 8, to ground, Lock: The coil is provided with a key lock,
which may be operated only when the coil js in the “Off"" position. This prevents the
unauthorized use of the engine, and by making it impossible to lock the switch in any of
the operative positions, renders unlikely that the switch will be left uninteationally on
one of the battery positions to the injury of the battery. Battery voltage: The coils
are wound for a current of six volts, and a six volt, sixty ampere hour storage battery is
recommended. If it be necessary to use dry cells, ten should be provided for a 4 cylinder
system, and twelve for 6 cylinders, connected in series parallel. They should be ivided
into two gmups of five or six cells each; the cells of each group should be connected in
series, and the groups connected together in parallel. T
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causes a secondary current to be induced in the secondary winding.
The spark plug being included in the secondary circuit opposes the flow
of the current by the high resistance of its air gap. Since the pressure
of the secondary current is sufficient to overcome this resistance, it
flows or “jumps’” across the gap and in so doing, intense heat is pro-
duced resulting in a spark.

Sometimes the spark is obtained by keeping the primary circuit
closed except during the brief interval necessary for the passage of the
spark at the plug points. A secondary spark, then, may be produced
by either open or closed circuit working, that is, the primary circuit
may be kept either opened or closed during the intervals between sparks.

G

FiG. X.Q&L—Diagram of a secondary, vibrator type induction coil. The parts are as follows:

: contact screw; B, battery; C, core; D, vibrator terminal; G, condenser; P, primary
winding; S, secondary winding; W, switch; Y, vibrator. fn operation, when the
switch 1s closed, the following cycle of action takes place: a, the primary current Sows
and magnetizes core; b, magnetized core atiracts the vibrator and breaks primary circuit; ¢, the
magnelssm vanishes, inducing a momentary high tension current in the secondary winding,
producing a spark at the air gap; d, magnetic aliraction of the core having ceased, vibrator
spring re-establishes contact; e, primary circuit is again completed and the cycle begins anew.

The automatic device which controls the primary current to produce
a spark by the first method is called a contact maker, and by the second
method, a contact breaker. A closed primary circuit with a contact
breaker is used to advantage on small engines run at very high speed
as it allows time for the magnetism or magnetic flux in the core of the
coil to attain a density suﬂ-lgcient to produce a good spark The word
timer is usually applied to any device which controls the primary current,
when it controls both the primary and secondary currents, as in syn-
chronous ignition, it is called a distributer. Before explaining the different
systems of high tension ignition the several devices used, such as in-

uction coils, spark plugs, etc., will be described in some detail.
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Among the various devices usced in high tension ignition the
following are of importance and the function and construction
of each should be clearly understood.

Secondary Induction Coils.—In order to obtain the high voltage
recessary to produce a secondary (jump) spark, a secondary induction
coil is used: it is a species of transformer and transforms the primary
low tension current into a secondary high tension current. It consists
essentially of four main parts: 1, an iron core; 2, primary winding,
3, secondary winding, and 4, condenser.

B

FiG. 3,985 —Contact maker and mechanical vibrator. The case, 4, is usually attached to
the fear box of the engine; B, is the vibrator blade; C, a platinum contact point; D, an
insulated adjusting screw; E, a bushing with insulation; P, the operating cam. As.
this cam revolves the weight on the end of blade, B, drops into the recess on the cam
causing the blade to vibrate and make a number of contacts with D, thus producing a
series of sparks when in operation.

Timers.—These devices are simply revolving switches operated by
the engine and so adjusted that the primary circuit is made and broken
in proper sequence with the cngine cycle, so that the spark may occur
at the proper point with respect to the crank position. i{) timer is geared
to revolve at one half engine speed for a four cycle engine, and at engine
speed for a two cycle engine. The distinction between timers and dis-
tributers should be carefully noted, to avoid the usual erroneous use of
these terms.

Special Forms of Timer.—In order to meet certain conditions of
operation, special timer construction is sometimes used, giving rise to
types of timer which are known as:

1. Contact makers;

2. Mechanical vibrators, or tremblers:

3. Contact breakers;

4. Interrupters.
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A contact maker keeps the circuit closed for only a short interval,
whereas, a contact breaker keeps the circuit open for only a short interval.
A contact breaker is intended to meet the conditions of extreme high
speed, that is, by keeping the primary circuit closed except during the
brief interval necessary for the passage of the spark, sufficient time is
given for the magnetic flux of the core of the magnet to attain a sufficient
density to induce a secondary current of the required strength.

An interrupter is virtually a contact maker located or a magneto and
forming a part of the latter machine.

Distributers.—When one secondary coil only is used with a multi-

| cylinder engine as in synchronous ignition, a device called a distributer
is a necessary part of the system. Its use is to direct the discharge of

a single coil to the spark plug of each cylinder in rotation. A distributer

—ee

P1G. 3,986.—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. Itisused 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 suflicient to produce a good spark.

consists of a timer for the primary current, and a similar device for the
secondary current working synchronously, that is, in step with the timer
and which switches the secondary current to the various spark plugs
in the proper order of firing. L o .
In other words, a distributer is a combination of two timing devices
working in unison with each other; one makes and breaks the primary

NOTE.—The primary element of a distributer contains as many stationary con-
tacts as there are cylinders and a revolving arm or rotor which in its revolution touches each
of the stationary contact so that the primary circuit is made and broken once for each cylinder
during one revolution of the arm. The secondary element is above and concentric with
the primary part. It has a rotor and the same number of stationary contact as the primary
element; the parts of both elements are arranged symmetrically with each other and are
contained in a compact cylindrical casing. A shaft geared to the engine operates both the

rimary and secondary rotors. The primary rotor is in metallic contact with the shaft and
orms with it and the engine a ground return for the primary circuit. The secondary rotor is
carefully insulated. All the primary stationary contacts are connected to one common ter-
minal which receives the primary lead. A binding post is provided for rach of the secondary
stationary contacts and one for the secondary rotor. These binding posts are usually placed
on the top part of the casing.

- s e
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circuit, while the other makes and breaks the secondary circuit and in so
doing distributes the current to the several cylinders in correct sequence.

Spark Plugs.—In all high tension ignition systems a permanent air
gap is placed in the secondary circuit across which the current must
jump to produce a spark. The device by which this permanent air
gap is maintained is called a spark plug. There are several varietics

F1G. 3,987.—Sectional view of the Pittsfield distributer. In this device several revolving
contacts are employed instead of one; these consist of a double spring making sliding
contact at the portions, A. The parts are: 1, contact springs; 2, shaft; 3, bushing;
4, stationary terminal; J, timer ring; 6, stationary contact insulation; 7, distributer
plate; 8, secondary revolving contact segment; 9, taper pin; 10, secondary stationary
terminals; 11, casing; 12, secondary terminal for lead to coil; B, slide bearing; C, hook;
_D.ﬁeye; 913'8 sccondary cable. The principles of distributer operations are plainly shown
in fig. 3,998.

of spark plug, of which the following are extensively used: 1, primary,
or magnetic make and break plugs, 2, secondary, or jump spark plugs,
including plain and special forms such as coil plugs.
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Various High Tension Ignition Systems.—There are a
number of satisfactory method for producing a secondary or
high tension spark, such as ingition

1., With plain coils;

2. With vibrator coils;

3. With master vibrator:

4. With single coil (synchronous ignition);

V) L ’ 3
Fias, 3,988 to 3,994.—Sections of well known spark plugs. The first five have porcelain
insulation; the last two, mica.

5. With dynamo and storage battery;
6. With magnetc:
7. With special igniting devices.

NOTE.—Sparking pressurc. A current of very high voltage is required to produce a
secondary or jump spark on account of the great resistance of the air gap and compression
pressure which oppose the current flow. The reauired voltage will depend on the length of
the air gap and the inténsity of the pressure inside the cvlinder. For ordinary spark plugs
in air the sparking pressure will vary from about 3,000 to 5,000 volts according to the length
of the gap, but to produce a spark in an engine cylinder where the mixture has been com-

ressed to four or five times the atmospheric pressure, will require from 10,000 to 20,000 volts.
g!’hen a spark plug will not work, the electrodes and insulating material should be thor-
oughly cleaned with fine sandpa?er and the distance between the points adjusted to about
one thirty-second of an inch, or the thickness of a ten cent silver piece, 1f the battery be weak,.
the gap may be made smaller.
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Ignition with Plain Coils.—The first high tension system
to attain popularity was the single spark system using a plain
coil and contact maker. This being the simplest method of
producing a secondary spark, it will serve to illustrate, the
several principles involved in jump spark or high tension igni-
tion, as explained in fig. 3,995.

& .. INSULATED
= CONNECTION

INDUCTION COIL CORE
PRIMA:V SECONDARY

apganagaanogopn o
—
===

SECONDARY CIRCUIT
l — —

BATTERY

_ COMNDENSET

CONTACT MAKER

- PRIMARY CIRCUIT

INSULATED g
CONTACT SCRES

Fii. 3,995—Diagram jllustrating the principles of high tension or jump spark ignition. The
nose of the cam in 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 place 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.

Ignition with Mechanical Vibrators.—The view held by
some that a series of spark closely following each other is more
effective for ignition than a single spark, led first to the intro-
duction of the mechanical vibrator. This system employs a
plain coil and is identical with the one just described with the
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exception that in place of the make or break timing device, a
mechanical vibrator is used which gives a succession of spark
for firing each charge.

As the rotor of the timer revolves, it touches each of the stationary
contact and in so doing, the above cycle is repeated for each cylinder in
the order of firing, as wired.

Ignition with Vibrator Coils.—A morc rcfined method of
producing a series of spark for igniting the charge is by the

i o - ——

3
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Fi1G. 3,996.—Wiring diagram of a dual jump spark system for a four cylinder, four cycle engine.
A dry battery and low tension magneto form the two sources of current supply. The
primary, or low tension circuit is shown by heavy lines, the secondary or high tension
circuit by fine lines, and the leads to spark plugs by the double lines. The dotted rectangle
represents the outline of a four unit dash coil. In the coil connections it should be noted
that the adjustable contact screw of each vibrator is connected by a common wire ter-
minating at the two way switch; also, in each unit one end of the secondary winding is
connected to that end of the primary, leading to the vibrator blade. These common
conncctions simplify the external wiring, as otherwise there would be four binding posts
for each unit. The two way switch just referred to permits the current supply to be
taken from either of two sources, such as a battery and a magneto. Current 1s supplied
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. With the battery in the
circuit and the timer in the position shown, the operation is as follows: 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 ot the
coil timer and the metal of the engine, and returns to the battery. The primary circuit
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 coil.
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use of a vibrator coil. The magnetic vibrator is a marked im-
provement on the mechanically operated device as it vibrates
with greater rapidity and is capable of delicate adjustment.
This system which is extensively used is illustrated in fig. 3.996,
which is a wiring diagram for a four cylinder engine.

Ignition with a Master Vibrator.—In a multi-unit coil
there is a vibrator for each unit, all of which may be operated
by a single or master vibrator. The advantage of such a system

116, 3,997, —Circuit diagram of a master vibrator coil. B, is the battery; C, the unit coilsi
C1, C2, etc., the condensers; P, the primary windings and S, the secondary windings;
H1, H2, etc., the spark plugs; T, the timer; MP, the master primary; V, the vibrator;
W, the common é)rimary connection; 1, 2, etc., the stationary contacts of the timer.
The primary windings are all united in parallel at the top by a wire W, and with the

lower ends connecting respectively with the segments of the timer T. The primary

winding MP which operates the vibrator V is in serics with this winding, the wire WT
connecting from the batterg and Sassmg directly through the master primary MP. The
four condensers, C1, C2, C3 and C{, are in parallel with the primary windings. Each of
the secondary windings S connects direct to the spark plugs, designated respectively
HI1, H2, H3 and H4.

1s that there is but one vibrator to keep in adjustment, since
this vibrator serves for all the cylinders; whereas, with one for
cach unit, all have to be kept in adjustment and the difficulty
of keeping the several adjustments is a considerable factor. The
diagram, fig. 3,997, illustrates the circuit and operation of a
master vibrator.
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Synchronous Ignition.—This system employs a distributer
and a single coil for a number of cylinder. It is called “syn-
chronous” for the following reason: when a multi-cylinder en-
gine has a coil unit for each cylinder, it requires the adjustment
of several vibrators. Now, the time required by the vibrator to
act is variable with the adjustment and with slight differences
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F1G. 3,998.—Diagram illustrating the principles of synchronous ignition. For clearness the
wlmary and secondary elements of both the coil and the distributer are shown separated.
hen the primary rotor of the distributor completes the primary circuit, current from
the battery flows and the vibrator operates, making and breaking the current with great
frequency. A high tension current, made up of a series of impulses, is induced 1n the
secondary circuit and distributed by the rotor arm during its revolution to_the several
cylinders ir the proper order of firing. Each secondary segment of the distributer being
wired to one of the spark plugs, the rotor during its revolution brings each plug into the
secondary circuit in the order indicated in the giagram. As shown, the secondary rotor
is in contact with segment number two which causes the induced current to flow from
the secondary winding, through the distributer. One end of the secondary winding is usually
connected to one end of the %rimary winding instead of making a separate connection

to the metal of the engine. This simplifies the wiring by having one common ground
connection.
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in construction, hence, of the several vibrators, perhaps no two
will act in exactly the same time. Consequently, though in the
ordinary multi-unit coil system, the closing of the primary cir-
cuits may occur at exactly corresponding moments for all
cylinders, the production of the spark will be more or less
“out,” owing to the variation in the “lag’” of the different
vibrator.

With a distributer and single coil, the lag is the same for all
the cylinders, hence, the application of the word synchronous.

Fig. 3,998 is a wiring diagram showing the connections of a synchronous
system; for clearness, the two windings of the coil are shown separated
from each other and for the same reason also the primary and secondary
elements of the distributer are separated.

Magneto Ignition.—There are numerous types of magneto
used for igniting purposes. In the several systems, therefore,
different methods of wiring are required. In the true high ten-
sion and the self-contained types where the coil and condenser
are a part of the magneto, the number of external connection
is less than with those having the coil in a separate box.

In starting an engine equipped solely with a magneto, it is necessary
to turn the crank much faster than when a battery is used, because the
armature must be turned at a certain speed to generate the required
current. Due to the refinement of design this factor has been reduced
and most magnetos will give a spark sufficient for ignition even if the
armature be revolved quite slowly.

To secure satisfactory ignition with a magneto it is very essential
that the various joints of the primary circuit be kept in perfect condition,

NOTE.—In connecting up batteries and coils it is recommended that the vibrator screws
be made ‘‘positive,” so that whatever platinum is carried away by the arc may be taken
from the screw and deposited upon the contact point of the vibrator. The theory is that the
screw is cheaper and easier to replace than is the vibrator, and that, with this arrangement,
the vibrator point builds up rather than wears away, requiring only the smoothing off of the
extra metal deposited upon it to keep it in condition.

NOTE.—The very slight wear produced upon vibrators operated from non-syachronous
alternating current magnetos from which the current is in each direction for one-half of the
time, in the aggregate, 1s well known. Hence, when a battery is used, if the operasor would
periodically change the direction of the current flow by reversing the two battery wires con-
necting the one which has.gona to the positive pole, to the negative and vice versa, he will
find that the wear of the vibrator points is reduced to a minimum.
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that is tosay: all terminals should be clean, bright, and firmly connected.

The interrupter contacts should be kept clean and true using a fine file
to square the surface, so that the entire surface of one contact will
touch the other.

* The two brushes leading to armature coil must be kept clean, free
of oil and springs adjusted to secure good contact.

Most operators pay too little attention to the secondary circuit
contacts. These also should be kept clean, true, and springs properly
adjusted.

When an engine will not start on the magneto or requires unusually
rapid spinning to effect ignition, it is a strong indication that the
primary and secondary contacts are not in proper condition.

When a magneto ignition system fails, the trouble is almost always
due to faulty condition of the contacts.

P1G. 3,999.—Filing slot for cleaning platinum contacts of Connecticut magneto interrupter
The cup holding the interrupter or primary circuit breaker may be withdrawn from its
housing. The slot serves as 2 guide for a small flat file for cleaning and squaring the
contact points. By means of an adjustable gauge furnished with the magneto, the correct

ning of the contact points may be determined. The interrupter is provided with a
single roller bearing against the cam pins, thus insuring accurate timing at any speed and
unaffected by centrifugal force. The advance lever can be connected at either side of
the magneto as the interrupter housing is reversible. The cams are renewable by a
half turn with a screw driver.

Dual Ignition.—As defined, a dual ignition system is one
having two separate current sources with some parts of the igni-
tion apparatus in common. Most magneto systems are exam-
ples of dual ignition, that is the distributer 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 arma-
ture, by turning a switch, current may be furnished by the bat-
tery and distributed by the magneto. Moreover, because of the
difficulty of cranking an engine fast enough to start on themagneto,
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the battery is usually used for starting and the magneto for
running. An example of dual ignition is shown in fig. 4,000.

Double Ignition.—An extreme provision against failure in
operation consists in providing two entirely independent igni-
tion systems. For some installations both make and break and
jump spark systems are provided, in others, two high tension
systems. Such practice is not to be recommended, especially
in view of the very efficient and dependable apparatus that can
now be obtained.

PRESS BUTTON FOR STARTING

3

SPARK PLUGS
CONNECTION

T0 FRAME

/ SWITCH

PLATE SEEN
4 FROM YoP

FOVR COMBINED
CABLES
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i BATTERY
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P1G. 4,000.—Wiring diagram of Bosch dua! ignition system, using one set of spark plug.
A special coil is provided with self-contained switch, and a button for bringing a magnetic -
vibrator into the circuit when desired. Combined cables: 1, thin blue cable 1s for
contact breaker; 2, thin red cable for short circuiting terminal; 3, thin white cable for
high tension terminal; 4, thick brown cable for distributer terminal. Single connections,
1 and 5 are battery leads. At back of coil is connection to frame.

Ignition with Special Devices.—The fact that ignition could
be made reliable and certain, as well as more nearly synchronous,
by the single spark as produced by the magneto, has influenced
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several seekers after battery economy with coil ignition to de-
velop and place on the market devices in which a single break
in the primary circuit is caused mechanically at each instant at
which it is desired to ignite the charge within the engine cylin-
ders.

These “single-break’” coil systems embody, in their most highly
developed forms, a single plain coil, a secondary timing device for the
induced high tension current and a timer or circuit breaker which causes
a sharp break in the circuit of the primary coil winding each time an
ignition spark is required. After the coil itself, the circuit breaker is
the chief component of single coil systems with distributer, designed to
produce but one spark per ignition. Upon it depends the effectiveness

Fics. 4,001 to 4,004.—Principle of the Atwater-Kent ignition system. The so called *“‘uni-
sparker’ consists of a notched shaft, one notch for each cylinder, which rotates at one-
half the engine speed, a lifter or trigger which is pulled forward by the rotation of the
shaft and a spring which pulls the lifter back to its original position. A hardened steel
latch and a pair of contact point complete the device. The figures show the operation
of the contact maker very clearly. It will be noted that in fig. 4,001 the lifter is being

ulled forward by the notched shaft. When pulled forward as far as the shaft will carry it
gg. 4,002, the lifter is suddenly pulled back by the recoil of the lifter spring. In returning,
it strikes against the latch, throwing this against the contact spring and closing the
contact for a very brief instant—too quickly for the eye to follow the movement (fig.
4,003). Fig 4,004 shows the lifter ready to be pulled forward by the next notch. Note
that the circuit is closed only an_instant preceding the spark. 'No current can flow at
any other time, not even if the switch be left “‘On’’ when the engine is not running. Note
that no matter how slow or how fast the shaft is turning, the lifter spring will always
pull the lifter back at exactly the same speed, so that the operation of the contact, and
therefore the spark, will always be the same, no matter how fast or how slow the engine
be running. The contact ﬁoints are adjustable only for normal wear. By means of the
distributer, which forms the upper part of the unijsparker, the high tension current from
the coil is conveyed by the rotating distributer block, which seats on the end of the
unisparker, to each of the four spark plug terminals in the order of firing.
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of the spark, and in some measure also the current consumed in the
coil in producing it.

In consideration of battery economy, it is necessary that the circuit
breaker make only a sufficiently long contact to secure the proper
building up of the magnetic field about the coil windings, before the
occurrence of the break. Because of this, it is usual to so set the adjusta-
ble point of the breaker that the contact duration is the minimum with
which a proper igniting spark can be secured. The author objects to
primary battery systems, except on some single cylinder engines, because
the current is of constantly decreasing strength and batteries of short
life, necessitating frequent renewal.

{
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FiG. 4,005.—Auto coil wiring diagram showing coil box and connections. The picture shows
clearly how to bring the battery, timer and plug wires to the coil. The wires can enter through
the middle back or from the bottom of the coil box, through holes provided for the purpose.
1t is important to connect the zinc or (—) battery wires to coil, the carbon or (+) wires
being connected to ground or frame of engine. Tt is also important to shave or pare back
the braid on the secondary or high tension wires as shown in picture. If the braid be
connected to any metallic portion of the wire or terminal clip, there will be a noticeable
leak on damp days, as the oil in the braid sooner or later dies out, and the braid quickly
absorbs moisture, and moist braid will cause the high tension current to escape to the
frame of the engine.

Ignition Troubles.—To successfully cope with ignition
troubles there are two requisites: 1, a thorough knowledge of
the system used, and 2, a well ordered course of procedure in
looking for the cause of the trouble.

In many ignition systems the chief difficulty encountered in
the location of defects arises from the fact that faults in different



2,786 HAWKINS ELECTRICITY

e o EnGiNE.

L

aneroe Cors
\
o maGNE TO oav o vomaanevo | 13
OR DYNAMO OR DYNAMO T~ C -)

;:l

T —
i £ Cone Encing S
SwTC)

<o,

e Con 1}
TO mASNE T o |
om Ovrea e
oxe
May
-
swrvce 3,
= A _anc
O E § ? ?
3 .
~MAaGNETO [ pr—
vo vaonE Poes S Bar —
om Oy~am P
C
— o

FiGs. 4,006 to 4,011.—Knoblock coil wiring diagrams. Fig. 4,006, connections for make and
break engine, showing battery, magneto and double switch. If magneto be not installed,
use a single switch in place of the double switch; Fig. 4,007, connections for single cylinder
jump spark engine using either vibrator or non-vibrator coil; fig. 4,008, connections for
jump spark coil with three terminals; fig. 4,009, connections for two cylinder jump spark
coil; fig. 4,010, connections for three cylinder jump spark coil; fig. 4,011, connections
for four cylinder jump spark coil.

NOTE.—How to adj ust a vibrating coil. Good coils, when properly adjusted, consume
about one-quarter to one-half ampere for each engine cylinder. By screwing down the points
too close, the current consumption may be greatly increased to the detriment of the mileag:
and without any advantage, Therefore, it is advisable to see that the coil is adjusted so as to
take no more current than is necessary. To do this connect an ammeter in the place usually
left for a connection on a coil, or insert the ammeter in the battery connection, so that the
current flows from the battery through the ammeter to the coil. Place a piece of paper under
all but one of the vibrator points with the engine running. Adjust this point until the current
taken by its cylinder is a minimum, without, however, any tendency to miss explosions. If
the engine will not run with only one cylinder working, the current taken by each contact
point may be determined by blocking this one point oft with a piece of paper and noting the
change in the current that this causes. Adjust the point and try this again, until the lowest
current censumption on which the engine will run properly is obtained. e proper voltage for
a battery in most cases is 6 volts.
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portions of the circuit sometimes make themselves manifest
by the same symptoms. If each defect had its individual symp-
tom, locating the trouble would be comparatively easy, but,
as it is, it is sometimes quite difficult to find the defective parts.
In general, the following method, should be adopted to loeate
ignition troubles:

1. The source of current supply should be examined; if a
battery, each cell should be tested separately, and any one found
to be weak, removed. If a magneto be used, it should be dis-
connected, and the armature turned by hand; in case the field
magnets have not lost their proper strength, the armature
should turn perceptibly hard during certain portions of each
revolution,

2. The primary circuit should be examined for breaks; all
connections made bright and secured firmly by the binding
screws, and the timer contacts cleaned.

3. The spark plug points should be cleaned and the air gap
made the proper length—about one thirty-second of an inch.

4. The vibrator contacts should be made flat and clean, and
the vibrator properly adjusted.

Testing the Spark Plug.—The spark plug should be unscrewed
and placed on the cylinder without disconnecting the wire to the
insulated electrode: the body of the plug only should touch the metal
of the cylinder. On cranking the engine the spark should be ‘‘fat”
if everything be in good condition; if a weak spark be produced it may
be due to either a loose terminal, run down battery, or badly adjusted
vibrator. When no spark can be obtained the entire system must be
examined and tested, beginning at the battery.

Plug Testing in Multi-Cylinder Engines.—All nuts are removed
from the plug, leaving the high tension wires in place. After starting
the engine, all wires are grounded except one, thus running the engine
on one cylinder. In case there be no misfiring after testing at various
engine speeds, it can be taken for granted that the plug is sound. The
remaining plugs are tested in the same manner. When a multi-unit
coil is used, a faulty plug may be located by holding down all the
vibrator blades but one, so that only one spark plug operates. Running
each cylinder separately by this means, it can easily be ascertained
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which plug is defective. Some coils are provided with little knobs for
cutting out cylinders in the manner just described.

Complete Break in the Wiring.—The engine is placed upon the
sgarking point, the primary switch closed, and the two terminals of
the suspected wire touched with a test wire. A current indicates a break.

Partial Break in the Wiring.—A partial break, or one held together

by the insulation, may sometimes be located by bending the wire sharply

- at successive points along its length, the

engine being at the sparking point and
the switch closed as before.

Primary Short Circuits.—The pri-
mary wires should be disconnected from
the coil, leaving the ends out of contact
with anything. There is a short circuit
if on touching the switch points momen-
tarily aspark appear. A short circuit may
sometimesbeovercomeby clearingall wires
of contact with metallic bodies, and pull-
ing each wire away from the others which
were formerly in contact with it.

F1Gs. 4,012 and 4,014.—Sumter testing device for testing low tension circuits. "To test magneto,
snap the clips on terminals after disconnecting it from circuit. The condition of magneto
is eviden by the brilliancy of lamp. To test a make and break ignitor, snap one clip
on insulated terminal and the other on the engine frame. A little practice enables the
conditions to be determined by noting the varying brilliancy of the lamp.

Secondary Short Circuits.—The secondary lead from the spark
plug should be disconnected. Under this condition the high tension
current may sometimes be heard or seen discharging from the secondary
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wire to some metallic portion of the car. Water in contact with the
secondary wire will sometimes cause a short circuit unless the insulation
be of the best quality.

The Primary Switch.—This portion of the primary circuit some-
times causes trouble by making poor contact. This is generally due
to the deterioration of the spring portion of the metal, which gradually
loses its resiliency. Snap switches sometimes fail through the weakening
of the springs which hold them in the “on’ or “off” position. The
contacts of a switch should be kept in good condition.

Primary Connections.—All binding posts and their connections
should be clean and bright. The wires should be firmly secured to the
binding posts, as a loose connection in the primary circuit is often the
cause of irregular misfiring or the stopping of the engine.

BATTERY,

MAGNETO

-
== BATTERY TYPE VO COIL JETD

;GPO\J”D

VO SPRRK PLUGS

F1G. 4,015.—Bosch vibrating duplex ignition; arrangement when .employing battery of a
grounded lighting or starting system, or separate battery for ignition.

NOTE.—Bosch vibrating duplex ignition. In the operation of this system the arrange-
ment is such that, while the magneto circuit is independent and complete in itself, the battery
circuit includes both the coil and the magneto. ith the switch in the battery position, the
battery and coil are in series with the primary winding of the magneto armature, and the
current for the battery supplements that generated by the magneto. Thus there is induced
in the secondary winding of the magneto armature, a very Yowerful current, which, on
account of vibration action of the coil a; rs not as a single spark but as a series of
spark, the current is distributed in the usual way by the magneto distributer. The battery
side is not intended to be used as a scparate ignition system, but merely as an auxiliary
to the magneto to insure positive starting when conditions are not of the best. The
battery and coil are used in connection with the magneto only when starting, while for
regular running the magneto operates as an independent ignition system. e coil is
designed to operate over a range of from eight to sixteen volts, so that cars provided with
a storage battery for lighting, starting, or other purposes, if within the voltages mentioned,
can employ the same battery for the Bosch vibrating duplex system. If only a 6 volt
storage battery be provided, this can be utilized in connection with the system by adding
three dry cells in series with the storage battery. Where no storage battery is available,
ar where it is desired to keep the ignition battery separate from the starting or lighting
battery, dry cells alone may be used to operate the system; in such case it is advisable
«hat the battery consist of eight or ten dry cells (preferably ten), connected in series.
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Vibration.—Since the wires are subject to constant vibration, a
number of strand of fine wire is better than a single heavy wire, as the
latter is more liable to be broken. In securing the wire to a binding post,
care should be taken that all the strands are bound.

Timers.—These may give trouble by: 1, presence of dirt, 2, loose
contacts, or 3, division of the spark; this latter effect is sometimes
caused by metallic particles wearing off the revolving part forming a
path so that the spark passes from the revolving part to more than one
contact segment.

Coils.—The part of a coil which requires most frequent attention
is the vibrator. The contact points are subject to deterioration on
account of the small spark always present between the points when
the coil is in operation. In time, the points become corroded and
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F1G. 4,016.—Bosch vibrating duplex ignition; arrangement when employing battery of an un-
grounded lighting or starting system.

burned, and therefore require to be resurfaced by smoothing with a
fine file. A faulty connection to the condenser is at once shown by large
sparks at the vibrator points. Any repairs to a coil, aside from the
vibrator, should be done by an expert, as the construction is very delicate.

Igniters.—In make and break ignition, a failure to get a spark,
especially with a weak battery, is frequently due to the tappet spring.
This spring must be quite stiff so as to cause the break to take place
with considerable rapidity; the more rapid the break, the better
is the quality of the spark. The contact points of the igniter
electrodes are subject to corrosion and wear. When they become pitted
the contact surfaces should be filed smooth.
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Spark Plugs.—Repeated failure to start when the coil vibrator
operates, indicates a faulty spark plug. A rich gasoline mixture often
leaves a carbon deposit, and being a partial conductor short circuits the
plug. The porcelain insulation, on account of its brittleness, may
crack inside the sleeve, allowing a spark to pass there instead of at the
gap. Mica insulation sometimes becomes saturated with oil, causing
the layers to separate, permitting a short circuit.

Engine Misfires and Finally Stops.—This may be due to exhaus-
tion of the battery, and is indicated by a weak spark and very faint
vibrator action.

KICK SWITCH
3PARM PLUES

TO GROUND

l TO GROUMD

P1Gs. 4,017 and 1018.—Wiring diagram of Eisemann t G4 magneto. Troubles and remedies.
If the engine misfire or.refuse to start, it shouﬁfcbe found out first whether the trouble
lie in the magneto or in the spark plu%s. The latter should be examined first, as they
are the most frequent cause of trouble. If the missing be in one cylinder only, or in different
cylinders, the corresponding spark plug should be examined to sec that the gap be not ton
large. This gap between the clectrodes should be approximately !g of an inch. Al
the spark Pug may be short circuited through carbon, or the imsulation may be
cracked. Cleaning with gasoline or replacing is the remedy. The wiring should be very
carefully examined and checked in accordance with the firing order of the engine. If
cables be cracked or worn, they should be replaced. Clean same with gasoline until the
contact surface appears quite white, or if pitted use a fine file—a manicure file will serve
the purgose very well—but file very carefully, so that the surfaces will remain square to
each other. The correct gap of the contact points is 14" and in no case should it be
more than 'g”. As these contacts wear away in time, they should be regulated by giving
the adjustable screw **U'’ a forward turn, care being taken to securely tighten the lock
nut *V**, This can be accomplished without removing the timing lever or make and break
mechanism, ag shown in figs. 3,978 and 3,979. The cut also shows the combination wrench
which is furnished with each magneto and which includes a gauge for the regulation of
the gag between the platinum contacts (!4"”). 1If the platinum contact riveted to the
contact spring ‘‘17m"’, or that of the adjustable screw **U’* should be worn down entirely,
it would necessitate a change of either or both. When the adjustable screw *‘U"’ is replaced
or adjusted, care must be taken that the lock nut is securely tightened in place. It after
following these instructions, the engine still refuse to start, the magneto should then be
tested by removing the distributer plate and restin% a screw driver on the gear casing
holding same about }ﬂ" from the collector ring. Then, if upon rotating the armature,
a spark jump across the 14 gap, it shows that the trouble does not lie in the magneto.
but in some other part of the engine, possibly the carburetter. If a spark do nol jump
across the 14" gap previously mentioned, the magneto should be examined by an expert.
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Engine Suddenly Stops.—This is generally caused by a broken
wire or loose switch which does not stay closed. In the case of a single
cylinder, the broken wire may be either in the primary or secondary
crcuit; if a multi-cylinder engine, the break is in the primary circuit.

Engine Does Not Start.—Usually caused by: 1, primary switch
not closed, 2, battery weak or exhausted, 3, entire or partial break in
wire, 4, loose terminal, 5, moisture on spark plug, 6, fouled plug, 7, spark
too far retarded or advanced, or 8, too slow cranking with magneto
1gnition.

Engine Runs Fitfully.—Frequently results from a partial break
in the wiring, especially in the primary circuit.

Pre-ignition.—Caused by: 1, some small particle in the cylinder
becoming heated to incandescence, 2, the electrodes of the spark plug
becoming red hot, or 3, intermittent short circuit in the primary.

Engine Runs with Switch Open.—Usually caused by: 1, over-
heated engine or plug points, 2, defective switch, 3, an incandescent
particle inside the cylinder.

Engine Misfires.—This may be caused by: 1, weak battery, 2,
partial break in conductor, 3, loose or disconnected terminal, 4, inter-
mittent short circuit in the secondary, 5, faulty action of either timer
or vibrator contacts, 6, bent vibrator blade, 7, faulty spark plug, or
8, air gap too large.

Knocking of Engine.—Too much advance of the spark sometimes
produces this effect.

Knocking in the Cylinder.—The form of unusual noise commonly
described as “knocking’ consists of a regular and continuous tapping
in the cylinder, which is so unlike any sound usual and normal to
operation, that, once heard, it cannot be mistaken. Too much advance
o}xzhe spark sometimes produces this result. As mentioned by numerous
authorities, the placing of the spark plug in the exact center of the com-
bustion space occasions a peculiarly sharp knock, which may be stopped
by advancing or retarding the spark from the onec point of trouble.
This explanation of the trouble is questioned by others, and is probably
over rated.

Knocking in Cylinder when Ascending Hills.—Carbonized
cylinder.

Loss of Power Without Misfires.—This may be due to badly
adjusted coil contacts, poor spark, or incorrect timing.

Explosions in the Muffler.—These are usually caused by misfiring,
partially charged storage battery, or by one cylinder not working.
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CHAPTER LXXVI

SELF-STARTERS AND LIGHTING SYSTEMS
FOR AUTOMOBILES

In summing up the merits of the gas engine as a prime mover,
there is one inherent defect that cannot be overlooked—the fact
that, on account of the nature of its cycle of operation, it is not
self-starting. It must be turned by some external force until
the proper mixture has been drawn into the cylinder: com-
pressed and ignited before it will start, unless perchance an
unignited mixture be left in the cylinder and the piston be in
the proper position; then by igniting the unburned charge the
engine will usually start.

Classes of Starter.—The engine starting mechanism requires
deep thought and engineering skill to properly apply it to an
automobile, that is, making it an integral part of the car, pref-
erably a part of the engine mechanism.

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 starting 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, It
would seem, therefore, that electricity would be universally used for
starters, save for the fact that there are some objections, such as high
cost, maintenance, and the considerable mechanism necessary, that
offset more or less the advantages accruing from its threefold uses.
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Classes of Electric Starter.—There are numerous clectric
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.
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Fics. 4,019 to 4,022.—Classes of starter systems. Fig. 4,019, one unit system; fig. 4,020, two
unit system; fig. 4,021 so called two unit system; fig. 4,022, so called thrce unit system.

MOTOR
GENERATOR —+

These several systems comprise respectively:

1. A motor-dynamo;
2. A motor and a dynamo;
3. A motor, a dynamo, and magneto all separate.

NOTE.—There are two classes of two unit systems as explained on ﬁpa‘ge 2,802; a two unit
system and a so called two unit system. There is some confusion in classification, chiefly because
of the close relationship between the starter lighting and ignition systems. One unit properly
indicates a system with a motor generator and {wo unil, a system with motor and dynamo
separate.
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Electric Starters Require a Storage Battery.—In any elec-
tric system a storage battery is always necessary; for, in order
to crank a gasoline engine there must be some source of electrical
energy from which the cranking motor may draw its supply of
electricity. Without it there would be no electric cranking

116. 4,023—Gould type B storage battery ior starting and lighting systems. Plates 43¢ X 5%2
7 to 15 plates per cell. Battery units tor 6, 8, 12, 16, 18 and 24 volts.

devices. The first function, therefore, which the storage battery
serves is to supply electricity for starting purposes.

NOTE.—The exide battery plates are of the grid type. The grid is made of a stiff lead
alloy which supports the active material in the form of a series of vertical strip held between
the grid bars and locked in place by horizontal surface ribs which are staggered on the opposite
sides. After the grids are cast, they are “‘pasted’’ with oxides of lead made into a paste of special
composition which sets in drying like cement. The plates then go through an electric chemical
process which_converts the material of the positives into brown peroxide of lead and that of
the negatives into gray spongy, lead. Both the positive and negative plates are provided with
lugs and in assembly the positives and negatives are separated by wood separators ribbed
on the side against the itive. A positive and negative group, together with the separators
constitute an elemoms. ‘A rubber jar of special comtgosition is used as a cell container.
plates rest on stiff ribs or bridges in the bottom of the jar.
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FULL CHARGE

HALF CHARGE

1
if DISCHARGED

F16Gs. 4,024 to 4,026.—State of charge of cell as indicated by the density of the solution. Pig.
4,024, cell fully c| ; fig. 4,025, cell about half charged; fig. 4,026, cell almost discharge,g.
How to test with hydrometer: Remove vent caps from the cells. To use hydrometer
squeeze the rubber bulb, then insert the end of the rubber tube in the cell and well below
the surface of the liquid; slowly release bulb, drawing the solution into the glass chamber
until the hydrometer floats freely. Note the point at which the hydrometer stem emerges

from the solution. Then slowly withdraw the tube from the solution and squeeze the
bulb to return the solution in the hydrometer set to the cell. The point at which the
hydrometer stem emerges from the solution denotes the density thereof. When the cells
are in good condition the density of the solution denotes the state of charge thereof.
The readings for various conditions of charge are 1,300, 1,225, and 1,150 for full, half,
and no charge respectively. In taking readings, to prevent the hydrometer sticking to
the side of the barrel, it should be held in a vertical position, the reading being taken at
the surface of the electrolyte when there is no compression on the bulb. In reading
the gravity of the different cells, it is customary to begin with the cell at the positive
end. When readinga have been taken be careful to re{)laoe the electrolyte into the
same cell from which it was taken. Failure to do this often leads to trouble, that is,
electrolyte is often taken out of one cell, the gravity noted and the electrolyte put back
into_another cell. The result is that the amount of electrolyte taken out of the first
cell is eventually replaced with water, leaving the electrolyte weaker; whereas the elec-
trolyte which was taken out and put into another cell would make the electrolyte of that
cell stronger. resulting in irregularity in the different cells.
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When the car comes from the manufacturer, the storage bat
tery will be filled with electricity, and it must be kept charged.
If a dynamo be provided on the car, this may serve to charge
the battery whenever the car is in use. Unless such a generator be
supplied, it will be neccssary to periodically recharge the battery.

Batteries designed solely for ignition or lighting are not
capable of taking care of the sudden and large demand for cur-
rent to operate a starter.

¥1G. 4,027.—Holtzer-Cabot lightini magneto as installed on model T Ford car. It must be
driven from the fan pulley. special fan with magneto pulley is furnished with the
magneto. The battery is mounted under rear scat on right side; the usual running board
mounting is not recommended. A 60 ampere hour storage battery, if fully charged, will
operate the side and tail lamps (6 candle power total) for approximately 50 hours, or the
head and tail lamps (34 candle power) for approximately 10 hours. Turn off head light;
when car is standing. 0

Ques. What is the principal difference in storage bat-
teries intended for ignition, lighting, and starting?

Ans. Capacity.

The ignition battery is inapplicable to either lighting or starting duty.
Just as the lighting battery lacks capacity for starting purposes, so does
the one used for ignition purposes, only that the latter is lacking in a
greater degree than the former.
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The construction of the ignition battery prohibits its use for
starting purposes; however, there is little difference in the con-
struction of lighting and starting batteries, hence a large
lighting battery may be used for starting.

Choice of Voltage.—In designing starters there are several
conditions to be considered in determining what voltage shall
be used, especially as the starter problem is somewhat different
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Figs. 4,028 and 4,029.—Holtzer-Cabot lighting magneto_outfit installation, views showing
location of switch, ammeter, cut out and their connections. Fig. 4,028, one wire system
as upphied to double bulb or turn down_head lamps: fig. 4,229, two wire system, suitable
alvn as a general guide for motor boat wiring.

from the ignition and lighting requirements as to voltage, and
one battery is generally employed for all.

The pressure used on the different lighting and ignition
systems is six volts, and were it not for the problem of cranking,
there probably would not be any reason to change.

NOTE.~—The essential requirement for ragid discharging is large plate arca per ampere
discharged. This is just what 1s accomplished by the use of thin plates; for when two plates
replace one, the effective area is doubled. In practice this doubling of area is accompanied
by the reduction in thickness of plate, in order to keep the size of the battery about the same
as before. It also has an important bearing on the discharge rate which may be obtained
from a battery, and also the capacity or length of time that the battery will give this discharge.
‘The gain is due to the shortening of the distance which the electrolyte has to travel to

the center of the plate.
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Ques. What is the advantage of low voltage?

Ans. The circuits are easily protected from electrical leakage.
Low pressure lamps are manufactured with less difficulty than
those designed for higher pressure.

Voltage of Units,—The weight of six volt batteries is less
than that of the higher voltage type. Were it not for these con-
siderations, starting motors would be designed for high pressure,

16, 4,030.—Method of driving a generator direct from eine fly whl by friction pulley
with spring or cushion base; the latter relieves the stress on the shaft from excessive
vibration. The_governor regulates the s_%ed of the machine and prevents burning out
of the lamps. The illustration shows a K-W magneto installed on an early Maxwell car.

as they are smaller and consequently lighter. High voltage for

the motor does not necessarily mean high voltage for the dynamo
and lights.

There are three general combinations:

1. All one voltage, either 6, 12, 16, or 18 volts;

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.
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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.
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F1G. 4,031.—Wiri tagram of Deaco single unit starting and lighting system. Heavy lines
indicate No. 2%3 & S. stranded cable. Medium lines from motor generator and starting
switch to combination snap switch and terminal junction indicate No. 10 B. & S. gauge
duplex wire. Fine lines in lamp circuit indicate No. 12 B. c:k S. gauge duplex wire.
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NOTE.—An example of the one unit arrangement is the Electro system, which has a
combined motor and dynamo, the latter furnishing current for starting ignition and lighting.
It is necessary to arrange the motor with a short driving shaft integral with the motcr case,
driven either through the timing gears or silent chain and connecting to the starter with an
Oldham coupling. The motor dynamo is always in operation, en turning below 380
revolutions per minute it is a motor, and when turning above that rate, a dynamo. The com-
pound differential winding takes care of the output from the generator. No discriminating
cut out or reverse current circuit breaker is provided to disconnect the battery from the motor
dynamo entirely at very low speeds. Instead of this, the ignition switch breaks the line between
the battery and generator when the engine is stopped by cutting off the ignition. The system
operates on 24 volts, but charges the battery at six volts, The amperage drawn by the 24
volt motor when turning over the gasoline engine varies with the size of the motor as in all
systems. The gear reduction between the motor dynamo and tue engine is twenty-five to one
when starting but changes automatically to a direct drive when the engine starts runaning.
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Fics. 4,032 to 4,041.—Internal circuits of motors, generators, and motor generators in Delco Systems (Phillips and Copland
d s). Fig. 4,032, 1012 Cadillac, 1913 Cole, Hudson, Oakland and Oldsmobile. Fig. 4,033, 1913 Cadillac and Packard
13-38. Fig. 4,034, Buick 14-54, 55, Oldsmobile 6-54, Oakland 43, 48, 62, Cole 4-40, 4-50, 6-60, Moon 4-42, 6-50.. Fig.
4,035, 1914 Cadillac. Fig. 4,036, 1914 Hudson 6-54. Pig. 4,037, 1914 Buick 24, 25, 36, 37, Cartercar 7, Paterson, Oakland
36, Hudson 6-40. Fig. 4,038, 1915 Buick, 24, 25, Cartercar-9. Fig. 4,039 Buick 38, 37, 54, 55, Cadillac 8, Cole 6-50,
Hudson 6-40, Moon 6-40, 6-60, Oakland 37, 49, Oldsmobile 42, Paterson and Westcott Model U. Fig. 4,040, 1915
Westcott 4. Fig. 4,041, 1915 Cole 8.
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In classifying a system as having one or more units, it means
that the apparatus provided for generating the current and the
motor for starting the engine consists of one or more parts.

Thus, as just stated, in the one unit system there is a combi-
nation dynamo and motor forming one machine, or “‘one unit.”

Two Unit Systems.—This classification indicates that the
motor and dynamo are separate units, as distinguished from the

F1G. 4,042.—Entz single unit starting and lighting system. View showing mounting of moto:
generator on engine and so called silent chain drive.

one unit system in which they are combined. There is another
system, ill advisedly called 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
charging the battery, thus ignition has to be considered in the
classification to distinguish the last mentioned system from the
arrangement of three independent units.

The Westinghouse system is an example of the first mentioned class
of two unit systems in which the cranking motor and dynamo are



F1Gs. 4,043 and 4,044.—Leece-Neville two unit electric
starting and lighting system. Breaker contacts 1,
2 and 5 are shown closed as when the generator
is charging the battery. Indicating target omitted
for the sake of clearness. The electric generating

and storage plant commences operation as soon
as the engine starts by generating current in the
L - . gieqerator. This first current flows from the
generator through the winding 7 on the magnet 8 until the energy is sufficient to attract and close the armature 4. This
action closes the charging contacts 1, 2, and 5, when the bulk of the current flows through the heavy wire winding 6, to
the battery and the energy is there stored for use in cranking, lighting, etc. When the armature closes it also operates the
indicating target and shows the word ‘‘charging’’ on the face of circuit breaker to the operator. When the generator stops
running, the magnet 8 is no longer energized and springs 12 push the armature back and open the charging contacts 1, 2 and
5, thus breaking the electric connection between generator and battery on both the positive and negative sides. At the same
time spring 19 operates the indicating target to show “off”* on the circuit breaker to the operator. The indicating target
shows the word “‘off”" in the little window of its case when generator is not charging, and when the generator is “charging,”
this word is shown instead of “off."”” The wiring diagram shows the generator connected through the circuit breaker to the
battery and the battery connected to the motor through the motor switch and the lamps through the lighting switch.
Standard 6 volt lamps are uscd in connection with the 12 volt battery by connecting them thereto by a three wire system.
All the lamps are connected on one side through the lighting switch to a central terminal on the battery and on the other
side one-half of the lamps are connected to the positive pole of the battery and the other half of the lamps are connected to
the negative pole. Thus the 12 volt battery is divided into two 6 volt batteries for lighting without in any way interfering
with its being charged by the generator at 12 volts or discharged through the motor at 12 volts.

]
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te machines. The latter not only charges the storage battery
but also furnishes direct a supply of current for ignition. The dynamo
is of the slow speed type and turns at crank shaft speed on four cylinder
engines and 1)4 crank shaft speed on six cylinder engines.

The battery circuit is cut in above 10 miles an hour and is cut out
below 7 miles per hour. This difference prevents the switch cutting
in and cutting out continuously when the speed of the car is at one
particular point.

F1G. 4,045.—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 ngulah.n%devmea 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 in 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 F and G collect the
current from the commutator and furnish this current for exciting the fields. The cut
out K is shown in detail in fig. 4,046.

A feature of the Westinghouse system is that the output of the
generator varies with the load. When the lamps are switched on, the
output of the dynamo becomes great enough to take care of the added
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FIG. 4,0.6.—Wagner cut out of two unit starting and lighting system. It conasists of two

magnet coils L and M, wound on an iron core N, which attracts and repels an iron lever O.
At the end of O are two main contact points P and Q at which the contact between the
dynamo and battery is made and broken. There are also supplied two auxiliary contact
points R and S which are for the pu of minimizing aparkmg at the main contact
ints P and Q. The coil M called the shunt coil is connected directly across the two
rushes H and I, and therefore the full dynamo voltage is impressed across the ends of
this coil. The coil L, called the series coil, is connected in series with the battery and
dynamo and therefore this coil carries the charging current when the battery is being
charged. In operation, when the engine is started, the dynamo is driven by the engine
and it, therefore, increases and decreases in speed with the engine. When the engine
is speeded up, the dynamo follows with corresponding increase in speed and the voltage
of the dynamo rises as the speed increases, As soon as the dynamo voltage gets to a
point above the voltage of the battery, which is approximately six volts, the 2oi M pulls
the iron lever O toward the magnet core, thereby closing the contact at the points P
and Q-R and S. As soon as this contact is made, the dynamo is connec to the
battery, and a charging current will flow from the dynamo to_the battery through the
series coil L, which is in series with the dynamo and battery. ‘The dynamo continues to
charge as long as these contact points P and Q-R and S remain together, but when the
engine speed is decreased, so that the dynamo volta%:a falls below the batte?r voltage,
the battery will discharge through the dynamo and therefore through the coil L, is
discharge current, being in the opposite direction from the charging current, will neu-
tralize the effect of coil M and allow the spring T to pull lever O away from the magnet
core, thereby opening the contact at the points P and Q-R and 8. As soon as these con-
tacts open, the battery is off charge. The engine speed at which this relay closes cor-
responds to a car speed of 7 tn 10 miles per hour.

T e ke
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load. This is accomplished by having the battery current go through
a series field on its way to the lamps, thus assisting instead of bucking
or neutralizing the shunt field.

The reduction between the motor and the engine varies between
ten to one and twenty-two to one. The amperage on the jump or when
the starting switch is thrown in depends on the resistance opposed
to revolving the engine, but will in the average case of a large I:)ur or
small six cylinder motor be 200 on the jump and about 80 for a running
amperage. The motor is series wound and is generally geared to the
fly wheel; it is operated by a switch which throws the gears into engage-
ment for starting, by first meshing them and then spinning the engine.
The motor is automatically thrown out of engagement when the engine
operates under its own power.

Jorting Moter

Jlarting Molor

Electro-Mognetic M.
Starhing Switch -
= DOriving Pinion

. I
Starting Swilch = ? PO &1 u‘.f. ?
L.\ 1 Hi Push-Button
71 Bottery 1 "
H 3
_L_ Flywhee! 1 L i i_ \Cu[‘;u[ Flywheel
Baltery ! = —6enerator

T1Gs. 4,048 and 4,040.—Diagrams of Westinghouse electrical and mechanical connections of
double reduction motor and switch for automatic screw pinion shaft. Fig. 4,048, with
hand or foot operated starting switch; fig. 4,049, 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 1t starts immediately.
The pinion, when the motor is at rest, is within the screw shift housing and entirely away
from the flywheel gear. The threaded shaft is connected to the reduction gear shaft by
a spring which thus forms a flexible coupling. As the load is not large enough to com-
press the spring when the motor starts, the threaded shaft is immediately revolved by
the gprmgl in released position. The gmlon moves out on its shaft by virtue of the re-
volving threads, until it reaches the flywheel. If the teeth of the.ipxmon and flywheel
meet instead of meshing, the spring allows the pinion to revolve until it meshes with the
flywheel. When the pinion is fully meshed into the flywheel teeth, the spring compresses
and the pinion is then revolved by the motor as through a continuous s aft, turning the
engine over. When the engine fires and the flywheel peripheral speed continuously
exceeds that of the driving pinion, it forces the latter out of mesh, and it is returned to

its original position in the screw shaft housing. During the periods immediately after
the engine has passed over any one of the points of maximum compression, the spring
offers an elastic cushion between the fiywheel and the reduction gear so that the pinion

will not be thrown out of mesh.
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The “Aplco” is a so called two unit system in which the motor and
the dynamo are contained in one unit and the magneto forms the second
unit. The make of the magneto is optional and is separate and dis-
tinct from the lighting and cranking systems.

A widely different voltage is used in the cranking motor and the
dynamo. The former operates at 24 volts (except in one instance,
where 30 volts are used), while the latter operates at 614 volts.

The dynamo is of the low speed type, being driven at crank shaft
speed by chain or any other suitable means. It furnishes current
for the battery above a car speed of eight miles an hour and charges
the battery until it becomes fully charged, when it is automatically
switched off, and does not charge the battery again until the latter
;lrops below a point which can be fixed to suif the ideas of the manu-
acturer.

A discriminating circuit breaker or reverse current cut out operates
when the voltage of the dynamo drops below that of the battery. The
24 volt series motor acts through a reduction gear of 40 to 1 between
motor and engine.

Three Unit Systems.—This division comprises those sys-
tems which have a motor, dynamo, and magneto each separate.
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 start-
ing, and also to the lighting system, the magneto furnishing
current for the ignition system, when the engine is running.

In the manufacture of three unit systems, some make the
entire outfit, others manufacturing only motor and dynamo,
leaving it optional as to the make of magneto employed.

NOTE.—The following description of the Disco will serve as an example of the three
unit system. The motor and dynamo are both of the same size, each rating at 12 volts.
The aluminum cases are interchangeable for each unit, the entire difference being in the
windings, which are simple series on the motor and compound on the dynamo. The dynamo
does not come into action until the speed of the engine has reached the point at which the car
is traveling seven miles per hour, Below this point a cut out switch prevents any connection
between the storage battery and _the dynamo, and eliminates any possibility of a discharge
to the generator. Below seven miles an hour the lighting current i1s drawn from the battery,
which may be in any size desired over an 80 ampere hour capacity. The upper limit to the
charging point is about 25 miles an hour. Above this the dynamo is again cut out and has no
connection with the storage batte?'. The motor generally is mounted so as to drive through
teeth cut on the periphery on the flywheel, or it may be mounted on the one end of the engine

or the gear set. A roller clutch is used which cuts out the motor as soon as the engine starts.
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The term three unit system applies only to “starting, lighting
and ignition systems,” as distinguished from ‘starting and

lighting systems.”
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F16. 4,050.—Diagram of connections of Westinghouse dynamo— with self-contained regulator.
gha:h lator performs two functions: 1, that of a cut out, and 2, that of a.voltafe regulator.
iun

ction is performed b

function depends u

speed below the predetermi

vice versa. The cut in

generated when dynamo is operated at high s

prevented and the vol

n that of the first.

y_its individual element but the operation of
When the dynamo 1is being operated at a
ned “cut in'’ speed, the contacts of the cut out are open, and

the second

varies from five to ten miles per hour on high gear, depending
upon the gear ratio and wheel diameter 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

and no load. This excess voltage 8

is held constant f‘; the automatic voltage regulator. When the

e regulator contacts are closed, and remain

dlynamo is operating below cut in speed, t!
c

osed till there is a voltage in excess of the predetermined value.

by the setting of the vol
the voltage tends to ex

she voltage constant.

regulati

This vol is fixed

screw. When, due to increased speed of dynamo,

3 X the value for which the regulator is set, the regulating contact
open, opening the direct shunt field circuit and cutting in the regulating resistance. This
causes a momentary drop in voltage so that the contacts close again. This opening and
cloaing of the contacts is repeated so rapidly as to be imperceptible to the eye, and holds
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L S Figs. 4,03) to 4,053.—Thermal method of
A,M\ S obtammg self-regulatxon in the Rushmore
@ lighting system. As a current of constant
volume is desired, it follows that self-
b 2 regulation must be produced by change in
the volume of current rather than in the
STORAGE BATTERY voltage. The first clue to the solution of
| v the problem was found in a pecuhar prop-
|| I I erty by iron, of increasing greatly in elec-
trical ~resistance at a certain critical
temperature just below the red heat.
1RON Below this “critical” point the resistance
BALLAST T is practically constant. At and beyond
COIL T the critical temperature, the resistance
MAIN increases enormously with each degree of
FIELD temperature increase. Starting from this
L ——=4 coiL peculiar property of iron, the next thiny
=o=o was to employ it correctly. The primitive
method would have been to insert a thin
coil of iron wire directly in the circuit. and
simply waste the surplus energy at higher
speeds in heat as shown in fig. 4,051, This
however, would have given very imperfect
regulzmon, besidcs necessitating a heavy
and clumsy machine, since the shunt field
winding would receive the full voltage
normal to the speed at any moment. To
keep down the strength of the current in the
shunt field coil one terminal of the latter may be connected beyond the iron “ballast’
coil instead of between that and the armature and the “ballast™ coil as in fig. 4,052. Witk
| this arrangement better results are obtained, but as the field excmmon remams constant,
an excessive voltage will still be generated at To t this, a t ¢
coil is added, as shown in fig. 4,053, which reduces the field excntamon.
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Methods of Control.—In any electric system where there is

a dynamo and a storage battery, two control clements are neces-
sary for the proper working of the system:

oF kb " |

®i1G. 4,054, —Ward Leonard automatic controller for automaticé.lly regulating the charging of

the battery. When the car speed becomes approximately seven miles per hour, the
dynamo armature will give a voltage sufficient to charge the batteries. The circuit be-
tween the dynamo and the batteries is normally open, but when the voltage of the dynamo
becomes proper for charging, the coil A on the magnet core B, magnetizes the core
sufficiently to attract the arm C. This arm moves toward the core B and thus two spark
proof pbints D D’ are brought her, establishing the circuit between the battery
and the dynamo, and the dynamo ins to charge the batteries. In a dynamo the dy-
namo voltage increases with the unless a method of controlling it be adopted. T{e
dynamo should charie at about seven milesﬁger Jour, but it is desirable that when the
car runs at a much higher speed, as 15 to 60 miles per hour, the df'namo voltage shall
not increase. If allowed to increase, such an excessive dynamo voltage would tend to
cause sparking at the brushes, excess current and consequent trouble at the commutator
and excessive wear and heating of the bearings. It would also cause an excessive amount
of current to flow through the battery. To prevent this, the strength of the dynamo
field, and consequently the output of the dynamo, is made dependent on the touching
of the two points B B’. The coil F on the magnet core G carries the armature current,
and if this current become a certain amount (usually in practice 10 amperes) the core
becomes sufficiently magnetized to_attract the finger H. This separates the contacts
E E’ and a resistance is inserted in the field circuit, weakening it. This causes the
amperes flowing through the battery to decreasc. When the current decreases to a pre-
determined amount (say 9 amperes), the coil F does not magnetize the core (; enough
to overcome the pull o( the spring J. The spring J pulls together the points E B’, ‘:ﬁe
full field strength is restored and the current tends to increase. Under operating condi-
tions, the finger H vibrates so rapidly as to keep the current constant. As a result the
dynamo will never charge above a ﬁredetermmed amount (10 amperes), no matter how
high the speed of the car, but at all speeds greater than a predetermined speed (about
15 miles per hour in practice), the dynamo will charge at a varying rate, which has a
maximum of 10 amperes and a minimum of 9 amperes. In case the engine speed become
so low that the dynamo cannot charge the battery, the magnetism caused by the coil A
is weakened so that the spring K pulls the contacts D D’ apart. Thus the circuit between
the dynamo and battery is opened when the dynamo speed is too low for the dynamo to
charge. The auxiliary series coil L on core B acts to insure the perfect demagnetization
of the core B on reversal of curreat.

(N
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1. Means for preventing reversal of current when the dynamo
is charging the battery;
2. ‘Means for limiting the dynamo voltage.

Ques. When dynamo is charging the battery and the
engine is slowed down, what happens?

Ans. Reducing the speed reduces the pressure induced in
the dynamo armature, hence, in slowing down beyond a certain

P16, 4,066.—Diagram showing circuit connection of Rushmore dyhamo with automatic
cut out. The construction of the cut out is shown on fig. 4,056. The shunt field coil
is connected beyond the ballast coil so that it receives current at all times at the constant
voltage of the battery, and another winding is added to the field. This is what electricians

a “bucking’’ coil, that is a coil so connected as to ?pose the main shunt field coil.
ing coil, the effect of which is to reduce the field on, is e d

a shunt across the iron ballast coil. Its resistance is considerably greater than that of |
the coil when the latter is cold or only warm, so that at low engine speeds prac-
tically all of the current generated passes directly to the battery and lamps and the
e acts as a simple unhampered shunt dynamo. However, the iron wire will allow

only a certain number of ampere to pass, after which it suddenly increases in resistance, ‘
80 that any excess current cannot pass, but must go through the field bucking coil which
thus, only at high s, comes into action and chokes down the dynamo excitation.
It will thus be seen t the output of the dynamo may be ad{)\:slted to any value desired
by simply employing an iron wire of suitable diameter in the ballast coil. At car speeds
below 15 miles an hour, the dynamo acts as a simple uncontrolled shunt wound machine,
while at the higher speeds, owing to the counter effect of the bucking coil, the resultant
excitation is less than the excitation due to the main shunt field coil alone. In order
to keep the current in the main shunt field coil as nearly constant as possible, it is con-
nected at a Pomt beyond the ballast coil instead of directly across the brushes; then it
does not feel the fluctuations of voltage at the brushes. e effect of controlling the
ng coil by the current output is to produce an approximately constant current at
the higher speeds. The voltage is determined by the storage battery, and is simply the
voltage required to force the specified current against the reverse pressure, plus the small
internal resistance of the battery. Assuming the battery to be in good condition, the
dynamo voltage will be slightly in excess of the open circuit voltage of the battery, from
about 614 to 614 volts, depending upon the state of charge. e battery is necessary
to control the voltage of any automobile lighting dynamo, and must never be discon-

nected therefrom while the dynamo is in use.
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point, the pressure induced in the armature will become less
than the battery pressure against which it must force the cur-
rent, 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.

Ques. What is the automatic device called?

F1G, 4,056.—Automatic cut out as used for Rushmore electric car lighting system.

Ans. It is properly called a discriminating cut out or reverse
current circuit breaker, and erroneously a relay.

Ques. Describe a discriminating cut out.

Ans. It consists of an clectromagnet connected in the dy-
namo circuit, which, when the dynamo generates sufficient
pressure to charge the battery, will attract an armature and
close the circuit between the dynamo and battery, and which
will also open the circuit when the battery pressure becomes
greater than that induced in the dynamo.
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Ques. What requirement is essential in charging a
battery?

Ans. The voltage of the dynamo must not exceed a certain
maximum, so that the charging rates do not become higher than
that proper for the battery.

Ques. How is this condition obtained?

Ans. By automatic regulation of the dynamo voltage.

FiG. 4.(1)5‘(.—Rushmore ballast coil with coves removed to show the iron wire; illustration
s1ze.

There are several ways of effecting this regulation:

1. Mechanically;
2. Electrically;
3. Thermally.

These several methods are illustrated in the accompanying cuts.

An example of mechanical control is the Gray & Davis system,
where a clutch and centrifugal governor are used.

The Ward-Leonard has electromagnet control, and in the Westing-
house there are two electrical fields, which oppose one another as the
speed of the dynamo increases.

The Rushmore system furnishes an example of thermal control.
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CHAPTER LXXVII

ELECTRIC VEHICLES

The term electric vehicle, is generally applied to a great variety
of either passenger or freight carrying machines which are pro-
pelled by clectric energy supplied usually from storage batter-
ics, and in some cases from dynamos direct connected to gas
engines; the latter type, however, does not include gas electric

combinations used on some electric railroads. .

The principal types of electric vehicle which are commercially suc-
cessful at the present time are:

1. Electric automobiles, represented by various types of roadster,
coupe, phzton, cab, etc., suitable for the use of physicians, business
men and others, in city service.

2. Electric trucks and vans for moving merchandise, and for deliver-
ing purposes.

3. Gasoline-electric trucks, which represent an attempt to overcome
the lack of flexibility of internal combustion engine by combining it
with a dynamo and storage battery.

Electricity as a Motive Power.—Vehicles propelled by
electric motors, whose energy is derived from secondary bat-
teries, are preferred by some on account of the combined advan-
tages in point of cleanliness, safety and case of manipulation.
When well constructed and well cared for, they are also less
liable to get out of order from ordinary causes. Among their
disadvantages, however, may be mentioned the fact that the
storage battery must be periodically recharged from some
primary electrical source, which fact greatly reduces their sphere
of efficient operation.
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Since electric vehicles are not the prevailing type, charging stations
are in some localities few and far between which would make it impos-
sible under these conditions to make an extended tour from the base

of supplies. This difficulty cannot be overcome by carrying an extra
battery since the additional weight would curtail the speed and carry-
ing power of the vehicle.

It is impracticable to propel a vehicle by a battery of primary cell,
since such a battery of sufficient power would havelittle, if any, ad-
vantage in point of endurance over secondary cells, and when once
exhausted must be entirely replaced.

Light Electric Vehicles.—These are of various types, such
as roadsters, victorias, phatons, runabouts and coupes, and are

<

N
* 7
I

}15. 4,058.—Baker electric roadster. The general specifications are as follows: frame, pressed

steel; wheel base, 88 ins.; tread, 60 ins.; steering mechanism, two types, one with wheel
steer, the other with lever steer; controller, continuous torque type, six speeds forward
and three reverse; springs, semi-elliptic and full elliptic rear; battery, 3¢ cells, 13 MV
thin plate Exide, standard; tires, 32X4 special electric pneumatic front and rear or 34X4
cushion front and rear; brakes, two sets of internal expanding on rear wheels, operated
ind ndentlg by two foot pedals; body aluminum, with side doors, open top, nickel and
black metal finishings throaghout; painting, body black, blue, green, or maroonfanels.
striping to match; upholstery, blue, green, or maroon leathers, or imported broa cloths,
standard; fenders, full skirted metal curved fenders; equipment, two head lamps, two
side lamps, tail lamp, side and storm curtains; volt ammeter and shaft odometer, full
kit of tools, special adjustable clear vision wind shield, electric horn.

equipped with batteries which have a capacity ranging from 75 to
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 according
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to the make and number of plate in each cell. The number of
plate in each cell may vary to suit special conditions.

Electric Trucks for City Service.—Under certain traffic con-
ditions and surface requirements, the superior mobility of the
gasoline engine truck effects a saving in drivers sufficient to com-
pensate for the higher maintenance charges, but when the number
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16, 4,069.~—~View of front ?onion of electric truck showing electric winch which provides
mechanical means for oad.m? or unloading, consequently reducing the time necessary
for this performance, especially in the case of bulky and heavy articles, thus in some
instances increasing the total utility of the machine and operator.

of active truck is the same in each case, the electric truck is
sometimes the more economical.

The gasoline engine truck has the advantage in all classes of service
requiring a greater mileage than that which is conveniently obtainable
with the electric truck, but the greater portion of city delivery service
is well within the limits of the safe operative mileage radius of the
electric truck built at the present time.
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PI1G. 4,060.—Plan view of Baker electric chassis. The partsare: 25-X, rear axle; 38-C, rear spring yoke front; 35-D, rear spring yoke
rear; 110-X, front axle; 124-X, front levers, rear; 133-C, front spring bolt, front; 153-D, front spring bolt, rear; 139, rear spring;
159-C, rear ;é)ring bolt; 160, head lamp bracket; 168, A, fender bracket; 173, step pad; 179, stej bracket; 203, rear spring seat,
center; 253-X, rear control mast; 279-X, steering mast, rear; 288-X, lower steering rod, bell crani to spindle; 295-X, bell crank;
206-X. lower steering rod, mast to mast; 389-X, brake shaft; 401-X, motor; 500-X, controller; 590, horn; 393-X, fuse box;
600-X, resistance; 626-A, brace rod clevis; 626-B, brace rod; 655, license bracket; 670, oil inlet; 685-X, contactor; 724-X, foot
Jevers, front; 735-X, interlock; 753-X, frunt control mast; 779-X, steering mast, front; 796-X, lower steering rod, mast to
bell crank; 3 937, rear spring clip; 4,411, 4,415, No. 2 grease cups.
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Gasoline-Electric Vehicles.—The principal disadvantage of
the gas engine for self-propelled vehicles is its lack of flexibility;
while on the other hand, the principal disadvantage of the
electric vehicle operated by means of storage batteries is its
lack of mobility. It is evident that the short coming in each
case can be overcome only by combining the gas engine with a
dynamo connected to a storage battery, for supplying the power
required by the electric motors.

F1G. 4.061.—Interior Waverly front and rear drive electric brougham. The seating arrange-
ment of this type of electric duplicates that of the Waverly front drive four with the
addition of separate steering and controlling levers, and a separate set of brake pedal at
the left of the rear seat. The car in this way gains the advantage of dual driving systems,
a fecature sometimes desired.

Such a combination will operate at practically constant speed at all
loads, as the dynamo with the storage battery serves to turnish the
necessary overload, or consumes that portion of the energy which is
not needed. Furthermore, the transmission will be entirely electrical
and will possess the simplicity and flexibility of electric control; while
the use oFg motor will allow the attainment of various speeds by series-
parallel combinations.

Vehicles of this type are built in the form of omnibuses, surface cars
and trucks for city service and freight and passenger cars for interurban
railway service. The arrangement appears better adapted to the latter
service, than for propelling pleasure vehicles.
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6. 4,062.—Side view of Baker electric chassis. The parts are: 155, frant spring; 155-C, front spring bolt, front; 155-D,
tront spring bolt rear; 157-A, front spring shackle; 157-E, front spring shacE]e lock plate; 158, rear spring bracket center;
1589, rear spring; l&D-C. rear spring bolt; 173, step 3 179, bracket; 187-A, front hanger for rear spring; 188-A,
rear spring shackle; 188-E, rear spring shackle loc plate; 253-X, rear control mast; 257-A, rear control mast Lmket.
lower; 279-X, steering mast, rear; 287-A, steering mast bracket, rear; 453-C, safety loo%. short; 453-D, safety loop, lonﬁ;
500-X, controller; 647-A, seat pedestal bracket, lelt; 647-C. seat pedestal vabe, left. G471, st pedestal stop cup; 688-X,
opening switch; 694-X, closing switch; 753-)&. front control mast; 757-A, front control mast bracket, lower; 779-X,
steering mast, front; 787-A. steering mast bracket. front; 796-X, jower steering rod, mast to bell crank; 3,937, rear
spring clip, 4,406, 4,411, 4,415, grease cups.
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Electric Vehicle Essentials.—The three essential features
which convert a vehicle into an electric automobile are the
battery, the motor and the system of transmitting power from
the motor to the propelling wheels.

In order to move a body from one point to another, it is
necessary to apply power to overcome the various opposing
forces that always exist. In putting any body, say a carriage,
into motion, the effect of its weight, called inertia, opposes the
force producing the motion. Inertia requires an application of

F1Gs. 4,063 and 4,064.—Waverly alternative seating arrangements.

ce directly proportional to the rate at which the vehicle is
accelerated. Besides this, there are several forces which are
active not only on starting and increasing the speed, but when
a uniform motion has been attained. These forces are: 1, wind
pressure; 2, internal friction of tires; 3, losses in the various
moving parts; 4, electrical losses in battery; 5, electrical
losses in wiring and motor; 6, gravity in ascending hills.

All these forces which are met when the vehicle is under motion
absorb more or less power, and, as in an electric machine the quantity
of energy that can be stored is limited, it is of the greatest importance
that the designing engineer should bear in mind the vital necessity of
cutting down these opposing forces as much as he possibly can.
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Wind Pressure.—The resistance of the air encountered by a
vehicle at normal speed is not a very serious matter, but with
an increase of speed or with a head wind, the loss becomes quite
large and racing cars are built with the idea in view of reducing
the area exposed to the wind and so shaping the exposed parts
that the machine will cut its way through with the smallest
amount of retardation.

Fi1G. 4,065.—Weston volt ammeter of the type used on electric vehicles. In some types,
index is side by side instead of end to end.

Tire Friction.—The most important loss, perhaps, and one
that is least understood is the cffect of tires.

It is clear that the portion of any tire which is in contact with the
earth must be flattened, but in order to do this, not only must some
other parts of the outer surface of the tire assume a deformed shape
by creeping, but there must be a change in the relative position of the
internal particles. If the tire be a double tube, pneumatic, the inner
tube will rub against the casing and the casing will have more or less .
play against its fastening.

In every pneumatic tire, besides the rubber composition therc must
be a-certain amount of tough cotton fabric which gives the entire struc-
ture its strength. In most tires of standard make this material is in-
serted in the shape of canvas fairly closely woven and quitestiff. In these
tires the elasticity of the rubber is restrained and controlled by this
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cloth, and it is readily seen that there is but little of the power of flat-
tening or adapting itself to the road that would be possible by the
same tire were rubber used alone. .

Thread and cord fabric tires have been developed with the intention
of retaining the strength of the cotton and at the same time permit of
more freedom of motion than canvas will allow. The idea is to use
independent threads or cords and surround them with rubber. The one
layer of such threads being wound in the direction of the thread on a
right hand screw and the next layer at right angles to these. The
action of all the threads will then resemble very much a strip of loosely
woven cloth cut bias.

6. 4,086.—Interior of Borland electric. The driving seat is tilted forward to show the means
of ready access to controller through the box-like base beneath the seat.

There are losses in the electric motor, controller and wiring which in
importance rank next to tire losses; besides the design of the motor
should be such that outside of the question of its own efficiency its
propelling power should be so regulated that the maximum distance
may be covered on a single charge.

In the design of electric vehicle the object of the builders should be
to attain the greatest possible mileage consistent with durability; also
lightness, combined with strength and efficiency in every part. To
this end manganese bronze, aluminum, seamless tubing and drop-
forged steel are the materials that are largely used.

Y N
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Motors for Electric Vehicles.—These are of the enclosed
type of construction, which of necessity they must be, in order
to protect them from dust, etc., in their exposed positions under
the car. They are designed for heavy overloads.

oL
Py

P16, 4,067.—Rauch and Lang electric vehicle motor. Instruclions for care of motor:
The two oil covers lead to the ball bearingg in the motor yokes. A good grade of light
cylinder oil is recommended for these bearings. The commutator, 10,320, should be at
all times kept clean, free from any gummy or gritty substance. The carbon brushes 7,076
should make perfect contact with the surface of the commutator and should be replaced
with new ones when worn out. These brushes are originally 15§ inches long and should
be replaced with new ones as soon as the measurement is reduced to 1 34 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 ex;;]enenced person. The motor leads are lead out of motor through
insulated holes. These holes, lettered J, H, B, A, S, E and F correspond to the letter con-
tacts on the controller into which they are connected. The motor brake 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 brake wheel from armature
shaft, take the % screw C out of the cap 14,481, A 34 inch, 12 pitch bolt, 3 inches or
longer, or a cap screw may then be screwed through the threads in the cap and ugeagainst
tl'&e tlalnd sgﬁf the armature shaft. Continue to turn this screw and the pulley will rawn
oft the t.

When a vehicle is started or its speed increased, a certain
amount of energy is absorbed to produce this acceleration. The
total amount of energy required is in proportion to the total
weight and to the square of the velocity, so that to double the
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weight of a vehicle means doubling the power required for start-
ing, and doubling the velocity means four times the power.
Accordingly, to meet these conditions, especially when starting
under severe conditions, as on a sandy road, or in ascending a
hill, the electric vehicle motor is constructed for a 200% or
more overload.

As stated by one manufacturer, a motor for a two passenger runabout
rated at 214 horse power consumes 6,800 watts in ascending an 11 per

llil
®

’ ¢

MG, 1,068.—Waverly 80 volt motor. In construction it is series wound medium spesd.
The armature rotates on ball bearings; four poles are used.

cent. grade at 7 miles per hour, although no more than 360 watls arc
required to propel the vehicle on an even asphalt roadway at 814 miles
Yer hour. These figures represent an effective power range of between
14 horse power and over 9 horse power.

There seems to be some uncertainty as to the precise power rating
of vehicle motors, but, as a matter of fact, they are wound to develop
the highest constant power output at the highest voltage used, with a
high overload capacity for short spurts, as in hill climbing, etc.

Ques. What objectionable feature should be avoided
in electric vehicle design?

Ans. Very quick acceleration, because a vehicle, constructed
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with this feature, not only gives the passenger an unpleasant
jerk, but puts a heavy overdraft on the battery.

Ques. What are the considerations with respect ta
friction in the bearings?

Ans. Since the amount of power lost by friction in the
bearings requires that much more power to be carried by the
vehicle, in order to attain the desired mileage or speed, it is
very essential to reduce frictional losses to a minimum by using
approved forms of ball and roller bearing.

F1G. 4,069.—Diagram of a single motor attached to rear axle through ‘‘herringbone’ single
reducing gears. A, is the left hand section of the divided rear axle; B, the right hand
section og the rear axle; C, the brake drum; D, the spiral pinion on the motor shaft
driving the worm gear, 1 , on the differential; i‘), plug for greasing gears; F, set screw for
locking ball race; G, slot for wrench to adjust threaded ring, H, against ball bearings.

The Drive or Transmission.—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 rear axle to obtain the necessary velocity reduction.
Moreover, in some cases, other gears must be provided so that
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the power may be applied to the rear shaft when the motor
shaft and rear shaft are at right angles to each other.

There are several forms of drive, as by

1. Herringbone gear;

2. Chain gear;

3. Worm gear.

F16. 4,070.—Waverly double reduction gear or combination herringbone gear and ‘‘silent”
chain. In construction the motor shaft is parallel to the intermediate or jack shaft
and drive shaft. Two universal joints are used, so as to give freedom of motion in any direc~
tion. The motor weight is above the springs. The first reduction is by the silent chain
pncl;l)sed lin a casing at end of motor; the second reduction is through the herringbone gear
in the axle.

Herringbone Drive.—This type of drive gear is extensively
used.

The method of attaching a single motor to the rear axle through her-
ringbone single reducing gears is shown in fig, 4,069. A and B, are the
two sections of the divided rear axle. The spiral pinion 1) on the
motor shaft drives the worm gear I, on the differential. C represents
the brake drum; E, the plug for greasing gears; F, the set screw for
locking ball race; and G, the slot for wrench for adjusting threaded

ring H, against the ball bearings.
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The advantages of this sort of drive are its freedom from noise, its
simplicity and durability owing to 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 subject to rapid wear.

In chain drives there is more or less elongation of the chain due to
the wear of the rivets and bearings or to stretch of the material. To
guard against the latter, chain makers use special material of high

B

Fics. 4,071 and 4,072.—Diagrams showing the behavior of a chain on a sprocket of equal pit¢i1,
and on one of properly unequal pitch. The following quotation from an English authority
explains the action: ‘‘A chain can never be in true pitch with its sprocket. A pair of spur
gears tend, to a certain extent, to wear into a good running fit with each other, but a
chain, if made to fit its sprocket when new, does not continue do to so a moment after
being made, as wear at once throws it out. This being so, it must be put up with, and in-
volves the consequence that a chain can only drive with one tooth at a time, supple-
mented by any frictional ‘bite’ the other links may have on the base of the tooth inter-
spaces. If the chain be made to fit these accurately (taking a roller chain for illustration),
it is obvious that the least stretch will cause the rollers AA to begin to ride on the teeth
as at BB. If, however, the teeth be made narrow compared with the spaces between the
rollers, a considerable stretch may occur without this taking place. The roller inter-
spaces, then, should be long, to permit the teeth to have some play in them, while re-
taining sufficient strength, as shown in fig. 4,072. In order that the driving sprocket
may receive each incoming link of the chain without its having to slide up the tooth face,
it should be of a somewhat longer pitch than its chain, the result being that the bottom
tooth takes the drive, this being permitted by the tooth play shown in fig. 4,072. This
difference, of course, ually disappears as the chain stretches. The back wheel sprocket,
on the other hand, should take the drive with its toYlmost tooth, and hence should be of
slightly less pitch than the chain, but as the pitch of the latter constantly increases, it may
be originally of the same pitch. The only remainjng point with regard to design, and one
which the owner of a car may easily ensure, is that the number of teeth in the sprockets
should be prime to that of the links in the chain.”

tensile strength, but if, for any reason, a link elongates unduly, it should
be replaced at once, as one long link will eventually ruin a chain. Such
elongation sometimes results from a sudden application of the load.

To prevent undue interference between the chain and sprocket as
the result of elongation, the sprockets are not cut to fit the chain accu-
rately but with a certain amount of pitch line clearance.

Ques. State a very objectionable feature of chain drives?
Ans. The chain sometimes climbs the sprocket teeth.

U
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Ques. What is the cause of this?
Ans. Considerable wear or too little clearance.

If a sprocket were cut without clearance, an elongated chain would
climb the teeth and the latter would exert a wedging effect, thus sub-
jecting the chain to excessive strains. In design the amount of clear-
ance should be as large as is consistent with the proper strength of the
teeth.

Ques. Under what conditions should a chain operate?
Ans. It should work in oil, in a dust tight case.

REAR WHEEL

REAR
MOTOR SHAFT AYLE,

JALKET SHAFT

-
=

F1G. 4,073.—Double chain drive. The rear axle is of the “dead” type and each rear wheel has
a sprocket with which the chains mesh. The jack shaft is parallel to the rear axle and upon
the maintenance of parallelism between the two axles depends the satisfactory working
of the chain. The cut illustrates single and double reduction chain drive. For single
reduction the motor would be located at A, and for double reduction, at B.

Ques. What is the advantage of the chain drive?

Ans. The greater portion of the weight of the drive mechan-
ism is supported by the frame instead of the rear axle housing:
it is thus cushioned from shocks due to uneven road.

Ques. What two kinds of chain are used?
Ans. Block chain and roller chain.
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Fics. 4,074 to 4,077.—Details of Wood's electric vehicle construction. Fig. 4,074, motor
cmfemlon showing detail of the hangers between which the motor is suspen(ied; 5
4,075, radius rod connection, showing phantom view of radius rod and how attached
to rear axle housing. Also mounting of rear spring or radius rod forward to rear axle;
fig. 4,076, steering knuckle, showing connections and half of front spring; fig. 4,077,
front spring showing full elliptic design and method of attaching springs to main chassis
frame.
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Ques. Describe a block chain.

Ans. A block chain is made of a series of block, properly
shaped to fit the teeth of the sprocket, each joined to similar
blocks before and after by side links bolted through the body
of the block.

Ques. Describe a roller chain.

Ans. A roller chain is composed of a series of roller, known
as center blocks, joined by side links. Each roller rotates
on a hollow core which is turned to smaller diameter at either
end, to fit a perforated side piece joining the rollers into pairs.
The side links are set over these side pieces and bolted in place
through the cores.

Ques. How do the two types compare in operation?

Ans. A block chain with generous slack is liable to meet
the sprocket with a continual clapping, which at high speed,
becomes a continuous rattle. A roller chain is comparatively
free from the trouble.

Ques. What causes the snap and rattle of a chain?

Ans. The fact that even with the best designed sprocket,
as each tooth in turn passes out of engagement with the chain,
the next roller must be drawn forward through an appreciable
distance before engaging a tooth. This action not only pro-
duces the noise, but it is a factor in waste of driving power.

Ques. What attention should chains receive to main-
tain a proper working condition?

Ans. The principal points to be observed in the use and care
of sprocket driving chains are: 1, to maintain the proper ten-
sion in order to avoid “whipping’'—which, particularly with a
long one, is liable to result in snapping of the chain,—and, at
best, involves a loss of driving efficiency. The chain should not
be drawn too tight, lest a similar disaster result. Some slack
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must always be allowed, 2, two sprockets should always be kept
in alignment. In the case of a double chain drive, from a
counter shaft parallel to the rear axle, care should be exercised
to maintain the parallelism, even preferring a somewhat loose
chain to a tight one that strains
the countershaft, 3, if a link show
signs of elongation, it should be

B

RATCHET

replaced by
a new one,
« 4, whenever

the chain is re-
moved for clean-
ing or other pur-
pose, it must be
carefully replaced,
so as to run in
the same direction
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as formerly, and with the same side up. The chain
should never be turned around, or its direction between the
sprockets reversed, 5, a new chain should not be put on a much
worn sprocket, 6, a chain should be frequently cleaned and rubbed
with graphite, because the chief difficutty involved in the use of
driving chains is the liability to clog and grind with sand, dust,
and other abradants, and 7, after steady use for a more or less
extended period, the chain should be removed and cleaned
throughout.

MR

21G. 4,079.—Rear view of Wood's chassis with battery showing the following features of

construction: 1, radius rods extending from rear axle to sub-chassis frame; 2, rear

springs rest on radius rods, instead of on rear axle; 3, motor, showing ball and socket
spring suspension; 4, worm drive, showing location of worm below rear axle.

Ques. How may a chain be best cleaned?

Ans. After removing it from the sprockets, cleanse first in
boiling water, then in gasoline, in order to remove all grease
and dirt. The common practice is next to boil the chain for
about half an hour in mutton tallow, which is thereby permitted
to penetrate all the chinks between rolling surfaces forming an
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excellent inside lubricant. After boiling, the chain is hung up

until thoroughly cool, at which time the tallow is hardened.

It may then be wiped off clean and treated with a preparation
of graphite, or a graphite alcohol solution on its inner surface.

Some authorities recommend that the chain, after it is cleaned in

boiling water and gasoline, should be soaked, first, in melted paraffin

for an hour at least, and then in a mixture of melted mutton tallow and

graphite. After each soaking, it is dried and wiped clean. With either
process, a daily application of graphite is desirable.

Fic. 4,080.—Chain and sprocket double reduction gear for heavy trucks. As here shown, the
motor is hung above the springs, missing the jars of travel.

Ques. Is it necessary that both chains be of equal
tightness?

Ans. No; the differential gear on the jack shaft will coun-
teract this and cause each chain to do its share of the driving.
l

Ques. What adjustment is important with a chain
drive?

Ans. The jack shaft and rear axle should be made parallel

e (e S N T T
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by adjusting the radius rods to secure the proper engagement
of the chain with the sprockets.

FiG. 4,081.—Baker R and L wérm and gear.

Combination Chain and
Gear Drive.—For very
heavy trucks where a con-
siderable reduction in speed
is required between the motor
and wheels, a double reduc-
tion is sometimes used as
shown in fig. 4,080.

The motor is usually hung
above the springs, thus being
protected from the jars of
travel.

There are several forms of
double reduction using light
high speed motors by means
of various combinations of

Pic. 4,082 —Baker R and L motor, propeller shaft, universal joints, worm and gear. This

, is the straight type top mounted worm drive.

gear and chain, with silent, roller chains or herringbone gears for
the first reduction, and single or double roller chains, bevel
gears or herringbone gears for the second reduction.
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Worm Drive.—This is a very popular drive for trucks and
pleasure cars propelled by electric motors, because of the very
large reduction possible on single gear. It has the advantages
of silence in operation and great durability.

Ques. Describe a typical modern worm drive rear
axle construction.

F16. 4,083,—Baker R and 1. worm drive transmission unit.

Ans. The worm wheel and differential gearing are assembled
as a unit with the cover of the axle housing. This housing car-
ries all of the weight, the driving shafts being full floating and
transmitting only the driving power to the wheels. A torque
rod takes all driving and braking tortional strain, while twe
side radius rods relieve the rear springs of all tractive effort.
Annular ball bearings are used to take the radial and thrust
loads of the worm and wheel, while the road wheels run on
conical roller bearings.

e
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Storage Batteries for Electric Vehicles.—The storage bat-
tery has been modified in various ways to adapt it to automo-
bile use, the problem being to secure the greatest specific energy
with the least bulk and weight. Its efficiency, or the amount
of electrical energy it will discharge in proportion to the amount
it takes to charge it is also an important consideration. Aver-
age figures run between 70 and 90 per cent.

FiG. 4,084.—Lanchester ty 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 permits it to be placed in a bath of oil, assuring constant and ample lubrication.

The storage batteries which have proved most successful in connec-
tion with electric vehicles are the 1 sulghuric acid type, and the iron
nickel battery, commonly known as the Edison battery.

Ques. What construction is employed to reduce the
weight of battery for use in electric vehicles?
Ans. The plate surface is finely divided.

The following methods are those most common: scoring, grooving,
laminating, casting, pressing and by the use of a lead wool.
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The Faure, or pasted plates are usually lighter and of higher
capacity than the Plante, but have a tendency to shed the material
for the grid thus making the battery useless,

Mileage and Battery.—If the proper mileage per charge be
not obtained when all mechanical parts of the car are in good
order, it is undoubtedly due to the battery being undercharged
and not brought up to full voltage as indicated on the meter.

In this case it is best to discharge the battery until voltage indicates
1.8 per cell; open the hoods over the battery, remove plugs from cells

=T

N
s
=/l
F1G. 4,085.—Waverly 42 cell lead battery. All battery cells are accessible from outside of car

Y by raising the hoods. The battery compartments are lined with acid proof material to
prevent acid reaching the paint, the running gear or other parts.

R i e
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and cover the plates with distilled water to within one-half inch of
the inside top cover. Charge the battery in the usual way until it
reaches a maximum voltage as given on charging card, then charge
four hours longer at the lowest rate shown on the card. Try battery;
if this do not improve the mileage sufficiently, repeat the operation as
before. If after repeating the operation three times; normal mileage be
not obtained, and trouble be not found elsewhere the maker of the
battery should be consulted at once.

* Points Relating to Storage Batteries.—The following im-
portant directions should be carefully followed to obtain satis-
factory service for a storage battery:

* NOTE.~For & full treatment of the subject of storage batteries, see Guide No. 4,
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Fi1G. 4,086.—Wiring diagram of B
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8. The user of the vehicle should keep careful track of the charging
and, if possible, watch it personally.
9. In all cases follow strictly theinstructions furnished by the muker

10. Do not let battery stand completely discharged.

11. Do not let battery fully discharge in cold weather.

12. Do not let battery stand in a partly discharged condition long.
13. Do not go away on a visit and allow battery to stand inactive.
14. A battery must be worked constantly to get satisfactory service

and when going away for two weeks or more, it is best to make arrange-
ments to have the battery looked after by someone familiar with it.

15. In charging, always connect the positive wire of the charging

source to the positive terminal of the battery and vice versa.
16. If the battery become dead, or lose mileage, consult the makers.
17. Charge battery in a warm room in winter.
18. In consulting the makers, be sure to give full particulars.
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¥1G. 4,079.~Gould cell showing parts. _ i b
I1G. 4,088.—Sectional view showing height to fill Gould starting and lighting type of cell.

Battery Capacity.—As there is no sure way for the automo-
bilist to estimate the discharge capacity of his battery, he is
obliged to base such calculations as he makes on the figures ‘
furnished by the manufacturers. With the help of his indi-
cating instruments, the voltmeter and ammeter.

Apart from any considerations of efficiency, the driver of an elec-
tric carriage should carefully bear in mind the figures supplied by
the manufacturers of the type of battery he uses, in order to judge:
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1. How long the present charge will last;

2. Whether he be exceeding the normal rate of discharge, and thus
contributing to the unnecessary waste of his battery and incurring other
dangers that may involve unnecessary expense.

As a general rule the 1 hour discharge rate is four times that of the
normal, or 8 hour discharge, and considerations of economy and pru-
dence suggest that it should never be exceeded, if, indeed, it be ever
employed. The 3 hour discharge, which is normally twice that of the
8 hour, is usually the highest that is prudent while the 4 hour discharge
is the one most often employed for average high speed riding; batteries
give only the 3 and 4 hour discharge rates in specifying the capacity
of their products. S

F1G. 4,080.—View showing Studebaker electric in home gamge connected to rectifier charging
outht. The subject of rectifiers has been treated at such length in Guide No. 6, that no
further explanation is here necessary.

NOTE.—High Charging Rates.—Occasionally it is desirable to charge a battery as
quickly as possible, in order to save time, as when belated and far from home with an electric
vehicle that has almost reached its limit. As a general rule, such a procedure should not be
adopted unless the battery be thoroughly discharged. In charginx a battery at a high rate,
the danger to be avoided is the tendency of the celis to heat. _battery should never be
charged at a high rate unless it be completely exhausted, since it is a fact that the rate of
charge that it will absorb is dependent upon the amount of energy already absorbed. As shown

in the table of high charging rates, the 96 ampere hour cell requires, for in three
hours: For the first half hour, 70 amperes; for the second, 40 amperes; for ird, 30 amperes;
for the fourth, 20 amperes, and during the 1ast hour, 10 amperes. te may also be cl at

the following rate in 45 minutes: 140 amperes for the first 20 minutes; 100 amperes for the
next 5 minutes; 70 amperes for the next 5 minutes; 3) amperes for the next 10 minutes; 10
amperes for the last five minutes. This is the rate to be followed when the battery is com-
pletely discharged.
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The following data on sizes suitable for automobile use will
be found useful.

Discharge In Amperes Ampere Hour Capacity | Normat Outside Dimensions of
Per Hour During When Discharged Charging Jar in Inches
8Hrs. B Hrs. 3Hrs.BHrs. 6 Hrs. 3Hrs.| "2° | Heignt | Length | Width
6% 8% 12)%)| 50 43% 374 64 | 104 X | 4aX
7} 10X 15 | 60 52} 45 7% | 1 7% | 4%
8% 124 17%4|70 61X  s2%| 8% | 12% | 7% | 4%
10 74 20 8o 70 60 10 12 634 7
12  17% 25 100 874 75 12} 12 634 7
15 21 30 120 10§ g0 15 12% 634 7
17} 24% 35 |[140 122% 105 17} | 1234 | 6% | 7
20 28 40 160 140 120 20 12} 9% s¥
224 314 45 (180 1574 135 22} 2% | 9 6%
25 35 50 [200 175 150 25 12% 9 64
27% 384 55 |[220 192} 165 27% | 12% | 9 6%
30 42 60 [240 210 180 30 124 9 6%
37% 524 715 |[300 262% 225 7% | 12% | o4 | 7%
45 63 90 [360 315 270 45 12}4 9 85¢
S2%  73% 105 420 3674 315 52% | 12% | 114 | 8

NOTE.—The figures will vary for

Jar and to other points of construction.
Asgiven by a well known vehiclemanufacturer, the following data on dis-

different rates largely due to the number of plate per

ging and rapid charging of a givenmakeof battery will befound typical:
Ampere Hour Capacity =& Rate In Amperes for Rate In Amperes for a
Discharged e'ﬁ.g a 3 Hour Charge 46 Minute Charge
v in m— - f S
3 He. 4 Her. 6 Hr. 8 Hr. 8 Hr. yzs S4Hr. 3¢Hr. JGHr. 34 Hr. THr.|| 20 M. BM. B M. 10 M. bM.
34 38 40 42 48| 6 /36 20 16 10 §|| 72 s2 36 16 5
45 50 sg 55 64 | 8 /48 28 20 16 7| 96 68 48 20 7
73 8 81 96 (12 [[ 70 40 30 20 10 140 100 70 30 1Io
112 124 132 137 160 || 20 [[128 68 52 32 17| 238 170 119 §I 17
140 153 165 171 200 || 25 IS0 86 62 42 21 || 300 214 150 64 21
168 186 198 206 240 || 30 |178 102 76 50 26 356 254 178 76 26 ;‘f
196 217 23I 240 280 ‘ 35 IzoS 118 90 60 30 [ 420 300 210 90 30
"~ NOTE.—It is customary to state the normal i i based
upon the current‘svhcil::i it will discharge a? : consmﬁm’f'ogfe?gﬁ%&";mmshﬁﬁi which
will discharge at 10 amperes for 8 hours without the voltage falling below 175 per cell is said to

ity of 80 ampere hou

rs. It does not follow that 80
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Electric Vehicle Controllers.—The form of controller
adapted to electric vehicle use consists of a rotatable insulated
cylinder carrying on its circumference a number of contact,
arranged to make the desired connections with the terminals of
the various apparatus in the circuit through a wide range of
variation.
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71G. 4,090.—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; D, body sill; E,

*

steering handle; F
band on wheel hub

, controller handle; G,
; H, rear axle.

rocker shaft for setting hub b

rakes; J, brake

Some controllers are constructed with a cylindrical surface,
upon which bear single leaf springs, the desired electrical con-
nections being made by suitably connected conducting surfaces
on the cylinder circumference, and cut outs being similarly
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Fics. 4,001 to 4._093.—DiAans of the circuit changing arrangements of a typical electrical vehicle. The full lines in these
diagrams indicate the clospd 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 circuit connections between battery and
motor, which may be opened and closed, ag desired. Here A and C are the lead wires between battery, B, and motor brushes,
FF and GG, and the field windings H and J, and the wire D. _Fig. 4,091 shows first gﬁ:led; two units of the battery B are
connected in parallel, which means that the voltage is reduced to the lowest point. e wi

ra ire 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- lel, which gives the Jowest speed and power efficiency of the motors. By the wire, D, the current is carried to
the brushes, FF and GG, which, according to this scheme, are grmanently connected in parallel, the return path to the
negative pole of the battery being through the wire A. In fig. 4,002, the circuit is varied so as to connect the two units, 50
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 and power is reduced nearly one-half. In fig. 4,093, the two units of the battery
are connected in series, which, as in the former case, indicates the test efficiency in power output; but the field windings
are connected in paraliel, which means that the voltage generated by their operation is equivalent to the voltage of only one
motor, with the result that the speed and power efficiency is raised to its highest point.
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accomplished by insulating 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.

As is obvious, it is possible to so arrange the electrical connections on
the controller surfaces, that by proper contacts with the terminal springs,
reversal of the motor may be accomplished. This is done in a number
of controller, the reverse being accomplished at a definite notch on the
quadrant of the shifting lever.

FiGs. 4,094 and 4,095.—Baker R and L selective dual controller, control handles, resistamce
and motor brake. General care: keep the plates 9,522-B and 9,525-B on the face of
the controller and the shoes 7,513-A on the movable arm clean and free from burned and
rough edges. The contact plates 9,522-B and 9,525-B and the shoes 7,513-A are the
ones that become damaged first. They are removable and when badly worn may be
replaced with new ones. Instructions for adjustment of motor brake and con-
troller to controller handle. Set the controller arm fingers 9,513 in neutral position,
as shown in cut, remove key from controller handle 66,267 and pull handle back to brake
position and then push it forward to the stop, which is its neutral position. Have the
driver’'s seat locked in forward running position and then the connecting rod 66,706 mnf'
be adjusted to such a length that the handle 66,267 and the controller arm fingers 9,513 will
be in their respective neutral positions at the same time. After the above adjustments
have been correctly made, the forward driver's seat should be turned to the position it
will assume when car is to be operated from the rear seat and the length of the connection

‘ rod 66,750 adjusted to such a length that both controller arm fingers 9,513 and the rear

controller handle 66,261 will be i their respective neutral positions at the same time.

When these adjustments are correctly made the front driver's seat will turn freely from

forward driving position to rear driving position at the time that both controller handles

66,207 and 66,261 are in their neutral positions. Adjust motor brake shoes for wear

by means of the winged nut 14,350. Clearance of shoe is obtained by the adjusting

screw 14,271, These adjustments should be such that the brake is perfectl%free when
controller arm fingers 9,513 are in their neutral position, as shown in cut. hzn brake

is applied the top finger 9,513 will have traveled upward acrossjthe contact plate, 9,525-B,

and just to the plate 9,529. The wires leading from the controlling resistance 18,870 are

marked tetio correspond to the connectors on the side of the controller into which they are
connected.
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F1G. 4,006.—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 ti)enphery of the controller is laid out within the broken line rectangle,
the contacts and connections through it for varymg 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,
on the controller, A’, B, C , E’, I, G’; this connects the two unit battery in parallel
and the field wmdmgs of the two motors in series. A further movement of the controll
ing the points, A, B, C, etc., into contact with A?, B?, C?, etc., gives second
the atteries now bemg in Earallel and the fields in series parallel For third speed, t
points B and C are brought into contact with B? and C?, and E and F with E2 and F3,
which means that the batteries are connected in series, and the fields in series, Similarly,
for fourth ag‘ed the points B and C are brought into contact with B¢and C4, and D,
P, G, with Es, P4, G¢, which means that the batteries are in series and the fields in
gara liel. The connections between the battery, the armature brushes, and the motor
lds. are made as indicated through the rotary reversing switch by the ‘terminals, K, L,
Thi. switch may effect the reversal of the motors by giving a quarter turn to its
spmdle which means that the contacts of segment X, will be shifted from L and K to K
and N, "and the contacts of segment Y, shifted from M and N to L and M, thus reversing
the direction of the current.
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Electric Vehicle Circuits.—The methods employed to vary
the speed and power output of an electric vehicle motor consist
briefly in such variation of the electric circuits as will modify
the pressure of the batteries on the one hand, and the operative
efficiency of the motors on the other.
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FiG. tg.(l)éﬂ.—Diagrau:n of controller connections of a one unit, one motor circuit, with variable
iclds.

The cells comprising the storage battery are so arranged as to form a
number of unit, being so wired that by the use of a form of switch
known as a controller, the connections may be varied from series to
parallel, or the reverse, as desired. The same arrangement for varying

| the circuit connections is used for the field windings.

The wiring diagrams, hgs. 4,091 to 4,093, show one arrangement. The
dotted lines on each figure indicate the circuits that are cut out or open,
| and the full lines those that are active or closed.
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Ques. How may the circuits be arranged with two
batteries and two motors?

Ans. For this combination, as shown in figs. 4,102 to 4,104,
it is possible to eliminate the resistance coil altogether and
depend entirely upon the circuit shifting for regulating the
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F1G. 4,008.—Diagram of controller connections of a four unit one motor circuit, with constant

series connections for fields and armatures in forward and backward speeds.
voltage and power. Accordingly, for the first speed the bat-
teries are connected in parallel, and the armatures and wind-
ings of the two motors in series. For the second speed, the
series connections are adopted for both batteries and motors,
while for the third speed the batteries are in series, with the
motors in parallel.
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Fics. 4,099 to 4,101.—Diagrams showing methods of speed changing in a, typical cne battery
unit, two motor circuit. The first speed shows the two motors 1n series, with a resistance
coil interposed; the second, the motors in series, without the resistance; the third, the

motors in parallel.
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FiGs. 4,102 to 4,104.—Diagram showing methods of speed changing in a two battery unit,
two motor circuit, showing combinations for three speeds. he 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 units in series and the

motors in parallel,
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How to Operate an Electric Vehicle.—The following in-
structions, which are given by one maker, will be found tp
appiy for the most part to any car.

1. Be seated.
2. Place steering lever in position to give ready control.
3. Insert key in controller handle and unlock,

4. Pull controller handle back to brake or off position and raise slide.
(This closes the circuit and electric is ready to move.)

5. Be sure that the foot brake is releaseq.
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Fics. 4,105 to 4,107.—Diagrams showix¥ combinations for three speeds in a typical four
battery unit, single motor circuit. he only changes made in these circuits are in the

battery connections. For the first speed the battery units are in parallel for the
second, in series parallel, for the third, in series. The motor connections are not varied.

6. Forward movement of the controller handle gives two starting
speeds and three running speeds.
7. To stop electric, pull controller handle backward past off position.

First the electric brake will come into action and then a mechanical motor
brake.

8. To reverse, bring electric to standstill. Press down the foot lever.
Move controller handle forward same as when running forward. Two
starting and one running speed will be obtained when backing.

9. To stop reversing, pull controller handle to extreme backward
position.  Take foot off reverse lever, which will automatically return
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to forward position and electric is ready to be operated in a forward
direction.
10. Steering: Push steering arm from you to turn to the left and pull
steering arm toward you to turn to the right.
11. When leaving the electric, be sure to always force down slide of
controller handle and take key out of lock.
12. Release foot brake before applying power.
13. To charge batteries:
a. Be sure that slide of controller handle is down and key out of lock.
b. Insert chaxglmg plug in socket at rear of electric and if the connections
0

from the plug t e charging source be correct the ammeter should show read-
ing below the zero on the scale.

'11Gs. 4,108 and 4,109.—Charging an electric in frunt of city residence; fig. 4,108 shows mercury
rectifier located in basement under steps. With this arrangement the car may be charged
at the curb during idle hours of the day.

¢. Follow the instructions for charging and care of battery that are furnished
by the manufacturers of the battery.

NOTE.—There are two push buttons in the floor of the car that may be
operated bg a slight pressure of the left foot. One increases the speed of the car
and the other lights the meter lamp.

NOTE.—Baker R and L motor and control. The motor is designed to reccive the
combined voltage of all the cells in the battery, i. ¢., the battery is at all times in series and
as the voltage 1s 2 volts per cell, the running voltage of the models equipped with 41 cells
would be 82 volts and on those models having 42 cells the voltage would be 84 volts. The
object of this is to eliminate the usual troubles caused by all unbalanced conditions of the
battery as when several sections are operated in parallel.  The first speed includes a high
resistance and is intended for starting duty alone. The second speed has less resistunce and
although intended to grade the startlniis convenient for occasional use in congested districts,
but too slow for ordinary running. The next stop cuts out all the resistance and the motor
runs on the series fields alone, the two sections being in series. The next or fourth speed
parallels the two sections of series fieldl. On the fifth speed the series fields are in parallel
with an external shunt resistance across them. This weakens the strength of the series fields
and reduces the resistance of the circuit. The sixth or highest speed of the car is obtained
by means of an_accelerator bution located in the floor of the car. Its action is that of a switch
closing the circuit of a light shunt field on the motor. The direction of the flow of current in
this field is such that its strength opposes that of a series, thus weakening it and producing an
increase of speed on light running; but due to the differential action between the two, a very
great dropping off in speed occurs when climbing a grade or traveling a heavy road. In this
l;mj;gner great driving power and low current consumption is obtained on the grades on the
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Electric Vehicle Troubles.—In order to properly cope with
the numerous disorders and mishaps likely to be encountered,
the following points relating to troubles may be found helpful.

1. If vehicle run too slow, look for the following:

a. Deflated tires.

b. Slow tires, due to other makes having been substituted for those furnished
by the manufacturer of the vehicle.

¢. Broken bearings in wheels, countershaft or motor.

d. Shoes not muking perfect contact on face of controller.

FiGs. 4,110 and 4,111 Broc control lever lock.  Fig. 4,110, locked, safety plunger pushed down;
fig. 4,111, ready to operate safety plunger raised. Te unluck, insert and turn the key,
move control lever back to power off position, and pull up safety plunger.

¢. Brushes not making perfect contuct on commutater due to being too short,
or commutator being dirty.

. Broken battery jar, solution having partly leaked out.

. Brakes rubbing when they are supposed to be thrown off.

. Battery exhausted.

xm .

2. If the current be higher than usual when running on the level, look
for the following:

. Tight bearings.

. Brakes rubbing.

. Silent chains too tight.

. Front wheels out of alignment.
. Tires deflated.

AN on
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3. If needle on ammeter vibrate more than usual, moving up and
down very rapidly, look for the following:
a. Blackened commutator.
b. Commutator brushes worn too short.

¢. Loose connections at battery terminals or at connections on controller.
d. Broken wire leading to meter.

4. If vehicle refusc to run, look for the following:

a. Broken jar in battery.
b. Broken connections between cells.

F1G. 1,112.—The Babcock electric roadster. This car is provided with a battery of forty two
cells, which it is claimed, gives one hundred miles at seventeen miles per hour on one
charge. The controller provides for five speeds forward and two reverse. The motor de-
velops fifteen horse power, which will run the car over thirty miles per hour.

¢. Broken terminals.
d. Open motor leads. .
e. Broken connections on any part of vehicle.

5. In case vehicle do not run on any of the speeds, first examine those
connections that are easiest to get at, viz:

a. Those at the end of the batteries.

b. The connecting straps, connecting oae cell to another.

¢. The wires going into the circuit closing switch.

d. The springs on the controller arm and the copper shoes. Be sure that they
make contact with plates on the controller face. .

e. See that there are no wires hanging loose, that appear to belong in the
controller. X

7. If the trouble be not found in some one of these points, it would be best
to have an expert examine the machine.
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6. If the usual graduation of speed be not obtained when running
on the level, read carefully the instructions of maker relating to control-
ler.

7. If ammeter on the vehicle do not register properly, look for
the following:

a. Broken or partly broken connections in the wire leading from meter to
shunt block, under floor of carriage.

b. The ammeter pointer sticking or working irregularly, due to dirt inside
of ammeter, in which case it must go to the factory.

8. If the voltmeter do not register at all, look for broken connections
in ‘wires leading to connection points under floor.

9. If voltmeter read too high, there is something wrong inside; it
should immediately be sent to the factory. K

10. If the lights do not burn and the hell refuse to ring, look for a
burnt fuse wire. é

11. If one light refuse to burn while the others are working correcégv
try a new lamp, or examine connecting theater plug that connects body§
wiring to chassis wiring. v

12. If both side lights refuse to burn, all other lamps being in working
order, the trouble is in the connector.

13. If bell refuse to ring, all lamps being in working order, examine
the theater plug connecting body and chassis wiring and make sure that
the wires leading to the switch contacts at bottom of controller handle
have not been taken out or broken cff.

NOTE.—The bell can be tested by disconnecting from it the wires that are
there, connecting two temporary wires to these same binding posts and touching
these to the battery terminals. If the bell do not ring then it should be taken off
and replaced with a new one or readjusted.

NOTE.—No meter on an clectric vehicle is infallible as the service is very
hard and the adjustments liable to get loose; and, as the general instructions as to
care of battery, especially in charging, are to charge until volt: reads a certain
amount, it is of the hiq{nest importance_that the meter should read correctly.
As soon as any irregulanties are noticed in its readings, have it examined imme-
diately by an expert, or send it to the factory. When it is necessary to return it
to the factory, be sure to send the shunt block with it, as this is part of the meter.
Even if no irregularities be noticed it would be well to have the meter examined
at the factory and recalibrated once'every year,
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