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Foreword
This series is dedicated to Electrical
Progress-to all who have helped and
those who may in the coming years help
to bring further under human control
and service to humanity this mighty
force of the Creator.

The Electrical Age has opened new
problems to all connected with modern
industry, making a thorough working
knowledge of the fundamental principles of applied electricity necessary.
The author, following the popular appeal for practical
knowledge, has prepared this progressive series for the electrical
worker and student; for all who are seeking electrical knowledge
as a life profession; and for those who find that there is a gap in
their training and knowledge of Electricity.
Simplicity is the keynote throughout this series. From this
progressive step-by-step method of instruction and explanation,
the reader can easily gain a thorough knowledge of modern
electrical practice in line with the best information and experience.

The author and publishers here gratefully acknowledge the
hearty and generous help and co-operation of all those who have
aided in developing this helpful series of Educators.
The series will speak for itself and "those who run may read."
The Publishers.
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Readers' Information Finder

How to Use This Book
Finder

-

IMPORTANT

To quickly and easily find information on any subject, read
over the general chapter headings as shown in the large typethis brings the reader's attention to the general classification of
information in this book.

Each chapter is progressive, so that if the reader will use the
outline following each general chapter heading, he will readily
come to the information desired and the page on which to
find it.

Get the habit of using this Index-it will quicklly reveal a
vast mine of valuable information.
"An hour with

a book would have brought to your mind,
The secret that took the whole year to find;
The facts that you learned at enormous expense,
Were all on a library shelf to commence."

-
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Definition and classification, 5,017.
Source of welding current, 5,018.
Carbon arc and metallic arc welding, 5,019.
Electric welding arc, 5,020.
Polarity, 5,021.
Penetration, 5,022.
Length of arc, 5,023.
Metallic electrodes, 5,025.
Welding currents, 5,027.
Position of work and weld, 5,028.
Welding terms, 5,029.
Tack weld, 5,030.
Strength of weld, 5,t)30.
Caulking and composite welds, 5,031.
Types of welded joints, 5,031.
Butt and lap welds, 5,032.

5,017 -to 5,068
T weld and strap joint, 5,033.
Edge and plug welds, 5,033.
Expansion and contraction, 5,033.
Stresses in welds, 5,036.
Cast iron welding, 5,037.
Welding non-ferrous metals, 5,038.
Preparation of the work, 5,039.
Preparation of joints for welding, 5,041.
Striking the arc, 5,047.
Depositing metal, 5,051.
Lessons in carbon arc welding, 5,058.
Position of electrode, 5,061.
Direction of travel, 5,061.
Resistance welding, 5,062.
Butt weld data, 5,066.

207 Gas Welding
The gas method, 5,069.
Gas welding outfit, 5,070.
Oxy-acetylene torch, 5,071.
Preparations for welding, 5,072.
Welding rods, 5,073.
Welding roc, requirements, 5,075.
Fluxes, 5,076.
Setting up apparatus, 5,077.
Approximate gas. pressures, 5,078.
Manipulation of the torch, 5,079.

208 Pipe Welding
Advantages, 5,092.
Types of joints, 5,092.
Welding large pipe lines, 5,094.
Firing line welding, 5,096.
Dimensions of pipe welds, 5,098.
Bell hole welding, 5,099.

5,069 to 5,090
Practice welding without welding rod, 5,080.
Common defects of first welds, 5,081.
Testing first welds, 5,082.
Welding with welding rod, 5,083.
Bevel preparation, 5,085.
Probable defects, 5,086.
Welding cast iron, 5,087.
Bronze welding cast iron, 5,088,
Welding non-ferrous metals and alloys, 5,089.
'

.

.5,091 to 5,112

Pipe fillings for welded joints, 5,101.
Properties of tube turns, 5,102.
Comparison of screwed and welded joints,
5,104.
Butt welding pipe flange, 5,105.
Methods of closing pipe line for testing, 5.109.
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Soldering

5,113

to 5,126

5,127

to

5,144

..5,145

to

5,188

Solder, 5,113.
Tables, 5,114.
Fluxes, 5,116.
Bolts or bits, 5,117.
Tinning the bit, 5,119.
Soft soldering, 5,121.
Sweating, 5,124.
Electric resistance method, 5,125.
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Electric Heating ..

.

Heating units, 5,127.
Selection of heating units, 5,127.
Classification of heating units, 5,127.
Design of heating units, 5,128.
Immersion heaters, 5,131.
Calculations, 5,136.
Building heating, thumb rule, 5,139.
Regulation of heat, 5,141.
Non-metallic heating units, 5,143.
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Electro -Plating

Definition, 5,145.
Current supply for electro -plating, 5,145.
Dynamo and dynamo sets, 5,146.
Plating solútions, 5,149.
Properties of electro -plating elements, 5,152.
Pickles and dips, 5,153.
Tanks, 5,155.
Rate of deposit, 5,156.
Amperes required, 5,158.
Electrolyte required, 5,160.
Dynamo connections, 5,160.
Line connections, 5,161.
Polarity, 5,162.
Main conductors, 5,165.
Motor dynamo connections, 5,166.
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Electrolysis

Definition, 5,189.
Path of the current, 5,189.
O,,xygen and hydrogen, 5,189.
Chlorates and hypochlorite, 5,191.
Sodium and potassium, 5,192.

Dipping vessels, 5,166.
Scouring, swilling and rinsing troughs, 5,169.
Tumbling or rattling barrels, 5,170.
Ball burnishing barrels, 5,171.
Burnishing before plating, 5,171.
Burnishing after plating, 5,174.
Polishing and grinding machine, 5,174.
Nickel plating, 5,176.
Cleaning, 5,177.
Copper plating iron and steel, 5,178.
Silvering glass mirrors, 5,179.
Gold plating, 5,180.
Galvanizing, 5,180.
Electrotyping, 5,181.
Chromium plating, 5,181.

5,189

to 5,198

Gibb's cell, 5,192.
Alkali and bleach, 5,193.
Aluminum, 5,194.
Bullion relining, 5,195.
Wet extraction process for metals, 5,196.
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Sources of electric light, 5,199.
Incandescent electric lamp, 5,199.

Manufacture of incandescent lamps, 5,203.
Gas in incandescent lamps, 5,206.
How an arc lamp works, 5,207.

5,199

to 5,226

Luminous arcs, 5,211.
Vacuum tube !amps, 5,212.
Neon luminous tube lights, 5,217.
Constant current series system, 5,220.

213A Neon Lamps

5,226A to 5,226L

213B Fluorescent Lamps

5,226M fo 5,2262

illumination

214

Light, 5,227.
Definitions, 5,227.
Foot candle measurements, 5,228.
Candle power distribution curve, 5,231.
Systems of lighting, 5,233.
Methods of distributing light, 5,235.
Diffusion of light, 5,238.
Glare, 5,239.
Shadow, 5,240.
Illumination of Itor. and vert. surfaces, 5,241.

215 Resonant

5,227 to 5,268
Lighting calculations, 5,242.
Calculation tables, 5,248.
Location of outlets, 5,25Ó.
Size of lamp required, 5,252.
Flood lighting calculations, 5,253.
Power for Hood lighting, 5,257.
Colored lighting of buildings, 5,258.
Air port lighting, 5,258.
Street illumination, 5,265.

Control for Street

.... 5,269 to 5,278

Lighting.

General principles, 5,269s.
Method of feeding control currents, 5,270.
Resonant relays, 5,273.
Resonant control unit, 5,275.
Operation of resonant control, 5,276.
Series system using constant current regulars, 5,277.
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Electric Bells

Classification, 5,279.
Trembling or vibrating bells. 5,282.
Single stroke bells, 5,282.
Combination, vibrating and single stroke
bells, 5,283.
Shunt or short circuit bells, 5,284.
Continuous ringing bells, 5,285.
Buzzers and differential hells, 5,285.
Combined differential and alternate bells,
5.286.

High \oltage bells, 5,286.

5,279

to 5,302

Alternating current and double acting bells,
5,287.

Motor driven and electro -mechanical bells;
5,288
Relay bells, 5,289.
Annunciators, 5,293.
Bell wiring, 5,293.
Bell circuits, 5,294.

Annunciator circuits, 5,297.
Bell ringing transformers, 5,299.
Practical points, 5,300.
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Burglar and Fire Alarms

5,303

to

5,319

to 5,332

5,318

Burglar alarms, 5,303.
Open circuit system, 5,304.
Closed circuit system, 5,305.
Hospital signal system, 5,307.
Fire alarm systems, 5,307.
Principles, 5,314.
Code calling system, 5,316.
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Systems of traffic flow, 5,319.

Intermittent traffic flow, 5,321.
Central control system with local manual control, 5,322.
Semi -intermittent or semi -progressive traffic, 5,323.
Continuous or progressive traffic flow, 5,323.
Traffic signal control apparatus, 5,323.
Synchronous control system, 5,324.
Impulse control system, 5,325.
Supervisory control system, 5,327.
Timers, 5,330.
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5,333

to

5,348

Classification, 5,333.
Brush flashers, 5,334.
On and off flashers, 5,334.
High speed and speller flashers, 5,335.
Script flashers, 5,337.
Chaser flashers, 5,338.
Combination flashers, 5,340.
Control or master flashers, 5,341.
Thermo flashers, 5,342.
Neon tube signs, 5,343.
Radio interference, 5,344.
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Wiring Diagrams for Sign
Flashers

The wiring, 5,349.
Border diagrams, 5,350.
Traveling borders, 5,351.
Chaser diagram, 5.353.
Kaleidoscopic effects, 5,355.
Speller effects, 5,357.
Lightning, smoke, steam, etc., 5,358.
Hand -writing effects, 5,359.
Rays, sunrise, 5,360.

5,349

to

5,360
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Refrigeration

Dry ice, Gilbert, 5,362.
Definition, 5,363.

How refrigeration takes place, 5,363.
Basic principles, 5,364 to 5,379.

Refrigerants, 5,380.
Classification, 5,383.
Compression system, 5,384.
Ammonia compression system, 5,387.
Direct expansion method, 5,391.
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5,361

to

5,410

Brine circulation method, 5,391.
Ammonia absorption system, 5,397.
Carbon dioxide system, 5,403.
Ether system, 5,403.
Compressed air system, 5,405.
Water system, 5,405.
Mechanical ice making, 5,406.
Can method, 5,405.
Plate method, 5,408.

Refrigeration Machine Opera-

tion

5,411

to

5,422

to

5,450

Small compression plant operation, 5,411 to 5,416.,
Compression plant diagram, 5,412.
Absorption plant operation, 5,416 to 5,422.
Absorption plant diagram, 5,416.
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Dcrnestic Refrigeration

5,423

Definition, 5,423.
Compression systems, 5.423.
Methods of heat transfer, 5.424.
Compressors, 5,424.
Condensers, 5,425.
Motors, control mechanism. 5.426.
Valves, stuffing box, etc., 5,426.
Typical compression type domestic refrigerator, 5,427 to 5,435.
Multiple refrigerating system, 5,435.
Typical abso, ption type domestic refrigerator, 5,438.
Service instructions, 5,440 to 5,450.
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Domestic Oil Burners
Effect of grade of oil, 5.451.
Classification, 5,452.
Gravity feed vaporizing burners, 5,453.
Non -mixing gravity feed burner, 5,454.
Mixing vaporizing burner, 5,456.
Atomizing burners, 5,458.
Ignition, 5,458.
Combustion, 5,463.
Furnace design, 5,464.
Automatic control, 5,465.
Operation of control system, 5.468.
Storage of oil. 5,475.

Installation notes. .5,475
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Air Conditioning

Air, 5,479.

Humidity, 5,480.
Dew point, 5,483.
Wet and dry bulb hygrometer, 5,487.
Moistening effect of air, 5,491.
Drying effect of air. 5,493.
Heating effect of air, 5,494.
Air conditioning, 5,496.

226

to 5,512

Methods of air conditioning, 5,496.
Addition of moisture to air, 5,503.
Removal of moisture from air, 5,504.
Evaporative cooling, 5,504.
Precautions in using the sling psychrometer,
5,505.
Psychrometric chart, 5,506.
How to use psychrometric chart, 5,507.

Farm Lighting

The lighting plant, 5,513.
Engine and dynamo unit, 5,514.
Method of air cooling, 5,515.
Muffled exhaust, 5,516.
Control, 5,517.
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5,479

5,513

to

5,532

Circuit diagram, 5,518.
Throttle control, 5,520.
Diesel engine drive, 5,522.
Wind mill electric plant, 5,529.
Turbine dynamo set, 5,532.

Hydraulics.

5,533

to

5,545

to 5,558

5,544

Water, 5,533.
Some properties of water, 5,534.
}lead and pressure, 5.535.
Friction of water in pipes, 5,537.
Tables,. 5,540.
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How to figure capacity, 5,553.
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CHAPTER 206

Electric Welding
By definition electric welding is that branch of welding in
which an electric current is used to create the great heat required
for jointing together into firm union two pieces of metal.

Electric welding may be classified:.
1.
.

With respect to the method of applying the heat, as
a. Arc;
b.

Flash;

c. Resistance.

2. With respect to the kind of electrode used, as
a. Carbon;
b. Metallic.

3. With respect to the form of weld, as
a. Spot;
b.

Butt;

c. Line or seam;

d. Tube;

etc.
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4. With respect to the method of bringing the metals together, as
a. Compression;
b. Autogenous.

5. With respect

to the method of applying the '`added metal":

.as by
a. Carbon arc with welding rod;
b.

Metallic arc.

Source of Welding Current.-Any electric circuit of suitable
voltage and amperage, either a.c. or d.c. may be used for electric welding. Usually in order to keep down the losses involved
in reducing the voltage to that required by the arc, a special
low voltage dynamo is used.
Two types of dynamos are generally used:
1. Constant voltage,flat compounded;
2. Variable voltage.

The constant voltage machine can be used to supply welding
current to any number of welding circuits, while the variable
voltage type supplies current for only one welding arc.
The constant voltage machine operates at 60 volts and the current in each
arc is adjusted to the proper value by means of an adjustable resistor.

The windings of the variable voltage dynamo are so arranged
that the terminal voltage of the machine automatically adjusts
itself to that required to maintain the arc.
The open circuit voltage available for striking the arc in this type of
dynamo, is usually slightly greater than the voltage of the constant voltage
machine. Average values vary from 70 to 80 volts_ Resistors are required

Electric Welding
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only for very low welding currents. Any necessary adjustments are made
either by shifting the dynamo brushes or by means of a rheostat in the.
dynamo field circuit. In this type of dynamo a high, open circuit voltage
is available for striking the arc, after which it is automatically
reduced to
that required to maintain the arc.
For metallic arc welding by the hand method, the usual range of arc current is from 50 to 300 amperes at á voltage of approximately 20 volts. For
automatic metallic arc welding, a current range of from 75 to 400 amperes.is
used with an arc voltage varying from 16 to 25 volts.

Carbon Arc Welding.-In this method of welding the electrode is of carbon or graphite and merely creates the arc and
melts the metal.

Into this puddle of molten metal is inserted a rod or metallic stick which
also melts and fills up the gap and fuses with the metal.

Carbon arc welding differs from metallic arc welding in that
it is a puddling process and is somewhat similar to the gas
welding process.
Metallic Arc Welding. --A metallic electrode is used in this
method. The electrode forms a terminal for creating the arc,
and also supplies the added or "filler" metal by melting.
When welding with the metallic electrode an arc' is drawn between
parent metal or work and the welding -rod, which causes the melted rodthe
to
flow across the arc into the molten pool of the parent metal. This deposition
of metal is accomplished by contact made between the molten metal and
the globules formed on the end of electrode filler wire.
The concentration of thermal energy at the terminal of the wire electrode
;auses a small part of the work being welded to melt almost instantaneously.
and an intermittent flow of metal across the arc stream.
The metal in the arc stream is in both the liquid and gaseous fotni, the
liquid metal being ranslerred across the arc by molecular attraction, adhesion, cohesion, surface tension or a combination of these.
The transfer of metal is not dependent on gravity since overhead Welding
indicates that the transfer of metal can be accomplished against the forces
of gravity. The metal is melted at the point where the arc strikes the plate
I
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or work causing a crater to be formed, which also provides a means of
observing the penetration and consequently good fusion while welding, by
noting the depth of the arc crater. Metallic arc welding is a widely used
method.

The Electric Welding Arc.-An arc is formed by current
flowing across a gap in an electric circuit.
A small amount of the material, forming the terminals of

the arc gap, is heated to an incandescent vapor. This vapor
provides the conducting medium in the arc stream by which
ú:.tzttrode

Arc

flame

Are Core

r

p,7li

Arc Strew
Arc Flame

Penetrrat iort
Work Piece.
Fro. 7,973.-The welding arc. The terminal from which the current passes to the arc is termed
the positive electrode or the anode, and the terminal to which the current passeslrom the arc to
called the negative electrode or cathode. Although the exact distribution of heat in the arc
between the two electrodes is still unknown, it is the generally accepted theory that approx
imately two-thirds of the heat is tiberated at the positive terminal and one-third at the nega
tive terminal. When d.c. is used, one terminal remains positive continudusly and the greater
portion of the total heat is Liberated at this terminal. When a.c. is used, the terminals are
alternately positive and negative so that approximately the same amount of heat is liberated

at each terminal.,

the current is carried from one terminal to the other, as shown
in fig. 7,973. The temperature of the vapors in the arc 4nd,
consequently, the intensity of the light given out are so great
that colored glass must be used in order to protect the eyes.
When suitable glass is used, the different portions of the arc can plainly
he distinguished from one another. The center is usttaily referred to as rh3
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arc core, and some observers are able to see that this is divided into two portions designated as "arc core" and "arc stream." In general, this portion
of the arc will usually be seen as greenish in color, of comparatively small
diameter, and forming a direct line between the two terminals.
The point where the arc core strikes on either terminal is seen as a light
ved or yellowish spot considerably brighter and, therefore, hotter than the
metal surrounding it. The metal around this spot is molten and is usually
seen as a bright red area. This color gradually shades off into a darker red
with lower temperatures, and finally becomes black at a short distance, not
over % in. from the arc, except in the case of very heavy welding.
Slag, oxides, etc., can be distinguished floating on the molten metal either
as light or dark spots, depending upon the melting point of the impurity.
Surrounding .the arc core is the arc flame which is irregular in shape and in
,constant motion, being easily deflected by magnetic fields caused by the
current in the electrode and in the plate, and also by drafts which may -.rile
by reason of the heat iZ the arc, or by exposure to wind, etc.

Polarity.-Since the mass of the work to be welded is gen &ally large in comparison with the mass of the electrode, it is
desirable to have more heat liberated in the work to bring its
temperature to the fusing point at the same time that metal
is fused and deposited from the electrode. For this reason,
d.c. is much more satisfactory for. arc welding, since the work
can be supplied with a greater amount of heat from the electrode simply by using it .as the positive terminal. However,
in some cases involving the welding of certain alloy steels and
a few other metals, it is sometimes desirable to reverse the
polarity and make the electrode positive.
The a .c. arc is inherently unstable on account of the fact that both current and voltage pass through zero with each alternation. In order to make
it possible to maintain an arc with any degree of certainty, it is necessary to
insert a large amount of ballast, either in the form of resistance or reactance;
that is, the open circuit or impressed voltage on the welding line must be of
a relatively high value compared with that necessary if d.c. be used.

If resistance be used for the ballast, there is a great waste of power in the
resistor. and if reactance be used, the excess voltage will be consumed as a
reactance drop, resulting in low power factor for the equipment.
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The polarity of' a circuit can be determined in a number of
ways.
The simplest and most positive way is to determine it by means of a volt
meter. Another method is to draw an arc between either a bare metallic
electrode or a carbon electrode and a steel plate. If the plate be positive
and the electrode negative, the arc will be fairly stable. If, however, the
circuit be reversed and the electrode be positive, the electrode will heat up
very rapidly and the arc will become "wild" or it will flutter and be hard to

Arc Crater

Electrode
6

Arc

r'.i..

_-_.::

Crater

.. ..'ti'....
..
7,975.-Longitudinal section of deposited metal showing penetration and are
crater. Correct penetration will make certain that the metal of the plate is melted and in
condition to receive the metal projected from the electrode, 'and also that the area of the
crater will be sufficient to receive all of the metal from the electrode and not permit any of
the deposited metal to overlap on the solid metal of the plate where it will not stick.
.

.

.

.

FIGS. 7,974 and

keep going. In welding low carbon steels with reversed polarity, the penetration with the metallic electrode is poor, and the deposited metal can
often be easily knocked loose.

Penetration.-At the point where the arc strikes the plate,
assuming that current, polarity and speed of travel are correct,
the metal is melted and seems to be forced out of the pool,by
some sort of a blast from the arc,.as shown in figs. 7,973 to 7,975.
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This results in the metal piling up around the edges of a small depression
in which the metal is in a molten state. This depression is referred to as the
arc crater, and Its depth provides a. means of observing the penetration
during welding, and, to a certain extent, of predicting the soundness of the
weld, since one requirement of a weld is to obtain good penetration. The
crater depth will depend upon the thickness of metal welded, but, in general, should be at least 'a in.

Length of the Arc.-While the correct arc length alone will
not insure good welds, it is agreed that a long arc is almost
certain to result in a poor weld.
With a short arc; the heat is concentrated on the plate, whereas, with a
long arc, a great deal of it is Iost into the surrounding space.
A long arc is not as stable as a short one. It tends to wander over a considerable area on the plate and the arc flame blows about very rapidly.
This action, however, together with the greater length of the arc, affords
considerable opportunity for the air to come in contact not only with the
metal passing from the electrode to the plate, but also with the very hot
metal in the arc pool or crater. This results in the absorption of oxygen and
nitrogen, both of which are detrimental to the quality of the weld.
With a short arc, the flame, consisting of vapors coming out of the arc,
acts as a protection and largely prevents the absorption of these octside
gases. A short arc will deposit more metal in the weld, at the point needed,
than a long arc.

The following table of arc lengths gives the approximate desirable gaps for different electrodes and voltages.
Table of Arc Lengths
Voltage across the Arc

Size of Electrode

15 to 17

%%

17to20
18to25

%á

Advantages of the Short Arc
1. Maximum penetration;

2. Slight overlap;

Arc length
46.
tjg'
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3. Maximum strength;
4. Maximum ductility;
5. Minimum porosity;
6. Maximum amount of metal'deposited at the point needed;
7. Makes it possible to use alloy electrodes. -

F:cs. 7,976 and 7,977.-Judging the arc length, 1. By appearance of arc. If the arc be short
it will appear as in fig. 7,976. Here the molten metal X, passing through the arc, will appear

v be protected from the atmosphere by an enveloping neutral flame Y. If the arc be too
long, the protecting neutral flame Y, will whirl around, exposing first one side and then the
ether side of the molten metal, as in fig. 7,977, allowing it to become oxidized, and it will have
a burnt and porous appearance when deposited. The bead will not have the same appear
znce as one made with a short arc.

Disadvantages of the Long Arc
1. Minimum penetration;

2. Excessive overlap;
3. Minimum strength;

4. Minimum ductility;
5. Maximum porosity;
6. Uncontrolled deposit;

Electric Welding
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7. Excessive waste of electrode material;
8. Burns out all the alloys in a high grade electrode.

Experience will teach the operator to tell by observation
when a short arc is being held.
It is possible to tell by sound, with low carbon steel electrodes, whether
the arc be long or short. If the arc make a rapid crackling sound that is
fairly steady in intensity, much like the frying of grease in a pan, the arc
short. If the arc make a hissing sound puíictuated by explosior.s occurring
at intervals of from % to IM seconds, the arc is too long.

t

A short arc throws a steady shower of small sparks, whereas each of the
explosions caused by the long arc scatters many larger globules of metal.

Judging the arc length. 2. By appearance of the weld. Good pene
tration of the welding metal into the parent metal is not obtained with a long arc and there
will be a bad overlap, as in fig. 7,978, while if the arc be short, there will be good penetration
and a slight overlap, as in fig. 7,979. Another way' to determine if the arc be too long is to
examine the crater or depression in parent metal on breaking the arc, and see what the penetration looks like. If there be no penetration in the parent metal, then the arc is too brig,
providing of course, the proper electrode, current and correct polarity are used.

FIGS. 7,978 and 7,979.

Figs. 8,024 to 8,031 will further assist in judging the length
of the arc.

Metallic Electrodes.-In general, the metallic electrode for
welding the commercial grades of wrought iron, plate, structural and cast steel, and to a considerable extent of cast iron,
should be a high grade of low carbon steel wire which has a
carbon content of .20% or less. Practically all commercial
electric welding wire on the market meets this requirement,
although there are a number of special electrodes containing
greater amounts of carbon, which are used for special purposes.

5,026
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The medium and high carbon steel electrodes are used where a hard
deposit is required, but are not generally satisfactory where strength is
necessary. In ordering, electric arc welding wire should be specified, since
wire for acetylene welding is often treated ín such a way as to render it
unsuitable for electric arc welding.

The electrode wire should be cut into pieces convenient for
the operation.

The dynamo is self-excited,
A self-adjusting stabilizing reactor automatically steadies the arc under all welding'condi.
Lions, making the arc easy to start and maintain.

Fte. 7,980.-General Electric portable gas engine driven arc welder.

A length of 14 to 18 in. is satisfactory, since it is about the greatest length
an operator can handle; at the same time it reduces the number of times the
electrode is changed, and consequently the wastage.
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With an electrode which is red hot, it is impossible either to

start an arc or to maintain it.

The exact temperature varies with different electrodes, but it is advisable
to keep the electrode cool. The passage of the welding current and the heat
conducted back from the tip tend to heat that portion of the electrode w;re
carrying current. Accordingly, when the welding current is high for the
electrode size, the wire should be gripped in the middle. By this means, the
.portion carrying current is all consumed before it has time to become too
hot for use. With lower current values, the electrode is gripped at the end
to save time and to minimize the number of times the arc is interrupted.

Welding Currents.-It is difficult to give universally applicable figures covering current, speed, etc., for electric arc welding because of the effect' of conditions under which the work is
done, the character of the work, and the varying skill of operators.
The following figures for bare metallic electrodes, are based
on favorable working conditions and a skilled operator. However, they are approximations only and are given merely as a
general guide.
Electrode
Diameter
in Inches

Amperes

Hand
Welding

Plate Thickness

1e

50-100
100-150
125-175
150-200
175-350
225-400

Up to IQ
Up to VI
Above
Above

Wz

3e
Vi

NOTE.-Defective electrodes.-Occasionally electrodes will

Corresponding
in Inches

Above
Above

be found that are not unias evidenced by the fact that, at intervals, the arc will suddenly become
wild and erratic
and the metal may pass from it in large drops without any apparent change in the
electrical
, onditions or in i he manipulation of the electrode by the welder.
It
is probable that at points
in the weld where this action has taken place there will be weak spots with poor
penetration.
If a strong weld be desired,- such an electrode should not be used, and metal deposited
under
these conditions should be chipped out before proceeding with the weld.
Electrodes con'aining a considerable amount of carbon are generally erratic in this way.

form
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Position of Work .-There are three general positions of work
to be welded.
1.

Flat;

2. Vertical;
3. Inclined.
Flat indicates that the surface on which the weld is made is horizontal;
that it is vertical; and inclined indicates an angle, not a right angle,

vertical

Flat Overhead

Fin

Overhead'

Vertical

erhead

Horizontal

Vertical

Fiat
Overhead

Hon

Vertical

Vertical

Flat
p.,>rhead

Flat
Flat

Qverhea,d

Flat

Overhead,
FIG.

7,981.-Various positions of weld.

to the horizontal. When inclined, the angle between the horizontal and the
surface to be welded is usually specified.

Position of Weld.-There are four general positions of weld.
1. Flat;
2. Horizontal;

3. Vertical;
4. Overhead.
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Fics. 7,989 to 8,023.-Welding terms.
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A fiat position is one in which the welding material is applied in a generally downward direction.
A horizontal position is one in which the welding material is applied to a
seam or opening in a plate. the plane of which is vertical or inclined 45°. or
less, to the vertical, and the line of weld is horizontal. The electrode is held
in horizontal position, or the welding end is inclined slightly downward.
A vertical position is one in which the welding material is applied to a
vertical surface, or one inclined 450 or less to the vertical, so that the line of
weld is vertical or inclined 45° or less to the vertical. The electrode is held
horizontal, or the welding end is inclined slightly downward.
An overhead position is one in which the welding material is applied from
the under side of any members whose plane is such that it necessitates the
electrode being held with its welding end upward. These positions are
shown in fig. 7,981.

Type of Weld.

-In general, there are

four kinds of welds.

1. Tack;

2. Strength;
3. Caulking;
4. Composite.

Tack Weld.-In this weld the welding material is applied
in small sections or spots to hold two edges together, and should
always be specified by giving the space from center to center
of welds and the length of each weld itself.
It is not necessary, to consider the design of the weld. A tack is also used
for temporarily holding in place material that is to be solidly welded, until
the proper alignment and position are obtained. In this case, neither the
'length, space, nor design of weld need be specified.

Strength Weld.-This is one in which the sectional area of
the weld is sufficient to give the joint the desired tensile strength.
At least 80% of the strength of the surrounding material is the
minimum. A good welder should always be able to attain at
least 100% strength. The welding material may be applied in
any number of layers.
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Caulking Weld.-In. this weld the deposited metal is used
to close a seam or opening so that no leakage occurs under a
water, oil or air pressure test of at least 25 lb. per sq. in.
Neither the ultimate strength nor the design of the weld is of
particular importance in a purely caulking weld.

FIGS. 8,024 to 8,027.-Short arc. From the
globular formation it
be noted that the globule
never is subjected to full heat of the arc, as it is in contact withwill
molten metal in plate before
it leaves tip of electrode. It will therefore be readily seen that the
length of a short arc will
vary with the diameter of electrode used, and what wouldbe
a long arc on ! q in. electrode
might be'too short for a
in. electrode.
FIGS. 8,028 to 8,031.-Long arc. The illustrations show how the
globule detaches from the end
of electrode and in passing through a long arc to plate is subjected
to full heat of arc, and of
course the longer the arc the more burnt the globule will be when it reaches
the plate.

Composite Weld.-This weld is one in which both the strength

and density are of vital importance.

The strength must be at least as specified for a strength weld, and
the
density must meet the requirements of a caulking weld, both as defined
above.

Types of Welded Joints.-There are six general types of
joints that are used in commercial welding. These may be
designated by the manner in which the joint is made as.
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1.

Butt;

4. Strap;
5. Edge;
6. Plug.

2. Lap;
3: T;

Butt Weld.-The two plates to be joined are brought together, edge to edge, and welded along the seam thus formed,

BUTT WELDS
LAP WELDS
1

L

'II

,

I

I

STRAP JOINTS

i
EDGE

WELD

PLUG

WELD

o91

Fins. 8.032 to 8.040.-Various types of welded joints.

Two. plates when so welded form a flat surface, or a corner, as
shown in figs. 8,032 and 8,033.

Lap Weld.-In this weld the edges of two plates are overlapped, and the welding material is so applied as to bind the
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edge of one plate to the face of the other, as in figs. 8,035 and
3,036.
T Weld.-This occurs where plates are to be welded at right
angles to each other, as in fig.. 8,034.

Strap Joint.-This is where the junction of the ends of two
surfaces is re -enforced by a plate or strap of metal covering the
'joint and fillet welded to each of the adjoining surfaces, as in
figs. 8,037 and 8,038.
It is, in reality, a re -enforced butt joint. Two re -enforcing straps are used
when a stronger joint is necessary.

Edge Weld.-Where two comparatively thin, parallel pieces
are joined by welding the edges together, the edge weld is used,
as shown in fig. 8,039.

Plug Weld.-Used in joining two plates by welding through
a hole in either one, or both of them, as shown in fig. 8,040.
This type of joint is very seldom used.
The types of joint shown in figs. 8,032 to 8,040 may be made in a number
of ways. The most useful and those most commonly found in commercial
welding practice are shown in figs. 8,044 to 8,050.

Expansion and Contraction.-While expansion and contraction cannot be prevented, their effects can be minimized if certain methods be adopted in arranging the parts preparatory
to welding, or by the order in which the deposited metal is
applied.
For ductile materials, where the parts welded are free to come and go by
reason of their ductility, extensive precautions to prevent contraction
stresses are orohahly not advisable.
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Gynamic, Vibration
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strength of fillet welds applies to
FIGS. 8,041 to 8,043.-Strength of welds. The table showing allowable
steel plate at a stress of 5,0001ós. per
figuring the strength of the butt weld shown in lig. 8,043, use the sectional area of the
or 15,000 lbs. per sq. in. in compression.
for
load
in
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13,000
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sq.
in.
static
vibration
10..l
and
sq. in. for dynamic or
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In the case of non -ductile materials and castings or large structures, where
the contraction effects are liable to be cumulative and to distort
seriously
the finished product, considerable attention must be paid to eradicating
these harmful effects.

When welding joints formed by plate edges, if the welding
at one end of the seam and continuing

be performed by starting

1

I

z

i

Ftcs. 8,044 to 8,046.-Various types of butt welds. For thin plates up to 34 in. its
thickness,
the plates are butted together at the end where the weld is to start
spaced apart a dis
tance equal to 3 in. per ft. of weld at the other end as shown in fig.and
8.044.
This
to allow
is
for the contraction stresses set up as the weld progresses.
Plates Y8 to % in. in thickness
are spaced a small distance apart at the beginning of the weld.
spacing varies from
'4 to 3,1 in. When butt welds are made on plates thicker than 3,4' in.This
some type of bevel or V.
is necessary in order to obtain the proper penetration.
Fig. 8,045, single V weld, the most
common type; fig. 8,046 double V weld for heavy plate. L = length of weld.

Fins. 8,047 to 8.050.-Various examples of fillet welds. Lap welds
may be made with either a
single or a double fillet as shown in 8,035 and 8,036. The fillets
be either the full thickness
of the plate, as in figs. 8.035 and 8,036. or they may be smaller may
as in fig.
fillet used will depend upon the strength needed in the joint.. As in 8,047. The size of the
either the single or double fillet may be used for welding two plates the case of lap welds,
togethe'r at right angles.
as shown in figs. 8.034 and 8,048. The double fillet, fig. 8,034 is always
when strength is
required Fillet welds are used in making strap joints, as in figs. 8,037 andused
8,038. In fig. 8.049,
a strap joint using both a fillet and a V weld is shown. A corner
joint, used when welding
heavy steel plate. is shown in fig. 8.050.
.
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until the other end is reached, as in figs. 8,051 to 8,053, the
opening at C, will certainly be drawn together as the welding
progresses. from A to C.
As the welding continues from B to C, the contraction of the fused in
metal will produce stresses, as indicated by the arrows.

Fig. 8,054 shows a method of sequence of welding designed
to distribute the heat and contraction stresses more evenly
Approx.1Taper Per Foot on Each Side
These Heavy Arrows Show 'Direction of Travel of Plates
C

C

C

Tension
(These Arrows
Indicate the
Forces Acting
Lin the Weld Met&

Compression
Approx.

3IL

IIi

fy

_Y

Tension

Á
8,053.-Locked-in stresses in a weld due to contraction. When the joint is completed, the transverse contraction stresses along the joints will be greatly concentrated at the
ends A and C. The stresses impair the quality of the weld and, in many cases, develop a
fracture on cooling. When a fracture develops where this method is used, it usually occurs
at the end where the joint is finished,

FIGS. 8,051 to

throughout the joint, and thus reduce the amount of drawing
and prevent concentration of contraction stresses. This order
of welding is known as the step back method.
When the parts are rigid and no allowance can be made for contraction,
or when it is desired to minimize the drawing of the plates, the joint is
`_-c+rmed by welding in the order as shown in fig. 8,055.

Electric Welding

5,037

When welding heavy sections, such as locomotive frame members and
similar parts, it is advisable where possible, to spring the butting parts
slightly preparatory to welding. Under exceptional conditions, an intermittent procedure may be adopted to prolong the operation and reduce the
amount of heat developed in the object welded.
As the distortion caused by welding is due to localized or uneven heating,
preheating may be employed to prevent this distortion, and thus reduce the
difference in temperature developed between any two points of the parts
affected by the welding.

Direction of Travel

of Electrode

i

Average

1I0"

t

A
Mte.

8,059.-Step back method of welding to distribute contraction stresses.

As shown the
deposited metal is applied in sections. The sections 1, 2, 3, etc., ate welded in numerical
order and in the direction shown by arrows. By starting at C, section 1, progressing toward
the end A, section 2 would best be welded in the same manner from D to C. Each section
should be finished at least flush before starting another.

Cast Iron Welding.-A welder is frequently called upon to
weld broken iron castings. Cast iron is difficult to weld by
any process under the most favorable conditions and the results obtained are more or less inconsistent.

5,038
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This is due to the brittleness and low tensile strength of cast iron. How.
ever, satisfactory welds can be made by the exercise of care in the selection
of welding equipment, proper electrodes and preheating the casting. There
is no means, however, by which the strength of the welded joint may be
accurately predetermined and for this reason the work should never be
undertaken unless the person responsible is thoroughly familiar with these
facts.

Malleable castings are annealed gray iron castings.
The annealing usually affects the casting only to a small depth, which
makes it possible for welding to be done in the annealed or softened section.
Trdve of. Elect rode

Wedge

Fto. 8,055.-Method of reducing contraction by locking up the stresses produced. When welding long seams, the drawing may be reduced to almost nothing by the use of spacing blocks or
wedges placed in the opening approximately 18 ins. from the section being welded, and
toward the end of the seam to which the weld is progressing.

Consequently, the weld metal becomes similar in character to carbon cast
steel.

If the casting be machined in the welded section, it must be re -annealed.
In welding iron castings and castings similar in character, it is sometimes
desirable to make the electrode rod the positive terminal in order to reduce
the effective heat in the casting.

Welding Non -Ferrous Metals.-Non-ferrous metals as used
commercially have been welded with varying degrees of success.
Such metals are more or less difficult to weld with the electric
arc, due principally to their low melting points.
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Brass.-It is difficult to weld brass due to the vaporization of the zinc
content when subjected to the temperature of the electric arc. The addition
of metal to brass can be done successfully, but the metal from a brass electrode cannot be added to parent metal of the same composition.
Bronze.-This metal having a low percentage of zinc, can be welded
without difficulty either by the metallic or carbon arc process, providing an
electrode having a low percentage of tin and zinc is used.
Aluminum.-Great difficulty is experienced in welding aluminum by
any process, for two reasons. 1, the metal has a great affinity for oxygen,
therefore as it becomes heated a skin of oxide forms on the surface. 2, the
metal has a very critical melting point and passes from the solid to the
liquid state suddenly. It must be supported at the point to be heated to
prevent the hot portion caving in. The only way to attempt the welding
of aluminum is by the puddling process using either the metallic or carbon
arc.
Copper.-Welding copper to copper or copper to mild steel can be done
by either the metallic or carbon arc. It is recommended that a phosphor
copper electrode be used in making such welds.

Preparation of the Work.-There are several factors which
must be considered when preparing work for welding in order
to get the best results.
Provision must be made for expansion and contraction wherever possible. The strength of the weld will depend on the correct beveling and
spacing of parts to be welded. Uniform fusion is directly dependent on the
proper beveling and spacing.

The cleaning of the surfaces is another important factor,
which must not be overlooked and considerable stress should
be given this point, so that the welding operator will realize
that good welds can be expected only when the joints to be
welded are kept clean.
In all cases the material should be cleaned of all rust, scale, paint, dirt
or foreign matter. This is necessary in order to exclude the foreign matter
from the weld and to help make the operation of welding as easy for the
operator as possible. Foreign matter is usually a poor conductor of electricity
and interferes with the control and manipulation of the welding arc.

5,040
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The best possible fusion is obtained when welding in a downward horizontal plane position on a flat steel plate.
It follows, then, since this is the easiest and best position in which
welding is done, that when possible and economical to do so, arc welding
should be done in the downward, horizontal plane position.
When welding in this position the welding wire is held approximately perpendicular to the face of the plate. It is necessary to bevel the.abutting
edges of plates or sections, except on sections % in. thick or less, to approach
this position.

Fm. 8,056.-Best theoretical welding angle.

The best type of welding preparation would theoretically be one giving
the greatest included angle if all other considerations be omitted, excepting
the angle of the welding wire to the face of the work. A joint of this kind
is ahown in fig. 8,056. The expense of preparation and welding joints of this
type would, however, be prohibitive. It is readily seen that a much smaller
inciuued angle will serve the requirements.

Another fundamental of good preparation or joint design is
to keep the cross section of the added metal as small as practicable, so as to localize the effective heat in adjacent sections.
The accompanying examples figs. 8,057 to 8,064 illustrate the
preparation of the most common joints of the butt type. The
same principles of preparation apply to other types of joints.
Lessons in Metallic Arc Welding.-While learning to weld,
the beginner will find it convenient to use a bench or table such
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Ftcs. 8,057 to 8,064.-Preparation of joints for welding.

A, very bad. Except on sections of
in. thickness or less, this is a very poor type of joint where strength of weld is important.
The bad feature of this design is that the faces of the original metal are not presented for
welding, and fusion to them cannot be obtained unless the arc can play upon them. Closing
of the crack by fusion of the edges may look like a good weld but the strength is only equal to
the strength of the weld section. However, this preparation is sometimes permissible, for
carbon arc welding and for certain thicknesses of metals. B, bad, except for work where,a
square corner is essential after welding. When used, this joint should be prepared as shown in
fig. C. This type of joint is better than that of fig. B. However, irrthis type of joint, great
care must be exercised to obtain fusion at the apex of the angle and the vertical plate; D,
good, but can be improved by adding a free distance between the two sections as shown in fig. E.
This type of joint is good especially where more than one layer of metal is to be deposited;
F, better. This type of joint satisfies all the requirements as to preparation for work welded
on one side only; G, very good. This joint is better than the preceding one, and is applied
on sections which are heavy enough to warrant beveling on both sides. The factors which
influence the adoption of this type of joint are strength'of weld required, thickness of the section, cost of preparation as compared with the reduced cost of welding and permissible
warpage; H, very best. This type of joint satisfies the conditions as to arc manipulation and
reduced section of weld. Warpage is also reduced, due to the fact that the force on either side
is counteracted by the force of the opposite side.

NOTE.-When repairing cracks in castings, it is often desirable to drill a hole at the
termination of the crack to prevent further breaking. Also, care should be taken to bevel
the work to the extreme depth of the crack or flaw, so that it will be a solid section after welded.
1f this be done the unwelded portion may cause the casting to re -crack, when the added metal
cools and contracts.
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Standard

Pipe.
,

Fittings

t ndard Pipe

Angle Iron Welded on

Steel or Iron Plate
to keep Plate 'in Position
on Pi .e Framework

Steel or Iron

Table Top which

®is Removable
Heavy

Tack Weld

Steel orlrQrt'.FlanSe.
Fm 8,065.-Welding table with removable top suitable for small work which may be picked
up and moved about by hand. It may be built of pipe and fittings with a steel plate top to
which the positive lead is connected.' The work may be set or, this bench, the contact being
sufficient to carry the current. In many cases, a vise mounted on the table will be found
desirable. If the work be too large for the table, it may be set beside the table and a bar laid
across to it. This will provide sufficient current carrying capacity, provided scale and rust
do not entirely prevent contact.

Pockets and Blow Holes

l5patters
Overláp

arc has traveled
() Welding
edonc1 too slowlt

-

on).z.

pots of
Fusion
long arc used or too
No

rapid travel

No Overlap

(o)

Not enough heat used

`:'Penet rat ion

(d) Weld whi6h is

satisfactort

Ems. 8,066 to 8.069.-Cross section of beads deposited under different conditions.
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as shown in fig. 8,065, with a steel plate top connected to the
ground lead.
The welder can sit in a comfortable position, and by avoiding muscular
strain, can better concentrate on the exercise. The steel top will catch many
of the sparks and prevent burning the floor or bench.

Electrode Held

Férperid icutear to

FIG. 8,070.-Lesson I. Laying single buds. Run straight, continuous beads at least 12 in. long. Do
not let the arc go out while the bead is being run, except to change electrodes. Uniform
width and height of bead. Proper penetration and no overlap. No signs of porosity. Length
of bead should -equal the length of electrode wire used. Instructions: Tal.e all the prelim-

inary steps described before and strike the arc near the edge of the plate neatest the student.
Move the electrode slowly and steadily across the plate away from the operator, keeping
both arc length and rate of travel constant.

The exercise plates can be laid on the steel top, which will
make the connection of the ground circuit.
For vertical and overhead welding, the plates can be attached to the
bench top by short tack welds. A screen should be placed around the table
to protect the eyes of others.
It is recommended that the beginrfer use a hand shield during the exercises on metallic electrode welding, since it keeps the left hand occupied and
prevents using the left hand as a brace for the right hand. Also, the shield
can he quickly moved before the face, allowing the operator to direct the
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Flo. 8,071.-Position of welder when welding, showing shield, electrode, electrode lead and
work table. The operator should try to assume an easy position in which the whole body is
comfortable and braced so as to be steady without strain,'leaving the right arm entirely tree.

Electrode Held
Perpendicular to Plate

FIos.8,072 and 8,073 -Lesson
2. Three parallel beads. In this
and all following lessons, the
deposited metal should meet
all the requirements of a good
weld, uniformity of height and
width, regularity of ripples,
good penetration, and no overlap nor signs of porosity.These

Path of
Electrode

Electric Welding
electrode visibly, until the instant before
arc.
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it makes contact and strikes the

The beginner will profit greatly by watching for a time, an
3xperienced welder.
He should closely observe the motions used in striking the arc and in
moving along a weld. His ear will become accustomed to the sounds of the
arc, both when it is too long and when it is of proper length. When at the
No Overho

Electrode Held
Perpendicular to Plate

Sectional

J

Approx.

View Showing

Beads One on Top of
the Other

Fros. 8,074 and 8,075.-Lesson 3. Thr_e parallel beads in two layers. Current in arc, SO amperes. The reduction in current is because the conduction of héat into the plate is not as
rapid, since the heat is applied to the top of a narrow ridge instead of the broad surface of the
plate. A second layer deposited on each of the beads made in Lesson No. 2. Total height
of completed beads, W in. Instructions: Use for practice the plates from Lesson No. 2
that were not passable. Clean the surface of the preceding beads well with a scratch brush.
When a good practice weld has been made, use the plate that passed the requirements of
Lesson No. 2. Do not let the metal from the second layer run over the edges of the first layer.

Figs. 8,072 and 8,073.-Text continued.
factors will not be mentioned again, but it should be understood that they are of the first
importance, and it is assumed that the student will make welds that meet these requirements.
The particular requirements of this lesson are: beads each 12 in. long,
in. wide and 3e in.
high. Instructions: The same as Lesson No. 1 except that, in order to obtain the required
width of bead, it will be necessary to spread the weld by weaving the electrode in a crescent
motion from left to right and from right to left across the line of travel. The arc will follow
a path similar to that shown in fig. 8,073. This cross motion should not be too rapid, or the
weld will not penetrate. This movement of the electrode should be governed by the same
conditions laid down in the preliminary instructions allowing for the different motion. Each
time an electrode is changed, use the scratch brush to clean the surface where the bead is to
be deposited and to seal the crater properly. In making this weld, it will be necessary to use
more than one electrode per bead. Each time the arc is broken to change the electrode, the
arc should be recommenced accordine to instructions given in t ne section on depositing metal.

.
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proper distance of % in. the arc will have a very snappy sound like frying
grease; a long arc will have a dead, sputtering sound.
By using an electrode holder and electrode; but without any current, he
can practice the motions of striking the arc. The hand shield should be used

Electrode. Held
Perpendicular
to Plate

Path of

Electrode.
Section Through "A -fi

Section Through "13-8"
Fics. 8,0"6 to 8,079.-Lesson 4. Filling space between welds made in Lesson No. 3.

Web made
in two ayers. Same height as previous beads, leaving smooth surface. Weld must penetrate plate below and into beads at either side to form a solid mass of metal, as shown in
fig. 8,076. Instructions: Clean the surfaces where the weld is to he made by means of the
scratch brush and repeat each time an electrode is changed. Fig. 8,077 illustrates the manner
in which the weld is made. The path of the electrode is as shown. At the start of the weld,
the electrode is moved back and forth two or three times to build up the metal quickly to
the desired height. A cross section of the weld at the start would have the appearance as
shown in fig. 8,078. After building up the weld to the height of the two parallel beads at the
start, the path of the electrode is that of an elongated spiral. The weld, from now on, is
made in two layers, the bottom layer thoroughly penetrating both plate and parallel beads,
and the top layer overlapping the bottom layer about two-thirds of its width. The top layer
completes the f.11 to the top of the parallel beads and gives a smooth finish to the weld. The
appearance of a section of the weld is shown in fig, 8,079, The type of bead described and
used in this lesson is known as the rope bead.
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just as though an arc were to be struck, since the operator should form the
habit of always covering the eyes before striking the arc. Repeated flashes
of the arc on the eyes, even though they are only momentary, will cause
eyeburn.

START OF
ELECTRODE

ELECTRODE
AT END OF

STROKE

rK-t
ELECTRODE
AT END OF

STROKE
STRAIGHT
DOWN AND
UP

PATH OF

ELECTRODE

MOTION

EXECUTED
RAPIDLY

II

'1..-5TART'OF

¡

ELECTRODE

1

IHI

i

,;

u

TRAVELI
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Flo. 8,080.-Striking the arc, I. Insert an electrode wire in the holder, gripping it by the
middle. Adjust the current for abcut 125 amperes dead short when welding. It is possible
to determine the current with an ammeter by holding the electrode holder against the plate
and reading the current. This value will be roughly about one-half more than when the arc
is being held. Lay one of the exercise plates flat on the table. Take the welding position
shown in fig. 8,071. Holding the electrode vertical, bring it to the point on the plate where the
weld is to be started, but do not touch the plate until the hand shield is moved in front of the
face. Touch the electrode very lightly and quickly to the work by a motion of the wrist.
This is a quick, picking action. The movement in touching the plate and just f:eeing the
in. or until
electrode should be quick. Then bring the electrode away more slowly about
the arc has the proper snapping sound. Hold the arc a few seconds and then snap it out.
If the electrode stick or freeze immediately, bend it from side to side with a steady pull which
will probably free it. If this fail and the electrode become red hot, the circuit should be
opened by opening the line switch, or by.freeing the electrode from the holder, or by lifting
the plate from the bench. On cooling, the electrode can be broken away with a hammer. The
welder should practice starting the arc in this way, holding the arc a little longer time at each
attempt, and moving it slowly over the plate until he is able to stzrt and hold the arc consistently. Move the arc straight along; do nt,t try to spread the bead or to weave or impart
a zigzag motion to the electrode holder.

3

fie. 8,081.-Striking the arc, 2. This method is to avoid eticking. It consists in "scratching"

the electrode on the surface of the plate. The withdrawal of the electrode should be slower
than the rest of the motion.

The accompanying illustrated lessons by courtesy of
the General Electric Co., will be found to comprise an
excellent course for the welding student.
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Tack

FIG.
1.

or

Welds

8,082.-Lesson

5. Laying three parallel beads, 45°. Instructions: Similar to Lesson No.
The plate may be rested against a brace or welded to the bench top by a weld about % in.
long, just enough to support it, as shown. Begin
weld near bottom of plate.
The arc must be kept short,
Electrode Held
or the metal will run, causPerpend icular
ing an uneven appearance.

Tea

96.

Weld

Path of

Electrode

Closed
Fins. 8,083 and 8,084.-Lesson 6. Straight bull weld method of making right angle butt weld in
hoe rewtal position. Good appearing weld, even across the top without bumps, craters. or
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Electrode Held

Perpendicular

to Line of Weld

45'S

Tack Welds

8,085.-Lesson 7. Right angle butt weld inclined 45° to horizontal. 'Phis is the same as
Lesson No. 6, except that, after tacking the plates as shown in fig. 8,083, they are placed so
the weld makes an angle of 45° with the horizontal. The end having the 3q in. opening should
be at the top. Begin at the lower end, and weld upward and away from the operator, as
shown.

Flo.

and 8,084.-Text continued.
dribbles over the edges. Weld must extend through bottom of groove, and show on under
side. The break should, in general. follow the middle of the weld. The grain of the meta;
should be uniformly fine and of a dull gray color. Instructions: Place the plates at an angle
of 90° as shown in fig. 8,083. Assuming that the plates are 12 ins. long, they will be spaced
about 3.á in. at one end, as in fig. 8,084. Tack the plates at the ends where the edges touch.
Start the arc at this end and, as the weld advances, the shrinking of the deposited metal will
gradually draw the plates together. Therefore, as the arc reaches any point along the weld,
the plates at that point will be spaced a slight distance apart. The general rule for spacing
the plates in welds of this type is % in. per ft. length of the weld. At the beginning, the path
of the electrode will be a simple, spreading motion to distribute the heat evenly. As the
plates become hot, the metal in the weld and at the bottom of the groove tends to fall or sag
through. To prevent this, the amount of heat in the middle of the weld is reduced by moving
the electrode farther up along the edge of the plates and making a more pronounced horseshoeshaped path, the sides of the horseshoe being about .4j in. long. The travel across the middle
of the weld should be made faster, and that along the sides of the horseshoe, slower. In this
way, the maximum heating is caused along the edges of the cold plate where good fusion is
necessary. Do not run over the edges of the plates.

Ftcs. 8,083
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Striking the Arc.-The principal precaution to be observed
when striking the arc is to prevent freezing or sticking the electrode to the work. This is caused in the following manner:
The electrode touches the work only on a small surface, a point, or sharp
of
corner. The heavy current melts this and it sticks to the plate. More of
end
the
plate,
the
against
pushed
being
as
it
is
and,
melts
the electrode

Electrode Pointing
atSlight Angle
Ahead of

Perpendicular

(-Approx.15°
Perpendicular
Line to Plate
Path of Electrode

Tack Weld

Note:- Opernnq between

plates at other end .1/4

Same as lesson 6,
FIGS. 8,086 and 8,087.-Lesson 8. Straight butt weld, plates in same plane.
in fig. 8,086,
except position of plates is horizontal. Instructions: Place the plates as shown
in.
with the
end
with an opening of ?/g in. at one end and % in. at the other. Tack the
that the
6,
except
No.
in
Lesson
to
that
will
he
similar
opening. The path of the electrode
to 5,(6 in. The path of the electrode is shown in
of the horseshoe are longer, about

3
sides
that the
fig. 8,087. This path must extend over the edges of the plates as shown, in order
the
deposited metal will be thoroughly fused with the plate. Figs. 8,088 to 8,090 illustrate
a feed
slow
of
or
heat
too
amount
an
great
too
by
use
of
the
method of tilling a hole caused
of electrode.
the electrode will weld fast. The current then rapidly heats the rest of the
electrode, unless it is broken away at once. This trouble is avoided by
quickness in making the electrode touch the work and in bringing it back
just away from the plate. The electrode should be drawn back to the arc
length somewhat more slowly than the movement in the first part of the
action, as in fig. 8,080.
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Metal.-In advancing the arc, care should

be

taken not to move the electrode faster than it is possible for
Showing Stroke
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After

Hoie is

Closed.

'roceed

an

at Start of Weld
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Closed and Second.
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of Hole
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as when Closing
Bottom of Hole
Second
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Layer Started

Opening Between
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Hole Burned
Through Plate

by

Excess

Heat

Mos.

8 088

to 8.090.-Method of tilling hole in butt weld caused by arc melting through.

Electrode

Frss. 8,091 and

8,092.-Diagrams showing

--

flow of welding metal when'welchng.
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,Electr'óde Held

Perpendicular

to Line of Weld
Tack Weld
Both Ends

8,093.-Lesron 9. Single fillet T weld. Clean and uniform
indicating penetration
into plates at edges of weld. No signs of porosity. Surface of surface,
weld
re -enforced or concave. Clean surface of each layer with hammer andshould be flat across, not
chisel, and brush before
depositing a succeeding layer. Instructions: In making the first bead, the
electrode should
be moved slowly across the plate, advancing as fast as necessary to
keep the proper height
of the deposited metal, which should be approximately
in. Since the weld is being made
in the middle of the horizontal plate, the heat will be conducted away in
directions by
this plate, and, therefore, at a greater rate than by the vertical plate. Theboth
crater shouid be
established at the juncture of the two plates, with the greater portion on the bottom
plate.
Perpendiculor Line to Wald
Electrode Held

FIG.

15'
.

45A\

ofe P¢rpandicular

Lineat

A%Zzls
Showing
Path of

Electrode
for

Third

Sr

Layers
Wald
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weld

of

Direction of Arrow
Tack Weld

Both Ends

Fres.8,094 and 8,095.-Lesson 10. Method of making 4-layer T weld in horizontal position,
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the arc to melt a place on the plate for receiving the deposited.
metal. If the arc be moved too fast, the metal will be merely
laid on the plate with no penetration.
The operator should keep the arc traveling forward just fast
enough to keep it at the forward edge of the crater, as in fig.
7,975.
This is the greatest speed of travel possible with the combination of plate
thickness, electrode diameter, and current used. Advancing the arc less
rapidly will result in a bead somewhat higher and wider.
Path Taken by

Electrode

Showing Electrode
Always Slanting
at Approx 150Ahead
of Perpendicular

45°

Perpendicular
Line to

Plata

Showing Electrode when
Welding Near Previous
Parallel Beads. Electrode
at Approx. 15"Ahead of Perpendicular and also Swinging Slightly as Shown. Upward
Toward Upper Bead and
Downward TowardsLower
Bead.
8,09G.-Lesson 11. Method of filling in between parallel, horizontal spread beads on

vertical plate.

Too low a speed will result in overlap of the bead, and possibly in oxidized
metal caused by the melting of a large crater and exposure of this hot metal
to the air. The gases and vapors from the arc will protect the metal in a
small crater to a certain extent.

These exercises should be continued until the operator is able
to start the arc practically every time.
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8,097.-Lesson

12. Method of building up a patch on a vertical plate working upward,

A

FIGS. 8,098 and

Path of

«t_

Electrode
Start ArcH¢ro

Porous
8.099.-Section of deposited metal showing penetration and crater.
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Gradually increase the length of the bead and make curved lines, letters.
etc., but do not weave.

Now, begin to examine the beads deposited while moving
the arc along the plate, by comparing them with fig. 8,099.
The sound of the arc, and its appearance, both from the
standpoint of length and size, and also the size and number
of sparks, should be noted in connection with the appearance
Perpend icUtr'
Line

--LL

Electrode'
Pointing at
Slight Angle
Upward

Towards

Previous Weld

FIG. MA/U.-Lesson 13. Method of building up a patch on a vertical plate working downward.

Chip off the bead, commencing at the end where
the weld was begun, since this is usually the weakest point.
Continue making beads 3 or 4 ins. long until the bead has
the appearance of a good weld; that is, even height, width, no
overlap, and good penetration.
If a volt meter be connected to measure the arc voltage, it
will aid to have someone watch this and report from time to
of a bead.
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time what the voltage is. It should be kept from 18 to 20 volts
and the appearance under these conditions noted.*
Now repeat the above exercises, first using a current of 100
amperes in the arc, and then of 75 or 80 amperes.
These currents will require increasingly greater steadiness of the hand,
both in starting and in holding the arc after it is started. The observations
above as to arc sound and appearance should be checked in each case against
the appearance of the bead.

Electrode Perpendicular to Plate

8.101.-Lesson 14. Welding around tubes. The weld should be made continuously in one
direction as shown, from start to finish. Particular attention should be given to obtaining
a tight weld at the starting and finishing points, since such a weld under service conditions
must be tight under high pressure.

FIG.

The surface of the bead should consist of regularly spaced
ripples with no holes or spongy places.
No large drops of metal should be outside the weld on the plate and, when
the bead is chipped off, it should be necessary to cut it away the full width of
the bead, thus showing that there is no overlap.
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It will be noted that wherever the arc stops, there is a
spongy, porous spot in the crater.
In the case df long welds, where it is necessary to use more than one
electrode, such a spot will be found wherever the arc is stopped to change
electrodes.

When an arc is broken, care should be taken in recommencing
to close the gap in the deposited metal and also to guard
against leaving a lump of metal on the bead.

erG. 8,102 and 8,103.-Lesson ll. Continued. Cross section of flue of locomotive showing
method of welding tube to flue sheet.

$

Strike the arc about % to in. in front of the crater, and come back as
shown in fig. 8,098, holding the arc very closely, and then proceeding in the
direction of the weld. The path of the electrode is as indicated in figs.
8,098 and 8,099, the travel back to the point A, being faster than normal.
From point A, the weld should be continued at the normal rate.

It can now be assumed that the welder is able to start an
arc and to hold it uniformly for a short time.
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From this point on, the exercises will take the form of lessons on carbon
arc welding as given in the accompanying illustrations with certain conditions specified, and certain requirements which are to be met by the finished weld, before the student passes on to the next lesson.

Lessons in Carbon Arc Welding.-A source of welding current is required which will deliver from a maximum of 400 to
600 amperes down to a minimum of about 40. A carbon electrode holder and electrodes of various sizes are needed. While
the hand shield may be used in cutting, it is necessary to use
both hands for welding, and therefore, the helmet must he
used for the latter operation.
Path Taken by

,111111-1000........"7"...........Zectrode
Tack Weld
Tack Weld

Both En.s

Task Weld

90

0

Electrode Held
Pe rpe ndicul a

to Top Plate

Fm. 8,104.-Lesson 15. Method of making an overhead straight butt weld:

Striking the Arc.-The carbon arc is very stable and easy to
maintain. The length can be varied over wide limits without
causing the arc to go out.
There is no tendency for the electrode to freeze or stick, as in the case of
the metallic electrode. Accordingly, the arc can be struck without difficulty
at any point, and rapidly moved over the surface of the work to the point
where the weld is to he made.
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Depositing Metal.-In welding with the carbon electrode, a
-nolten pool should be formed on the work and the added metal
deposited in this pool. The arc should be kept at this point
until the added metal is thoroughly melted and mixed with
the original metal before more material is added .

-Arc Core. While
-Arc Stream, Blue

i>. Arai-lame.

tr[G. 8,105. --Correct position for graphite.electrode aild metal filler iod.

Carbon or Graphite Electrode Tra,,elir,9
in Direction Indicated by Arrow

NFiller Rod
Deposited Metal

NI

Fro. 8.106,-Direction of travel in making

a

carbon weld.
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The added metal is usually in the form of a long stick of filler rod held ín

the welder's left hand. When the pool or the work is ready, the end of the
filler rod is inserted in the pool, and the arc directed against the rod just
above the surface of the molten metal. This will melt through the rod, and
leave the end in the molten pool on the work.
Carbon or

Graphite Electrode

Filler Rod
Deposited

Showing Horseshoe
Path Taken by

Metal,

FIG. 8,107.-Electrode travel in making

Electrode

a

butt weld with the carbon arc
Plate Held in Place
or Clamp

Carbon or Graphite
Electrode Held
Perpendicular
to Plate

by Weight

..44111011111
-4141,1411.

K
83.08.-Lesson I. Lap weld of thin sheet metal. Instructions: The line of weld will be
along the middle of the overlapped portion. Strike the arc at one end, and move it slowly
along the line of weld. The heat of the arc should fuse through the upper strip and into the
lower. This depends on both the current and rate of travel of the electrode along the weld.
Penetration can be increased by reducing the rate of travel until a point is reached where the
heat spreads out too wide on the upper strip and causes the fusion of a wide area. When this
condition is found, increase the current and advance the electrode faster. Experience will
show the best combination to use.
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The arc should be played about on the pool until the added metal is all
melted down, when, because of the circulation caused by the heat, the
molten metal will be well mixed. After this, the filler rod may be again
inserted in the pool, and the process repeated, advancing along the line of
weld.

FtGs. 8,109 to 8,111.-A.E.P. spot welder diagrams showing operation. 1_ Pressing down
on treadle brings welding points on work.
This initial contact must press lightly to assure high resistance and heat generation at
point of weld, yet not too light to create air
gaps. 2. Pressing further on treadle closes
switch contact thus applying current.
Switch remains closed, automatically opening
with a quick break, cutting off current. 3.
Treadle continued downward to end of
stroke, applying pressure to the then plastic
metals, setting the weld.

Position of Electrode.-In welding or building up, the electrode is generally held perpendicular to the surface of the plate,
but ís inclined ahead about 15° to the line of weld to direct the
arc back into the weld.
Direction of Travel.-By welding from left to right, a right
handed welder avoids awkward positions. The arc is directed
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backward into the weld, and the position of the arms and hands
is comfortable.

'

Resistance Welding.-The art of resistance welding was discovered accidentally by Prof. Elihu Thompson in Philadelphia,
in 1885. While experimenting with a spark coil operated from
a bank of batteries. he accidentally welded two steel rods of
about % in. diameter.
Carbon Electrode Held

Perpend icular to Plate

!Carbon Electrode geld
Perpendicular to

Plat

8,113.-Lesson 2. Cutting a steel plate with a carbon or graphite electrode. Intoward the
structions: First, melt away the lower part of the plate, and then bring theItarc
is particularly
top. This undercutting makes it easier for the molten metal to run out.necessary
to follow
beneficial in cutting heavy parts such as castings, shafts, etc. It is often

FIGS. 8,112 and

cut will
the molten metal down with the arc to keep it fluid until it runs off. The width of the straight
depend on the size of the electrode used and on the skill of the operator in keeping to a
line.

By definition, resistance welding is that method in which a

sufficiently strong electric current is sent through the two metals
in contact to be welded which melts the metals by the resistance
they offer to the passage of the electric current.
There are several forms of resistance welding known as
4. Seam;
1. Butt;
5. Tube.
2. Flash;
3. Spot;

electric Welding
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Each depends on the resistance offered by the metals in contact, to the passage of the current for the production of the
4----ELEMENTARY CIRCUIT-^
MECHANICAL PRESSURE
SPOT,
AND
BUTT

LINE

WELDING
TEMPERATURE
DEVELOPED
HERE
WATER
GOOLE

COPPER
ELECTRODE

LAMINATED COPPER

FLEXIBLE COPPER
CONNECTION

SECONDARY

MECHANICAL

PRESSURE

Ftc. 8,114.-Circuir diagram for spot welding. Spot welding, for the most part, is used In
place of riveting. It consists of 1, discharging an enormous current, at a fairly low voltage
through two or more pieces of sheet metal or bar stock; 2, following up the discharge of current
with sufficient pressure on the two or more pieces of metal so as to unite the molecules of the
metal; 3, cutting off the current before the mechanical pressure is released, so as to prevent
burning the die points. The spot welding process is also used largely in the manufacture of
wire goods, such as lamp shades, wire cloth, screening, netting, fencing, and an endless
variety of objects and utensils for various uses. Above elementary circuit indicated in figs.
8,115 to 8,117 by dotted line.
ELEMENTARY CIRCUIT
COPPER

ROLLER

COPPER
ROLLERS

/%i.

\\\\O\\\\\\\\\5\\\\\\\\\\\\\\\\\\\

MECHANICAL

PRESSURE

COPPER ROLLER

Fins. 8,115 and 8,116.-Circuit diagrams for seam welding. It consists of passing two or more
metal sheets or bars, between the rollers of a seam welder. The electric current passing from
roller to roller through the work heats up the parts to be joined in the nature of a spot welder
and the mechanical pressure on the roller electrodes consummates the weld.
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heat to melt or soften the metal. Usually there is mechanical
pressure applied to the soft or melted metal to force the parts
together and aid in binding them.
In butt welding, the ends of the pieces to be joined are butted
and current passed from one to the other until they become
plastic and the pressure binds them.
A modification of
MECHANICAL

PRESSURE.

butt welding is flash welding.
JOB

MECHANICAL
PRE55URE
Y

MECHANIGIAL

PRESSURE

MECHANICAL

WATER COOLED

PRESSURE

JAWS

ELEMENTARY CIRCUIT

Ftc. 8.117.-Circuit diagram 'Jr butt welding.

The difference being that current is applied to the parts before they are
brought together so that when they meet arcing or flashing takes place and
greater heat produced and projections burned away and thereby the surfaces brought closer together; the pressure completing the bond. The flash
method has almost entirely superseded the butt weld method.

In spot welding, the parts or pieces are joined in spots.
The metals are brought together either butted or lapped and the electrodes connected to the metals both above and below the particular points
where they are to be joined. This creates heat at these points and softens
the metals within these restricted areas and by pressure completes the weld.
The joining points being wherever the electrodes are connected.

;,
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f tc. 8,118.-Thompson butt welder. Capacity.-Iron or steel. A cross section from .0122
minimum to a cross section of % sq. in. maximum continuously, or 1 sq. in. at long intervals.
Rims 234 ins. wide by % in. thick by 1034 ins. minimum diameter. Rims 134 ins. wide or
-

narrower and as small as 8 ins. diameter can be handled. Pipe or tubing up to 1 in. diameter
extra strong; pipe or tubing 134 ins. diameter standard, can be welded by fitting contacts to
size.

.

.

_

Illllillllllllllllllllc

CARBON
STEEL

MIGH SPEED

STEEL.

-71\\T-T

Frc. 8,119 to 8,124.-Variousexamples of butt welds. Fig. 8,119, flash weld; fig. 8,120. tool weld;

fig. 8,121, ups( t weld; fig. 8,122. high speed steel weld; fig. 8,123, pipe weld: fig. 8,124, tee

weld.

Are,+

in.

345
.31
.44

.60
.79
.99

itM"
2.41

1%"
2"
65
75

50

25
35

12
15
18

.50

30
40
45

25

20

15
18

10

5
5

3

8.12
10.42

5.5.5

2.90

.50
.75
1.00
1.73

.21

.02
.65
.07

Cost per Thousand tVelds
at to per K \VI1

This is used for cylinders or other work of that kind and either the rollers move or the work moves,
Pressure of course is applied the same as for the other welds.
The electric current passing from roller to roller through the work heats up the parts tó be joined in
the nature of a spit welder and the mechanical pressure on the roller electrodes consummates the weld.

In seam welding, the electrodes either in the form of wheels or rollers, move along
the seam of work and weld it.

3.14

1.23
1.37

134"

13.4"

15"

3á "

55
7.5

5

%a "

2
3.5

in Seconds
RequiredTime
to Make Weld

.20

KW

.05
.11

Square Inches

3á"

Round Iron
Diameter

(According to Thompson Electric Welding Co.)

Butt Weld Data
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TEST QUESTIONS
1. Define electric welding.

2. Name the various welding methods.
3. Describe the source of welding current.
4. What is the. difference between carbon arc welding and

5.
6.
7.
8.

9.

metallic arc welding?
What is the action of the welding arc?
What effect has the length of the arc upon its action?
Is a short arc more desirable than a long arc?
What strength of current is required in welding?
Name the various positions of the work and of the
weld.

10. What are the various types of weld?
11. Describe the following welds: 1, butt; 2,
4, edge; 5, plug.

lap; 3, T;

12. How can the effects of expansion and contraction be
13.
14.
15.
16.
17.
18.

19.

minimized?
Can cast iron be welded?
Describe the welding of non-ferrous metals.
How is the work prepared for welding?
Make sketches and describe various examples of
welding.
Describe the method of striking the arc.
What precautions should be taken in advancing the
arc?
What happens when the arc stops?
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many amperes are required for carbon arc
welding?
21. What are the characteristics Of the carbon arc?
22. What is the form of the added metal in carbon arc
welding?
23. Describe in full detail carbon arc welding.
20. How
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CHAPTER 207

Gas Welding
(Oxy-Acetylene)
The gas method of welding consists in uniting the metal pieces
appropriate temperature with the
addition of metal of the same composition. The joint thus
obtained is called autogenous. The torch used is an instrument
in which the flames are produced and projected on the metallic
parts w be welded. The flame produced by the torch is of
unusually high temperature.
by means of a torch flame of

First oxy-hydrogen was used in the torch, then oxy-acetylene, oxygen
and coal gas, and oxygen and benzol, etc.
The tempei-atw-e of the oxy-hydrogen flame is approximately 4,000°

Fahr. and the oxy-acetylene flame, 6,300°. Oxygen and acetylene (oxyacetylene) is the combination of gases most extensively used.

With the oxy-acetylene torch the metals can be welded without adding metal to the weld:
Sections from % in. thickness up, are welded by fusing the edges and
adding filler melted from the end of a wire or rod. All common commercial
metals are readily fused with the oxy-acetylene flame, and practically all
can be welded. The list includes wrought iron, steel, steel castings, alloy
steels, gray and white cast iron, aluminum, copper, brass, bronze, nickel,
monel, the principal commercial alloys, the precious and the semi-precious
metals. Welding dissimilar metals to each other, such as steel and cast
iron, steel and conger is also practicable.
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8,137.-Airco-Davis-Bournonville welding outfit showing torch, tips and o her
parts. The torch comprisesa brass handle, to the rear end of which are attached the oxygen and
acetylene needle valves; oxygen and acetylene tubes inside the handle, joining the rear end
to the torch head, mixing head nut, mixing head and tapered copper welding tip. The needle
valves provide ample packing space for the stems and good grip for the fingers when wearing
gloves. Hose connections for 1,4 in. inside diameter hose are of the approved standard design
now in general use on all makes of torches. The oxygen hose thread is right hand, and the
acetylene hose thread left hand. The needle valves screwed into the rear end, are soft soldered
in place to insure tightness and permanent position. The tips made of seamless copper
tapered, are bent to the welding angle 67!,4 ° and threaded at the rear to fit the mixing head.
The end of the tip makes up against a fiat seat in the mixing head which construction is well
removed from the welding heat and which insures against leaks. Copper extension tubes, 9
ins. long, are furnished for welding heavy preheated jobs and for other situations requiring
long reach. The extension tube is coupled between the mixer head and tip. Two or more
extensions can be joined when necessary to get the reach required. Fig. 8,130 shows cutting
attachment.
NOTE.-Airco-Davis-Bournonville oxygen welding pressure regulator. This device has s

FIGS. 8.125 to
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The filling material or welding rod as a rule should he of
nearly the same chemical composition and physical characteristics as the base metal.
Low carbon steel is generally welded with low carbon rods, cast iron with
cast iron rods, copper with copper rods, and so on. When welding dissimilar metals the welding rod as a rule is of the metal having the lower
,pelting point, Thus copper rods are used when welding steel and copper.

An oxy-acetylene outfit, consists of
1.

Torch with separable tips, mixing heads;

2. Two lengths of hose (black for oxygen; red for acetylene);
3. Two pressure regulators;

4. Cylinder containing oxygen;
5. Cylinder containing acetylene.

The pressures of the gases in the cylinders are too high to
be used directly for welding, and are reduced, as they flow
through the pressure regulators, to the working pressure required in the torch.
The pressures for welding range from 1 lb. to 20 lbs. per sq. ia. for the
oxygen, and from 1 lb. to 12 lbs. far the acetylene, depending on the tip
size, torch type and thickness of the metal.

Oxy-Acetylene Hand Welding Torch.-This tool mixes oxygen and acetylene in nearly equal volumes, the mixture being.
burned at the end of a tip, producing a flame of such high temperature that metals are easily fused. A typical torch with
some of its various tips is shown in figs. 8,125 to 8,132.
NOTE --Continued from page 5,070
3,000 lbs. high pressure gauge and a 200 lb. working pressure gauge. The 3,000 lb. gauge
indicates the pressure in the oxygen cylinder. The working pressure, adjusted by turning
the regulator adjusting screw in the front of the case, is indicated on the 200 lb. gauge. A
safety disc is provided to relieve over -pressure beneath the diaphragm. Should the safety
disc be blown by a leaky seat or over-pressure due to any cause the defect should be rectified,
and the safety replaced only by a standard disc.

'
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FIG. 8,138.-"Cracking" the cylinder valve. (Airco-Davis-Bournonville.) Open each valve
for an instant to blow dirt out of nozzles. Wipe off the connection seat with a clean cloth.
FIG. S,139.-Attaching the pressure regulators. (Airco-Davis-Bournonville.) Connect
the acetylene regulator to the acetylene cylinder and the oxygen regulates- to the oxygen,
cylinder. Screw the nuts up tightly with a close fitting wrench.

8,140.-Connecting the hose to the regulators. (Airco-Davis-Bournonville.) Connect
Fic. 8,141.-Opening the cylinder valve. (Airco-Davis-Bournonville.1 Rolease regulator
FIG.
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The function of the pressure regulator is to reduce the pressure of the gas
flowing from the cylinder to the required working pressure in the torch, and
to regulate the flow volume. Fig. 8,134 shows the oxygen regulator.

The acetylene pressure regulator shown in fig. 8,133, is of the same design
as the oxygen regulator, differing only in the graduations of the gauges and
certain details. The high pressure gauge, indicating the pressure in the
acetylene cylinder, is graduated to 400 lbs., and the working pressure gauge
to 30 lbs.

Welding Rods.-Thin metals can be welded by the fused
metal on the adjacent parts, however as before mentioned, for
metals over % in. in thickness new metal should be added by
melting from the end of a wire or rod known as a welding rod.
Use of inferior or unsuitable welding rod has caused much trouble and
loss. It slows up welding and is likely to produce weak and brittle welds.
Commercial wire, such as used for fences and other common purposes, is
unfit for welding. It is generally high in impurities, sulphur, phosphorus,
and occluded gases.
A test for weldability of rods is easily made with the oxy-acetylene torch.
The rod sample is laid horizontally and partly fused. Its behavior under the
lame and appearance after fusion determine its weldability. The test
should be made with a No. 1 (Airco-Davis-Bournonville) tip and a strictly
neutral flame. Fusion should penetrate to about one-half the diameter
of the rod.
A rod of good weldability will have a surface after this test is made somewhat like that of narrow ripple weld. The metal will have been displaced
into smooth blended drops, one merging into another, and none extending
much beyond the original rod diameter. There will be little sparking during
fusion, and no pinholes in the fused metal after cooling.
A rod of poor weldability will spark excessively during fuion, and the
fused metal will spread irregularly, giving evidence of gas inclusions. The
fused surface after cooling will be rough and irregular with some pinholes;
the metal may have a spongy or "bread crust" characteristic in spots.
'

8,140.-Text continued
the red hose to the acetylene regulator and the black hose to the oxygen regulator. Screw
the nuts up tightly.
FtG. 8,141. Text continued
screws and open cylinder valves slowly. Never open cylinder valves with regulator screws nos
released.
FIG.
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Althoúgh most of the welding done is on low carbon steel
with low carbon welding rod, it is important that the welder
know when to use other rods and what to specify when the
need arises.

7
.r

f
FIG. 8,142.-Blowing out the hose. (Airco-Davis-Bournonville.) Open each regulator With
the regulator screw and blow out hose. Release regulator screws.

Fin. 8.143.-Connecting the hose to torch. (Airco-Davis-Bournonville.) Connect the red
acetylene hose to the needle valve stamped "ac" and the black oxygen hose to the "ox"
needle valve.

NOTE.-Overheated weld metal, or a weld containing films of metallic oxides will be
neither tight nor strong; pin holes and porous sections are more than likely to appear when the
joint is tested under pressure, or after the welded article has been placed in service. Such a
structure in the weld is often the cause of a complete fracture through the weld metal; because

the oxide films are planes of weakness.
NOTE.
is important to select a welding process which is widely and generally used,
and of which mechanical men have a good general knowledge. Furthermore, in such work as
welding, it is of the utmost necessity that reliable engineering advice and service he readily
available on any special problems that may arise, the solution of which may not be suggested
by ordinary experience.
NOTE.-The apparatus for applying the welding process should be relatively inexpensive.
It should be, if possible, adaptable to a wide range of applications, both in the sheet métal work'
and irvother departments. Portability is a very important asset, eslicially in plants doing a
variety of work.

It
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The following list of drawn and cast welding rods covers
general requirements of commercial, manufacturing and repair
welding:
Low Carbon Steel Rods.-For general welding of wrought iron and
steel, plates, sheets, pipes, castings, etc., in manufacturing, production and
repairs.

Mild Steel Rods.-An excellent rod at low cost for general use in oxyacetylene welding of steel plates, sheets, structural steel, pipe, etc. These
should conform to American Welding Society Specification G -No. 1A.
No. 1 Simplex Rods.-Especially developed to produce high tensile
strength welds in low carbon or high carbon steel plate, pipe, etc. An
approved rod for pipe. line welding.

Vanadium Steel Rods.-For all welding requiring higher strength

than afforded by low carbon rods.

Nickel Steel Rods.-A nickel alloy for welding nickel steel and other
alloy steels when still higher strength than that given by vanadium rods is
required.

Chrome -Vanadium Steel Rods.-For wear resisting and special

strength welds in steel.

Cast Iron Rods.-For welding gray iron castings, and making clean,
sound, soft welds that can he readily machined.
Cast Aluminum Alloy Rods.-For welding automobile crank cases and

all aluminum castings.

Drawn Aluminum Rods and Aire.-For welding sheet aluminum and

all rolled and drawn aluminum products.

Drawn Copper Rods.-Practically pure copper for welding rolled,

drawn or cast copper products.

Drawn Brass Rods.-For brazing and general welding of brass castings.
Tobin Bronze Rods.-For general bronze welding and brazing malleable

and gray iron castings.

Drawn Manganese Bronze Rods.-For building up bronze surfaces on
cast iron and steel as well as bronze castings where subjected to wear, and
where stronger welds than those attainable with Tobin bronze are required.

5,076.
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Fluxes.-These are used in welding Cast iron, brass, bronze,
aluminum, nickel, monel and the non-ferrous alloys in general,
but are rarely or never required in welding low carbon steel.
A flux is essentially a deoxidizer.

Fie. 8,144.-Adjusting the tip. Slip tip-nut over mixing head, screw tip into mixing head,
screw tip nut into torch handle, tightening it by hand so that tip will be at proper angle.
Ftc. 8,145. Adjusting the acetylene working pressure. Open the acetylene torch needle

valve and adjust the acetylene regulator to the required working pressure according to the
table on page 5,078. Close the needle valve. Adjust oxygen working pressure in same
manner.

Low carbon steel requires no flux because the oxide sometimes produced
in welding remains in a molten condition. Cast iron and the non-ferrous
metals are welded at lower temperatures, and their oxides' as a rule remain
solid and tend to mix with the molten metal. Hence, the desirability of
cleansing the metal with approved flux. The mechanical or physical
properties of fluxes are important as well as their chemical properties.

NOTE.-The cylinders of welding and cutting outfits should wherever possible be used in an
upright position to protect the regulators and to insure the best results as regards quality of
acetylene and convenience of operation. A specially designed two wheel truck to carry an
oxygen and an acetylene cylinder is desirable with all portable outfits. The truck should be
provided withchains for holding the cylinders in place so that they cannot fall off when moved.
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Intimate mix, proper proportions aild purity are essential for the best
results. Fluxes should be kept in closed containers when not in use and
should as a rule he used sparingly for the best results.

Setting Up Apparatus.-The beginner should practice setting
up and connecting the torch, hose and regulators in the proper

Fro. 8.1.;16.-Lighting the acetylene. Open the acetylene needle valve on torch
and light
torch with a spark lighter.
Ftc. 8,147.-Adjusting for neutral llame. Open oxygen needle valve and adjust for
flame.

neutral

manner according to instructions of the manufacturer. The
final operations preceding welding are shown in figs. 8,144 to
8,147.
The following tables give proper pressures for welds and cuts
of various thickness:
NOTE.-Connecting the cylinders. Roll the cylinders
the truck and chain them
fast. Remove the valve caps and examine the screw threadsonontothe
outlet rozzles. Do not
attempt to use a badly bruised screw thread or connection seat. A damaged
spoil the regulator nut and a jammed seat will leak. Damaged valves are a thread is likely to
result of leaving oft
the valve caps in transit, and the damage generally happens after the
cylinders have been turned
over to the user. Co-operation to prevent damage to, cylinders is always
to the user's benefit.
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8,148.-P ates tacked for welding. Instrucl ions: Tack the left end of the plates together.
This is done by holding the flame close to the joint until the steel melts and runs together.
Remove the flame instantly when the metal flows, as otherwise a hole will be burned through.
Warm the two plates by passing the flame over them lengthwise two or three times.

FIG.

Approximate Acetylene Pressures
(Welding Torches)
Tip No.
Mixer

1- 7

"
"

"
"

1

is

2

%

3

5

"

7

Mixer 6-10

6
7

"

8

54

1/

2/

4/

2

3/

3

6'/

4

7r/z

4/

34

9

2
1

3

"

9

1/

4

"

10

2 up

4/

Qxy$ey pressures approximately same

4.1
6.8
12.0
17.5
25.
30,

-

.

u

9.7
17.0
29.5
36.
45.

.

36.

6/

29;

50.

7

37.
49.

.60.
75.

62.

103.

8r/z

.

3.2
6.0

.19.5

5

2/

Max.

Min.

1.1'

2
3

554

/

5
6

"

Max.

Min.

r/a

4

Acetylene Consumption

Acetylene Pressure*

Thickness of
Metal-4n.

12

acetylene.

Approximate Acetylene and Oxygen Pressures
(Cutting Torches)
Tip No.

to

i/s

2

14 to

to

3

1

4

2 to
4 to

6
7
8

Pressure-Lb.

Metal-In.

1

5

Oxygen

Thickness of

10

1

2
3
6

8

6 to 10
8 to 14
12 to 18

.

to

15 to
25 to
30 to
50 to
60 to
75 to
100 to

30
50
70
80
100
125
150
175

Acetylene

Pressure-Lb.
1

to 2

2 to 3
3 to 4
4 to 5
to
to
5 to
5 to
5
5

6
6
6
6

Gas Welding

5,079

Manipulation of the Torch.-This includes holding the torch
at the correct height and angle, directing the flame so as to
fuse the base metal evenly, and moving the flame back and
WIDE ENOUGH

TO

HOLD PUDDLE

ACK
Ni?

ICo

GAUGE

TORCH

MOTION

SPARKS SHOW
PENETRATION

rte. 8,149.-Position

and movement of the torch. Instructions: Start welding at the right.
Hold torch loosely in the hand and nearly parallel with the top of the welding table. Incline
the tip sideways so that it points to the left at an angle of about 45 to 50° to the welding
plates. Move the flame across the joint back and forth, giving it a movement of about 3 to
in. As the steel melts and flows together move the torch to the left slowly following a
zigzag path. Keep the torch in motion, but do not move to the left along the joint faster
than the advance of the puddle. Be sure that each plate edge receives its due share of the
heat. Hold the torch easily. Do not hold the handle tightly. Gripping it firmly tires the
muscles, and makes the arm tremble. Learn to work easily and surely. Don't hurry.
Continue a uniform zigzag motion keeping the white hot cone just above the surface of the
plate. The rate of welding progress is determined by the puddle. Welding can be no faster
than the advance of the puddle; neither can it be slower, because if advance toward the torch
and puddle be stopped, the hot metal will drop through. When nearing the end of the joint,
lift the torch higher to avoid making a hole in the weld at the end. This is an important
point in welding thin metals. Pick up the welded plates with the pliers and examine first for
uniformity of torch manipulation each side of the joint. This will be indicated by the heat
zone. The heat zone should be of uniform width on both sides of the weld. Turn the piece
over and examine for penetration, that is, if the weld penetrated to the bottom of the plates.

NOTE.-Thin sheet steel is often welded with very little or no movement of the torch across
the joint, as in airplane and barrel welding. The torch is alternately raised and lowered instead.
The beginner is advised to use the zigzag method while learning, because it must be employed
on thick beveled plates. He can adopt the production method for thin metals later when proficient in prepared or beveled joint welding.
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forth across the joint along an approximately zigzag path.
The combination of correct flame approach to the work and
manipulation across the joint may be learned by preliminary
practice welding without rod. This practice welding can be
done on steel plates about 6 ins. long, 1% ins. wide and 116 in.
thick, using a No. 2 A -D -B. tip.
The operator should be dressed for welding, and should wear
goggles and gloves.
Although it is true that light welding can be done without goggles or
gloves, it is, nevertheless, necessary to wear them because it is part of the
beginner's job to become accustomed to looking at the weld puddle through
colored lenses, and to hold the torch and welding rod with gloved hands.

Practice Welding on l6 in. Steel without Welding Rod.Practice welding is done on a welding table or stand.
In the absence of a regular welding table one can be improvised with a
work bench, kitchen table or box set so that the top is about 30 ins. from
the floor.

Any wooden top must be protected from fire. Cover it with heavy sheet
asbestos or with building brick laid flat and sprinkled over with dry sand to
fill between. Provide two firebricks for the welding supports and a pair of
steel pliers to handle hot metal.
Set the welding outfit alongside the table, at the right, turn on the gases,
and adjust the working pressures for a No. 2 welding tip
lbs. oxygen
working pressure and 2 lbs. acetylene.

-2

Proceed as follows:
1. Lay two of the 6 in. pieces on the fire bricks side by side, bridging
across so that about % in. rests on the bricks at each end.
2. Open the acetylene needle valve and light the torch with the spark
"

lighter.
3. Open the oxygen needle valve and adjust for the neutral flame.
4. Pull the goggles down over the eyes.
5. Hold the torch loosely in the right hand, grasping the handle at a
point where the hose hanging free nearly balances the overhanging tip.

Proceed as directed in figs. 8,148 and 8,149.
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Common Defects of First Welds.-The following defects
usually encountered by beginners should be noted:
1. Uneven welds.
Caused by moving torch along the joint too quickly or slowly. Zigzag
movement not uniform nor in step with the puddle. Zigzag movements
overlapping.

2. Fused portion not in the joint, but

at one side.

Caused by not playing the torch over the joint equally at each side.

Fre. 5,150.-Building a mound or boss with welding rod. rnstructions: Build up

a

mound of

Alternately fuse the top of the mound
and drop the rod until the timing of the two operations is satisfactorily acgrired. Practice
in
that it is useful when finishing a weld
in building up in this manner is advantageous also
and when necessary to provide a boss or extra reinforcement at any place.
fused welding rod in the middle of a welding plate.

3. Holes in the joint.
.

Caused by holding flame too long in one place, and overheating the metal.

4. Hole in joint at end of weld.

5,082

Gas Welding

Caused by not lifting the torch and reducing the heat when end of meld is.
reached.

Testing First Welds.-If the first weld seem worthy of test,.
UNIFORM WELDING

4G It+.

SEPARATION

t
No

Í

GAUGE

PUDDLE
5JDES
WELL FUSED
AVOID NOTCH.

PENETRATION
Fins. 8,151 to 8,153.-Welding plates with welding rod. Instructions: Lay two 34 in. plates
on the fire bricks side by side about '4 in. apart. Light the torch, adjust the flame, set the
goggles, pick up a '4 in. welding rod, heat it 4 or 5 ins, from the end and bend to a right
angle. Tack the plates together at.the left end. Start welding at the right. Take time to
assure penetration to the bottom. Add welding rod to the puddle and build up above the
in. Hold the torch in the hand loosely; stand relaxed and comfortable.
surface about

Avoid tension. Acquire the ability to see the welding puddle clearly. If the goggle lenses
are too dark, have them exchanged for lighter ones. This is of utmost importance. The
welder must see clearly what, is taking place in order to do good work. The appearance of
the puddle is a guide to flame adjustment. If a white scum be seen floating on the puddle, it
indicates an oxidizing flame. Turn the oxygen needle valve slightly to reduce the flow of
oxygen. When approaching the end of the joint the torch should be advanced faster and
lifted a bit to prevent overheating. Build up the end of the weld so that it is the same thickness as elsewhere. Remove the welded piece with the pliers, cool in a bucket of water and
break in the vise. A built up or reinforced weld well made should be nearly as strong as the
plate itself and care must be taken to clamp the welded piece firmly and as close to the weld.
as possible.

NOTE.-When starting a weld, the advance ot the torch has to be held down until the metal
is flowing freely.
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cool the welded piece in water, clamp it in an iron vise with
the weld parallel with the top of the jaws and just above them.
The under side should he toward the operator. Strike the top with a
hammer and bend over until the piece breaks through the weld.
Examination of the first broken weld will generally reveal defects caused
by improper manipulation, incorrect flame adjustment, overheating, underheating, and exposure of hot metal to the air before the puddle is completed.

CORRECT
/i^/

INCORRECT

M
I

1Res. 8,154 to

8,157.-Testing welded plates in

vise .with hammer.

Continue the practice welding on %6 in. plates without welding rod until able to make a weld fairly uniform in width, of
good appearance, without holes or icicles hanging beneath.
An obvious defect of all hand welds made without welding rod, impossible
to avoid, is a furrow or depression in the middle, due to the metal sinking
down and filling the narrow groove between the plates. This is the reason
for using welding rod, to fill.

Building Up Welded Plates with. Welding Rod.-Manipulation of the rod consists of holding the end over the joint close
to the flame and moving ít so that it is momentarily immersed
in the puddle ahead of the flame.
a weld in a vise always bend the piece so that the under side
of the weld is put in tension and the top in compression.

NOTE.-When breaking

rr bottom
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The heat of the puddle and flame melts off a drop of metal which blends
into the weld. The beginner as a rule will have difficulty in dipping the rod
and lifting it at the right moment. If done too soon it will stick because the
puddle is not hot enough to fuse the rod, and if done too late the puddle
becomes so hot that it drops through. If repeatedeffort is rewarded with
little success, special practice on this phase of manipulation may be necessary; proceed as in fig. 8,150.

Practice Welding on % in. Plate with Welding Rod.-Pro..
cedure on the is in. plates is the same as on the % in. steel.

Fte. 8,158.-Plates beveled for welding. Instructions: Lay the & in. by 1% in. by % in.
beveled plates on the fire -bricks with the edges parallel and t4 in. apart. Tack at the right
end firmly, fusing in a few drops of welding rod. If the edges be thrown out of parallel by
tacking pry them open to approximately parallel position. Start welding at the left, using

?to incoverwelding
rod. Be careful to get thorough penetration and to manipulate the torch so as
the larger puddle

than the beginner has heretofore produced. Build the weld up
square at the. beginning. Fill the bevel groove with weld metal, making sure that the base
metal on both sides is well fused before covering with weld metal. Build up the weld smoothly
about 14 in. above the surface of the plates. Finish the weld and build up the end square.
Cool the weld piece in water, and break in the vise. A heavy hammer and repeated blows
should be necessary to break the weld it properly made.

Give the torch the same zigzag motion, making the movement across the
joint somewhat more than on the thinner steel.
The crosswise movement is always governed by the puddle width, the
thicker the weld the wider the puddle and the greater the swing of the torch

Gas Welding
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The advance along the joint will be slower because more metal hás to be
heated and fused. The advance of the puddle governs the speed of welding.
It cannot be held stationary long nor can it be hurried beyond a certain rate
for a given size welding tip.

The beginner is likely to time the weld by that required for
the % in. steel.
The result is penetration only part way through, and an open seam at the
bottom. The effort should be to work slower to get full penetration.

Proceed as in figs. 8,151 to 8,153.

Probable Defects.-In practice welding on % in. steel plate
with welding rod the following defects should be noted:
1. Uneven welding.
Good penetration in spots and partial penetration between.

2. Oxidé inclusions.
These will he indicated by black specks on the broken surfaces.

3. Adhesions.
Sometimes the weld metal will break cleanly from the plate on one side.
This indicates that insufficient heat was directed to that side; also that the
welding speed was too high.

4. Brittle welds.
Due to use of carburizing flame.

Bevel Preparation.-Up to this time the beginner has been
welding steel without bevel preparation. He can now try
welding %s in. steel beveled pieces.
One edge of each plate should be beveled to an angle of about 45°. The
beveled edges are set together, thus making a groove or trough of about 90°
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included angle. The groove is filled with metal fused from welding rod, and
the weld should be built up slightly above the plate surface.

Proceed as in fig. 8,158.

Probable Defects.-In welding 316 in. beveled steel plates
with %2 in. rod the following defects should be noted:

FIG.

8,159.-Underside of weld showing incomplete penetration.

1. The probable outstanding defect will be adhesions on the
bevel surface next to the operator while welding.
This is due to not directing the flame against that side so as to thor
oughly fuse the base metal before adding weld metal.

2. Oxide inclusions or burned metal.
Due to incorrect flame adjustment and improper torch manipulation that
exposed molten metal to the air. The puddle should always be kept covered
with the flame until the weld at that point is completed.

3. Incomplete penetration (fig. 8,159).
NOTE.-Common defects. 1. Adhesions of weld metal on beveled surfaces; 2, incomplete
penetration; 3, uneven and coarsely granular structure in the fracture. Due to improper manipulation and too much oxygen or acetylene. Advice from an experienced operator should be
sought. Practice should be continued, striving all the time to avoid the faults pointed out.
However, the beginner should avoid long continued welding without rest period. At first the
weld period should not be longer than twenty minutes and the intermission five minutes.
Later the weld period can be lengthened to thirty minutes: The periods of welding and rest
required will vary with the individual and his previous work. When the arm muscles tire and
the vision becomes blurred the beginner should stop, remove his goggles and relax. Progress
will be made faster this way than by continuous plugging.
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Due to not working down to the bottom of the groove until the base metal

r

is well fused in the narrow

part of the Vee.

Welding Cast Iron.-Gray cast iron used for making castings

ís welded with cast iron welding rods or sticks, using a flux.
Cast iron melts at a lower temperature than steel-from 1,$50°

to 2,250° Fahr. whereas steel melts at 2,200° to 2,800° Fahr.
depending on the carbon content.

High carbon steel melts at the lower temperatures and low carbon steel

at the higher ranges. The melting points of cast iron' are below the fusion
temperatures of the iron oxides, and it is necessary to use flux to dissolve
them in making cast iron welds.

Practice Welding Cast Iron Beveled Bars.-Flux is generally
applied by sticking the hot welding rod into a can of flux
powder.
The quantity adhering is sufficient as a rule. When welding heavy castings, however, the weld puddle may be dusted with flux from time to time

in order to supply the required quantity.
Practice welding on cast iron should be done to acquire knowledge of its
peculiarities and the necessary torch and rod manipulation. The welding
rods as a rule are used straight which is not quite as convenient for manipulation as the bent rod on steel.

Care must be taken to provide for expansion when welding
a gray iron casting and likewise the -contraction must be controlled in cooling to prevent cracks in the weld or adjacent to it.
These are best taken care of by preheating the casting to a low red heat,
using city gas, oil burners or charcoal. A crude furnace of fire bricks may be
built around the part, and the top covered with sheet asbestos except where
the weld is to be made. The heat is brought up slowly and as uniformly as
possille. When the weld is completed and still in the furnace it is covered
with asbestos and allowed to cool slowly.
Heavy castings may regcii e 24 to 48 hours to cool, depending or the size,
shape and weight. Welds made with approved cast iron rods and flux in the
manner described should be soft and machinable when cold.
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Bronze Welding Cast Iron.-Many cast iron repair welding
jobs can be done to advantage with bronze welding rods.

Ftc. 8,160.-Underside of overheated weld showing

excess metal hanging.

CUTTING

OXYGEN
PREHEATING
OXYGEN

ACETYLENE

SHORT

.eAP

t

C.'e

PREHEATING

°y/

FLAMES

PREHEAT TO
CHERRY RED
BEFORE

STARTING
TO CUT

FIGS. 8,161 and 8,162.-Section of cutting torch showing preheating and cutting gas
passages.
Instructions: As a rule a cut is started at the edge of a plate or forging. The preheating
flames are held above the steel at the edge until the metal becomes bright red, and
then
trigger or lever controlling the oxygen cutting jet is pulled, and cutting starts. The the
torch
should be held with the tip vertical and should be kept in a nearly vertical position when
making a square cut, or at an angle of about 45' when beveling for welding. If necessary to
start a cut in the metal away from the edge, heat the metal to a bright red and hold the heat
a little longer than when starting on the edge. Now raise the
torch about
in. and
trigger. As soon as the plate is perforated lower the torch to the normal position, and pull the
proceed
with the cut. Starting the cut is facilitated by nicking the side of the bar with a
chisel so as
to raise a burr at the point where the cut is to begin.

3
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The preheat required is less, and the welding rod temperature is from

1,625° to 1,650° Fahr.

Many jobs can be done with very little or no preheating. Flux is used
when making bronze welds. The strength of good bronze welds is equal to
or greater than the base cast iron.

Malleable Iron Castings.-Malleable iron castings are produced from white iron castings, heat treated,
They are soft and bendable, but not weldable with iron or steel rods.
They should be bronze welded when making repairs. The white iron castings

canbe welded, however, with white iron rods.

Welding Non -Ferrous Metals and Alloys.-Welding of copper, aluminum, bronze, brass, monel, nickel and various alloys
is accomplished with the oxy-acetylene torch.
These metals and alloys as a rule are easily oxidized and a neutral or
carburizing flame is used; also welding rods and fluxes. Expansion and contraction are greater than with steel. Heat conductivity is higher and larger
tips are required for the same thickness than on steel. Copper, for example,
requires Airco-Davis-Bournonville tips from one to two sizes larger than
for steels of the same gauge.

Welding rods as a rule are of the same metal as the metal
welded.
Copper rods are used on copper, aluminum wire on aluminum sheets,
aluminum alloy cast rods on aluminum castings, bronze rods on bronze.
nickel rods on nickel, and so on.
Ordinary commercial copper is difficult to weld, but so-called deoxidized
copper may be welded satisfactorily.

Torch Cutting.-Cutting or burning wrought iron, steel and
cast iron with the oxy-acetylene torch, to effect separation,
requires a torch designed for cutting and torch manipulation
quite different from that for welding.
Proceed as in figs. 8,161 to 8,164.
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8,163.-Movement of cutting torch and tip when cutting thin oast iron.
Fic. 8,164.-Movement of cutting torch and tip when cutting heavy cast iron.
FIG.

TEST QUESTIONS
1. What gases are used in gas welding?

2. Of what does an oxy-acetylene welding outfit consist?
3. Describe the welding rod used.
4. For what metals are fluxes used?
5. How i's the apparatus set up?
6. Describe in detail the manipulation of the torch.
7. What are the common defects of first welds?
8. How are welds tested?
9. How are plates to be welded built up with welding rods?
10. What is the bevel angle for plates?
11. Describe the method of welding cast iron.
12. How is a torch used for cutting?
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CHAPTER 208

Pipe Welding
The application of welded joints to pipe line construction
comparatively new and is rapidly displacing screwed jointF
especially on pipes of' large size. The general acceptance of the
is

b

i

r

4

FIG. 8,165.-Welding an off set bend on a large
with fittings for the off set turn cut from
pipe stock. This is a makeshift job at best. pipe
This method requires very careful laying out.
gives abrupt turns and would be much more satisfactory
if regular welded joint fittings be
used.
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welded joint and the rapid growth of the use of this modern
process was made possible by the perfecting of welding appa-

ratus.
Comparing welded and screwed joints, the welded joint has
several advantages which accounts for its growing popularity.
Screwed joint pipe lines require in addition to the pipe, various fittings and
the lines must be laid oút with considerable precision, otherwise they will
not "make up" properly. This extra care and the cost of the fittings is
avoided with welded joints. Fig. 8,165 illustrates this point.

The use of special fittings is costly and usually avoided when
possible.
In case these fittings are made of cast iron or cast steel it is necessary to

have patterns or sweeps made before they can be cast and weeks may

elapse before satisfactory castings are received from the foundry. After
that it may take some time for them to be machined for use. The welding
torch and the cutting torch in conjunction with a few templates are all the
tools necessary for the making of almost any type of fitting. If manufactured fittings be not on hand, this work is generally done as the line progresses and the exact patterns of fittings is determined. The fittings made
in this way are quickly produced, are much lighter, and therefore, more
easily handled than a cast fitting or a combination of cast fittings.
Saving of time by laying lines by the welding process has been found to be
in its favor.
In lines joined by screw joints only one section is joined at a time, while
in a welded line as many lengths can be joined as there are welders available, which ,may involve several hundred feet of pipe.

With respect to the apparatus used there are two methods of
welding as:
With the electric arc;
2. With the oxy-acetylene torch;
known respectively as electri.c or arc and gas welding.
1.
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Types of Joints.-There are two general types of joint:
1. Bell and spigot;
a. Plain;
b. With welding dam.

2.

Butt.

In oil lines the bell and spigot joint is the most popular.

ns.

8,166 to 8,168.-Various pipe joints for welding. Fig. 8.166, butt weld; fig 8,167, bell
and spigot weld; fig. 8,168, bell and spigot weld with welding dam.

This type of joint consists of inserting a plain end of pipe into adjacent
pipe, the end of which has been belled in manufacture to the extent that it
will receive the spigot end for a distance of approximately three inches,
with a maximum clearance of W2 inch.
A variation of this type of joint is the bell and spigot joint with welding
dam. The spigot end of the pipe is crimped in manufacture to form an
inverted U shaped ridge of pipe metal around the pipe at a distance of
approximately 3 ins. from the end of the pipe. When the spigot end is
inserted in the bell end of a pipe length, the welding dam butts against the
end of the bell. The purpose of the welding dam is to.facilitate welding by
forming a dam or backing for the welding bead on the spigot end of the joint.

Figs. 8,166 to 8,168 illustrates the three joints just mentioned.

,
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Welding Large Pipe Lines.-Clearing of the right of way,
stringing of pipe, and ditching operations are the same for arc
welded construction, as for other types.
After the pipe is strung, it is lined up in sections consisting generally of
four or more lengths, depending upon length of pipe and topographical
conditions.

Fin. 8,169.-Section of pipe line being welded. Note the use of wood skids for blocking up section so that it is level. Photographed on Texas Pipe Line Company's Monahan -Port
Arthur, Texas, line.

In lining up the pipe into sections, when pipe has bell and spigot ends,
the spigot ends are inserted in the bell ends of the adjacent lengths, thus
forming a straight line of pipe. The entire section, thus formed, is blocked
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up level on wood skids parallel and about 3 ft. from line of trench, as shown
in fig. 8,169.

Several devices are employed to aid the turning of sections
during the welding operations.

Fie. 8,170.-Section of pipe line placed on dolleys on top of skids to facilitate turning of pipe
during
welding operations.

Photographed on Uinta Pipe Line Company's 200 mile line:

Chock blocks are sometimes nailed 'to the' top skids on which the section
rests. These,chock blocks are,beveled on the face adjacent to the pipe, so
that the section will turn easily against the chock blocks. The use of chock
blocks also eliminates the necessity of long skids as the pipe is not rolled on
the skids, but is turned against the chock blocks.
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Long skids are heavy and cumbersome to handle. The placing of chock
blocks on opposite sides of the pipe on adjacent skids also tends to keep the
section in line before welding.

A recent innovation introduced on a large gas line is the use

of dolleys placed on the top skids and on which the section rests.
These dolleys are simple affairs, as can be seen from observation of fig.
8,170. A dolley consists merely of a base which is a piece of channel iron with
flanges upturned to -serve as support for the roller- axles, and two rollers
mounted on each of the two axles. These dolleys are especially useful where
large, heavy pipe is used.

When pipe with plain ends forming butt joints is used, the
joints are tack welded immediately after a sectión is lined up.
This is done to hold the section intact and in line until the joints are corn
pletely welded.
Bell and spigot joints are sometimes tack welded to prevent misalignment
of pipe, due to contraction. and expansion of pipe lengths caused by abrupt
changes in temperature. After the sections are lined up they are then ready
for firing line welding.

Two methods will now be described, known as:
1. Firing line welding;
2. Bell hole'welding.
Firing Line Welding.-Welds "made in a section composed of
several lengths of pipe are known as firing line or rolling welds,
as the section is turned or rolled while the joints are being
welded, so that overhead welding is eliminated. The actual
welding of a section is performed by one operator aided by his
helper.
Generally the welder is spotted between two adjacent sections. The
operator welds the top half of each joint,, starting at the joint farthest from
helper
the welder and works toward the next section to be welded. The
with
ham
weld,
in
as
the
burning
known
weld,
first
this
follows, cleaning
mer, chisel and wire brush, removing all oxides, etc..
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After the operator finishes the welding of the top half of the
last joint in the section, the helper, with chain pipe wrench,
turns the entire section 180°.
The operator then proceeds to complete the burning in
in each
joint; the helper following, cleaning the balance of the welds, bead
as before. A
typical burning in bead, after it has been cleaned, is shown.

8,171.-Typical burning -in weld in a plain and spigot joint.

When the burning in welds are completed, the operator is back at the
original starting point, having traversed the entire length of the section
twice. The operator then starts welding the second bead, or finish bead,
welding a complete joint, before moving to the next. The helper turns the
pipe, as the operator welds the finish bead in each joint. In the entire welding operation, the operator traverses the length of each section only
three
times. The finish bead is not cleaned. This leaves the helper free to turn
the section, so that the finish bead in each joint may be completed in one

operation.
Portions of the burning in head and finish bead in the same joint are
shown in fig. 8,172. A completed a.c welded bell and spigot is also shown
in fig. 8,173.
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After the operator finishes one section, he proceeds to the adjacent section and welds it in the same manner. The welder is moved by tractor,
horse or mule team, only after two sections are completedly welded.

%?t

_-n

o

__

ric. 8.172.-Pipe line

joint showing portions of burning in weld and finish weld ín a plain

600 mile line.
hell and spigot joint. Photographed on Texas Empire
joint. Photographed on Texas Pipe Line
FIG. 8..173.-A completed arc welded bell ánd spigot

Co.'s San Antonio -San Marcus Texas line.

B.
45 °Bevel
i2 Thickness

of Pipe

Regular Line
Pipe Ream

values given in table.
Ftc. 8,174.-Dimensions of weld for various sizes and weights of pipe;
below:

Weld Dimensions
Pipe
Outside
Diameter,
Inches
6%
8%
10?4

12/

I2(

Inches

C
Inches

Pounds

Wall
'Thickness,
Inches

17.021

.250

.500

.031

40.000
65.415

.303
415

.500
.520

.047
.040

Weight
per Foot.

,

B
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Bell Hole Welding.-After a section of pipe line is welded, it
the open ditch on single skids and joined to the
end of the welded line. This is known as bell hole welding. This
operation was so called because it is generally necessary to dig
out the sides of the ditch forming a bell shaped hole or space in
the ditch to permit easy access to the entire circumference of
is placed over

the joint.

L

r

ti
+.t

Fin. 8.175.-Operator welding overhead in making a bell hole joint. Photographed on Texas Empire 600 mile line.

A bell hole connection is the only joint welding of a section
to the line which requires overhead welding, as it is impassible
to turn the pipe line. Two separate beads are welded in making
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a bell hole joint, the same as required in making firing line connections, the procedure only being different.
The operator first makes the burning in bead in the top half of the bell
cleans the
hole joint. After this portion of the joint is welded, the helper
The
joint.
of
the
half
lower
the
weld
to
continues
operator
the
while
bead
is
bead
in
burning
entire
the
of
cleaning
the
until
by
operator then stands
of bell
finished. He then proceeds to weld the final or finish bead. A view
hole welding is given in fig. 8,175.

FIG.

8,176.-A type

known in pipe line

of joint is
o expansion joint used in arc welding pipe lines. This type
l arlance as a wrinkle belly joint.

Bending of a section to conform to line of ditch is usually
done immediately after the section is arc welded to the pipe
line.
of a pipe
All bends in a section are made, where possible, in the middle
joint.
at
a
than
length, rather

To take care of the expansion or contraction of the line, several methods are employed.
the
Where expansion joints are not welded into a line, slack is put into
of
the
bottom
lie
on
the
n
-ill
it
that
so
ditch,
the
line
into
line by forcing the

s
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ditch, not in a perfectly straight line, but weaved from wall to wall of the
ditch. This method of weaving the pipe in the ditch is unnecessary where
expansion joints are included in the line. On recent arc welded lines, expansion joints, similar to joint illustrated in fig. 8,176, are used. This type
cif joint, when placed at intervals in the line, takes care of all expansion
and
contraction of the line.

Pipe Fittings for Welded Joints.-Various kinds of standard
fittings have been.designed for welded joints. Standard dimenskins have been adopted for each fitting. The fittings consist of
elbows, tees, offsets, reducers, crosses, manifolds, saddles,
swage nipples, etc.

FIGS. 8,177 and

FIGS. 8,179 and

8,178.-45° and 90° tube turns.

8,180.-Comparison of tube turn and ordinary screw elbow. Note the easy
curve of the tube turn as compared wit h the shoulders of pipe in the screwed assembly. Also
contrast the modern, high hub butt welding flange with the old fashioned flange.
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These fittings are now available the same as ordinary screw
fittings.
These fittings can also be made in the welder's shop out of the accumulation of short ends of pipe which otherwise would be wasted.

.
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-

Fig. 8.181.-180° tube turn (return elbow) which can he used as such or quickly cut on the job
(as shown in fig. 8,187) to form a turn of any desired angle.

The following tables give the various sizes and properties of
tube turns.
Properties of Tube Turns
Standard Thickness -IRON
Nominal
Pine
Size

Radius
Inches
(R)

1"

11/2

11/4"
11/2"

17/s

2"

3

21/2"

3%
4%

3"
3.%"
4"
5"

214

51/4
6
71/2

6"

9

8"
10".
12"

12
15
18
21
24
27
30

14"OD
16"OD
18"OD
*20"OD

PIPE SIZES -Series 11R1

PIPE

DI ITIETER
I. D.
O. D.

1.315
1.660
1.900
2.375
2.875
3.500
4.000
4.500
5.563
6.625
.8.625
10.750
12.750
14.000
16.000
18.000
20.000

1.048
1.380
1.610
2.067
2.469
3.068
3.548
4.026
5.047
6.065
7.981
10.020
12.000
13.250
15.250.
17.182
19.182

Weight
Pounds
Wall
Thickness (180°
(T)
Type)

.134
.140
.145
.154
.203
.216
.226
.237
.258
.280
.322
.365
.375
.375
.375
.409
.409

%
1
11/2

2%
5%
9
121/2

17
29

45
90
159
234
300
393
544
672

Bursting
Pressure
Pounds

10,600
8,770
7,940
6,355
6,640
5,800
5,310
4,950
4,360
3,970
3,435
3,120
2,710
2,465
2,160
2,090
1,88(1
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One manufacturer who makes these fittings calls them "tube turns."
Figs. 8,177 and 8,178 show 45 and 90° tube
turns, and figs. 8,179 and 8,180 comparison of
tube turns and ordinary screw elbows.

8,184.-180°, 90° and 45° tube turn fittings. The dimension letters refer to
the dimensions in the accompanying table.

FIGS. 8.182 to

Properties of Tube Turns
Extra Heavy -IRON PIPE SIZES -Series 1¡,RX
l
Weight
Nominal
Radius
\ PIPE
Wall
Pounds -Bursting
Pipe
Size

Inches
(R)

11/2"

21/4

2"

3

21/2"

3%

3"

41/2
51/4
6

31/2"

4"
5"

6'
8"

10"
12"
*14"OD
*16"OD

7%
9

12
15
18
21
24

Thickness
(T)

(130°

I. D.

1,500
1.939
2.323
2.900
3.364
3.826
4.813
5.761
7.625
9.750
11.750
13.0b0
15.000

.200
.218
.276
.300
.318
.337
.375
.432
.500
.500
.500
.500
'.500

2

DIA3 ETER

0. D.
1.900
2.375

2.875
3.500
4.000
4.500
5.563
6.625
8.625
10.750
12.750
14.000
16.000

-

Type)

Pressure
Pounds

.

4

7%
.

12
171/4

24
41
67

136
215
308
396
520

-

10.300
8.630
9,025
8,060
7,315
6,890
6,200
6,000
5,335
4,280
3,605
3,285
2,875

*Tentative specifications -these sizes not yet available.
All stock sizes furnished with ends beveled 45 degrees for
welding unless otherwise specified.
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Tube turns are used to provide any kind of elbow, offset, branch or compound turn in piping, headers and manifolds, or wherever pipe welding
might be used. The 180° return fitting is used in coils, retorts, tube stills,
etc. The 90° types and straight pipe are used to make up expansion loops.

IL~N...........

.-Sections of screwed, and welded joints. When a screwed fitting is used
there is interference with the flow on account of the internal projection of the pipe. This is
aJoided in the welded joints. It will be noted in fig. 8,186 that the weld metal does not project
inside the pipe.

FIGS. 8.185 and 8.186

Fie.

8.187.-View showing pipe fitter cutting a 180° tube turn with oxy-acetylene torch. It
illustration that the tube turn can be cut for a turn of any angle.

will be seen from this
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Butt Welding Pipe Flange.-The use of welded pipe joints
has been further facilitated by the introduction of specially
designed forged flanges and of short radius formed pipe bends of
uniform thickness, both made in standard sizes ready for butt
welding to the pipe.
In á welded pipe assembly, flanges are required at the connections with valves and similar fittings.

8.188.-Gas compressor installation showing welded joint tube turn ttings in suction and
discharge connections.

FIG.

1

They are also required wherever the line must be broken for purposes of
assembling. In most cases these flanges can be welded directly to the pipe.
For this purpose the superiority of forged flanges is obvious. Their strength
is definitely known, and is ample to resist strains due to expansion and
contraction, settling, etc. The inside diameter of these flanges matches
that of the Dine, permitting a smooth internal flow. Flanges for low
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pressure, 150 lbs. have plaiir
or raised faces, as ordered.
Flanges for higher pressures
have raked faces. Fig. 8,191
shows the general appearance
of a butt weld pipe flange.

°I

"

o

Ftc 8,189.-Pennforge flanges in
Harvard power house.
.

AM

i6"SPACE
PORTION WELDED

YA//~riff..TAMISOi/ME
Ftc. 8,190.-Placement of pipes for butt weld joint. The ends of the pipes should bein chamorder
', in. apart
fered 45° making a 90° V for the weld. The ends must be not less than 141,
as
to secure through penetration of the weld. The welding rod or wire should be as near
possible the same carbon content as the material in the pipes. The weld should be built

up as rapidly as the molten metal can be handled without overlapping and' in a continuous
operation all around the pipe. If the welding flame be slowly moved. over the first part
welded for a few inches, the weld is automatically and homogeneously annealed for all
practical purposes.
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Fin. 8,191.-Pennforge flange

as

5,107

manufactured for welded pipe joint.

"'W

"O\\\\\\\\

a

1111

-V
FIG. 8,192 -Pennforge flange ready for welding to pipe. Note
the space between end of pipe and nipple end cf flange.
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When welding flanges, the flange and pipe are clamped in a
fixture, or to a companion flange, to line themup correctly.
According to the size and thickness of the pipe,'there should be a space
of from '/,6 to 14 in. between the flange hub and pipe when welding. The
purpose of this is partly to give working space for welding, and partly to
allow the pipe to expand under the action of the pre -heating flame in
making the weld.
Before welding, it is necessary to turn the flange so that the bolt holes
will line up. Then the flange and pipé are tack welded. After that they
may be removed from the fixture and turned over to complete the seam.
The table shows correct spacing and tacking.

Spacing and Tacking Pipe Ends for Butt Welds
EXTRA HEAVY

STANDARD

size,length
incheslength
Pipe

Spacing
between
pipe ends,
inches

g
1

134i

á2
116

rb

1r,

Y

2/
3t

16

5

6
8
10
12
14
16

18

Number of Average
Number of Average
Spacing tack welds length
tack welds
for proper of tack between for proper of tack
strength
welds,
welds, pipe ends ,.strength
inches and align- inches
and align- inches
ment
ment

3
3
3

2
2

2

.TA.

4

4

4

íb

4
'6

6

t4

M

-ie

A

i

4

4

á

34

22

16

;g

"{-s

6
6

6

2

l4

2
2

.34

2

M

íb

22

tz
i4

6

4

3,á

1

já
m

s/

34
r

//
/// ///
lí
lá

34

YI

"

4
6
6

6
6
6
6

1
1

1
1

When butt welding flanges are used, the following features
should be included in the specification:
1. Welded standard flanges shall comply with American Standards as tc.
dimensions.
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2. The flange shall be bolted to a companion flange or heavy plate during
welding.
3. Bolt holes shall straddle natural center lines.
4. The spacing between pipe ends, before tacking, shall be as given in the

table.

5. Welds shall be thoroughly fused to the joint edges and shall extend
completely to the bottom of the vee.
6. Welds shall have a minimum width of 2% times the pipe wall thickness
and shall be symmetrical with respect to the center line of joint.
7. Welds shall be built up to present a gradual increase in thickness from
edge to center.
8. Thickness at the center of the weld shall not be less than 1% times the
pipe wall thickness.
9. The weld shall be of sound. metal free from laps, gas pockets, slag
inclusions or other defects.

Methods of Closing Pipe Line for Testing.-Various methods
are used to close the ends of completed sections of pipe lines
preparatory to applying the required pressure test.
One method commonly used where the test pressure is high is
to make a torpedo shaped head which is welded to the end of the
pipe line, and after satisfactory test has been made this end is
cut off and used again for the next test. Another type is to weld
a disc on the end of a short piece of pipe of the same diameter as
the pipe line to be tested, and this section is welded onto the
pipe line, as was done for the torpedo type of head.
Still another method used for applying the two mentioned
heads is to attach them by the use of a Dresser coupling, and
fasten to the pipe line by special clamps on the pipe and head
which are connected by bolts to prevent the head being
blown off during the test. This type of coupling eliminates the
welding operations and leaves the end of the pipe in condition to
weld without any further preparation.
Another type of head which is. commonly used is one made
from a Dresser coupling in which a disc has been welded to one
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end of the sleeve and the other end of the sleeve left open to be
slipped over the end of the pipe to be tested. The sleeve is
drilled for about 8% in. set screws which, when screwed against
the pipe line, prevent the head blowing off when the pressure
is applied.
It will be evident that neither of the last mentioned methods
is applicable when high pressures are specified.
There are several methods in use for this testing. The hydrostatic pressure with a hammer test is probably the most severe.
This is made by pumping water into the line at a specified pressure, being sure to displace all air, and hammering the pipe adjacent to the weld. The impact of the hammer blows causes the
vibration to travel through the pipe, and any weak joints will
generally show up under this treatment.
On account of the inability to get a sufficient water supply,
also the difficulty of drainage, this method is seldom used. In
the case of high pressure water lines this test is very desirable
before the lines are turned over to actual service.
The method commonly employed in testing at ordinary pressures is by the use of air pressure and the application of soap and
water solution which is painted over the joint; in case of a leak
it will indicate itself by the air bubbles which form on the outside of the joint. This test is extensively used and has been
found to be quite satisfactory.
Several important points to be considered in the construction
of gas welded steel pipe lines have been touched on in order to
indicate the need for careful planning so that satisfactory construction can be expeditiously accomplished.
The use of steel pipe lines is still in its infancy. On account of
the tremendous demands gas companies, public utilities corporations, power plants, oil and water companies, and others
interested in pipe lines that must be tight, and of low installation and maintenance cost. are turning to gas welded steel pipe
'
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lines, as they more effectively meet the demands of the consumers.
--9
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FIG. 8,193.-Pennfarge butt welding flanges.

Harvard Universit-; power house.
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View showing installation of these flanges in the
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TEST QUESTIONS

What are the features of welded and screwed joints?
2. State the advantages of welded joints over screwed
1.

joints.
3. Name two methods of welding pipe.
4. Describe the various types of joints.
5.
6.
7.
8.
9.
10.
11.
12.

What is the object of the welding dam?
Describe at length the welding of large pipes.
What are dollies?
What is a firing line weld?
Describe in detail the method of firing Line welding.
Explain the process of bell hole welding.
Describe the various fittings used in pipe welding.
Explain the methods of closing pipe lines for testing.
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CHAPTER 209

Soldering
A knowledge of soldering is useful to the electr¿cian, and
the acquirement of proficiency in it will be found of value.

Solder.-By definition, solder is a fusible alloy. There are
a great many varieties of solder. In electrical engineering, the
solder used in practically always an alloy of tin and lead.
As the electrical conductivity of such an alloy is usually about one -seventh that of copper, the best joint between copper conductors is made by
bringing the copper surfaces as close together as possible and using a min-

imum of solder

.

For jointing, especially where work has to be done in awkward positions,
is essential that the solder should have a plastic stage between its liquid
and solid states.

it

There are two general classes of solder:
1. Soft;

2. Hard.
Soft solder is an alloy composed of lead and tin.
metals are added to lower the melting point.

Sometime .Lriei

NOTE.-The soldering amateur will agree that soldering is a distinct art in itself, and
practice;
it looks easy, it is not; moreover, skill cannot be acquired without
the behowever, the information to be obtained in books will be found helpft,,,
ginner, but also to the experienced workman.
while
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The following table gives the melting points and relative
hardness of various tin lead solders.
Melting Points and Hardness of Tin

0

Solders

Percentage

Percentage
Tin

Lean$

Melting
Temp.
Deg. F.

Lead

10

100
90

2Q

80

30
40
50

60

Brinell
Hardness
Test

618.8
577.4
532.4

70'

491'.0

446,0
401.0

50

3.9

10.1
12.16
14.5
15.8
15.0

Tin

Lead

60
66
70
80
90
100

40
34
30
20
10
0

U .

Brinell

Melting
Temp

Hardness

Drg. F.

Pest

368.6
356.0
365.0
388.4
419.0

14.6
16.7
15.8
15.2
13.3
4.1

466..0
.

_

In the table which follows will be found the proper solder
to use with various metals.

avid flux

Soft Solders and Fluxes for Various Metals
SOFT SOLDER
Metal to be Soldered

Pluz
Tin

Aluminum
Brass..
Gun metal

Steann
1

Copper....-

Lead
Block tin
Tinned steel
Galvanized steel
Zinc

Pewter
Iron and
Gold
Silver

Bismuth

steel...,

Chloride of zinc 'rosin, or
Chloride of ammonia...
Tallow or rosin
Chloride-of zinc
Chloride of zinc or rosin
Hydrochloric acid
Hydrochloric acid
Gallipoli oil.....
Chloride of ammonia
Chloride of zinc
Chloride of zinc
Chloride of zinc
...

......

(

Lead Ztnc

70
66 34
63 37
60 40
33 67
99
1
64 36'
58 42
55 45
25 25
50 50
67 33
67 33
33 33

25

Ala- Phos- Bis mi phor math
tin

num

3

2

50

34

Common or plumber's solder consists of one part of tin to two parts oí
lead, and melts at 441 ° Fahr. It is used by plumbers for ordinary work. and
occasionally for electriJal work where wiped joints are required, for in
stance, in large lead covered work.
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Medium or fine solder consists of equal parts of tin and lead, or half and
half, and melts at 370 ° Fahr. This solder is always used for soldering joints
in copper conductors, and for soldering lead sleeves on lead covered wires.
Hard solder is an alloy composed of copper and zinc, or copper, zinc,
and silver.
Hard solder in general is sometimes erroneously called spelter.

The following table gives the various hard solders, proper
flux, and metals for which they are suited.
Hard Solders and Fluxes for Various Metals
HARD SOLDER
Metal to be soldered

Brass, soft
Brass, hard
Copper
Gold
Silver
Cast iron

Iron and steel

Flux

.I

Borax
Borax
Borax
Borax
Borax

Copper

Zinc

22.
45

78
55
50

...

....

Cuprous oxide
Borax

.50

...

22
20
55
64

10
.45

Silver

Gold

11

67

70

36

As will be noted from the table, most of the hard solders are alloys of
copper and zinc. An easily fusible hard solder may be made of one part
copper to two parts zinc, this, however, makes a joint that will be weaker
than when an alloy more difficult to melt is used.
A hard solder that is readily melted is made of 44% copper, 50% zinc,
4% tin, and 2% lead.
A hard solder for the richer alloy of copper and zinc may be produced
from 53 parts copper and 47 parts zinc.

Solder must have a lower melting point than the metals to
be joined to it.
NOTE.-Solder containing much lead makes a weak joint because the lead does not
transfuse with brass.
NOTE.
-der containing much tin is brittle.
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The melting point should approach as nearly as possible that of the,
metals to,be joined so that a more tenacious joint is effected.

The fusibility of a solder can be increased by the addition
of a small portion of bismuth.
Soft solder melts at a low temperature compared with hard
solder which melts at a red heat.
German Silver Solders.-German silver is a very hard alloy of copper
(50 to 60%), nickel (15 to 25%), and zinc (15 to 20%). A German silver
containing 1 to 2% of tungsten is called platinoid. These alloys have a

high electrical resistance, platinoid being higher than the other varieties of
German silver; the resistance increases uniformly between 32° and 212'

Fahr.
German silver solders possess considerable strength, and are often used
for soldering steel. The color is very similar to that of steel.

In preparing German silver solders, the copper is melted first, and then the
zinc and nickel added simultaneously.

Hard German Silver Solders
These solders, sometimes called steel solders, contain a large proportion of nickel and are very strong. They require a very high heat for melt -1
ing, and usually cannot be fused without the aid of a bellows or blast.
No. 1. Copper, 35 parts; zinc, 56.5 parts: nickel, 9.5 parts.
No. 2. Copper, 38 parts; zinc, 50 parts; nickel, 12 parts.
Soft German Silver Solders
No. 3. Copper, 4.5 parts; zinc, 7 parts; nickel, 1 part.
No. 4. Cbpper, 35 parts; zinc, 56.5 parts; nickel, 8.5 parts.
The following No. 5 formulae given by Kent is similar to No. 4:
No. 5. Copper, 38 parts; zinc, 54 parts; nickel, 8 parts.

Soldering Fluxes .-The word flux, means a substance applied
' to a metal to make solder flow readily on its surface.
The action of a flux is largely that of cleaning the surface, and of reducing
any oxide on the surface to the metallic state.
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If a piece of sheet copper be carefully cleaned by means of emery cloth
and heated over a gas flame, the surface will be seen to tarnish rapidly and
assume a dark brown appearance. 'A small piece of rosin dropped on the
surface will melt, and when the liquid runs, the initial brightness of the
surface will be found to reappear.
There are a number of fluxes suitable for various kinds of soldering, but
pine amber rosin is the best for electrical work as it does not cause corrosion. A corrosive flux, such as zinc chloride solution (killed spirits) should
be strictly excluded from any electrical work.

The Underwriters' code permits the use of a flux composed
of chloride of zinc, alcohol, glycerine, and water.
This preparation is easily applied and remains in place. It permits the
solder to flow freely and is not highly corrosive. This flux is made as follows: Zinc chloride, 5 parts: alcohol, 4 parts; glycerine, 3 parts. Anhydrous
zinc chloride crystals should be used dissolved in alcohol.
The glycerine makes the flux adhesive. To prevent the a.cohol igniting,
the mixture may be diluted with water.

For electrical work, especially when very small wires are
used, rosin should be insisted upon to avoid any corrosion.
No one flux can be assigned to any one metal as being peculiarly adapted
or fitted to that metal for all purposes. The nature of the solder often
determines the flux.

The various fluxes and their use are given in tabular form
in the accompanying tables. According to Haswell, the proper
fluxes to use are as follows:
For iron, use borax
" tinned iron, use rosin
" copper and brass, use salammoniac '

For zinc; use chloride of zinc
" lead, use tallow or rosin
" lead and tin, use rosin and
sweet oil

'Soldering Bolts or Bits.-The erroneously called soldering
"iron" or bit consists of a large piece of copper, drawn to a
point or edge and fastened to an iron rod having a wooden
handle as shown in fig. 8,194, There is a great variety of bits
'which may be classed:
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Figs. 8,194 to 8,197.-Various soldering bits, or so called "irons." Fig. 8,194, ordinary edge
bit; figs. 8,195 and 8,196, hatchet bits; fig. 8,197, pointed bit.

FIG. 8,198.-Chapman manual commutator fluxing machine. /n construction, two cloth
rollers carried by a spring actuated lever, dip into a trough of flux and press against
Commutator as armature is rolled by hand.
'
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1.

With respect to their shape, or construction as:
a. Pointed;
b. Grooved;
c. Hatchet.

2. With respect to the method of heating, as:

ely,

or

a. Externally heated; b. Internally heated {gaeolinetorch.by

The various types of bit are shown in the accompanying ruts,

rub'F'ins. 8,199 and 8,200.-Two methods of cleaning the bit. Fig.' 8,199, filing; fig. 8,200,
bing on soft brick.
A heavy bit is preferable for joining work, as one weighing less than two
pounds does not retain the heat long enough.

Tinning the Bit.-Preliminary to soldering, the bit must be
coated with solder, this operation being known as "tinning."
To tin a soldering bit, heat it in a fire or gas flame, until hot enough to
melt a stick of solder rapidly when it is lightly pressed against it.
When the bit is at the right temperature, the heat can be felt when it is
held close to the face. When hot enough clean up the surface of the copper
with an old file,
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If the temperature be too high,
the copper surface will be found to
tarnish immediately, in which case
the soldering bit must be allowed to
cool slightly and the cleaning repeated. When the surface only tarnishes slowly a little flux is sprinkled
upon it, and then rubbed. with a

i

'

stick of solder.
After the molten metal has spread
over the whole of the surface which
it is desired to tin, the superfluous
solder is wiped off with a clean damp
rag.

The surface should then present a bright silvery appearance:
when properly finned.

o

The operation of tinning the bit is
shown in figs. 8,204 to 8,206. Once
a soldering bit has been well tinned
care should be taken not to overheat
it. If the bit at any time reach a red
heat it will be necessary to repeat
the whole tinning process before it is
fit to be used again. No good work
can be done with an untinned or badly

tinned bit.

-

g7o

.

:

,

<

<-_

Soft Soldering.-The theory
of soft soldering is that: as the
solder adheres to and unites with
the surface of the copper when
the bit is tinned, so will it adhere
to and unite the surfaces of the
metals to be soldered.

Fie. 8,201.-Chapman "Allatonce' electrically heated commutator soldering machine. View
allowing general appearance of machh.e.
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Soft soldering, as well as hard soldering, consists in welding
together two or more pieces of similar or dissimilar metals by
means of another metal of lower melting point.
In order to solder successfúlly wire joints, the following instructions should be followed:
1.

Clean and tin the bit as shown in figs. 8,204 to 8,206.

` .t
..

Pr

-

-

1

_.-

PATENTED
BURNER

OWNER BLPL1t

BLUNT NEEDS

GnSDLINE

BE EY4A

GEL

NEED_
LN°Viilt

1RON

l

PArEN
PUMPE

ro4

rAND

PCLaotR

,ANING
BURNER
EDN

NREOL

ES

v[-nDScur N

Ftc. 8,202.-Electrical heating elements as used on Chapman "Allatonce" commutator soldering machine. Rating of heating elements 1600° to 2200° Fahr. but operated at only
about 1200°.

Fte.

8,203.-Bernz gasoline torch with holder for heating soldering bits.

2. Ileat the bit in the fire until it reaches the right temperature. Do
not try to solder a joint with a bit so cool that it only melts the solder slowly
nor with one so hot that it gives dense clouds of smoke when in contact
with rosin. Burned rosin must be regarded as dirt.
3. Remove the bit from the fire and hold it, or preferably support it
on a brick or block of other material which does not conduct heat readily.
4. Wipe the surface clean with a rag. Apply solder until a pool remains
on the flat surface, or in the groove, if a grooved bit be used.
5. Sprinkle with rosin, lay the joint in the pool of solder and again
,

sprinkle with rosin.
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6. Rub the joint with a stick of solder so
oughly filled.
FLUX AND

that every crevice

is thor.

r`--\

SOLDER

DAMP RAG

by filing working surfaces
Pros. 8,204 to 8,206.-"Tinning" the bit. Fig. 3,204, cleaning bitwhich may be conveniently
with an old file; fig. 8,205, rubbing the bit on the flux and solder,surplus solder by giving each
placed on a piece of sheet tin as shown; fig. 8,206, removing
-ide of the bit a quick stroke over a damp rag.

method for small work.
8,207.-Picking up solder with a hot bit. This is the proper
wood and touch it with the
Rest the bar of solder on some support as a brick or piece of on
the bit. It is then transend of the hot bit. Some of the solder will melt and remain
and fluxed when
ferred to the part to be soldered, and if the surfaces be in proper condition
cover the surfaces. In picking
the bit touches the surfaces, the solder will leave the bit and
with the
up solder from the stick, care should be taken not to leave the bit in contact
the more solsolder too long or some of it will drop off. The larger the bit and area tinned,
der will the bit hold.

FIG.
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7. Remove the bit, and lightly brush superfluous solder from the bottom of the joint. See that no sharp points of solder remain which may
afterwards pierce the insulation.

Ftc. 8.208.-Chapman full automatic thermostatic wafer soldering machine. In operation
automatic dial feed timing is arranged to take stock from a chute. Timed immersion in
flux; four tests for sound stock and pi oper entry in machine; four throw outs for defective
stock or entry. The jnachine does not stop but throws out the defective pieces and keeps
on going. Solders by immersion, and a gentle removal from solder bath, then spun at
1800 r.p.m. to throw off excess solder. Cooled in a device to prevent sticking of sections
together, and discharged through a non-denting device (not shown).

If

the bit be overheated or burned, heat to redness and then plunge into cold
NOTE.
water, when most of the hard oxidized surface will scale oft.
soft coal fire will quickly destroy the tinning on a bit.
NOTE

-A

NOTE.-For soldering

wire joints see Vol. VII.
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When the bit is first placed on the joint, the solder should run up into
the joint. This will occur only when the joint is well made and thoroughly
cleaned, and if the workmanship be perfect it is even possible to fill the
joint completely by feeding in solder below the joint as it melts and runs
up into the joint.
A well soldered joint should present a smooth, bright appearance like
polished silver. Wiping the joint before it cools destroys this appearance,
and is also liable to produce roughness, which is detrimental to the insulation.

;'.i

fll lI1

FIGS. 8,209 to 8,212. Sweating. When two surfaces are to be united by sweating, first
see that the surfaces are perfectly clean, then flux as in fig. 8,209. Put a piece of tinfoil ovex
one surface and the other surface on top. They should be held firmly together by a clamp
or other means and heated as in fig. 8,212 by a hot bit, or if the metal have considerable
thickness by a torch, until the solder melts. When cool, thesurfaces will be found to be

firmly united.

NOTE. -42% tin 58% lead is the strongest of the tin lead alloy. It works good and has
sufficient viscosity to fill commutator lead slots automatically. It is therefore not surprising
that the nearest commercial composition 40% tin 60% lead (also known as "commercial")
is the most popular composition for soldering commutators. It is cheap, works easily and
does not throw out of hot commutators as readily as solders containing a higher proportion
of tin.

NOTE.-Soldering Temperet ore. The correct temperature for soldering must be determined for each job and flux largely by experiment. It varies with the size of the work, the
insulation of the commutator, the solder composition and the nature of the flux. Usual soldering ranges are between 500° Fahr. and 700° Fahr. Do not try,to work around 800° Fahr
as about this temperature the drosses become soluble in the solder and the solder is said tr
be "burnt" and will behave bad:y.
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In order to prevent the insulation on the wire near the joint being
damaged, the process of soldering should be carried out as quickly as
possible, and for this reason the tendency to burn the insulation is less
with a hot bit (a quick bit) than with a cooler one.

4

8,215.-Airco-Davis-Bournonville lead burning torch designed for "burning" ehr
welding lead. By attaching a proper mixing head and using City gas instead of acetylene,
this torch may be used for soldering. The temperature with gas is about 3,500° Fahr.

FIGS. 8,213 to

8,216.-Chapman universal armeter used with carbon contact resistance soldering leads.
Connect pair of No. 8 flexible leads to say O and 5V terminals.

NOTE.-Block tin melts at 446° Fahr. and is used by many especially on very high speed
and otherwise heavily worked commutators on account of its 88° higher melting point. Its
viscosity is low, that is, it flows freely and it therefore may be necessary to 811 the commutator lead slots by hana after it is soldered, but before it cools, using a piece of wire solder
or fire block tin.
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Sweating.-In this operation

the surfaces are cleaned, heated,

and covered with a film of solder. The soldered surfaces are then
placed together and heated by passing the bit over the outside
surface until the solder melts and unites the two surfaces.
Sweating is often employed for the temporary holding together of work
which has to be turned or shaped, and which could not be so conveniently
held by other methods. After having been turned or shaped, the separation
of the parts is readily effected by the aid of heat.

TEST QUESTIONS
1.

2.
3.
.4.

5.

6.
7.
8.

What is solder?
Name the two general classes of solder.
What is the difference between soft and hard solder?
Of what does common or plumbers' solder consist?
What is the requirement with respect to the melting
point of solder?
What is a soldering flux?
Why are some fluxes undesirable for electrical work?
What is the right name for a so-called soldering

"iron" ?
9. Why should the bit be tinned?
10. Describe the operation of tinning the bit.
11. What is the theory of soft solders?
12. Describe the operation of sweating.
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CHAPTER 210

Electric Heating
The application of electrical energy to domestic and in4lus
trial heating has numerous advantages.
For domestic and some industrial purposes, heat is produced by electricity by forcing it through resistance wires, raising
the temperature of the latter, and applying the heat thus generated to the articles to be heated.
Heating Units.-By definition a heating unit or heating element sometimes called resistor, is a length of resistance metal in
the form of a strip, or coiled wire through which electric current
is passed to give off heat. The heating unit becomes hot on
account of the resistance it offers to the current.
Selection of Heating Units.-The choice of material for a
heating unit depends upon temperature conditions. All materials used deteriorate to some extent when heated, some will
withstand higher temperatures than others. -Accordingly in
the manufacture of resistance wires there are several kinds to
meet the different conditions of service.
Classification of Heating Units.-The numerous applications
of heating units give rise .to various types which may be classified:
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1. With respect

to form, as

a. Wire;
b. Strip.

2. With respect to service, as
a. Stove;
b. Immersion;
c. Space, etc.
1080

N/CHAOME

1.060

1060 ill

I.)

2
1.090

1

h

/

040 to
W

k

//

I.o2o

1000

/YlCHROME ZQ

200

boo
80o
TEMPERATURE DEG. C
VOO

1000

FIG. 8.217.-Temperature coefficient curves of "Nichrome' and'TTichrome" IV here haws
represent wire slowly cooled from 1000° C. as specified by the American Society for Testino
Materials. Slight variations from this curve may be expected due to variations in method/
of annealing of different sizes of wire.

3. With respect to the general application, as
a. Domestic;
b.

Industrial.

Design of Heating Units.-To obtain satisfactory and effi.
cient results in electric heating the unit should be properly
proportioned, located, placed and suitable for the service.
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Refractory materials surrounding resistor elements
possess high
thermal conductivities, otherwise the resistors will not should
be able to dissipate
their heat as rapidly as it is generated, and will be
subjected to undue temperature rise.
As the flow of heat through materials is
inversely
length of the path, the refractory material surroundingproportional to the
resistors should be
of minimum thickness consistent with safe mechanical
and dielectric strength.
Selecting Nichrome IV resistance wire for illustration,
table gives size of this resistance wire suggested for a giventhe accompanying
number of watts
at 110 volts. The sizes selected are those which will operate
at approximately 1700° Fahr. in open coils and are suitable for
radiant heaters, range
units, etc.

Niciarome IV Wire, 110 Volt Circuit
Watts

Amperes

300
325
350
375
400

2.72
2.95
3.2
3.4
3.64

25

37.6

24
24
24
23

34.7

19 Ft.
22

31.6

20

30,1

19

28.1

22

425
450
475
500
525

'3.87

23
22
22
22
22

264

21

25.0
23.7
22.5
21.5

5

25
24
23
22

7

550
575
600
625
650

5.0
5.23
5.46
5.67
5.91

21

20.5

26

7

21
21
21
20

19.6
18.7
18.0
17.3

25
24
23
28

6

675
700

6.15
6.36
6.58
6.82
7.04

20

27

3

19

16,6
16.1
15.6
15.0
14.5

7.26
7.72
8.17
8.63

19

14.1

29

0

19
19

13.3
12.5
11.9

27
25
24
29

10

4.10
4.32
4.55
4.77

725
750
775
800
850
900
950
1000

-

9.08'

B.

&

S. Size

20

20
20

19
18

Ohms

75°

11.3

F

Length

'

4 Ins.

5
5
6
10

4

0
0

4
5-

5

26

5

25

24

7
7

30

0
5
6

2

For other voltages divide the number of watts required
the voltage factor (next table) . Select nearest number of at that voltage by
in the 110
volt table, multiply the length in 110 volt table by voltage watts
a device should require 550 watts and the supply voltage is factor. Suppose
150. Factor for
550 --405
150 volts is 1.36 and
watts. Nearest value in 110 volt table
is
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23 wire. This size should be used on 150 volts
or 28 ft. 7 in.
ft.
X1.36
21
be
length
should
but

400

andwould require No.

Voltage Factors on Basis of 110 Volts
Voltage

100

120

150

200

220

240

32

Factor

91

1.09

1.36

1.82

2.0

2.18

0.29

Nichrome Wire -110 Volts
Watts

Amperes

B.

&

S. Size

Ohms

75°

Length

F

21 Ft.
22
24
21

250
300
350
400
450

2.27
2.72
3!2
3.64
4.10

25
24
23
23
22

43.6
36.4

475
500
550
575

4.32
4.55
5.0
5.23
5:46

22
22
21

23.0
21.8
19.8
18.9

21

18.1

24
23
22

615

5,6

20

640

'5,82

660
700
750

6.0
6.36

20
20
20

6:81

19

17.7
17.0
16.5
15.6
14.5

27
26
25
24
28

600

31.0
27.2
24.1

21

23

'

2 Ins.

0
0.

0
5

22

4

21

0
5
2
4

6

6

8
4

5

Nichrome Ribbon-110 Volts -14.6" Width
Watts

Amperes

Thickness

Ohms

75'

400

3.64

.003.

27.2

425
440
450
475

3.87

.0035

4.00

.0035
.004
.0045

25.6
24,7
24.1
22.9

500
525
550
575
600

625
650
660
675
700
750

4.1
4.32

4.55
4.77
5.0
5.23
5.46

5.68
5.91
6.00
6.15
6.36
6.82

F

Length
9Ft.
10
10
11

10 Ins.
9
5

7

.12

5

21.8
20.8
19.8
18.9

11

.8

18.1

12

3

.0063

17.4

.0071,

16.7
16.5

12
13
13
15

11
11

14

7
1

.0045
.005
.005

.0056
.0056

.0071
.008
.008
.0089

16.1

15.6
14.5

12
11
12'

15

6
11
10

10

0
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Another example follows taking the alloy "Nichrome" which is suitable
fat electric irons, toastérs, hot plate, space heater, etc.

The second and third tables on page 5,130 give size for a
given number of watts at 110 volts.
For voltages other than 110 divide the number of watts required at the
given voltage by the voltage factor page 5,130. Select nearest number of
watts in the 110 volt table, multiply the length in 110 volt table by the
voltage factor. Suppose an electric iron take 550 watts and the supply
voltage is 100. Factor for 100 volts is .91 and
=605 watts.
Nearest value in 110 volt table is 600 watts which requires 12 ft. 3 ins.
of W6 X .0056 "Nichrome" ribbon. This gives the size to be used on 110
volts, but the length should be .91 X 12ft. 3 ins. or 11 ft. 2 ins. The winding
for 550 watts, 110 volts would then be 11 ft. 2 ins. of X .0056 "Nichrome"

s

6

ribbon.

14-00

/LUG FPO
W

L300

2
ti
rr
H
W

i10o

1.100

ADVANCE
i.00ó
O

100

400

800
000
TEMPERATURE IN DEG. C

1000

P'tc. 8,218.-Temperature resistance curves for "Advance and Lucero" resistance wire showing
change in resistance of one ohm of wire with increasing temperature.

Immersion Heaters.-These devices for heating liquids are
(nade in a variety of forms to suit different conditions.
The various methods of heating water may be classed:
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With respect to capacity, as

1.

a. Non -storing;
b. Storing.

f

2. With respect to the heating element, as
a. External element;
b. Immersed element.

HEATING ELEMENT

MICA INSULATION

CAST IRON TOP PLATE

HEATING

ELEMENT CLAMPED

CONCENTRATING

HEAT iN

TOPPLATE

_
IlNlls

--'p°

CHROMIUM NICKEL
HEATING CONDUCTOR

COMRECEEPTACLE

LUG
DR

TERMINAL BOX

CAST

IRON

PRESSURE

PLATE

e

=

-

°

INTERCHANGEABLE

ALLOY

CONNECTING
LEADS AND CONNECTIONS

PERFORATED STEEL

ENCASING

HEAT INSULATING AIR GAP

\

THREE

HEAT INDICATING

CONTROL

SWITCH

8,219.-Electric disc stove. Adapted to laboratory and other industrial purposes. The
maximum surface temperature is 750" Fahr.

FIG.

The so-called "instantaneous" is an example of the non -storing class and
consists of a heating element and coil of pipe through which water passes,
the rate of flow, and consequently the temperature being controlled by
a valve. Nothing can be more ridiculous than to cal) these affairs "instantaneous" heaters, as no physical change takes place instantaneously.

The average use of water is from 20 to 125 gallons per family
per day; temperature 104° Fahr, for bath purposes; 150° Fahr.
for dish washing.
If water be heated as required for use, a large demand, 2 to 5 k.w. is created for a short time and under usual conditions, does not secure a sufficiently low energy rate to be economical.
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The rate can be lowered by using a lower demand, .5 to 1 k.w. over a
longer time or continuously, that is, heating the water in advance and storing it in a suitable heat insulated tank.
The demand can also be lowered by arranging a double throw switch to
permit use of either range or water heater, but not both at same time.
Effective heat insulation on the tank, to reduce heat loss into the room, is
required where water is stored. Automatic temperature control aids in
securing constant temperature of stored water, and automatically adjusts
the average current consumption to the existing hot water requirements.

Fins. 8,220 to 8,222.-Cutler-Hammer water immersion heaters. foro.c. or d. c. circuits. Fig.
8,220, pipe outlet type heater. Cord and switch removed; fig. 8,221, circulation type heater.
Cord and switch removed; 8,222, bottom outlet heater complete with cord and switch. These
heaters are adapted to applications such as water tanks, sterilizers, stills, vulcanizers, glue
cookers and other industrial applications where it is necessary or advantageous to have the
heater immersed directly in the water. This method of heating liquids resulte in highest
heating efficiency since there is practically no direct loss of heat to the atmosphere, the heat
is imparted directly to the water. In addition with the heater inside the tank, it is usually
9 simple matter to insulate the entire tank to prevent losses by radiation.
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Fics. 8,223 to 8,226.-Cutler-Hammer tubular heater units of special shapes and sizes.
showing the adaptability of these heater units.
HOT WATER LINES

INSULATED

COLD INLET

OUTLET
CONDUCTORS
IN CONDUIT
TO HEATER

DRAIN COCK

SHUT

1-0-41-WUNION"j

OFF COCK

Fro. 8,227.-Wiegand "Chromalox," side arm type electric water heater attached to storage

tank.
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SHOWING RESISTANCE
WIRE AROUND
ASBESTOS CORE
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THREE HEAT
REGULATION
SWITCH °
IO FT.

CORD

SPIRAL
WINDING
ASBESTOS
CORE
HEAVY
CANTON

FLANNEL

ATTACH MENT

PLUG

OUTSIDE COVER OF
HEAVY, WASHABLE

EIDERDOWN

OUTER WINDING OF
ASBESTOS AROUND
:RESISTANCE WIRE.

THERMOSTATIC CONTROLS
WITH PLATINUM CONTACTS

8,228.-Electric warming pad. It consists of a flexible heating element with an outer
cover of eiderdown which is removable and washable, so that the pad may always be ISept in
a sanitary condition. The pad is arranged for three heats, which are regulated by means of a
switch so designed as to be easily operated in the dark, the sense of touch enabling the user
to change from one heat to the other. It also contains two thermostats to prevent overheating. Never leave a pad applied to a patient unable to remove same.

PzC.

Efficiency and Gallons per 24 Hours
of Water Heated to 104° Fahr.
(36 gal. tank covered with 1 in. hair felt insulation on tank and 1 in.
magnesia covering circulation piping. Cold water 39° Fahr. Faucet close
to tank. )
Kind of
system

Kind of
equipment

Watts

Storage
Storage
storage
Intermittent
Intermittent

Outside c r' ulation
Outside circulation
"Clamp on"
Outside circulation
Outside. circulation

600
1,000
750
3,000
5,000

No. gal. hot waEfficiency ter available (at
per cent. 104° Fahr. per 24
hrs.)
82
76
78
73
69

75
117
89

330
525

Space Heaters.-As its name implies a space heater is for
diffused instead of concentrated_ heat, such as room heating.
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For this purpose the unit is made from ribbon in the form of a
strip.
The electric energy required to heat an ordinary sized room when the
outside air is near the freezing point ranges from about 1 to 2 watts per
cu. ft.

Ftc. 8,229.-Cutler-Hammer space heater with rheostat heat control.

The following table shows the loss of heat per sq. ft. of window and wall
surface, for one degree Fahr., difference of inside and outside temperature,
the loss being expressed in heat units per hour.
Loss of Heat per Sq. Ft. of Surface
Kind of
4 in.

Surfacet.

brick wall

8 in. brick wall

in. brick wall
in. brick wall
20 in. brick wall
Floors, fire proof
Floors. wooden beams..
12
16

u.

u.

per hour

Kind of Surface

68
46
32
26
23

Window, single glass....
Window, double glass...
Skylight, single glass....
Skylight, double glass...
..
Ceilings, fire proof
Ceilings, wooden beams
Ordinary wooden wall,

124

683

perB

.

lathed and plastered ..

hour
ht.our

.776
.518
i .118
.621
145

.104
.1

Example.-What will be the loss of heat per hour in a single room,
wooden structure when the temperature inside is maintained at 70° Fahr.,
while the outside is at 32°. Size of room 10 X10 X10, .having three 3 X6
windows. Here all surfaces must be considered.
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Area of windows =3 (3.X 6) = 54 sq. ft
Area of walls=4 (10X10)-54-346 sq. ft.
Area of floor =10 X10 =100.
B.t.u. lost through windows = (70-32) X .776X 54 =1,592.4
B.t.u. lost through walls =(70-32)X.1 X346=1,314.8
B.t.u. lost through floor
= (70-32) X .083 X100 = 315.4.

Total loss of heat per hour

= 3,222.6 B .t.ta.

rrc. 8,230. -Cutler -Hammer space heater: view showing general appearance and
by a 2 ft. rule.

size shown

rrc:s, 8.231 and 8,232.-Applicatiop of space heaters under floor and on
wall.

Space heating units as made by Cutler -Hammer are two feet long and may
be used singly or in groups. These units have a capacity of 500 watts each
and may be connected to d.c. or a.c. circuits of proper capacity and for
any voltage between 100 and 125, or 210 and 250. Each heater is stamped
with the voltage for which it is designed and should not be used on systems
of higher voltages. Being made up in the 500 watt capacity, they provide
a very flexible scheme for heating. Only as many as are actually required
need be installed, yet additions can be made easily. They can be mounted
in groups, or singly at different locations. The mounting holes permit
the
use of ordinary screws for mounting. There is no assembly.

The number of heaters required depends on many factors. An
z:ane cab in a northern state would yequire more heat than one in a outdoor
locality
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where the winters are moderate. Also a cab of good construction will be
warmed satisfactorily with fewer heaters than one of poor construction.

The watt rating of a heater is determined by three general.
considerations:
1. Safe

heater temperature.

One that will insure a satisfactory length of life.

2. Desirable operating temperature for the service.
3. Fire risk.

8,233.-Wiegand one inch wide, strip heater designed for use in building special machinery
where heat is required at some local point on the machinery as is the case in package forming
and sealing machines, marking machines, and other manufacturing process equipment
These strip heaters are rated at comparatively high wattage per sq. in. They safely operate
at red heat, not exceeding 1,300° Fahr. The single end strip heater shown has the usue.
advantage of bringing the terminals to one end which is often desirable in machine building

FIG.

The maximum safe operating temperature of the space
heater is between 700° and 800° Fahr.
This is the approximate operating temperature of the standard 500 watt
apace heater when used under the conditions for which it is primarily
designed, that is, for heating air at atmospheric temperatures and with free
ventilation. It is evident that if the heaters be mounted in an enclosure
which is at a much higher temperature than atmospheric or living room
temperatures, the temperatures of the heater will be increased and it will
therefore be over-rated and its life will be shortened. It is also evident that
if the heaters be crowded together so that there is an interchange of heat
between them, one acting to heat its neighbor, the safe operating temperature will be exceeded and the heaters may burn out unless the rating be
reduced.
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Example.-Assume that a standard space heater is installed in a plate
warmer for keeping plates or dinner service warm. It is evident that while
a standard rating might he used, the temperature of 700 to 800° Fahr. in
contact with or close to chinaware, would he very apt to cause breakage.
Therefore, the plates should be spaced away from the heater and preferably
shielded from direct radiation and convection, or a lower rated heater used.
For example, a 220 volt heater on a 110 volt circuit, which will deliver 125
watts.
In the same way the temperature must be considered from the operation
or service standpoint in many industrial processes. In a package sealing
machine, for instance, while a standard rating might be safe so far as the
heater is concerned, the high temperature might burn the glue or overheat
the paraffin. Therefore, a lower rating would be called for, not on account
of the life of the heater, but on account of operating conditions and results
to be accomplished.

Building Heating, Thumb Rules. --As a rough approximation, a rule of thumb is as follows:
.35 watts per, cu. ft. (See A)
Plus 3.5 watts per sq. ft. of wall area (See B)
Plus 35. watts per sq. ft. of glass area (See C).
A. This takes care of the heat required for raising the temperature of the
air approximately one complete change of air per hour. For more frequent
changes, increase the wattage proportionately.
B. This takes care of the loss of heat through the walls. In figuring the
wall area, the area of the four sides of the rooms and the ceiling and the
floor are all included and a deduction is made for the glass area. The rule
assumes good building construction, such as a good 12 in. brick wall or well
made, double frame wall.
C. For measuring glass area, the overall area of the frame is measured and
this area is deducted from the total wall area.

The above rule assumes a temperature elevation of 70° Fahr,
in other words, external temperature of zero, room temperature of 70° Fahr. If the room adjoin other heated rooms,
allowance must be made, based on the difference in temnerature between the room under consideration and the adjoining
looms.
Dr,
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This thumb rule is for rough estimates only. It will agree quite closely
with more complicated calculations in some cases, but on the other hand,
there may sometimes be .a considerable error so that it must be used cautiously. The following two examples will illustrate how the above rule is
applied:

Example.-Small house 12 ft. X10 ft. X9 ft. high, good construction, 12
in. brick walls, with 3 windows each 3 ft. X5 ft., is to be heated to 70° Fahr..
with zero temperature outdoors and one complete air change per hour.

...

+

1 N`"

Flo. 8,234.-Arrangement of internal circuits for heaters in which each resistance section it
controlled by a separate switch.

8,235.-Internal connections of a cooker. T, terminals; PS, parallel or series switch;
S, ordinary switch; S', two pin socket for plug connection; R,R', resistance sections. Current is turned on or off from R,R' at S, while PS. puts R and R' either in parallel or series.
S', allows of the attachment of an auxiliary heater. This arrangement is applicable to
other types of heater, and S', would then generally be omitted.

FIG.

8,236.-Arrangement of two circuit heater with pilot lamp L. When either switch is
put on, L lights up. The top switch controls one-third of the heater resistance, and the
bottom switch two-thirds.
.35 (12X10 X9)
Plus 3.5[(12X10X2).4-(12X9X2)+(10X9X2)-(3X5X3)]
Plus 35(3X5 X3)
Equals 4,022 watts. Eight 500 watt space heaters should be used, which
will give a total of 4,000 watts.
Example.-Room 12 ft. X 10 ft. X9 ft. high, good construction with well
made, double frame walls, with two exposed walls containing 3 windows,
each 3 ft. X5 ft. Room is on top floor, with ceiling (roof) exposed, with the
room adjoining the 10 ft. wall heated to 70° Fahr. and that adjoining the 12
ft. wall 60' Fahr. The room beneath is heated to 70° Fahr. Two complete
air changes per hour.
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.35X2(12X10X9)
Plus 3.5[(12X10X1)-1-(12X9X1)+f10X9X1)
70°70

0°(12x9x1)-(3 x5 X3)]

Plus 35(3X5X3)

Equals 3,339 watts. Seven 500 watt space heaters should be used, which

will give a total of 3,500 watts.

U.!
8,237.-Control panel with switches, fuses and thermostat for the automatic regulation
heat.

FIG.

of

Regulation of IIeat.-To properly control the heat output,
regulation of wattage may be required to:

Heat up rapidly from room to operating temperature; that
is, to supply the heat of absorption and latent heat.
2. Provide for changes in operating temperature.
1.
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3. Provide for operation at uniform temperature where the
heat requirements vary during operation.
The following methods of regulating wattage are in most.

common use:
1. By dividing the heater into sections and changing the voltage impressed
on each section by connecting the sections in different combinations.
.--.

ó

9
I

II

o-

LINE

LINE

8,238.-Two heaters and snap switch. High, full heat, heaters 1 and 2; medium, onehalf heat, heater 2 only; low, one -quarter heat, heaters 1 and 2; off.
FIG. 8,239.-Three heaters and snap switch. High, full heat, heaters 1, 2 and 3; medium,
two-thirds heat, heaters 2 and 3 only; low, one-third heat, heater only; off.
FIG. 8,240.-Four heaters and snap switch. High, full heat, heaters 1, 2, 3 and 4; medium
one-half heat, heaters 3 and 4 only; low, one -quarter heat, heaters 1, 2, 3, and 4; off.
FIG.

1

2. By dividing the heater into sections each designed for line voltage, and
providing each section with a switch.
3. By the use of a series rheostat. This gives closer regulation than
methods 1 and 2, and does not complicate the heater by sectionalizing it.
Rheostat control is particularly well suited to heaters developing small
wattages.
4. By connecting the heater intermittently to the line, opening the circuit
when the maximum operating temperature is reached and closing the circuit
when minimum operating temperature is reached. This is the method generally employed in automatic temperature control. A thermostat or other
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temperature responsive device is used and for low wattages, opens and closes
the circuit directly, or for higher wattages actuates a suitable magnet switch.
5. By a time switch for connecting and disconnecting the heater at predetermined times.
Figs. 8,237 to 8,240 show how some of the methods of regulation just
described are accomplished.
SWITCH S

FLEXIBLE CORD

-

,
I

PLUG

-

/

SWITCH

M

SINGLE ELEMENT

rnI

5'

DOUBLE ELEMENT

J

Ftc. 5,241.-Arrangement of internal circuit for heaters giving three heating values. In
the diagram A, represents one-third of the heating circuit; BB, two-thirds. With switch
S, on, one-third of full heat is given; with S', two-thirds, while with both S, and S', on, the
heater works with full power. At T, are two terminals to which the ends of the flexible cord
from the plug are secured.

Non -Metallic Heating Units.-These are suitable for high
temperature service such as applications in which the temperatures range from 1.900° Fahr. (1038° C.) to 2750° Fahr.
(1510° C.).
This temperature range covers the heat treatment of high speed steels,
firing of ceramic ware and the heating of metals for forging. Non-metallic
heating units are manufactured in cylindrical rods of carborundum brand
silicon carbide. Silicon carbide has no known melting point; it is highly
refractory and has a high specific resistance.

TEST QUESTIONS
What are heating units?
2. Upon what does the choice cf material for heating
units depend?
3. Give classification of heating units.
1.
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4. Give calculation for heating units for electric irons,
toasters, etc.
5. Describe an immersion heater.
6. How much electric energy is required to heat an
ordinary sized room in freezing weather?
7. Give calculation for house heating.
8. What name is given to heating units used for house
9.
10.
11.
12.

heating?
How is the watt rating of a heater determined?
What is the maximum safe operating temperature
a space heater?
Give building heating thumb rules.
Describe the regulation of heat.

of

Electro -Plating

5,145

CHAPTER 211

Electro -Plating
Briefly, electro -plating is the act or process of depositing metal
by electric means.

This process consists in obtaining an electro -deposit of one
metal, used as an anode, upon some metallic article which is connected to form the cathode in an electrolytic bath, that is the
object upon which it is desired to deposit the metal is connected
with the negative pole of the source of current, and the metal
which is to be deposited is connected with the positive pole.
The chemical nature of the electrolyte employed depends upon the kind
of plating. For plating with gold or with silver, the electrolyte is always
alkaline, for plating with nickel or with copper, it is usually acid.
Substances other than metal can be electro -plated by first, coating their
surfaces with powdered graphite or plumbago, as in the case of electrotyping.

The principle of electro -plating is illustrated in fig. 8,242.
The Current Supply for Electro-Plating.-Low pressure direct current is used for this purpose, the pressure used being
from 1 to 16 volts, depending upon the nature of the electrolyte
employed, and the rate at which the plating is accomplished.
The current density is important and varies with different
metals.
With a high current density the deposit may be crystalline or powdery,
and will not adhere well to the cathode. What is required is to regulate
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the current so that the deposited metal may be smooth and adherent, and
capable of being burnished without being detached.
Hard and fast lines cannot be laid down, but, generally speaking, with
high current densities the deposit is powdery, and of a dark color, when it
is said to be "burnt." Müch higher current densities can be employed it
the solution be rapidly circulated by means of a pump or agitated by
blowing in air.

ELECTROLYTE

SUSPENSION RODS

rVAT
1

CATHODE

ANODE

dli

I:Illllu,,

J

Fie. 8,242.-Process of electro -plating. By definition, electro-plating is the process of coating

metal articles with thin films of other metals which are obtained by electrolysis from the solution
of their salts. As here shown, the vat contains an electro-plating solution (called the electrolyte) into which the article to be plated (called the cathode) is immersed and connected to
the negative terminal of the current source. A strip of metal (called the anode) more positive than the cathode is also similarly immersed in the electrolyte and connected to the
positive terminal of the current source. Current from the dynamo causes the metal of the
anode to dissolve and pass over to the cathode upon which it is deposited as a thin coating.

Dynamo and Dynamo Sets for Electro -Plating. --Since it is
not economical to transmit low voltage heavy amperage current a long distance, the current is usually generated in the
electro -plating plant. Accordingly, a special type dynamo is
used either belted to any power source or direct connected to
a motor.
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Both shunt and compound wound dynamos may be used
either self excited or separately excited.
The so called "separately excited shunt wound dynamo" is
simply a dynamo in which the entire field current is furnished
from outside.

s

i

37

FIG. 8.243.-Reliance commutator. In construction, the segments are built on a spider type
shell which is keyed to the shaft. The ears of the bars are separated so that air can drculate
through winding and around commutator.

Strictly speaking, it is not shunt wound, but the above expression has
come into common use. probably in contrast with the term "separately
excited compound wound." Except in the smaller sizes, separate excitation
produces superior plating characteristics. On account of the very heavy
current output electro -plating dynamos usually have two commutators.

The choice of the type dynamo to use depends on the condi
tions met with in the plant.
Assume the use of a plating tank into which similar work is being placed
and from which finished work is being removed continually. In order to
maintain uniform current density as additional work is placed in the tank,
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the ampere rate must increase as the plating surface is increased. Such a
condition calls for one design. Then assume the use of a tank filled with
chromium plated automobile parts which require 8 or 9 volts for a few
seconds and 5 volts for approximately 25 minutes before removal of the
work. This calls for an entirely different design.

Whether the plating dynamo should have a flat, a drooping,
or a rising characteristic depends entirely upon the work to
be performed.
Fit the dynamo to the job and not the job to the dynamo.

~

-

.

I

'..

n
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FIG,.

8,244.-Reliance armature with double commutator

Scientifically metered control of deposit is becoming more
and more customary and scientific regulation of the plating
dynamo must be equally exact.
Series rheostats have therefore become largely antiquated for modern
production work; besides, they are wasteful of current. unnecessarily costly,
and have so few points of regulation that they are of little value.

Individual tank dynamos, with voltage control, are in most cases the
most economical and most satisfactory equipment.

Construction details of electro-plating dynamos and dynamo
sets are shown in figs. 8,243 and 8,244.
Note in figs. 8,243 and 8,244 the large commutator and very heavy inductors necessary to carry the large current.
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Electrolyte or Plating Solutions.-These may contain the
necessary constituents .in various percentages. The following
solutions are considered the best in general practice.
A good 14 carat gold plating solution is composed of water, 1 gallon;
potassium cyanide, 10 ounces; gold chloride, 10 pennyweights; and a sufficient amount of carbonate of copper to give the desired shade. A 14 carat
gold anode should be employed.

Ftcs. 8,245 and 8,246.-Keliance armature coils. They are made of strands of insulated
copper wire, formed and taped together and further insulated with a coat of varnish. After
winding the entire armature is painted with a special high temperature, non -flowing black
finish, and Naked.

Each coil is then carefully tested.

The best solution for silver plating is the double cyanide of silver
and potassium solution.
The single cyanide of silver is prepared by adding a solution of cyanide
of potassium to a solution of nitrate of silver until a precipitate ceases to
form.
The double cyanide of silver and potassium is prepared by dissolving
an equivalent of silver cyanide (134 parts) in a solution containing an
equivalent of cyanide of potassium (65 parts). The silver plating solution
is made up with distilled water, the proportion by weight of silver per
gallon of water varying from % ounce to 5 ounces or more.
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The best nickel plating solution is that which is made up of the
double sulphate of nickel and ammonium, in the proportion of 12 ounces
to one pound of the double salt to each gallon of solution.. The crystals
should be dissolved in boiling water in a. wooden tub, frequently stirred
and cold water added to make up the desired quantity. After the solution has become cool it should be filtered through a large volume, 1,000
gallons or more, held in large lead lined tanks.

Electro -plating with copper is employed chiefly to form a ccating
on iron, steel, tin, zinc, lead, britannia metal and pewter articles preparatory to silver plating the same, for the reason that silver will not
adhere perfectly to those metals, while on the other hand, silver will adhere
perfectly to copper and copper to the soft metals.

\
F;o. 8,247.-Electric Products 1500-30(X) ampere, 6-12 volt double commutator type motor
dynamo set. Dynamo is driven by synchronous motor.

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

An alkaline formula which yields a solution producing a fine
grained deposit of copper is:
Water, 1 gal.; sodium cyanide, 3% ozs.; copper cyanide, 3 ozs.; sodium
carbonate, 2 ozs.; sodium hyposulphite, % oz.
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A very simple acid copper plating bath may be compounded
as follows:
Water, 1 gal.; copper sulphate, 5 ozs.; sulphuric acid,
1

oz.

For brass plating a solution prepared as follows is
excellent:
Water, 1 gal.; sodium cyanide, 9 ozs.; copper cyanide, 5
ozs.; zinc cyanide, 2 ozs.; sodium carbonate, 4 ozs.; ammonium chloride, % oz.

Brass may be colored
with proper solutions. The
following produces black:
Ammonia, 1 gal.; copper carbonate, 14 ozs.; sodium carbonate, 8 ozs

For brown color:
1 gal.; caustic soda,
ozs.; antimony sulphide,
oz.

Water,
3

A boiler is ,necessary in large plating rooms where hot
water is not available, or where close temperature regulation of hot solutions is desired
In general practice, one boiler h.p. will heat 25 gals. of water or its equivalent from 60°
(boiling) Fahr. in one hour, to a temperature rise of 150°. Using this as a basis gives the
following formula for determining the h.p. required for a given job:

Fte. 8,248.-Reliance steam boiler.

Temperature rise X gallons of solution to be heated
25 X150 Xtime in hours

h.p.

Temperature rise in this formula is the difference between 60° Fahr. and the temperature
solution
to which solution is to be heated. Time in hours is the time allowed to bring the
to the required temperature. It is usually not practical to figure more than 3 hrs. to heat
a solution.
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plating solution may be prepared as follows:

Water, 1 gal.; sodium cyanide, 6 ozs.; sodium bisulphate, 2 ozs.; copper
cyanide, 4 ozs.; tin chloride, % oz.

Plating solutions should be adapted to the particular object
to be plated.
They are best made chemically but can be made by passing a current
through a plate of the required metal into the solvent. Therefore, there are
different anodes, so if the object is to be col per plated, a copper anode must
be used.

Anodes for the respective solutions should be alloyed .as
follows:
Copper plate
Bronze
Brass

"

99% copper
90%
"
80%

1% zinc
10% "
20% "

Properties of Electro -Plating Elements.-The accompanying
table* shows the elements Used in electro -plating, arranged in
accordance with their accepted standing in the voltage series.
Each element in this series is positive to the elements standing below it
in the table, and negative to those coming before it. The difference in
voltage is roughly indicated by the spacing between the elements tinder
consideration.

For a minimum of electrolytic action, under conditions favorable to such action, only metals standing near together in the
series should be placed in physical contact.
Reference to this table will indicate at a glance the advisable metal
coatings from a permanent or protective standpoint.

*NOTE.-In the table is listed for convenience, chemical symbol, specific gravity, atomic
weight, common valences, etectro-chemical equivalent in grams per ampere per second and t:n
ampere hours required to deposit one gram of these elements.
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Cast Anodes Give Best Results.-As an example, a good
solution for plating objects with copper, is made by dissolving
in a gallon of water, 10 ozs. of potassium cyanide, 5 ozs. of
copper carbonate, and 2 ozs. of potassium carbonate.
Properties of Electro -Plating Elements
Element

Potassium
Sodium
Barium
Calcium
Magnesium
Aluminum
Chromium

.....

Manganese

Zinc...
Cadmium..
Cobalt..

...,

Nickel

Tin.
Lead
Hydrogen

Symbol

K.
NA.
BA.
CA.
MG.
AL.
IC
CR.
OUS CR.

IC
MN.
OUS MN.
ZN.
CD.
IC
FE.
OUS FE.
IC
CO.
OUS CO.
IC
NI.
OUS NI.
IC
SN.
OUS SN.
IC
PH.
OUS

Antimony

IC

Bismuth

OUS

SB.
SB.

IC
OUS

AS.
AS.

IC
BI.
OUS BI.

Arsenic

Copper

IC

Silver

OUS
IC
OUS

Platinum

IC

Mercury

,.

....

OUS

Gold

PH.
H.

IC

OUS

CU.
CU.
HG.
HG.
AG.

PT.

PT.

AU.
AU.

Specific

Gravity

0.870
0.971

3.80.
1.54
1.74
2.70
6.92
6.92
7.42
7.42
7.00
8.65

'7.28

7.28

8.72
8.72
8.80
8.80
7.30
7.30
11.4
11.4
0.0695
Compared to air
6.70
6.70
9.78
9.78
5.73
5.73
8.90
8.90
13.595
13.595
10.5

21.37
21.37
19.3
19.3

Atomic
Weight

Common
Valences

39.10

1

23.00
137.37

1

2

40.07
24.32

2

27.1
52.0
52.0

3
3

2

2

54.93
54.93
65.37
112.4
55.9
55.9
58.97
58.97
58.68
58.68

3

118.7
118.7
207.2
207.2

4

1.008

120.2
120.2
208.0

2
2
2

3
2

3
2

3
2

2

4
2
1

5

3
5

208.0
74.96
74.96

3

53.5.7

2

63.57
200.6
200.6
107.88
94.8
94.8
197.2
197.2

5

3
I

2
1

1

4
2.
3
1

Eleetro-Chemical
Hours
Equivalent Grams Ampere
per Grams
Per Ampere
Deposited
Second
.000406
.000239
,000713
.000208

.000126
.000094
.000180
.000270
.000189
.000284
.000339
.000582
,000193
.000289
.000203
.000305
.000202
.000304
.000308
.000616
.000535
.001070
.00001044

.000249
.000415
.000430
.0007185
.000155
.000259
.000329
.000659
.001039
.002079
.001118
.000505
.001010
000681
.002040

.

0.685
1.163

0.390
1.338
2.202
2.969
1.544
1.030
1.463
0.975
0.820
0.477
1.439

i

0.196

1.365
0.909
1.371
0.914
0.901
0.451

0.518
0.259
26 60
1

115

0.669
0.645
0.387
1_790
1.073

0.843
9.422
0.268
0.134
0.249
0.550
0.275
0.408
0.136

Pickles and Dips.-While the best polish is secured by grinding and wheel polishing, many articles are best cleaned chemicallyby immersing them in solutions which dissolve the scale,
grease, etc., adhering to them, leaving a clean but rough surface
which must he i,olished afterwards.
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Black Pickle for Iron.-Sulphuric acid 66° Baume, 1 part;
water, 15 parts. Used chiefly for removing scale from castings
and forgings.

Bright Pickle for Iron.-Water, 10 quarts; concentrated sulphuric acid, 28 ozs.; zinc, 2 ozs.; nitric acid, 12 ozs. Mix in
the order named. The pickle leaves the metal bright.

1, to electrify
Fics. 8,249 to 8,253.-Various types of anode. Anodes serve two purposes,
any anode
the solution; 2, maintain the metal content. The solution can be electrified by made from
which will conduct a current. In general practice this usually means an anode
as
the metal to be deposited, such as, nickel, copper, brass, etc., although in some cases,

maintaining
in chromium plating, an insoluble anode is used. As regards the second purpose, operations
most plating
the metal content of the solution, it is important to note that in carbonate,
cyanide, etc.)
it is far more expensive to add metal in the form of salts (sulphate,
than to achieve the purpose by the corrosion of metallic anodes.

etc.-Sulphuric acid, 66° Baume, 50
36° Baume, 100 parts by weight;
acid,
nitric
weight;
by
parts
common salt, 1 part by weight; lamp black, 1 part by weight
Dip for Copper, Brass,
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Forgings, punching, etc., are pickled in dilute sulphuric acid
to remove scale, and then cleaned and brightened by dipping
in the above solution.
Cyanide Dip for Brass.-Potassium cyanide in ten times its
weight of water is used as a preliminary dip when plating articles that would have the polish injured by the acid dips.
The work must he allowed to remain longer in this than in
the acid solutions.
Pickle for German Silver.-German silver may be cleaned
in the bright dip for brass, or in a preliminary pickle of dilute
nitric acid and water (12 to 1), followed by a dip of equal
parts of sulphuric and nitric acids, and then by rinsing in
boiling water and drying in sawdust. Use sawdust that contains no tannin.

Tanks.-These vessels (sometimes called vats) are for holding the electrolyte or plating solution. There are four general
types.
1. Wood;
2. Steel;
3. Cast iron;
4. Earthenware.

Wood tanks may be obtained either unlined, or with an asphaltum lining or lead lined.
Unlined wood tanks are used for cold rinses and sometimes for hot rinses.
Asphalt lined tanks are used principally for acid plating solutions, such
as nickel, copper sulphate and zinc sulphate baths.
Lead lined wood tanks are used for the same type of solutions as the
asphaltum lined tank and must he used where heated solutions are employed.
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Steel tanks are recommended for all kir 1s of alkaline solutions, such as cadmium, brass, cyanide copper, etc., and for
cleaning solutions and hot water rinses. Unlined tanks are
used for such solutions.
For chromium plating solutions, lead lined steel tanks are
used. Rubber lined steel tanks are now favored by many for
nickel solutions, and for various acid dips where only earthenware was formerly considered suitable.
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Fiu. 8,254.-Reliance wood tank for holding plating solutions.

Cast iron tanks have to a large extent been superseded by
steel, but are still used quite extensively with enamel linings
in the jewelry trade as containers for silver and gold solutions.
Unlined, they are used for containing cleaning solutions and for water
rinses.

Earthenware tanks can be used for all kinds of plating solutions and acid dips with the exception of solutions and dips
containing hydrofluoric acid.
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Being impervious to other acids, they are used extensively for pickling,
metal etching and similar acid processes.

Rate of Deposit.-It has been found that a current of one
ampere will deposit .017253 grain, or .001118 gramme, of silver
per second on one of the plates of a silver voltameter, the liquid
employed being a solution of silver nitrate containing from 15
to 20% of the salt. The rate of hydrogen similarly set free
by a current of one ampere is .00001044 gramme per second.
Therefore, knowing the amount of hydrogen thus set free, and the chemical equivalents of the constituents of other substances, the weight of their
elements that will be set free or deposited in a given time by a given current,
can be calculated.

The rate of deposit is proportional to current.
However, since there is a certain amount of hydrogen liberated in the
plating process, there is also a partial solution of the metal, so that there is
always a deduction to be made from the theoretical value. Thus:
Gold gives about 80 to 90%
Nickel "
"
80 to 95%
"
Silver
90 co 95%
Copper "
98%

An ampere of current maintained for one hour, which serves
quantity called the "ampere hour" represents:

4s a unit of

Gramme
.0376
.58
Grain
Ounce Troy
00121
Ounce Avoirdupois..... .00132
which multiplied by the chemical equivalent will furnish the weight of
any substance deposited.

The rate of deposit should be varied to suit the nature and
the surface of the object.

l:orm of

Large smooth surfaces take the greatest rate of deposit, while other more
rough and irregular surfaces require a slower rate. '

The length of time for plating depends on the current rate.
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Upon this depends the rapidity of the ions being deposited on the objects
to be plated, and the thickness of the particular plates desired.

Although the average materials are plated at from 6 to 12
volts the following table gives the voltage for various metals:
Copper in sulphate
Copper in cyanide
Silver in cyanide
Gold in cyanide
Nickel in sulphate

1

4

5to 2.5 volts
" 6

1

-,5

2 5

" 2
" 3

"

" 5.5

"

Amperes Required.-The amount of current required for
plating articles of various materials are given .in the table
following:
Amperes required to plate one square foot.
Solution of Metal.
Nickel.
Brass
Bronze.
Copper
Acid copper.
Silver.
Gold
Zinc.
Cadmium.
Chromium

Average amperes
4

6 to 8
6 to 8

6 to 8
10

to

12.

2

1%
10
6

1

to 8
per sq. in.

Example. If the plater figure on plating with nickel, about 20 sq..ft. of
surface, by referring to the table, it will be seen that each sq. ft. requires
about four amperes, which would make it necessary to use approximately
80 amperes.
Again, to plate about 10 sq. ft. with copper, note each sq. ft. requires
between six and eight amperes, which would mean about 70 additional
amperes, orthe total for the two would approximate 150. If this be the
maximum output, a 150 ampere dynamo would be sufficient.
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8,255 and 8,256.-Connecticut terminals connected for two wire system. The bar K
connects the two short blocks. Also note that on the pulley end the cables from the upper
block lead to the outer conducting ring, while on the end opposite the pulley it is the lower
block that is connected to the outer conducting ring. The two lugs B and F, should be
connected to the main conductorsleaiing direct to the work.
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FIGS. 8,257 to 8,259. --Connecticut terminals connected for three wire system. Note that the
bar K, has been removed, also it will be seen that the cable lugs A and D, on the pulley end
have been interchanged. That is the cable from the inner conducting ring is now connected
to the upper block while the cable from the outer ring is connected to the lower block. The
side from the pulley remains unchanged. A separate lug H, is now added and the three
wires are thus obtained. Single voltage is obtained between lines H and B, and between
B and F, while double voltage is obtained between lines H and F.
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Electrolyte Required.-Ten gallons of solution to one sq. ft.
of work surface are average figures for calculation. A gallon
contains 231 cubic ins.
Dynamo Connections.-If possible the dynamo should be
installed in a clean, light place, where it will be easily accessible
for inspection and care. It should be located as near the plating
tanks as other conditions in the plant will permit.
FIELD
RHEOSTAT

TO FIELD

MAIN
TERMINAL
BLOCKS

JUMPER TO BE
REMOVED

FIELD
TERMINA(
BLOCK

o
Gtcs. 8,260 and 8,261.-Connécticut self-excited dynamo field connections. When the mac
hine is shipped from the factory a short jumper connects the small terminal block to the
main block to complete the field circuit. In installing the dynamo this jumper should be
removed and the field rheostat connected between the points from which the jumper was removed, using two separate wires for the purpose.

Dynamos of 200 amperes and less are not usually equipped with field
rheostats. These have the fields excited direct from the main terminal
blocks.
Dynamos of sizes 300 to 1,500 amperes inclusive are regularly made self
excited and are equipped with field rheostats. One side of the field winding
is connected to the main terminal block and the other side is connected to a
small terminal block on the side of the frame. Fig. 8,260 shows field rheostat
connection
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The accompanying illustrations show connections for Connecticut dynamos and illustrate in general the method of connecting dynamos.
Line Connections.-In general the line connections should be
made as here directed.
TO D. G. LINE
FIELD
RHEOSTAT

8,262.-Connecticut separately excited dynamo. In this machine the field is excited
from a separate source of d.c. of the same voltage as that stamped on the name plate following the word excitation. A separately excited machine is always supplied with a field
rheostat and the connections should be made as here shown. By the use of the field rheostat
the voltage can be lowered to a small value with stability.

Two wire connection.-For electro -plating or electro -typing, bus bars
should be run from the dynamo terminal block and connected by branch
conductors to the tanks. Make sure that one bus bar is connected to all the
anode rods and the other to all the cathode (work) rods, through a tank
rheostat if desired, as shown in fig. 8,263.

Three wire connection.-A three wire system should he connected as
shown in fig. 8,264. The tanks should be divided so that approximately the
same number of amperes are taken from the two upper bars as from the
.wo lower bars.
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Plating barrels and other tanks requiring a high voltage should be connected to the upper and lower bus bars. When possible, the dynamo
should be located near the center of distribution and !xis bars run each way.

Polarity.-If it be found that, after all the connections are
made and the dynamo started, that the polarity is wrong; that
TAN K

TANK
RHEOSTAT

RHEOSTAT

/TANKS

AR°pE

«L

WORK
ROO

ANODE
ROD

WORK
ROD

FIG.

8,263.-Two wire line connections.
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RHEO.

RHEO.
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PLATING
BARREL

I

li

1
-

DYNAMO

.

TERMINALS
L

voltage in
FIG. 8.264. --Three wire line connections for tanks requiring low voltage. The
this system is one half that of t .wo wire system shown in fig. 8,263.
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is, the positive appears on the bus bar connected to the work,
which would strip the work instead of plating it, it is not necessary to change any of the main connections, but the polarity
can be reversed as follows:
Self excited dynamos.-Remove one of the field leads from the main
terminal block. Connect together two to six dry cells according to the size
of the dynamo and touch the battery leads to the field leads of the dynamo
for a few seconds.
TO TANKS

VOLT METER)

SHUNT

AMMETER

OYNAMO
TERMINALS
FIG.

8,265.-Volt meter

and ammeter connections for two wire system.

Notice to which field lead the carbon pole of the battery is connected,
reconnect the field lead to the dynamo and try polarity. If it be still wrong
try again connecting the carbon pole of the battery to the other field lead.
Upon replacing the field lead it will be found that the polarity has been
reversed.

Separately excited dynamos.-To reverse polarity it is only necessary
to interchange the two exciting wires connected to the small field block at the
top of the dynamo.

Main Conductors.-The proper size of conductors between
the dynamo and the tanks is of great importance. Trouble
will be experienced if these do not have sufficient current carrying capacity.

5,164

Electro -Plating

The proper size depends not only upon the number of amperes, but upon
the distance between the dynamo and the tanks. The conductors should be
solid copper bar, either round or rectangular, and nothing else should be
used under any circumstances.
Round bars are usually the easiest to install if smaller than 1% in. in
diameter. If larger than 1% in., round bars are not only difficult to
handle, but are not as readily secured.
TO

vl

AMMETER

AMMETER
SHUNT

SHUNT

(VOLT METER

JP-

TANKS

o

VOLT METER
O

DYNAMO TERMINALS
FIG. 8

2G6.-Volt meter

and ammeter connections for

three wire

system.

The following table shows the proper size of conductors for
the different size dynamos and distances between dynamo and
tank.
The sizes of bars are shown in both round and flat. If flat bars be used,
they need not he of the exact dimensions given, but should he of equal or
greater cross section.
rust, having several
NOTE.-Cadmium plating is the most effective means of preventing
is soft and can be easily
times the resistance to corrosion that zinc, copper or nickel has.
very simple and can be
and quickly plated, only a thin coat being required. The solution is
kept in proper working order without difficulty.

It
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Size of Main Conductors.
5

Dynamo

to '20 Feet

100

Bars

i4

2u0 ....:
300 ......::
500
750 .....
1,000
1,500

.

Feet

Round'

Flat

Bars

Bars

35

to 50 Feet

Round
Bars

Flat
Bars

50 to 65 Feet

Round

Flat

Bars

Bars

h

%

t

s

3/4

34

%
I`

2,000.,.......
2,500

20 to 35

Flat

Round
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4,000
5,000
7.500

2

434x

234

4Nx %
484x IN

23%

743

3

2N
2%

........:........
2

x

N,

I

I;$

2Nx 34
3Nx!/Z
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%
3%x %

133

/

IN
I%

3

z 3,1

11,1

4
x N
4Nx,N

3/x /5

IN

3%x

5%

2N
2/3

4

34

INx N

2

x

2%x

x

3

4

x

2

x.N

2t}
2%

5

4

4Nx1

2%

5

xl

2%

4%x1%

3

4x/x IN

......
......

534x1%

3%

5Nx2

434

53,4x1%

x

%

.x

N

4Nx1
4%x134
4%x1%
53/x12
7 x1

TO

POWER LINE

SHUNT
VOLT
METER

AMMETER
TO

TANK

MOTOR
STARTER
O

o

RH EOSTAT

r,
EXCITER
Flo. 8,267.-Method of connecting a motor dynamo set, cons:sting of a separately ex,%ted
dynamo w;th separate exciter and a.c. motor.
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Volt Meter and Ammeter.-One volt meter and one ammeter
should be used in connection with every two wire dynamo and
two volt meters and two ammeters with every three wire dynamo, the connections are as shown in figs. 8,265 and 8,266..
VOLT METER

AMMETER

TO
UNE

SHUNT
0

TO TANKS

SWITCHES ó

`FU5ES----

RHEOSTAT

.

F'tc. 8,268.-Method of connecting motor dynamo set. consisting of a separately excited
dynamo and d.r. motor.

Motor Dynamo Connections. --It is very convenient especially in small plants to drive the dynamo by a direct connected
motor, thus saving space required by belt and steam or gas
engine, as well as the attention required to operate same.
Figs. 8,267 and 8,268 show connections for motor dynamo sets.

Dipping Vessels.-These are employed fcr holding the
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articles and dipping them into the various solutions used in
cleaning the articles preparatory to the plating.
All dipping vessels used in acid solutions should be made of vitrified or
glazed stoneware or glass.
Wire dipping baskets are fast superseding the earthenware type for plating room use. These baskets are light and, therefore, easy to handle. They
are strong and durable,, thus eliminating frequent and troublesome replacements. They drain quickly and completely, saving time and acid.

nos.

8,26

to

8,275:Various dipping

baskets.

Wire baskets are made of steel, brass, copper, aluminum, monel metal,
and nickel chromium. The metal to be used is determined by the cleaning
and pickling cycle.

As a guide to selection, the actions of various acids and
alkalis on the several metals used for baskets are here given.

5,168

Electro -Plating

Steel.-Suitable for use in all alkali solutions, attacked by sulphuric,
muriatic, and nitric acids.

Brass.-Suitable for use in alkali solutions except cyanide, but lacks the
strength of steel, not attacked by hydrofluoric acid and can also be used in
dilute solutions of sulphuric or muriatic acid. Attacked by hot concentrated sulphuric or muriatic acids and by nitric in any concentration.

Aluminum.-Nitric and sulphuric acids act very slowly on aluminum.
Attacked by all alkalis and by muriatic and hydrofluoric acids in any concentration. Excellent for bright dipping.
Monel Metal.-This is a natural alloy of nickel and copper. It is not.
attacked to any appreciable extent by alkalis and is resistant to all the
common acids except nitric. for which it is entirely unsuitable. Monel has
the added advantage of great strength.

Nickel Chromium.-This alloy is used principally in cycles embodying
both an alkali process and a bright dip containing, nitric acid. It is not
attacked by alkalis and is resistant to all the commón acids. Has exceptional strength and isnot affected by ordinary high heat.

Where the word "resistant" is used in referring to monel and
nickel chromium, this does. not mean that these metals are
not attacked but that the action is comparatively slow.
NOTE.-Tripoli composition. Tripoli is the most widely used of all cutting compositions. It is used on brass, copper, aluminum, zinc, silver, gold, platinum, nickel -silver and,
to some extent, on nickel and steel. It is also used extensively on celluloid, hone, pearl, wood,
ivory, rubber and moulded products.

NOTE.-White finish.-This,is.a lime finish; a standard coloring composition for producing the highe.t lustre on nickel; copper, brass and other metals; also on celluloid, pyralin,
bakelite and other moulded products.
NOTE.-Bobbing composition.-For brush wheel work, wood lapping, on flat surfaces
and for cutting down with small diameter bu:fs where the peripheral or surface speed is necessarily low. Bobbing composition is economical and efficient. It clings tenaciously to the
brush, lap or buff and cuts rapidly. It is used extensively by manufacturing jewelers, silversmiths and novelty manufacturers. Due to the fact that it cuts sharplyuand rapidly at low
speeds, it is also being used to advantage by manufacturers of fountain pep barrels and other
small rubber goods. Unexcelled for cutting down celluloid.

NOTE.-Chromium coloring composition.-The coloring of chromium offers a distinct
problem. Chromium is extremely hard and the plated finish may be rough and frosted. Chromium rouge is designed to cut rapidly, to smooth up the rough frosted surface and, at the same
time, to bring up the desirable high lustre. On bright chromium plate a mere wiping or fanning operation with chromium rouge is sufficient to produce a. mirror finish.
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Although the first cost of baskets made from these alloys is necessarily
high as compared with baskets made from the common metals, they
invariably prove more economical. This is particularly true where the
baskets are carried through a cycle embodying both alkalis and acids.

Scouring, Swilling and Rinsing Troughs.-These are usually
made of wood, lined with lead and divided in the middle by
a partition, one part being used for scouring and the other
n
1

N5U LigT1 NG
BLOCKS
Gr*

INSULATING JOINTS

WORK ROO

h

8,276.-Cleaning tank. Typical installation of steam heating coils for heating plating
solutions and cleaners. Approximate length of pipe needed for each 10 gals. of solution:
stranded pipe, 4 lineal ft.; 1 in. stranded pipe, 3 lineal ft.; 114 in. stranded pipe, 2%
lineal ft.;
in. stranded pipe, 2 lineal ft.

etc.

1,

NOTE.-Hard rouge for coloring gold, silver, platinum, nickel and brass.-This is
used principally for producing the final high color or lustre on gold and silver. Rouge differs
from all other buffing compositions in that it works by burnishing or flowing the metal instead of by abrasion.
NOTE.-Stainless steel rouge.-To secure a mirror finish on stainless steel articles rrQuires the use of a green rouge on a buff or felt wheel.

NOTE.-Polishing tallow.-The principal use of this material is as -a lubricant on polishing wheels which are set up with emery or other abrasives, to prevent burning or glazing
and for grease wheel work.' It is alsó used for die lubrication, drawing, etc.
NOTE. --Emery paste.-This is used as a lubricant on emery coated wheels and as e
brush composition on circular tampico brushes. The grease binder.is properly proportioned
to prevent crumbling _nd to, provide ample lubrication.

5,170

Electro -Plating

for holding clean water for rinsing the articles after they have
been scoured clean.

Tumbling or Rattling Barrels.-Small objects, such as small
castings, stampings, etc., that are not required to have square
edges, are best cleaned by tumbling, or rattling, as it is called
in foundries.

FIG. R,277 --Hanson-Munning tilting tumbling barrel. Almost .any work which is being
barrel plated can be polished and burnished in barrels. The finish obtained through this
medium compares favorably with hand finished work.

Large quantities of work are thus easily and cheaply cleaned without
much manual labor, which is the expensive item in polishing. If rough
castings are being worked, the sand, scale,.etc., adhering to them are allowed
to remain in the barrel, where it acts" as a polishing powder, brightening
the parts which are not reached by the metal of other castings; but when
tumbling for a bright finish, the sand, dirt, etc., are exhausted by means
of the blower, so that the surfaces are finely polished by friction onlyburnished, as it were, by rubbing against other metal of the same kind.
A strong exhaust should be kept up when polishing in this way or the
finish will be dead instead of bright.
Bright work can only be obtained by lóng continued tumbling, and the
bright finish comes rather quickly after all the pieces in the barrel become
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smooth; accordingly, it is necessary not to add any pieces once the barrel
is charged, or the work will not finish evenly.

Ball Burnishing Barrels.-This machine is used for producing a final color finish on metal and other parts after they
have been properly surfaced in an oblique or horizontal tumbling barrel. It is also used for finishing after plating.

I _,
.

u
.

0

v

.

r
1°te. 8,278.-Ilanson-Manning horizontal tumbling barrel. This type of barrel is to be preferred for large or long articles. The roll is nearer even and results nearer uniform. The
horizontal barrel also has a larger capacity. The principal use of the horizontal type of
barrel is for what the trade terms "rough work," such as grinding or smoothing. up.

The barrel is of comparatively small diameter, but of greater proportionate length. Its shape is calculated to give an efficient pressure without
having the weight distort the work to be burnished. There is no falling,
tumbling or bumping because the barrel is full. The action is one of continuous burnishing.
All barrels are lined with hard wood. Steel halls, pebs, cones. etc., provide the burnishing medium and these occupy from one third to one half of
the barrel capacity.

Burnishing Before Plating.-Small parts are taken direct
from the stamping room . placed in a horizontal rotating barrel,
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k'tc. 8279.-Diagram of three wire system with double throw tank switches for fi or 10 volts,
DT
A. ammeter; V, volt meter; SH, ammeter shunt; R. tank rheostat; S,single pole switch;
single pole double throw switch; T, plating tanks.
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dynamo, tanks,
Flo. 8,280.-Diagram of two wire system showing method of connecting
plating barrel, volt meter, ammeter and rheostat. A, ammeter; V, volt meter; S, ammeter

work;
shunt; R, tank rheostat; T-I, two rod tank, one row work; T-2, three rod tank, one row
T-3, five rod tank, two row work; T-4, electric cleaner, steel tank; PB, reliance plating barrel;
N, insulator; 1, No. 1 brass connections; 2, No. 2 brass connections; 7, No. I brass connections.
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rotated at 30 r.p.m. being careful to use enough sawdust as a
medium to clean and prevent scratching the parts.
The barrel is allowed to rotate until the parts are clean. Time required
depends on the character of the parts, and the condition the parts were in
when placed in the barrel.
When the parts are clean the
#5f--w;.
contents of the barrel are dumped
into a sieve to separate the parts
from the sawdust. Then they are
placed in a perforated metal or wire
°,=lbasket, and immersed in a boiling
commercial cleaning solution for 15
minutes. After rinsing with cold
running water, they are immersed
in a strong hydrochloric acid dip
solution for 5 or 10 minutes and
again rinsed in cold running water
to make sure that
all trace of acid is
removed.
-

Next the contents of the basket
are placed in the
burnishing barrel.

Parts and balls
should come to

711

.cH713.f.tiFtoMt!Eait:tf
CH1CAG0,

aril co.

within 4 to 6 ins.
of the top of the
barrel, depending
on the character of
the parts. About
200 lbs. of balls are
used in a barrel 2
ft. deep by 11 in. in
diameter. One half
gallon of soft soap

FIG. 8,281.-Reliance horizontal barrel showing anodes, drive gear, crane, etc. Almost
of the cylinder is immersed in the electrolyte. When the crane is used the barrel can be
loaded while suspended above tank and then lowered by turning crank after barrel is in
position. The lifting hooks are then raised and left in this position until another batch
of work is plated. After the work is plated the tray which is furnished can he laid across
the UP of the tank so that the work car. be clumped into it directly form the cylinder.
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is then added, the barrel is filled with cold water, the lid is clamped on
and the barrel is swung into position and rotated for 1% to 141 hours.
The soap used as a medium is of the utmost importance. There are many
satisfactory soaps available for the purpose.
After the burnishing barrel has rotated the proper length of time, the
contents are emptied into a sieve where the balls and parts are separated.
Again the parts are put into baskets, rinsed in cold running waer, then
dried in sawdust and stored in a dry place if they cannot be plated im-

mediately
If they are to be plated immediately, the baskets with their contents are
placed in a cleaning solution for 15 minutes and prepared for plating in the
usual manner.
.

Burnishing After Plating.-After nickel plating, the parts
are again put into wire mesh baskets and immersed in a storage
tank containing a soap solution.
This protects the parts from staining and also neutralizes any trace of
acid that may be present. The parts are then put into the burnishing barrel, balls, soap and water being added as for burnishing before plating, and
the barrel rotated for from 40 minutes to one hour depending on the character of the parts and the nickel deposited.
They are then removed from the barrel, separated from the halls, rinsed
in cold running water and dried in sawdust.

Polishing and Grinding Machines.-These machines, or
heads consist of a stand carrying a small pulley between twc
bearings with shaft extended at each end to take the various
buffing, polishing and grinding wheels, brushes, etc.
Polishing Wheels.-These are made of canvas, wood, felt,
leather, and walrus hide. Rough heavy castings are first ground
upon coarse solid emery or carborundum wheels, usually run
at a slow speed, not exceeding 1,000 revolutions per minute.
Canvas wheels are used for roughing out. Felt wheels can be used for
roughing, grinding, no. fishing and finishing. Walrine wheels are used
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chiefly in giving a fine polish to silverware, brass goods, etc. They can
be used with crocus, emery, rouge, or rotten stone, and give a smooth fine
finish to the work.

Much of the work connected with the preparation of surfaces of automobile bodies, hoods and fenders, metal furniture, metal doors and various
other metal parts; which was formerly done by hand, is now accomplished
mechanically by the use of various types of portable equipment.

Polishing and buffing lathes for hand and automatic operation, which
have reached a high degree of perfection, are now made in many different
styles and sizes. Likewise, highly satisfactory polishing and buffing compounds and wheels have been developed for practically every requirement.

To facilitate easy and rapid removal of metal from curved
as well as flat surfaces, various kinds of coated abrasive discs
mounted on cone shaped sanders have been -developed.
For the polishing of such surfaces special circular and disc type buffs and
suitable polishing compounds have also been worked out, so that this work
can now be accomplished more quickly and economically than formerly
and with less effort on the part of the operator.

The wheels to be used in polishing and buffing will depend
partly upon thespeeds used, the condition of the material and
I'
the kind of finish desired.
The lathe speeds in some shops will vary considerably from the lathe
speeds in others. The materials to be finished do not always come to the
polisher in the same condition.

The following are recommended by L'Hommedieu for average

conditions:
Iron, steel -and brass castings.-Reliance canvas wheels for flat surfaces; Rex cloth wheels for curved or irregular surfaces. Finish. with- Chicago wheels, walrus, bullneck, or felt wheels. Cut down with No. 201
buffs; color with No. 50 buffs.

Aluminum castings.-Rough out with Rex cloth wheels; finish with
sheepskin wheels. Cut down with No. 201 buffs; color with No. 5.0 buffs.
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Die castings.-Rex cloth wheels on all polishing operations. Cut down
with No. 201 or 203 buffs; color with No. 50 buffs.

Brass stampings.-Cut down with No. 203 buffs; color with No. 50
buffs. If necessary, polish with Reliance canvas wheel on first operation.

Aluminum stampings.-Cut down with No.
color with No. 50 buffs.

201 or No. 401 buffs;

White metal stampings.-Polish with sheepskin wheel. Cut down
with No. 201 or 401 buffs; color with No. 50 buffs.

Nickel, copper and cadmium plate.-Color with No. 50 buffs.

Chromium, monel metal and stainless steel.-Color with No.

buffs.

201

Solid silver and gold.-Color with brown or white sheepskin discs or

walrus wheel.

Silver and gold

plate.-Cut down

flannel buffs.

with No. 50 buffs; color with loose

Hard rubber, bakelite and similar material.-Cut down with No.

401 buffs; color with No. 50 buffs.

Celluloid.-Color with No.

Pewter.-Color with No.

50 buffs.

50 buffs.

Nickel Plating.-Nickel does not adhere very well to iron
or steel articles, and furthermore, if after being plated upon
steel, the article becomes scratched, the steel rusts, and the
rust, getting beneath the nickel film, causes it to peel off.
It is, therefore, very usual to first coat the iron with a film of copper,
which, being a soft metal, is not readily removed by scratching. The
nickel is then deposited upon the nipper coating.
Nickel cannot be deposited from solutions containing more than a trace
of acid; most nickel plating solutions consist of a solution of the double salt
of ammonium sulphate and nickel sulphate, which is rendered alkaline with
ammonia.

Electro -Plating

5,177

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

Cleaning.-The articles should be first strung upon copper
wire of suitable dimension to prevent thin flat pieces of steel
clinging too closely together.

t-

I

,

jf

`*sÉ.-.
8,282.-Hanson-Munning plating barrel. Electro-plating small metal parts in bulk
eliminates racking, wiring and individual handling of pieces and thereby saves time and
labor. Suitable for nickel, silver, copper, brass, cadmium, zinc, tin and lead. The type
of cylinder and tank is determined by the solution to be used and the size and type of work
to be plated.

'1a.

Small glass buttons or small metal separators may be used between each
piece strung upon the wire. A great many pieces can then be copperized at
one time.

The articles so arranged are then ready for immersion in
the cleaning bath of the following composition:
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gal.; caustic potash, 4 ozs.; trisodium phosphate, 2 ozs.
Any good commercial metal cleaner may be used instead of the above in
the same weight proportion. The cleaner should be heated to 200° Fahr.
in iron kettles with steam coils made from steel or by external heat using
gas, etc. An immersion in the heated cleaner for five minutes removes any
grease or oils upon the metal.
The articles are then removed from the cleaner and washed in clean
cold running water.

Water,

1

Acid Cleaning.-The previously cleaned parts should next
be immersed for 10 to 30 seconds in an acid cleaner of the following composition:
Water, 1 gal.; muriatic acid, 1 gal.
This treatment removes any oxide or rust adhering to the surface. The
articles should then be washed in cold running water after which they are
ready for immersion in the copper plating or copperized solution.

Copper Plating Iron and Steel.-To deposit copper upon
steel or iron articles by immersion in solutions composed of
water, sulphuric acid and copper sulphate or copper carbonate, it is necessary that the steel or iron surface be chemically clean and free from rust or.oxidation if adherent uniform
coatings of copper are to be the final result.
The formula for the copper carbonate,plating .solution. is as
follows:
Water
Sulphuric acid
Dry copper carbonate

1 gal.
8 fluid ozs.
4 ozs.

The copper carbonate should be added to the acid solution very slowly
to avoid an excess of carbonic acid gas evolution. The solution is stirred
thoroughly afterwards.
Water
Sulphuric acid 60 °
Copper sulphate

1

gal.
% oz

.1

oz..

1
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No precautions are necessary in mixing the copper sulphate solution.
The steel or iron articles after cleaning should next be immersed for a few
seconds in either of the copper solutions recommended until a uniform,
clean copper deposit results.
The articles are now removed immediately, thoroughly washed in cold
water and then in the following soap solution:

Water
1 gal.
Neutral soap chips
1 oz.
The soap chips are dissolved in a small amount of hot water before
adding the balance of the cold water to make up the volume. The solution
is used cold. The articles are immersed in the soap solution for a few seconds, then in boiling water for a second or two, drained thoroughly and
dried by heat or preferably in hard maple wood sawdust.

If it be desired to protect the articles from atmospheric oxidation they should be finally lacquered by the aid of a water
clip lacquer. They should then be dried by heat to harden the
lacquer.
The copper carbonate solution should be preferably used although the
copper sulphate solution is cheaper and can be discarded more frequently
and replaced with new solution.

Silvering Glass Mirrors.-The glass must be perfectly clean
prior to silvering. Old silver should be removed by immersing
the glass in nitric acid and water, 2 parts nitric to 1 part water.
Silvering Stock Solution
Pure silver nitrate crystals
3 ozs.
Distilled water
20 ozs.
Aqua ammonia
2 ozs.
The silver nitrate, is dissolved in part of water heated to 120 ° Fahr.
then the balance of the water and the ammonia are added. Any undissolved
material is then removed.

Reducing Solution
Distilled water
Tartaric acid crystals

5 ozs..
1

oz.
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Silvering Solution
Stock solution
Distilled water
Reducing solution

1

% ozs.
16 ozs.
31 oz.

Sensitizing Solution
Distilled water
Stannous chloride

10 ozs.

3 oz.

Gold Plating.-Maintain the plating solution at 125° Fahv.
In plating a faint film of gold is first deposited and the article
lightly scratch brushed, to lay down the grain.
The work is then thoroughly washed in hot water, dipped in cold water
and immersed again in the plating solution for the final coating. It is a
good plan to keep the work in: motion by swinging it slightly on its slinging
wire.

Regarding the color of the deposit, gold is sensitive to changes in the
current density, the temperature of the bath and the composition of the
plating solution. Many beautiful tints, such as rose, red, green and the
like may be secured by using special solutions.

Galvanizing.-A bath containing zinc sulphate, which must
only be slightly acid, is employed; as the electrolysis proceeds
the solution becomes acid by the zinc being deposited out, and
in order to keep the strength of the solution constant, it is
circulated through a filter bed containing zinc dust.
NOTE.-Crown galvanizing salts. These are a prepared zinc sulphate base salt which
has been popular for many years. With the proper proportions of No. 1 and No. 2 zinc toning
salts, crown makes a solution which will produce a rapid, frosty white deposit good for general
purposes. 2,2 lbs. are required to the gallon.
NOTE.-No. 1 zinc toning salt. This salt when added to a crown galvanizing solution
eliminates treeing and produces a smooth deposit. 1 oz. per gal. should be added when making up a new solution of crown galvanizing salts, and small additions made from time to time
as roughness is noted in the deposit.
NOTE.-No. 2 zinc toning salt. This salt is used to increase the conductivity of acid
zinc solutions. Its regular use results in clean anodes and heavy deposits. 2 ozs. per gal. should
be added to new solutions made from crown galvanizing salts and further additions made tc
the solution from time to time as fouling of the anodes is noted.
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Zinc anodes are not generally used because they are apt to disintegrate;
the anodes usually employed are of lead, but iron is sometimes used. In
fact, the presence of a trace of iron in the bath improves the deposit.

Electrotyping.-In preparing electrotypes a wax impression
is taken of the form, which is made up usually of type, or illustrations, or both.
In order to do this a metal plate is evenly coated with a wax composition,
and this is placed with the wax face downward upon the form. The form
with the wax upon it is then placed in a hydraulic press and subjected to
a steady pressure of about two tons to the square inch: To prevent the
type adhering to the wax, it is dusted over with finely powdered graphite.
After being taken out of the press, the wax is carefully removed from
the form. The mould is next coated with black lead to give it a metallic
surface, as the wax is a non-conductor; the mould is then subjected to
the process of electro -deposition, resulting in the formation of a film of
copper on the prepared surface.
A battery or dynamo is used to generate the current.
The positive
terminal of the source of current is connected to á rod extending across
a trough or tank containing the plating bath. Suspended from the rod
are anodes of copper, from which a deposit is desired. The other terminal
of the source is connected with another rod across the trough, to which
are suspended the articles to he plated.
The copper shell is removed from the mould by applying hot water; the
shell is then backed up with electrotype metal to render it strong enough
-

for use.

Chromium Plating
Chromium Plating.-Electro-plating in general is accomplished by passing an electric current from one electrode to
another through a bath containing in solution the metal which
it is desired to deposit.
For example, in nickel plating, a nickel rod is used as the posi'ive electrode, while the object to be plated becomes the negative electrode. These
two poles are immersed in a bath of nickel sulphate or other suitable salt
of nickel and an electric current is passed through the solution.. .
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The current causes -the nickel rod to dissolve gradually and
replenish the bath from which nickel is simultaneously being
deposited upon the surface to be plated.
In this manner a cycle is set up; nickel rods, called anodes and current
are constantly supplied to the process, and in return nickel is obtained
as a coating upon the objects hung in the bath.

Anodes.-In most plating processes new metal is supplied to
the bath in the form of anodes which dissolve in the plating
solution at approximately the same speed as that at which
metal is being deposited from the solution.
There are only two well known exceptions to this procedure, which are
found in the electro -deposition of platinum and 'in that of chromium.
Here, insoluble anodes are made use of, and thé báth is replenished by
means of metallic salts.

There are important objections to the use of soluble anodes in
chromic -acid baths, it having been found that the current
efficiency of chromium and ferro -chromium anodes is much
greater than the cathode current efficiency.
This means that during electrolysis chromium goes into solution at a
more rapid rate than that at which metal is depositing out from the solution. I lence the concentration of chromium, especially the trivalent
chromium, builds up rapidly and the bath becomes inoperable.
Only in solutions of divalent and trivalent salts of chromium have
chromium anodes been found entirely satisfactory.

In order to avoid the difficulty encountered with soluble
anodes an ingenious (patented) process was developed for using
insoluble anodes of lead in conjunction with auxiliary soluble
anodes of chromium.
When the chromium concentration fell below a certain predetermined
figure, the auxiliary anodes were introduced into the bath and were removed when the bath composition was satisfactory.
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In the majority of installations insoluble anodes are used.
The researches of Watts definitely narrowed the selection of possible materials to two: iron or lead. If lead anodes be used, the bath
will he maintained in a very good condition because trivalent chromium
formed during electrolysis is readily reoxidized by lead anodes. Some
grades of lead, however, corrode in such a manner that adherent patches
of lead chromate are formed which exert a detrimental .effect upon the

plate.

Iron anodes always remain clean.
They permit, however, a greater accumulation of trivalent chromium
in the bath than lead anodes. Moreover, iron goes into solution. The
nearer pure the iron, .the slower will be the rate of solution. Iron in the
bath increases its resistance and thereby increases both the power necessary for plating and the attendant power costs. These factors must be
considered in making a choice of anode materials. If properly taken
care of, lead anodes are preferable.

Tanks.-The plating bath may be contained in a lead lined
wooden vat, or in a glass lined steel tank but a common procedure is to use a steel tank in which the joints are lapped and
welded inside and out.
Steel and iron become passive in chromic acid and are but very slightly
attacked. As has been pointed out before, sheet lead or sheet steel anodes
may be hung in the bath, or, in the case of a steel tank, the tank itself
may be connected anodically. Heating and cooling coils are usually installed in order that the temperature may be controlled readily.

The deposition of chromium is attended by a copious evolution of gas, hydrogen and oxygen mixed with a spray containing
chromic acid.
This fume is very irritating to the mucous membranes; exposure over
a long period of time leads to bad head colds, nose bleed and even ulceration in the. nasal passages. For this reason fume ducts are generally
installed very near the surface of the bath. Exhausting fans pull thefumes directly across the solution and downward.
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The Bath .-The chromium plating bath has as its main constituent chromic acid. Its function in the bath is two -fold: to
conduct the electric current, and to act as the source of supply of
chromium. During the operation of plating, chromic acid must
be added from time to time.
A solution of chromic acid alone will not yield commercially valuable
deposits of metal. It is essential that small quantities of sulphate or its
equivalent he added in amounts about 1% as great as that of the chromic
acid used. The most convenient way of adding sulphate is through the
use of sulphuric acid; chromium sulphate; sodium sulphate or any such
material however, can be substituted.

If there be a deficiency of sulphate, the resulting deposit will
contain areas of a brown hydroxide of chromium.
As the amount of sulphate is increased, the quality of the plate is improved.

When too great an amount of sulphate is present, good plate
can be obtained only in a very narrow range of plating conditions.
Still more sulphate makes the bath entirely inoperable.

The plating bath is usually quite strong.
The chromic acid concentration in a recommended formula is about 250
grams per liter (32 ozs. per gal.). A stronger or weaker solution may be
used, but the constituents must be in about the same relative proportions.
Many baths contain other constituents either added intentionally or
formed during use. Most substances of this nature, however, are detrimental rather than beneficial to the deposit.

Process of Deposition.-The cathode, the article to be plated,
must be carefully cleaned of all grease, oil, and oxide. The
grease and oil are removed by cleaning in a hot solution of
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alkalis, preferably with the aid of electric current in which case
the piece to be plated is made the negative pole.
Some foreign workers do not believe cleaning to remove grease a necessary step and they depend largely upon the detergent effect of the chromic
acid plating solution. Oxide is removed by pickling in acid; in the case of
copper and brass, a solution of sodium cyanide works admirably. After it
is rinsed, the piece is immersed in the chromic acid plating bath, connected
to the negative side of the circuit and the current is applied.
In plating with nickel, silver, copper, or almost any other metal, if a
small current be applied, deposition takes place slowly; if a large current be
applied, deposition is rapid. The amount of plate formed is dependent upon
the total amount of current supplied. Chromium deposition is a much
more complicated process.

If a very low current density be used, the current merely
reduces the chromic acid to trivalent chromium without any
deposition of metal whatever.
Current density is current per unit area and is usually expressed as
amperes per sq. ft. or amperes per square decimeter. As the current density
is increased, a point is reached where suddenly an evolution of hydrogen is
noticed at the cathode. Upon examination it will be found that, in addition
to reducing chromic acid as before and liberating hydrogen, the current also
has brought about the deposition of chromium. Only a very small fraction,
under 5% of the current at this stage actually is used in metal deposition.
The plate is generally milky in appearance.

Increasing the current density increases the current efficiency
and the resulting deposit is brilliant.
If put on a buffed surface, the plate will be so bright that no subsequent
buffing is necessary. Increasing the current density still farther so that the
current efficiency rises about 20% results in a gray, matte deposit which in
thick layers may crack and peel badly. There is therefore, a range of
current densities which will produce good plate. Certain metals, such as
copper and brass, when used as cathode exhibit a comparatively wide range;
other metals such as nickel and iron a narrower one.
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Changing the temperature of deposition shifts this range. For example,

at room temperature with a given solution good deposits can be obtained
on copper between 20 and 80 amperes per sq. ft. (2.2 and 8.8 amperes per
sq. decimeter); at 60° C., between 70 and 600 amperes per sq. ft. (7.7 and
66 amperes per sq. decimeter).

It will be found that, although the range of current densities producing
good deposits increases with the temperature, the current efficiencies of the
deposition remains nearly the same. That is; good plate for decorative purposes will be obtained between 5 and 20% efficiency regardless of the temperature.

If thick deposits be desired a current density and temperature
combination to give about 13% current efficiency will form a
bright, smooth plate with the minimum tendency toward
treeing.
If the bath contain-other things in addition to the essential chromic acid
and sulphate ór its equivalent, unfavorable conditions will result. Foi
example, the formation and accumulation of trivalent chromium leads to
increased resistivity in the bath. It also greatly contracts the plating range
already described. Dissolved iron also increases the resistivity of the
solution. Other effects are not yet fully known.

Bright chromium surfaces are obtained by plating on bright
under coatings.
It is easier to obtain fine finishes by plating on a buffed undercoat of a
metal like nickel than upon buffed copper. Dull chromium can, however,
be buffed by using a special buffing compound although this procedure is
generally uneconomical and is unnecessary.

The necessity for control is very great in chromium plating.
In best installations there will be found thermostatic temperature control, recording thermometers, accurate ammeters, good fume exhausters,
and there will be some provision made for a periodic chemical analysis of
the bath. There is, however, no great measure of uniformity in the quality
and extent of the control methods at the present time.
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TEST QUESTIONS
1.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.

What is electro -plating?
Describe the process of electro -plating.
What voltage is used for the current supply?
Describe dynamo and dynamo sets used for electroplating.
Upon what does the choice of the type of dynamo
depend?
How is the rate of deposit controlled?
What governs the choice of plating solutions?
Give the properties of electro -plating elements.,
What are pickles and dips?
What kinds of pickle are used for iron?
Describe the various tanks used.
What is the rate of deposit of one ampere?
How many amperes are required for plating various
mater ials?
How many gallons of electrolyte are required for each
square foot of work surface?
Describe the dynamo and line connections.
What is the effect on the work of wrong polarity?
How many volt meters and ammeters should be used?
How should a motor dynamo set be connected?
What are dipping vessels used for?
What is the construction of scouring, swilling and
rinsing troughs?
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21.

22.
23.

Electro-Plating

What is a tumbling or rattling barrel used for?
How are articles burnished?
Describe the process of 1, nickel; 2, copper; 3,
chromium; 4, gold plating; 5, galvanizing, and 6,
electrotyping.
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CHAPTER 212

Electrolysis
By definition electrolysis is decomposition of a chemical compound in solution, called the electrolyte, into its constituent elements, called ions, by the passage of an electric current through it.

There are two kinds of ions
1.

Cations;

2. Anions.
Cations are electro -positive and anions are electro-negative.
The cations appear at the cathode and the anions at the anode.

Path of the Current.-The current may be regarded as being
carried through the electrolyte by the ions; since an ion is
capable of carrying a fixed charge only of + or
electricity,
any increase in the current strength necessitates an increase in
the number of ions.

-

Oxygen and Hydrogen.-Dilute sulphuric acid is employed
in one form of apparatus as electrolyte, namely, that patented
by Schoop, the more customary electrolyte being a solution of
caustic soda.
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8,286.-Electrolysis apparatus. Fig. 8,283, electrolysis of water, simple form
with sliding graduated tubes and platinum electrodes. Fig. 8,284, electrolysis of water.
improved form with platinum electrodes that may be easily replaced by copper electrodes
or by carbon electrodes for electrolysis of hydrochloric acid. Fig. 8,285, electrolysis apparatus (Osborne form), for study of conductivity of liquids, ionization,electro-plating, electrolysis of water, and principles involved in the theory'of electrolytic dissociation. It consists
o/ an outer U tube with graduated sliding tubes, shot valves, glass plug and platinum electrodes which are easily replaced by carbon or copper electrodes. Fig. 8,286, Hoffman's
improved form of electrolysis of water apparatus with graduated tubes, glass stop cocks
and removable platinum electrodes.

FIGS. 8,283 to
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The primary products of electrolysis in this case are hydroxyl (OH)
and the metal sodium (Na) but these immediately enter into secondary
chemical changes which produce oxygen gas at the anode and hydrogen
gas at the cathode. The gases obtained in this way are not quite free
from impurity, but for industrial requirements they are sufficiently pure,
and this method of manufacture is much cheaper and more cleanly than the
usual chemical methods of production.

Chlorates.-Chlorate of potash or of soda is produced elec-

trolytically by the electrolysis of the corresponding chloride.

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

Ftc. 8,287.-Arrangement of Gibbs process.

The electrolytic and chemical changes which first occur when a solution of sodium or potassium chloride is electrolyzed by the aid of electrodes
not acted on by the products of the electrolytic decomposition is described
under Alkali and Bleach.

Hypochlorite.-If the cell designed for chlorate productions
be worked with a low current density, and at a temperature
which does not rise above 68° Fahr., little chlorate will be
produced and sodium hypochlorite will be formed in its place.
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Ozone.-This can be produced by chemical methods, but it
is also produced by the sparkless discharge of electricity through
dry air or oxygen from conductors charged at a high pressure and
it is always formed when a frictional electric machine of the old
plate type is worked with an air discharge.

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

-

A

FiGs. 8,288 and 8,289.- Cibb's cell and battery of three cel s. The cells consist of a wooden
frame A, covered with some metal B, such as lead, not attacked by the electrolyte. The
cathode consists of a grid of vertical copper wire C, kept in position by cross bars D, of
some insulating material. The grid is placed in a vertical position against one side of
the cell frame, and kept in place by the anode of the adjoining cell, from which it is insulated by the strips, F, and bars D. The opposite side of the cell from that occupied
by the cathode is partially closed by the anode indicated by dotted lines. This consists
of a thick lead plate L, covered with platinum foil on the outer side E, (fig. 8,289). and
is held in position by the cathode and framework of the following cell. G, is a pipe, reaching
to the bottom of the cell, by which the potassium chloride is continuously supplied, and
it is the overflow pipe to convey the mixed solution of the chloride and chlorate as well
as the liberated hydrogen gas away from the cell. S,S,S,S, are lugs projecting from the
framework by means of which any number of cells can be bolted together to form a series
of cells. In fig. 8,289, the heavy plates X and Y, are used to close the ends of the wooden
framework and form a fully closed series of cells with only the openings at the various supply
and overflow points. Current connections are made at the points M and N.

Owing to the readiness of the sodium and potassium to enter into combination with water, the difficulties of operating the process upon a commercial scale are chiefly due to this great chemical activity of the alkali
metals.
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Alkali and Bleach.-When an electric current is passed
through a solution of sodium chloride in water, using electrodes
which are not attacked by the chloride or by free chlorine, the
chloride is split up into its constituent parts, the metal sodium is
separated at the cathode, while the gas chlorine forms in minute
bubbles at the surface of the anode and rises to the surface -of the
liquid in the cell.

1
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te. 8,290.-Electrolysis of copper. Fill the U shaped glass tube shown above, with a solution B, made by dissolving sonic crystals of copper sulphate or bluestone. Immerse in
the
solution two platinum electrodes C and D. attached to the copper wires E
F, sealed
in the glass tubes G and H, which are held in the tube openings by loosely and
rubber
corks K and L. Attach the negative pole of the battery N, to the terminalfitting
of the electrode C, and the positive pole of the battery to the upper terminal of the electrode
D.
The electric current from the battery will then pass from the platinum anode C, through
the copper sulphate electrolyte B, to the platinum cathode D, thence to the negative terminal of the battery. The passage of the current through the electrolyte will result in the
liberation of the constituent ions of the latter, oxygen gas being liberated at the anode C,
metallic copper deposited on the cathode D. and the copper sulphate solution B,
changed
to sulphuric acid.
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The metal sodium, however, has a great affinity for the hydroxyl constituent of water, and it at once enters into union with this, and produces
sodium hydrate and hydrógen gas at the surface of the cathode. These
changes are the basis of all the patented processes and cells for the'production of alkalies and chlorine products by electrolysis.

Aluminum.-The process of aluminum manufacture consists
in the electrolysis of a fused mixture of the fluorides of sodium,
calcium and aluminum, in which alumina (aluminum oxide) is
dissolved.
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8,291.--Castner cell. The parts are A, cathode chamber; BB, anode chambers; C,
eccentric for producing a rocking movement of cell; D, pivot support for framework of cell;
E, slate walls of cell. The Castner cell is of the mercury type in which advantage is taken
of the property possessed by mercury of forming an alloy with sodium, fluid at the ordinary
temperature, this alloy being known chemically as an amalgam. When the amalgam is
heated with water it is decomposed, and a solution of sodium hydrate is formed, while the
mercury is restored to its original condition of purity. Hence, if a layer of mercury be employed as cathode on the floor of a cell in which a solution of sodium chloride is being decomposed by the current, the sodium liberated at the surface of the mercury will at once
enter into union with it, and will he kept safe from further chemical or electrolytic changes.
The layer of mercury, in fact, acts as a reservoir for the sodium atoms, or ions, brought
to its surface, and stores up these until they are wanted.

FIG.

When an electric current is passed through such a mixture of fused salt,
using carbon electrodes, aluminum separates as drops of molten metal at
the cathode, while oxygen is liberated at the anode and at once unites with
it to form carbonic acid gas. The bath is kept its the fused state by the
heating action of the current.
The action taking place in the electrolytic bath is therefore, virtually, a
reduction of the alumina or aluminum oxide by the carbon of the anode; but
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this reduction would be impossible without the aid of the current to first
separate the oxygen and aluminum, which have great affinity one for the
other.
The aluminum separated at the cathode is in the molten state and falls
to the bottom of the bath, and it is allowed to collect there, being removed
at stated intervals, either by a syphon or by tilting. Fresh alumina is fed
into the bath at short intervals to replace that which has been decomposed
by the current; and the process is, therefore, a continuous one.

8,292.-Electrolysis in lower New York. The figure illustrates current movements as
discovered. :The power house is located near the navy yard in Brooklyn. A,portion of
the returning currents, as shown by arrows, flows over the New York and Brooklyn bridge
to Manhattan. thence north to Williamsburg bridge via underground mains, subway structures, and other metals, and passes over that bridge hack to Brooklyn, thence through
mains to rails and negatives, to power house. In this case damage may he expected at
three points: 1, where currents leave bridge metals on the Manhattan side; 2, where they
leave pipes to enter Williamsburg bridge; 3, where they leave same bridge for pipes in Brooklyn side. When the two bridge structures are connected in Manhattan as proposed, then
there will be further changes in the direction of current. Before the Williamsburg bridge
was built, these currents recrossed through the river bed, leaving mains alt along the docks
in the Manhattan side, for the river, and leaving the river for mains or other metals along
the docks of the Brooklyn side. Traces of these currents have been found as far north
as 23rd St., a distance of over two miles from the Brooklyn bridge. Since the Williamsburg
bridge has been built, nearly all traces of these currents flowing north of it have disappeared.
showing that the mass of metal composing the structure acts as a short circuit or path of
lower resistance which carries practically all of the returning currents flowing from Manhattan back to Brooklyn.

FIG.

Bullion Refining.-The general principle of electrolytic bul.
lion refining is to use the alloy of precious metals, or bullion, as
an anode in an electrolyte which dissolves only one of the two
metals to be separated, and to use a sheet of the pure metal that is
being deposited, as cathode.
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For silver deposition an acid solution of nitrate is employed as the electrolyte (the Moebius process), while for gold an acid solution of gold chloride
is found to yield the best results (the Wohlwill process).

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

5,293.-Electrolyzing tank used in the Dietzel process for silver refining. The rota)g
is
cylindrical cathodes K are coated with a thin layer of grease or graphite, on which copper
deposited electrolytically. As soon as it becomes dendritic, it is knocked off and melted. The
becylinders are suspended on flanged contact rollers and are caused to rotate by the friction
tween them and the rollers. Contacts between the rollers and the electric machine are made
S,
the
material
P,
supports
bottom
loose
A
tank.
at the hearings of the rollers outside the
frames,
to be treated, and is constructed of hard rubber, celluloid or glass plates set in wooden
The
carbon.
Electrical contact is made with the material S, by platinum wires or by plates of
anodes, cast in plates about from % to % in. thick, are placed on the plates P. The linen
filter cloths D, catch any dendritic copper falling from the cathodes and prevent the anodic
silver from rising to the copper cathodes. In operation: on the passage of the current, the
silver and the copper are dissolved in the electrolyte, which contains from 2 to 5% of copper
flows through
and from .05 to .4% of free .citric acid; the gold is not dissolved. The solution
the silver
the bottom of the tank into a series of vessels filled with metallic copper, on whichthen
flows
deposits, dissolving an equivalent amount of copper. The desilverized solution
The
average
into the tank from above, and part of the copper is deposited on the cathodes.
sulphuric
the
as
1905,
As
late
volts.
to
current density is 14 amperes per sq. ft. at from 2H 3
method of separation was extensively used in copper refineries, but it is being displaced by the
electrc!ytic method.

FIG.
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Copper.-The principle of the wet copper extraction process is as
follows: The ore is roasted to drive off the sulphur, and then bleached in
suitable vats with a solution which will dissolve the copper and leave the
other metals and impurities undissolved. This solution is then electrolyzed
in order to recover the copper as a cathode deposit.

Nickel.-The roasted ore is leached with a solution containing both
copper and calcium salts as chlorides, and the copper is first deposited by
electrolysis. The last traces of copper are then removed from the electrolyte
by chemical means, and the nickel is in turn deposited by use of a higher
voltage from the remaining solution.
Tin. .The Bohne process depends upon the use of sulphuric acid as a
leaching agent and upon electrolytic deposition of the tin, from the sulphate
solution so obtained. In the recovery of tin from old tin cans and tin scrap
by electrolysis, sodium hydrate is used as the electrolyte.

Zinc.-A great amount of investigation and large sums of money have
been spent upon processes for extracting zinc from its ores, by aid of elect,olysis, but only two of these have achieved any industrial success. The
Hoepfner process depends upon the use of the waste calcium chloride solution from ammonia soda works, and was worked out chiefly as a process for
recovery and utilization of the chlorine frdm this waste product; zinc,
testing 99.96 per cent purity, and bleach being the products finally ob
tained.
The Swinburne-Ashcroft method (the other successful process) is not a
wet extraction process, but depends upon the electrolytic separation of

¿inc from fused zinc chloride.

TEST QUESTIONS
1. What is electrolysis?

2.
3.
4.
5.

Name the two kinds of ions.
Describe the path of the current.

Describe the electrolysis of water.
How is chlorate of potash or of soda produced elec
trolytically?
6. Describe the Gibbs process.
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How is ozone produced?
8. What kind of electrolyte is used for sodium and
potassium?
9. What happens when an. electric current is passed
through a solution of sodium chloride and water?
10. Describe the electrolysis of copper.
11. How is aluminum produced?
12. Describe the method of bullion refining.
7.

Electric Lighting
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CHAPTER 213

Electric Lighting
Electric lighting broadly speaking is a large subject and
covers several branches of engineering. A full treatment of
the subject would accordingly include
1. Generation;
2. Transmission;
3. Utilization.
The first two divisions of the subject have been so thoroughly presented
by the author in other volumes of this Series and in Audel's Engineers and
Mechanics Guides that to consider them here would only be repetition of
matter contained in the volumes just mentioned, and would leave no
space to present the various kinds of apparatus used and methods' employed.*

Sources of Electric Light.-There are various means of producing light by electricity. The devices used are
1. Incandescent lamps;
2. Vacuum tubes;
3. Arc lamps.

Incandescent Electric Lamps.-This form of lighting device
is the most widely used source of electric light and lends itself

It

,NOTE.
is to be supposed that when a reader procures a book on a certain subject,
to concentrate on that particular subject. With this idea in view the author believes that the necessarily limited number of pages at his disposal should be confined strictly
to the main subject, without any lengthy discussion of items foreign thereto, it being assumed
that if the reader desire to post himself on related subjects as for instance, steam engines, ht
will get a book on that subject. The earnest student will adopt this method of
study.
he wishes
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to the greatest variety of uses. It operates on the principle of

heating a wire to a white heat by sending an electric current
through it.
In construction, a slender filament of some conducting refractory material is enclosed in a glass chamber and connected to lead wires fused
through the base of the chamber or "bulb." The bulb is exhausted of air
as completely as possible and the exhaustion duct sealed. The object
of placing the filament in a vacuum is to prevent oxidation.

PARTS

MATERIALS
TUNGSTEN

-/BULB

SAND
SODA

NITRE

MANGANESE

/FILAMENT

LIME
LEAD

SUPPORTS

ARSENIC
FELDSPAR GLASS

COBALT (BLUE)
POTASH

BUTTON

MOLYBDENUM

BUTTON ROD.

LITHARGE
TUNGSTEN

OR

NICKEL J

PPe R't
CoIRON
N IC It EL
COPPER
ALCOHOL
MARBLE OUST
PINE

LEAD-IN WIRES

'STEM

SEAL,

EXHAUST TUBE

RESIN

SHELLAC

CHALK
BAKELITE

BASE

GLVPTOL

MALACHITE GREEN

GLASS INSULATOR

ZINC

1

TINO }SOLDER

FIG.

BASF CONTACT

8,391.-Materials and parts of an incandescent lamp.

Why is an incandescent lamp so called?
Ans. Because a wire or filament is heated to incandescence
by the passage of an electric current, thus producing light.

Ques.

Ques. What materials are incandescent lamp filaments
made of?
Ans. Mainly tungsten.
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In the older forms of lamps, carbon, platinum, tantalum, and
materials were used but they have been superseded because of their other
comings, such as short life, unsuitability to alternating current andshorthigh
cost for commercial purposes.

Ques. What is tungsten?
Ans. A metal extracted from minerals known as Wolframite
(a tungstate of iron and manganese) and sheelite (a tungstate of

calcium)

.

BASE
STEM TUBE
EXHAUST TUBE
STEM PRESS
SHANK
LEADING -IN WIRES

CANE ROD

FILAMENT
FILAMENT SUPPORTS

BULB

Fics. 8,295 and 8,296.-Principal parts of an Edison Mazda lamp.

These are found in China, Korea, Colorado, California, New Mexico
and several other places. The ore is purified to the oxide which
later is
reduced to pure tungsten appearing as a grayish -black powder. This
is
compressed into a solid under hydraulic pressure and intense heat, and
is then drawn into wire.
NOTE.-Edison, in 1879 invented the incandescent lamp of the form and principle which
is in use at the present day; he employed a carbon filament.
a metalized carbon fila
ment was produced which was more efficient and carne underLater
the name of the Gem lamp
Still later the tantalum lamp was produced which was still more
and, in 1907, the
tungsten lamp was produced which is about three times as efficient asefficient
the original carbon lamp.
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Ques.

What is inserted into the bulbs of large lamps and

why?

Ans. A gas is inserted after the air has been drawn out, to
permit the filament being operated at a higher temperature and
to modify the conduction of the heat, keeping it concentrated
or neutralizing it.

B
FIGS. 8,297 and

C

B

B

C

8,298.-Assembly of tubes, cane rods, leading -in wires, etc., of an incandescent

lamp. In construction, a glass tube is blown and the lower end flared to fit the bulb and seal
with it; this serves as the support for all the elements. A glass rod is inserted near the top for
holding the filament, a tube through the bottom to serve as the exhaust tube for drawing out
the air, and two leading-in wires for connecting the filament with the base. These are all
heated and when sufficiently soft are pressed together to bind all the elements and seal in the
leading -in wires. A blast of air retains the opening in the exhaust tube.
FIG. 8,299.-Supports for the incandescent lamp filament. The filament being as thin as a hair,
it is necessary to anchor it or have a firm means of holding it in place. It is nearly two feet
long in a 50 watt lamp and is therefore coiled or draped over supporting wires which hold it to
place. These wires are inserted to the glass rod or stem while hot and bent into hooks as
shown in the illustration.
FIGS. 8,300 and 8,301.-Lamp filaments in place over anchors of vacuum and gas filled lamps.
The regular or' vacuum lamp has the filament supported vertically or draped over the anchors
and gives off light all around, while the gas filled lamp has the filament coiled and supported
near the top and concentrates the light in one direction. The leading-in wires are either
pinched or welded to the filaments.

NOTE.-In the above illustrations the designations B and C, indicate Mazda type
type C lamps respectively.

B

and
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Methods Employed in Making Incandescent Lamps.-By
the aid of automatic machinery incandescent lamps are turned
out at a rapid rate.
The following description briefly explains the various steps:
The glass bulbs are blown from molten glass coming from a
furnace,
and by successive puffs of air are shaped to almost the form
and
then surrounded by moulds which put them into exact shape,required
the excess
glass or stem is cut off by gas flame.
A tube, known as the stem, is blown which
afterwards is
bulb and contains the leading -in wires and tubes for welded to the
supporting the

P
B

C

B

C

Ftcs. 8,302 and 8,303.-Exhausted lamps showing the filament set in
the glass bulb and the base
and the exhaust tube sealed. The opening in the base is
large to take the element
as shown and is then placed against the flange or flared sufficiently
of
part
the
large tube and rotated in
gas flames and sealed. A rubber tube coming from the air
pump is placed over the exhaust
tube at the bottom of the lamp and after the air is exhausted
it is sealed. In the gas filled
lamp gas is admitted after the air has been drawn out.
FIGS. 8,304 and 8,305.-Completed incandescent and gas
filled lamps. A base is punched from a
ribbon of brass, a thread rolled into it and an opening left
for a bottom contact piece; this is
to serve as the center contact piece of the lamp. The
shell
this piece or disc are held in
proper position and molten glass poured in to bind them and and
at the same time insulate them.
Holes are left for the leading -in wires to be soldered to the
contact piece and the shell. Cement
is then put around the inside of the shell, the lamp placed in
During the processes tests are made for the continuity ofit and when hardened is complete.
vacuum, the burning qualities and the rigidity of the parts, the filament, the extent of the
They are then packed and ready
for shipment.
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8.306 to 8,320.-Making an incandescent lamp. The stem and inserting machine bring together
the filament. These
lead-in wires, assembling all in one complete stem, and finally inserting the support wires ready for mounting
on the supports. The sealing in and exhaust
stuns are then transferred by a conveyor to operators who mount the filament
fills the bulb with inert
machine seals the mount in the bulb after which it exhausts the air, and, in the case of gas filled lamps, The bulbs are rotated
passes.
gas. The operator inserts a mount and places a bulb over it as each successive loading position
and
at
each
successive
stage in their
with a gas flame playing on the bulb where the bulb and flare are to be welded together,
seal. When the seal :.as been made, air
travel, are heated just the right temperature by tonguelike llames to make a perfect
a brass base having a lining of plastic cement;
pumps cut in to exhaust the bulb. On the basing machine the lamp is capped with
to the end. As the lamps pass through
one lead wire makes contact with the shell and the other is threaded through to the contact
excess length is cut off.
a heated oven the cement hardens and mechanical fingers drop a touch of solder on the lead wires and the
As the lamp nears the end of its final circle in a lamp making machine, it is lighted for inspection.
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filament and exhausting the air. The tip is not visible on the bulb as the
air is exhausted from the bottom and the sealed end concealed in the base.
Leading in wires are made of special metal so that the rate of expansion
and contraction will be similar to that of the glass and thereby form a
solid connection between the wires and the glass. Supports are set in
the glass tube in the bulb for holding the filament and serve as anchors
for the filament.
The entire element is then set into the bulb, the botton sealed and the
exhaust tube placed on the exhaust pump. When the desired vacuum is
obtained the tube is sealed, the end broken off and the lamp is ready for
the base.
In gas filled lamps, gas is inserted before the stem is sealed.
--END
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8,323.-Hylo turn down incandescent lamps. Owing to the difficulty of manufacturing a mechanically strong one or one-half candle power filament for direct operat<on on
voltages as high as 110, the two filaments are connected in series for the dim light. The full,
candle power of the lamp is obtained by operating a switching device which either short cir
cults or open circuits the small filament. In type No. 1 lamp, figs. 8,321 and 8,322, the
switch consists of a pivoted metal segment A (attached to the base B), which may be rotated
slightly by means of the cords so as to touch an auxiliary contact C, thus short circuiting the
small filament and lighting the high candle power filament. By shifting the segment off the
contact C both filaments are in series, but only the small filament is lighted. The cords operate only to change the candle power from high to low, or vice-versa, and in order to put out
the lamp the key or switch should be used. In type No. 7 lamp, shown in diagram only, fig.
8,323, there is a switch A concealed in the base, which provides three changes n candle power;
namely, 16, 1, and out, all obtained by operating the string alone. This switch is pivoted at
its center B, and the lamp circuit is completed when connection is made at either of the contacts C or D. The switch makes contact at only one of these points at a time. When con
nection is made at D both filaments operate in series and the small filament is lighted. When
the switch is pulled over to C the small filament is open circuited and the high candle power
filament burns alone. By pulling the switch clear of both C and D, the lamp is put out.

FIGS. 8,321 to

i
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The base is made of brass with the thread formed into it and is fastened
to the bulb by cement.

Ques. What determines the size of the filament of an
incandescent lamp?
Ans. The size must be such as to offer a resistance which
will allow the proper current to give the desired candle power at
the voltage for which the lamp is designed.

The Use of Gas in Incandescent Lamps.-By deliberately
filling the bulb with an inert gas which will not chemically
combine with the filament, the presence of the gas retards
the rate at which the filament material evaporates.
In practice the pressure of the gas in the bulb, when the filament is
lighted, is about that of the atmosphere.
The use of gas increases the loss of energy put into the lamp owing to
the conduction and convection of heat by the gas from the filament, which
does not happen ín a vacuum lamp.
In order to reduce the amount lost by conduction, the gas used should
have as poor a heat conductivity as possible. Originally nitrogen was
used, but argon with a small percentage of nitrogen is now used. Substantially pure argon will conduct current (ionize) at the voltage ordinarily
used for lamps. Thus current would flow through the gas between the
filament terminals, the resistance of this path decreasing as the current
increases, thus causing the lamp to "arc" or short circuit.
The gas, when heated by the hot filament, rises to the upper part of
the bulb where it becomes cooled. It then falls, this cycle being repeated
so that the gas circulates in the bulb as long as the lamp is lighted. The
smaller the diameter of the filament the greater relatively are the heat
losses produced by the circulating gas.

In

.

the earlier lamps made by Edison the conductor consisted of platinum in
NOTE.
the form of a filament or loop of wire. On account of the high cost of platinum, carbon was
form of filament of carbonated bamboo. After this came the squirted filament
the
substituted in
produced by dissolving cotton in a solution of zinc chloride. The gelatinous material thus
obtained was forced or "squirted" through a small orifice into a vessel containing alcohol,
which caused it to set and harden sufficiently for subsequent handling and washing. After
washing, this product was wound upon a large drum and dried; it then possessed considerable
ttrength. In this form it was cut up into lengths suitable for filaments and carbonized at a
high temperature.
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How an Arc Lamp Works.-If two carbon rods be connected
electrically to the terminals of a dynamo and the free ends of the
TERMINALSy-
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Flo. 8,324.-Elementary shunt control lamp. In operation most of the current flows through
the heavy wire connected in series with the carbon, the balance flowing through the shunt
solenoid. Normally, when the current is off, gravity causes the plunger to drop against the
stop, thus separating the carbons. When current is turned on it flows through the shunt
solenoid and. pulls up the plunger, and with it the lower carbon opposed by gravity. On
contact, the current is short circuited around the shunt coil, the solenoid, thus weakened,
allowing the plunger to recede and break contact of the carbons, lengthening the gap until
equilibrium is established.
FIG. 8,325.-Elementary series control arc lamp with dash pot and adjusting weight. In operation, before the carbons get hot, the sudden motion of the magnet draws them apart,
breaking the circuit, and they fall together again, the result being a vibrating action exactly
like that of a vibrating bell. To secure equilibrium, it is necessary to retard the upward
motion of the movable carbon, and this is what the dash pot accomplishes. Thus as the
solenoid separates the carbons, the dash pot plunger, which is connected to the adjusting
weight lever, moves downward, compressing the air which slowly leaks past the plunger, thus
retarding the upward movement of the carbon. The function of the air valve is to admit air
on the up stroke of the dash pot plunger, otherwise a partial vacuum would be formed which
would retard the upward movement. It must be evident to any one that refinement in
adjustment may be obtained by the addition of an adjusting weight by which gravity can be
conteracted to any desirable extent, regulating the arc voltage to a desirable working value.
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Ties. 8,326 and 8,327.-Views of mechanism of General Electric luminous arc lamp. The arc
'is struck between a stationary copper upper electrode and a movable magnetite lower electrode and burns under normal updraft conditions. In construction: The lower electrode is
carried on a rod actuated by the standard type of shoe clutch mechanism. The current is

carried to the electrode by means of a flexible spiral connection contained in a tube which is

-
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Fro. 8,328 and 8,329. --Westinghouse dust proof Luxsolite pendant; sectional view showing
parts.
FIGS. 8,326 and 8,327.-Text continued.
telescoped by the electrode rod. This tube projects down inside the pole for a distance of
about 18 ins. A single side rod, telescoping the supporting tube supports and carries the
electrode, dome and chimney so that no shadows are visible when the lamp is properly placed,

with the side rod toward the sidewalk. Should any non-conducting slag form on the upper
surface of the lower electrode, it would be effectually broken because two weld breaking
devices are provided, namely, the hinged upper electrode, and the slot in the top of the dash pot stem. If the voltage become zxcessive, or if, for any reason, the lamp should fail, it is
immediately cut out of circuit by a cut out which is part of the lamp mechanism.
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rods brought together, the current from the dynamo will flow
through the closed circuit thus established.
Now, if the carbon rods be drawn apart so as to form a slight break of
one -eighth of an inch or less in the circuit, the current will jump from one
rod to the other and the arc thus formed will be maintained across the
gap in the circuit.

L_

J

STARTING RESISTANCE

STARTING MAGNETS

N

R

Ftc. 8,330.-Elementary diagram of General Electric luminous arc lamp. Cycle of operation:
The current enters terminal P, passing through the starting magnets, starting resistance and
the cut out contacts to the negative terminal. The starting coils are thus energized and the
lower electrode is brought into contact with the positive, establishing the arc and the circuit
through the series cut out coil. This coil, on becoming energized, separates the contacts and
opens the circuit through the starting coils, thus allowing the lower electrode to fall back to its
normal position, retarded by the dashpots. The electrodes remain in this position until for
some reason the voltage at the arc momentarily reaches a point sufficiently high to actuate
the shunt magnet, when the contacts are once more closed and the cycle of operation is
repeated.

In any practical arc lamp, not only must the carbons be
properly secured to supports but suitable mechanism must be
provided to meet certain conditions essential in operation.
This mechanism should be of such nature that:
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The carbons are brought into contact when the current is turned off;
2. The carbons are separated a proper distance so that an arc may be
formed when the current is turned on;
3. The carbons are fed to the arc as they are consumed:
4. The circuit is made or broken when the carbons are consumed.
1.
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FIGS. 8.331 and 8,332

struction.

-General Electric carbon arc searchlights. Views showing general con-

The control of the carbons is effected by various feed mechanisms as shown in the accompanying illustrations.
Luminous Arcs.-In the case of an electric arc maintained
between ordinary carbon electrodes, almost all of the light
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comes from the tips of the electrodes and comparatively little from
the arc stream itself:
In the development of arc lamps various attempts have been made to
increase the luminosity of. the arc stream by introducing some substance
not carried by the ordinary carbon electrodes.

In the latest types of arc lamp this is accomplished in one of
two ways: by using in direct current lamps, negative electrodes
of a material the incandescent vapor of which gives a highly
luminous spectrum; or by employing electrodes of such refractory material as will give a very high arc temperature, by the
effects of which certain materials carried by the positive electrode will be converted into incandescent vapor of a high light
giving power.
Lamps operating on the first method are variously called
metallic,, magnetite, or in general luminous arc lamps.
The mechanism and operation of a luminous arc lamp is
shown in figs. 8,326 to 8,330.
Vacuum Tube Lamps.-Practical lamps of this type employing long vacuum tubes have been commercially available since
1903.

The accompanying illustrations and explanation of the
Cooper -Hewitt and Neon lamps will show their characteristics
and operation. They are extensively used in various industrial
and commercial plants where large candle power, a low operating cost, and a tubular form with low intrinsic brilliancy and
good diffusion are more important than the natural color value
of illumination.
It has been observed that those who have never worked under the light

of this lamp are the strongest objectors to its green color, but those who
have used it for various purposes assert that the eyes apparently are less
fatigued by it when applied to fine work than by those illuminants which
yield more of the red rays.
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The lamps are of very high efficiency, the watts consumed per candle
power being about one-half that of open arcs, one-third that of enclosed
arcs, and one -sixth of the ordinary carbon filament incandescent lamps.
The life of the tubes is about 5,000 hours.
The first cost of the tubes is high, varying from one-half to twice that
of other forms of electric lighting, but it is claimed by the makers that
the economy attained in the reduced operating cost will be sufficient to
counterbalance the entire cost of installation of considerable size.

The direct current Cooper -Hewitt lamp is shown in fig
8,333.

.

Tq DIRECT CURRENT
SUPPLY

NOUCTANCE

STARTING RESISTANCE

ENCLOSING BULB

0E

Fto. 8,333.-Connections of Cooper-llewitt direct current mercury vapor lamp.

It consists of a glass tube A, and a small set of inductance and
resistance coils B, connected in series with the tube. The latter
is made of special glass, and carries an iron electrode at its upper
or positive end, and a mercury electrode at its negative or bulb
end. These electrodes are connected with the outside by platinum wires sealed in the glass.
The tubes for all lamps have a uniform diameter of 1 inch, but
vary in length for different candle powers. At the present time
they are made in lengths of 21 and 45 inches for candle powers of
300 and 700 respectively for the general groups of voltages
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around 110 and 220 volts respectively. Tubes can be adopted,
however, for any commercial voltage, but the candle power will
change slightly for different voltages.
These tubes are exhausted and sealed, and only a small quantity of mercury is placed in the bulb at the negative end. The

Fro. 8,334.-Cooper-Hewitt direct current lamp. In construction, the tube A is supported
by two clamps B, B, attached to a lamp rod C fixed parallel with the tube and pivoted at D to
the main stem which is screwed into the ceiling crowfoot. The inductance and resistance coils,
etc., are also supported by the stem and covered by a metal canopy. I n some cases a suitable
reflector is attached to the lamp rod. To light the tube, it is tilled downward by means of
the chain attached to its positive end and the mercury allowed to flow in a small stream between the electrodes. The tube is then returned to its normal position, thereby breaking
the circuit and starting the arc which puts the lamp in operation. In some forms of the lamp
the act of tilting is accomplished by means of a solenoid attached to the stem at the pivot
joint of the lamp rod. Since mercury is an electrode material with which the voltage required
to maintain an arc is much less than the sparking voltage at the temperature of the arc, the
direct current tube lamp cannot he used with alternating current.

mercury tube has,the peculiar characteristic that it experiences
momentary increases of resistance which are of sufficient magnitude to break the continuity of the vapor arc. This peculiarity disappears, however, when the current strength is over
4 amperes, and with weaker currents when the negative electrode becomes heated.
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In the case of 3.5 ampere commercial lamp it has been found
necessary to introduce inductance in series with the tube for the.
TO ALTERNATING CURRENT
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ENCLOSING
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FIG. 8,335.-Connections of Cooper -Hewitt alternating current mercury vapor lamp. In
operation the lamp is lighted by tilting the tube as described in fig. 8,334, and the mercury
allowed to flow out of the bulb toward the positive end of the tube until it strikes the starting
electrode. It will be noted that the arjangement of the positive electrodes in pockets on
the upper side of the tube prevents the mercury coming in contact with them. Now, since
the flow of mercury around the starting electrode is quite irregular, it makes and breaks the
circuit, and if the resulting arc be started at such a point in the alternations of the current
that the mercury column becomes the. negative electrode, the arc will continue, alternately,
between the mercury when the starting electrode is not connected. When the lamp has been
restored to its normal position the resistance connected between the starting electrode and
the temporarily inactive positive electrode will not permit the arc to be maintained on the
former. but alternately on both of the positive electrodes. The candle power of the mercury
vapor arc varies considerably with variations of voltage. This difficulty is overcome by
including in the circuit a ballast or resistance quite similar to that employed with the Nernst
lamp. It consists of an iron wire wound on a porcelain pencil, and the whole sealed in a glass
tube through which the terminals are brought out. The resistance of iron is greatly increased
by the passage through it of a relatively small current; the ballast is worked at temperature
of at least 900 degrees Fahr. This resistance coil is placed in series with the arc and is so
designed that a slight decrease of current causes such a decrease in the volts drop across the
terminals of the coil that the remainder of the voltage impressed on the lamp remains more
nearly constant.
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purpose of storing sufficient magnetic energy to oppose and
overcome the tendency to reduce the current. It has been found
that this effect of increasing resistance has a tendency to become
cumulative, or in other words, if an inductance of a certain size
he required to maintain the vapor arc or stream for a few sec MAIN

Ftc. 8,336.-Diagram illustrating the method of operating Cooper -Hewitt lamps in series.

onds, a larger inductance would be necessary to maintain it for a
few minutes or hours, and a still larger one to maintain it continuously. Approximately, a tenfold increase of inductance in
the circuit increases the continuity of action about 1,800 times.
The Cooper -Hewitt lamp designed for alternating current is
shown in fig. 8,335.
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It is similar in all respects to that of the direct current lamp with the
exception that the upper end carries two positive electrodes and one small
starting electrode, the latter being connected to the starting resistance to
one of the positive electrodes.

Neon Luminous Tube Lights.-Neon gas is one of the natural
gases in the air prevalent in the proportion of one part of neon
to every 66,000 parts of air. Helium, argon, xenon and krypton are the other rare gases which are found ín the air. When
these rare gases are excited by passing electric current through
them they glow with a characteristic color.
NEON TUBE
(LIGHTED PORTION)

GLASS TUBE

HOLLOW COPPER CYLINDER
ELECTRODE
CLOSED AT ONE END)

GLASS BEADS SPACER

FtG.

SEAL-1N WIRE

8,337.-Neon luminous tube. View showing construction.

Georges Claude experimented for seven or eight years before arriving

at a satisfactory method of securing a light which would have sufficiently
long life to be practical commercially. He fouhd that unless the neon gas.

(neon was the first rare gas experimented with) was in practically a pure
state the light dimmed and finally died. The proportion of neon in the
air was so small that it was impossible to introduce more gas through
breather valves as had been done with nitrogen tubes. He next found
that the electric current passing through the electrodes at the ends of
each tube caused a sputtering or a flying off of small particles of the meta?
which combined with the neon atoms until there was insufficient gas remaining in the tube and it dimmed and went out.
Claude patented a process which called for electrodes of sufficient size
to prevent sputtering; the driving of the occluded gases from these electrodes, and the fine purification of the neon gas. By this method of manufacture tube lights have been secured which have operated more than
-

20.000 hours. This compares with approximately 1,000 hours for the
incandescent lamp.

-

-
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The procedure in making a luminous tube display is as follows: The sketch is increased to actual size and pounced upon
asbestos. Straight lengths of glass tubing of the desired diameter are then heated and blown to the shape of the sketch, electrodes are then sealed in at each end of the glass tubes, then the
air is pumped out and neon gas pumped in and the tubes sealed.
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FIG. 8,338.-Neon tubes showing wiring connections.

After an aging process which further purifies the gas, this part
of the sign is ready to be attached to the metal frame work or
box and lighted.
In the luminous tube signs it is necessary to use high tension
current to send it through a sufficient length of glass tubing.
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In this country the current averages about 8,000 volts but it is
low amperage and not dangerous to life.
When neon gas is contained in a transparent glass tube and
agitated with electricity, it glows with an orange red color.
Various other gases alone and in combination are used to secure
other colors.
For a blue light, mercury is introduced into the tube which vaporizes.
For a green light,the contents of the tube are the same as for a blue light,
and an amber colored glass is used instead of the transparent glass.
Several shades of blue, green, yellow and red are obtainable as well as
the new white tube light recently perfected by the Claude Laboratories:

When a sign is completed the ordinary 110-volt current is connected with the sign, from there it goes through a step-up
transformer and then through the glass tubes.
As a rule all the high tension wiring is properly insulated and contained
within the sign. About 50 feet of glass tubing can be operated from one
transformer, but usually about five foot lengths of glass tube are used for
convenience in handling, installing and repairing.
Wire jump avers connect the five foot lengths to get the maximum
amount of tubing operating on each transformer. The amount of tubing
which can be operated from one transformer depends on the diameter of
the tube and the gaseous content of the tube which regulates the color.

In operation the glass tube containing the gas is part of the
electric circuit and it is the action of the electric current on the
gas in the tube which causes the light.
Neon light is a cold light as there is no filament in the tube to become
heated. Accordingly since energy is not wasted through the generation
of heat the current consumption is low.
Engineers are working at present on adapting luminous tube lighting
for interior illumination, both because it generates little heat and also
because it does not glare and irritate the eye. Progress is being made
along these lines and in fact installations have already been made.
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Constant Current Series System.-The application here described is for street lighting with explanation of the various
types of load and control used with the series system. *
Figs. 8,339 to 8,345 is a chart in four sections (A,B,C,D). The
four classes of constant current street lighting transformers
which may be used to supply a. c. series lighting systems, are
illustrated in section A. At the top the oil immersed automatic
pole type R. O.; next, the air cooled automatic sub -station type
R. F.; the station type R. V. constant current non -automatic
regulating transformer; and at the lower left a typicál installation of the oil immersed subway type R. O. transformer.
The operation of three of the classes of transformers just mentioned is
entirely automatic, and does not require the attendance of a station operator. Requiring the attention of a station operator but functioning at a
considerably higher primary power factor is the non -automatic station
type R.V. constant current transformer supplying the main series system.

The transformer and load control consists of an FK-41 oil circuit breaker
panel equipped with watt hour meter and horn gap lightning arrester.
Mounted in the base of the Form 18 Novalux ornamental lantern unit is
a single lamp type ILC series transformer. This unit embodies a type M,
cut out with type IL series transformer. A film cut out at the lamp base
may be used if desired.
Carrying the series circuit underground necessitated the use of very
heavily insulated armored cable.
The copper conductor is protected by successive layers of insulation,
lead sheath, asphalted jute, two overlapping layers of band steel and a final
wrap of asphalted jute.

Having the desirable feature of being easily replaced in the series circuit is the single light type IL with detachable coupling supplying the
form 9 unit (section A). It will be noticed that the schematic diagram
adjacent to this unit, shows the use of multiple socket and no film cut out
(section B). This practice is permissible for single lamp transformers
supplying up to, but not including, 25,000 lumen lamps.
*NOTE.-The series system here described represents the practice of the General Electric
Co., the system being known under the trade name Novalux series system.
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FIG. 8,339 to 8,345.-General Electric Novalux series street lighting system. Section A.
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The two lamps mounted in Form 12 ornamental units on a single pole
are connected in multiple on the secondary of the two light in multiple
type IL transformer, cable joints being made through wiping sleeves.
This does not require film cut outs and is best for a two light installation.
A type M, plug cut out in the base of pole and a film cut out at the lamp
supply are shown in the pendant lantern.
Next is a vault installation of a two light in series type IL, transformer
(sect ion B). The transformer requires film cut outs so that in case of the
failure of one lamp the other will continue to operate. The Form 32,
bracket unit is connected directly into the series circuit with film cut out
at the lamp base.
A means of disconnecting individual lamps without breaking main circuit
is available in the type R, pot head cut out used with the lamp in the
Form 12 unit (section C).
A concrete post installation is next shown equipped with Form 9, unit
and Form E, casing which is designed to permit the use of an auto -transformer, commonly called, compensator. The auto-transformer is a very
efficient means of obtaining the 15 and 20 ampere currents necessary for
the satisfactory operation of the Mazda series lamps of 400 candle power
or over.
The operation of apparatus such as flood lights, flashing beacons, etc.
(commonly designed for use on 115 volt multiple lighting circuits) from
a series circuit. is accomplished by means of a series multiple type IL
transformer.
For the effective insulation of a small group of series lamps from the
main high voltage series circuit a type SL, series transformer is used. To
guard against the probability of an open circuited secondary, all sizes of
type SL, transformers above 100 watts capacity must be provided with a
protective device. The film cut out being shown here.
The next apparatus group shown on the chart is not connected into the
main series circuit but illustrates the control of a remote series lighting
system and, subsequently multiple lighting system by means of a time
switch. The energy for both series and multiple sub -systems is supplied
from 2300 V. feeders.
Comprising primary protection between the power line and time switch
are pellet type oxide film lightning arresters, and fused cut outs. The
series circuit is supplied from the secondary of the pole type R. O. constant current transformer, secondary being protected by pellet type arresters and a standard Novalux series circuit protective device. The right
angle bracket attached to the pole holds a Novalux eternalite unit.
Operated by this smaller series circuit is a remote control switch having
a series operating coil and multiple contact. Energizing the operating
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FIGS. 8,350 to

8,353.-General Electric Novalux series street lighting system. Section C.
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Fin. S.354 --General Electric Novalux series street lighting system. Section D.
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coil closes the circuit through the secondary of the multiple transformer
and multiple circuit.
In the next apparatus group the original series ciréuit is used for the
remote control of a separate series circuit supplied from 2300 volt feeders
by means of a pole type R. O. constant current transformer. Auxiliary
apparatus for this installation is similar to that in the group just described except that the Form 6, bracket type unit is supplied from an aerial
type IL, series transformer.
Where the series circuit is carried overhead on poles the conductor requires
only the standard weatherproof insulation.

TEST QUESTIONS
1. What are the three sources of electric light?

2. How does an incandescent lamp work?
3. Describe the construction of incandescent lamps.
4. How are incandescent lamps made?
5. Describe a turn down incandescent lamp.
6. What determines the size of the filament?
7. Why is gas used in incandescent lamps?
8. What is the construction of an arc lamp?
9. What are the different types of arc lamp?
10. How does a simple arc lamp work?
11. What is a luminous arc?
12. What is a vacuum tube lamp?
13. Describe the Cooper -Hewitt vacuum tube lamp.
14. Draw a diagram of a Cooper -Hewitt a.c. lamp.
15. Describe the Neon lamp.
16. Draw a circuit diagram for a Neon light.
17. Describe the operation of a Neon light.
18. What are the. features of the constant current series
system as applied to street lighting?

Neon Lamps
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CHAPTER 213A

NEON
and Other Discharge Lamps
The difference between the incandescent lamp and the disis mainly that while the incandescent type
produces a continuous spectra dependent almost entirely upon
the temperature of the filament, the electric discharge lamps
produce lines of discontinuous spectra which are characteristic
of the particular gas or vapor used.
An additional difference is, that generally the electric discharge group requires a current limiting device, consisting of an
impedance coil, transformer or resistor, depending upon the
particular lamp or circuit used.
The electric discharge group includes:

charge lamp

1.

2.
3.
4.
5.

Neon lamps
Mercury vapor lamps
Sodium vapor lamps
Ultra -violet lamps
Fluorescent lamps

Neon Lamps.-The neon lamp, well known due to its employment in neon signs, contains a small amount of neon gas
and an electrode at each end of the sealed glass tube.
From 2,000 to 15,000 volts is applied across the electrodes
from its transformer.

MY

IN

ME

Neon Lamps

5,226B
Color

Effect.-To obtain the brilliant orange -red color

effect generated by the gas, the gas must be extremely pure,.
since a mixture of as little as 1% of nitrogen, for example, will
result in a radiation completely dominated by the latter gas.
Various other gases such as argon or helium alone or in combination,
mercury
are used to obtain a variety of colors. Fora blue light, for example,
by the use
is introduced into the tube. Color effects can be further modified
of various colored glass to- obtain the wide variety needed for decorative
lighting and sign advertising.

\

V.
SPACE
FOR

SPACE

PRIMARY
WINDING

SECONDARY

FOR

WINDING
sN

\

MAGNETIC

SHUNT

TRANSFORMER CORE

Fla I.-Outline

of neon sign transformer core.

Neon Tube Auxiliaries.-When the neon tube is utilized for
sign service, the important auxiliaries besides switches, high
transpotential
voltage cable and insulators, is the step-up

former.
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This transformer differs in certain respects from the well
known light and power type, in that it generally has:
1. A large ratio of transformation
2. Small power requirement

3. A special magnetic shunt
Li

H,
NEON TUBE

1
>cc

o?
Z
UZ

-E-TRANSFORMER

H2

FIGS. 2 and

diagram.

3.-View of neon sign transformer with windings in place, and schematic wiring

The secondary voltage usually varies of from 2,000 to 15,000
volts, which if transformed from the usual 110 volt lighting
current, gives a ratio of transformation of from 18.2 to 136.
That is, the secondary winding of the transformer must have
from 18.2 to 136 times the number of the primary turns.
Power requirements vary with the amount of tubing to be
made luminous and may be from 40 up to 900 volt-amperes.
The function of the special magnetic shunt, fig. 1, is to act as
a current regulator for the transformer. It is necessary as a
current limiting feature because of the fact that the higher the
current through the tube the lower its resistance becomes.

5,226D
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If a neon tube be connected to a transformer of the light and
power type (i.e., without the special magnetic shunt) then as
the tube is heated up the current would increase. As the current
increased, the resistance of the gas would decrease, in turn
increasing the current until either the transformer or the tubing
would burn out.
Because of the previously mentioned current limiting feature, when the
current in the secondary increases, more and more of the magnetic lines are
by-passed by the magnetic shunt and as a result, less of the lines connect the
secondary winding, until the neon tube reaches a state of equilibrium at
which point the secondary current reaches a constant value.
In common with all inductive circuits the transformar has a lagging
power factor. The equipment needed for power factor improvement is
usually supplied with the transformer.,

Neon Glass Tubing.-The fundamental requirements for
neon glass tubing are:
1. It must have considerable physical strength
2. It must melt at a convenient temperature, so that it may
be worked easily in ordinary gas flames
3. It must be able to withstand sudden and extreme temperature changes without breaking.

There are two general kinds of glass used in neon tubing,
namely: Lead and pyrex glass.
Lead glass tubing contains a considerable amount of lead oxide as the
name implies. It is made from silicon oxide and lead oxide melted together
with potash and other substances and carefully cooled.

The glass tubing can be bent and shaped with ease over any
ordinary illuminating gas flame, the bending sequence depending upon the design of the letters or any other particular geometrical features.

\

BUNSEN BURNER

PUMP

'CONDENSATION.

GLASS

Fin. 4.-Diagram of manifold system showing principal connections.
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i
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TUBING
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Pyrex glass can not be bent as easily as lead glass, and requires an oxygen -fed flame. In its physical properties it differs
'considerably from lead glass, in that it can easily withstand
the most extreme temperature changes, and is also mechanically
stronger than the former.
Neon Sign Construction.-The first part in the construction
of a neon sign is the design of the. letters, after which the glass
is heated, bent to shape, spliced together, and then a continuous
complete tube open at each end is formed.

BOMBARDING
TRANSFORMER

TO A.C.
LINE

11

ADJUSTABLE
CHOKE
MAGNETIC

MAIN
SWITCH
FUSES

SWITCH

PUSH BUTTON
CONTROL

Fro. S.-Schematic wiring diagram of bombarding transformer with auxiliary equipment.

Next, a hole is made in the center of the tubing and a small
tube is attached for the purpose of connecting it to the pump.
The electrodes with their glass jackets, are then inserted at each
end of the tube, and the pump attached to the entire tubing.
After the pressure in the tube has been reduced slightly as
indicated by the vacuum gauge, the stop cock leading to the
pump is turned off, so that the pump is disconnected from the
tube.
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The bombarding operation, to remove the chemical impurities,
next takes place. This operation consists in connecting of a
high potential current across the electrodes of the tube. This
bombardment is kept up for a length of time depending upon
the size of the tube and other particulars.

1.MF.7

r --r-

TO
A. C.

SOURCE

Fro. 6.-Typical wiring diagram showing radio interference suppressor in transformer primary.

At the completion of this process the pump stop-cock is again opened,
and the pump again reduces the pressure and removes the impurities being
loosened by the bombarding process.

The pump stop -cock is now turned off, and the stop -cock leading to the
rare gas flask is opened slowly to admit gas to the tubing.
When the proper pressure as indicated by the vacuum gauge is reached,
the stop -cock is turned off, thé tubulations leading from the pumps are
sealed, thus completing the process.

Other Classes of Neon Lamps.-The more recent types of
nedn vapor devices are the hot cathode tube and the glow lamp.
In the former device one of the terminals is heated to incandescence. This allows the lamp to be operated at a considerable
lower voltage and provides a considerable higher efficiency
than normally obtained by discharge through neon.

5,226H
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The glow lamp has found an extensive use on pilot lights, current indicators, signal lamps and for stroboscopic work. Its main
characteristics are: 1, low current consumption; 2, long life; 3,
low brilliancy; 4, ability to withstand shocks and vibration.
Both of these lamps may be used on either a.c. or d.c. current. When
used on d.c. current only one electrode glows, thus indicating polarity,
which factor extends its use for various testing purposes.
With most lamps of this type a current limiting resistance is built into
the base and external auxiliaries such as are associated with other discharge

lamps are not required.

The Mercury Vapor Lamp.-The extensive use of the mercury
.vapor lamp depends entirely upon the versatility of the mercury
vapor as regards pressure, temperature, voltage and other
characteristics, each change resulting in a lamp of different
spectral quality and efficiency.
The. lamps of the group utilized for general lighting service are
usually described as the high intensity mercury lamp. The pressure within the enclosure varies from one atmosphere up to as
much as 80 atmospheres for special lamps.
Operating Features.-The mercury vapor lamp usually contains a small amount of argon gas to facilitate starting, since
mercury is normally a liquid at room temperature, and even in
partial vacuum has very little vapor pressure.
After a few minutes of electrode heating the arc vaporizes
enough mercury to reach the point of stabilization. The exact
point is dependent on each particular lamp, and is controlled by
the design of the auxiliaries.
As the mercury pressure increases, the arc becomes concentrated at the center of the bull), usually tubular in shape. Under
certain conditions the lamp cari be burned only in a vertical

Neon Lamps
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position as otherwise the concentrated arc will bow, touching
the glass and causing its breakage.
The intense heat of the arc in some of the mercury lamps requires the
use of a quartz envelope rather than glass.
When the current of any high pressure lamp is interrupted, a few minutes
of cooling is required.

The consequent lowering of internal pressure al;ows the arc to again
strike and normal operation is resumed.

Color Effect.-The light produced by high intensity vapor
lamps shows three main lines-yellow, yellow -green and violet.
Due to the energy concentration in the yellow -green area of the
spectrum, the luminous efficiency is very high --the human eye
being most responsive to color in this area.

Sodium Vapor Lamps.-Scientists have long been familiar
with the fact that. high luminous efficiencies could be obtained
by the use of sodium vapor as a light source.
The development of a practical lamp of this type, however,
was delayed since ordinary glass cannot withstand the chemical
action of hot sodium.
With the development of special resistant glass, the sodium
vapor lamp has now reached the practical stage.

Operation.-Principally the sodium vapor lamp consists
of a bulb containing a small amount of metallic sodium, neon
gas, and two sets of electrodes connected to a pin type base.
In order to conserve the heat generated and assure the lamp
operating at normal air temperatures, it must be enclosed in a
special vacuum envelope designed for this purpose.

5,226J
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The presence of neon gas serves to start the discharge and to
develop enough heat to vaporize the sodium. This condition
accounts for the réd-orange glow during the first few minutes of
operation.
The metallic sodium gradually vaporizes and then ionizes, thereby producing the characteristic monochromatic yellow light. The lamp will come
up to its rated light output in approximately 15 to 20 minutes. It will
restart immediately should the power supply be momentarily interrupted
since the presence of vapor is quite low and the voltage applied sufficient to
restrike the arc. The major application of this type of lamp is for highway
and general outdoor lighting where color discrimination is not required.

Ultra -Violet Lamps.-The increasing application of ultraviolet radiation has resulted in the development of a number of
different sources which produce this short-wave énergy.
Ultra -violet radiations are commonly produced by carbon and
tungsten arcs and_ also in various gaseous discharge lamps. The
term ultra -violet radiation in general, refers to that part of the
electro-magnetic spectrum adjacent to the visible spectrum
and extending roughly from 1000 to 3800 Angstrom units.
This band may be divided into four narrower bands each with
distinct characteristics, thus:
(A) 3.200 to 3',800 Angstrom is useful in certain types of photography
and fluorescent displays.

(B) 2,800 to 3,200 Angstrom known as the biologically effective band
which produces sunburn and tan.
(C) 2,000 to 2,800 Angstrom, the bacterial band which is lethal to most
micro-organisms.

(D) 1,000 to 2,000 Angstrom, the ozone producing band about which
very little is 'hitherto known.
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They are being used successfully for sterilizing air in ducts of air-conditioning equipment, for prevention of the formation of mould in food
industries, such as walk-in meat coolers, domestic refrigerators, bakeries,
dairies, and in hospitals, etc.
Just what the ultimate fields of application for these lamps will be, no
one can predict. One use leads to another, and unquestionably many
applications will develop as time goes on. It is, however, already apparent
that there are now available new tools in the form of light sources that will
contribute much to human welfare and industrial progress.

Fluorescent Lamps

5,226M

CHAPTER 213B

Fluorescent Lamps
In contrast to the well known filament lamp in which electricity flows from one lead wire to another through the solid
tungsten wire, thus heating it to incandescence, the fluorescent
lamp in common with other electric discharge devices makes use
of ultra -violet energy to activate a fluorescent material coated
on the inside of the bulb's surface.

Fins.

1

to 5.-Various size fluorescent lamps.

The coating material used depends upon the color effect desired and may
consist of zinc silicate, cadmium silicate or calcium tungstate.
These organic chemicals are known as phosphors, which powder transforms short-wave invisible radiation into visible light.
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Construction of Fluorescent Lamps.-The lamp in its present
form consists of a tubular glass -bulb with two external contacts at
each end, which are connected to filament -type electrodes made
of coiled tungsten wire (See fig. 6). These filament electrodes
are coated with an active electron emissive material.
Within the bulb there is a small drop of mercury and also a low pressure
(a few millimeters) of pure argon gas to facilitate the starting.

FLUORESCENT MATERIAL

COATING ON INSIDE WALL

NO

DLR

tir

REACTOR
USUALLT iNfTAILED

N

1-1--IINf=

I15 Y.

RACE WAY

Frc. 6.-Assembly of typical fluorescent lamp showing auxiliaries and connections.

1

a

ÁLLAST

A -C

LINE

l'ARTER

n
.

-

SWITCH

A,

7.-Simplified diagram of fluorescent lamp and auxiliaries. The ballast choke coil performs
the function of limiting the current to the designed value required by the lamp. The starter
switch (shown as a simple knife switch for the sake of clearity) momentarily closes the heating
-circuit through the filament electrodes to facilitate starting.

FTe.
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Starting Auxiliaries.-Fluorescent lamps in common' with all
electric discharge apparatus requires auxiliary control equipment. The function of the starting auxiliaries is to create a
momentarily high -voltage impulse in order to establish an arc
between the electrodes at the opposite ends of the tubular lamp.
The auxiliary consists of two principal elements: 1, an iron
core choke coil (ballast) which limits the arc current, and 2, a
starting switch which momentarily closes and then opens the
electrode heating circuit. See figs. 7 and 8.
ELECTRODES
LAMP
TO A.C.

SUPPLY

BALLAST
CHOKE

VOLTAGE

STARTING DEVICE

I'tc. 8.-Schematic diagram showing connection of fluorescent lamp.

Each lamp requires a separate auxiliary, although the elements for two or more lamps may be contained in a single unit.
Specifically designed ballast equipments are required for each
wattage size, for each frequency and for each voltage range.
When.the lamp was first introduced a number of starting methods such
as the thermal switch, resonant and magnetic switch type were
exclusively
utilized. Recently, however, a switch known as the glow switch operating
on
the thermal principle has been manufactured.

Operation of Glow Switch.-This new starting device is
about 1 in. long and about i8 in. in diameter and resembles a
miniature electric lamp, but contains an easily ionized gas and
two bi-metallic electrodes which serve as the switch contacts.

Fluorescent Lamps
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lamp elecThe switch is connected in series with the fluorescent is created
discharge
trodes; when the current is turned on a glow
bi-metallic
between the normally open switch contacts on the
electrodes.
CONDENSER
BI METALLIC
STRIP

ONTACTS

THE STARTER
INTERNAL ELEMENTS OF
ELECTRODES

TO A. C.

SUPPLY LINE

BALLAST UNIT

connection to lamp unit.
Fins. 9 and 10. --Glow switch starter and

to close. At this
The heat of the glow causes the contacts red color. When
bright
point the lamp electrodes are heated to a automatically ceases,
discharge
glow
the
the contacts close
and separate, opening the
allowing the bi-metal elements to cool
switch and striking the arc.
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The whole operation from the time the current is applied and
until the arc is established requires only one or two seconds.
As used in the, new fluorescent lamp starter, the glow switch
and a tiny
condenser to eliminate radio interferenece are housed in a small aluminum
shell equipped with a bayonet -type end and inserted in a
special
attached to the standard fluorescent lamp holder. Thus the startingsocket
unit
is readily accessible and replaceable. Since it is now separate
from the starting unit and need not be accessible after installation, choke or
ballast
(necessary to limit the operating current) is made more compact anddevice
may
be mounted in any convenient place.

Need for Power Factor Correction.-It is a well known fact
that power consuming apparatus of the inductive class such as

coils and other current limiting devices has a lagging power factor
i.e., the current is lagging the. voltage by a certain amount depending upon the size of the coil or device in question. Thus, for
example, the equation for power in all direct current circuits and
in alternating current circuits containing only pure ohmic resistance is,

watts = volts X amperes.
If, however, other circuit elements be present, as in the case
of the fluorescent lamp circuit, with the inductive choke coil in
series with it, the equation for true power becomes

watts = volts X amperes X power. factor.
The power factor of the average fluorescent lamp itself is
approximately 90%, practically, however due to the ballast
choke the power factor for the complete unit is reduced to
from 50% tq, 60%.
It is evident from the above, that especially where a large number of
lamps be required, certain corrective equipment is required to increase the
power factor and thus increase the economy of operation. An
effective
method of improving the power factor to unity (or nearly so) is to connect
a
suitable condenser across the choke coil in the case of single lamp ballast.
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and in case of two lamps ballast to use the "split phase" principle with one
of the lamps ballasted by inductive reactance only and the other by inductance and capacitance in series, as shown in figs. 11 to 14.
BALLAST UNIT

ThI
TO A. C.

LINE

LAMP

f

-0

SWITCH

Ftc. 11.-Method of connection for single unit fluorescent lamp, with corrected power factor.

Useful Lamp Life.-In general, fluorescent lamps lose their
usefulness because of decrease in light output before they fail to
operate. Darkening of the bulb occurs because of the effect of
mercury on the fluorescent coating and because of the material
given off by the electrodes. The latter especially causes darkening at the ends of the bulb late in life. The rate of depreciation
in light output diminishes throughout life; the first hundred
hours produce about as much darkening as the following 1000
hours. Rated output is based on conditions at 100 hours.
Frequent starting of lamps may take more life out of the electrodes than
long hours of burning because momentarily there is a higher than normal
voltage drop at the electrodes which causes the active material to sputter or
evaporate off. If a lamp he started once a minute, for example, the hours of
burning will he shorter than normal, but if it be turned on and burned
continuously, its life will he longer than normal. When the active material on
the electrodes is nearly exhausted, the voltage required for starting will rise
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and may equal or exceed the available supply. This may occur after the
lamp has been started thousands of times or burned beyond its rated life.
Sometimes the end of life is indicated by the lamp flashing momentarily
and then going out.
BALLAST UNIT

r~

-1V
II

TO A. C.

LINE

LAM P

SWITCH
LAMP

,/TVV
SWITCH

STARTING
COMPENSATOR

Fto. 12.-Method of connection for two unit fluorescent lamps, with corrected power factor.

Lamp Quality.-Quality in a fluorescent lamp, aside from the
purely mechanical features to insure sturdy base pins, end seals
and electrode construction, is largely a matter of efficiency of
light production and uniformity in spectral quality. Shortcomings in mechanical construction quickly manifest themselves in
service and the necessary requirements in mechanical design
become apparent and are easily corrected. Less obvious but of
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more permanent significance is the control of those elements
that make for efficiency and spectral quality. On these latter
factors alone rests the principal interest in this new illuminant.
These permit new perspectives in artificial lighting.
BALLAST UNIT

TO A. C.
LINE

LAMP

SWITCH
LAMP

0

SWITCH

Flo. 13.-Another method of connection, for two unit fluorescent lamps, with corrected power
factor.

To produce light by fluorescent principles is relatively simple,
but it takes skill to produce the highest efficiency and integrity of
spectral color quality. This involves the utmost in purity of
materials and timing of chemical processing of the phosphors
used. It involves, also, precise blending of basic fluorescent
chemicals and invariable competent engineering to furnish high
quality, dependable lamps.
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Fluorescent lamps will burn in any position, although when burned in a
vertical position the condensing mercury may cause a slight streaking of
the powders upon condensation. Like filament lamps the larger sizes as
represented by length are more efficient than shorter length lamps. This is
because there is a fairly constant wattage loss at the electrodes regardless
of length of lamp. Efficiency is also dependent upon fine relationship of current density and vapor pressure. These are in turn affected by operating
temperature.
BALLAST UNIT

TO A. C.

LINE

LAM P

SWITCH

FIG.

14.-Method of connection for single unit fluorescent lamp, with uncorrected power

factor.

Radiant Heating Effects.-Confusion is sometimes expressed
at the assertion that fluorescent lamps produce cooler footcandles than do incandescent lamps. While a kilowatt-hour represents over all a heating effect of 3,414 B.t.u.'s regardless of
how consumed, the lesser sensation of heat from fluorescent
lamps lies in the fact that only about 35 or 45% of the energy is
radiated as compared to 75 to 85% for the filament lamp.
Because the efficiency of light production by fluorescent
lamps is about double that of filament lamps, and also because
the radiant heat is only half that of filament lamps, this is the
basis of the statement that the sensation of heat from fluorescent
lamps is, roughly, only one-fourth that from filament lamps for
the same amount of light delivered.
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Stroboscopic Effect.-As the line frequency of the alternating
current in most localities is 60 cycles per second, the standard
line of fluorescent equipment is manufactured for that frequency.
This in practical terms means that the light output will be
passing from its maximum to its minimum value 120 times per
second. It is possible that this may, in some instances, give
rise to a stroboscopic effect, that is moving objects' such as
rotating parts of machinery, illuminated by this light, may
appear to be moving in disunity or jerks, or rotating more
slowly than their actual speed.
In actual application, however, where this effect might cause annoyance,
each.
it can be practically eliminated in a three lamp unit by connecting
lamp on a separate phase of a three phase system, and it can be greatly
which
reduced in a two lamp unit by the use of a two lamp control unit, figs.
in
employs a condenser in the ballast of one of the lamps as shown
12 and 13.
The current through the lamps is thrown almost 90° out of phase and
under these conditions the light output of one of the lamps is at a maximum.
power
This method has an additional advantage of producing a combined
factor of nearly unity for the two lamps.

Radio Interference.-The fluorescent lamp in common with
most electrical devices may cause a certain amount of radio
interference. This interference may be caused by one of the
following factors:

Direct radiation from the bulb to the antenna. This effect
diminishes rapidly as the radio is separated from the lamp.
Thus, for example, at a radius of 9 ft. interference from this
cause is negligible.
2. Line radiation from the electric supply line to the antenna.
radio.
3, Line feed -back from the lamp through the line to the
1.

Fluorescent Lamps
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Interference from line radiation and line feed -back can he minimized by
proper application of line filters.
The latter two causes of radio interference effects may be reduced to a
minimum by incorporation of proper condensers in the equipment.

Installations.-While fluorescent lamp installations may not
match the simplicity associated with the incandescent lamps,
the choice between the two systems should rest on both the
engineering and economic consideration involved in each
individual case. The following considerations should be followed in the use of fluorescent lamps:
1. That only power factor corrected auxiliaries be used
2. That only replaceable starter auxiliaries be considered
for all except specialized installations.
3. That both lamp size and ballast equipment be chosen to
make up the most economical installation
Like filament lamps, the efficiency of fítiorescent lamps increases with the increase in wattage sizes.
The replaceable starter system makes it practical to locate the ballast
at some distance from the lamps, because two wires are eliminated which
were formerly needed to connect auxiliaries with built-in switches.
This is particularly advantageous for installation where lamp space is
restricted, or where the application requires a special location of the ballast
equipment.

Lamp Sizes.-The lamps are at present manufactured in four
wattage sizes: 15, 20, 30 and 40, with the lengths varying from
18 to 48 inches. It should be noted that the larger lamps are
more efficient. Hence for large illumination projects the larger
lamps are more practical because of the lower lamp cost per
foot, and also because of the higher efficiency.
Circuit Voltages.-With fluorescent lamps, voltage regulation depends upon the choke used and not on the starting
mechanism. The voltage, unless otherwise stated, is alternating
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current at a frequency of 60 cycles per second, although special
auxiliaries are manufactured for use on other commercial frequencies as well as on direct current.
The voltage range of the lamps including ballast is from 110
to 250 volts.

Wiring.-The assembly and wiring of the fluorescent lamp
does not differ markedly from any other light wiring schemes. It
is evident that the National Electric Code giving the regulations
of the National Board of Fire Underwriters or additional local
requirements should be strictly adhered to.

15.-Splice box with cover removed, showing wires ready for splicing.

Particular attention should be observed in regard to installation of lamps with uncorrected power factor. Such units with
their auxiliaries have an average power factor of only from 50
to 60%.
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In addition to being a source of annoyance to the power
supply companies, installations of such units will cause undue
heating and danger due to insufficient wire capacity.
As an illustration of the effect of power factor, suppose that a load of 250
watts is connected to a 125 -volt circuit. The current in this circuit will be 2
amperes if the power be unity or 100%, but if it be only 60%, for example,
3A amperes will be required to supply the same power. In other words, an
extra 1 % amperes must be circulated through the transmission system
producing heating of the wires with a consequent loss of power.

Fio. 16.-Typical two -unit fluorescent lamps assembled with reflector.

With large loads and low power factor this condition may become very
serious from the point of view of the power supply company since the
capacity of their entire system must be designed on the basis of the current

that flows through it.
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Mounting of the Lamps.-The lamps may be hung in any
position desired, and may be purchased either with or without
their auxiliaries.. The units are usually provided with hangers.
for supporting from a rigid conduit and this hanger is usually
supplied with a splice box as shown in fig. 15.
Reflectors are designed to provide. for either direct, semi indirect or indirect illumination. A typical two -lamp unit fully
assembled is shown in fig. 16. Lamp holders are wired to auxiliaries according to manufacturers, instructions. Either thermal
or magnetic type starting switches may be used, although the
previously discussed glow switch, operating on the bi-metallic
thermostatic principle, if used, will greatly simplify wiring and
also facilitate switch trouble location.
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CHAPTER 214

Illumination
By definition: Light is a rapid vibratory motion. which is
transmitted in the form of waves on the ether; in other words, light
is a sensation received through the organ of sight and is caused by
waves which are transmitted on the ether.
The term illumination is defined as the density of light flux projected on
a surface; it denotes the art of using artificial sources of light, that is to
say, the problem of illumination involves the selection and arrangement
of these artificial sources of light so that the objects to be lighted will show
up to the best advantage and with the minimum amount of artificial light.

'Terms and Units Used in Illumination.-The definition of
terms and units which follow should be carefully noted.
Beam.-Several parallel rays.
Candle loot.-The illumination produced by a light of one candle
power at a distance of one foot.

Candle power.-The amount of light emitted by a sperm candle seveneighths inch in diameter and burning 120 grains (7.776 grams) per hour.

Lumen.-The standard of luminous flux, being the light sent out from
a unit source through a unit solid angle.
Lux.-The sectional intensity of a one candle power beam at a distance
of one meter from the source of light; that is, it is a meter candle, since
1 meter =3.1
foot, one meter candle =1= (3.1) candle foot.
Mean conical candle power.-The mean of the candle power in all
directions making a given angle O with the equatorial plane of a lamp; it
is the mean conical candle power at the angle 8.

1
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Mean spherical candle power.-If there be drawn from a source,
equally in all directions, lines whose lengths are proportional to the candle
power in these directions, then the mean value of the lengths of all these
lines is the mean spherical candle power.

Pencil.-Several rays converging to

a point.

Photometry.-The process of measuring the intensity of light. Ine
instrunient by which the candle power is determined is called a photometer.
Ray.-The direction in which

a light wave is advancing.

Ftc. 8,35.5.-General Electric foot candle meter. To obtain readings, place the foot candle
meter on the desk against the wall, or in any other location where it is desired to measure the
illumination. Make sure that no unusual shadows are cast on the screen. Select on the screen
the round spot which most nearly disappears, that is, appears to be of the same brightness as

the white screen surface. Read the illumination directly in foot candles from the point on the
scale which is beneath this spot. Foot candle readings may be obtained from any angle while
viewing the meter from the side. Readings should not be taken while viewing the metet
from the ends, as erroneous indications will be obtained.

Foot Candle Measurements.-An approved instrument for
this purpose is the foot candle meter as shown in fig. 8,355. In
operation it is placed upon or adjacent to the surface on which a
measurement of the foot candle intensity is desired. A lamp
within the box illuminates the under side of the screen to a much
higher intensity at one end than at the other,. The illumination
which it is desired to measure is of course, practically uniform
over the entire scale.

Illumination
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Fios. 8.356 to 8,358.-Candle power as indicated by a photometer fig. 8,356 shows a standard
candle and a photometer pointed toward the candle. When the photometer is balanced
against a known source, it will indicate one candle power. In fig. 8.357, the same candle is
surrounded by a sphere painted a dead black so that none of the rays striking it are reflected
but are absorbed and cease to be light, in other words, are thrown away as far as the experiment is concerned. In this case the photometer will still indicate a luminous intensity of 1
candle in spite of the fact that a great deal of light has been thrown away. In fig. 8,358, a
sphere with a much smaller opening is used and therefore still more of the light is wasted, but
even in this case the photometer will indicate 1 candle power In fact, the reading will be
candle regardless of the size of the opening; that is. regardless of the quantity of light allowed
to be emitted, provided the direct rays from the candle to the photometer are not obstructed.
The proverbial light hidden under a bushel, if it is 1 candle, will give out 1 candle power if
there he a small hole in the bushel for a beam to escape. As far as its general illuminating
value is concerned, it is still hidden under a bushel. This leads to the important conclusion
that the candle power of a source does not necessarily give an indication of the total quantity
of light emitted by the source, as explained in figs. 8,359 to 8,861,
1

Figs. 8.359 to 8,361.-Measurement of candle power, fig. 8.359, horizontal candle power; fig.
8.360, mean horizontal candle power, fig. 8,361, mean spherical candle power. The candle
power of a source does not necessarily give an indication of the total quantity of lightemitted
by the source. An automobile head lamp may, for example, produce a beam with maximum
candle power of 100,000 the source being a 21 c --p. lamp. Closely related to candle power is
mean spherical candle power. The mean spherical candle power of a lamp is simply the average of all the candle powers in all directions about the lamp. A source giving one candle in
every direction would have a mean spherical candle power of 1, or if a source gave off various
candle powers in different directions and if the average of all these candle powers were 1.
the source would have a mean spherical candle power of 1. The infinite number of directions
in which a source ordinarily emits light do not all lie in the same plane, but extend into space
on all rides about the source. like the pricks of a chestnut burr.
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Closely spaced translucent dots line the scale from end to end. If the
illumination on the scale from the outside fall within the measuring limits
of the meter (1.2-50 foot candles) the spots will appear brighter at one
end of the scale than at the other, and at the point where the spots are
neither brighter nor darker than the white paper scale, the illuminations
from within and from without are equal.

-f`

I

D'

FOOT

of 1 candle along the line SA and
A
if A is 1 foot distant from the source, the level of illumination on the plane CD at the point
is the measurement most
candles,
is 1 foot candle. The level of illumination measured in loot

Fro. 8,362

-One foot candle. It the source S give an Intensity

intimately associated with everyday use of light, and a measurement which the eye either
for
consciously or unconsciously is making whenever the faculty of vision is being employed,
the number of foot candles there are on the working plane, other things being equal, determines directly whether or not there is sufficient light.
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Fro. 8.363.-Illuminatión of perpendicular and inclined surfaces. If instead of being perpendicular to the beam of light as at A a plane is tilted at the angle X, as at B, the same
as the
amount of light is spread over a greater area: The illumination on B is to A inversely
length bb is to as or as cosine X. Thus if cos X= .7, and the loot candlage on A is 1, the
illumination. on B would be .7 foot candle.

The scale is accurately calibrated, with the lamp within the box burning

at a certain definite voltage. A volt meter and rheostat enable the operator to.adjust the lamp voltage to four different values, which permit
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the instrument to be used for intensities ranging from a minimum of
to 100 foot candles. The energy is supplied from small dry cells. .012

C&ndle Power Distribution Curve.-This distribution curve
of a lamp or unit was at one time widely used in
calculating

illumination intensities, hut the greater simplicity and accuracy
of the lumen method of computing illumination has resulted in
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FIG. 8,364.-Principle of Rumford's photometer. A
screen is equally illuminated by each of two
sources of light whenever the two shadows cast by the
same object are equally illminated, that
is, have the same depth of shadow. In the
diagram
L and C, are the two sources of light,
L, being a lamp, and C, a standard candle. An
rod is placed near the white screen.
Two shadows will be formed on the screen side opaque
side. The light from the candle fans
upon the shadow S' and the light from the lampbyfalls
upon
the shadow S. The distance
of L and C, fróm the screen may be adjusted so that the
two shadows will look exactly alike.
Since the intensity of any light varies inversely as
the
square
of
the distance increases, then
the comparative power of two sources of light must vary
directly as the squares of their distances from the screen which they illuminate equally.
Thus
if
C, in the figure be 50 cm.,
L. 200 cm. from the screen, and the shadows he
alike,
illuminating powers are then as 1 to 16. If C, be 1 c.p., the distances are as 1 to 4. The
then L, is 16 c.p.

the former method falling; into disuse. Distribution
curves are
now used principally for comparing the suitability
of reflectors
for use in a given location from the standpoints,
particularly,
of light distribution and light absorption.
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spot in the center of a white screen
FIG. 8,365.-Bunsen's photometer. Principle: A translucent illumination on the two sides is
will hare the salve appearance as the rest of the screen when the by means of a little grease or
equal. A spot in a sheet of white paper may be made translucent or other source of light, the
window
oil. If this sheet be then held between the eye and apaper.
On the other side of the paper
grease spot will appear brighter than the surrounding
is,
when the paper is viewed from the side
That
paper.
the
than
darker
the spot appears much
it is viewed from the side of lesser
of greater illumination, the oiled spot appears dark, and whentwo sides of the paper are equally
illumination the spot appears light. Accordingly when the
side, which,
1

1l

from either
illumined, the spot ought to be of the same brightness when viewed
it is only necessary to set
in fact it is. Hence to find the candle power of any unknown source
as in the figure. and to move
up a candle on one side, and the unknown source on the bther,power
of the unknown source
the spot to the position of equal illumination. The candle
will then be CA =BA'.
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candle power distribution data.
Fins. 8,366 to 8,368.-Three methods of recording
candle power of the source at that angle as the

source

at any angle represents the average
are given in tabular form; in figs. 8,367
rotates about its vertical axis. In fig. 8,366 the data
curves are used simply as a
Distribution
co-ordinates.
to
polar
plotted
are
and 8,368 they
the table. All have exactly the same
graphical method for presenting the data given in
representation of the light dismeaning. A distribution curve is a graphical, not a pictorial,
convey the wrong impression. It is
tribution from a source, although its general shape mighttabulated data graphically.
simply a convenient engineering method of presenting

Illumination

5,233

Figs. 8,359 to 8,361 are three methods of showing the
the candle power of a unit measured at different angles manner in which
can be recorded.
The area of a distribution curve is not a criterion of
the
total amount ol
light emitted by a source.

Systems of Lighting.-The light from a bare incandescent
lamp is distributed in such a manner that under most
it cannot be employed effectively without the use ofconditions
reflectors
or enclosing glassware.
4.

-75.5;-71'11>

DIRECT

INDIRECT,

oil

L..
Ins.

SEMI-INDIRECt-

8 369 to 8.371.-The three systems of illumination.
Fig. 8,369, direct; fig. 8370, indirect
fig. 8 381. semi -indirect. Direct illumination is
objectionable
account of the glare; indirect
illumination eliminates glare; in semi-indirect illumination, on
most of the light is thrown to
the ceiling.
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into useful angles which.
Such accessories should not only redirect light
additional purposes
would otherwise be ineffective, but should serve the
the light to
diffusing
and
source
light
the
of
brilliancy
the
of modifying
illumination.
produce a soft and pleasing

comFor general illumination, three systems of lighting are
monly employed. These systems are known as:

Direct lighting;
Indirect lighting;
3. Semi -indirect lighting.
1.
2.

disDirect Lighting System.-With this method the light is
illuminated.
be
lo
surfaces
the
upon
tributed directly downward
may,
The distribution of the light emanating from the lamp
enclosing
or
reflectors
of
means
by
however, first be altered
glassware.
from the use of a
The direct and reflected glare which would resultglass diffusing globe.
hare lamp may also be modified by the use of an opal shadows.
The use of such a globe will also soften the resultant

light
Indirect Lighting System.-Ín this method all of the there
from
and
the
ceiling
to
first
emitted from the unit is thrown

diffused throughout the room.

and the glare is re.
In such a system the ceiling acts as the light source, is softer and more
duced to a minimum. The resulting illumination
the appearance of the room
diffused, the shadows are less prominent andfrom direct lighting.
results
which
that
over
is much improved

of both the
Semi -indirect Lighting System.-Here the features
direct and indirect systems are combined.
downward through the unit,
A small portion of the light passes directly
direct lighting system.
lighting the room in a similar manner to the
thrown to the ceiling and
is
The major portion of the light, however,
room.
the
throughout
from there diffused
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Of course, with the last two named systems it is important that the
ceilings he light in color in order that there may be a maximum efficiency
of reflection.

Methods of Distributing Light.-In designing accessories
which are to be used.with the bare lamp, use is made of the four
methods of altering the straight line course of a ray of light,
known as
1.

2.
3.
4.

Absorption;
Refraction;
Reflection;
Diffusion.

FIGS. 8,372 and

8,373.-Effect of various media on
face; B, reflection from mirrored surface.

light rays A, reflection from polished sur-

By the proper control and manipulation of these four factors the
light
from the bare lamp may be distributed as desired, as shown in figs.
8,372
to 8,379, designated for convenience as A, B, C, etc.

The simplest form of reflection is that which occurs when a ray
of light strikes a polished metal surface..
As indicated in fig. A, the ray of light upon striking
the surface at A,
is reflected off in the direction AB, so that the angle of
incidence X, equals
the angle of reflection Y. However, all of the light is not redirected
along
AB, since some of it is absorbed by the surface of the metal.
All of the

light falling upon an opaque surface is either reflected or
absorbed by
that surface.
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Similar to the reflection characteristics of the polished metal
are those of mirrored glass.
of a mirror
Fig. B, shows the path of a ray of light striking the surface the light is
having silvering on the back of the glass. A small portion ofThe remainreflected immediately upon striking the surface of the glass.
surface
der is refracted or bent and passes through thé glass to the silveredsome
of
and is from there reflected hack out through the glass. Of course,
the light is absorbed by the glass and by the silver.

from semi -mat surFins. 8,374 and 8.375.-Effect of various media on tight rays. C, reflection
face; D, reflection from rough mat surface.

A dull finished or semi -mat surface can be considered as one

which has many small polished surfaces, making innumerable
slight angles with the apparent contour. A surface coated with
aluminum paint affords a good example. When a shaft of light
strikes such a surface, a spread reflection such as is shown in
fig. C, results.
from polSuch reflections are more difficult to control than reflections reflectors
of
ished surfaces and require more careful designing as to shape
commercial
for efficient results. The.aluminized steel reflector is the only
use:
general
in
reflector
semi -mat

Diffuse reflection occurs when a ray of light strikes an unpolished or rough diffusing surface and is broken up.into many
separate rays, reflected in all directions, as shown in fig. D.

Illumination
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The relative brightness of such a surface would be the same viewed
from any angle. Most of the light received from the walls
and ceiling
of a room is by diffuse reflection.

Another type of reflector is the prismatic glass reflector, which
is made up of a carefully designed combination of
small prisms
which compose the entire body of the réflector.
By means of

triangular pieces of glass. known as prisms, the path of
a ray of light may be altered, either -by reflection
or refraction, as indicated
in figs. E, and F.

FIGS. 8,376 and

8,377.-Effect of various media on light rays. E, reflection by prism; F, refrac-

tions by prisms.

.

Opal glass finds considerable application in illumination practice, both as a reflecting and a transmitting medium.
Opal glass may be regarded as a common glass in which fine white particles are held in suspension. When a ray of light strikes the surface, a
portion, depending upon the density of the glass, is reflected as with polished metal. The remainder passes through the glass in straight lines until
it strikes these white particles, which disperse it in all directions. Some
is thrown back and reflected as shown in fig. G, while the remainder is
transmitted through and out in all directions.
Opal glass is a very desirable reflector material, since the smooth surface minimizes the collection of dirt and makes 'cleaning easy. The glass
transmits a portion of the light. rendering the reflector luminous and
enhancing its appearance. This glass is used in the manufacture of many
of the commercial units in use today both in direct and semi -direct units.
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The enameled metal or porcelain enameled steel reflector in
common use today presents a surface which may be likened to
a plate of dense opal glass in optical contact with a steel backing.
Fig. H, shows the characteristic distribution of a porcelain enameled
steel reflector. Porcelain enameled reflectors find their principal use in
industrial plants, where the advantages of efficiency, ruggedness, and
permanency of reflecting surface are important.

Ftcs. 8,378 and 8,379.-Effect of various media on light rays. G, reflection and transmission
of opal glass; H, reflection from porcelain enameled steel.

Use is made of the frosted glass transmission characteristics
as shown in fig. I, in frosted or bowl enameled lamps.
This frosted or etched glass is used to give a spread or diffused transmission rather than as a good reflector. Unless a frosted glass is of very
fine texture, it accumulates dirt very rapidly and is difficult to clean'.

Diffusion of Light.-In addition to a knowledge of reflecting
surfaces and reflectors, a knowledge of such other factors as
glare, shadow, and illumination of vertical surfaces, in a word,
the diffusion of light; is necessary before an intelligent selection
of a lighting system can be made. These factors all require most
careful consideration if the best results are to be obtained.
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Glare.-By definition, glare'is any brightness within the field
of vision of such a character as to cause annoyance,
discomfort,
interference with vision, or eye fatigue.

Flu. 8,380.-Effect of various media on light rays.
glass.

P,.

reflection, and. transmission by etched

REFRACTING PRISMS
ENCLOSED IN DUST -TIGHT
SPACE.BETWEEN TviO
PIECES'
OF GLASS

SMOOTFI

INSIDE.ANO
OUTSIDE

FIG.

8;381.-Holophane diffusing globe. Sectional view showing features.
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Glare may be direct or reflected, that is, it may come directly from the
light source to the eye, or it may be reflected brightness such as from a
desk top, nickeled machine parts, or calendered paper.
Direct glare from a light source is the more common, and is more often
extremely
a hindrance to vision. A glance at the sun proves that an
bright light source is capable of
producing acute eye discomfort.
Light sources of far less brilliancy than the sun, such as the
filament of an incandescent
lamp, or the incandescent mantle of a gas lamp, are also quite
capable of producing discomfort
by a direct glare. Reflected
glare is glare which comes to
the eyes as glint or reflection of
the light source in some polished surface.
Toleration of bright light
sources in the immediate vicinity is made possible by locating
them at such a height as to
place them above the ordinary
range of vision.
Metal reflectors for industrial
lighting are ordinarily provided
with a skirt around the rim of
the reflector.

Shadow.-Contrary, per:

/;

haps, to popular opinion, a
certain amount of shadow is
desirable in artificial light-

t

ing.
'

°.

is one of the greatest hazards to vision. All
Fie. 8,382.-Glare. Direct glare from a bare lampglare
is objectionable is partially dependent
lamps should be shaded. The extent to which source
and the background. Automobile
upon the contrast in brightness between the light
as to be blinding to the
headlights on an unlighted highway, for instance, may be so glaring
would scarcely be noticed.
eye; the same lights in the daytime or on a well lighted street
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Objects illuminated by perfectly diffused light appear fiat and uninteresting, contours are lost, and it is difficult for the eye to form a correct
judgment of the shape of an object. On the other hand, deep, black
shadows are troublesome and are a source of constant danger because of
that they may conceal.

Illumination of Horizontal and Vertical Surfaces.-For many
locations, such as offices and drafting rooms, light is required
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PIGS. 8,383 and 8,384. --Effect of shadows. Fig. 8.383 is an example of reversed
shadows giving
the appearance of fear or startled surprise; natural shadows bring out forcefulness, kindliness,
and lifelike appearance as in lig. 8,384.

principally on horizontal planes, such as desk tops or table
tops, and it has been the custom to calculate illumination on
the basis of that delivered to horizontal surfaces with the assumption that the oblique surfaces of objects would be sufficiently lighted. This practice may result in inadequate illumination.

1
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In the machine shop, for example, the lighting of the vertical surfaces
of the work or of machine parts is fúlly as important as the lighting of
horizontal surfaces.

Lighting Calculations.-A number of methods have been
employed to determine the lamp wattage required in a given
lighting installation, among which may be mentioned:

Point by point;
2. Watts per sq. ft.;
3. Lumen.
1.

12.5fucru.

Flo. 8,385.-Spacing between luminaires should not exceed 1 z times the mounting height above
the work plane, non-uniform lighting (foot candle values based on 200 watt luminaires).
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surfaces. Spacing between luminaires should not exceed
114 times the mounting height above the work plane-uniform illumination (foot candle
values based on 200 watt units).

I'tc. 8,386.-Illumination of vertical
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Point by Point Method.-This method is not much used
because of its complicated and cumbersome applications.
However, it is still employed in some special problems, such as flood
lighting, yard lighting, etc. An example of the point by point method is given
in fig. 8,387.

F[c. 8,387.-Illumination curves for "Mazda" 25, 40, and 60 watt 100-125 volt bowl frosted
lamps with extensive reflectors, illustrating "point by point" method of calculating illumination. Example: Let it be required to determine the illumination given by a "Mazda" 40
watt bowl frosted lamp with extensive holophane reflector, at a point 12' below and 8' to

one side of the lamp. From an illumination table, the illumination obtained from a light
of 1 candle power at the point consider"d wóuld he .004 foot candle. The corresponding
angle is 330 42'; at this angle, according to the distribution curve here shown, the intensity
is 38.6 candle power. Now 38.6 X.004 = .15, which is the illumination in foot candles at the
point investigated (neglecting reflection from ceiling and walls).

Watts per Sq. Ft. Method.-This is principally a "rule of

thumb" method, very handy for rough calculation or checking.
It consists in making an allowance of watts per sq. ft. of area to be
lighted according to the illumination desired on the assumption of an
average figure of overall efficiency of the system.

Lumen Method.-This method has the advantage that the
technical considerations which are important as influencing the
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result and which require ,the expel ienced judgment of the engineer have been taken intó account in the preparation of the
charts and tables and therefore automatically receive due allowance in the lighting design.
The data apply in interiors where standard types of reflecting equipment
are used to obtain general lighting of substantially uniform intensity.

FIG.

4.388.-Illumination of vertical surfaces. In calculating

on a vertical surface the distance

must

be

known. From tan

II (vertical),

B- 1ID

IL

the illumination at the point P
D (horizontal), and L (horizontal to the surface)

the angle

B

may he found. From the distribution

curve of the luminaire, determine the candle power at the angle a (CP0). Then the vertical
illumination in foot candles at P is as follows:
'9
Vert. Ill.-CPR X Cos
X
III
D
The well known formula for horizontal illumination (foot candles) at the same point is:

Ilor. Ill. -CPR XCos'B
If"

The three steps to be calried out in the design of a general
lighting system for a room are:
1.

Decide the foot candles of illumination required:

Illumination
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2. Determine the location of outlets, the mounting height
and number of lighting units required;

8,390.-The lumen. Here S, represents a light source giving one candle power
in all directions and surrounded by a non-rellecting sphere (shown in section) one foot in
radius through which is cut an opening, OPQR (fig. 8,390), which has an area of one square
foot and subtends a unit solid angle. Through this opening the light source, S, emits one
lumen. As the entire surface of the sphere equals 12.57 sq. ft., the total flux emitted I,y S,
equals 12.57 lumens. In other words, total lumens= 12.57 X mean spherical candle power.

FIGS. 8,389 and

SPHERE
RADIUST
UNIT

GONE
ONE
LUMEN'
OF

LIGHT
CANDLE
POWER,

FIG. 8,391.-A unit cone. Imagine a standard candle as shown in the figure and a sphere of
one foot radius with its center at the candle. One square foot of the surface of this sphere
is contained inside of a unit cone, and such a unit cone contains one lumen of light flux.
Therefore, one lumen of light flux passes through each square foot of the surface of the
sphere; that is, the light which radiates from the given lamp has a sectional intensity of
one lumen per square foot al a distance of one fool from the lamp. This sectional intensity is
sometimes called the foot candle. That is, the foot candle is the sectional intensity of a
one candle power beam at a distance of one foot*from the lamp.
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3. Select the type of lighting unit best adapted to the location and ascertain the size of lamp which will provide the foot
candles desired.

Foot Candles.-Table 1 lists the foot candle value, corresponding to present standards, for different classes of industrial operations, offices, etc.
1.

:_

I

C.p.-

ILUMEN^.

O

Y

Y

I°°

I

I
:4

y

SQ. FT.=
_

I

.

4

..

.

LUMEN
'°

°

54:FT.

SD.

-

:.

_

%4 FOOT CANDLE

'

I

I

.

F7i7T CANDLE

I

LUMEN

FT.

4 FOOT CAN I LFS
I

SQ. FT.

4 SQ. FT.

4

5Q. FT.

FIGS. 8,392 to 8,400.-Diagram showing the difference between lumens and foot candles. A
light source of one candle power in a particular direction will produce one foot candle of
illumination on a point one foot distant from it. One lumen of light flux will illuminate one
square foot of area to one foot candle of illumination. The product of foot candles and the
area in square feet lighted will give the lumens of light flux on that area:
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The desirable illumination varies rather widely, depending on the conditions in any particular installation, such as the accuracy of the operation and fineness of detail to be observed and the color of objects worked
on or handled.

The foot candle values recommended in the tables are the
minimum to be adhered to if fully satisfactorily lighting is to
be assured. Under particular conditions considerably higher
levels of illumination are often desirable.

g

A

--O

I?`
1
.

,

:rI

.

C

1

4FT.

A

®
'

`

8,402.-The foot candle. If A, be a lamp giving 16 candle power in a horizontal direction, the illumination at the point B, four feet distant, would be 16 =4z= 1 foot

FIGS. 8,401 and

candle, since the intensity of light varies inversely as the square of the distance. To get the normal illumination at any given point, the candle power in the proper direction must be divided
by the square of the distance to the point illuminated. If the surface illuminated be not at'
right angles to the direction of the light, the value of the illumination obtained as above must
be multiplied by a reduction factor, taking into account the angle at which the rays strike.
A beam of light coming in the direction OD, fig. 8,402, falls upon a plane AB, illuminating it
with an intensity of 1 foot candle. Then the illumination on the plane AC which intercepts
the same amount of light as AB, would be less than 1 foot candle (as the light is spread over a
larger surface) in the ratio of AB, to AC, which is the cosine of the angle ODF. Thus the
Illumination effective on any plane at a given point will be (candle power =distances) Xcos 0,
where 0 is the angle between the direction of the ray and a perpendicular to the plane considered.

Table 1. Foot Candles for Interior Lighting
Cars
baggage
day coach, dining and Pullman
street railway and subway

Practice

Mini mum

8

5

8
10

5
6

Good

Piers
freight (loading docks)
passenger

3

4.

.

2
2
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Table I-Continued

Office building (private and general office)
close work
no close work
drafting rooms

halls, passageways in interior

Good
Practice

Mini mum

15
10
25
3

10
8
15

8
15

5
10

10

6

20

12

10

6

10
15

6
10

6
3
3

4

2

Shops-carpenter
rough sawing and bench work
fine bench and machine working fine sanding and finish

Electric repair
storage battery charging room
coil and armature winding, mica working, insulating

processes

Erecting
forge shops and welding

Foundries
rough moulding ancf core making.
fine moulding and core making

Freight stations
sorting areas
loading platforms
storage areal
offices

2

15

2
10

10
15
20

10
12

50-100

25

Machine shops
rough bench and machine work
medium bench and machine work
fine bench and machine work
extra fine bench and machine work

6

Power House
boilers, coal and ash handling, storage battery rooms
auxiliary equipment, oil switches and transformers
switchboard, engines, generators, blowers, compressors

5
8
10

3

5
6

Stations passenger
ticket offices
,

baggage rooms

12
12

8

8

Illumination
Table I-Continued
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Good

Practice
platforms (terminals)
platforms (way stations)
subways (concourse)
waiting room
toilets and wash room

4

.25
6

Warehouses

Mini mum
2

.

.15

8

4
5

6

4

3

2

Exterior Lighting
Automobile parking spaces

1

0.5

Sucilding
construction work
excavation

6

4

2

1

Dredging

2

Docks

1

3

0.5

Railway yards
general
approach to hump

turntables
Yard thoroughfares.

.25

.15

1

0.5

2

1

1

0.5

Fic. 8,403.-The layout of lighting outlets for a large industrial building. Indicating tie application of data in table No. 2. The 13 foot clearance allows a spacing (>1 13 feet. For a symmetrical layout in the bays a 10 foot spacing is adopted.
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Location of Outlets.-The number of outlets to provide for
any given area is determined by the maximum allowable spacing between lighting units and is in turn regulated by their
height above the floor.

Table 2.-Spacing of Outlets
Ceiling
Height
(Or Height in
the Clear)

Spacing Between Outlets

Usual

(C)

(D)

(Feet)
8
9

(Feet)
7

8

Maximum

(For Units at
Ceiling)
(D)

Not more

Aisles or

Storage Next
to Wall
(A)

than

7/
8

9
10

12

10-12

12

13

14
15
16
18

10-12
10-13
10-13
10-13
10-20

13
15
17
19
21

20

18-24

24

22

20-25

27

24
26
30 and up

20-30
25-30
25-30

30

10/

Desks. Workbenches, etc.,
Against Wall
(B)

Not more

Usually

9

11

10

Spacing Between Outside
Outlets and Wall

onehalf

actual
spacing

than

3
3

3/
3/

3/-4

3/-4/
4-5
4-5
4-6
4-6

Approximate
Area per
Outlet
(At Usual
Spacings)
(Square Feet)

50-60
60-70
70-85
85-100
100-150
100-150
100-170
100-170
100-170
100-400

5-7
5-7
6-8
8-9

300-500
400-600
400-900
units
33
600-900
40
8=10
600-900
°Where it is definitely known that some form of indirect lighting will be used the maximum
spacing between outlets may be increased about 'two feet, and the distance from the outside
.outlets to the wall may be increased by one foot.

between

The relation between height and spacing is based on the distribution of light to procure a reasonably uniform level of
illumination on the working plane.,
Tables 2 and 3 will he helpful in determining the location of
the outlets.
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Ftc. 8,404.-Mounting height of lighting units. When units are spaced less than the maximum

permissible distance, they may be dropped from the ceiling for reasons of appearance, ease of
cleaning, etc., but in no case should they be dropped below the minimum value shown in column
of Table 3 for a given spacing. For a 10 foot spacing the units might be dropped to 10 feet
above the floor as shown by the dotted outline of a reflector at height 11. They are, however,
mounted on the trusses 12 feet to minimize glare.

Table 3-Mounting Height of Lighting Units
SEMI -INDIRECT
AND INDIRECT
LIGHTING

DIRECT -LIGHTING UNITS

Actval
Spacing

Between

Units

Distance
of Units
from
Floor
Not Less
Than

Désirable Mounting
Height in

Industrial Interiors

(D)

(H)

(R)

(Feet)

(Feet)

feet above floor
if
to
possible
avoid glare, and
still be. within
reach from stepladder for cleaning.

7

8

81

3iz

9

º

10

10

11

10%

12

11

14
16
18

12%

20
22
24
26
28
30

14
15

16
18

20
21

22
24

12

Desirable Mounting
Height in
Commercial Interiors

Actual
Spacing
Between
Units

(R)

(D)

(Feet)

-

Where units are
to be mounted
much more than
12 feet it is usual-

The actual hanging height should
be

g ove rn ed

largely by general
appearance, b u t

particularly in offices and drafting
rooms, the mintin u m

values

shown in Column
H should not be
mount the units violated.
at ceiling or on
roof trusses.
ly

desirable

to

Recommended
Suspension

Length

(Top of
Bowl to
Ceiling)
(S)

(Feet)

7

1-3

8

1-3
1-3

10

1iz-3

11

2-3
2-3

12

14
16
18

2r/_,-4

20
22
24

4-5

26
28
30

4.6

3-4
3-4
4-5

4-6
5-7

5-7
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Size of Lamp Required.-After the outlets have been located
on the plan, the size of lamp to be used may be determined
by the following calculation:

Table 4-Initial Lumen Output of Multiple Mazda Lamps
Approximate Initial Lumen
Output
110, 115 & 120

Size of Lamps
in Watts

Bulb

Finish

25

A-19

40
50
60
100
150
200
300
500
750
1000
60

A-21
A-21
A-21

Inside Frost
Inside Frost
Inside Frost
Inside Frost
Inside Frost
Clear
Clear
Clear
Clear
Clear
Clear
Inside FrostDaylight

A-23

PS -25
PS-30
PS -35
PS -40
PS -52
PS -52
A-21
A-23

100
150

.PS -35
,PS-40

A. Area in sq. ft.

t

per outlet

C. Lamp lumens re -'l
quired per

outlet

Service

240
408

202

535
678
1340
2310
3280
5340

450
1030
2620
4290

9500

7650
:2600
18000

...

441

..

870
1500
2130
3471

6180

e..

...
...

nnaakt

jTotal floor area in sq. ft.
Number of outlets

B. Lamp lumens re-

quired per sq. ft.

220, 230, 240,
250 Volt

14550
20400

InsideFrostDaylight
Clear Daylight
Clear Daylight
Clear Daylight
Clear Daylight

PS -25
PS -30

200
300
500

volt Standard
Lighting Srv.

Foot candles
Probable average illumination
in % of initial illumination
Lamp lumens required
per outlet ¡ X ¡per sq. ft.
(From A) )
(From B)

lCoelli, of
Utilization
)Area in sq. ft.
l

í

Having determined the lamp lumens required per outlet by
the above calculation, the wattage of Mazda lamps to be used
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may be found by reference to Table 4, which lists the lumen
output rating for each size of lamp.
Locate in this table the size of lamp of the desired type which most
nearly meets the requirements of lumen output. When the lamp lumens
required fall nearly midway between two sizes, it will usually be found
best to choose the larger size.

Flood Lighting Calculations.-The illumination of surfaces
such as building facades, sign boards, etc., to a desired level
of illumination intensity is a problem frequently arising and

requiring an immediate solution.
Such a problem may be roughly separated into three steps and a satisfactory solution found as illustrated in the example which follows:-

Example.-A light gray limestone office building along a white way,.
having a front facade 150 ft. high by 50 ft. wide. Determine: type, number and wattage of flood light projectors required to illuminate building.
from roof of building opposite. Shown in fig. 8,405.
First Step: Foot candles required. This depends upon the type of
building, the purpose of the flood lighting, the amount of conflicting light.
in the vicinity, etc. While the brightness to which one illuminates
buildings is largely based on experience, the general practice is indicated.
in the values given in Table 5, which, for the requirements in the example,.
gives 20 foot candles.

-

Second Step: Type of projector. Two considerations enter into the
choice of a projector, viz., beam size and light output. The former determines the area covered by the beam and the latter the illumination provided.
In Table 7 a factor F, is given for each projector and the various types
of reflectors and lens equipments. This factor multiplied by the distance
of the projector from the surface gives the diameter of the beam pattern
on the surface, assuming that the beam is perpendicular to the surface.

It is desirable to cover as large a part of the surface with one projector
as possible and obtain the desired illumination by the superimposing of
beams. The maximum diameter of the beam that can he utilized without.

5,254

Illumination

waste for the building in question is 50 feet and as the projectors are to be
placed 100 feet away, look for a projector with the factor .5.
From Table 7, it is seen that the following projectors have the required
factor:
L30 -B, medium angle. 500 watt, G-40 lightly stippled lens, 3,663 beam
lumens,
11

r q

111.11111
'" II'

un

ui

fi I!

1

100

-`

Flo. 8,405.-Flood lighting of building by flood light projectors located on building on opposite
side of street. See example on page 5,253.

L -31-A, wide angle, 1000 watt, PS-52 lightly stippled lens, 7,900 beam
lumens..

Third Step:. Number of projectors. For any desired- intensity over a
definite surface the number of projectors' is obtained from the following
formula:
ín which

N- AXE
L

Illumination
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N =Number of projectors.
A =Area of building facade in square feet.
E=Foot candle intensity required.
L = Beam lumens delivered by one projector.

From the conditions of the example:

Table 5. Building Characteristics

Building Surfaces

Reflection
factors
per cent

Recommended foot
candle intensities
A

B

C

} 60-80

15

10

5

Light gray limestone
Bedford limestone
Buff limestone
Smooth buff face brick

40-60

20

12

7

Briar hill sandstone
Smooth gray brick
Medium gray limestone
Common tan brick

20-40

25

15

10

10-20

30

18

12

White terra cotta
Cream terra cotta
Light marble

Dark field gray brick
Common red brick
Brownstone

}

A-Buildings on white ways: intensive street lighting: streets with many conflicting signs and light sources; lower portions of buildings falling under
Class B locations.
B-Medium-intensity white ways: secondary business streets with few conflicting signs, etc.
C-Very little conflicting light, such as on residential streets, parks, lighted
highways, etc.

5,256

Illumination
A=150X50=7,500 sq. ft.
E =20 foot candles as already found.
L=3,663 lumens for type L -30-B, and 7,900 lumens for type
L -31-A, according to Table 3.

The number of L -30-B projectors required is
7,500 X20
3,663

-41 (approx.)

Table 6. Floodlighting Intensities
Recommended foot candle
intensities
Good

Practice
Decorative and spectacular effects (Christmas
trees, flags, etc.)
Landscapes
Stained glass windows
Billboards
Signs
Smoke stacks and water tanks

Quarries and shipyards
Construction work
Dredging
Railroad yards
(a) Classification
(b) Mechanical retarder areas
Docks, loading platforms, etc
Mines
Gasoline filling stations
(a) Buildings and pumps
(b) Yard and driveways
Roadside stands and houses
Parking areas
Real estate developments
Air advertising

20.0
15.0
30.0
30.0
30.0
12.0
6.0
6.0
2.0

Minimum
10.0

5.0
15.0
10.0
10.0

8.0
2.0
4.0
1.0

0.15
1.0
3.0

0.1

0.5
2.0
0.5

1.0

15.0

4.0
4.0
1.0
10.0
30.0

.

2.0
2.0
0.5
0.5
5.0

15.0

Illumination
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The number of L -31-A projectors required is
7,500 X20
7,900

-19 (approx.)

By compari;on, considering cost of installation and of operating, it is
found that the required amount of light can be obtained more cheaply by
using 20 type L -31-A projectors with 1000 watt general service Mazda
lamps than by using 40 type L-30-B projectors equipped with 500 watt
flood lighting Mazda Lamps. The recommendation is therefore, 20 type
L -31-A projectors.

Power Required for Flood Lighting. -An approximate allowance for calculating the power required is .15 watt per sq. ft.
of surface per foot candle.

Table 7. Illuminating Data
(For estimating purposes only. General Electric Co.)
r
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Example.-Required the approximate power necessary for flood lighting 10.000 sq. ft. of building to an intensity of 10 foot candles.
Power =0.15X10X10,000=15 kw.

Colored Lighting for Buildings.-Colored glass lenses obviously absorb light in excess of the plain glass, and the output
of light is reduced. The beam and total lumens given in Table 7
should be multiplied by the following transmission factors in
order to obtain the light flux delivered when using colored
lenses.
Transmission Factors for Colored Lenses
Red
Amber
Blue

15

Green

.12

50
04

Example.-Beam lumens for L-30 medium angle, plain clear lens is
3,796. Beam lumens for same projector with red lens is 3,796X.15=570.
Color lighting requires particularly careful study. It frequently is
found advisable to use colored light on colored buildings, such as red light
on red brick, for the best effect. For high commercial buildings, where
the illumination is not influenced by street lights, it has been found that
two watts per sq. ft. of clear light and four watts per sq. ft. of colored
light will give excellent results, unless there be special conditions which
would require different values from those just given.

Air Port Lighting Principles. --The simplest specification for
lighting landing fields, reduced to the fundamentals applied to
other general lighting problems, can be stated in terms of
lumens of light or foot candles, delivered per Square foot of
area. The best illuminating system provides practically uniform distribution of light over the entire area.
The requirement for uniformly distributed illumination carries with it certain related qualities which must be considered.

Illumination
1.
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Upward light should be reduced to a minimum;

2. Glare from light sources should be eliminated as far as

possible;
3. Harsh shadows should be avoided;

4. The color quality of the light should not distort normal
color appearance of objects.
If it were not for the necessity of keeping the landing area free of overhead obstructions a system of overhead lighting from ordinary industrial
type reflectors would probably give the best lighting results. This being
impractical, the only alternative is to locate the lighting equipment at
the boundaries, and, by proper design of equipment, project light to cover
the area most effectively.

Air Port Lighting System.-There are two systems of flood
lighting of air ports known as:
1.

Distributed system;

2. Concentrated system.

Distributed System.-This comprises a number of 1000 of
watt flood lights spaced at intervals of 200 to 300 feet
around the boundaries of the field, as shown on pages 5,260
Land 4,417, Vol. VIII of this Series.
1500

This allows, perhaps, a nearer uniform distribution of light over the
entire area, particularly where the ground is uneven or slightly rolling,
since each individual projector may be so adjusted and directed as to
cover a particular section.
The disadvantage is that the multiplicity of light sources introduces a
large number of glare points.
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FIo.8.40tito8,412.-Minimum lighting facilities required for an air port to obtain an "A" rating
A, air port beacon. Minimum candle power not less than 110,000 for long range, and in no
case less than 15,000 candle power. Rotating or Clashing with flashes not less than one -tenth
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Concentrated System.-In this system there are several
batteries of relatively small individual projectors or, more
commonly, one or more large units with one or more light
sources built into a composite, high powered projector.
The uniformity of light distribution from the concentrated system is
dependent upon mechanical and optical limitations of design. In general
the ratio of minimum to maximum horizontal illumination over the field
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MILE

254. FT.

5 MILES

995 FT

1895

FT
10 MILES

8,413.-A beacon with only a slender pencil of light is ineffective at close range at normal
flying height. Requirements for air port beacons: 1, high candle power for long range
visibility; 2, visibility from all normal flying heights; 3, suitable duration of flash period; 4,
positive identification.

"FIG.

Fios. 8,406 to 8,412.-Text continued.
second duration or luminous period not less than 10%. Light distribution such as to be
visible all around horizon and to the zenith, or nearly so, for altitudes of 500 to 2.000 ft.
distinctiveness for identification, automatic lamp changers or auxiliary units for reliability;
B, boundary and obstruction lights. Either 600 lumen series or 25 watt multiple lamps
in clear weather proof globes on standards 30 ins. above ground and spaced not more than
3(10 ft. apart to outline boundaries or landing strips. Multiple circuits limited to 5% voltage
drop. Green substituted for white to show points of best approach, and red globes to show
hazardous approaches, using 1,000 lumen series or 50 watt multiple lamps. All obstructions
in vicinity must have red lights at highest points of obstruction; C, wind cone and hangar
lighting. Illuminated wind direction indicator to be visible from 1,000 ft. in all directions
if externally flood lighted. Wind cones internally lighted require not less than 200 watt lamp
in suitable reflector. Exterior surface of each hangar to be flood lighted to 21,1 foot candles
with surface reflection factor at least 50%. A 12 in. 250 watt incandescent lamp search light
7

degree maximum beam spread to be installed for ceiling height measurements; D, field flood

lighting. One or more units to provide an even distribution of illumination without shadow

.

areas and of sufficient illuminating power to make ground details visible from an altitude of
30 ft. The minimum vertical plane illumination over the usable portion of landing area shall
not be less than .15 foot candles. System to be controlled from convenient point and sufficiently flexible to permit landing under all conditions of wind direction without the necessity
of landing directly toward the light source. Units shall be mounted as low as possible consistent with contour of ground, and shall project a beam of narrow vertical divergence with
sharp cut off at top so as not to produce glare. When more than one unit is used, each shall
be independent of the other in operation. In case of a single light source flood lighting unit,
an automatic lamp changer shall be provided. In lieu of a lamp changer an auxiliary unit
may be used which will give not less than .035 foot candle over the usable portion of the field.
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will be considerably greater than with the distributed system.

However,
the problem of glare is reduced, since precautions may be applied more
readily to a single source than to a large number of sources; furthermore,
no glare is experienced when the direction of flight is in the same genera!
direction as the projected beam.

Fins. 8,414 to8,416.-General Electric typical boundary light installatioris. Fig. 8,414,
prismatic
globe and conical skirt; fig. 8,415, plain globe and stem; fig. 8,416,
white glass globe with reflector type guard, and conical base.

-

Amount of Light Required for Air Ports.-The air port rating
regulations of the Department of Commerce specify an even
distribution of light over the entire usable portion of the landing area with a minimum illumination of .15 foot candle on
the vertical plane.
To meet this requirement, projector units of the order of 20,000 watts
capacity are employed. However, on a landing field of average dimensions, say 2000 feet square, 4,000,000 sq. ft., the lighting result from this
20.000 watt projector is roughly equivalent to the lighting of a room 20
feet square by means of a single candle set on the floor in the
corner.

Illumination
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Illumination Results and Calculations-A cbmbination of
circumstances has made it seem desirable to mount field flood
lighting units only 10 feet or 'so above the ground, and to attempt to sweep the entire landing area with a flat fan of light.
With such an acute angle of projection, the zone of maximum candle
power must be aimed only the slightest amount below the horizontal plane
in order to project light to the far boundaries of the field. Under these
conditions of projection the lower half of the beam falls on the field, while
the upper half is lost as far as lighting the ground is concerned.
2S FOOT CANDLES VERTICAL

lO

2.000,000

FL-

X200
.87

.35

FOOT CANDLE

VERTICAL

MAXIMUM BEAM CANDLEPOWER.

FT.

FOOT CANDLE` HORIZON-FA L

1

2500 FT.
.0065

FOOT CANDLE

HORIZONTAL

R

Frc. 8,417.-Illumination readings on horizontal and vertical planes taken 3 ft. above the
ground for two locations on field, at zone of maximum projected candle power. It will be
noted that at 2,500 ft. the vertical illumination is well over .15 foot candle minimum required
by the Department of Commerce, but the horizontal illumination is of the order of .0065 foot
candle or only about one -fiftieth of the vertical. At 200 ft. the vertical illumination was of
the order of 25 foot candles while the horizontal foot candles fell to .87 foot candle. The
ground in the immediate vicinity of the projectors appears fairly well lighted and favorable
for larding with the beam, since the pilot has the advantage of absence of glare, relatively
high g.ound illumination at the point where he grounds the wheels and has the further
advantage of high vertical lighting on grass tufts, or weeds, that indicate the field conditions
ahead. On the other hana, if he be forced to approach from the far side of the field toward the
unit, the horizontal illumination is almost negligible (the reading of .0065 foot candle is only
about half what one could expect from full moonlight), so that the ground conditions are
quite obscure; furthermore, he cannot benefit by the vertical illumination since he is on the
dark side of all such obstacles.

With a narrow vertical spread and a sharp cut off this upper part of
the beam produces in effect a layer of light above the field projected nearly
parallel with the ground. Except when the atmosphere is extremely dear
of dust or moisture particles, this upward light may produce a blanket
of light sufficient to obscure the ground. In fact, some pilots have learned
to gauge their height above the ground by the depth of the beam. On
the other hand, if more light can be directed toward the ground and if
the landing surface be light in color, the surface brightness will be high
enough to overcome the apparent ground haze and allow the ground to
be seen through the haze.
With the present scheme of low mounting of field flood lighting equip.
ment, the ratio between vertical and horizontal illumination is very marked.,

-
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of all lighting equipment
Ftc. 8,418.-Wiring and electrical provisions for convenient control
from a central point. Field flood lights each with individual remote control.
TIGHT JOINTS MERE
PREVENT .DUST
COLLECTING INSIDE
OF DIRECTOR AND
ON THE LAMP

THESE DIFFUSING PRISMS
SPREAD THE LIGHT UNIFORMLY
ON THE CEILING AND

PREVENT BRIGHT
LINES AND'
MOLDER SHADOWS

STEEP SLOPE OF THE

UPPER PART PREVENTS
DUST COLLECTING

THESE REFRACTING

PRISMS REDIRECT THE
LIGHT UPWARD TO
GIVE A WIDE SPREAD
OF LIGHT ON THE
CEILING
.

01AA

}``'o.,,,

p

REFLECTING TRANSLUCENT

LINFR REFLECTS MOST OF
THE INCIDENT LIGHT UPWARD
AND TRANSMITS ENOUGH TO
MAKE THE BOWL LUMINOUS

The prisms redirect the rays and
Ftc. 8.419.-The refraction of light due to prisms in a globe.
is desired to
pass them out in the planes desired; this is import'nt in street illumination as it
reflect all or nearly all to the street surfane.
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This is shown in fig. 8,417, which illustrates some illumination
measure
ments taken at 200 feet and at 2,500 feet from a 24 kw.
180 degree aviation
flood light developing slightly over 2,000,000 maximum beam
candlepower.

Street Illumination.-In the lighting of streets there should
not be glare in one spot and darkness in another; there should not

8.420.-Plan view of direction in which illumination is
along streets and how prismatic globes direct the rays. desired at street intersections and

FrG.

be waste of

illumination through throwing it upward to the sky
instead of downward where pedestrians and traffic need it and it
should be figured in accordance with the size of town, type of

street and need.
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Street illumination generally runs .05 foot candle to .50 foot candle on
the plane of the street surface-a general average being .10 foot candle.
The type of units which are best suited for highways, street intersections,
streets with existing illumination from store windows, etc., should be
considered. The height at which they should be placed, the distance
apart-are all factors. Excellent illumination is considered when the distance apart is no more than eight times the height of the luminant; that
is, with the lamps 25 feet above street level, they should be spaced no
more than 200 feet.

8,421.-The outside view of a prismatic globe. In principle: when a light ray strikes a
piece of glass it is reflected or refracted in accordance with the shape of the piece of glass. By
changing the shapes of the pieces of glass or prisms, the direction of the rays may be changed.
This principle is used in the manufacture of globes for street lamps. The inside is cut up into
prisms so shaped that they take the rays from the lamp in its various directions and redirect
them.in the directions desired; some of the .prisms are horizontal, some vertical-definitely
arranged to carry out the requirement. An outer globe then diffuses or smooths out the light.

FIG.

Globes surrounding the lamps should have the quality of directing the
rays sideways and downward so as not to waste the illuminant in directions where it is not needed. A bare lamp will send about 50% of its light
upward.
Prismatic globes are made which by refraction due to the prisms, direct
the light given by the lamp into the desired planes. Spacing and height
cannot be set down with any definite rules nor can the size of bulbs or
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type of fixtui es, these are all based on local conditions and the amount
of money to be expended for the installation.

FIGS. 8,422 to 8.425.-Light distribution of bare lamp and various Holophane symmetrical units.
Fig. 8.422, bare lamp; lig. 8,423, I lolophane asymmetric refractor highway type; Jig. 8,424,
Holophane asymmetric refractor bi-lux type; fig. 8,425, Holophane asymmetric refractor
2 -way type.

TEST QUESTIONS
1. Define the term illumination.
2. Give definitions of the terms used in illumination.
3. What is a foot candle?
4. What is the principle of Rumford's photometer?
5. i\Tame three systems of light ing for general illwn ina ion.
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and c, the semi indirect lighting systems.
7. Name four methods of distributing light.
S. Explain how light is a," absorbed; b, refracted; c, reflected; d, diffused.
9. Explain the diffusion of light.
10. What is glare?
11. Describe two kinds of glare.
12. Are shadows desirable in artificial lighting?
13. What may be said with respect to the illumination of
horizontal and vertical surfaces?
14. Name three methods of lighting calculations.
15. What is the objection to the point by point method?
16. Is the watts per sq. ft. method accurate?
17. What is the advantage of the lumen method?
18. Describe in detail the lumen method.
19. What is a unit cone?
20. Mention some points relating to the location of outlets.
21. Explain the. calculation of the size of lamp required.
22. Describe in detail the method of making flood lighting
calculations.
23. How is the power required for flood lighting determined?
24. What are the points relating to colored lighting for
buildings?
95. Give the air port lighting principles.
26. Name two systems of air port lighting.
27. Describe in detail both systems of air port lighting.
28. How is the amount of light required for air ports determined?
29. Give points relating to street lighting.
6. Describe a, the direct; b, the indirect,
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CHAPTER 215

Resonant Control for

Street Lights
The rapid development of radio has greatly stimulated interest
in the properties of electric circuits. This knowledge and experience has lately been turned to ,great practical advantage
in providing a solution for the problem of street light control.
The difficulty of turning multiple street lights on and off
has been a serious obstacle to the general adoption of the multiple system. This problem has been solved by the use of
medium frequency currents.
These currents are superimposed on the regular power currents and in no
way affect or interfere with thenormal operation of the power system.
Resonant control is also well adapted to the remote control of series
lighting systems fed by pole type regulators.

General Principle.-The basic idea of the control system is

to use the existing power conductors as the control circuit.

The control currents are transmitted over the lines just like
power currents. The frequency of the control currents used
is sufficiently higher than the power frequency to make it easy
to separate the control currents from the power currents.
Special relays employing tuned circuits are provided at points where
control is desired. These relays are connected across the 110 volt mains
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which feed the individual street light or group of lights. The relays respond
only to currents having the particular frequency for which they are tuned.
Sufficient energy is fed through the power system to the control relays to
operate them by the direct electro-magnetic pull of the control currents
themselves without the use of vacuum tubes, amplifiers or rectifiers of any
kind. This avoids complication and delicacy in the control units and also
avoids using parts requiring periodic replacement.

Two control frequencies are used, one to turn the lights on
and one to turn them off.
REACTOR

FEEDER REGULATOR

2500-V. FEEDER

TUNING

TUNING COILS
STATION

TRANSFORMER

DISTRIBUTION
TRANSFORMER

CONDENSER

hidirgZZ

TRANSFORMER

GENERATOR

TUNED RELAY
TO LAMP SWITCH

FIG.

are produced
8,426.-Diagram of substation bus with single feeder. The control currents
by a two speed

by the alternator G. This is a rotating machine of a standard type driven
The two
.induction motor or by a single speed induction motor with a two speed gear shift.
speed motor runs at 1,200 and 1,8007.p.m., while the single speed motor runs at 3,600 r.p.m.
gears are not
The latter is a smaller Unit, and, since it is for short period uSe, the oil immersed
at 1,200
objectionable. The alternator produces control frequencies of 480 and 720 cycles
and 1,800 r.p.m. respectively. The alternator is coupled to the feeder by means of Aa tuned
transcoils.
circuit. This tuned circuit consists of suitable condensers, and inductance
so as to
former of suitable ratio is interposed between the alternator and the tuned circuit are
conThe'
condensers
feeds.
which
it
adapt the alternator to the low impedance circuit
circuit and
nected directly to the feeder and serve the double purpose of tuning the alternatorthrough
the
of introducing a high impedance to the flow of power frequency current back

alternator.

Methód of Feeding Control Currents into the Power System.-The control currents are fed into the power system at
the substation. A single feeder may be energized alone or all
the feeders on a bus may be energized at the same time. Single
phases may be energized by switching from feeder to feeder,
or the entire bus may be energized by making connection to
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the bus instead of to individual feeders. The control currents
flow along the conductors just as though the power currents
were not present.

The frequency of the control currents is selected so as to avoid serious
loss in transmission and to permit being efficiently stepped up or down
through the existing power transformers. Frequencies of about 500 cycles
are used.

The method of introducing the control currents into the
power system is shown in fig. 8,426.
In the diagram the current delivered by the alternator and tuned circuit
to the feeder has two paths in which to flow. It may flow from junction
1 back through the feeder regulator, reactor, station transformer bank to
junction 2. It may also flow from 1 out along the feeder through the
numerous distributing transformers and their connected load and back
to 2. The current divides between these paths inversely as their respective
impedances. The two paths in parallel present a combined or resultant
impedance to the flow of input current from the generator.
The input current multiplied by this resultant impedance gives the
value of the control frequency voltage superimposed on the power system
as measured across the feeder terminals at points 1 and 2. This voltage
is superimposed on top of the power frequency voltage and it acts independently, i.e. as though the power frequency were not present. The
value of this voltage for a 2,300 volt feeder is approximately 100 volts.
So far as the control currents are concerned the system can be viewed as
though the 'feeder were energized by a 100 volt alternator connected across
points 1 and 2 as shown in fig. 8,426. This 100 volt control voltage acts
throughout the whole length of the feeder.and excites the primary side of
all distributing transformers on the feeder. The transformers step this
control voltage down, in the same ratio as the power voltages, giving 5
volts on the 110 volt side ,of each transformer.

It is this voltage which is ayáilable for the operation of the tuned control

relays.

The superimposed voltage does not add directly to .the power
voltage but adds vectorially at right angles.
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Thus 5 volts of control voltage adds only :11 volt to the effective system
voltage. A superimposed voltage of 20 volts will only increase the 110
volt secondary voltage by 2 volts. The energy required to produce the
superimposed control voltage is a very small part of the energy rating
of the power system. It may be of interest to note that the control frequency alternator runs at 100% power factor and supplies only the power
component of the superimposed hva.
The existing wires and cables of a power system therefore provide an
efficient channel for the transmission of independent control currents for
all sorts of purposes. There is no difficulty in transmitting control currents,
having sufficient energy to directly operate suitable relays, to all parts of
the system.
TO CONTACTOR
SWITCH

1

110 -VOLT
MAINS

60-CYCLE

FIG. 8,427.-Diagram showing features of Westinghouse resonant relay. It consists of a
simple U shaped electro -magnet acting on a balanced armature. The armature carries the
control contact which completes a circuit through a contactor switch in the lamp circuit..
The relay contact therefore does not carry the lamp current but only the control current for
the contactor switch. The contacts of both the relay and the contactor switch are made of
pure silver to assure perfect contact under all service conditions.

NOTE.-In fig. 8,427 the magnet winding of the relay plays a double part. In addition
to its normal function in which it acts as a simple electro -magnet, it furnishes the inductance
necessary to tune the relay to the desired control frequency. The relay is connected to the line
through a condenser which furnishes the other element necessary to form a tuned circuit. The
condenser also acts as a stopping condenser to prevent the flow of an appreciable amount of
power frequency current through the relay. The inductance of the relay is so adjusted that the
circuit consisting of the relay and condenser are in series resonance for the frequency on which
the relay is required to operate. That is, the reactance of the relay circuit as a whole is zero for
its operating frequency. This circuit is connected directly across the 110 volt line as shown at
7 and 8 in fig. 8,426.
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Resonant Relays.-The relays used in this system of control
utilize the direct electro -magnetic pull of the control current; that
is, the control currents are them E
selves sufficiently
10
strong to move the
5¡ rt.'
relay armature on
E
"was
which ís mounted
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This is an advantage in that it avoids
the complication of
amplifying tubes,
rectifying tubes or
delicate relay mechanism.
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Fig.8,428 shows

FIG. 8,428.-Westinghouse resonant relay used for street light control.
ON MAGNET

LAMP CONTACTS
TOGGLE
HO -V.

-1O-CYCLE

VANSS

TUNED RELAY

3
LAMP

OFF MAGNET
CONTROL CONTACTS
FIG. 8,429.-Diagram of Westinghouse resonant control unit. The tuned relays are shown at
1 and 3.
The switch or contactor in the lamp circuit is of the toggle type: that is, it is pulled
over a center and will remain permanently open or closed as the case may be. The operating
coils of this toggle switch are indicated at 2 and 4.
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the general appearance of the type relay used for resonant street
light control, and fig. 8,427 the relay in diagrammatic form.
Since the relay is connected across the supply line at all times a small
amount of power current will flow through the condenser and relay but
this current is much below the operating value. This continuous flow of
power frequency current is a leading eurrent,_being almost entirely watt less. This leading current is a benefit to the system in that it helps to
correct the power factor.

u

u

fQ

.l
FIGS. 8,430 to

e

N1 q,

111
_§

í

...

8,432.-Westinghouse resonant control unit figs. 8,430 and 8,431. Unit with

metal cover removed: fig. 8,432, unit with glass cover.
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Resonant Control Unit.-The appearance of the complete
street light control unit is shown in figs. 8,430 to 8,432..

The equipment is assembled in a water proof case and is of such dimensions as to permit its being mounted in the base of the majority of ornamental street light posts. The elements of the control unit are shown in
fig. 8,429.

5,276

Resonant Control

Operation of Resonant Control.-When it is desired to turn
on the street lights the control frequency alternator in the substation is brought up to speed and run al the on frequency.
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The alternator circuit is closed momentarily on the feeder carrying the
street lights being controlled. This sends the on frequency to all parts
of the feeder and all its connected
apparatus. All relays tuned on the
on frequency immediately respond

and close their control contacts.
Then relay 1, fig. 8,429, is pulled up,
thus energizing the operating magnet 2 of the toggle switch, closing
the switch and lighting the lamp or
lamps. The alternator at the substation is then disconnected. The
on relays drop back to the open circuit position but the contactor
switch remains closed owing to the
toggle. The lights remain on.

When it is desired to turn the
lights off the control alternator

.

¿

,,f

H.

at the sub-station is brought up
to speed at the off frequency and
closed momentarily on the

.

feeder.

,.-

F c. 8,435.-Westinghouse resonant control
installation
circuits.

as

applied

to

series

lighting

This energizes the off relays all
over the system. These relays In
turn energize the operating magnets
of the toggle switches and pull the
switches to the open position. The
control alternator is then disconnected, the off relays drop back to
the open position but the toggle
switches remain open and the lamps
remain off.

Application to Series System Using Constant Current Reg-

ulators.-While the system as developed was worked out with
special attention to the requirements for multiple street lights,
it is also well adapted to the series systems fed from automatic
station type, manhole type and pole. type regulators.
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In addition to advantages in the concentrated lighting areas, resonant
control makes possible the central control of series street lighting circuits
for rural districts, over a wide area without the necessity of long pilot
circuits. The method of applying Westinghouse control to series systems
fed from constant voltage feeders through a pole type regulator is indicated in fig. 8,436.

1.11

ii

TransformT Control Unif
Transformer

I

2300-V Feeder
pole T pe Regulator

MI

imi

Type RCQC
,Pernot,e .

Control VII Switch
in. 8,436.-Diagram of Westinghouse resonant control for series ::ystern. The pole type
regulator is connected to the 2,300 volt power feeder by a remote control oil switch. This
switch is controlled by a standard resonant control unit energized from.the 2,300 yoltfeeder,
throughthe medium of a step down voltage transformer. This transformer is necessary to
provide the 110 volt source for operating the street light control.unit and alsofor supplying
the control current for the oil switch. If a 110-220 volt distributing circuit be nearby; the
voltage transformer may be omitted and the control frequency and operating current supplied from it.

TEST :QUESTIONS
principle of resonant control?
2. Describe the method of feeding control currents into
1. What is the general

the power system..
3. Draw a diagram of sub-station bus with single feeder

4. What are resonant relays?
.5. Describe a resonant control unit.
6. Explain the operation of resonant control .in detail,
7. Describe the .application to series system using constant current :regulators.
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CHAPTER 216

Electric Bells
An electric bell is a device in which a hammer is vibrated so
that it beats against a bell.

It operates by an electro -magnet which attracts an armature or piece
of soft iron forming part of the hammer lever, the attraction ceasing
when the circuit is broken by the contact breaker, the hammer being
drawn back to its original position by a spring whereby the circuit is
closed and the operation repeated.
The great multiplicity of bells may be classified
1.

With respect to the ringing feature, as
a. Trembling.or vibrating;
b: Single stroke;
c. Combination vibrating and single stroke;
d. Continuous ringing;
e. Buzzers.

2. With respect to the magnet winding, as
.g. Series winding;

b. Shunt winding;
c. Differential winding;
d. Combined differential and alternate winding;
e. High voltage winding;
f. Alternating current winding (polarized).

3. With respect to the form of the interrupter, as
a. Contact breaker;
b.

Contact maker.
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4. With respect to the magnet, as
a. Single magnet;
b. Double magnet;
c. Four magnet (double acting).

BATTERY

PU5H
BUT TON

I1USH

BATTERY

BUTTON

W
cc

SPRING
ADJUSTME

ARMATURE

a

SPRING
Q

CONTACT'
BREAKER

ELECTRO
MAGNET

,OUT EF2
STOP

CONTACT POST
CONTACT
STOP

S
HAMMER

8,437.-Elementary series vibrating bell. It consists of an electro -magnet, armature, contact breaker, pivoted hammer, bell, and frame. In operation, when the push button is
pressed, the current energizes the magnet which attracts the armature causing the hammer
to strike the bell but before it reaches the end of the stroke, the contact breaker breaks the
circuit and the hammer, influenced by the tension of the armature spring rapidly moves back
to its initial position thus completing the cycle.

FIG.

Fin. 8,438.-Elementary single stroke hell. In operation, when the push button is pressed.
the current energizes the magnet and attracts the armature causing the hammer to strike
the hell. The armature remains in the attracted position só long as the current flows through
the magnet. When connection with the battery is broken, the hammer spring pulls the
armature back against M. A stop S. averts the motion of the armature, momentum springing the lever and causing the hammer to strike the bell.
,

5. With respect to the frame, as
a. Skeleton;

Iron box;
c. Wooden box.
b.
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6. With respect to the mode of operation, as
a. Single acting;
b. Double acting;

c.

Electro -mechanical;

d. Relay.

Fios. 8,439 and 8,110.-Bunnell n.c. and d.c. vibrating bell; 24 to 250 volts o.c.; 6 to 250 volts
d.c. The striking element is a heavy plunger moving in a moulded condensite tube. A long
time element is thus secured between strokes w.» ch permits the gong to vibrate freely and
give a true ring of great penetrating or signaling power. The contact is not broken or the contact pressure reduced until the plunger has practically reached the end of the stroke when it
engages the interrupter and opens the circuit with a Quick break.

8,442.-Bunnell a.c. and d.c. single stroke bell for series or parallel circuits. In
construction the only moving part is a heavy plunger, which travels within a moulded condensite tube when the current is turned or.. The plunger strikes the gong a single, direct
blow, setting it in ,complete vibration.

FIGS. 8,441 and
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Trembling or Vibrating Bells.-This form of bell is perhaps
more extensively used than any other. It consists essentially, of -

1.

Electro -magnet;

2. Pivoted armature;
3. Hammer;

4. Contact breaker;
5. Bell;
6. Frame.

SINGLE. STROKE CONTINUOUS,RINGING POWERFUL BATTERY
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LEVER
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STOP
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-HAMMER

SHUNT OR

RENT

IT

SROCURRT

CONTACT
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- HAMMER

8,443.-Elementary combination vibrating and single stroke bell. It is essentially a
vibrating bell as shown in fig. 8,437, with a third terminal, and a stop to prevent continued
contact of the hammer with the bell when working single stroke.
Fin. 8,444.-Elementary shunt or short circuit, combination vibrating and single stroke bell.
This is simply an ordinary shunt bell with a switch arranged so that the short circuit through
the contact maker, armature and lever may be cut out, thus restricting the current to the
magnet winding.
FIG.

The essential parts are shown in fig. 8,437..
Single Stroke Bells.-This type of bell is one which gives only
a single tap each time the battery is connected in circuit. Such operation is often desirable, as in signaling with a code.
NOTE.-The series of cuts representing various elementary bells is intended to illustrate
principles, metallic circuits being shown for simplicity. It should be noted that in construction, the metal frame of the bell is used as a "ground" or returr instead of a separate wire.
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Combination, Vibrating and Single Stroke Bells.-This type
of bell is simply a combination of the two bells just described, as the
classification indicates.

'

Any vibrating bell may be made single stroke by bringing out a third
connection so that the current may pass through the magnet without
traversing the interrupter.
A vibrating bell may be made single stroke by adjusting the contact
breaker spring so that it does not open the circuit.
PAW ER FUL
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SWITCH
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.

CLOSED
POSITION
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Ftc. 8.445.-Elementary shunt hell with single stroke switch. Shunt cycle when the push
button is pressed: 1, Current magnetizes the electro -magnet; 2, magnet attracts armature,
3. contact maker short circuits the current; 4, magnet loses practically all of its magnet-

ism: 5, momentum acquired by moving element causes hammer to strike hell; 6, tension of
the hammer spring overcomes weak magnetism of magnets and pulls armature away from
magnet; 7, near end of outward swing, contact maker breaks circuit; 8, current again magnetizes the magnet; 9, momentum acquired by the moving element causes it to continue its
outward swing (against the attraction of the magnet) to'the stop.

rte. 8,446.-Elementary continuous ringing

bell with mechanical circuit maintainer. II is
hell fitted with a mechanical circuit maintainer and
connections as shown. In operation. when the battery circuit is closed momentarily, the
path of the current is via terminals 13 and C. On the swing of the armature toward the mag-

essentially an ordinary vibrating

net the circuit maintainer trips and its spring causes it to move to the continuous ringing
position, thus switching terminal A, wire to contact breaker via trip lever. With this circuit
it is evident that the bell will continue ringing irrespective of whether the push button be
held down or released, and also that the ringing will continue until the circuit maintainer is
reset in its initial or open position by a pull on the manual control cord. This type bell
is useful for burglar alarms.
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Shunt, or "Short Circuit" Bells.-In this form of bell the
current, during operation, is not broken, but as the magnet attracts the armature, the current is shunted or short circuited, and
thus being offered a path of very little resistance as compared
with that of the magnet winding, most of the current flows
through the short .circuit.
Since this reduces the magnetism to such a small amount that the attraction of the magnet becomes less than the pull of the hammer spring, the
hammer swings back to its initial position.
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r'tc. 8,447.-Elementary continuous ringing

bell with electrical circuit maintainer. In operclosed by depressing the push button, current flows through
the solenoid and draws down the plunger, thus closing the ringing circuit. The bell will
now ring until the ringing circuit is broken by pushing upon the manual control button. To
reset the circuit maintainer the manual control button is pushed upward until the moving

ation, when the starling circuit is

contact rises above the pawls and the latter spring back to their normal (vertical) position,
then the weight of the moving element is held by the pawls.

8,148.-Elementary continuous ringing bell with electro -mechanical circuit maintainer.
when the starting circuit is closed by depressing the push button, current
energizes this one coil electro magnet attracting the armature which disengages the trip.
The spring snaps the circuit maintainer lever over t o the closed position as shown by the clotted
lines, the trip lever being drawn back by the spring against the stop when the push button is
released. The bell beginning to ring as soon as the circuit maintainer lever closes the circuit
through the contact breaker and bell magnet. To reset, the manual control is pulled down
until the circuit maintainer lever strikes the stop, the trip end will then engage with the claw
of the trip lever.

FIG.

In operation,
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Continuous Ringing Bells.-This classification represents a
form of vibrating bell, provided with a suitable attachment for
maintaining the circuit after it has been once established by pressing
the push center, regardless of the fact that the latter may be
only momentarily held in the closed position.
There are three types of continuous ringing bell, classified with respect
to the circuit maintaining device, as those with
1. Mechanical circuit maintainer;
2. Electrical circuit maintainer;

3. Combination mechanical and electrical circuit maintainer.

ELECTRO -MAGNET

COPE
WINDING

ARMATURE
SPRING
SPRING
ADJUSTMENT
BASE

CONTACT BREAKER

TERMINALS

CONTACT BREAKER
ADJUSTME.NT

FIG. 8,449.-Sectional view of a buzzer. In construction, the armature is pivoted to the
loner part of an upright soft iron shield or standard from the top of which the magnet is
lirmly suspended. The armature being pivoted to the shield, vibrates between the magnet
and wooden base and is regulated by adjusting screws underneath. The mechanism is
enclosed in a bell or brass shell.

Buzzers.-A buzzer

is virtually an electric bell without a

hammer or gong.
It operates on the same principle as the electric bell and can be adjusted
to emit a pleasing musical hum.

Differential Bells.-This type of bell represents one of the
numerous schemes to eliminate sparking at the contacts of the

interrupter.
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The electro -magnet is provided with two windings which, ,for convenience
1, the magnetizing wind-

to distinguish their function, may be spoken of as:
ing; 2, the.demagnetizing winding.

Combined Differential and Alternate Bellls.-In this type
of bell there are two separate electro -magnets, and an armature
pivoted centrally between them, so that it is alternately attracted,
first by one magnet, then by the other, as in fig. 8,451.
High Voltage Bells.-In designing a bell for operation on
high voltage circuits, that is, on circuits of voltages higher than
is usual_ in ordinary battery installations, provision must be
made:
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battery
FIG, 8.450.-Elementary differentially wound vibrating bell. In operatjon, when the
circuit is closed: 1, Current flows through the magnetizing winding and energizes magnet;
.demagnetizing
-2, magnet attracts the armature; 3, contact .maker closes ,circuit through
Back
coils; 4, demagnetizing coils demagnetize the magnet; 5, armature spring ptills armature
against the stop, while, 6, the contact maker breaks the circuit through a emagnetiz(ng.coils.
the battery
FIG. 8,451.-Elementary differential and alternate bell. In operation, when
circuit is,closed: 1, current flows through the. magnetizing winding M, and energizes magnet
through decircuir
closes
3,
contact
maker
he
armature;
F; 2, ma net F, attracts.end A, of
magnetizing coil D, arid -single coil, S, (of magnátG);.4-demagnetizing coildelnagnetizes F,
through
and 5, magnet G, attracts end C, of the armature; 6, contact maker breaks the circuit
demagnetizing coil D, and single coil S. (of magnet G).
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To limit the current to the proper value;

2. To secure the proper working conditions at the

interrupter.

The first requirement is met by proportioning the magnet winding SG
as to avoid an undue amount of current. Sparking at the interrupter may
be prevented by the use of a condenser.
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,®;
FIG,

'

,111

HAMMER
8,452.-Elementary heavy duty high voltage bell. The winding is of fine wire to secure

enough resistance to keep down the current to proper value. Sparking is avoided by connecting a condenser across the contact breaker as shown.

8,453.-Elementary alternating current bell with permanent magnet armature. In
construction the electro -magnets are wound similarly, that is, in the same direction, so as to
produce like poles which simultaneously repel and attract the armature ends.

FIG.

Alternating Current Bells.-A type of bell formerly used
extensively in telephone work, to operate on the alternating current furnished by the magneto is shown in fig. 8,453.
Double Acting Bells.-This type of bell is desirable for railroad signals or any place where an extra loud alarm is desirable.
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Motor Driven Bells.-This type of bell is desirable for use
where a loud ringing alarm or signal bell is required.
It consists essentially of a motor having a double striker mounted at
the armature shaft as shown in fig. 8,458, giving two strikes to each
revolution.
Bells of this description are designed to operate on battery pressures of
six volts and higher, also lighting circuits of 110 volts alternating and
direct. A powerful blow is obtained by the revolving stroke of these
bells, because of the amplitude of the stroke, which permits the hammers
to acquire considerable momentum between blows.
.

CLAPPER
STEM
YOKE

HAND

OPERATED
MAGNETO
POLARIZED
ARMATURE"

FIG.

8,454.-Elementary a. c. bell polarized by magnetic induction. N and S, are permanent
n

magnet poles, and

and

.s,

poles i,Ji.ced by the permanent magnet.

FIGS. 8,455 and

8,456.-Operation of the elementary a.t. bell of fig. 8,454. The figures show
the induced poles and movement of the armature during one cycle of the low frequency o.e.
supplied by the hand operated magneto.

Electro -mechanical Bells.-Where a very powerful bell is
required to operate at a distance with little battery capacity,
the electro -mechanical bell is well suited.
In this type of bell, the electric current is used simply to control a spring
operated mechanism which supplies the energy lo ring the bell.
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A form of electro -mechanical bell is shown in fig. 8,459: It consists
essentially of a large and small gear as shown, the large gear having rigidly
fastened to it, a ratchet and pawl wheel and main spring for operating the
gong, a control lever operated by the electro -magnet governs the movement of the two gears by pawl and detent device, and the small gear has
attached to its shaft an air vane to prevent too rapid rotation of the gears.
There is also a control handle by which the bell is rendered either single
stroke or continuous ringing.
PUSH BUTTON
TWO WAY
SWITCH

YTRIO
PIVOT

ECC

SUPPORT

~BELL

SERIES MOTOR.

In operation, magnets F,G', and F',G, are
alternately energized. Assuming the current to flow first through F,G' and then through
G F', F and G', will have N and S poles, and G and F',S and N poles; these will induce
unlike poles in the ends of the armature attracting it at both ends.

Fin. 8,457.-Elementary double acting hell.

Pm. 8,458.-Elementary motor driven, or revolving strike bell. In construction, the motor

has a revolving member attached to the shaft and an eccentrically pivoted clapper at either
end, which in operation delivers two blows to the bell at each revolution of the motor. A
desirable type of bell for use where a very loud ringing alarm is required.

Relay Bells.-Where bells are to be operated at a considerable distance a relay is usually employed, especially in the case of
large heavy duty bells requiring considerable energy to operate

them.
A relay is a device which opens or closes an auxiliary circuit
under pre -determined electrical conditions in the main circuit.
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Its function is to act as a sort of electrical multiplier, that is
to say, it enables a comparatively weak current to bring into opera-

tion a much stronger current.

This is very clearly seen in the operation of a telegraph relay, where a
very weak long distance transmission current is used to operate a relay,
which synchronously controls a strong local current to operate a "sounder."
The term relay has been used erroneously to a considerable extent,
perhaps both through ignorance and abuse; thus, bells fitted with electrical, or electro -mechanical controlling devices, the equivalent of those
shown in the accompanying cuts are often spoken of as "relay" hells. This
BATTERY

I'

PUSH BUTTON
TERMINALS
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CONTROL
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LARGE
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LEVER
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MAIN SPRING
GONG RATCHET

LEAF SPRING

POINT OF CONTACT

STRIKING
POSITION

HAMMER
PIN

STRONG HAMMER SPRING

SLOT

FIG. 8,459.-Elementary electro -mechanical bell. In operation, the main spring having
been wound up, a momentary push on the push button will energize the electro -magnet,
attracting the control lever and raising the pawl out of engagement with the pawl wheel
and also the detent clear of the detent wheel, allowing the gears to revolve. If the push
button be now released, the pawl will ride on the pawl wheel, keeping the detent out of
engagement with the detent wheel. As the large gear turns counter-clockwise, the finger
A, rides on the ratchet, gradually drawing the hammer away from the hell against the
tension of the hammer spring. As the finger rides off the point B, the hammer is suddenly
released and strikes the bell a powerful blow. At the same instant the pawl falls into the
depression C, on the pawl wheel and the detent engages with one of the numerous depressions in the detent wheel, thus stopping the mechanism. A moderate velocity of rotation
of the gears is obtained by means of the retardation air vane.

8,463.-Construction details of clapper for motor driven bell, and view showing
action of clapper on striking the he!:.

FIGS. 8,460 to
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error will he avoided, by remembering that the object of a relay is lo enable
a weak current lo bring into action a strong local current, and thus reduce the size of battery required; this involves two distinct circuits each
having a separate source of current.
SCREW JOINT

HOLES FOR
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CcNTER
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FIGS. 8,464 and 8,465.-Reducing resistancebf bell coils. When connected in parallel (fig. 8,465) the resistance is reduced one half, allowing more current to flow through the coils for a given voltage.
F:Gs. 8.466 and 8,467.-General construction of an ordinary push button. Fig. 8,466, exterior view; fig. 8,467, interior view.

FIG. 8.468.-Special push button with indicating buzzer inside, useful for any system where
the caller desires to know positively that the bell has given the signal.

TABLE CLAMP

d

d

.P222ZE222225--51D

FLOOR CAP

FLOOR PUSH

FLOOR

PLATE
FLOOR

D

C

II

BE

FIG. 8,469.-Paper weight type of mu.ti-push button, suitable for desk use.
Fc:. 8.470 and 8,471.-Combination floor and table push button suitable :or dining room. The
table clamp renders the push portable; permitting it to be moved at any time.
FIGS. 8,472 to 8,174.-Proper method of making a joint in covered wires. First scrape off
about 3 ins. of the insulating covering on the end of each wire: scrape the bared copper
wire until it is bright and clean; bend these wires into the position shown in fig. 8,472; and
then firmly twist them around each other as shown in fig. 8,473. Second, cut off the projecting pieces d, d, close to the joint, and then solder the latter to prevent corrosion. This
corresponds to a Western Union splice. Third, wrap a piece of adhesion or friction tape
around the joint over about half an inch of the insulating covering of each wire, as in fig.

8,474.
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A
ARMATURE

L)
PIVOT

Fics. 8,475.-Shutter or gravity annunciator drop.

In operation, when the circuit is nam
pleted by the depression of a push center, the current flows through the coils of the
electro -magnet M. and energizes its core, and the latter attracts the armayue A, pivoted
at B. When the armature is drawn to the position C, the claw D, is thrown to the position
D', thereby releasing the shutter S, pivoted at T, allowing it to drop by gravity to the position O. thus displaying the number marked upon its face.
FIG. 8.476.-Arrow or needle annunicator drop. In operation, when the current flows through
the coils of the electro-magnet, the armature E, turns on its pivot towards the magnet core A,
thereby releasing the arm D, which in falling rotates the arrow to the position shown in dotted
lines. The arrow is reset by pressing a button, which raises the rod F, carrying the arm G,

FIG. 8,477.-Partrick & Wilkins 4 point hand reset annunciator for d.c., 4 to 6 volts or o.c.
(transformer) not less than 12 volts, 25 watts. The hand reset is operated by a button at the
bottom of the case.
Fro. 8,478.-Partrick & Wilkins 8 point electric reset flush case annunciator for d.c.. 6 to 8
volts or a.c. (transformer) not less than 14 volts, 50 watts. Reset button is on front of case
with extra connections ao that a reset button, if desired, can Jle located remote from an-

nunciator.
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Annunciators.-An annunciator is a device attached to an
electric bell or other signal system in which a shutter, falling in one
of a series of windows in a frame, discloses the number of the
station calling.
Annunciators are most extensively used in connection with elevator,
office, hotel, and residence call bell service. The mechanism of an annun-

ciator consists of an arrangement of electro -magnets the energizing of
hich, when the circuit is closed by the depression of the various pushes,
allows shutters to drop, thereby exhibiting the circuit numbers painted
!UREA CE
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NOSH b BOOZER

COMB NATION
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8,479.-Partrick & Wilkins return call system using combination buzzers or buzzer pushes
and buzzer or bulb separate.

FIG.

8,480.-Partrick & Wilkins telephone system using room sets or combination buzzers
transformer or battery for calling and battery for talking circuit.

FIG.

thereon, or causes arrows to move and point to the numbers of the circuits
marked close to them on the indicator panel.

Bell Wiring.-Always start to wire at the push, and run the
wires from the push to the bell, and to the battery.
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Fasten each wire lightly to the woodwork. with staples or double pointed
tacks.
The wire from the push to the battery may be run through holes bored
in the floor directly under the push, but inside the front door, then along
the cellar beams to the battery. In many houses the wire from the push to
the bell may also be run along the cellar beams. In such cases, a second hole
should be bored in the floor by the side of the one accommodating the wire
from the push to the battery, for the wire from the push to the bell.

<

f

CELL

()PU5H.

BELL

CIRCUIT WIRE

Flo. 8.481.-Simple bell metallic circuit.

8.482.-Simple bell circuit with ground return. Instead of using ground plates, a more
convenient method consists in connecting the ground wires to a gas or water pipe.

Ftc.

Bell Circuits.-There is a great multiplicity of bell circuits,
but they may all be divided into two general classes:
2. Ground.
1. Metallic;
NOTE.-Lou, voltage hells ordinarily operate on 6 to 8 volts al the bell; this means 4 to 6
dry cells plus enough additional cells to allow for line drop depending on the length of line. It
should be noted. that in the wiring diagram the dry cell or cells shown do not represent the
number of cells required but simply indicate an electrical source of current.

Electric Bells
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PARALLEL
CONNECTED
PUSH

CELL

BUTTONS

8,483.-Parallel connected push buttons for ringing one bell from several points. It i
obvious that if the push buttons were connected in series, all would have to be closed to
complete the circuit.
G.

y

SERIES TYPE BELLS

8,484.-Two bells connected in series to ring from either one of two push buttons. It
should be noted that ordinary bells cannot be connected in series, as they would not make

FIG.

and break the circuit in unison. Thus when two or more bells are to work on a series circuit, one of theni should be an ordinary make and break bell, and the remainder single stroke
bells, or two or more shunt or short circuiting bells, as here shown. It will be seen from the
figure that the circuit through such a bell is never broken, the attraction of the armature
short circuiting, and therefore demagnetizing the electro -magnet, which thereupon releases
the armature. This operation is repeated as long as the outer circuit is closed; and the bell
rings like any ordinary bell, but without interfering with the others in the circuit. Such a
bell could obviously be used alone, but there would be a disadvantage in this, as the bell
would short circuit the battery every time the armature was attracted. Even with two
or more bells in series. the battery would be more or less short circuited when they were
ringing. As these bells short circuit themselves when in action, there is appreciable sparking
at their contacts.

0

0

P
FIG.

ARA LLE

8,485.-Several bells connected in parallel to ring from one push button.

L
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according to whether a wire or the ground be used for the
"return conductor," that is, to complete the circuit.
The simplest circuits representing these two classes are shown in figs.
8,481 and 8,482. Various other methods of connecting bells are shown in the
accompanying illustrations.
In general, it makes no difference whether the positive or the negative
pole of the battery connects with the bell or the push button, except where
a ground return is used. In the latter case the negative pole should connect
with the earth.

TWO WAY

SWITCH
FIG. 8,486.-Diagram showing how either of two hells may be rung from one battery by means
of a two way switch.

bÓ

T

tc. 8,487.-Two bell diagram so connected that push a rings bell B, and push b rings bell A.
AUXILIARY
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RELAY
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CIRCUIT
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8,488.-Method of reducing size of battery on long line by use of a relay. As exp ained
elsewhere a relay is a device which opens or closes an auxiliary circuit, under predetermined
electrical conditions in the main circuit. Its function is to act as a sort of electrical multiplier, that is to say, it enables a comparatively weak current to bring into operation a much
stronger current.

FIG.
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It should always be remembered that the positive Pole of the battery is at the
top of the negative plate, and the negative pole is at the top of the positive plate.
For instance, in the case of a Leclanche cell, or dry cell, the positive pole
is at the top of the carbon (negative) element, and the negative pole at the
top of the zinc (positive) element. In the case of a gravity Daniell cell, the
positive pole is at the top of the copper (negative) plate; and the negative
pole is at the top of the zinc (positive) plate.

A

M1

B

F[c. 8,489.-Method of wiring an annunciator; diagram shows the various circuits, bell, battery, push button, drops, etc.

Annunciator Circuits.-A general method of wiring an
annunciator is shown in fig. 8,489. The wire A, runs from
one terminal of the battery to one terminal of each push; the
wire B, runs from the other terminal of the battery, through
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WIRING BOARDS
OF
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WIRINV BOARDS

OF
ANNUNCIATORS

TRANSFORMER
OR BATTERY

TRANSFORMER
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A, automatic
Fres. 8,490 to 8,493.-Wiring diagrams for Partrick & Wilkins annunciators. contact
pushes
annunciators in multiple; special winding of magnets required for this system;
for extension
!onnections
used in rooms; B, electric reset annunciators in multiple with extra
with
push; C, plain single annunciator with single contact push; D, annunciators in multiple
double contact pushes, no special winding of magnets.
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the bell, and thence to one terminal of each of the drop magnets Ml, M2, etc. The other terminals of each of the magnets
M1, M2, etc., and pushes 1, 2, etc., are connected as shown.
With this arrangement, the pressing of any push button does not affect
any of the other drops except the drop controlled by that particular push.
For instance: when push button 3 is pressed, the circuit is completed only
through the drop magnet M3, as shown.
The use of the common battery wire B, and the common return wire A,
obviates the necessity of running two wires from each push. These common
wires should be larger than the other wires, however, and No. 16, B & S.
gauge copper wire will be found suitable for the general run of annunciator
work.

Bell Ringing Transformers.-There is a great difference in
transformers and by actual test the voltage and wattage will
often be found lower than rated.
Sometimes transformers when tested viithout a load are found to be properly rated, but when tested while signals are being operated show a deficiency of several volts,

Ques.
current?
Ans.

Will a bell ringing transformer operate on direct

No.

Ques. Will bell ringing transformers burn out if the bell
wires become short circuited?
Ans. No. They are so constructed that they will only heat
up to about 50 degrees centigrade above the room temperature,
and remain at that temperature until the short circuit is
removed.

Ques.

Do all bells operate on alternating current?
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Ans. Battery types of bells up to six inches will operate on
alternating current, above 'that size standard alternating current or transformer bells are required.

Ques.
Ans.

'

Ques.
former?
Ans.

Upon what voltage do transformer bells operate?

The large size bells require from 12 to 18 volts.
Can a person get a shock from a bell ringing trans-

No.

Ques. Does the wattage consumed by the bells determine
entirely the wattage required from the transformer?
Ans. No. The power consumed by line losses may be
equal or greater than that necessary to operate the bell.

Ques. What should be done if the highest voltage tap on
the transformer will not operate the bell satisfactorily?
Ans. If using a 12 volt bell, substitute an 18 volt tap thus
reducing the line loss. Increasing the size of bell wires will also
accomplish the desired result.

Ques.

Can a higher voltage transformer be used?

Ans. No. Voltage higher than 25 volts is not permitted by'
Underwriters.

Points to be Remembered.-Bell amperage should be equal
to, or ten per cent less than lamp amperage, when lamps are
used in series with bells or buzzers.
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Wattage consumption of lamp has no relation to watt consumption of bell.
In the event of there being any doubt as to the proper bell to be used in a
series installation, it is best to advise the factory of the installation and ask
for a recommendation and authentic information.
If bells are to be used in series, first determine voltage to be used, the
number of bells to be used and divide voltage by number of bells, which will
give the correct voltage that the bells will require.

Practical Hints on Wiring.-Always use line wire of large
enough size to prevent an extensive drop in voltage over the
circuit depending on the entire length of the circuit.
If transformers he used, be sure to order same with a sufficient wattage
capacity taking into consideration the number of signals on the circuit and
the combined wattage and voltage drop.
If circuit breakers or relays be used on any of the bell circuits, find out the
watt consumption of same and figure the same as a bell consuming that
amount of wattage. Therefore, in obtaining the total wattage on bell circuits the amount of wattage the relay or circuit breaker consumes must be
known.
Never use No. 18 wire for bell circuits excepting for ordinary residential
door bells.
For longer distances use No. 12 or No. 10 wire to reduce the voltage drop.
No. 14 wire is of ample size for most bell jobs.

TEST QUESTIONS
classification of bells.
Of what does a trembling or vibrating bell consist?
Describe the operation of a single stroke bell.
How does a combination vibrating and single stroke
bell work?
AY'hat is the construction of a shunt or short circuit

1. Give a

2.

3.
4.
5.

bell?
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6. Describe the construction of a continuous ringing bell.
7. What is a buzzer?
S. What kind of electro -magnet is used on differential
bells?
9. How does a combined differential and alternate bell
10.
11.
12.

13.
14.

work?
What provision must be made in designing bells for
high voltage?
Describe the operation of an alternating current bell.
For what service is a double acting bell suitable?
What is the construction of a motor driven bell?
For what service is an electro -mechanical bell suitable?'
What is a relay?
On what bell service are relays used?
What is the construction of a push button?

15.
16.
17.
18. What is an annunciator?
19. How does an annunciator

work?

Name the two general classes of bell circuits.
Draw numerous diagrams showing various bell hook
ups.
22. How is an annunciator wired?
23. Give a few points relating to bell ringing transformers.
20.
21.
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CHAPTER 217

Burglar and Fire Alarms
Electric signaling apparatus and systems of control have been
developed to meet the requirements of various kinds of service.
The special applications considered in this chapter are
1.

Burglar alarms;

2. Fire alarms;
3. Hospital signals.
N°5 OR N°7
CLOSED CIRCUIT

N°5 OR N°7
.B.A.

B.A.

ANNUNCIATOR
CLOSED
CIRCUIT

ANNUNCIATOR

DOOR

SPRING
OPEN CIRCUIT
DOOR SPRING

DRY
IATTERY

11111

r

.++.41
I

i

4

CLOSED
CIRCUIT
WINDOW

OPEN CIRCJIT
WINDOW SPRING
BAWET
TTERY

SPRING.

-111111

N

DRY

BATTER`,'

8,495.-Open and closed circuit diagrams of Edwards' burglar alarm systems
with annunciators to indicate the point of contact. The window and door springs all go
to an annunciator drop before connecting with the rest of the circuit and immediately tell
what door or window has been tampered with.

FIGS. 8,494 and

Burglar Alarms.-Protective systems ordinarily known as
burglar alarms are of two general kinds:
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1. Those having conñection to police stations, protective
offices or other remote points where. a signal receives immediate

attention.
2. Those in which the alarm is in the. building which it
protects.
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WINDOW CONTACTS

4

OPEN

CIRCUIT
'TEST
o

21 3

8,496.-Open circuit burglar alarm annunciator system. 8 volts d c. or 18 volts a.c.
are required at terminals of annunciators for operation of system. In hook up there must
be: 1, one common wire from all window and door springs to annunciator; *2, one direct wire
from each window and door spring to annunciator; 3, two wires from battery or transformer
to annunciator.

FIG.

In general a burglar alarm system includes essentially a
source of electricity, a bell, an annunciator, and various devices
placed about the building in such a manner that an intruder
will make the system operative. The bell sounds the alarm
*NOTE.-Where one drop is to indicate a group of springs, such as a room or section, only
one direct wire from each group to the annunciator is required.
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8,497.-Closed circuit burglar alarm system. It consists of: 1, one direct wire from the
closed circuit battery or transformer to the first window or door spring; 2, one wire from the
other side o this window or door spring to the next window or door spring and continues on
in series wiring to the last window or door spring; 3, one wire from the last window or door
spring to the non -locking type relay; 4, one wire from the non-locking type relay to the
closed circuit battery or transformer; 5, one wire from the non -locking type relay to the
looking type relay; 6, one wire from the non-locking type relay to the bell and to open cir.
cult battery or transformer; 7, one wire from the bell to the locking type relay; 8, one wire
from the locking type relay to open circuit battery or transformer.
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8,498.-Open circuit burglar alarm system to be operated in parallel. in hook up there
must be: 1, one common wire to o:'e side of all window or door springs, switch and 1,^4'

FIG.
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and the annunciator. indicates the location at which the intruder
is trying to enter. Devices for detecting the entrance of a
burglar are made in many forms adapted for various purposes.
Some are designed to be operated by the raising of a window or
by the opening of a door, where entrance is likely to be attempted. Bells for burglar alarms should be either of the
continuous ringing type, or controlled by a continuously ringing
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CONTACT
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110 VOLT LIGHTING CIRCUIT

8,499.-Burglar alarm circuit having annunciator with 110 volt relay to close lighting
circuit; testing switches, master switch and bell.

Fin.

relay. Otherwise, an entrance might be made so quickly that
the bell would not ring long enough to arouse the occupants of
the building.
With respect to the methods of working, burglar alarms are of
two kinds:
1. Open circuit; 2. Closed circuit.
FIG. 8,498.-Trxt continued.
2, one common wire to other side of all window or door springs and to relay; 3, one wire
from battery or transformer to relay; 4, one wire from relay to bell: S. one wire from ,itch

to battery or transformer.
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In the open circuit, fig. 8,500, no connection is made on current flowing.
until the circuit is closed by some contact making device.
In the closed circuit, fig. 8,501, a small current is always flowing through
the apparatus and an alarm sounded if any connection be broken or a wire
opened. This is done by the small current holding a relay away from contacts which send current through the bells or howlers. A break in that small
current then, would release the relay and send off the alarm. Both have
their advantages and disadvantages and each is suited for its respective
purposes.
Contact making or brealáng devices consist of foot switches, railings,
knobs, handles, screens or anything where a touch or handling sets off the
device.
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8,501.-Open and closed circuit diagrams of Edwards' burglar alarm systems.
These show the window and door contact springs of the open and closed types, the constant
ringing drop to make the bell ring continuously when once started, and the actuating relay
to close the hell circuit on the closed circuit system.

FIGS. 8,500 and

Notification to distant points is in the form of an annunciator drop, a
light, a buzzer or other signal notifying that the alarm has gone off.

Hospital Signal Systems.-In every hospital it should be
imperative that a means exist for patients to call nurses when;
needed; and it must not be bells or alarms that disturb others
patients nor must it require much exertion on the part of the
ailing patient. Therefore, silent call systems such as light
signals, push buttons, or pull switches are necessary at the
bedside.
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8,506.-Diagram of Bryant si ent call hospital signal system for two calling stations in
two separate rooms. The lights are placed over the doorway of the patient's room and
also .at other places where nurses are apt to be. and pull switches are placed at the bedside.
For two or more stations in same room connect in parallel. Note: if an annunciator for
patients' signals be required an extra wire should be carried from the spare contact on the
control switch to the proper numbered signal in the annunciator.

FIG.

Y.M.C.A

,C44,1

.

LoÑB.+'Ai.W

eVZZ<Re

ROOn Cqtl_

BZZER

0171c

oWE/i

E.r,.ERBnrr[2T

OR

TKA,,.,rOtn¡C(

8,507.-Partrick & Wilkins room call system without annunciators for Y. M. C. A. service.
In This system a combination buzzer (or separate push and bell or buzzer) is used in the
rooms. The No. 1 button board with one bell or buzzer in the office. The clerk in the office

FIG.

calls the room and the room occupant answers by pressing push. No annunciator required
with this system. Adapted also for rooming houses where it is not necessary to have a complete return call annunciator system; pay station exchange telephones can be located on the
different floors and when guests are wanted they can be called by clerk and by a given signal
notified that they are wanted on the telephone. A caller can quickly ascertain if a guest be in
his room. The guest can be called at a given hour, etc.
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One system consists of colored lights and pull switches operated by a cord
which can be sterilized or changed.
In the wall adjacent to the patient's bed is installed a pull switch. A
linen cord connected to the lever of the control switch is placed where the
patient can reach it. A gentle pull on the cord operates the switch and
lights the signal lamps.
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FIG. 8,508.-Partrick & Wilkins school house class call and alarm system. It consists of r
P. & W. No. 1 compound push or school button board located in the principal's room
This push controls all of the class room bells, fire alarm bells and yard gongs. It can be
arranged so that the bells can be rung singly, by floors or all together. The class room bellº
are 3 inch 40 ohm P. & W. wood box. The fire alarm bells, located in the halls, are 8 inch
emergency gongs, of the non -weatherproof type. The yard bells are 10 inch, weatherproof
type, enclosed in outside bell cover.

There is a door light in the corridor over the room door of the patient who
has placed a call. This signals to the nurse. She attends the patient and
cancels the call at the bedside by restoring the lever of the control switch to
its original position. The calling station is the only place where the signal
can be cancelled so the nurse must visit the patient to erase the signal. Only
those signals operated by that station are extinguished by the cancellation
of that call.
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The pull control switch as shown in figs. 8,502 and 8,503 is a part of the
calling station located in the wall adjacent to the patient's bed, and is operated by means of a cord which the patient pulls. When the cord is pulled,
signal lamps are lighted at various points in the hospital to notify nurses
and guide them to the patient who has called. These signal lamps remain
lighted until the nurse visits the patient and cancels the call by raising the
lever of the control switch.
Other lights called pilot lights are placed at intersections of hallways, in
diet kitchens and other desired places. These pilot lights show when a call
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Wilkins low voltage hospital call system with needle annunciator and
relays. In this system there is located in the head nurse's room a master needle annunciator.
A duplicate of this annunciator can he operated in parallel if so desired. In the patient's
room a wall plate extension push, which is fitted with extension plug or pear push. In the
corridor, over or alongside the room door is a wall plate lamp. In operation. when the pear
push is pressed the relay operates and lights the red lamp over the door in the corridor and
shows indication on annunciators. The lamp over door remains lighted 'and indications on
annunciators remain until the nurse visits the room and presses the button on the wall plate
push from which point the call has been made.
&

is registered from any room in a corridor; the light can be seen from an intersecting corridor. A nurse in the intersecting corridor goes to the intersection

of the two corridors and the door lights over the room doors indicate which
patients are calling.

A soft toned audible signal can also be connected in the
circuit for night use and disconnected at will by the nurse.
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Audible signals may be in the form of a bell or buzzer muffled or lightly
toned and placed where nurses are apt to be. An annunciator may also be
used and placed in the superintendent's office for registering the calls.

Fire Alarm Systems.-The fundamental fire alarm system
consists of a number of signal boxes from each of which the alarm
bell can be sounded.
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Fiu. 8,510.-Sectional view of building showing layout of Aero fire alarm system, the operation
being explained in fig. 8.511.
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A simple system well adapted to a small loft building with three or four
floors, or to a one story building with considerable floor area, is installed by
placing on each floor or in each room or department a bell to give the alarm,
and an annunciator to indicate the location of the station from which the
alarm was sent.
On the larger systems fire alarm boxes are used.

In principle a fire alarm box is a contrivance for turning in a
signal in code,

to indicate'wllere the

alarm came from.

COPPER TUBING IN ALL SPACES
TO BE PROTECTED

CONTINUOUS

PNEUMATIC COMPENSATING VALVE

AIR DETECTOR

ADJUSTABLE FOR ALL RANGES
OF TEMPERATURE

AIR
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FLEXIBLE DIAPHRAGMS

AFFECTED BY INCREASE OF
AIR PRESSURE IN DETECTOR TUBING

FIG. 8,511.-Aero air tube fire alarm system. In construction and principle, the sensitive,
which is
fire detecting element is a very small copper tube less than 1/12 in. in diameter
The tubing
strung along or around the ceilings or roofs of the premises to be protected.
the
contained
fire,
In
case
of
pressure.
contains nothing but air at ordinary atmospheric
air becomes heated and expands. At each end of the tube there is a diaphragm or small

metal box with very thin sides capable of being bulged outward by air pressure. The bulging
sending
of the diaphragm closes electrical contacts which operate a transmitter, automatically
the alarm to the fire department. An annunciator indicates the floor or section of the building
where the fire originated and a local alarm is sounded on gongs.
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It consists of a toothed wheel rotated by a spring which makes
electrical
contacts in accordance with the number of teeth cut
and their spacings.
These contacts ring a bell, or sound on a telegraph
a traveling tape. The number of rings or tape instrument, or record on
indicates the origin of the
call. This constitutes the fire alarm telegraph as used
in the large cities.

General Principles of Fire Alarm System.-There are
two
forms of circuits employed in the various systems.
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8.512.-Partrick & Wilkins open circuit fire alarm
with break glass signals and
vibrating bells. In operation, the breaking of the glass system
of any of the fire alarm signal noses
will cause all of the bells on the circuit to ring
simultaneously until switched off.
Fin. 8.513.-Partrick & Wilkins open circuit fire alarm
In operation breaking of
the glass of any of the fire alarm signal boxes indicates onsystem.
the
corresponding fire alarm box, and at the same time rings all bellsannunciator the location of the
simultaneously until switched
off at the annunciator.
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Open;

2. Closed.
Open circuit systems are generally installed in small office buildings, small
factories and lodging houses, where maximum protection must give way to
limitation of expenditure. As current is employed at the time of alarm only,
satisfactory service depends upon careful installation and periodic inspection
and test of system. Fig. 8,514 illustrates the open circuit system.
Closed circuit systems afford maximum protection, as there is a supervising
current passing through the apparatus and lines at all times. Part of the
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FIG. 8,514.-Edwards' open circuit fire alarm system. n the open circuit system any contact
made in any box on a floor sets all the bells in operation.

8,515.-Edwards' closed circuit fire alarm system. In the closed circuit system any contact
broken in any box sets all the bells in motion, and where the boxes are code boxes, the bells
sound the code. The closed circuit holds a relay armature in suspense and when released
makes contact with the main circuit.

PIG.

apparatus is a trouble bell which rings immediately and continuously should
there be a break in the line, failure of current, etc. Fig. 8,515 illustrates the
closed circuit system.
Pre -signal systems are closed circuit systems recommended for hospitals,
hotels, and places where it is not desirable to sound a general alarm until the
extent of the fire has been investigated. The operation of any station sounds
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an alarm in some pre -determined places only, such as the superintendent's
office or service quarters. If necessary, after investigation, the general
alarm may be sounded on all bells by anyone holding a key. The key is
inserted in any station and the lever pulled as usual. Fig. 8,516 illustrates a
pre -signal system.

o
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CONTROL
PANEL
_.F

TROUBLE
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8,516.-Edwards' pre-signal closed circuit fire alarm system. This type of system is
arranged so that the operation of a station does not sound the general alarm, but gives the

FIG.

signal in pre -determined places such as the superintendent's office or service quarters, allowing the fire to be investigated beforehand. 11 necessary then the general alarm may be
sounded by those in authority holding a key, which is inserted in any station and the lever
pulled in the usual way.

Code Calling System.-The code calling system is designed
to assist the telephone operator to locate individuals and call
them to the telephone. The apparatus for the system consists
of the sending station, the master relay and the signals.
The sending station is housed ín a neat hardwood case which is located on
or near the telephone switchboard. It has a name card and code number for
each individual and may be obtained in 10, 20 or 30 call capacities. The
master relay is operated by the sending station and the signals are operated
from the contacts of the master relay.
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FIGS. 8,517 to 8,519 -Partrick & Wilkins break glass fire alarm signal boxes( or open circuit,
with vibrating bells. Fig. 8,517, No. 1 signal, breaking of glass automatically closed circuit.
For low voltage only; fig. 8,518, flush type for low voltage; fig. 8,519, type for 110 volts or less.
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8,521.-Partrick & Wilkins burglar and fire alarm relay and circuit diagram.
It is known as a power off relay, closed circuit relay or back contact relay.

FIGS. 8,520 and

FIGS. 8,522 and 8,523.-Partrick & Wilkins burglar and fire alarm relay and circuit diagram.
This relay is used with temperature pressure and time control and is also adapted for the
remote control of motors, heaters and lights where Underwriters' approval is required.

?io. 8,524.-Bunnell fire alarm relay. Works on 25 milli -amperes; 25 ohm winding. This type
usually called trouble bell relay.
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Various types of tone signals are used. The selection of these is dependent
upon the noise conditions which prevail at the locations where the signals
are to be operated.
To call an individual to the telephone, the operator moves the code indicator to the proper code number and pulls the handle down once. The call
is automatically. sounded three times on all signals.

TEST QUESTIONS
Name three classes of electric signals.
2. What are the two general kinds of burglar alarms?
3. What are the essential features of a burglar alarm?
4. Draw a diagram of closed circuit burglar alarm sys1.

tem.
5. Draw a diagram of open circuit burglar alarm syslem.
6. What are the features of hospital signal systems?
7. How is a hospital pull control switch constructed?
8. Draw a diagram of a hospital silent call signal system.
9. What are the essential features of a fire alarm system?
10. What principle is employed in the construction of a

fire alarm box?
11. Describe the aero air tube fire alarm system.
12. What are the general principles on which fire alarm
systems work?
13. Name two general classes of fire alarm systems.
14. Which class of fire alarm system is the better?
15. Draw a diagram of an open circuit fire alarm system.
16. Draw a diagram of a closed circuit fire alarm system.
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CHAPTER 218

Traffic Signals
Owing to the ever increasing number of automobiles, propel
control of modern city traffic has become necessary for the
safety of pedestrians and motorists.
The movement of traffic is controllea by colored electric
lights on signal units located at street intersections, the signals
used are

Green

go

Yellow

caution

Red

stop

The yellow signal is really a ".transition" signal which is displayed a few
seconds between the green and red lights in order to allow the moving traffic
time to cross the street intersection before the other line of traffic starts.
The duration of the transition period is of importance; that is, in the case
of fast moving traffic, the transition period should be long enough to give a
car (2 or 3 car lengths) from the street intersection, time enough to cross the
intersection before the red light comes on.

Systems of Traffic Flow.-There are three main kinds of
traffic flow:
NOTE.-The long transition period inflicted on drivers in some of the rural towns is
-idiculous and is no doubt due to the dumbness of the officials in trying to make their towns
appear important by apeing the traffic practice of the large cities.
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1.

Intermittent.

2. Semi -continuous or semi -progressive.
3. Continuous, or progressive.
These require control systems suitable to the individual
requirements.
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FIGS. 8,525 to

8,553.-Parts of General Electric pendant

and pedestal signals.
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Ftr.. £1,554.-Central control system without local manual control. Advantages: complete universal
control, that is, manual,
automatic, steady anther, with optional special amber flash, fire, florid light, and hell control of system
from a central point,
Limitations: The system is inflexible. To control traffic properly it is usually necessary to operate signals
at various interseCtions with different percentage allocations of time to main and side streets, which this system does
not
provide.
The system
requires power cable interconnection. Expansion of system requires additional interconnecting
cable
and
relay
boxes. Break
down may affect a portion or all of the signals.
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The control systewl to give intermittent traffic flow can be identified by the fact that all signals show
the same color in the same direction at the same time, and all signals change colors simultaneously

2. The synchronous motor control system employing a synchronous motor controller at each intersection.

1. The central control arrangement employing a main controller at the central control point, and a
to 6 wire power cable interconnecting the signals and controller.

FIG. 8,555.-Central control system with local manual control
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Semi -Intermittent or Semi -Progressive Traffic.-This type
of traffic flow is the result of an attempt to obtain continuous or
progressive flow with inflexible control equipment.
In districts where there is irregularity in spacing of intersections (which
exists in most areas) and with marked variation in the density of traffic
throughout a given area, it is practically impossible to obtain satisfactory
results with this type of traffic flow. The control apparatus may he the
same as that mentioned under "Intermittent Traffic Flow." The signals,
however, operate in groups, some showing red while others show green,
instead of all showing green at the same time, as they do in the intermittent
flow system. The control system to give this type of traffic flow may be
recognized by the fáct that although some signals may show green al the
same lime that others show red in. the same direction, yet all the signals will
change color simultaneously.

Continuous or Progressive Traffic Flow.-Traffic at a given
speed, either fixed or variable, or traffic flow through an area
with a minimum of stops, is the ideal system of traffic move-

ment.
In order to obtain continuous or progressive traffic flow with
irregular spacing of intersections and with unequal traffic
density through the area, and in order to be able at will to
change the speed of traffic flow to suit weather or traffic volume
changes. the control apparatus must possess extreme flexibility.
To obtain continuous or progressive traffic movement at a given fixed
speed through an area, the synchronous motor control system employing
a synchronous motor controller at each intersection may be used.
If, however, a continuous or progressive traffic flow with a speed variation possibility be desired, the control system would consist of a main
controller or transmitter (speed setter) inter-connected by means of a
small sized 4 to 6 conductor cable to a local controller or receiver at each

intersection.

Traffic Signal Control Apparatus.-Adequate traffic control
depends upon two main factors: 1, efficient traffic signals; 2,
flexible and durable control apparatus. In the accompanying
diagrams are shown layouts for the following systems.
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2. Supervisory control system;
3. Synchronous control system;
4. Impulse control system.
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box with synsystem requires the installation of a control such relation
8,556.-Synchronous control system (non -interconnected). Thisautomatic.
The timers are set in the field with
chronous timer at each intersection, either automatic or hand and
The speed of
of
traffic.
to provide for progressive flow
to one another (depending on length of blocks, speed required, etc.) asAdvantages: progessive control of traffic; no cable intertimer.
without
resetting
each
cannot
he
changed
traffic when once set
at any
but a single intersection, and controlsystem may be easily expanded
connection; break down in signal apparatus affects
to give the proper proportion of time to main
time. The general scheme permits the setting of the control at each intersection
at
predetermined
flow of traffic through a given area in both directions
and side street movements and also permits the smooth
system permits control combinations for the various types
speeds. The control apparatus applicable to this synchronous control
of control boxes.
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Signals require inter -connecting cables between intersections.
A special application of the central control system known as the "stagger" control system employs
the same apparatus. By connecting the signals so that certain groups of signals show red while others
show green in the same direction, progressive traffic flow may be approximated.

1. Central Control System.-This type of system as shown in fig. 8,554 provides
for the intermittent flow of traffic only.
All vehicles move on the main street at one time, while all vehicles on the Cross streets are halted.
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Fig. 8,557.-Impulse control system. Acivanlages: It permits the setting of the timers at each intersection to give
the proper
proportion of time to main and side street movements and also permits the progressive flow of traffic through a given area at any
speed. A central control flexibility permits of varying the permissible speed of traffic flow through the area.
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Etc. 8,558.-General Electric induction timer (interior view). This automatic timing devict
operates the lamps in a traffic signal system so as to give red, amber, and green indications.
This controller consists essentially of a disc type induction motor geared to a cam mechanism
which operates four pairs of silver tipped contacts each having a capacity of 5 amperes at 110
volts a.c. These contacts control the.signal lamps either directly or through relays, the lamps
being energized in sequence automatically, according to the division of the total cycle as
determined by adjustments with which the timer is provided.

8,559.-General Electric synchronous timer (interior view). This is similar to the standard
induction timer except that a synchronous motor drive is used in place of the induction motor
drive. The motor speed, is, of course, fixed for a given frequency and therefore the time of
the complete cycle cannot be readjusted except by renlarement of the driving gears.

FIG.
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2. Supervisory Control System.-This arrangement results
in the same traffic movement as obtained with the central

control system.

8,560.-General Electric impluse transmitter timer. It is used as a main transmitter at the
central control point of an impulse control system to perform the following functions: 1, to keep
all receiver timers throughout the system operating at the same speed; 2, to vary
the speed of
operation of all the receivers; 3, to operate automatically to reset all receivers once each cycle.
In consists of a standard induction timer motor mechanism having the standard shaded
pole piece speed variation adjustment within a 2 to 1 range. In order to further increase
total time cycle range to give a 4 to 1 adjustment, the motor mechanism is connectedthe
to
a. front adjusting dial with a 2 to 1 gear shift mechanism. The motor mechanism
operating
through this gear shift drives a pair of cams which operate alternately to open and close
a pair
of contacts, the making and breaking of which at any established rate results in the alternate
energizing of the t wo solenoids operating the receiver at each intersection. An increase in the
rate of opening and closing of the transmitter contacts results in an increase in the speed of
operation of each receiver tinier. Similarly a decrease in the rate of make and break at the
transmitter results in a decrease in the speed of operation of each receiver timer. Connected
to the driving mechanism of the transmitter timer is a cam operated set of contacts which act
automatically to insure that all receiver timers will operate in step.

FIG.

Interconnecting cables are required between intersections, these ar:
smaller than those required for the central control system. Such a system
is advantageous only where fire alarm or police circuits are available.

3. Synchronous Control System.-This system as shown in
fig. 8,556 provides for the progressive flow of traffic at a fixed predetermined rate of speed.
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operation the total time cycle is varied
8,562.-General Electric three street timer. Intime
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by changing the motor speed. The right of waycycle.
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4. Impulse Control System.-This type provides for the
progressive flow of traffic, but the speed of such flow may be varied
to meet different traffic densities and weather conditions.
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It is of the a.c. disc type motor driven element.
The operating mechanism consists of two similar units, one controlling the green and green
amber circuit, and the other controlling the red and red amber circuit. After either of the
units has completed its operation, control is instantly transferred to the other unit and at the
same time the first unit is returned to the zero position ready to begin operation again. On
the face of the timer are four adjusting knobs which provide for the independent setting of
the red, red amber, green, and green amber.

Fto. 8,563.-G. E. induction trial type timer.
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FIGS. 8.564 and 8,565.-General appearance of General Electric impulse booms.
transmitter type, fig. 8,565. receiver type.

Fig. 8,564,
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It allows the movement of vehicles on the main street to be continuous
throughout, but with different speeds according to conditions.

Timers. There are five typesof timers available:
1. Induction;
2

á
0g

b.'.

-

2. Synchronous;
3. Impulse;

N
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y.

,

a. Transmitter;
b. Receiver.
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4. Three -street;

5. Trial type.
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The features of these various timers are shown in the accompanying illustrations.

Flo. 8,567.-General Electric jack mounted fire relay. This fire type
or remote
exactly the same as the standard relay except for a third set of silver contacts off relay le
which close
when the relay is de -energized. The flasher relay is
identical in all features with the standard
relay except that different connections are made to the jacks.

TEST QUESTIONS
1. Explain the meaning of green, yellow and red signals.
2. How many kinds of traffic flow are encountered in
congested districts.?
3. Describe intermittent traffic flow.
1. What are the conditions which cause semi -intermittent
or semi -progressive traffic?
5. What are the features of continuous or progressive
traffic flow?

6. Name the different kinds of signal control apparatus.
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7. Describe the central control system.
8. What are the features of a supervisory control system?
9. For what does the. synchronous control system provide?
10. Describe the impulse control system.
11. Name the five types of timers.
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CHAPTER 219

Sign Flashers
By definition a sign flasher is a device used for giving flashing
and changeable effects to electric lights in any form.
The mechanism may be constructed to flash a sign by spelling the words
out, one letter at,'a time, flashing border lights around a window, changing
colors'i i glass signs, or in fact in any way to attract the eye.

There are numerous kinds of flashers, and they may be
classified, according to construction of the switch contacts, as:
1. Brush;
2. Mercury.
With respect to operation of the electrical effects, they may
be classified as:
1. Simple on

and off:

2. High speed;

3. Speller:
4.
5.
6.
7.
8.

Script;
Chaser;
Combination;
Control or master;
Thermal.
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Brush Flashers.-These machines are provided with a brush
which bears on a steel cam or contact mounted on a slotted
steel drum, and is usually made of several strips of copper and
phosphor bronze.

.

4
""-W.41,

Fin. 8,568.-Leland speed border flasher; unit type for four circuits. The ustial practice

is to
divide the display into four circuits dr groups or circuits, and order the flasher for 1-2-3-4
wiring; or 1 to 4 wiring. The nastier then turns on the tour circuits in succession and repeats
interminably, each circuit going nark before the, one preceding it is lighted up, so that there is
always one or two circuits dark out of e.ach see of four.
FIG. 8,569.-Leland combination flasher for four speed circuits and four speller circuits. This
type is used on almost all displays, of any size, that compete for attention with other nearby
displays. There is practically no limit to the intricacy of motion effects possible with a
combination flasher.

Simple On and Off Flashers.-These are used for flashing
whole signs or heavy loads on and off. A flasher of this type
consists of a brush and contact with reducing gear and connection to a small motor for operating same.
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The machine may have only one switch or any number of switches.
The connection to motor may be by belt or chain, or the motor may be
directly connected to the worm gear.

High Speed Flashers.-Machines of this type are used for
giving what is generally known as high speed effects, such as
fountains, steam, smoke and fire effects, traveling borders, revolving wheels and work of a similar nature.
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Fko. 8,570.-Leland unit speed flasher wired to sign. It is wired with four circuits with
a common return. It has an extensive range, operating such arrangements as running or
traveling borders, revolving wheels, lightning, radiating rays, flames, smoke, clouds, rain,
sparks, dust, steam, fireworks, waving flags, fountains, etc.

There is very little expense attáched to their operation because not
more than two-thirds of the lamps are turned on at one time, and this
number for only about one -sixth of the time, as compared with the sign
burning steadily.
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Speller or Script Flashers.-This type of flasher is used for
large, script signs, one socket at a time; that is, each lamp is
lighted one after another until all are on.
After a few seconds they all go out simultaneously and repeat. This
gives the appearance of an invisible hand, writing the name in the darkness, and is very effective. The result can be accomplished only with
script, and to get the proper effect the smallest letter in a sign should he
not less than two feet high; the larger the letter, the better the effect.

8,571.-Wiring Diagram for Leland junior flasher. One on and off circuit or two allernatine
circuits. Dotted connections not used with single circuit flasher.

FIG.

8,572.-Leland junior flasher. 12
ampere capacity. It is operated by an
interne iltenl induction disc motor. The
motor circuit is led through the
mercury switch so that when the
flasher breaks the sign circuit, it also
breaks the flasher motor circuit. The
mechanism then returns by gravity
action to its starting position from
where the cycle is repeated.
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Script Flashers.-This title is given to spelling flashers, and
is sometimes used because the spelling is done with script
writing.

Etc. 8.573..-Betts

& Betts high speed flasher. This is a standard mechanism which is usually
assembled in multiples of four brushes, depending upon the load to be flashed. It is used
to produce flowing or moving effects such as revolving borders, running water, foam, flames.
smoke, revolving wheels and globes, waving flags, fountains, lightning, fireworks, etc. The
chaser type to reproduce crawling snakes, chasing rats, etc., runs at the same shaft speed
but is assembled in varying multiples of brushes depending upon the effect to be obtaineó
and the number of circuits to be flashed, etc.
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FIG. 8,574.-Betts & Betts spelling and on and off flasher. Used in flashing a whole word or
c isplay on and off, in spelling one letter at a time, in traffic controls, call systems, etc. Spelling
flashers are built for two actions: 1, spelling out the letters one at a time until all are on,
then all off with a brief out period, with operation then repeating; 2, spelling the letters
until all are on, then all off, then all on together, last all off together with the operation

then repeating.
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Chaser Flashers.-This class of flasher is designed to operate
signs whose lamps are arranged to give the effect of snakes chasing
each other around the border.
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Betts script flaghér. This machine is usedto produce a smooth, advancing flow of light such as is required in writing letters ?pr. words one lamp at atime, for
rockets, shooting stars, etc.

FIG.

8.575.-Betts

&

Ftc. 8,576.-Reynolds figuregram control for electric scoreboards. Used for football stadia,
race tracks, polo grounds, baseball parks, automobile racing, hockey, basket ball and other
sports and games where it is necessary to record scores promptly, legibly and automatically.
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8,577.-Detail of Reynolds brush and holder. The brush is built up with copper leaves

and has phosphor bronze spring back. reinforced
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This peculiar effect is produced by having a separate wire and a sep-

arate switch on the flasher for each two lamps in the border, and the
mechanism so arranged that when the tenth lamp is lighted (assuming the
snake to be ten feet long) the first lamp goes out; when the eleventh is
lighted, the second goes out, etc., progressing in this way around the
entire border.

In operation, the lamps are turned on and off so rapidly that
it produces the effect of snakes.

FIG. 8,578.-Reynolds magnetic switch for heavy loads. A magnet switch built specially for
sign work. Sometimes it is more practical as well as more economical to break a number
of circuits as one and in cases of this kind a magnet switch is used, controlled by a flasher.
BRUSH ADJUSTMENT

CONTACT

5CREW

/BRUSH

SLATE

Ftc. 8,579.-Reynolds brush mechanism

showing, provision for adjustment. Grounds in signs
are common especially after a rain and cause an excess of current to flow through the flasher
brushes. The condition corrects itself with weather conditions, but in the meantime the
flasher brushes require more frequent attention. A temporary ground can be located with
a test lamp or magneto, but as a rule the safest' way to test for grounds is to apply an ammeter. Contacts on speed' type flashers should be wiped with an oily cloth while the
contacts on slower running flashers should he run dry. Keeping the contacts smooth and
clean is sufficient. Many make the mistake of keeping the contacts covered with grease or
oil which causes burning.
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It is not advisable to build these signs small nor cheaply, as in order
to produce the desired effect, the curved path taken by the snake should
cover at least 10 inches width, which would mean a total of 20 inches
lateral space for the snake in addition to the electric letters in the center,
In order to get the proper effect, the sign should be at least ten feet long.
Chaser signs are expensive because of the care required in their construction, large amount of wiring necessary and large flasher required.

to 8,582.-Reynolds flasher details. Fastening collector rings (fig. 8,580). Splicer
plate which acts as a duplex nut, enables the repair man to renew the collector rings quickly
and easily. Keep drums tight on shaft (fig. 8,581); a socket wrench should be used for
this purpose. Resetting brushes (fig. 8,582) use fingers as shown.

FIGS. 8,580

There are several ways of operating these signs. The border is generally
working continuously, while the center can be flashed or not, as may be
desired. Flashing the wording reduces the current expense, which offsets
in a measure the extra cost of the sign. The border, although working
continuously consumes very little current.

Combination Flashers.-Many of the more complicated signs
require a combination of flashing effect to attain the highest
degree of attractiveness and drawing power.
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The leading manufacturers design their various flasher units so that any
combination of units may be made with each other with either synchronous
operation or varying shaft speeds.

Control or Master Flashers.-When it is desired to darken
the effects at intervals, master or control brushes are provided
on the flasher. A border or circle revolving first in one direction, then in the reverse, requires four controls, as shown in
fig. 8,606. To give the standing still effect, four controls are
necessary.

1"

FIG.
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8,583.-Betts

&

Betts combination flasher showing general construction..
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8,58v.-Reynolds combination flasher consisting of a combination of the following units.
on and off; 2, speller, and 3, script.
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Fig. 8,585 shows method employed when it is desired to darken the border
effects periodically. In this case the neutral wires from both sides are
broken by the control brushes (this section of the flasher runs at one -eighth
of the speed of the border section)
.

Thermo-Flashers.-The operation of these flashers is based
upon the heat expansion principle; that is, the movement of the
contact points of the flasher necessary to open and close the circuit
is obtained automatically by the
alternate heating and cooling of
the metal of the flasher, which
causes it to expand and contract.
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The principle of a thermo
flasher is illustrated in the elementary diagram fig. 8,586.
The device has a tongue consisting
of two metal strips, one of brass and
the other of iron. The brass strip is
provided with a winding of fine wire
over asbestos, and the two strips are
connected to the base as shown.
In hook up, the flasher is connected at L and G, in series with the
lamp it is to flash; and D, adjusted
so that the contact clears the plate
E about 12 inch when no current is
flowing in the winding.
In operation, when the switch is
turned on there will be a current
through the lamp and winding in
series. The brass strip will be heat ed more than the iron and it will
expand more, thus forcing the pent
of the contact screw D, down u on
the brass plate, which will result in
the winding about the brass strip
being shorted and the full voltage

Fin. 8,585.-Reynolds control or master flasher and hook up to sign for darkening the border
effect periodically.

Sign Flashers

5,343

will be impressed upon the lamp and it will burn at normal candlepower. When
the coil is shorted there will of course be no current in its winding and the brass
strip will cool down, the screw D, will finally be drawn away from contact
with the brass plate, and the winding again connected in series with the
lamp. The lamp will apparently go out when the winding is in series
with it, as the total resistance of the lamp and winding combined will not
permit sufficient current to pass through the lamp to make its filament

glow.

The time the lamp is on and off may be varied to a certain extent by
adjusting the screw D.

Neon Tube Signs.-To gain the full advertising value of a
Neon tube sign, it is just as essential that it be flashed as that
a bulb sign be flashed, and the flashing of the Neon tube sign
BRASS STRIP

8,586.-Elementary thermo flasher to illustrate principle of operation as explained in the
text. D, adjustable contact; E, contact plate; H and F, winding terminals; G and L, external
circuit connections,

FIG.

is no more complicated than the bulb sign. As it is necessary
to flash the primary side of the transformer, each section of
the sign that flashes independently of ,the other sections must
be on a separate transformer.
In determining the number of transformers that can be controlled by
one brush, take the input rating as shown on the name plate of the tranformer. This is given in amperes. Any number of transformers may
he used on a particular brush as long as the total number of amperes is
not greater than the capacity given for that brush.
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To Determine Flasher Capacity for Neon Tube

Signs.-

Consider the transformer volt ampere rating as a rating in
watts. Where more than one transformer is used, the sum of
their ratings in volt amperes will give the capacity in watts
required of flasher. The volt ampere rating may be obtained
by multiplying the voltage rating by the ampere rating.
SIGN
o

LINE
SWITCH

SNAP
SW ITCH

HOT
WIRE
ELEMENT

TERMINAL
PANEL

MERCURY
TO

MERCURY
CONTACT

'-MERCURY

.

for single
FIG. 8,587.-Wiring diagram of Time-O-Stat universal ((Lc. or a.c.) thermo-flasher
current
on and off circuit. In operation, when the switch to the sign ís turned on, the
heatposition,
in
on
is
the
which
(lows through the Hywatt mercury to mercury contactor
ing the hot wire element and lighting the sign. Thus, as the hoc wire element becomes
to the off
heated, it expands and tilts the contactor through the mechanical connection
element
position, cutting out the hot wire element and sign simultaneously. The hot wire again,
on
position
the
back
to
then cools and contracts, allowing the contactor to drop
completing the cycle.

It is not advisable to multiply the tubing length by a power factor to
obtain the flasher capacity. This power factor cannot always be the same
because it varies with the length and size of the tubing.

Radio Interference from Electric Sign Flashers.-This interference is of two kinds. One kind of disturbance is caused by
oscillations or disturbing impulses set up by the flasher in the

Sign Flashers
same supply line.
receiving aerial.
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The other kind is that picked up by the

When the flasher is located at some distance from the sign, the wires
connecting the two act as an aerial to radiate the disturbance set up by
the flasher. Obviously one solution of this type of interference is the
installation of the flasher as close as possible to the sign.

.

0."..;0
SIGN

T0
LINE
$WITCH

CIRCUIT,

`'

W

u
Q
LL

FUSES

SNAP
SWITCH

TERMINALPANEL

'MERCURY
TO
MERCURY
CONTACT

rtc. 8,588.-Wiring diagram

of Time-O-Stat thermo-flasher for 2 alternating circuits. A hot
wire element is mechanically connected so that its expansion and contraction tilts a Hywatt
double action mercury contactor. As the switch to the sign is turned on, the current flows
through the flasher, closing the circuit into the hot wire element and one side of the sign.
as they are in parallel. This causes the hot wire element to heat and expand. When the
element expands, by means of its mechanical connection it tilts the tube to the other position, closing the second sign circuit and opening the first. Now the hot wire element cools
and contracts, allowing the mercury tube to drop back to its original position, completing
the cycle.

To determine which kind of interference is being picked up,
proceed as follows:
Disconnect the aerial and ground. If the interference be still audible,
this indicates that it is coming in over the supply line. If no disturbance
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be audible, it would indicate that disturbance is being picked up by tha
aerial and ground system of the radio set. It may usually be remedied
by the use of radio eliminators. However,, if the disturbance be still audible, one or more of the following suggestions should be tried:
1. Connect condensers from each of the four circuits to ground instead
of across each of the four circuits of the sign.

1'é-mrs,o

Fio. 8,589.-Time-O-Stat rotary speed flasher for 110 volt, 60 cycle a.c. only. ft is operated
by means of an induction disc, similar to that used :n the watt hour meter. A single Hywatt contactor containing all the contacts is given a rotary motion so as to flash the circuits in rotation, producing the standard speed effect. The contacts
of this make of flasher are from mercury to mercury.

as

in the other types

2. Connect two condensers in series across the main line connection to the
sign, and ground the center point. These connections should be made
close to the flasher.
3. Make up choke coils using No. 10 or No. 14 insulated wire jumble
wound on a spool and connect them to each of the flasher circuits. The
number of turns is variable depending on local conditions. Sometimes
25 turns are enough and other times 100 turns are required. These of
course, will be connected right in series with the line to the flasher contact. Until the exact make up of the coil is determined it is best to disconnect three of the circuits and concentrate on one.

Sign Flashers
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4. Connect condensers across the choke coils and the flasher contacts,
making a sort of tuned circuit. In this case, as in all others, the condenser
capacity should be somewhere between .25 naf and .50 mf.

HARD GLAS OR
ELECTRODE QUARTZ
SLESEVE

CLOSED CIRCUIT
POSITION

SOFT GLASS
CASE

1 TIP
MERCURY
ELECTRODE

POINT OF MAKE

OPEN CIRCUIT
POSITION

POINT OF BREAK

PARTITION TO SUPPORT INNER GLASS
5LEEVE AND TO KEEP TWO BODIES OF

MERCURY SEPARATED WHEN TUBE 15 IN

OPEN CIRCUIT POSITION

Ftas. 8,590 to 8,592 -Time-O-Stat mercury to mercury contactor. It consists of a hard, heat
resisting sleeve ~ratted rigidly within a soft glass case. In operation as it is tilted with
a clockwise motion to the on position, the mercury flows down the inside sleeve, making
positive contact with the mercury pool covering the electrode in the case at the point as

shown in fig. 8,591. When it is tilted back with a counter clockwise motion, to the off position, the mercury in the sleeve and case separate, breaking the contact at the point as
shown in fig. 8,592. The mounting material for the sleeve, as shown in fig. 8,591, acts as a
partition to prevent the mercury making contact between the two electrodes when the
contactor is in this position.

TEST QUESTIONS
1.

what

is a sign flasher?

2. Give a classification of sign flashers.
3. Describe a brush flasher.

4. How does a simple on and off flasher work?
5. What is the construction of a high speed flasher?
6. For what service is a speller or script flasher adapted?

5,34f#
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7. What is the construction of a script flasher?
8. How does a chaser flasher work?
9. What is a combination flasher?
10. Explain the operation of a control or master flasher.
11. What is the basic principle on which a therrno flasher

works?
12. What are the features of Neon tube signs?
13. How is flasher capacity for Neon tube signs determined?
14. Whát two kinds of radio interference are encountered
from electric sign flashers?

Sign Flasher Diagrams
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CHAPTER 220

Wiring Diagrams for
Sign Flashers
The Wiring.-Usually conduit or lead covered B.X.. cable
is used to connect the sign to the service mains. Difficult
bends around building cornices may be made by use of
Greenfield cable with lead covered wires inside.
The wires are usually brought out from the frame of the sign in porcelain
bushings, but on the larger types the conduit is usually brought directly
into the sign. Sheet metal used in electric signs must not be less than No. 28
U. S. metal gauge. All metal must be galvanized, enameled or painted
over three times with black asphaltum or tar paint to prevent rust. Only
rubber covered wire is permissible on the inside of the sign. All wires must
be soldered to the terminals of all receptacles. After the wires have been
soldered to the terminals they should be painted over (the terminals) with
black asphaltum or any other good insulating paint to prevent rust.
Special receptacles must be used for sign work and must be so installed
as to prevent their turning. When wiring the interior of signs great care
should be taken to see that the wires are at least one inch from the entire
surface wired over. Where the receptacles are placed over 4y2 feet apart
they must be supported on cleats or knobs, where the receptacles are
placed not over one foot apart and wires are secured to these receptacles,
a support every 4% feet will not be required as above.
Not over 1,320 watts lamp load should be placed on any circuit.
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FIG. 8.593.-The number of sockets must always he a multiple of 4, 6, or 8, otherwise at some
point a jump will occur.
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Fie. 8,594.-By grouping two lamps as shown, motion appears faster.

csb

FIG.

8,595.-Number sockets 1-2-3-4. Connect all No. 1 to circuit No. 1 and to flasher brush
Nos. 2, 3, and 4 likewise. Keep in mind, that the direction of the numbering de.

No. 1.

termines the direction of movement of the shadows.
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o o o ° o o o o ° o o

o o °

r
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1
ó b
8.596.-Pulsating, twinkling or shimmering effects are accomplished by transposing
leads (hooking lead No. 2 to flasher brush No. 4, lead No. 3 to brush No. 1, etc.).

FIG.
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Fla. 8,597.-Borders of irregular outline or particular shape require lamps more closely spaced
than standard.

Ib

FIG. 8.598.-Two motions traveling in opposite directions. Effective when rows are spaced
more than lamp centers. Borders. Although most borders are made on the style of the
accompanying illustrations it is not because of the lack of passibility that more u.tusual patterns are not more popular. Unusual form and variation in color as well as distinctive

motions depend largely upon the imaginatión and ingenuity of the designer.

Fin. 8,599.-An arrangement for border and speed effects where a heavy border ís necessary or
where dark colors are used. Many variations and novel effects are posible by special
arrangement of lamps and connections.
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Ftc. 8.600.-Simple, yet unusual motion. Outside rows travel to the right while inside row
travels oppositely. 1lere again lamp centers should he less than row centers to clarify
directions of both motions.
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FIGs. 8.601 and 8,602.-Fig. 8,601, heavy border of running design. Fig. 8,602 shows traveling triangular shadow. changing shape continuously_
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8,603.-Chaser wiring diagram for ,wo snakes.
Draw a line diagonally through the sign (as shown
in dotted line) so that one-half the total lamps will
be on either side. Begin to number from one consecutively from the line. Over the line commence
again at 1, and number as before. For three snakes.
divide total lamps into three parts and number as
before. In each case, connect all lamps of the
same number to the same wire whether the sign be
single or double face. The wire containing all the
No. 1. lamps goes to the No. 1 switch on the flasher, and the remaining sets are connected similarly.

FIG.

8,604.-Dropping coins, juggling clowns, flying
sparks. 'These and similar effects are wired 1-2-3-4
as hem shown. This method gives a realistic action
and is inexpensive, as it takes only a four brush
flasher. The contacts on the flasher are set so that
only one brush is in circuit at one Lime.

FIG.

TO FLASHER
MOTOR
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3
TO SIGN
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FIG. 8,605.-Wiring :or revolving

wheel.

to the right,
8,606.-Standard reversing traveling or running border. It travels first
four brush speed
then to the left, reversing approximately every three seconds. Requires
flasher with four controls.

FIG.
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0
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COMMON TO ALL
FIG. 8,607.-Expanding and contracting effect (building up and down Sockets are wired in
circular circuits. The flasher brushes coming on in successive steps cause the star to expand gradually, going out the same way.
.

Fic. S,608.-Chromatic or kaleidoscopic effects. These
shown.

are usually wired in five circu,.a as

'
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FIG. 8,609. -Crawling
or chaser effect. For
two chasers, divide
the total number of
lamps by two; that is.
60 lamps divided by 2
equals 30 circuits, and
number sockets 1 to
30 and 1 to 30. This
will require a 30 brush
For three
flasher.
chasers divide by three
and number from 1 to
20, 1 to 20 and 1 to
20, which requires a
20 brush flasher. For
four chasers, divide
by four and number
from 1 to 15, etc.

When sockets are

wired in multiples of
two, half as many
brushes are required
as given above. The
average border will accommodate two chas-

8 7 6 5

4 3 2

1

r

MOTOR
ers; larger border, three, four or more.
The length of the chaser is governed by

the number of brushes in contact, usually
one third of the total number of brushes.

5
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Jlillllll
12345178

12

14
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Fm. 8,610.-Fireworks, rockets,
roman candles. These and other
imitations of pyrotechnic displays are very attractive. The
first circuit at the base of the
rocket consists of six lamps, the
next five, etc., and at the curve,
single sockets. This will show
acceleration at the start and
slowing up as the burst is
reached. The burst is wired in
three circuits, and the streamers
in double rows as shown. This
diagram gives the general idea
and' it may be expected that
different designs and greater
number of lamps require modifications or variations.

4 5

L

TO SIGN

MOTOR

TO FLASHER

ti

together, all out and repeat. Speller effects require a circuit for each letter and a flasher
brush for each circuit.

8,611.-Standard speller effect. One letter
after another till all are lighted, all out, all on

FIG.

2 3

III

00000

Uooa0

2345

f
shown, and require a flasher brush for each row.

MOTOR

f
8,612.-Waving flags, pennants, etc. Flags are wired in staggered
rows as here

FIG.

C.11.

Iv

C.v

Sign Flasher Diagrams

5,358

FIG.

8,613.-Lightning effects.

Each hook or streak is wired in
one circuit. Four streaks require a four brush flasher.
Either chaser or speed type. If
lightning be not continuous, but
is required to synchronize with
reading matter or spectacular
effect, a control flasher is necessary.

Ftc. 8,614.-Smoke, steam, etc. These
effects are wired in crescent form.
The shapes, sizes and lengths being
irregular; semi-circles are numbered
1-2-3-4 in an upward and outward
direction. A spend type flasher is
used for this work.
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f tc. 8,615.-Reproducing invisible handwriting

effect in script letter signs. Script letters
are usually wired two sockets to a circuit; thus if the total number of sockets be 100, 50
circuits and 50 brushes on the flasher are required. The flourish or tail- (if any) can be
flashed as one, to save wiring. Letters of large size can be wired 4, 6, 8 or more sockets
to a circuit without impairing the effect.

8,616.-Traveling borders.
circles and movements in general. The number of sockets
must always be a multiple of
4, otherwise at some point a
jump will occur..

FIG.

..;..
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Ftc. 8,617.-Rays, sunrise. These and similar effects are wired in semi -circular rows. For
rays wire 1-2-3-4 and use four brush speed type. For sunrise wire in eight circuits and use
If more or less.
eight brush speller type, provided there he eight circular rows in design.
flasher will require a corresponding number of brushes.
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Points on Dry Ice
Dry ice

is

called carbice.

solidified carbon dioxide, and

is sometimes

Carbon dioxide, like many other gases, has the capacity
of existing in three separate states, namely, gas, liquid and
solid. Like many other gases, it may be liquefied by the
application of pressure produced by compression, using a
gas compressor for the purpose, then subsequently cooled
to remove the heat of compression and the latent heat.

The liquid may then be converted to the solid state by reducing the pressure below its condensing pressure and allowing same to escape through a control valve into a suitable
container where approximately 75 to 80% forms snow and
the remainder passes off in the form of low temperature and
low pressure gas to be recovered and reconverted to the

liquid state.

The snow thus formed is compressed into dense cakes
which resembles somewhat a cake of closely packed fine
snow. As produced for the trade, a cake of dry ice is more
dense than water ice And its weight per cubic áoot is ap
proximately twice that of water ice, depending upon the
pressure used for compressing the snow. Not all commercial dry ice has the same density.

There are numerous uses for dry ice: its principal applicais in the shipment of ice cream, quick frozen foods of
various kinds, and for maintaining low temperatures in refrigerators where such commodities are sold as well as for
refrigerating delivery trucks used for transporting such low
temperature commodities.-E. Gilbert.

tion
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CHAPTER 221
Numerous definitions have been given for refrigeration. It is

the process of removing heat from a confined space for the purpose

of reducing and maintaining the temperature of the enclosed
space below that of the external atmosphere.
Refrigeration is usually accomplished by a "change of state"
of the refrigerant or refrigeration medium, that is:
1. By fusion.
As when ice changes from a solid to a liquid

state by melting.

2. By evaporation of liquids having a low boiling point.
When a liquid evaporates or boils it changes from a liquid to a gaseous
state.

Another method of refrigeration in which a change of state

does not occur is

3. By expansion of a

gas:

The first method utilizes
the latent heal of fusion

the second,
the latent heat of evaporation

and the third,
the heal due to external work of expansion
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Heat.-By definition heat

is a form of energy known by its

effects.
These effects are indicated through the touch and feeling, as well as by
the expansion, fusion, combustion or evaporation of the matter upon which
it acts.

FIGS. 8,618 and

8,619.-Experiment illustrating the British thermal unit. Place one pound o1
water at 32° Fahr. into a beaker over a Bunsen burner as in fig. 8,618, assuming no loss of
heat from the water. It will, according to the definition, require 180 heat units to heat the
water from 32 ° to 212 ° Fahr. as in lig. 8,619. If the transfer of heat take place at a uniform rate
and it require, say five minutes to heat the water to 212 °, then one heat unit will be t^_nsferrea to the water in (5X60) =180=2 seconds.

Ques.

What is temperature?

Ans. That which indicates how hot or cold a substance is:
a measure of sensible heat.

Ques.

What is sensible heat?

Ans. That heat which produces a rise of temperature as distinguished from latent heat.

Ques.

What is latent heat?

Refrigeration

5,365

Ans. The quantity of heat required to change the state or
condition under which a substance exists without changing its
temperature.
Thus a definite quantity of heat must be transferred to ice at 32° to
change it into water at the same temperature.

The Unit of Heat.-The present generally accepted heat unit,
called the British thermal unit (B.t.u.) is defined as 1/180 of
the heat required to raise the temperature of water from 32° to
212° Fahr.

.

Transfer of Heat.-When bodies of unequal temperatures
are placed near each other, heat leaves the hot body and is absorbed by the colder body until the temperature of each is
equal.
The rate by which the heat is absorbed by the colder body is proportional
to the difference of temperature between the two bodies. The greater the
difference of temperature, the greater the rate of flow of the heat.

When ice is placed in an ordinary ice box the temperature of
the interior is reduced below that of the external atmosphere.
This occurs because the ice, in melting, absorbs heat from the heat laden
air in contact with it and this heat is carried away from the box in the water
produced by the melting of the ice. The reason for this is that heat always
seeks the coldest places, that is, it moves from the warmer to the colder
object and when the colder object absorbs and removes this heat, in the
form of water in the example of the ice box, a cooler temperature is naturally produced.

Transfer of Heat.-A transfer of heat takes place by
1.

Radiation;

2. Conduction;
3. Convection.
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Thus; in a boiler, heat is given off. from the furnace fire in rays which
radiate in straight lines in all directions being transferred to the crown and
sides of the furnace by radiation; it passes through the plates by conduction, and is transferred to the water by convection, that is, by currents.
In the case of the ice box relatively warm objects as food transfer theiv
heat to the surface of the ice by radiation, also on account of the unequal

nos.

8,620 to 8,622.-Three ways in which heatis transferred; fig. 8,620,. by radiation; fig.
8,622, by conduction: fig. 8,622, by -convection. In fig. 8,620, the water in the beaker is
heated by heat rays which radiate in straight lines in all directions from the flame. In fig.
8,621, the flame will not pass through the wire gauze, because the latter conducts the heat
away from the flame so rapidly that the gas on the other side is not raised to the temperature
of ignition. In fig. 8,622, the water nearest the flame becomes heated and expands. It is
then rendered less dense than the surrounding water, and hence rises to the top while the
colder and therefore denser water from the sides flows to the bottom thus transferring heat
by convection currents.

temperature of the food and ice air currents are produced which carry heat
from the food to the ice by convection.
Finally, the heat penetrates the ice by conduction causing it to melt and
be carried off in the water.
NOTE.-Connection.-In convection, heat is carried from one place or object to another
by means of some agent such as air or water or any moving gas or liquid. The food in a re.
frigerator is cooled mostly by convection. 7'he cirwlating air is the medium used to transfei
the, heat from the food and compartment walls to the ice.
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Fin. 8,623.-The three states: solid, liquid

and gas. The cake of ice represents a substance in
the solid state. If the temperature of the surrounding air
be above the freezing point (32°
Fahr.) the ice will gradually melt, that is to say, change its
state from solid to liquid, this
process being known as fusion. If sufficient heat be
transferred to the liquid, it will boil,
that is to say, change its state from liquid to gas, this process
Very interesting phenomena take place during these changes,being known as vaporization.
which are explained in the
accompanying text.

NOTE.-CondRction.-In conduction, heat is carried by means of molecular vibration
set up through the substance itself. Beat may he
transferred between ditlerent parts of the
same body or between two separate bodies in actual contact by
have, to a greater or less extent, the power of allowing heat to flowconduction. All substances
through them. This property is called conductivity and a substance that offers
little obstruction to the flow of heat is
called a good conductor, while a substance which offers great
is called a poor conductor or an insulator. When one end of a bar of iron is held inresistance
a fire, the other end will soon
become too hot to hold in the hand. The heat is transferred from
one end to the other by
conduction. One end of a stick of wood can be held in a tire without the other end
becoming
warm. Wood is a poor conductor of heat as compared to iron.
A vacuum is an extremely
poor conductor, while air is about 40 times better as a
conductor.

NOTE.-Radiation.-In radiation, heat energy is transferred from one body to another
by ether vibrations without the assistance of any material
medium. The heat of the sun
Is transferred from the sun to the earth in this way.
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The Three States of Matter.-The three forms in which matter may exist are known as
1. Solid;

2. Liquid;
3. Gas.
VACUUM INSIDE

WATER

--BOILING AND
FREEZING
AIR PUMP

SULPHURIC ACID

"0104 ,@fU-Nlill"1511

uo dill,

showing water freezing as
Ftc. 8,624.-Change of state as illustrated by Leslie's experiment
with sulphuric acid,
it boils. A small pan containing some water is placed over a dish filled evaporates rapidly
and the air removed with an air pump. On removal of the air the water absorbs the vapor
acid which
and begins to boil, being greatly facilitated by the sulphuric
and it finally
almost as rapidly as formed. The temperature of the water is quickly reduced
boiling,.
act
of
in
the
while
is
frozen
solidifies, thus the liquid

A familiar example of one substance existing in the three
states is
1. Ice;

2. Water;
3. Steam;

as shown in fig. 8,623.

Refrigeration.

5,369

Change

,

of State.-By sufficiently increasing the
temperature, solids are converted into liquids, and
liquids into vapors.
While either change is taking place the
temperature of the mass
is found to remain constant till the change
is completely effected.
Thus, if a vessel full of broken ice be
over a lamp, the ice will
gradually melt, but the temperature of the placed
whole mass will not alter till the
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TEMPERATURE OF CYLINDER WALLS

to 8,627.-Steam engine analogy
illustrating cooling by change of slate. Let MS
equal average temperature of cylinder
walls. In operation, when steam is
admitted to the
cylinder and during a portion of the stroke its
temperature is higher than that of the cylinder
walls. Assume L., to be piston position of
equal
Evidently up to position L,
condensation will take place. The temperature temperatures.
cylinder walls while the piston is traveling from L,of the steam being lower than that of the
to F, the excess heat will cause the condensate to boil, that is, a change of state takes
place as it robs the cylinder walls of an amount
of heat, corresponding to the latent heal
of
re-evaporalion.*
Similarly in refrigeration, when
the refrigerant leaves the expansion valve,
the expansion coils of an amount of heat a change of state occurs which robs the metal of
corresponding to the latent heat of evaporation
of the refrigerant, thus producing the
refrigerating effect.

"NOTE.-Re-evaporation, Numerous students of the steam engine have a
tion of the effect of re -evaporation,
concepre -evaporation increases the area ofwrong
:ard during a portion of the stroke up Since
the indicator
to pre-release, it represents, considered
alone, a gain in
power. It is the cost of this gain which offsets
the economic result. Considering the
amount of condensation it causes, re -evaporation
excessive
results in a loss in economy.
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melting is completed. The heat received is employed in changing the state
of the substance, in converting it from solid ice to liquid water.
If the supply of heat be still continued, the liquid will rise in temperature
and ultimately begin to boil. When this point is reached, the temperature
again remains stationary. The liquid simply passes into vapor, and the
heat supplied during this process is used up in changing the state of the substance from that of liquid to that of vapor.

Fin. 8,628.-Method of judging the heat

of a soldering

bit or so-called "iron." illustrating

sensible heat.

Heat and Work.-Heat develops mechanical force, and mo-

tion, hence it is convertible into mechanical work.
As already explained, heat is measured by the British thermal
unit (B.t.u.). Work is defined as the overcoming of resistance
through a certain distance by the expenditure of energy. Work is
measured by a unit called the foot pound.

Refrigerátion
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Ques. What is a foot pound?
Ans. It is the amount of work done in
raising one pound one foot, or in overcoming
a pressure of one pound through a distance
of one foot.
Thus, if a 5 pound weight be raised 10 feet, the
work done is 5 X10=50 foot pounds.

Ques. What is the relation between the
unit of heat and the unit of work?
OIL CAN

Ans. It was shown by experiments made

FRICTION BAND

CLAMPS

FIG. 8,629.-Experiment showing relation between heat and work. Take a brass oil can.
attached to a spindle geared to rotate rapidly and partly fill the can with water and insert a
cork. Apply a friction band, and rapidly rotate the can by turning the large wheel. The
energy expended in overcoming the friction due to the band and rotating the can, causes the
water to heat and finally boil; if continued long enough, the steam generated will pass out
through the tip as shown. During the operation work has been transformed into heat.

by Joule (1843-50) that 1 ,snit of heat= 772 units of work. This
is known as the "mechanical equivalent of heat" or Joule's
equivalent.
More recent experiments by. Prof. Rowland (1880) and others give
higher figures; 778 is generally accepted, but 777.5 is probably more nearly
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correct, the value 777.52 being used by Marks and Davis in their steam tables.
The value 778 is sufficiently accurate for ordinary calculations.

Latent Heat of Fusion.-The term "fusion" signifies the
change of state of a substance from the solid form to the liquid
form. This is popularly known as melting.
If heat be applied to ice it will gradually melt, but during
the melting process the temperature will remain unchanged.

8,630.-The mechanical equivalent of heat. In 1843, Dr. Joule of Manchester, England,
performed his classic experiment, which revealed to the world the mechanical equivalent of
heat. As shown in the figure, a paddle was made to revolve with as little friction as possible
in a vessel containing a pound of water whose temperature was known. The paddle was
actuated by a known weight falling through a known distance. A pound falling through a
distance of one foot represents a foot pound of work. At the beginning of the experiment a
thermometer was placed in the water, and the temperature noted. The paddle was made
to revolve by the falling weight. When 772 foot pounds of energy had been expended on
the pound of water, the temperature of the latter had risen one degree, and the relationship
between heat and mechanical work was found; the value 772 foot pounds is known as Joule's
equivalent. More recent experiments give higher figures, the value 778, is now generally
used but according to Kent 777.62 is probably more nearly correct. Marks and Davis in
their steam tables have used the figure 777.52.

FIG.

The heat required to melt the ice is called the latent heat of
fusion.
It requires 143.57 B.1.u. to melt one pound of ice at 320 Fahr. The value
given is ordinarily taken at 144 B.1.u.
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Latent Heat of Evaporation.-By definition the latent heat
of evaporation of a substance is the amount of heat necessary to
convert a unit quantity of the liquid into saturated vapor at the
same temperature and pressure.
Example. If one pound of water be taken at 212° Fahr. (boiling point)
and heated, the temperature will remain the same (212°) until it has been
completely evaporated (or boiled off) into steam. This has been found to

FIG. 8,631.-The fusion of ice, illustrating the work done when the
pound of ice al 32° Fahr.
is melted or converted jato water al the same
temperature. The latent heat of fusion being
143.57 heat units, and since one heat unit is equivalent to 778 ft. lbs. the
work done during
the fusion of one pound of ice is 778 X143.57=111,698 fr. lbs. This is approximately
equiv-

alent to the work done when a hoisting engine hoists 2,000 lbs. a distance of
55.8 ft. as
shown in the illustration.

require 970 B.t.u. and is known as the latent treat of evaporation for water.
That is, when water is at a temperatdre of 212° (and atmospheric
it takes 970.4 times as much heat to change the water to vapor aspressure)
it would
to raise the water one degree in temperature at any temperature between
32° and 212°.

The Boiling Point.-By definition the boiling point is the
temperature at which a liquid boils.
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The boiling point depends upon
1. The pressure upon the liquid, and
2. The liquid.
Water in an open vessel boils at a temperature of 212° F. when the barometer reads 30 inches. Now, if the vessel be closed, and the supply of heat
be continued, the pressure of the steam will gradually rise, and the temperature of the liquid also; that is to say, the boiling point is elevated above
NON CONDUCTING VESSEL

I

3 LBS OF WATER
AT 32°

LB. OF ICE
32° FAHR

AT

to 8,634.-Experiment llustrating the latent heat of fusion. It requires 144 heat
units to "melt" a pound of ice at 32 ° Fahr., that is, to convert it into water of the same
temperature. Accordingly, if a pound of ice (fig. 8,632) be placed in a non -conducting vessel
with two pounds of water at 104° Fahr., it will be found that when all of the ice has been
melted by the transfer of heat from the water to the ice the temperature of the mixture (lig.
8,634) of melted ice and the water will be the same as the original temperature of the ice, 32 °.
The reason for this is because the total heat above 32 ° in the water at 104° was the same as
the latent heat of the ice, or 144 heat units, that is to say, the total heat above 32 ° in the
water was (104- 32)2=144 heat units. It should be understood that the term non -conducting vessel implies one which allows no heat to pass through its sides. Such a vessel is not
possible to construct, but by covering an ordinary vessel all over with a thick layer of asbestos
very little heat will be lost.

FIGS. 8,632

212° when the pressure is increased above 14.7 pounds, there being a definite
temperature or boiling point corresponding to each value of pressure; in other
words, there.is one temperature only for steam at any given pressure; at any
other pressure, the temperature has some other value, but always fixed for
that particular pressure.

The popular idea is that a liquid must be hot to boil.
is a wrong conception.

This
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Water, for instance, in a 28 in. vacuum will boil at 100° Fahr.; if the
vacuum be increased to 29.74 in. it will boil at 32°, the temperature at
which it would freeze at atmospheric pressure.

'-EAPORATlON

H TE CLOUD'
,OFULARLY. KNOWN_°

AS"STEAM

.

WET STEAM
!d

SATURATED
-DRY

J"

CONDENSATION

ON

DISENGAGING..;
SURFALE'ó '

SIDE OF VESSEL
EXPLOSION

BUBBLE

O F'

'.iAPORIZATION :.

..

"STEAM BUBBLES
ATMOSPHERIC

DISENGAGEMENT
HEATED

CENTRAL..

PRESSURE..

PORTION

'COLLAPSE OF'
GLOBULE

"

COOL OUTER

PORTION-

'

EXPANSION OF'THE
STEAM GLOBULES

'

GLOBULE DISENGAGING FROM'HEATING

SURFACE'(INITIAL
DISENGAGEMENT)
HÉATING,SUP.FACE'

OR

STEAM

(CONDENSATION'
COMPL= TE.

o

CONDENSATION
-EXPANSION
a

-CHANGE OF STATE
ATMOSPHERIC PRESS LIRE PLUS PRESSURE'
°..DUE TO TI-lE HEAD OF
a

THE WATER.

HEAT SUPPLY

.°`

FIG. 8,635.-Vaporization or the process of boiling as illustrated by the boiling of water.

Again, different liquids have different boiling points.
For instance, methyl chloride boils at '11° below zero Fahr. at atmospheric pressure. This means that in an open vessel and not under pressure
(other than normal atmospheric pressure) methyl chloride would rapidly
evaporate into the air at a temperature of 11° below zero just as a pan of
water placed on a hot stove will boil at 212°.
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8,637.-The boiling point. The temperature at which a liquid boils depends
upon the pressure. Thus, at atmospheric pressure, as in fig. 8,636, -water boils at 212* Fahr.
but under say a 17.7 inch vacuum (at 6 lbs., absolute pressure) at boils at 170.1 °.

FIGS. 8,636 and

Fecs. 8,638 to 8,640.-Experiment illustrating the latent heat of evaporation or the considerable amount of heal which must be added to a liquid at its boiling point to convert it into vapor
at the same temperature. Taking water for illustration, suppose the glass vessel to contain
one pound of water at 32 ° Fahr., and heat be transferred to it, as indicated by the Bunsen
burner, at such rate that its temperature is raised to the boiling point 212* in live minutes.
In this time the water has received 912- 32= 180 heat units. Now, if the heat supply be
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.-Lowering the boiling 'point by diminishing the pressure. Put some water in a round
bottomed flask and boil. After it has boiled some time, until the air has peen drawn outtoofa
the flask by the steam, insert a rubber stopper, having fitted to it a connection leadingNow,
vacuum gauge and invert the flask as shown. The vacuum gauge will'now read zero. of the
if some cold water be poured over the flask, the temperature will fall rapidly and some
steam will condense, thus lowering the pressure within the flask, that is, the vacuum gauge
will read 5 or 10 inches indicating a vacuum. The reduced pressure disturbs the equilibrium
restored.
between pressure and temperature and the water will boil until equilibrium is again gradually
The operation may be repeated several times without reheating, the pressure
the top
on
and
Fahr.,
194°
boils
at
water
falling each time. At the city of Quito, Ecuador,
boiling
of Mt. Blanc at 183°. Again, in a steam boiler in which the pressure is 200 lbs the
point is 387.7°.

FIG. 8,641

FIGS. 8,638 to

8,640.-Ted continued.

continued at the same rate, it will require (since the latent heat of steam at atmospheric
to
pressure is 970.4 heat units) 970.4 +180= 5.39 times as long, or 5.39 X5=26.95 minutes
convert the pound of water at 212° (fig. 8,639) into steam at the same temperature as indias much heat
cated by the empty beaker in fig. 8,640. That is to say, it takes over five times same
amount
to convert water al 212 ° into steam at the same temperature as it does to raise the
launch and
naphtha
well
remembered
.4 water from the freezing point 32° to 212°. In the
alto -vapor launch, naphtha and alcohol were used respectively in the boilers in the place of
or
water because of the excessive latent heat of the latter. Thus with a given heating surfacethe
weight (an important factor in marine construction) more power could be developed with

8,640.-Text

continued.

gauge

486.6'

gauge

324.1'

liquids just mentioned than with water, because of their relative low latent heal of evaporation. For instance, for alcohol the
latent heat is 363.3 heat units or only a little over one-third of that of water. From experiments made by the Gas Engine and
Power Co., builders of nap hihu launches, it was claimed that the power obtained on the brake was in the ratio of about 5 to 9 for
water and naphtha, that is, the same quantity of heat was turned into nearly twice as much work
by the expansion of
vapor as by the expansion of steam under the same conditions. Some of the results obtained during the tests were: naphtha
1, with
steam, mean pressure 37.99 1hs., r.p.nt., 312.6; 2, with naphtha, mean pressure 55.8, r.p.m., 552.2.

FIGS. 8,638 to

ABS

GOO LBS.

486.6°

LBS
GAUGE

585.3

8,645.-Variation of the boiling point with change of pressure. Taking water to illustrate, when the pressure is
29.74 in.
14.7 Ills.
80.3 lbs.
585.3lbs.
vacuum

absolute
the water will boil at a temperature (Fahr.) of
32°
212'
Highly different values are Obtained for other liquids.

FIGS. 8,642 to

TOP OPEN
TO ATMOSPHERE
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The important fact to know is that in vaporizing or boiling,
the heat surrounding the vessel is carried away by the gas or vapor
uhich is frrned.
If the iessel of methyl chloride were placed in an ice box and means were
provided for carrying the gas away, the liquid would continue to boil (drawing hew from die interior of the box) until .the liquid was exhausted or
CIRCULATING
WATER

fi
COOLING
SURFACE

STEAM

D

_y

~.-%

CONDENSATE---Zr

HOT
W

r_ «z+-,_-_º.
DISCHARGE

ELL

Fin. 8,646.-Experiment illustrating condensation. If water for instance

be boiled in a flask
A, and the steam thus produced led off through pipe C. having a coiled section surrounded by
point
cold water, it will here be cooled below the boiling
and will therefore condense, the condensate passing out into the receptacle B, as water. The cooling or "circulating" water enters

the condenser at the lowest point D, and leaving at the highest point E.

until, if the box were perfectly insulated, the temperature of the surrounding
air was 11° below.

The following are the approximate boiling points, Fahr., at
ittmospheric pressure of various liquids used as refrigerants.
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Ethyl Methyl Carbonic acid
Sulphuric
Ammonia chloride chloride (carbon dioxide) Sulphur
dioxide
ether
-28
+55
-11
-110
+14
+94.1

Condensation.-By definition condensation is the change of
state of a substance from the gaseous to the liquid form. Ít
is caused by a reduction of temperature below
that corresponding to the boiling point.
The boiling point as has been explained depends on the liquid
and the
it is

pressure to which

subjected.

Refrigerants.-The word refrigerant means a heat transfer
medium, that is, a substance which removes heat from an
enclbsed space or substances to be cooled. The refrigerants
commonly used are
1. Ammonia;

2. Ethyl chloride;
3. Methyl chloride;
4. Carbonic acid (carbon dioxide);

5.
6.
7.
8.

Sulphur dioxide;
Sulphuric ether;
Air;

Water.

A refrigerant to be suitable for doméstic or
commercial refrigeration should possess the following properties:
1.

High latent heat;

2. Low boiling point;

3. Low condensing point;
4. Non -inflammable;

5. Non -explosive;

6. Non -corrosive on metals;
7. Non -injurious and rion-offen-

sive odor;

8. Easily detected in small quan-

tities;

9. Low cost.

Adaptation of Refrigerants.-Each of the various refrigerants
just mentioned is, on account of its characteristics,
adapted to
some particular service as fellows:
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Ammonia.-More than 90% of the large commercial refrigerating plants
It is not suitable, however, for use in the t} pes of small

use this refrigerant.

refrigerating systems -frequently used in apartment house and dwellings.
It has an offensive and penetrating odor which is very irritating to any of the
membranes of the body and especially to the eyes. Accordingly a slight
leak in a confined space would be objectionable if not dangerous.
Ethyl chloride.-This is well adapted to household refrigerators. More
than 75% of these refrigerators use ethyl chloride.
Methyl chloride.-Being non-explosive,. non -inflammable and having
a low toxic hazard methyl chloride is especially adapted to household machines. Methyl chloride can be breathed with no serious effects for an hour
in concentrations two-thirds as great as those of carbon dioxide, which gas
is thrown off from the lungs during respiration.

Carbonic acid.-On account of safety, in case of accident or fire, carbonic acid is extensively used in marine practice. Used in Europe for household machines and in the United States for cooling theatres and public
buildings.
Carbonic acid is also used to a considerable extent abroad, partly because
it is made cheaply as a by-product in German breweries; in this country it
has found favor, principally in hotels and restaurants, because in case of a
leak no harm would be done to perishable goods; then, too, the presence of
one-half of one per cent of ammonia in the atmosphere would be decidedly
dangerous, while air containing as high as eight per cent of carbonic acid
could be breathed for a short time without any serious results.

Sulphur dioxide.-This refrigerant (also called sulphurous acid) has the
advantage of requiring only comparatively low pressures, and is a good
lubricating medium. This fact simplifies the mechanical details of the
machine and it is in use extensively for household and small plants where
the service of á skilled engineer is not practicable.
The main objection to its use is the great tendency of sulphurous acid to
take up moisture and change to sulphuric acid, consequently great precautions must be taken to avoid leaky joints.
A disadvantage is that a compressor of nearly three times the capacity of
an ammonia compressor is required. Sulphur dioxide even in small concentrations in air, is very unpleasant to breathe, but it is not considered poisonous because its very presence is so suffocating that one will immediately
seek fresh air.
Sulphuric ether.-On account of the relatively large compressor necessary and more especially the inflammability of ether and the great liability
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to explosion, sulphuric ether (usually called just "ether") has not come into
extensive use.
Its chief advantage is that it requires only a low pressure in the condenser,
which is of no little importance in warm climates, and which has led to its
use by the British military authorities in several campaigns in Africa.
The low pressure is also favorable for the maintenance of tight joints, and
COIL EXPOSED TO
ATMOSPHERIC
TEMPERATURE

%

REFRIGERATOR
BOX

/

/

COIL IN

CISTERN

Fro. 8,647.-Natural refrigeration without labor suggested by Prof. Elihu Thomson. A radiator
placed on the roof of the house is connected to a coil of pipe in an underground cistern. On
cold days the wintry weather would cool the brine in the radiator, causing it to circulate
downward into the coil in the cistern, which would gradually collect a thicker and thicker
coating of ice. On warm days, the brine in the radiator would be lighter than the brine in the
cistern coil and there would he no tendency to circulate. Thus, during the winter each cold
day would add to the layer of ice being gradually stored in the cistern. In the summer, a
motor operated brine pump could be used to circulate the brine from the cistern to the refrigerator box, and the heat abstracted from the box would be absorbed by the gradual
melting
of the accumulation of ice in the cistern.

the simplicity of the working parts. Another important fact in connection
with military operations is that as ether is in a liquid state under ordinary
conditions of temperature and pressure, it can be drawn out of the plant at
any time and stored in drums, thus making this type of machine easily and
quickly portable.
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Properties of Refrigerants.-On account of the. fact that different refrigerants have different physical characteristics or
"properties" the selection of the type of machine to use and the
design will depend largely on the properties of the refrigerant.
The cylinder displacement of the compressor will depend on the refriger-

ant. Those refrigerants which have high refrigerating effects with cor-

responding low specific volumes of vapor, will require the minimum cylinder
displacements, while those which have low refrigerating effects, and correspondingly large specific volumes of vapor, will require the maximum
cylinder displacements.

The properties of the various refrigerants are here given as
an aid to selection and design.
Classification of Refrigeration Systems.-The numerous systems of refrigeration may be classified according to several
points of view as:

With respect to the refrigerant as:

1.

a. Ammonia;
b. Ethyl chloride;
c. Methyl chloride;
d. Carbon dioxide (carbonic acid);
e. Sulphur dioxide;

"

f. Ether.

2. With respect to the working of the heat absorbing medium
or cooling agent as:
a. Compression
b.

wet

diy

Absorption

3. With respect to the manner of applying the refrigeration

as:
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.a. Direct expansion;
.b. So called indirect expansion or brine circulating;

c. Semi -indirect expansion or brine congealing;
d. Cold air;
e. Pipe line.

\

BEGINNING OF
STROKE
14.7 LBS. PRESSURE
tPER $Q IN. ABS.

END OF
STROKE

40 LBS.
ABS. PRESSURE
up
8,648.-The heat of compression as illustrated by the familiar operation of pumping

an automobile tire.

4. With respect to service, as:
a. Commercial;
ó. Domestic.

Compression System.-In this method a compressor is used
of the
lo subject the refrigerant to a pressure during a portion
operating cycle.
Briefly stated, mechanical refrigeration by a compression
system is accomplished by the condensation of a gas or vapor
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under pressure and its revaporization will take place at a lower
pressure.
Under these conditions the revaporization will take place at a lower temperature than the condensation and heat will be extracted from surrounding
objects.

The object of compressing the vapor of the refrigerant is
raise its boiling point.

to

71-SUCTION LINE TO COMPRESSOR
AMMONIA VAPOR
FROM EXPANSION COILS

Í

I

I11115SIiIRI:

MIIII11_

IIIIII'
11

t

TO CONDENSER

REUTVER
COMPPESSOR
Fio. 8,649 -llouc an ammonia compression system works. 1. The compressor pumps
the -ammonia vapor from the expansion coils into the receiver compressing it to about 150
lbs.

Similarly, the reason for expanding the refrigerant is that
when the pressure is reduced, the temperature of the boiling point
is also lowered.
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The reduction of pressure on the refrigerant causes it

to va-

porize.
In order to do so it must he supplied with a certain amount of heat known
as its latent heat of vaporization or simply latent heat. This heal is absorbed
from the surrounding substances or bodies, thus producing the refrigerating
effect.

The compression system cycle is briefly as follows:
1. Compression

I

FROM
FROF1

COMPRESSOR

SUPPLY-,

WATER

%
Aa

wtiTE1
HOT

mry

RECEIVER
ANT_MÓNÍA

VAPORCDNDENSES
.

.

''
.1_

EXPANSION
VALVE

=L'ÍCt1.Ibn.4MMONÍ1_COLD
FIG.

CONDENSER

8,650.-How an ammonia compression system works, 2. The ammonia vapor com-

pressed to 150 lbs. passes from the receiver to the condenser which being cooled by a continuous supply of cooling water causes the ammonia to condense, the liquid falling to the lower
part of the condenser.

Refrigerant subjected to maximum pressure.

2. Condensation
Refrigerant cooled and liquefied under pressure.

3. Expansion
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Pressure greatly reduced causing vaporization and absorption of heat
producing the "refrigeration effect."

Ammonia Compression System.-In this system anhydrous
ammonia (ammonia containing no water) is used as the re-

frigerant.

TO

COiIPRE550R

FROM RECEIVER

.

,s. *1:fll= `tI'

-

`.:I,

COLD CONDENSER

EXPANSION

COILS
LIQUID AMMONIA VAPORIZES
AT EXIT OF EXPANSION VALVE

EXPANSION
VALVE

\

:'

LATENT HEAT SUPPLIED BY
CONDUCTION THROUGH METAL
OF COILS.

FIG. 8,651.-110u. an ammonia compression system works. 3. Liquid ammonia at 150
lbs. pressure passes from the condenser through the very small outlet of the expansion valve
into the expansion coils. The liquid ammonia thus i njected into the expansion coils "flashes"
into vapor because t he pressure in t he expansion coils is much less than in the condenser. During the change of state (liquid togas) the temperature of theammoniaisgreatlyreduced thus
giving the refrigerating effect. In passing through the expansion coils the vapor absorbs
heat which it receives by conducion through the metal of the coils thus cooling the space
surrounding the coils. Due to the operation of the compressor there is a continuous circulation of vapor through the expansion coils.

At atmospheric pressure and ordinary temperatures, anhydrous ammonia
is a gas. Its adaptability to mechanical refrigeration is due to its high latent
heat (heat absorbing quality) and also to the relatively low pressures required for liquefaction after having been evaporated and compressed.

Another factor favoring the use of anhydrous ammonia is its non -corrosive effect on ferrous metals..
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LATENT HEAT SUPPLIED
F-1-

LIQUID AMMONIA
LBS. P12E55URE

HIGH
PRESSURE

5,389
BY

CONDUCTION THROUGH
METAL OF COIL

LOW PRFS. URE

¢= L
VAPOR
MANGE OF STATE
VALVE
(LIQUID TO VAPOR)
Fie. 8.653.-Effect of the expansion valve. When the equilibrium between pressure and tern
peralure of a liquid or gas is disturbed a change of stale occurs, accompanied by a transfer at heat.
In the diagram, if the temperature and pressure at L, be such that the ammonia is in the
liquid state a sudden reduction of pressure at F (exit of expansion valve) will cause a change of

EXPANSION

state, the liquid flashing into vapor, a considerable amount of heat being transferred to the
ammonia to accomplish this change of, state. The heat thus supplied being known as the
latent heal of the ammonia.
BLACK AREA

=

LOSS DUE TO WIRE DRAWING AT CUT OFF

PRESSURE

IN VALVE CHAMBER

PRESSURE IN CYLINDER AT CUT OFF
DROP IN PRESSURE DUE TO

WIRE DRAWING

INDICATOR CARD

WIRE DRAWING

8,654 and 8,655.-Steam engine analogy illustrating effect of the expansion valve. The
familiar "D" slide valve has an inherent defect of traveling slowly at and near the point of
cut off. The restricted passage thus presented "chokes" or "wire draws" the supply of steam
to the cylinder thus causing the pressure to drop considerably below the pressure in the valve
chamber as indicated in fig. 8,654. Similarly. the refrigeration system expansion valve wire
draws or chokes the supply of ammonia (steam) from the receiver (valve chamber) to the
expansion coil (cylinder) thus causing a drop of pressure as the ammonia (steam) enters the
expansion coil (celipder).
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The vaporization and expansion of the gas takes place inside
the cooling pipes or coils and the absorbed heat is extracted
from the surrounding air or products to be cooled.
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Fins. 8,656 and 8,657.-Boiler analogy of expansion valve effect. When the conditions are
as in fig. 8,656 the water and steam are in equilibrium and no change of state occurs. If more
heat be supplied causing the safety valve to pop as in fig. 8,657, the pressure is reduced
destroying the equilibrium of water and steam. Some of the water flashes into steam to
restore equilibrium thus a change of stale occurs which involves a transfer of heat in amount
corresponding to the latent heat of evaporation. Similarly, when liquid ammonia passes
through the expansion valve equilibrium of pressure and temperature of the liquid ammonia
is destroyed and a change of state occurs (liquid to vapor) involving a transfer of heat by conduction through the metal of the expansion coil in amount corresponding to the latent heat
of the ammonia.

The vaporized ammonia having absGrbed its maximum amount of heat
during its passage through the coils in the cold storage rooms, is drawn
through a connecting pipe to the compressor. The function of the compressor is to circulate and apply pressure to the vaporized ammonia, compressing and pumping it through the condenser through which water is also
circulated.
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Here it is condensed and drains to a receiving tank, when it is
again ready
to repeat its cycle. As the ammonia passes through the
water cooled condenser, the heat extracted from the cold storage room, and
generated during
compression, is absorbed by the circulating water which flows
through the
condenser tubes.

Ftcs. 8,658 and 8,659.-Steam engine analogy illustrating
due to expansion. As the
piston moves from the point of cut off L, to the point F, the cooling
falls as the steam expands
as indicated by the card (fig. 8,658). During the expansionpressure
(L to F) heat in the steam is converted into work by the piston, the temperature falling as shown in
fig. 8,659, which results
in cooling the cylinder walls. Similarly. in the dense air
type refrigerating machine the
"expander" is similar to the familiar cut off steam engine. The expansion
of the air lowers
its temperature 'and cools the refrigerating pipes in the
same way that expanded steam
cools the cylinder walls.

The extraction of heat in the cold storage room may be accon;-

Wished either by

Direct expansion method.
2. Brine circulation method.
1.
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In the direct expansion method the coils, in which the expansion of the
refrigerant takes place, are placed in the room with the materials to be
.cooled as shown in fig. 8,660
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OIL

o

SEPARATOR

INLET

AMMONIA

RECEIVER

RI
1, direct expansion method. In operation.
liquid ammonia stored in receiver R, passes through expansion valve X, into coils or piping
located in the refrigerator E, to be cooled. After expanding, it returns to the compressor C,
where it is compressed and pumped through the oil separator S, to the condenser W, where,
by water circulation, the ammonia is condensed and drains in liquid form to receiver R.

Ftc. 8,660-Ammonia compression system;
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Fm. 8,661.--Ammonia compression system; 2, brine circulating method. In operation,
ammonia is expanded through piping submerged in a brine tank, or through a special cooler
or evaporator. The brine, after being reduced to a low temperature, is pumped through
piping placed in the compartments to be chilled. C, compressor; E, refrigerator; R, receiver;
S, oil separator; T, brine tank: W. condenser; X, expansion valve.
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In the brine circulation method, the brine temperature is reduced by
ammonia expansion coils placed in a tank filled with brine, or. where very
low temperatures are essential, a device known commercially as a "brine
cooler" is employed. This method is shown in fig. 8,661.

In the direct expansion method the refrigerant absorbs heat
direct from the materials to be cooled.
The principal advantages of the direct expansion method generally
employed in small units are simplicity, economy, ease of operation and
compactness.
The motive power and compression side, which includes the compressor,
condenser, ammonia receiver and oil interceptor, all placed outside of the
cooling chamber may be located in a comparatively small space.

The direct expansion method is adapted to either intermittent
or continuous operation.
Where operation by day only is desired, brine storage or congealing tanks
are installed to maintain low temperatures in the refrigerators when the
compressor is not operating.

Part of the expansion piping is placed in the tanks, which are then filled
with a solution of brine, made either from calcium chloride or common salt.
A brine solution is employed because during the day it may be frozen to a
semi -solid condition. When the compressor is not in operation, the salt in
the solution causes the ice to melt at a low temperature, and absorbs the heat
which enters through the refrigerator walls.

In rooms where it is necessary to place the coils and tanks on the side
walls, the tanks are flat; center flue tanks are used in rooms where the cooling chamber is overhead. These center flue tanks are built in various sizes
and are designed to give the maximum amount of cooling surface without
having a great mass of inefficient or inactive brine.

In the brine system, the refrigerant absorbs the heat that the
brine absorbs from the materials to be cooled.
This is an indirect system and obviously it is not necessary for the expansion coils to be in the cold storage room.
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CONDENSER

AMMONIA DRUM

earth

LI QU rD
RECEIVER

pump which draws
becomes a liquid and passes
densíng coils. Here cool water passing over the coil takes up the excess heat and the ammonia again
In expansion.
to the receiver ready for use again. The working cycle consists of: 1, compression; 2, condensation; 3, expansion.
from
it.
The
system
is
roughly
divided
info
two
parts, the high pressure
the ammonia takes up heat; in condensing, heat is taken
while the low pressure side
side consisting of compressor, oil trap, condenser and liquid receiver, being more or less standardized, plant where installed.
comprises the expansion coils, brine cooler, etc., and is designed and proportioned for the particular
(relief valve); D, high
NOTE.-The parts are (in fig. 8,662): A, suction stop valve; B, discharge stop valve; C, blow off valve gauge;
L, low pressure
pressure by pass; E, low pressure by pass; I, suction strainer (scale trap), J, expansion valve; K, high pressure
P, air valve; O, crank case pump-out valve; R, charging valve;,
gauge; M, condenser valve; N, receiver inlet valve; O, room valves;
5, oil drain valve; T, drain valve; X, king valve.

both direct expansion anyl brine circulation methods.
8,662.-Ammonia compression refrigeration plant employing
to escape through a very small opening (expansion valve)
In operation, liquid ammonia in the ammonia receiver is permitted
lowered.
into coils located in the space to be cooled. As the ammonia escapes, its pressure is reduced and its boiling point whatever
milk, brine or
It expands and vaporizes, absorbing heat from the metal which in turn absorbs heat from the air, water,
produced refrigeration, the
substance surrounds the coil. Thus refrigeration is produced. Having expanded in the coils and it again into a liquid. As
ammonia gas must be removed either by allowing it to escape to the atmosphere, or by converting compressor is essentially a
ammonia is rather expensive, the latter course is followed, hence the need for the compressor. The gas to the ammonia con
ammonia gas from the expansion coils, compresses it and delivers high pressure
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COMPRESSOR

BRINE AND WATER
THRU TUBES

LIQUID AND VAPOR
ON OUTSIDE OF TUBES

COOLED
BRINE OUT

WARM.
BRINE

N

CONDENSING
WATER OUT

tc. 8,663.-Carrier compression type refrigerating machine with centrifugal compressor. The
cycle is as follows: Starting with the liquid in the base of the evaporator or cooler, through the
tubes of which is flowing the water or brine it is desired to cool. The minus pressure in the
cooler is maintained, by the centrifugal compressor, at. say 26 ins, of memury vacuum

(-12.77lbs., per sq. in gauge). As the arrows indicate, the centrifugal liquid pump, enclosed
within the base of the cooler, lifts the liquid to the space above the tubes from which, through
a distributer plate, it falls over the tubes. At the low pressure (i. e., high vacuum) the liquid
boils or evaporates rapidly, as in a flash boiler, quickly absorbing its latent heat of evaporation from the brine or water flowing through the tubes, thus performing the objective cooling
thereof. Then the resulting valor passes through the stationary eliminator plates, which
remove any entrained liquid, enters the centrifugal compressor wherein the pressure is
increased (or, so to put it, the minus pressure is reduced) to, say 5 ins. of mercury vacuum
(-2.46lbs., per sq. in. gauge), a difference between the evaporating and condensing pressu es
of but 21 ins, of mercury (10.31bs., per sq. in., gauge), although the condenser pressure is st ill
minus, that is, below atmospheric. At its relatively higher pressure, corresponding to the
5 ins. of mercury vacuum, the vapor enters the condenser and circulates about the tubes
through which the condenser cooling water flows, as indicated. In the condenser the vapor,
negligibly heated by its very slight compression, gives up to the cooling water this small
quantity of compression heat and also its latent heat of liquefaction. Thus the vapor becomes a liquid again, falls into the space beneath the condenser and from there it passes
through an ordinary float trap hack into the cooler, thus completing the very simple cycle.
The trap serves merely to avoid short circuiting in case the liquid level in the condenser
should fall below that required to seal the return riser. Note that there is no expansion
valve. The control i' autoniatic.
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Mere the plant is designed for operation by day only, the brine tank is
made large enough to afford ample storage of cold brine. When the compressor is shut down, the compartment temperature is maintained by continuing the circulation of brine with the pump. The brine circulating
method is recommended for large installations or where the various conipartments to be cooled are widely scattered.
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Ftc. 8,664. -Piping diagram of the absorption system showing the flow of liquidsdischarge;
5,
The endues are: 1, aqua charge; 2, weak liquid drain; 3, pump suction; 4, pump
valve; 9, gas from
strong liquid to generator; 6, sample valve; 7, charging valve; 8, expansionfrom
generator; 13,
generator; 10, gas to condenser; 11, liquid to receiver; 12, safety valve
to weak liquid
strong liquid to exchanger; 14, weak liquid from generator; 15, weak liquidvalve
return gas
check
18,
cooler;
gas
on
brine
cooler; 16, weak liquid to regulator; 17, return
from
line; 19, return gas to absorber; 20, liquid stop valve; 21, purge from condenser; 22, purge of
absorber (in pressure gauge line); 23, weak liquid by-pass around regulator; 24, by-pass
27,
check
separator;
from
condenser pump out; 25, purge valve from brine cooler; 26, drain or
test valve from brine
valve in purge line; 28, safety valve from brine cooler; 29, drain
safety
30, equalizing line condenser and receiver; 31. safety valve on receiver; 32,
cooler;
valve on absorber; 33, check valve in pump discharge line.

the two methods in one plant is shown in fig.
8,662, and the accompanying description, although it contains
some repetition of principles will be found helpful.
A combination of

The diagram shows the simplest form of compression plant. The same
elements are used in every plant regardless of size or capacity.
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Ammonia. Absorption System.-The principle of the absorption system may be stated as the alternate repulsion and absorption of ammonia gas by the alternate heating and cooling of ammonia water.
A system working on this principle takes advantage of the property of
water or a weak ammoniacal liquor (called the "weak liquor") to dissolve
ammonia gas. (At 59° Fahr. water absorbs 727 times its volume of am,

monia gas.)
1
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FIGS. 8,665.-Elementary combined compression and absorption machines showing that each
system has in common a condenser, receiver and expansion coils.

A commercial absorption machine consists essentially of six
parts three of which are present in the compression machine as
will be seen from the following.-

Compression Machine
1. Compressor
2. Condenser

3. Receiver.

4. Expansion coils

Absorption Machine
1. Absorber
2. Ammonia pump
3. Generator
4. Condenser
5. Receiver
6. Expansion coils
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FIG. 8,666.-Large absorption plant. ¡u this system the rich liquor is circulated through the rectifier before passing through
the exchanger, thus some of the heat which would otherwise be carried off in the condensing water is saved.
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It is seen from the two lists that the condenser, receiver and expansion
coils are common to both systems. This is further shown in fig. 8,665. The
figure further .shows that the compressor is replaced by an absorber, ammonia pump and-a generator.

In the absorption system the gas, returning from the expansion coils, enters the absorber (corresponding to the suction end
of the compressor). is transferred to the generator (corresponding to the discharge end of the compressor) by a pump, through
the valves of which it passes just as it flows through the valves
of the compression piston.
In the absorption plant the ammonia (liquor) pump can be made much
smaller than the compressor gas pump used in the compression system,
because the actual work of compressing the ammonia gas to the point at
which it can be liquefied by the cooling water in the condenser is performed
by the direct heat of steam rather than by the heat generated by the
expenditure of energy behind the compressor piston.

Briefly the operation of the absorption system is as follows:
The cooling agent' (ammonia water mixed in proportions of about one
and two respectively), is placed in the generator, where it is heated by steam
coils containing low pressure steam, usually the exhaust from the circulating
pump, and due to this heat, ammonia gas under pressure is liberated from
the water and passes on to the condenser where it is cooled and liquefied.
The liquid, ammonia then passes into the receiver and thence to the
expansion coils, where it vaporizes and absorbs heat from the surrounding
substances thus providing the refrigerating effect, and the warm gas from
these flows into an absorber, a tank containing the weak ammonia water
(called the "weak liquor"), that is, that which has previously given up its
gas in the generator.
In the absorber are coils containing cold water, and the ammonia vapor
coming from the expansion coils is absorbed by this weak liquor, and the
heat given up by the gas in the absorption process is carried off in the cooling
water.
The strong liquor or strong aqua ammonia resulting from the absorption
of the ammonia gas is pumped into the generator where it is again driven out
of solution by the heating coils, thus completing the cycle.

Refrigeration
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The elements necessary for performing this cycle are shown in
fig. 8,667.

.

In modern practice various refinements (additional parts) are
introduced and the description of the operation of the Carbondale ice machine accompanying the chart, fig. 8,676 will
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8,667.-Elementary ammonia absorption system: direct expansion cooling. The
essential parts are: 1, generator; 2, condenser; 3, expansion coils; 4, absorber; 5, pump;
6, exchanger. As compared with the compression system the absorber takes the place of the
compressor. Cycle of operation: 1, the strong liquor vaporizes in generator; 2, ammonia
gas produced in generator passes to condenser and condenses; 3, liquid ammonia from condenser passes through expansion valve and vaporizes in the expansion coils which produces
the cold or refrigerating effect; 4, ammonia gas from expansion coils is absorbed by the weak
liquor in the absorber, producing strong liquor; 5, the strong liquor is pumped from the
absorber to generator via the exchanger, where the hot weak liquor passing from generator
to absorber gives up some of its heat to the strong liquor, thus completing the cycle.

FIG.

give a good idea of how the absorption cycle is effectively carried

out.
Carbondale absorption refrigerating machines are made in various types.
The "Atmospheric" and "Double Pipe" types are shown in figs. 8.668 and
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Choice between the. types of absorption machines must be
governed by space 'and the characteristics of cooling water
available.
Where the cooling water is warm or muddy, the atmospheric type is
recommended. In this machine the exchanger is either the double pipe or
shell type.
Where it is ,iecessary to use sea water or water that is at all corrosive,
extra heavy galvanized pipe in the rectifier, weak liquor cooler, condenser
and absorber should be used. However, if the water be non -corrosive, but
of high temperature, full weight pipe will be satisfactory and, if properly
painted, will last for years.

Carbon Dioxide System ::-The chemical carbon dioxide, variously called carbonic -anhydride, carbonic acid gas or simply
CO2, and used as the refrigerant in this system, is made up of
molecules containing 'one atom of carbon and two atoms of
oxygen and has the chemical symbol CO2.
The boiling point of water being far above the atmospheric temperature,
heat must be applied to bring it to the boiling temperature. The boiling
point of liquid carbonic anhydride being much lower than the temperature
of the atmosphere, it absorbs from its surroundings the necessary heat to
cause it to boil or evaporate.
Carbonic anhydride is supplied in steel cylinders and can be procured
almost anywhere at a cost of a few cents per lb.

Ether System.-This method of refrigeration has never come
into extensive use owing to the relatively large compressor necessary, but more especially to the inflammability of ether and its
great liability to explosion.
The great advantage of ether is that it requires only a low pressure in the
condenser, N-hich is of n' little importance in wane climates. The low
pressure is also favorable for the maintenance of tight joints, and the simplicity of the working parts.
The compressor required is very much larger than in an ammonia machine
of like capacity, and its generally massive construction, and larger corisumption of coal and water, added to the great fire risk, have seriously handicapped the ether machine for ordinary commercial use.
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Compressed Air System.-In this system air is compressed to
ten to fifteen atmospheres, and its temperature
raised from 75° to 500 or 600°.
a pressure of

This heat is conducted off by the compressed air being held in a coil surrounded by water, or in long pipes passing through the atmosphere as when
used for rock drilling machinery. The heat may be reduced by conduction
to 75°, but the pressure is still, say, fifteen atmospheres. If this should be
allowed to escape into the atmosphere a temperature of zero to 10° Fahr.
would be produced, part of the low temperature being due to the energy
required to force itself into the air again against an atmospheric pressure
of 14.7 lbs. per sq. in.

The basic principle is that: When a gas is allowed to expand while doing
work, the amount of heat given out by the gas is equal in mechanical energy to
the work done.
The main objections to air machines are: The large space required, the
high cost, comparatively, of operation, and the amount of moisture in the
air which interferes not only with the working of the machinery but also in
the form of ice or snow deposited over goods, otherwise the safety of the
refrigerant Is greatly in its favor.

Water System.-Several machines have been developed,
using water as the refrigerant.
The boiling point of water depends on the pressure. Although it requires
a temperature of 212° Fahr. to boil water at atmospheric pressure, water
will boil at 32° under a 29.74 in. vacuum; at 40° for 29.67 in. vacuum, etc.

Sulphuric acid is used to absorb the water in some systems of this kind.
pump must be used to remove the air. Small hand made machines are
made in Europe to operate on this system. They will cool a carafe of water
in a few minutes, or make a few pounds of ice in less than half an hour.
A

It is difficult, however, to produce a commercial pump to obtain such a
high vacuum. The air in the water must also be discharged.
FIG. 8,670

-Text

continued.

pressure (and temperature) directly affect torque required. If either brine temperature or
condenser temperature become excessive counter -weight will revolve and automatically
prevent building up of dangerous pressures.

.
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Mechanical Ice Making.-The term "mechanical ice making"
as here used relates to the apparatus and methods employed in
freezing ice into cakes for distribution by ice wagons. There are
two methods known as

The can method;
2. The plate method,
1.

the former being the more extensively used.
DISTILLED WATER STORAGE TANK
PLAN OF TANK
ENGINE

XPANSION VALVE

COILS

COILS
INSULATION

WOOD COVERS

Fin. 8,671.-Detail of freezing tank of an Eclipse ice plant, showing the arrangement of the
cans with covers, also the brine agitator. The agitator is in the shape of a propeller which
keeps up a continuous circulation of brine between bottom and top of tank.

Ques. Describe the can method.
Ans. Galvanized cans or moulds are filled with water, after
they have been suspended the proper depth in a tank of brine
the brine being cooled by a direct expansion system in the freez
ing tank, as shown in fig. 8,671.
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The time required for freezing varies from 40 to 60 hours, depending on
the thickness of the cakes. The longer the time a given thickness is allowed
to freeze the better the quality.
In removing the cakes from the cans, the cans are drawn out of the brine
and sprayed with, or dipped into, warm water which loosens the ice so that
when the can is inclined on its side the cake of ice slides out, the can being
make tapering in shape so as to facilitate the movement.

in domestic refrigeration the can method is used on a miniature scale in freezing ice cubes with the exception that the tray
which corresponds to the can is not placed in brine, but is
surrounded by a cooling coil.
Ques. Describe the plate method.
Ans. Several vertical hollow iron walls are built in a large
tank. The tank is filled with pure well water so that the iron
walls are entirely submerged. The hollow iron walls are placed
parallel with each other at a distance of from two to three feet.
The freezing fluid, consisting either of cold brine or ammonia, is
passed through the hollow walls, with the result that the water
will freeze on the outside of the walls; the water is kept in agitation either by means of a propeller or pump, or by compressed
air, so that the water is kept continually on the move; carrying
the air with it prevents it being frozen in the ice. After the ice
is frozen on the walls to the required thickness the freezing fluid
is shut off from the walls and a warm fluid passed through instead until the ice is loosened and taken out of the tank.

This method is shown in figs. 8,672 and 8,673.
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TEST QUESTIONS.
What is the basic principle of refrigeration?
2. Give definitions for: 1, heat; 2; temperature; 3, sensible. heat; 4, latent heat.
3. How does the transfer of heat take place?
4. What are the three states of matter?
1.

5. How is a change of state accomplished?

6. Give steam engine analogy of change of state.
7. What is the latent heat of evaporation?
8. Upon what does the boiling point depend?
9. How is heat carried away in vaporizing?
10. Describe an experiment illustrating condensation.
11. What is a refrigerant?
12. Name the various refrigerants used.
13. Give the properties of the various refrigerants
14. Give a classification of refrigeration systems.
15. Describe the compression system.
16. What refrigerant is generally used with the compression system?
17. What is an expansion valve?
18. Give steam engine analogy of the effect due to expan-

sion valve.
19. What is the difference between the direct expansion
and the brine circulation methods?
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20. Describe in full detail
system.
.

the ammonia absorption

21. Describe the: 1, carbon dioxide; 2, ether; 3, compressed
air; 4, water systems.

Describe the can method
23. How is ice made by the plate method?
22

.

.
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CHAPTER 222

Refrigeration Machine
Operation
The following instructions for the operation and maintenance of refrigeration plants, will be found helpful to the practical man who intends to be put in charge. Directions are given
in this chapter for the operation of plants of both the compression and the absorption types.
Sinai! Compression Machine Operation.-To illustrate the
running of a small refrigeration plant of the compression type,
directions are here given for operating the Brunswick refrigerating machine, as shown in figs. 8,674 and 8,675.
To start machine. -1, Open water supply valve. Be sure water is
running. 2, open wide by-pass valve A; 3, turn fly wheel back to compression point (opposite to operating direction); 4, turn on power; 5, open
discharge valve No. 2; 6, close by-pass valve A. (Never close by-pass valve
A, until discharge valve No. 2 is open ); 7, open suction valve No. 3 (Suction
valve No. 3 should be open only one quarter turn and system pumped down
until suction or low pressure gauge registers 25 lbs. pressure, then slowly
open wide and run machine until low pressure gauge registers 10 lbs. pressure; 8, open liquid valve No. 4; 9, regulate expansion valve until low pressure gauge registers proper pressure.
To

stop machine. -1, close liquid valve No.

4.

(After liquid valve No.

is closed, keep machine running until lo \\ pressure gauge registers between
zero and 5 lbs.); 2, close suction valve No. 3; 3, turn off power; 4, close discharge valve No. 2. (Never close discharge valve No. 2 until machine is
9

stopped); 5, close water supply valve.

A

'1"1171

7

FIGS. 8,674 and
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8,675.-Brunswick compressor type refrigeration machine. Its operation is explained in the accompanying text.
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Expansion valve.-This valve controls the suction or as it is called low
pressure. Suction pressure gauge should never register above 30 lbs. or below
zero when compressor is running. Expansion valve being very sensitive,
care should be taken in regulating it.
It is impossible to designate the exact suction pressure at which each
plant should be operated, since it depends on the actual work to be done by
the machine. The best rule to follow however, is to operate with suction
pressure as low as possible, still frosting through all the pipes, since the lower
the suction pressure, the colder is the ammonia gas and therefore a lower
temperature is obtainable.
If frost come back to cylinder on compressor to the extent that discharge pipe
gels cold, there is too much ammonia going through expansion valves, which
should be slightly closed. Tfte best results are usually obtained in the following way: after machine is started, open expansion valve a little more than
usual until frost comes back to suction scale trap; then close slightly,
operating at usual working suction pressure.
Water.-There cannot be too much water used. This however does not
mean that water should be wasted. The high or condensing pressure is controlled not only by the amount of condensing water that is used, but also by
the temperature ,of it. Therefore, if condensing water be cool, it is not
necessary to use as much as when water is warm.
The average condensing pressure (high pressure gauge) with water say 65°
Fahr. to 75° Fahr. should be 160 lbs. to 180 lbs. As the temperature of the
water rises, the condensing pressure increases, but should not exceed 200
lbs. unless water is exceptionally warm.
With plenty of cool water, the condensing pressure may he lowered to
150 or even 125 lbs. with correspondingly lower power consumption and
increased refrigerating effect, but there is little economy in carrying condensing pressure much below 150 lbs. since the gain in refrigerating effect
and power saved by the compressor is offset by increased water consumption.
Condenser.-In cold weather when machine is not running all water should
be drained out of condenser and also water jacket on compressor, to prevent
freezing. When draining condenser be sure that air vent al top of water piping
is open. Keep water tubes of condenser clean and free from sediment.
Unusually high pressure indicates the presence of air or foreign gas which
may be drawn off through purge valve C, on condenser as follows: attach
pipe to purge valve C, and submerge end in pail of water. Slightly open
purge valve C. Allow air to escape through water. When foul gas is
purged out and ammonia appears causing a cracking noise, immediately
close purge valve C.
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Never purge condenser unless machine has been
slopped several hours.

Dirty water tubes in condenser.-These should be
cleaned once a
season or oftener if necessary. To do this, remove
bends ánd serape tubes
with tube cleaner after which tubes should he
thoroughly washed
bends replaced.

out and

Oil.-Oil gauge on compressor case should show about quarter full
when
compressor is shut down. If oil level be too high, an
excessive quantity of oil
may be carried over into the oil separator. When
the oil level gauge on the
separator shows a considerable quantity of oil in the separator
it should be
blown back into the case of the compressor as follows:
First open gauge cocks
on oil separator and compressor case, then
slightly open oil return valve No.
6, on bottom of compressor case, watching fall
of oil ín gauge glass on separator.
When oil disappears from gauge glass on
close oil return valve
No. 6 tight, at once. If valve No. 6 he notseparator,
closed tight immediately after
oil disappears from separator gauge, ammonia
will pass through return pipe,
causing excessive pressure in compressor case.
Never blow back oil except when machine is running.
To recharge with oil.-Compressor case should
be supplied with new
oil about once in six months. This may be
done as follows: Close liquid
valve No. 4 and run compressor until low pressure
gauge shows 5 ins.
vacuum, then close suction valve No. 3, and stop
compressor. Next close
discharge valve No. 2, and then open slowly purge
cock No. 10. Draw old oil out of compressor casecock No. 9 and purge
oil charging
valve No. 7. When old oil is drawn out, connect piecethrough
of % in. pipe, with
funnel attached to valve No. 7 and pour in new oil
gauge glass is
quarter full. Close valve No. 7, and purge cock No. 10until
and
pumping air out through purge cock No. 9. After all air is start machine
pumped out,
close purge cock No. 9, then open discharge valve No. 2
at once and operate
machine as usual.

Important.-Nothing but special ice machine oil should be used in crank
case, since ordinary lubricating oil will freeze and become
sticky.
General care of plant.-Keep all ammonia and oil
cocks closed,
except when examining level of liquids. Gauge cocks gauge
on
should be opened each day to make sire that there is sufficientcompressor case
oil in the corn pressor.
Always keep stuffing boxes on valves and compressor
shaft just tight
enough to prevent any leak of ammonia. When stuffing boxes
are drawn up
as far as possible, packing should be replaced with good
spiral packing. Shaft stuffing box is packed with specialgrade of ammonia
metallic packing.
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All valves, except gauge cocks, expansion valve, purge valve C, oil return
valve No.' 6; arid;charging valves Nó. 5 and No. 7, must be repacked when
wide open in order nofto lose ammonia.
Gauge cocks, purge valve C, and charging valves Nos. 5 and 7, must be closed

while being repacked.
When repacking oil return valve No. 6, close it and relieve pressure on crank
case as when recharging with oil.

Important.-Never open by-pass valve B; unless it is necessary for some
reason to pump ammonia out of high pressure side into coils. Never close
stop valves F and E, unless there be a leak in some part of the high pressure
side. Stop valve F, is omitted on machines up to and including 6 tons
refrigerating capacity. Stop valve E, is omitted on compressors up to and
including 134 tons capacity. Stop valve Z, is omitted where expansion
valve is installed close to receiver. Never close stop valve Z, except when
it is necessary to take expansion valve or scale trap apart.
Pressure must be taken off both sides of expansion valve while it is being
repacked, by closing liquid valve No. 4 or stop valve Z, and pumping down low
pressure.
Keep all valve stems well oiled to prevent rust.
Clean oil well on -outboard bearing with gasolene every two or three
months, and keep this bearing filled with good grade of motor oil.
Once each year suction and discharge valves in compressor should be
reground and scale traps cleaned. This may be done conveniently when
renewing oil in crank case as machine is then pumped down.
Compressor can be taken apart easily when pumped down and valves
reground without loss of ammonia.
To -recharge with ammonia. --1, connect ammonia charging cylinder
to charging valve No. 5, using charging pipe furnished; 2, start plant in usual
manner, leaving liquid valve No. .4 closed; 3, open slightly valve on ammonia
cylinder, testing connections to see if they be tight; (Caution: Stuffing box
nut on ammonia charging cylinder has left hand thread and must be turned
to left to tighten stuffing box); 4, if connections be tight, open valve on
cylinder and open charging valve No. 5, which will allow the ammonia to
flow from charging cylinder to expansion valve; 5, regulate syste n with
expansion valve to normal operating conditions and, charge until gauge glass
on ammonia receiver shows half full; 6, before disconnecting, close the valve on
ammonia charging cylinder and also close charging valve No. 5; 7, disconnect
charging cylinder, making sure that charging valve No. 5, and valve on
cylinder are both closed tight.
Caution.-Never leave ammonia cylinder connected to system.
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Absorption Machine Operation.-To illustrate the running of a refrigeration plant
of the absorption type, directions are here given for operating the Carbondale refrigerating machine as shown in fig. 8,676.
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The operation of the Carbondale Absorption Refrigerating Machine is
based on the fact that pure water readily absorbs ammonia gas. Pure anhy,
drous liquid ammonia boils at 281/2 deg. below zero Fahr. under atmospheric
pressure, while water boils at 212 deg. Fehr. above zero. A mixture of ammonia and water will have a boiling -point somewhere between, depending on
the strength of the aqua ammonia solution.
1.

The quantity of ammonia that water will absorb depends on the pressure
under which the absorption takes place, the temperature of the solution, and
the efficiency of the absorber.
2.

A strong solution of aqua ammonia is pumped thru the Exchanger into
the .Generator. Steam Heating coils in the Generator heat the solution and
drive off the ammonia gas, thru the Rectifier, or moisture separator. into the
Condenser.

3.

4.
From the Condenser the Ijquid anhydrous ammonia is conducted to the
Expansion Coils or Brine Cooler, thru the feed valve (4). There it evapSrates
gathering the heat from, and thus cooling the objects to be refrigerated.
5.
Since strong aqua ammonia is continually pumped into the Generator at
the rate of about one half gallon per minute per ton of refrigeration, and the
gas driven off from this aqua into the Condenser, a continuous supply of weak
liquor. leaves the Generator thru the Exchanger and Weak Liquor Cooler to the
Absorber, where it absorbs the ammonia gas liberated by the Cooler or Expansion Coils. The resultant strong aqua ammonia is taken from the absorber
by the aqua Ammonia Pump, forced thru the Exchanger into the Generator
again, ready to repeat the cycle.

6.
This information and diagram is useful to owners and operators, who
wish to learn the method by which the Carbondale Exhaust Steam Machine
operates. The diagram is of value to experienced engineers, breaking in green
operators. It shows a typical Carbondale Atmospheric, Type Absorption
Refrigerating Machine. We build other types but the principle is the same.
Ammonia Gas Connections are shown by Lines R.
7.
8.

9.

Ammonia Weak Liquor Connections are shown by Lines G.
Ammonia Strong Liquor Connections are shown by Lines RG.

10. Mark the valves in your plant to correspond to the valves on the diagram.
It will help the engineer in case of fire or accident to close the necessary ones
promptly, minimizing ammonia loss and preventing other damage.
11. The following instructions, condensed from our Instruction Book, are for
handy reference.
12. TO START THE MACHINE. Assuming that the machine has a normal
charge, proceed as follows:
13. Start water circulating thru the machine.

-
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14. Start brine pump, making sure that the proper quantity óf brine of the
proper specific gravity is circulating.

Turn steam on generator. Do so gradually.
Open the cooler gas valve (6). Slowly.
Immediately thereafter start the ammonia pump making sure that valves
(8) (9) (10) are open.
18. Open and set the-weakliquor valve (13).
19. When the generator pressure is raised to that usually carried, open the
gas valve (1) and drip valve (2).
20. Open and set the expansion valve (4). The machine is now iñ regular
operation.
21. TO STOP THE MACHINE: Shut the steam off the generator. During
short shut downs leave a little steam on to prevent undue cooling, and leakage thru coil tail packing when starting up.
22. Close the expansion valve (4).
23. Stop the ammonia pump, closing suction valve (8)1
24, Close the weak liquor valve (13).
25. Close the cooler gas valve (6).
26. Close the rectifier drip valve (2) and, gas valve (1).
27. Stop the brine pump.
28. Shut off water supply.
29. For short shut downs, items 25 and 26 may 'be omitted. All valves
should be opened very slowly.
30. WATER SUPPLY: To secure full capacity it is essential that ample
water at proper temperature be provided. Consult the specification or the
Carbondale Machine Company to ascertain the correct amount of water.
31. As a general rule the absorber outlet water should not exceed 95 deg.
Sufficient water should be.used on the rectifier, to maintain the outlet gas
from 20 deg. to 30 deg. F. warmer than the ammonia condensing temperature due to the generator pressure.
15.

16.
17.

1,

32. Under proper operating conditions, and water supply, the shortest drip
pipe on the rectifier will be very hot, the intermediate pipes successively
cooler and the longest pipe fairly cool.to the touch.

33. STEAM: Consult the specification as to the proper steam pressure to be
employed. In general, the steam pressure must be increased if the brine
temperature is lowered or the cooling water temperature raised

34. Ordinarily the steam pressure should not exceed one third of the
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generator pressure. Thus with 150 pounds generator pressure, 50 pounds
steam pressure is maximum.
35. Keep the air cock on the lower generator header open slightly which frees
the coils of air, and indicates if the trap is working properly.
36. AMMONIA CHARGE: With the machine in regular operation and a normal charge the proper liquid levels, as indicated by gauge glasses onthe
various shells, will be as follows:
37. The Generator liquor level will be from one to two inches above.the coils.
38. Atmospheric and Double Pipe Absorbers will have at least 12" of aqua
in the receiver; above the pump suction connection. Shell Absorbers will run
practically empty.
39. Shell Condensers will show 4" to 6" of anhydrous in the gauge glass and
the receivers of Atmospheric or Double Pipe Condensers will show a similar
amount above the outlet to expansion valve.
40: The Brine Cooler should contain enough anhydrous ammonia to frost
both gauge cocks, with the cocks closed, and show a flash of soapy liquid in
the glass, when the cocks are opened. The gas line should be slightly frosted
back to the absorber. This, however, should never frost sufficiently to show
frost on the purge line which indicates that liquid ammonia is being carried
out of the cooler.
41. EVAPORATING OR COOLER PRESSURE: With a normal charge, the
cooler gauge pressure should correspond to an ammonia temperature from
5 to 10 deg. lower than the temperature of the outgoing brine. The following table shows approximately the pressures corresponding to different outlet
brine temperatures.
TEMP. OUTLET BRINE
DEG. FAHR.

COOLER GAUGE PRESSURE
LBS. PER SQ IN.

-20
-10

2''l" vac. to 0 lbs.
3 lbs. " 6 "
8 "
"12 "
15 "
P19 "
23 "
"27 "

0
10

20
42. If Expansion Coils are used, instead of a Brine Cooler, the normal
Evaporating Pressures will be slightly lower than those for a Brine Cooler.
43. A BRINE COOLER PRESSURE BELOW that given in the table for the
corresponding temperature indicates:
44. Insufficient ammonia (see par. 40).
45. Cooler needs purging (see par. 64).
46. Brine being circulated with insufficient rapidity (see specification).
47. If BRINE COOLER PRESSURE IS TOO HIGH it is probably due to one
of two causes:-

-
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48. Feeding Anhydrous too heavily (see last two lines par 40).
49. Air or foul gas in absorber (see par. 71).
50. It is urmecessary to know the strength of the strong and weak aqua to
determine if the machine is sufficiently charged. If the conditions outlined in
par. 36 to 40 inclusive are met, the strength of the strong and weak aqua
will take care of themselves.
51. CONDENSING PRESSURE: With clean coils and a good water supply,
the generator pressure should not exceed that shown in the table below: -WATER TEMP.
GENERATOR GAUGE
TEMP. GAS
DEG. FAHR.
PRESSURE. LBS.
LEAVING RECTIFIER
PER SQ IN.
DEG. FAHR.
50
86 to 96
.60
05
95 to
70
145
102 to 112
80
166
109 to 119
90
192
118 to 128
52. A Generator pressure higher than given in this table, indicates one of
three things:
53. Insufficient water supply.
54. Air in the high pressure side of machine.
55. Dirty condenser coils.
56. LACK OF CAPACITY: Is usually attributable to
57. Insufficient water supply. (see par. 30-31-32).
58. Insufficient steam pressure (see par. 33-34-35).
59. Insufficient flow of brine (see specification).
60. Insufficient ammonia charge (see par. 36 to 40 inc:)
61. Air or non -condensable gas in machine (see par. 69-70-71).
62. Dirty Condenser, Absorber or Rectifier coils.
63. Cooler in need of purging. (see par. 64).
64. PURGING THE COOLER: If some aqua has worked into.the Cooler it
is usually indicated as follows:
65. A lack of capacity not attributable to other causes, the gauge cocks on
the Cooler being frosted as with a normal charge and the cooler pressure below that shown in table.
66. If on opening the Cooler gauge cocks the liquid looks watery and sluggish, and the Cooler pressure is below normal.
67. To remove this aqua, or "Purge" the Cooler, close expansion valve (4)
and in about 15 minutes close gas valve (6) and open purge valve (5):

125105
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68. After thoroughly draining the Cooler open expansion valve (4) for about
half a minute, repeat this several times and when 'the pressure drops to 5 to
10 pounds below that on the absorber before purging was begun, the cooler
has been completely purged and operation can be resumed.
69. REMOVING AIR OR FOUL GAS: If with clean Condenser coils and
ample water supply the condenser pressure remains high, it indicates Air or
Foul Gas in the high pressure side of the machine.
70: Air can be removed from the high pressure side, during operation, by
opening expansion valve (4) wide for 10 or 15 minutes at intervals of one or
two hours. This empties the liquid receiver periodically and allows gas to
blow thru. The rapid flow of gas thus induced carries the Air or Foul Gas to
the low pressure side from which it can be removed thru valve (23) see paragraph 71. As soon as evidence of Air or Foul Gas disappears, this process
should be discontinued.
71. To remove Air or Foul Gas from the Absorber blow it from valve (23)
into a bucket of water until ammonia gas comes. This is indicated by a
crackling sound as the ammonia gas is absorbed, also by the heating of the
water. When this occurs, close valve (23).
72. LEAKS: Stop leaks the moment they appear.
73. GENERAL: In the season of light load reduce the number of atmospheric
or double pipe absorber coils in service tó the smallest number required.
74. In cutting out each coil, close the individual controlling valves in the
following sequence.
75. Close the weak liquor valve.
76. Close the gas valve.
77. Close the strong liquor valve.
78. In putting the coils back into service the procedure should be reversed.
79. Keep a log of operation, coal, repairs and results. Keep the anhydrous
receiver outlet sealed always. Keep the generator coils covered with aqua always and the generator steam pressure as uniform as possible. Keep pipe
surfaces clean.
80. For detailed instructions see the complete Instruction Book
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TEST QUESTIONS

full detail the operation of a small compressor machine.
2. How is a machine re -charged with ammonia?
3. ,What precautions should be taken in re -charging?
4. Describe in full detail the operation of a large absorption type machine.
1. Describe in

r;
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CHAPTER 223

Domestic Refrigeration
Domestic Refrigeration.-By definition, domestic refrigeration is refrigeration on a small scale as accompanied by a selfcontained unit with automatic control, fool proof and of suitable
size for household use.

The term electric refrigeration

is

misleading.

Electricity has nothing to do with the refrigeration cycle, but is used to
furnish the power to perform the cycle, that is, to drive the compressor.

Details of domestic refrigeration systems are given in the
sections following.
.

Compression Systems.-There are two general type of compressor apparatus classed according to the method of expanding
the refrigerant and known as
1.

Dry system.
a. Expansion valve;
b. Capillary tube.

2. Flooded system.
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In the dry system, the refrigerant
is admitted into the expansion coils of
the evaporator in a semi -liquid or
spray form, which is controlled by an
expansion valve actuated by pressures.

4
a

In the flooded system, a relatively
larger amount of liquid refrigerant is
held in the evaporator and the proper
operating level is maintained by
means of a float valve actuated by
gravity flow.

Methods of Heat Transfer.Two methods are employed to
transfer heat from the interior of
a cabinet to be cooled, namely,
1.

By direct expansion;

2. By brine circulation.

These methods have been
fully described and need no further explanation.

Compressors.-There are
three types of compressors used:
1. Reciprocating;
2. Oscillating;
3. Rotary.
Reciprocating type compressors
are generally either of single cylinder
or double cylinder construction, having discharge and intake valves of
varied differences of construction.
The compressors may be bell driven,
gear driven, or directly connected to
the motor.
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Condensers.-The condensing element is usually one of three
types:
1. Water cooled;
2. Air cooled by natural air circulation.
3. Air cooled by means of a forced fan draft.

SIDE 1

` HIGH

l __
LOW SIDE
fLW

PRESSURE SO2 LIQUID
n
SO2 GAS
LOW PRESSURE SO2 LIQUID

502 OIL
FIG.

8.680.-Kelvinator flooded system cycle.
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Motors, Control Mechanism, Valves, Stuffing Box, Etc.Motors of fractional horse power capacities to 1 h.p. and over
of various industrial types are the prime movers of any electric
refrigerator.
Control mechanisms are either of the following types:

411G11111:52
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8.681.-Kelvinator dry system ^ycic.
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Pressure type;

2. Thermal type.
Service and shut off valves are usually required on the average refrigerating system. In many compression systems where the drive is by belt or
gear involving the use of a compressor drive shaft, a stuffing box is a primary
element.
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8,682.-General electric domestic refrigerator unit. Exterior view showing general appearance. This unit fits on top of the refrigerator.

'

The function of the stuffing box is that of a packing gland to prevent
.eakage of the refrigerant by sealing the compressor drive shaft.

.Typical Compression Type Domestic Refrigerator.-As an
example of how the compression cycle is applied in a small unit
for househplcd duty the following brief description of the .General
Electric refrigerator is here given.
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h'tc. 8,683.-Rice automatic control by temperature. The electric circuit to the motor is opened
and closed by the tilting of the mercoid switch A, which causes the mercury to flow from one
end to the other, making or breaking contact with the terminals. The power element B, consists of a metal bellows containing a gas which quickly expands with a slight rise in temperature. When temperature increases, the power element exerts an upward push on the stem
C, forcing up the lever D, which rocks the mercoid switch to the left dosing the circuit. A
decrease in temperature causes the power element to contract and the large adjusting spring
at E, throws the switch back, opening the circuit. Spring F, gives the required snap a':tiot
to the switch and is necessary for the proper operatitia of the control.

Ftc. 8,684 -R;ce automat c control by pressure. The electric circuit to the motor is opened

and closed by the tilting of the mercoid switch A, which causes the mercury to flow from one
end to the other, making or breaking contact with the terminals. The power element B,
consists of a metal bellows to which is attached a stem C. The bellows within B. is connected
direct to the refrigerant on the low pressure side. Experience has shown that there is a constant relation between the low side pressure and the temperature of the cooling
unit. It is,
therefore, possible to control temperature by controlling the low side pressure. As the low
side pressure increases (unit closed down) the bellows power element expands pushing down,
ward on stem C. and lever D, which rocks the mercoid switch to the right and closes'the cir.
cult. Running of the unit causes a decrease in low side pressure allowing the bellows
to contract. The adjusting spring at E, then throws the switch back, breaking the element
circuit
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8,685.-Cutaway section of General Electric refrigerator machine. The
are: 1, main
frame; 2, rotor; 3, main shaft; 4, bearing plate; 5, piston; 6, cylinder; 7, parts
muffle box;
oil
screen: 9, unloader; 10, surge chamber; 11, check valve plunger; 12, unloader tube;8. 13.
suction tube; 14, supporting springs.

FIG.
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The General Electric compressor is of the oscillating type.
The refrigerator consists in its entirety of two integral parts.

Refrigerating unit.
2. Cabinet.
The refrigerating unit consists of five principal parts.
3. Float chamber.
1. Compressor.
4. Evaporator (super:freezer).
2. Condenser.
5. Control.
1.
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F[e. 8,686.-eneral Electric refrigerator unit. Diagram showing parts and cycle of operation.
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Compressor unit.-This unit consists of the motor and compressor,
together with the main frame on which they are mounted: The assembly is
mounted on three vertical springs in order to reduce to a minimum the
transfer of any noise or vibration to the outside casing.
The motor is of the single phase induction type.
The compressor is of the single oscillating cylinder type on the small
units. As the piston is moved in and out by the action of the crank pin, the

gins. 8,687 to 8,690.-General Electric bearing plate, crank shaft, piston and compressor of
refrigerator. The parts are: 3, crank shaft; 4, bearing plate; 5, piston; 6, compressor; 15, oil
piston; 16, gas ports; 17, oil ports; 18, oil grooves; 19, crank pin.

cylinder is made to oscillate about its trunnions. The cylinder rides on the
bearing plate and its oscillation opens and closes the suction port. This
oscillation also operates the oil ports. The compressor operates at 1.750
revolutions per minute, which is the rated speed of the motor.
The base of the machine in which the mechanism is mounted is shaped
like a howl, which is filled with a permanent supply of high gradé mineral
oil up to the level of the bearing plate, thus forming an oil sump.
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Positive forced feed lubrication is obtained by means of a plunger which

is mounted beside the main compressor piston, and the cylinder in which it

operates is in the same block as the main cylinder.
The oil plunger operates on the permanent oil supply. in the same manner
as the main piston operates on the vapor. Since the oil is never overheated,
and it cannot become mixed with dirt, and it cannot oxidize or evaporate,
there is therefore, no need to replace it.

Condenser.-This consists of circular copper coils, which are rigidly
wound on sheet steel fins welded to the outside of the compressor case.
These fins serve the double purpose of supporting the condenser coils and
dissipating heat from the motor and condenser.
Float chamber.-The float chamber is located on the cabinet top to the
right of the compressor case. Its function is to accumulate liquefied
refrigerant until there is a sufficient supply to raise the float valve, allowing
liquid, but no vapor to return to the evaporator as it is needed.

Evaporator.-This is located on the underside of the cabinet cover as an
integral part of the whole refrigerating unit. Its function is to refrigerate
the cabinet. It is made of two steel sheets, one of which is corrugated.
These are folded into shape, with the upper part of the inner and outer
sheets forming a cylindrical header and are then electrically welded and
brazed together. This construction gives in effect a series of parallel tubes
extending around the outer surface of the evaporator aid opening into the
header or refrigerant reservoir.
The liquid refrigerant is admitted from the float chamber into the evaporator where it evaporates, absorbing heat from the interior of the cabinet.
The interior of the evaporator is made to accommodate ice freezing trays,
two of which are set side by side and in direct contact with the floor of the
evaporator for fast freezing.
The control.-This is located one the cabinet top at the left of the compressor case and consists of
1. A switch to throw the unit On or Off manually;
2. A thermostat to start and stop the motor in response to temperature
:hanges in the evaporator when the manually controlled switch is On.
3. An overload protective device.
4- A starting relay.
Temperature control is accomplished by a metallic bellows, to which is
attached a copper tube, the end of which is fastened to the evaporator. The
bellows and tube contain a supply of sulphur dioxide to evaporate with a
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hte. 8.691.-Operating cycle of Rice methyl chloride direct expansion refrigerating unit. The
refrigerating effect is due to the latent heat of vaporization of the methyl chloride, that is,
the amount of heat taken out of the surrounding air when the methyl chloride boils. ' The
liquid methyl chloride starts vaporizing when released through the capillary tube O. It then
boils or vaporizes in the cooling unit C, taking heat from the surrounding air inside the refrigerator. This vapor is conducted to the suction side of the compressor S, usually reaching
it
in a slightly superheated condition. The compressor then forces the vapor or
gas into the
condensing element K, where it is liquefied by cooling by a flow of air over the coils while
the vapor inside is under pressure. It collects in liquid form in the bottom of the coils K, and
is then allowed to return to the cooling unit C, through the capillary tube O.
should be
noted that the resistance due to the constricted opening in the capillary tube O, It
causes it to
act as an expansion valve. The tube builds up a back pressure in liquid
feed line or high
pressure side. and at the same time relieves it at low pressure into the low pressure side
or
cooling unit and suction pipe line.
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resultant increase in the pressure. This increase in pressure actuates,
through the metallic bellows, a switch which starts the motor.
Conversely, a decrease in temperature causes reduction in pressure,
which opens the switch and stops the motor. The temperature may be
adjusted by increasing or decreasing the tension on the temperature adjusting spring. This may be accomplished by means of the temperature adjusting dial which is on the front of the control. This allows the owner to adjust
the cabinet temperature by a simple movement of the dial.
The motor is protected against overload by means of an overload trip
which opens the circuit when an abnormal condition arises. 'The purpose
of the starting relay is to close the starting contacts and thereby energize the
starting winding, supplying the additional torque necessary to bring the
motor up to speed.
In the case of the smaller units, a resistance, located in the control box, is
in circuit with the starting winding. In the larger units one point of a
capacitor is in circuit with the starting winding. Then when the motor has
come up to speed, the starting winding is connected to another point on the
capacitor unit and thereafter the motor runs as a polyphase motor. The
capacitor on the larger units serves the purpose of increasing the power factor and decreasing the starting and running current.
Cycle of operation.-When the switch is closed and the motor is
started, the pump begins to suck the sulphur dioxide vapor from the evaporator through the suction line. This reduces the pressure on the sulphur
dioxide liquid and allows it to boil or evaporate freely.
As the sulphur dioxide changes from a liquid to a vapor, it absorbs heat
from the interior of the refrigerator. The function of the rest of the refrigerator mechanism is then to reliquefy this vapor and feed it back to the
evaporator. The pump, sucking the vapor from the evaporator, compresses
it into the steel compressor case. From there the compressed refrigerant gas
passes to the condenser coils, where it ís cooled and as a result liquefies.
The liquid then drains down into the float chamber. When a sufficient
quantity of liquid has accumulated to raise the float, the valve is opened,
permitting some of the liquid to run back into the evaporator to complete
the cycle.
The moving parts of the unit are liberally oiled by a fóicéd feed system.
A small piston plunger, attached beside the main piston, sucks oil from the
sump in the base of the unit and forces it up around the piston and main
bearings, from whence it drips back into the sump.
The oil pressure also operates an unloader, which equalizes the pressure
on both sides of the main piston whenever the unit stops, thereby reducing
.
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the starting torque required and permitting the use of a smaller motor than
would otherwise be required.
When the unit is running, the oil pressure forces the unloader plunger
upward, thereby closing a small by-pass valve. As soon as the unit stops,
the oil pressure decreases, allowing the unloader plunger to drop, and thereby opening the by-pass valve. This allows compressed vapor to enter the
suction side of the pump. The rush of compressed vapor also closes the
check valve, preventing this vapor returning into the super-freezer.
When the unit star's again, the by-pass valve is closed by the oil pressure,
the check valve drops open and the unit resumes normal operation.

Multiple Ref.:igerating System.-Some apartment buildings
have instead of individual refrigerating units, a central plant
located in the basement or other remote place, and furnishing refrigeration to each apartment by pipe line. This is known as a multiple
refrigeration system and it includes all systems in which the
refrigerant is circulated from a common source to two or more
separate refrigerator cabinets, each containing one or more
evaporators or chilling units.

There are two general classes of these systems, namely
1. Brine piping systems.

2. Vapor piping systems.
The brine piping system comprises one or more commercial compressors
placed in a machinery room which is generally located in the basement of the
apartment building. A cold brine solution at a temperature of about 9°
Fahr. is pumped through heavily insulated pipes into the refrigerator cabinet of each apartment kitchen.
The vapor piping system comprises one or more commercial compressors
installed in the basement and a cabinet containing a cooling coil placed in
each apartment kitchen refrigerator box.
Copper tubing and piping are used to connect the machines in the basement with the coils in the apartments. The refrigerant liquid is circulated
through these tubes into the cooling coils of each cabinet, and the refrigerant
gas returned to the compressor in the basement.
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Fin. 8.692.-Servel apartment

house

installation with header and riser piping system.
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F!G.

S,693.-Servel apartment house installation using the manifold system.
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There are two general methods of piping, known. as
1. Header and riser system.
2. Manifold system.
These are shown in figs. 8,692 and 8,693.
Typical Absorption type Domestic Refrigerator.-As an example of how the absorption cycle is applied in a small unit for
household duty, the following brief description of the Servel
Electrolux refrigerator is here given.
The strong liquid (distilled water and ammonia only slightly stronger
than household ammonia) is heated by the gas flame in the generator. The
ammonia vaporizes and passes into the rectifier, where a constant temperature is maintained by the evaporation of ammonia from the previously
liquefied ammonia in the bottom of the U tube. The ammonia then passes
from the rectifier through the water cooled condenser, where it is cooled and
liquified, the liquid ammonia flowing back into one leg of the rectifier.
When the level of the ammonia in the rectifier U tube becomes higher than
the inlet pipe into the evaporator (located in the chilling compartment) the
liquid ammonia flows from the rectifier through the heat exchanger into the
evaporator where it evaporates and absorbs heat from the box.
A hydrogen gas atmosphere in the evaporator causes the ammonia to
evaporate, maintaining a constant pressure in the system and requiring no
valves or checks of any sort. As the ammonia evaporates into the hydrogen,
the mixture being heavier than the hydrogen itself, sinks to the bottom of
the evaporator, passes through the gas heat exchanger and into the absorber.
In the absorber the ammonia and hydrogen meet a stream of weak liquid
which has been cooled in its passage from the generator. The liquid readily
absorbs practically all the ammonia in the gas mixture. Heat is given off
when the ammonia dissolves in water, so the absorber must be cooled.
The hydrogen being insoluble in water and being lighter than the incoming mixture of ammonia and hydrogen, rises and flows again to the evaporator, which is at a slightly higher level than the absorber.
The mixture of water and ammonia sinks in the absorber and passes by
gravity back to the lower section of the generator. Ic is lifted from this
point to the upper part by means of the thermo-siphon actuated by heat
applied at this point. The heat supplied not only lifts the liquid from the
lower level in the generator to the higher level in the generator, but also
releases ammonia from the strong liquid to repeat its cycle.
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Service Instructions.-First try to locate the source of trouble
before tinkering with the plant. By doing this much time and
unnecessary labor will be saved. The following are the troubles

ordinarily met with.
Frosting Back.-This is the term applied to any condition.
which frosts the suction line outside of the cabinet.
There are three causes, and they should be checked in the following order
to save time:
First, the charge may be low allowing the float to stand in a half open position and a gas and liquid mixture blows through. This can be checked by
opening the test cock on the receiver and bringing the reserve charge up to
this point. This indicates a full charge and a reserve.
Second, the float may be stuck in an open position by a particle of dirt of
scale, or the seat may be damaged. Stop the machine and listen attentively
at the head of the float valve. If a continuous hissing be heard with the
machine off, it is a clear indication that the needle is not seating. (Note
that this test is unreliable unless there he adequate charge in the system.)
In many cases, simply shaking or jarring the float valve will seat the needle,
or it may be rapped lightly with a hardwood block. If these methods fail to
close off the liquid supply, pump out the refrigerant, remove the float head
and repair, clean or replace the needle and valve body. Before replacing the
head on such a float valve, wipe the interior dry and heat the head and valve
mechanism until they are too hot to hold in the hands so that no moisture
will remain between the needle and valve body.

Third, the oil return orifice may be too small for the machine used on the
job. This effect will be apparent as soon as the installation is made, and will
persist whenever the machine operates. With an adjustable orifice in the
float valve, the remedy is to remove the cap from the orifice body and turn
the stem to the left just enough to prevent frosting outside the cabinet. If
run out too far, the pull out and oil return will be killed and an oil bound
float will result. A quarter turn in either direction near the break over point
will make a great deal of difference.

Dead Chilling Units.-If this occur on an installation having
only one cabinet on one machine with pressure control, the
machine will operate very little or not at all.
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If on a multiple system, it is possible to have one or more dead chilling
units and yet have the machine operating on the others. Proceed to eliminate the possible causes in the following order:
No current to machine:
Check fuses and machine;
Closed liquid or suction valve.

Stuck float valve.
Treat this as described under "Frosting Back."

Oil Bound Float.-The simplest way to decide whether this is
the trouble is to loosen the float or complete chilling unit, and
rock it slightly forward and backward.
If the float release periodically due to the undulating motion of the oil, a
hiss will he heard and the outlet line of the float will chill slightly due to the
release of methyl. This effect is positive indication of excessive oil in the

float chamber.
To remedy, loosen two or three of the lower cap screws at the lower part
of the float head and drain the oil into a shallow pan. This affords temporary
relief only. Before leaving the job, determine what caused the trouble and
remedy it.

Short Cycle Operation of Machine.-Be sure the suction
pressure control is set on a wide range.
Extremely Long Runs at Low Suction Pressure.-This will
occur only on overloaded jobs or when sluggish thermostatic
control is used instead of pressure control.
It can be overcome to some extent as explained under Improper Orifice
Adjustment.

Short Cycling Due to Action of High Pressure Safety Switch. -This will occur only when the water supply is inadequate, or
when the machine has an excess of reserve refrigerant in the
condenser.
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Incorrect Orifice Adjustment.-The smaller the gas orifice in
the rear of the float shell body the more oil and refrigerant will
be drawn through the oil return tube.
With float valve with adjustable orifice, the stem should be screwed in
far enough to completely frost the vaporizer coil at a pressure near 18 lbs.
on the suction gauge, for methyl chloride refrigerant, and one or two turns
of the vaporizer should be frosting freely when the machine reaches cut off
pressure. This means that some oil, methyl mixture will be drawn out all
through the run, and under these circumstances, the float cannot oil bind.
When near the correct adjustment a quarter turn left or right on the adjustment will make a great deal of difference in performance.
In domestic or apartment house chilling units, or submersion coils having
the "/12 in. fixed orifice the oil binding may be caused by too many chilling
units on a given size machine. This lowers the velocity and consequently
the oil pull out on these farthest away from the machine. The only remedy
is to pump down the offending chilling unit, remove the head and substitute
a 3e in. diameter orifice plug for the standard *2 ín. plug.
With the new type automatic orifice in the domestic units, the condition
cannot occur unless a large particle of scale or dirt should block the flapper
disc in an open position and prevent it seating. Tapping will usually relieve
such a condition in the remote possibility of its occurrence.

Clogged Oil Return Tube.-If tubing scale, filings or dirt
collect in the oil return tube or strainer, so as to obstruct it,
oil binding may result.
The only remedy is to remove the float head and clear the strainer or tube.

Plugged Line Filter.-In some cases it is remotely possible
that the liquid line or the liquid filter may become plugged
from an excess of dirt in the system. This will cause a dead
chilling unit and the plug can be located by cracking connectións successively until the joint is found where the liquid
stops. Mashed or kinked tubing is the most frequent cause
of this trouble.
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Continuous Operation.-This may simply be a symptom of
some of the troubles previously considered.
Severe frosting back due to any cause may force continuous operation.
Correct as previously described. Overloaded machines may strike a balance
point near cut off and may be unablQ to pull the chilling unit pressures down
far enough to cut off. There are only two remedies. Either set the control
to cut off at a higher temperature, or install a machine with enough capacity
to pull the temperature down.

Compressor Not Pumping Full Capacity.-This may be
caused by had suction or discharge valves, worn rings, etc.
Chilling Unit Fails to Frost Fully During Run.-Sometimes
on a chilling section installation, the first sections on the circuit will frost freely during the run' while the latter sections
near the return connections to the float valve will not frost.
Under these circumstances, the sections that do not film with frost are not
doing their full share of work, and excessive machine operation will be
necessary to keep the cabinet cold.
Under any circumstances, the section connected to the float outlet will be
colder than the one at the opposite end of the circuit connected to the return
inlet. This is true because the first section is fully flooded, and the last one
carries a rather thin mixture of gas and liquid. It is not possible to have
them at equal temperatures, but if properly regulated, all sections will operate to film with frost and be effectual in cooling the cabinet.

On float valve systems the flow of refrigerant through the
section is governed by the frequency of lowering of the float
ball.
This lowering is caused by drawing liquid out through the oil return tube.

'The adjustable orifice permits drawing out enough liquid to
take care of any normal set of sections.
The further the orifice is reduced by adjustment the greater the quantity
of liquid drawn out, and consequently the more active the sections will be.
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The best criterion for this adjustment is the condition of the line which
returns gas and liquid from the sections to the float valve shell. If liquid
he kept flowing in this line during the run the maximum effect will be
obtained from the sections, and this line will frost freely.

The flow may be continuous with continuous frosting, or it may occur in
even surges, as the float opens and doses, but for maximum results a frost
film should be apparent on this line, clear to the end of the run.
If this line persist in defrosting near the end of the run, the sections are
being staived,ánd the orifice must he run in further to increase the refrigerant flow. If, when this adjustment is secured, the frost line on the vaporizer has. followed the suction line outside the cabinet or in extreme cases back
to the machine, the only remedy is to add extra vaporizer surface. In any
case, an excess of vaporizer coil will not have any unfavorable effect if
extremes are avoided.

Cutting Off on High Pr.essure.-Any trouble that causes the
head pressure to rise excessively may cause a machine to cut
off and on at the high pressure mercoid.

The possibilities should be checked in the following order:
1.

Insufficient water flowing.
This may he due to misadjustment of water valve, line pressure, or mineral sediment plugging lines or valve.

2. Water supply warm.
This can be caused by water backing up from hot water heaters or line running
through boiler rooms.

Excess Charge.-This will cause cutting on -and off by the
high pressure control whenever the liquid floods the condenser
tubing to such an extent that the surface in contact with warm
gas is seriously decreased. Check by opening the test cock on
the side of the condenser.
!ce Collecting on or Below Sections.-This trouble is caused
by too low a cut on pressure.

r
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The machine starts up before the last of the frost has melted off . It
becomes harder to deal with when there is insufficient clearance between the
bottom of the sections and the pan or deck. Keep the clearance wide and
set on a high enough cut on to eliminate the last vestige of frost or ice before
the machine starts up. Regulate. the cabinet temperature by changing the

cut off pressure.

Unbalanced Temperatures on Multiple Installation.-It will
sometimes be found that the salesman or engineer on a job
has underestimated the refrigeration demand on one cabinet,
and overestimated the demand on another.
This results in equipment that gives temperatures below normal in one
or above in another, with normal control settings. The best way to correct
such a condition is to add one or more sections to the chilling unit whose
cabinet is too warm. It can sometimes be remedied by removing one or
more sections from the cabinet that is too cold, but this should not be
done unless the machine has sufficient capacity to take care of the equipment at lowered suction pressures.

Chilling Units That Will Not Defrost During Idle Period.This is caused by setting at too low a cut on pressure.
Occasionally temperatures are desired near or even below freezing.
Under such circumstances. it is impossible to get a defrosting cycle.
If the cabinet temperature be below 32° ít is a physical impossibility to
melt the frost off the sections because frost only melts above 32°.

Float Valve Leaks (Mayflower).-If for some reason the float
valve be prevented shutting off liquid supply at proper level,
the refrigerant will be drawn through suction tube to crank
case causing refrigeration and a formation of frost to take
place at these points.
Sometimes there is insufficient liquid reserve in the receiver under compressor base to permit the liquid level in cooling unit to rise to a point where
back frost will occur, and in this case only compressed vapor will be forced
through float valve, causing a gurgling sound in cooling unit like air being
blown under water. If this condition exist, compressor will be ruining at
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short intervals or continually, also a very low reading will be noticed if
pressure gauge be attached to condenser shut off valve. To remedy this
condition, first charge additional refrigerant into system.

If during this process frost should appear on suction tube, it is a sure sign
This condition while rare,
occurs shortly after a machine has been installed and is largely caused by
careless handling of cooling unit in transportation. The trouble can usually
be rectified by allowing system to remain idle for about 12 hours. (Refrigerator doors should be left open during this period.)
The rise in temperature in cooling unit causes the liquid to expand and
its level to rise, thus forcing the float valve needle firmly into its seat.
If unsuccessful by this method, cooling unit hanger rod nuts may be
loosened to permit unit to be rocked back and forth, which will agitate the
liquid and thus cause the needle to move back and forth in its seat, having a
tendency to properly seat float valve needle. If unable to correct trouble
by above methods, it is possible that float valve is held open by a particle of
foreign matter. Shut off liquid valve on compressor, block crank lever in
switch housing, allowing compressor to run for about 31) minutes.
Stop compressor and apply blow torch to under side of receiver tank
(move torch back and forth so as not to burn enamel) until gauge shows
about 120 lbs. pressure.
Open liquid valve on compressor and allow liquid to rush under great
velocity, through now wide open float valve. The general effect of this procedure is to wash out any foreign matter that may have become imbedded
in float valve seat.
If, after all the methods just mentioned have been tried the system continue to back frost, it will be necessary to replace cooling unit.

that the float valve is not seating properly.

Float Valve Stuck (Mayflower).-If float valve do not open,
all the refrigerant in cooling unit will be pumped Into receiver,
causing little and eventually no refrigeration.
When this condition occurs, it is sometimes traceable to the needle point
being wedged into its seat. To loosen; take a small piece of wood and place
with end of grain against body of cooling unit directly above the float shut
off valve and strike with short, sharp blows with small hammer. This procedure is usually successful in jarring needle out of its seat, permitting
float ball to drop and liquid to flow into cooling unit until proper level :s
reached, at which point float valve will shut off.
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If the proper results be not obtained by this method, it is possible that
some foreign substance is lodged against outer orifice of float valve. To
remove this obstruction, proceed as follows:
Remove plug from liquid alve and attach empty or partially empty
service cylinder at B-3 (see fig. 8,695). Discharge liquid into service cylinder, thus relieving head pressure in compressor. Close valve on service
cylinder.
Apply blow torch to tubing, leading from service cylinder to liquid valve,
to drive liquid in tubing back to receiver.
Close charge valve and liquid .valve and disconnect service cylinder.
Turn compressor shut off valve to left as far as possible. Remove plug in
shut off valve and insert half union coupling.

Complete a by-pass from this coupling to B-3, using short section of % in.
tubing with flare nuts on each end. Close compressor shut off valve by
turning to right as far as possible. Start compressor by blocking switch
with screw driver.
Now open charge valve. 1 his will cause a vacuum to be drawn on liquid
line and interior of float shut off valve. on cooling unit, tending to withdraw

obstruction.
During this procedure rap float shut off valve body above liquid valve
with piece of wood and hammer.

Leaky Crank Shaft Seal.-This trouble ís detected by methods depending on the kind of refrigerant employed. In an SO2
machine a leak is detected by the smoke test.
'Air in System.-A defective crank shaft seal, flare nut or
tubing will cause air, to enter through the suction or low pressure side.
Air, being a non -condensable gas, will cause a high head pressure in the
condenser coils.

High head pressure indicates air in system or too much refrigerant.

If the compressor motor run in the wrong direction, the condenser will
not get a sufficient blast of air. This results in overheating and high head
pressure.
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Purging System of Air. (Mayflower). --Shut off cómpressor
allow to remain idle for ten minutes.
Detach pressure gauge and turn stern on condenser shut off valve slightly
to the right, allowing air to escape (air being lighter than SO, vapor rises to
the top) If compressor be located in cabinet, or if a considerable amount of
air is to be discharged, attach hose or piece of tubing and lead to out doors
.

or in pail of lye water.
SUCTION

OIL RETURN

SUCTION TUBE

VALVE
FLOAT
FLOAT VALVE

LEVER

BODY
FLOAT

SHUT
OFF VAL

FIG. 8,698.-Mayflower float valve.. The function of the float valve is to maintain a constant
level of liquid sulphur dioxide in cooling unit, and if functioning properly, will shut off liqui,'
supply before it reaches a point where it will he drawn back through small hole in suction
tube marked oil return. This small hole is located at a point about a quarter inch above the
normal liquid level in cooling unit and permits a certain amount of oil to float on top of
liquid sulphur dioxide. (Oil being considerably lighter than sulphur dioxide.) If an excess
of oil be pumped over by compressor, it will eventually reach this opening and be drawn back
into the crank case, assuring lubrication of all moving parts.

Moisture in System.-.If moisture come in contact with SC.,,
sulphurous acid (H2SO:I will be formed.
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This acid has a corrosive effect on the highly polished cylinder walls and
causes the piston to stick. In mild cases it is sometimes possible to break
compressor loose by a rocking motion of fan wheel and by drawing a small
amount of oil, about 4 pint in crank case.

If above method be not successful, it will be necessary to. dismantle compressor, thoroughly clean, dry and evacuate same. This is best done at the
factory.
This difficulty is rarely met with, but if it occur, it is invariably traceable
to carelessness in installation, such as using tubing that has not been properly dried or sealed after it is dried, or by allowing air to enter system,
especially ín humid or rainy weather.

TEST QUESTIONS
What,is domestic refrigeration?
2. Name two types of compression system.
3. Name three methods of cooling the condensers.
4. Describe the motors, control mechanism, valves,
1.

stuffing box, etc.
5. Describe in detail a typical compressionl type machine.
6. What is the function of a stuffing box?
7. What are the five principal parts of a refrigerating

unit?
8. Give the cycle of operation.
9. What is a multiple refrigeration system?
10. Name two general piping methods used in multiple
systems.
11. Describe in detail atypical absorption system.
12. Give full instructions for operatingand maintaining
domestic refrigerators.
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CHAPTER 224

Domestic Oil Burners
Some knowledge of the fuel oils employed is essential to the
intelligent operation of domestic oil burners. Fuels are derived from crude oils, obtained from different fields and vary
considerably.
Oil fuels are now commercially known as domestic fuel oils Nos. 1 ,2,
and 3; and industrial fuel oils, Nos. 4, 5, and 6. Sometimes the fuels are
referred to as light, medium and heavy domestic oils; and light, medium
and heavy industrial oils.
For most of the domestic burners, the manufacturers recommend fuel
oil No. 3, while many burn either Nos. 1 or 2 fuel. The No. 4, a light industrial oil, is recommended for a small number of domestic burners now manufactured.

Effect of Grade of Oil on Economy.-The grade of fuel that
can be used is usually fixed by the design of the burner with
respect to the method of atomization, the type of ignition, etc.
The gravity feed burners invariably are designed to burn only the high
grade distillates. The atomizing domestic burners use oil as heavy as No. 4.
The grade of oil which can be burned determines to a considerable extent
the cost of heating.

Oil Burners.- -An oil burner is any device wherein oil fuel
is atomized or vaporized and mixed with air in proper, proportion
for combustion, previous to ignition.

Domestic Oil Burners

5,452

Oil burners may be classified:
1. With respect

to operation, as

a. Manually controlled;
b. Automatic.

2. With respect to method of igniting, as
a. Torch;
b. Pilot light.

AIR HEATING

.st

,,i;.
...

MANIFOLD

HOT
PLATE.

i

SUPPORTING
LUG

FIG.

piL SUPPLY

8,699.-Casting which constitutes a simple gravity feed, vaporizing type burner

3. With respect to the gasifying process, as
a. Vaporizers;
b. Atomizers.

4. With respect to the method of oil feed, as
a. Pressure;
b.

Gravity.
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5

-Non

FIG. 8,700
-mixing gravity feed vaporizint or gas type burner and automatic control.
It is designed for gasoline or other light hydrocarbons or ordinary headlight oil, of 15J ° test.
In operation, the oil is supplied through a pipe to the vaporizer indicated by the letter A,
In its passage through the fire box and the vaporizer, it is converted into a vapor or gas
which burns without odor, soot or residuum. From the top of the vaporizer A, the gas is

conveyed through an elbow pipe C, as shown by arrows, to the mouth of the burner, where it
escapes through a small opening D (made adjustable), and is ignited. The flame striking
centrally upon the bottom of the vaporizer A, is spread in every direction, thus serving
the double purpose of generating the gas in the vaporizer and distributing the heat equally
to every portion of the boiler. The (lame striking centrally upon the bottom of the vaporizer
is spread radially and by heating the vaporizer converts the liquid fuel into gas. Working
in this small opening D, is a shut off plunger E, which, raised or lowered, controls the flow o.'
he gas. This plunger is connected by means of a rod Et, counter -balanced rock shaft E2, belt
crank lever E3, connecting cod Es, to bell crank lever H, and to a hollow spring on the
outside of the' furnace. The weight of these rods is counterbalanced by the rod and ball E4.
The hollow spring is supplied with steam at boiler pressure through a small pipe at opening K.
The saucer F, ís for oil or alcohol used in raising the proper heat under vaporizer at starting,
and until sufficient gas is generated for its own reproduction; a matter of three or four minutes. The burner is furnished with removable plugs BBI; to facilitate cleaning. Rock shaft
E2 is furnished with stuffing box G, to prevent leakage. In control, the straightening of
the spring caused by an increase of pressure in the boiler, operates directly on the plunger by
means of the adjusting screw I, bell crank lever H, and intermediate connections; thus
establishing the relation between steam pressure and fire. Should the steam pressure rise, the
plunger would close off the flow of gas correspondingly, and vice versa, thereby regulating
the heat of the fire. The plunger cannot, however, shut off the flow of gas entirely; a small
orifice is always left, enough to keep the burner and boiler hot; and in this way the trouble and
annoyance of having to relight the fire after every stop is avoided.
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Gravity Feed Vaporizing Burners.-This is the simplest
type of burner, very often consisting merely of one or two
rough castings which are set inside the furnace, and its initial
cost is low.

There are two types of this burner, known as
1. Non -mixing;
2. Mixing.
TANK

GAt
BOILING

VAPORIZER

OIL

GRAVITY FEED

CANTROL VALVE

IR"
AIR
FIG. 8,701.-Elementary gravity feed induction mixing vaporizing burner. In
operation,
oil flows from tank to vaporizer, regulated by the control valve. The flame from the burner
vaporizes the oil entering the vaporizer producing a gas which passes out to the mixer. The
gas is injected through a nozzle into the mixer sucking in air, the mixture
out

igniting at the top.

passing

and

In the cheapest burners of this class the control is entirely manual; the
burner is started by hand, and the control of temperature is effected in like
manner. In some cases automatic control has been applied with apparent
success.

The gravity feed non -mixing vaporizing burner is limited to the use of
the relatively high priced fuels. Fig. 8,700 shows the construction of a
burner of this type arranged for automatic control.
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The principle upon which the non -mixing type operates is

shown in fig. 8,700.

In this type the air to support combustion is brought into the furnace by
the natural draft produced by the chimney. Some rather ingenious means
are used to induce an intimate mingling of this air with the vaporized fuel,
but in general, good combustion is not obtained by this method unless a
highly volatile fuel be used.

GAS
BOILING
OIL

FAN BLOWER

\II%%
p_

f

AIR

ÁiR MIXING WITH GAS
Fic. 8,702.-Elementary gravity
is a

MOTOR

mixing, vaporizing burner. Connected to the burner
fan blower with outlet pipe surrounding the gas pipe as shown. In operation, air from
feed

the fan blower mixes inside the burner with the gas coming from the vaporizer. Thus the
air is mixed with the gas before ignition, '-esulting in a blue game and efficient combustion.

The principle of the mixing type vaporizing burner is shown
in fig. 8,702.
Fig. 8,703 shows the construction and working of a well known mixing
vaporizing burner. This burner is, strictly speaking, a mixing, combined
atomizing and vaporizing burner. That is, the oil is atomized by the air at
the intake to the fan blower and the fine spray carried by the air current
to the vaporizer where vaporization takes place before ignition.

Another type of mixing vaporizing burner is the hot plate
variety shown in fig. 8,714.

(
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8.70?.-Crystal mixing vaporizing burner. Sectional view showing operation.
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FIG. .,,704:- Oil -Electric draft tube, air diffuser and
spray nozzle showing location of spark
in 5r'ation to spray nozzle.

4

OIL THROWN OFF
BY

CENTRIFUGAL
FORCE

á,

y,r-

OIL DUCT

REVOLVING

DISC

MOTOR
DRIVE

STUFFING

Fie.

-1

BOX

OIL PIPE

8,700
lementary centrifugal force atomizing burner. The
oil flows through the hollow
spindle of a disc which is rotated at high speed
by a motor. The oil overflowing at HI, onto
the disc at its center is hurled otf the disc by
centrifugal
force,
and ignited by a torch or
oilot light. produces a ring of flame.
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Here the vaporizer consists simply of a plate heated partly by a pilot
flame as shown, ignition takes place at the plate, the plate being virtually
a combined vaporizer and burner.

Atomizing Burners.-In this class of burner various methods
are used for breaking up or atomizing the fuel. This is accomplished by:
1. Compressed air, or

2. Centrifugal force.
ATOMIZING CUP

OVERFLOW

MOTOR DRIVEN

SHAFT

FIG.

8,706.-Motor driven centrifugal atomizing burner.

These two methods are shown in figs. 8,708 and 8,705 respectively. Fig. 8,706 shows a centrifugal force type burner
as constructed.

Ignition.-Burners may be classified roughly with respect to

the method of lighting, as
1. Wick;
2. Gas;
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3. Electric;
4. Electric -gas;
5. Electric -oil.

With the manually controlled gravity burner, the hot plate

is preheáted by a wick which is saturated with oil and ignited

by a torch.

STRAINER

MOTOR

GAUGE

BLOWER
PUMP
AIR
ADJUSTMENT
PLATE
ELECTRIC
IGNITER

5TRAINER
JET

Fin. 8,707.-Motor driven atomizer burner of the electric ignition type.
Y

A
VALVE
I

AIR

NOZZLE

OIL
NOZZLE

OIL 5UPPLY'
FtG. 8.708.-Atomizing oil by air iet or spray.

TO

AIR
SUPPLY
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The plate must be heated to a temperature sufficient to vaporize the oil
falling upon it. The heat of combustion is supposed to do this once the

oil by whirling each in contrary direction
The oil stream comprises the inner cone, while the air stream compriser

Fte. 8,709.-Method of commingling air and atomized
in conical streams.

the outer.

OPENING FOR

/FILLING

VENT
i
--FAIR

TANK

:

R-GULATING
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SAND

DRAFT
REGULATOR

SAFETY
DEVICE

FIG. 8.710.--A simple manually controlled vaporizing burner installation in a warm air furnace.
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flame is started. The temperature of the house is maintained at a desired
point by increasing or decreasing the intensity of the flame by means of a valve in the oil line, or the burner
may be operated at a fixed
intensity and then completely shut off as the condition may demand. Whenever the burner is off for a
few minutes, the hot plate must be
preheated again before the oil can again be vaporized and ignited.

MANHOLE OR OVERFLOW PIPE

CAP

IN TOP OF TANK IF REQUIRED
BY LOCAL ORDINANCE

GROUND LEVEL

MEASUREOIL
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oil burner installation showing various connections, etc.
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ELECTRIC WIRE

THERMOSTAljZ1

LINE

Fte. 8,711. -Berryman atom,zer

FLOOR
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In some automatically controlled vaporizing burners a gas
flame is used for heating the hot plate and as a pilot light for
igniting the fuel.
The gas flame burns continuously and keeps the hot plate at such a temperature as to cause the oil to vaporize when it is admitted to the apex of the
plate and trickles down over the corrugations, fig. 8,7I3. At the same time
the pilot flame licks through holes drilled in the hot plate and ignites the
mixture of vaporized oil and air. The automatic device in this case merely
shuts off or opens a valve in the oil line to the burner.
Solid AirÍube

Ga5ValVe

/FkeibMTuEe cante used
b co..h m nikh frsfalltho,,

IgnitionTansfórrrer

Gas cube

Additional
Air Inlet

1

elay Switch Box
and Cover

Firing Head

Air Damper
Set Screw
InspectionWindow
High Tension Igm
Wire From 'Sans

Oil Reservoir-

on

ormer

Nozzle
o Assembly
A
Adjui Bent Opening
Oil Line to Nozzle
Nozzle
va.

sbabo?

-

Return Line
to Tank Adjustable Lego

Wayne atomizer type
burner. View showing parts.

I'm. 8,712.

Suction Line
Connection
Cork Feeb

Suction Strainer DrainPlu9
Comfurtment-

The pilot flame is sometimes caused to expand at .the time the burner
comes on, and by this means the danger of extinguishing the pilot light is
somewhat lessened and ignition is presumably hastened.

With the atomizing type of burner it is necessary to introduce a flame or electric arc within a region which is filled with
an intimate mixture of oil and air in such proportions as to
make it comparatively easy to ignite.
In the electric gas type, a gas pilot is turned on, the gas being ignited
by a spark. The pilot light then ignites the charge. Still another device
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the electric-oil ignition in which an independent atomized mixture is
ignited by an electric arc and is utilized as a source of heat energy to ignite
the charge of the burner proper.
is

In general, it should be noted that the type of burner selected
must conform to the particular igniting facilities present, whether
gas or electricity, or both.
AIR HEATING
MANIFOLD

Ere. 8,71.3.-Casting of a vaporizing burner with which is incorporated the continuous burning
gas pilot and plate heating flame.

FLAME"_
OIL VAPOR
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FIG.

LIQUID OIL
8;71-4.=Hot plate method of vaporiz-

ing oil.

i

PLATE

)

FLAME

-

Combustion.-Oil fuel used by domestic oil burners contains
principally hydrogen and carbon, with much smaller quantities
of oxygen, nitrogen and sulphur. Of these elements, the carbon
hydrogen and sulphur are the ones that burn or combine with
oxygen.
Insufficient air supply is one cause of clouds of dense smoke and soot. This
form of combustion is inefficient in that the fuel is not entirely consumed.
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An excess of air is essential to insure that each subdivided bit of oil is
provided with the amount of air necessary.

Furnace Design.-To obtain satisfactory results combustion
must take place in a region of high temperature.

Note the follówing points on furnace design:
-

1.

Practically all air must pass through the flame;
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Fie. 8,715.-Time-O-Stat control system, 1. Start or cold position. In this position the

mercury tubes are tipped downward toward the left. The current, therefore, cannot pass
through the lower tube of the stack switch, but passes through the upper tube of the stack
switch, returning over the blue wire to the blue terminal on the lower left hand board. At
this point the current has two paths (lowing outward to the ignition valve or spark transformer
over one path and starting the ignition. The return line for the ignition circuit is connected
to the green terminal on the lower right hand terminal board which-isinterconnected to the
yellow terminal on the right hand terminal board and thus provides á return to the ground
side of the line, completing the ignition circuit. The secondary path from the blue terminal
on the lower left hand board leads the current to the pull coil and energizes this coil. This
coil being energized rotates the motor switch to its on position and completes the circuit of
the motor from the green terminal on the upper right hand board to the motor. The motor
starts at this time. Its return line leads back to the ground connection through the green
terminal on the lower right hand board. Connected in series with the pull coil is the heat
element of the lockout mechanism through which, in the starting cycle, the current of the
pull coil, passes. The return line from the heat element leads back to the ground connection
on the lower right hand terminal board at the green terminal. Upon completion of the current flow through the paths as outlined, the oil burner begins to run. Assuming entirely
nórmal conditions, flame will result and the stack switch will be moved to its hot position,
that is, both tubes tipped downward to the right.
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2. The flame must not be allowed to impinge directly on either boile,
sheets, tubes or brick work;
3. The flame produces better results when worked near hot brick;
4. The flame should be distributed over as large an area as possible
to prevent localization of heat;
5. Every precaution must be taken to guard against excess air.

Automatic Control.-The oil flame is extremely rapid in
heating and if not controlled in some manner will build up
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8,71tí.-Time-O-Stat control system, 2. Running position. In this position the current enters as before through the line switch from the hot side of the line through the lockout

FIG.

switch to the green terminal on the upper right hand terminal board, then
through the

thermo-switch and limit control to the white terminal on the lower left hand terminal board.
The current then passes -out as before to the white terminal in the stack switch, but inasmuch
as the stack switch is now in its hat position, the circuit through the blue terminal of the
stack switch is open and thus the pull coil and the ignition have been de -energized and the
ignition turriéd Off The current returns 'Tom the stack swich now on the hot side through
the red terminal and to the red terminal on the lower left band terminal board of the lock
switch. From this terminal it is led through the hold coil, and from the hold coil it returns
to the ground side of the line through the green terminal on the lower right hand terminal
board. The hold coil being energized, the motor switch is maintained in the on posit ion and
the motor continues to run. Thus the flame and full operation of the oil burned is continued.
The lockout switch heating element is of course taken out of the circuit as soon as the pull
coil is de -energized and therefore the heat element cools off without opening the lockout
switch. As soon as the thermo-switch limit control or low water cut off opens the circuit,
current can no longer flow through either of the coils of the lock switch. therefore the motor
switch returns to its off position and the burner is shut down.
.
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temperatures and pressures in the heating system which may
prove dangerous.
If the drafts of a coal furnace be inadvertently left open, the worst that
can happen is to burn up the coal in the furnace. With the oil burner,
however, overheating would go on as 'ong as the oil supply lasted.
The power atomizing type of burner best lends itself to a variety of
automatic controls, and it is in this type that such controls have .been
most successfully utilized.

The thermostat is the device on automatic burners which
renders the burner active or inactive in the process of maintaining
desired room temperatures.
In the thermostat there is a member, actuated by temperature changes,
which operates to maintain a constant temperature by shutting off or
starting the burner.

In automatic oil burner installations there are boiler controls
in addition to the room thermostat.
The boiler controls are termed hydrostats, if it be a hot water system,
and pressurestats if it be a steam system.
This boiler control is operated dually with the room thermostat and
controls conditions at the boiler while the thermostat controls temperatures in the room. By the use of the hydrostat the temperature of the
water in the boiler is kept within certain limits, and in the case of the
pressurestat the steam pressure is kept within certain limits regardless of
the temperature conditions in the rooms.
NOTE.-Time-O-Stat control system, 3. Operation on ignition failure, Should there be
any failure of the ignition to start the fire properly when the thermo switch calls for heat, the
stack switch will not go to the hot position during the starting cycle and the continued passage
of heat through the heat element will warp the bimetal unit to which the lockout switch is
attached and after a period of approximately a minute and a half the lock out switch will trip
to the off position and shut down the oil burner by opening this switch. When this switch is
open, current can no longer pass to any part of the lock switch system and in order to re-establish any operation in the lock switch system or the oil burner, it is necessary to reset the lockout
switch by means of the manual reset in the lock switch. It has been demonstrated that a failure
of ignition as the oil burner starts usually requires that some attention be provided for correction
)f the trouble, hence the opening of the lockout switch is made so that it will not recluse automatically.
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In addition to the contrdls just mentioned, it is essential

that precaution be taken

ignition 'fails to take place.

to cut off the burner in the event

that

In such burners as permit, a drip bucket or sump is provided to catch
the unburned fuel which flows to it when ignition fails. This device trips
when a certain quantity
has been delivered to it
and either cuts off the oil
supply or breaks the power
circuit, in either case rendering the burner inoperative as to the generation of
heat and flow of oil. The
machine must then be
reset by hand before operation can be resumed.
One of the chief objections to this control is the
clogging of the line which
delivers the unburned oil
to the drip bucket or sump,
owing to the accumulation
of soot, scale, etc. Liberal
passages offset this tendency to a great extent.

rio. 8,717.-Time-O-Stat lock switch. This switch provides full automatic operation for oi,
burners of the power driven intermittent on and off type for either domestic or commercial
use. The lock switch system is known as a high voltage system and all of the units of Chet
system operate at the voltage of the electrical supply line.

Another emergency control is designed on the assumption
that so long.as the pilot light burns, the charge will be ignited
and accordingly a thermostatic member which is exposed to the
heat of the pilot light breaks the power circuit when the pilot
iigll.t is

extinguished.
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When the general design of
the burner is such as to make
the catching of unburned oil and

FILL WITH FELT
TO PREVENT
AIR DRAFTS

its subsequent delivery to a
sump or drip bucket impracticable, the stack control is utilized.
THERMOSTAT
REAR VIEW
aL

USE RED,
WHITE,BLUE

LOW VOLTAGE.

A thermostatic member is placed
in the stack and if, after a predetermined period, it do not become
heated, indicating that the burner
has failed to function, the thermostatic member breaks the power
cis quit and stops the motor and
supply of oil.
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Ftos. 8.715 and 8,719.-Installation diagram showing thermostat and connection. The thermostat or mechanical
thermometer is the part of the device
placed in one of the central rooms which
is set for the degree of temperature desired

Low water emergency con
trols are also applied in some
installations and there are other
devices, such as alarm bells.
which are employed in conjunction with these emergency controls, Doubtless even more ingenuity will be manifested in
this direction as design progresses.

Opc_ation of Control System.
-As an example of the methods employed in heating control
a description of the operation
of the Minneapolis-Iloneywell
system is here given.
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This system consists of three separate units, so designed that they are
integral parts and will not operate the burner except as a whole. These
units are the recycling motor switch, combustion safety control, or protectostat with special relay, and room thermostat. A limiting device
can be incorporated in the system and is highly desirable.
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8,720.-Minneapolis-Honeywell protectostat or combustion safety device. It consists of
supporting an annular ring 46, to which a diaphragm 33, is attached. The
diaphragm 33, and ring 46, expand and contract equally when subjected to the same tem.
perature. This is the reason why the protectostat is not affected by changes in basement
temperatures. If the diaphragm of he protectostat be subject to the radiant energy of an
oil fire, the absorption of this energy will cause a temperature difference between diaphragm
33, and the ring 46. This causes the diaphragm 33, to expand rapidly and always buckle
in the one direction as governed by strap 27, and spring 28, thus rotating roller 31, and
raising arm 37, allowing contacts 25 and 26, to make. The closing of these contacts will
close relay No. 2 of protectorelay. Evidently contacts 25 and 26, respond promptly to
exposure to flame; also that the flame must be continued, for if it be not, the heat accumulated by the diaphragm is rapidly conducted to the ring 46 and housing, causing the diaphragm to cool and straighten out, separating the contacts 25 and 26.
a main casting

The recycling motor switch provides low voltage current for the operation of the room thermostat and limiting device, and the low voltage side
of the combustion safety control.
The maintaining switch and rotary line switch are of the rotary type
and are always in definite relation to each other. They are integral parts
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of the motor switch, and in conjunction wiih the combustion safety con.
trol switch provide the safety features of the system.
The combustion safety control consists essentially of a thermostatic element of high temperature metal which is installed in the boiler or furnace
smoke pipe and to which are connected suitable switches for both the
line and low voltage circuits. These two switches are actuated by the
expansion or contraction of the thermostatic element and prevent the continued operation of the oil burner under abnormal conditions. The combustion safety control cldses the line circuit to the burner motor and opens
the low voltage starting circuit as the burner goes into operation. When
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8,122.-Elementary pressure switch illustrating principle. In operation,
when the steam pressure is low the diaphragm or "bellows" will be expanded as in fig. 8,721,
the link holding the mercury contact tube in horizontal position. In this position the mercury
will cover both contacts closing the electric circuit which starts burner. As the steam pressure rises, the diaphragm is compressed which causes the mercury tube to tilt and open the'
circuit thus shutting off the burner as in fig. 8,722.

FIGS. 8,721 and

the burner is turned off by the motor switch these operations are reversed, and the controls are ready for a restart.

The system performs the following functions:
1. Starts and stops the oil burner at the command of the room thermostat, or when the temperature of the boiler or furnace has reached the

predetermined maximum or minimum, if a limiting device be used.
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2. Provides safety in the event of failure of ignition and premature extinguishment of the flame, thus preventing the abnormal discharge of oil
in the fire box. It functions in from 15 to 45 seconds, depending upon
local installation conditions.

.

12
Pte. 8,723.-Minneapolis Honeywell vacuumstat or pressure switch for pressures lower than
atmospheric as used on vacuum and so-called vapor systems. It can be used with systems
employing a pump to maintain constant vacuum and both indicator hands may be set in the
vacuum range. Within the base of the instrument is a flexible diaphragm that is forced

upward as steam pressure is applied, carrying with it plunger 2, to which actuating pin 3
is attached. As the pressure increases pin 3, will cause arm 4, to which indicator hands
5 and 6, and the dial are attached, to move to the right. it will he noted that the upper half
of the indicator hands extend and that pin 7, is attached to the mercury tube carrier and
is located between the indicator hand extensions. As pressure is built up arm 4, assembly
will move to the right until hand 6, extension meets pin 7, causing mercury tube 8. to tilt
and stop the motor. As the pressure recedes, arm 4, assembly will move to the left until
hand 5, extension meets pin 7, causing mercury tube to tilt and complete the circuit to
the motor. Scissors 9, and 11, and spring 10, form the strain release.

3. In the event of a current failure, the motor switch will automatically
recycle and start the burner again as current service is resumed.

In operation, when the room thermostat signals for heat,
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circuit is made to the maintaining switch, causing the motor
switch to operate.
The rotary member of the line switch revolves, starts the burner motor,
and carries the line circuit through the starting cycle. If ignition take
place before the completion of the starting cycle, as it should, the heat
of the stack will tilt the combustion safety control switch, and the line
circuit to the burner motor will be carried through the line voltage tube
thereof to continue the operation of the burner.

LIMIT CONTROL
PLACED IN RI5E.R

LIMIT CONTROL
'

LOCATED 1N
TOP SECTION

[4

Ftc. 8,724.-Minneapolis Honeywell aquastat or limit control showing p acement. It is used
to limit the water temperature in hot water heating plants. It may be used either independently to control the burner or in dual control with room thermostat. For example,
with the room thermostat set at 70° and the aquastat at 160 ° the motor is shut off when the
room temperature reaches 70° regardless of water temperature. However, if the water
temperature reach 160° before the room temperature reaches 70 ° as might be the case when
the boiler is being forced, the aquastat shuts down the burner. As soon as the boiler temperature has dropped a few degrees and should the room temperature still be below 70°, the
aquastat will restart the motor. If the thermostat continue to call for heat, the aquastat
will maintain the water temperature between 150° and 160° until the room temperature has
reached 70°. This prevents overheating that at times may occur when only the room
thermostat is used. Absolute control of the boiler at all times means more even and come
fortable heating with a greater saving in fuel.

If ignition fail, no heat will be transmitted to the stack and at the
completion of the starting cycle of the motor switch, the line circuit to
the burner motor through the combustion safety control switch will be
open, and the burner motor stopped. Both the burner motor and motor
switch will be inoperative and in the dormant position until the release
switch has been manually operated, which necessitates someone going to
the basement to determine and remedy the cause of failure.
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Should the fire be extinguished prematurely there will be an inunediate
drop in stack temperature which will tilt the combustion safety control
switch and break the circuit to the burner motor. At the same time the
circuit to the burner motor is broken through the line voltage mercury
switch, contact is made in the low voltage mercury switch of the combustion safety control which closes the circuit to the motor switch and
causes it to recycle.

,,t,L''.
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PYROSTAT
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FOR AVERAGE

STACK

TO TERMINALS 2 AND
ON PROTECTORELAY

FIGS. 8,725 and

171.

8,726.-Minneapolis Honeywell stack switch or pyrostat. It is a combustion
safety and operates on the change in stack temperatures. Its operation is caused by the
tendency of the spirally wound bi-metallic strip to unwind with a rise in temperature. The
spiral is so mounted as to project into the stack; one end is attached to the body of the pyro
scat and the rotation of the free end as the temperature rises turns a shalt wnich passes back
through the tenter of the spiral and into the body of the instrument. A ratchet tootneo
wheel is mounted ,on this shaft and turns with it. As the temperature rises, the ratchet
wheel turns, carrying with it a phosphor bronze spring. which allows twc contact points tc

come together completing the circuit to the protectorelay. As the ratchet aheel continues
to turn with the continued rise in temperature. this spring passes from tooth to tooth without
affecting the contact. If the stack temperature drop a predetermined amount the ratchet
wheel will engage .the spring and separate the contact point, breaking the circuit to the

protectorelay.

The burner will be put through the starting cycle again, but if ignitior
fail the combustion safety control will remain in the cold position and the
burner will stop. It will then he necessary for someone to determine and
remedy the cause of failure and depress the release switch button before
the burner can again be started. In the event of current failure when the
burner is in the on position. the motor switch will automatically recycle
and start ihé burner again as current. service is resumed.
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WIRE IN
PARALLEL WITH

--Minneapolis - Honeywell
magnt.tic oil valve with relay. It is designed co control the high -low fire type
oil burner directly from the room thermostat or limit control, or both. The
valve is controlled by a small relay di rectly attached as shown. By this arrangement it is possible to operate a 110
volt valve by means ni a low voltage
thermostat. When the room thermostat calls for heat, a circuit is completed
which energizes the valve, the plunger
rises, allowing an increased amount of
oil to flow and maintain the high fire.
When the thermostat or limit control
calls for less heat, the circuit to the
valve is broken and the plunger falls to
the low fire point.

FIG. 8,727.
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Storage of Oil.-In contemplating the installation of an oil
burner provision for storing fuel should be considered. For
coal, the average home owner generally provides storage capacity ample to contain all the coal used during the heating season. With oil this is not usually the case. Aside from the
added convenience of having a large supply of oil on hand, a
more attractive price scale is offered to those consumers who
buy oil in relatively large quantities.
ROOM

TO RELAY

THERMOSTAT

WHEN RELAY

RED WHITE BLUE

IS

CONTROLLED BY
LIMIT DEVICE ONLY

CONNECT TERMINALS
ON THERMOSTAT SIDE

AQUASTAT

TOGETHER

0 RELAY

AQUASTAT

TO
THERMOSTAT

PRESSURE

REGULATOR

}TO RELAY

to 8,731.-Diagram showing Minneapolis Honeywell thermostat and
Minneapolis limiting devices were primarily designed for limiting the amount of heatcontrols
generated by the furnace or boiler in excess of that which could be absorbed by
system. Ordi
narily the limiting device is used in dual control with the thermostat, but itthe
can be used as the
controlling means without a thermostat if that be desirable. Such a hook up is easily
made
with the six terminal post instrument by bridging or linking the
three poses marked from
thermostat, together and emitting the thermostat, wiring the balance of
the
circuit
in
the
usual way.

FIGS. 8,729

Large storage tanks are installed in various ways and usually must conform to the ordinances which regulate such matters in the particular
locality. From this tank the oil must be fed to the burner by suitable
means, since regulations restrict the quantity of oil which may be stored
above the burner level.
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Installation Notes.-The following information will be found
helpful:
1. Not only the furnace, but the chimney and the smoke pipe should
be cleaned prior to the installation.
2. The damper in the stack should be removed or wired wide open.
3. All air leaks around the furnace, the ash pit opening, the stack and
the chimney should he caulked with furnace cement.

F[c. 8,732.-Minneapolis Honeywell thermal safety switch. It acts to provide a time element in the control system, allowing a sufficient ignition period, and affording a means of
shutting down the burner as directed by the protectostat, preventing further operation until
manually reset. It consists of the bimetallic strips 20 and 21, which when heated by the
resistance wire grid 24, warp apart until the spring 23, is allowed to fall into the notched
contacts 29, to snap open and latch, remaining so until blade 20 and 21, cool, when 'switch
can be manually reset by push button 30. A. bimetallic strip compensates for any
movement of strips 20 and 21, due to rise and fall of the room temperature. The time
required for the switch to operate can be varied by adjusting screw 31 to 30 seconds to 1
minutes. Be very careful in making a change in adjustment, as a slight movement of screw
'

will make a marked difference in time..
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4. Local ordinances must be followed implicitly in regard to the installation of all electrical equipment.
5. All connections must be made tight. Oil leaks never take up. Clean
all threads before putting on pipe joint cement and use a suitable cement.
Red lead and similar dopes are not satisfactory, litharge and glycerine,
key paste, or pro tar joint and gasket cement are best.
6. Pipe cement should be brushed on clean, dry male threads only.
7. Gasket unions must not he used. The brass seat ground joint type
.

should be used.
8. Keep pipe line running absolutely parallel when running close together. All pipe must be straight without kinks and run in straight lines
to give neat mechanical appearances.
9. Use all galvanized pipe and be sure it is clean inside. Rap and blow
through it to remove all scale.
10. All electrical connections must be soldered.
11. See that the oil is of the proper grade to meet the needs of the
burner and he careful to instruct the owner in regard to buying the right
grade of oil to suit the requirements of the burner. This is an important
'tetail.
12. See that the boiler is properly supplied with water.
13. See that the burner gets a fair start. Clean all flues of soot and dirt.
Clean the boiler carefully. Remove all ashes and dirt.
14. Start burner and give it a thorough working test.
15. Leave the boiler or furnace room neat and clean.

TEST QUESTIONS
What is the effect of grade of oil on economy?
2. What is an oil burner?
3. Give full classification of oil burners.
4. Describe a gravity feed vaporizing burner
5.. What is the difference between a mixing and a non -1
mixing burner?
.
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6. Explain how a non -mixing burner operates.
7. State the principle of the mixing type burner.
8. How does a hot plate burner work?
9. How is the oil broken up in an atomizing burner?
10. How are burners classified with respect to ignition?
11. In a hot plate burner how hot must the plate be heated?
12. What must be provided for safety if ignition fail?
13. What kind of a pilot flame is used in some automatic
ally controlled vaporizing burners?
14. What are the conditions for proper ignition?
15. What determines the type of burner to be used?
16. What is combustion?
17. What happens with insufficient air supply?
18. Give some points on furnace design.
19. What is a thermostat?
20. Name the various devices necessary for automatic
control.
21. Describe in detail the operation of the Minneapolis

Honeywell control system.
22. What are the points relating to the storage of oil?
23. Give a few points on installation.

Air Conditioning
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CHAPTER 225

Air Conditioning
Air is a mechanical mixture, chiefly of the gases, oxygen and
nitrogen, about in the proportion of one to four. Air nearly always contains certain impurities, such as ammonia, sulphurous
acid and carbon dioxide.
The latter being a product of exhalation from the lungs and of complete
combustion, is so universally present (about in the same proportion everywhere, except where concentrated by some local condition), that it may be
regarded as a normal constituent of the air.

Air Conditioning.-The' term air conditioning, sometimes
called manufactured weather, means in general the treatment to
which atmospheric air is subjected in order to regulate its temperature and humidity, and to make it pure.
The effects of air upon comfort and health are due to the reactions of the
human being to variations in air temperature, humidity and purity. The
sense or feeling of warmth is dependent upon the moisture content of the
air, and for this reason comfortable and healthful heating requires coincident regulation of humidity.

The purity of the air breathed by the human being is, of course, primarily
important to his physical well being and personal efficiency is materially
depressed by air that is contaminated with foreign matter, particularly in
congested centers, manufacturing districts, or in proximity to any source
of pollution.
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Air conditioning is a sure and sane means of eliminating the personal
inefficiencies resulting from improper air qualities in spaces enclosing
human beings.

Humidity.-By definition humidity of the air
of water vapor it contains.
1.

is the amount

Humidity is stated as:

Absolute, or

2. Relative.

8,733.-Carrier spray nozzle. The water entering through the small circular chamber
tangentially, acquires a whirling motion and is discharged through a small
in the
center of the cap. The approach to the orifice is conical in shape, so that theorifice
rotation, of
whirling speed of the water is greatly increased at the instant of discharge

FIG.

Absolute humidity is the actual quantity of water in the air,
usually expressed as so many grains of moisture in a cubic foot
of air.

A grain is 1/7,000 part of a pound. The amount of water the air is
capable of holding is determined by the temperature. for the warmer the air.
the more moisture it can retain. At 80° it can hold nearly twice as much
moisture as at 60°.
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Relative humídíty denotes the relation between the actual
amount of water in the air and the maximum amount it is possible for the air to hold at the same temperature expressed in per
cent.
Air which is saturated has a relative humidity of 100%, while the air at
the same temperature and holding but one-half of the saturation amount
has a relative humidity of 50%.

It

is the relative humidity and not the absolute humidity, that

'FIG. 8,734. ---Carrier humidifier equipped with rotary strainer. In operation, air enters at
right. through the baffle plates. passes through the spray chamber and leaves at the left
through the washer eliminator plates. The parts are, R, rotary strainer; E, ejector hea/et
P. pump: M. pump motor. S. pot strainer

1
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is important, for there exists a definite relation between the
relative humidity and the moisturé content of fibrous materials.
The higher the temperature of the air, the greater is its capacity to hold
water. For example, air with a relative humidity of 70% at 90° contains

.
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FIG. 8,735.-Carrier diffuser outlet (phantom view showing construction

.

of the vanes).

about seven times as much water per cubic foot as air at 32 ° with the same
relative humidity .
To put it another way, if air be heated without adding water vapor, the
relative humidity decreases, and if it be cooled without taking out Ovate
vapor the relative humidity is increased.
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The feeling as to whether the air is moist or dry depends on
relative and not absolute humidity.
Since all substances which are affected by the presence of water vapor
in the air absorb or give off water substantially in proportion to the relative
humidity, this form of notation is the one most commonly used, and
humidity is generally understood to mean relative humidity, or percentage
of saturation.

Fins. 8,736 and 8,737.-Carrier adjustable hygrostat with cover removed to show the hygroscopic mechanism. This instrument varies the humidity in accordance with variations in
temperature, maintaining any desired relation between the two.

Point.-By definition, this

is the temperature al which
water
vapor.
with
air becomes saturated

Dew

NOTE.-Relative humidity is little understood by the average person, as indicated by
the widespread (though now decreasing) use of radiator pans, and mechanical or electrically
heated devices for the evaporation of moisture in homes or offices.
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Ftc. 8,738.-Buffalo air washer; part of casing removed showiñg
eliminator in position. Th.
eliminator which is integral with the scrubbing surface, is made up
plates spaced and set in a 'vertical position across the discharge endofofa series of corrugated
the spray chamber.
The eliminator is made of a single sheet. the last three
having projecting lips or
gutters which remove the entrained water from the air. corrugations
The plates are assembled in an angle
iron frame demountably carried on clips on the sides of the casing. These angles are
provided
with slots into which the edges of the plates are slipped and held rigidly.
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tem. 8,739.-Buffalo flooding nozzles. The flooding of the eliminator,
type A and B, washers,
is done by an independent set of nozzles across the top. These nozzles
distribute the water
over the washing surface uniformly. The flooding is used continuously but
provision is made
for shutting off atomizing sprays in summer on very humid days. When
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atomizing spray
are shut off, the increase in the humidity is so small that it practically amounts
to nil.
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humidifier.
This diagram
shows áll of the apparatus and
the connections. In opera lion, the safety relay is held
open by the pump water pressure, opening the reverse acting diaphragm valve, in the
steam line to the ejector heater, only when the
pump is operating properly. Thus steam cannot
be
through the ejector heater and into the
air stream should the pump fail for any reason.
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Since the capacity of air to hold water vapor decreases with
lowering temperature, it is always possible by cooling the air to
reduce its capacity to the point where the water vapor present
just equals this capacity. The air is then said to be saturated.
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FIG. 8,743.-Buffalo eliminators; front view showing washing surface and narrow passages
through which the air passes. The eliminators are so arranged that the first four corrugations are kept constantly flooded with a sheet of water which catches any solid matter, not
already precipitated by the first set of sprays, and washes it to the settling tank. The wet
surface exposed to the air thus obtained amounts to 19.5 sq. ft. of washing surface per 1,000
cu. ft. of air per minute, counting only the side of the corrugation against which the air

impinges.

Fto. 8,744.-Buffalo suction compartment with screen cover. The settling tank is divided into
two compartments by a brass wire cloth strainer, through which the water passes before
entering the suction of the pump. This strainer offers a surfaceof more than one sq. ft. for
each foot in width of the tank. The area of the strainer being many times the area of the
suction pipe, provides a thorough filtering of the water at very low velocity.
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If cooled below this saturation poin-, the capacity is still further decreased, the air cannot hold as vapor all of the water- present, and the excess
condenses into visible form as fog or dev,. Accordingly, this condensation
begins at the dew poinl.* When the relative humidity is 100%, the air is
fully saturated, and no more invisible vapor can be added without precipitation as dew, fog, or rain.

Wet and Dry Bulb Hygrometer.-This is a device for measuring the relative humidity or hygrometric state.
It consists of two thermometers mounted side by side, the
bulb of one being kept moist by means of a loose cotton wick

F,o. 8,745.-Buffalo automatic make up and quick filler. The requi5d wale level in tilt tank
is automatically maintained by the float valve here shown. Tnis allows constant operation,
of the pump at uniform suction head. It is also essential th:.t provision be made for rapid
filling of the tank after cleaning, arid this is provided fin t y the extra flanged pipe inlet,
which also serves as a hose connection.

*NOT, .-Example of dew point.-A good illustration is the sweating of a vessel of ice
water on a hot day. What really happens is that a thin film of air surrounding the vessel is
cooled below the dew point, and the excess water is deposited as sweat. To put it in figures.
if the air be at 72° with 60% relative humidity, it contains about 5 grains of water to the
cubic foot. If the layer of air around the vessel be cooled to 42°, the air at this temperature
can hold only 3 grains per cubic foot w ,en sahnated, and the extra two grains per cubic foot
is precipitated or deposited on the vessel as sweat. The same thing happens in the formation
of dew out of doors when the lowering of temperature at night beings the air near the ground
below the dew point. Frost is formed whenever the dew point is below 32° or freezing temperature.
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tied around ít, the, lower end of which dips into a vessel of
water.
On account of evaporation from the bulb, this instrument is cooled, and
indicates a lower temperature than the other, the difference depending upon

T
"
I

6

FIG. 8,746.-Buffalo Water sealed overflow and drain. The water sealed overflow pipe is bolted
to the side of the tank. Hooded construction prevents waste of the spray water. A drain
box connection which can be easily cleaned is provided under the tank.
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8,747.-Sectional view of Bill-fad° spray nozzle. In operation, water enters a small circular chamber tangentially, which gives it a whirling or centrifugal action. The approach
to the discharge opening is conical in shape, so the rotation, or whirling speed of the water, ís
greatly increased as it approaches the discharge. The effect of this arrangement is to give a
most minutely divided or atomized spray, which offers an enormous amount of surface for
washing and evaporation. The construction of the nozzle is such as to make it free from clogging with foreign material. The area of orifice of the nozzle is ample. In order to provide
against clogging of the strainer, at least 12 sq. ins, of w_rainer screen is provided for each And
every spray nozzle, giving a strainer surface 280 times the area of the nozzle orifice.

PIG.

.

.

-

.

.-

.

-

.

.1!

:

.

.

-

.
.

:

-

.

-

1.
maa. I. I 11..1 1w E.. Jaa. ......
111111~.w...1a/ilwlil.l.1..

1.11.
il11i1iIiiiii.iilll..1.1....
.

I..iai.I.L.i.rii.1.iiiiiiii..

iIlIa.1I.ii.1i../111...111üii'
1.i111i1.ii.i
111~~~0.m.i....
1Mlii...lii1

1-

.....

111~1.1~
.IiiI..0.i.1~...
..i..1iI1..A.i1ii1.I..

.
II

.h`

E

M11111iawl
i/i./
awry na1.1.
1.i...wiÁ1./wim

maw
mu.11=11.
.I1'
1
m
i1.''I/Mt,'m..

_i

`iiil1i

MEN ~MN
il'1a11111.11idKiI...
A
MOM lien' 17
1.111.1...
iii!
A
i.Vi11.i`
11au.I/.U1~11i_.
!

1i.w
Ú
w all

..11 .11. ...
iii

. x-1

w. 1i.11
11
.`
I...@t..a.wf1.wl
Ma
1
1ri_.1i11i1i11../.1i
........I...11.111111i..1..
r1
iiiliiiiifirmiáiiiililiIlIiliiliiiiiiÁiii
....L...I..
..i.i...111.i...r
_

-=

...i

alma

i.

'r'J..a.i1

i..ii.i..i1ii1iiiiú
t

.

.

.

-

.
.

. .

.

.

-

I. II

..

..

.

..

.

I.

-

I

.

.

.

.

.

.

-

-

.
..

I.
.

.

.

.

-

(`.5,490

,Air. Conditioning

No stationary wet and -dry bulb hygrometer mounted on a wall (unless
in a strong air current) can indicate the true wet bulb temperature and
such instruments are to be avoided.

8,749-Buffalo type A, air washer with side and distributing plate removed to show
interior construction.
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Air Conditioning

In a textile mill, for instance, where one of the chief functions of air conditioning is to control the moisture in the yarns in course of manufacture,
it should now be obvious that temperature control is equally as important
as moisture control, since it is upon the relative humidity (water vapor

To

diaphram
motor or valve

air

Air leak
,Non -expanding stem

Expanding stem

Cushion -spring

-

-

"Regulating valve
Adjusting'póst

Compressed air inlet

FIG. á,750.--Csrrier graduated thermostat; sectional view showing operating principle. I
consists essentially of an outer expanding stem, usually of brass, and an inner non -expand
ing stem of nickel steel. These two members are rigidly connected at one end. The other end
of the inner, non-expanding member, is provided with a bronze valve, ground to fit an
adjustable valve seat. Between the inner and outer tubes there is an annular chamber.
Compressed air, from a small auxiliary compressor, usually driven from the fan or pump
shaft, is admitted to this annular space, and its passage through the instrument is regulated
by the small valve attached to the non -expanding stem. As the temperature of the air
surrounding the stem of the instrument rises, the outer member expands, the regulating

valve recedes from its seat, and the compressed air passes through into the oatlet chamber,
from whence it goes to the diaphragm valve in the steamsline to the spray water heater.
Upon reaching this diaphragm valve, the compressed air moves it so as to decrease the amount
of steam admitted to the ejector heater and thereby reduce' the temperature of the spray
water as required, When the temperature of the air leaving the conditioning machine falls
below the point desired, the outer shell contrazts and closes the compressed air supply to
the diaphragm valve, whereupon the pressure upon the diaphragm of the valve is relieved
through the air leak, as shown in the figure, and the valve opens, admitting steam to the
spray water heater.
-.
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content as related to temperature) that the moistening effect of the air
depends.

G
TRERMOMETER

SAFETY RELAY 'MIME

t

F.

ti

CRADUATEO TaENMOSTAT

FROM PUMP

of

AIR COMPRESSOR

A 575556E

cf

-5

TEAM

TO PUMP

Slc. 8,751 -ButTalo ejector type dew point humidity control. In operation, saturation is
produced by heating the spray water. This water supplies the latent heat of evaporation.
and, in addition, raises the temperature of the incoming air to the desired dew point; that is.
to the temperature necessary to hold the required amount of moisture. The water temperature is varied as may be necessary to maintain a constant dew point under variable conditions
of entering air. The stem of a graduated thermostat A, is placed in the passage just beyond
the eliminators, so that it is exposed to the temperature of the air leaving the washer. Any
change in temperature causes a contraction or expansion of this thermostat and the temperature regulation is accomplished by contraction and expansion. A water heater and mixing
chamber B, of the ejector type, is placed in the suction line to the pump. The diaphragm
steam valve C, is placed in the steam line which supplies the water heater. This valve is
operated by compressed air pressure from graduated thermostat A. The air compressor D,
furnishes air at about 15 lbs. pressure to the storage tank E. The compressor is driven by the
same motor that drives the spray water circulating pump. The diaphragm steam valve C,
is normally closed. It only admits steam to the circulating water when air pressure is admitted
to the diaphragm through the reverse acting thermostat A. This arrangement provides a
safety feature in addition to a sensitive and accurate control, for if the air pressure should
fail the steam would immediately be shut off. To provide for further safety from over
humidification a safety relay valve F, is placed on the air line to the steam valve. This relay
allows air to pass to the diaphragm steam valve C, only when the washer sprays are in operation.
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Drying Effect of Air. --Briefly, the drying effect of air varies
approximately inversely with its relative humidity, the greater the
relative humidity, the lesser the drying effect.
It should be noted that it is the relative humidity which determines the
effect and that, therefore, the effect depends upon both the temperature
and the water vapor content of the air-since relative humidity depends
upon both these factors.

Heating Effect of Air.-The

quantity of heat which dry air

WATER LINE
CIRCULATING
FROM PUMP

-

TO DIAPHRAGM

FIG.

VALVE

js,

FROM

THERMOSTAT

8,752.-Buffalo safety relay valve.

contains is very small, because
its specific heat is low, .2415
(for ordinary purposes) which
means that one lb. of air falling
one degree in temperature
(Fahr.) will yield but .2415 of
the heat which would be available frorr gne lb. of water, reduced 1° in temperature. The
presence of water vapor in the
air materially increases the total
heating capacity of the air because of the latent heat of the
vápor itself.

Moist hygroscopic materials in the presence of dry air, even at high dry
bulb temperatures, may actually be cooled, rather than heated. This
occurs because the dry air immediately begins to evaporate moisture fróm
the material and in so doing removes from the material, as well as from the
air, the latent heat of evaporation.

Conditioning.-This operation (sometimes called "manufactured weather") involves four distinct air conditions upon
Air
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'rtes. 6,73 and 8,754 .-Buifalo closed heater
dew point humidity control. Where steam is not available at a
3 lbs. or over, that is, where a vacuum steam type
pressure of
heating system or hot water heating system is installed, an ejector heater
be depended upon for continuous and
cannot
satisfactory service. In such plants a closed' water heater is substituted for the
heater and safety device with the reverse acting
valve. Tne mixing valve C, is used with the closed waterejector
diaphragm
heater
and is operated by the graduated action dew point thermostat. The
seat of this valve takes intermediate positions to give
the proper mixture of heated and' by-passed water
required.

TRRfQ six;

.

.--.1---_---- ',,z..;___.

5,496

Air Conditioning

the relation of all of which depend the comfort and health effects of indoor air.
These are:
_AIR
1. Temperature;
2. Relative humidity;
3. Purity;
4. Motion.
d
LINE FROM
THERMOSTAT

RUBBER
DIAPHRAGM

./

TO WASHER

Air conditioning accomplishes the simultaneous control of the four
conditions enumerated.
Any system which neglects any one of these fac
tors is not an air conditioning system. Hence a
ventilating system or a fan

heating system which

merely moves unconditioned air, heated air,
cooled air, filtered air or
moistened air, is not an
'ROM PUMP

-

Fic. 8,755.-Carrier diaphragm valve. It is located in
the steam line to the water heater, and is of the direct
acting type, which means that it is held open by
means of a spring, and closed when air pressure is admitted to its diaphragm motor.

air conditioning system.
Such systems have their
legitimate applications, of
course, but are too often
confused with or miscalled
air conditioning systems.
hence this distinction.

Methods of Air Conditioning.-There are several 'methods
employed for the automatic control of temperature and humidity and various standard forms of apparatus are used for accomplishing the required purposes. The Carrier dew point
control is here given as an illustration.
With this control, the dew point, or saturation temperature of the air is
automatically controlled by means of a simple expansion thermostat, exposed to the air at the instant of saturation in the air conditioning machine

ir ,Gonriirionírig -

55497

,

'.
l.l#tP

'

:s3tioes..

°ºc

+-

w

w

Wu,,

w1O

'i

111-

.1

.

`

..

14

v.M-.

---m'nYiRü`

E

._

70.

f; .-

4.-..

.

r

'<-1,..

r,
IorL

'

F

11

,.1.,

`

,

t

.

-."4-

I

uj

ñ

'4'

L.q3
\i`r{

..v

1

G

E V d

t

,
!a7

o

11

00

«u

,
U

y

mT.

á _1j
l' ' i

±

_

Y

'.4
3g.r
G

.

"±`

Y

.14'.1"1??,

o

S

11+

,

4

N

C C

-

111
C

C
Ú E

.bu
T
LU

CJ

..

Ó C O

,ñ
m

á

.

Ú

á

u«
C B Ó

C7t
YaCÚ
1t('_
"co

V.

wy4
M

.

ó

g

Ó

jw..rw.....

.T.

x

'

V
CCG

.

Q

K

mL?

TrQ
..

Ñ

C

'.

.

U

Ú

`'TL'F«ee;'-Ii¿
'r
^- -:: -,-tr;ys-'-:.

,
.
"C
R.

8

s

-,1:--..,..:j
4

O

JU

Y Y+

d

.

I

Air Conditioning

5,498

Thus, the absolute humidity of the air is definitely fixed in the conditioning machine, because, as has been pointed out, where air is saturated
at a given temperature, it contains a given quantity of water vapor corresponding to that temperature.
Obviously, any absolute humidity (:. e., the number of grains of water
vapor per cu. ft. of air) can be established by adjusting the thermostat tc
the corresponding temperature.
itself
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-Carrier unit air conditioner, showing in detail its construction and operation
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The saturated air leaving the machine is heated by. passage through suitable heaters, and its dry bulb temperature is increased sufficiently to establish the required dry bulb temperature in the space being conditioned.
Tile temperature of the air leaving the heaters is controlled by means of
a second thermostat located in the room itself, and regulating the steam

admitted to the heaters.
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t`rc. 8,758.-Carrier rotary strainer for removal of dirt or other foreign matter. The strainer
is placed in the settling tank of the conditioning machine. The suction line to the pump is
connected to a hollow trúnnion, open to the interior of the revolving screen cylinder. A
stiff cylindrical brush revolves against the surface of the revolving screen, sweeping it clear
of accumulated dirt or fibrous matter. The dirt so collected by the brush is deposited in a
small auxiliary tank, so that it does not again mingle with the water. The strainer tank
requires cleaning about once a week, ordinarily, the operation takes not more than 15
minutes.

In certain instances it is permissible, during the summer season, for the
dry bulb temperature to exceed that maintained in the winter, so long as the
relative humidity is controlled at an approximately constant value. In such
instances there ís no provision for dehumidification, and the humidifier is
used to effect as great a degree of cooling as possible by evaporation only.
The dew point temperature of the air leaving the humidifier then becomes
the same as the wet bulb temperature of the outdoor air, the dew point
thermostat being inoperative.

,

-
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The dry bulb temperature in the enclosure is regulated in accordance
with the prevailing wet bulb temperature of the entering air and this regula
tion is accomplished by means of a hygrostat located within the enclosure,
usually adjacent to the thermostat which is used for winter control. The
shift from the room thermostat to the room hygrostat can be made either
manual or automatic as required. In most cases it is automatic.
The ,hygrostat, which is sensitive to relative humidity, controls the dry
bulb temperature of the enclosure by regulating the volume of air admitted.
This avoids, the use of heaters, and takes advantage of the available sun

etc. 8,759.-Carrier

fixed suction strainer, the cover ópen. The. pump connection shows in

the lower left corner.

heat, or heat from sources within the room. If the dry bulb temperature of
the enclosure be high, the hygrostat opens the volume dampers and admits
a greater volume of cooler air from the humidifier.
If the dry bulb temperature be low, the hygrostat reduces the volume
of cooler air and permits the sun's heat, or the heat from sources within
the enclosure, to restore the desired condítíon.
If in summer, a dry bulb temperature lower than that of the atmosphere
must be maintained, a dehumidifier is provided. In this case the dehumidifier acts, during the winter, as a humidifier, under dew point control, and,

`
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during the summer, functions as a dehumidifier under the same dew point
control, except that the dew point thermostat at the dehumidifier, instead
of regulating the steam to the water heater, regulates the three way mixing
valve in the pump suction line, controlling the temperature of the spray
water by admixture of the warmer water from the spray chamber settling
tank and cold water from the refrigerating coils, or other source; and the
room thermostat, instead of regulating the steam to the heaters, regulates
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Ftc. 8,760.-Carrier washer eliminator plates. In operation, as the air leaves. the spray
chamber it passes through a set of staggered washer eliminator plates which baffle the air
from right to left, so that it is scrubbed against the wet surfaces of the plates. The cleansing
action resulting is extremely effective, removing practically all of the solid foreign matter
carried in the air, including those air borne organisms of disease, mold or decay with which
the air may be contaminated. The latter three corrugations of the plates are provided with
lips or gutters which trap the entrained free water carried in the air stream, remove it and
return it to the settling tank.

the volume dampers in the supply ducts, controlling the temperature of the
room by means of the volume of cold, dehumidified air permitted to enter.
The two control instruments, then, regulate the actual water vapor con-

tent of the air and its dry bulb temperature, thereby fixing its relative
humidity.
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There are many variations of this control, but to a general understanding of air conditioning practice, a knowledge of this control is sufficient.

in the complete conditioning of air, its purity must be maintained. Air conditioning machines, humidifiers and dehumidifiers, thoroughly wash and cleanse the air, removing practically
all of the solid or soluble gas impurities, and most of the aerobic
organisms of disease and decay.
The cleansing effect of the Carrier air conditioning machine is produced
by the finely divided and uniformly dense water spray and the staggered
wasner eliminator plates against which the air is baffled as it leaves the

r.'ios. 8,762 to

8,764.-Webster spiral mist nozzle disassembled to show construction.

chamber. These plates are flooded with water, so that their wet surfaces
accomplish an extremely effective cleansing action.

Addition of Moisture to. Air.-The addition of moisture to
the air is termed humidification, and the conditioning machine,
when functioning to add moisture to the air, is termed a
humidifier. A humidifier is, in reality, a low pressure, tow
temperature boiler in which the water is evaporated into vapor
and then caused to mix with the air.
In a humidifier, the water acts as the medium which conveys heat to the
air, and as the source of the water vapor required to saturate the heated air.
When the temperature of the spray water is above that at which the moisture in the air will condense, the conditioning machine is functioning as a
humidifier.

5,504
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Removal of Moisture from Air.-When the conditioning
machine is functioning to remove moisture from the air, it is
called a dehumidifier, and the process of removing moisture
from the ai. is termed dehumidification.
The rem oval of moisture from the air is accomplished by
condensation, the temperature of the air being lowered below
its dew point, thereby causing the excess water to condense
and fall into the tank of the conditioning machine.
In this case the water acts solely as a conveyor of heat from the air
(besides its cleansing action) and, as such, thefinely divided mist is extraordinarily effective (practically 100%).
.

In the Carrier system the dehumidifier functions either as a humidifies
or as a dehumidifier, without alteration or rearrangement, except that tilt.
valves in the control line from the dew point thermostat are adjusted to
connect the steam control to the water heater for winter operation, and to
connect the three way mixing valve for summer operation.
Whether the requirement is humidification or dehumidification, the
apparatus always operates under accurate automatic control, maintaining
the required indoor conditions winter and summer, regardless of the outdoor weather.

Air Movement.-The effectiveness of any air conditioning
apparatus depends as much upon the proper distribution of
the air as upon the efficiency of the conditioning machine

itself

.

It may be said that an air conditioning installation is no better than its
duct system. To be effective, the conditioned air must be uniformly dis-tributed over the entire area of the enclosure, and, especially in closed or
dry rooms, processing rooms, the circulation must not only be uniform,
but vigorous.

Evaporative Cooling.-Since outdoor summer air is rarely
fully saturated, there is usually a considerable difference between its dry bulb and its wet bulb temperature.

Air Conditioning
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This difference is called the wet bulb depression. Due to the higher
dry bulb temperature of summer, the wet bulb depression is greatest during
the summer season.
As has been explained, the wet bulb temperature is that temperature to
which air would be cooled, by evaporation, if the air were brought into
contact with water and allowed to absorb sufficient water vapor to become

saturated.
Thus, if outdoor summer air be drawn through a humidifier, wherein it
will be completely saturated, its dry bulb temperature will be reduced to
its wet bulb temperature, and the air will leave the humidifier at the
outdoor wet bulb temperature. This cooling is accomplished entirely by
evaporation, and is due to the latent heat required to convert the liquid
water into water vapor, such conversion occurring the instant the air is
brought into contact with the mist in the spray chamber of the humidifier,
the heat being taken from the air.
The spray water in the humidifier is used over and over, only that quantity being added which is actually absorbed by the air. Thus, without any
additional operating expense, a humidifier will, in summer, perform the
function of cooling the air through the wet bulb depression.
The wet bulb depression is often, in some localities as much as 25° Or
even 30°, and quite commonly from 10° to 150, even in localities adjacent
to great bodies of water, where the humidity is high and the wet bulb depression, therefore, correspondingly low. In the vicinity of New York, for
instance, the maximum outdoor wet bulb temperature is about 78°.
On such a day the dry bulb temperature would probably be about 90°,
the wet bulb depression being 90 ° -78' =12°. In Denver, where the maximum wet bulb is usually less than 78°, the coincident dry bulb is usually
much higher than 90°, resulting in a greater wet bulb depression, which
means that more cooling can be accomplished by evaporation.

Precautions in Using the Sling Psychrometer.-This instrument, shown in fig. 8,772, consists of two accurately graduated
mercury thermometers mounted on a metal strip and equipped
with a swivel handle or a chain to permit whirling. The ther,
mometers are known as the wet and dry bulb.
The wet bulb is provided with a closely fitting fabric cover, usually silk,
which serves to retain liquid and keep the bulb wet during observations.
The dry bulb is set somewhat higher on the metal strip than the wet bulb,
to avoid the influence of evaporative codling.
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To observe the wet and dry bulb temperatures of the air,
the wet bulb is thoroughly saturated with clean water, preferably distilled. The instrument is then whirled at a rate of
100 or more r.p.m.
The whirling should be continued for a half or three-quarters of a minute,
then stopped and read quickly, the wet bulb first Record the wet and dry
bulb readings and make, immediately, one or more subsequent observations
to check.

The following precautions should he observed:
1. The wet bulb covering should he of clean, closely fitting fabric free
from sizing or other foreign matter.
2. Do not touch wet bulb covering with oily fingers.

3. Use clean water, preferably distilled.
4. If aír be ín motion, face the breeze while making the observation.
5. Step from side to side, while whirling, to prevent body influence.
6. If observations be made out of doors, it is well to seek shade from
direct sunlight.
7. Be sure the wet bulb has been cooled to the minimum.
8. The stationary wet and dry bulb hygrometer is frequently subject to
an error greater than 20% of the wet bulb depression, and is not a reliable
instrument
.

How to Use Psychrometric Chart.-On the chart, fig. 8,765,
the dry bulb temperatures are shown by vertical lines, with the
values indicated on the base line of the chart.
The wet bulb temperatures are represented by the oblique lines with values
indicated at their intersection u ith the curved line A, marked "Dew point
or saturation temperatures."
Dew point temperatures are represented by horizontal lines with values
indicated at their intersections with the curved line A, marked "Dew
point or saturation temperatures."
1JOTE -The Draper recording hygrometer gives a permanent and continuous record
humidity over a period of one week.

of relative
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.

The percentages of relative humidity are represented by converging
curved lines with values indicated thereon.

Any two of the above properties may be found, if the other
two are known. The following examples and diagrams indicate the methods of using the chart.
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m B.65.
Fics. 8,766 to 8,771.-Diagrams to accompany the examples illustrating methods of using the
psychrometric chart.
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temperature,
Example 1.-Given: Dry bulb temperature, 70°; wet bulbpoint.

Fínd the percentage relative humidity and the dew
bulb
Locate point of intersection of vertical line representing 70° dry
temperature.
bulb
wet
60°
line
representing
temperature with the oblique
humidity
By interpolation this point indicates the percentage of relative
to its
as 56% and by following the intersecting horizontal line to the left
'intersection with curve A, the dew point is indicated as 53.4°.
60°.

crydt.'.

.-

'10j1

"

'

i
>'

°b

psychrometer. The larger Snsstanent has 12
io. 8,772.-Two convenient forms of the sling
The smaller instrument, lying on the
divisions.
degree
in
one
graduated
in. thermometers
graduations, but is a convenient pocket
table, has a smaller temperature range and less open
ype.

temperature. 80°; relative humidity,
Example 2.-Giren: Dry bulb
wet bulb temperature.

59%. Find the dew point and
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Locate the point of intersection of the vertical line representing 75° dry
bulb temperature with the horizontal dew point line intersecting curve A,
at 55°. This point indicates the relative humidity as 50%, and by interpolation the wet bulb temperature as 62.6°.

Example 4.-Given: Relative humidity 50%; wet bulb temperature,
60°. Find dry bulb temperature and dew point.
Locate tie point of intersection of the curved line representing 50%
relative humidity with the oblique line representing 60° wet bu h temperature.
Reading vertically downward from this point to the dry bulb temperature scale, the dry bulb temperature is indicated as 71.8° and, reading
horizontally to the left to curve A, the dew point is indicated as 52°.

Example 5.-Given: Wet bulb temperature, 55°; dew point, 50°. Find
dry bulb temperature and relative humidity.
Locate the point of intersection of the oblique line representing 55 ° wet
bulb temperature with the horizontal line representing the dew point of 50°.
Reading vertically downward from this point to the dry bulb temperature
scale, the dry bulb temperature is indicated as 61.5', and by interpolation,
the. relative humidity is indicated as 67%.
Example 6.-Giren: Relative humidity, 40%; dew point, 40°. Find dry
bulb temperature and wet bulb temperature.
Locate the point of intersection of the curved line representing 40%..
relative humidity with the horizontal line intersecting curve A at 40° dew
point temperature.
Reading vertically downward from this point to the dry bulb temperature scale, the dry bulb temperature is indicated as 65°, and reading
obliquely upward to the left, alcng the wet bulb line, to curve A, the
wet bulb temperature is indicated as 52°.

TEST QUESTIONS
1. What is

air conditioning?

2. Define humidity.
3. What is the difference between absolute and relative

humidity?
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hind of humidity is important?
Define the term dew point?
What happens if air be cooled below the saturation
point?
Describe the wet and dry bulb hygrometer..
Describe the dew point.
What is the moistening effect of air?
How does the drying effect of air vary?
Describe the heating effect of air.
Name the four items of air conditioning.
Describe several methods of air conditioning.
What is a unit air conditioner?
What is a hygrostat?
Describe the construction of washer eliminator plates.
What is a de -humidifier?
What name is given to the addition of moisture to air?
Name an important item in air conditioning.
What is a sling psychrometer?
State precautions in using the sling psychrometer.
How is a psychrometric chart used?
Give examples showing methods. of using the psychro
metric chart.

4. Which

5.
6.
7.

8.
9.
10.
11.
12.

13.
14.

15.
16.

17.
.18.

-19.
20.
21.

22.

23.

.
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CHAPTER 226

Farm Lighting
7 he development of small electric light plants designed
especially for house lighting in districts remote from city light
service is rapidly displacing the objectionable kerosene lamp.
Moreover, with the electric plant, energy is available for use
with various household devices such as irons, washing machines,
percolators, toasters, etc.

The Lighting Plant.-The essential elements comprising a
farm lighting plant are:
1.

Prime mover;
(usually a gas engine)

2. Dynamo;
3. Storage battery;
4. Control devices.

The engine may be either direct connected to the dynamo, or
may have belt transmission.
The direct connected type requires less room and avoids maintenance of
Fig. 8,774 shows how compact is the direct connected unit. Gas
engines, storage batteries, etc., have been fully treated in other volumes
of this Series.*
a belt.

VOTE.-For

gas engines

and ignition, see Vol. VIII; for storage batteries, see Vol. III.

I
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SWITCH BOARD
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CRANK CASE

The fly wheel

BEARING
FLYWHEEL
CONNECTING ROD
CRANK SHAFT
OIL
CRANK CASE
FUEL TANK

COVER PLATE)

tc. 8,774.-Delco single cylinder air cooled engine and direct connected dynamo. Sectional view showing parts.
with its air vanes serves also as a blower to air cool the rnehne.

OIL LEVEL GAUGE
CONNECTING ROD
BEARING

OIL THROWING GEAR

BEARING

GENERATOR COVE
COMMUTATOR
FIELD COIL

ARMATURE

BRUSH

IGNITION COIL
CAM SHAFT

II

HIGH TENSION LEAD

PUSH ROD

PUSH ROD ADJUSTMENT

ROCKER ARM
VALVE SPRING
CARBURETOR
DRAFT TUBE
INTAKE VALVE
FUEL LINE
CYLINDER
PISTON RINGS
CAST IRON PISTON
CRANK SHAFT
BALANCE WEIGHTS]
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To simplify the plant and prevent trouble in cold weather,
air cooled engines are used.
The method of cooling is shoe n in fig. 8,775. When this system is use
it is necessary to have proper ventilation, in the room where the plant is

8,775.-Delco air cooled engine showing ventilation. In construction, the fly wheel of the
engine is built with a number of blades in it. When the engine is running, the blades pull the
cool air down through the top of the draft tube over the cylinder through the air pockets in the
crank case and exhaust it through the fan blades. At the same time air is drawn through the
ouvres on the dynamo cover, through the dynamo into air pockets in the crank case and exhausted through the fan blades on the fly wheel. A continued circulation of air is kept going
between the fins on the engine and through the dynamo.

FIG.

I

installed. When making an installation, careful check should be taken that
the draft tube and cap are in their proper positions and that the generator
cover has the louvres or slots pointing downward.

When the. plant is installed in the basement or in an out

Farm .Lighting
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building near the residence, provision should be made to muffle
the exhaust. One method of doing this is shown in fig. 8,776.
If the exhaust gases be not properly disposed of after they leave the
engine and are forced to go through a pipe that consists of sharp turns or a
clogged muffler, back pressure will exist. This will cause the plant to overheat, gradually burn the valves, causing them to stick, retarding the speed
of the plant, which will reduce the output.

RIGHT ANGLE BEND

TIN DISK

HOLES
'
TILE

WOOD COVER

MUFFLER

Ftc. 8,776.-Muffled exhaust. Bury a two ft. sewer tile in the ground so that the top will project
slightly above the surface. The bottom of the tile should be open to allow water to drain out.
Two pieces of 1 in. pipe and a right angle bend should be used to run from the exhaust flange
on the plant to the center of the tile approximately half way down. The muffler should then
be fastened to the pipe in the tile. A wooden cover should be made to fit in the top part of the
tile and a hole 7 ins. in diameter cut in the center of it. A tin disc -should be nailed over this
hole to prevent the wood becoming burnt, It will be necessary to drill several small holes in
the top to allow the exhaust gases to escape from the tile, A concrete cover can also be used
in place of'wood. This should be made so that it can be easily removed should it be necessary
to clean the muffler. A
escape from the tile.

1

in. pipe should be cast in the concrete to allow the exhaust gases to

Farm Lighting
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Every serviceman should carefully plan his installations so that the
exhaust pipe runs straight and the use of bends should he avoided where
possible.

Control.-A storage battery lighting plant requires various
control devices to insure satisfactory operation. The batten

-`1

8,777.-1)elco electro -magnetic throttle control with cover.removed showing method of
adjusting.

FYe.

must he charged at the proper rate and be protected against
delivering a reverse current through the charging circuit, and
too great overload on the lighting circuit. Accordingly provision must he made:
NOTE.-The most satisfactory tray to install the exhaust is to run the pip_ straight out
without any bends or elbows. This will allow a free escape of the exhaust
gases and prevent
back pressure. However, if it be absolutely impossible to do this, and
it is necessary to have
bends, use only one inch sweeps or right angle bends, These bends are
used by electricians for
conduit work and can be obtained at an electrical supply store.
NOTE.-Never install a muffler inside a building, as the exhaust gases will
elTect the ventilation of the plant, and the carbon monoxide gas exhausted by the plant
is very injurious to
ony person who breathes it.

Farm 'Lighting
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CONTROL BOX

-

LINE

I

RESISTAK

Cf.

BATTERY
VOLTAGIC
1/1).V1k5.1.

.

JEILtbUr

LIMITING
RELAY

AMMETER

SERILu

Suormat

I

IGN: now

COIL
TIMER

L

CAR/StAt. rox

CHOKE

THROITLE

CONTROL

MODEL 15C3
WIRING DIA,nBAss
Front
SWITCHBOARD +1 GENERATOR

Cotnnason

DIsussbros
s

SWITCH

4 4

Frs. 8,77R. -Wiring diagram for Del co
battery lighting plant showing the
various control devices and circuits,

Farm Lighting
1. For speed control of

2. For battery
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the engine;

cutout under abnormal conditions.

Ftc. 8,779.-Delco automatic direct lighting plant control. 1. Master relay. Whenever a
light or load is turned on the line, current from the 6 volt battery passes through the shunt or
inside winding of the master relay and magnetizes the iron core. The magnetized iron core
attracts the armature to it and closes the ignition switch. After the engine has started and
the dynamo voltage is from 22 to 28 volts, the shunt winding is shorted by another relay and
current passing through the series or outside winding magnetizes the iron core which holds the
armature in the closed position. When the last light or load has been turned off, the current
passing t hrough the series winding ceases, which allows the armature to drop, thereby
opening
the ignition contacts. Since the master relay is the first relay to go into action and
controls
the rest of the relays and the plant, it is very important that all adjustments be
accurate and
correctly made. The parts are: A, air gap; B, distance between armature and center
of core' C, adjustment screw and stop; D, adjustment screw; E, stationary contact: F. bolt.

1
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The devices ordinarily used will now be explained.

Throttle Control.-The load on an engíne charging a storage
battery varies within wide 'limits and accordingly some form of
governor is necessary to maintain the speed within prede-

-1

Pi

Pte.

I

8, 780.-Delco mechanical throttle control.

In construction, the carburetor throttle lever

on governor.
is connected to the governor by a linger, which is engaged in a grooved collar
the

forces
When the governor weights, under spring tension, are not compressed, the collar
are gradufinger forward, opening the throttle. As the speed increases, the governor weights
toward
back
finger
and
ally forced away from the shaft by centrifugal force, pulling the collar decreases the engine
the dynamo end of the plant, closing off the carburetor throttle, which
speed. The pre -determined speed limits are 1,1()0 and 1,200 r.p.m.

termined limits. The governor varies the throttle opening to
correspond with the load; that is, when the load on the dynamo
increases, the speed of the engine decreases slightly and the governor causes the carburetor throttle to open, thus feeding more
fuel to the engine and holding the speed to the required limit.

Farm Lighting
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Governors are of two kinds:
1. Mechanical; 2. Electro -magnetic.

""-'

.

a9

Y --F

1LI
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4y,,..,... =

-_ti.

_.
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8,781.-Delco automatic direct lighting plant control. 2. Starting switch.. When
the
ignition switch is closed on the master relay, current from the six
the windings of the starting switch and magnetizes the iron core. volt battery passes through
The
magnetized
iron core
attracts the armature to it and closes the starting switch contacts. The
heater and cranking cut out are furnished with current from the 6 volt starting motor.
battery
when
the
starting switch contacts are closed. The parts are: A, air gap; D,
screws; F, bolt: G.
stationary contact; H, flexible lead.

FIG.

The construction and operation of one form of mechanical
governor is shown in fig. 8,780.
One form of electro -magnetic throttle control consists of a
solenoid (or
magnetic coil with a core) connected in series with the line load. An iron
plunger rod connected to the throttle at one end extends up into the
solenoid.
Whenever the plant is called upon to deliver current to the line, this
current passes through the solenoid: This creates a magnetic field
the core which in turn acts against a weight and spring tension placedwithin
upon

Farm Lighting
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the plunger in such a way as to move it up or down in the solenoid. The
iron plunger upon being moved up or down causes the throttle to be opened
or closed accordingly.
As the load on the line is increased the additional current flowing
through the solenoid or throttle control coil increases the strength of the
magnetic field causing the throttle to be' opened wider. A decrease in current similarly causes a closing of the throttle or butterfly valve.

Relays and

Switches.-In

addition to throttle control
just described various other
devices are necessary for the
proper operation of the plant.
These are shown in the wiring
diagram, fig. 8,778, for a
storage battery plant. Suitable control is also made for
plants in which the dynamo
furnishes current direct to the
line.

Diesel Engine.-This type
of oil engine differs from others, principally in that the fuel
is introduced directly into the
cylinder in the form of a spray

-;

engine
Ftc. 8,7h2.-Telco automatic direct lighting plant control. 3. Release relay. After thepassing
has started and dynamo voltage is approximately 3 volts, current from the dynamo
the
armature
through the windings of the release relay magnetizes the iron core and attracts
to it. The release relay frame, armature and contact C, directly beneath the armature, are
in series with the starting switch winding. Therefore, when the armature of the release relay
its
is drawn upward to the iron core, the starting switch winding is opened, the iron core loses
magnetic strength, and the armature drops down. opening the starting switch contacts. After

the last light or load has been turned off and the dynamo voltage has dropped down to nothing
directly
the armature of the release relay drops back to its former position on the contact C,when
the
beneath it. Since the release relay controls the vaporization and mixture of the fuel
made.
correctly
and
plant is starting, it is very important that the adjustments be accurate
when
armature
frame
and
armature
between
The parts are: A, required (.002) distance
is held against pose face; C, contact; L), adjustable screws: F, bolt.
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by an atomizer

and due to the very high degree of compression is
ignited by the heat of compression.
The Diesel cycle may be completed in either two or four

J

fv"'

doF>f

_

_-

_

T^-,

Frc. 8,783.-llelco automatic direct lighting plant control. 4. Load switch.
WLien the
dynamo voltage has increased to approximately 22 to 28 volts, current from the dynamo
passing through the load switch winding magnetizes the iron core. The armature is
attracted to
the core and closes, first, the small or battery charging switch and then the large
or load
switch. While the battery charging switch is closed, it performs two duties, it allows current
from the dynamo to charge the battery and it short circuits the shunt winding of the master
relay. The load switch, when closed, permits current from the dynamo to pass through the
series winding of the master relay and out to the lights or power appliances on the line. After
the last light or load has been turned off and the dynamo voltage drops, the load switch armature drops dog, n and opens the battery charging and load switches. The parla are.- A,
air gap; D, adjustment screws; F, bolt; II, Ilexible leads; J, battery charging
blade;
K, load switch blade; L, stationary contact; M, adjustment screw; N, % in.switch
clearance.

strokes, the latter being the prevailing practice.
four stroke Diesel cycle is as follows:
Suction Stroke.-Admission of air into the cylinder.

Briefly, the

5,524
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Compression Stroke.-Compression of the charge of air to about 500
lbs. pressure which causes its temperature to rise to about 1,000° Fahr.
an
As this pressure is reached gradually it does not cause a shock to the engine, such as
explosion to the same pressure would give.

Power Stroke.-At the beginning of the stroke,. oil previously delivered to the injection valve is blown into the cylinder in the form of fine
spray by a small quantit\ of air compressed by a special compressor to
700 or more lbs. pressure. The oil spray meeting the highly heated air
in the cylinder ignites and burns, combustion continuing só long as the
fuel is being injected, usually for about one tenth of.the power stroke.

°
-

,

°

Fm. 8,784.-Delco automatic direct lighting plant control.5. Stop charge switch. To allow
the entire output of the dynamo to go out into the line when a heavy load is required, a switch
is used to stop the dynamo from charging the battery. Current from the dynamo passing
through the series winding of the master relay magnetizes the iron core and attracts the armature of the stop charge switch to it. When the armature is drawn down, the contact points are
opened and the battery receives no charge. The stop charge switch should open between 16
and 19 amperes. A, screw to adjust the air gap S.

Usually the heat generated by the combustion is not sufficient to prevent the pressure ín the cylinder falling while admission is taking place,
so that the admission line on the indicator card falls below the constant
pressure line as seen in the indicator card, fig. 8,785.

Exhaust Stroke.-Expulsion of the products of combustion from the

cylinder, this completing the cycle.

,Farm Lighting
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Notwithstanding the very high fuel economy of the Diesel
engine which is its principal feature, offsetting this more or less
are such items as:
1. High first cost;

2. High compression pressure required to ignite the charge, hence any
leakage of the valves, piston rings will cause faulty ignition. This applies
500

INJECTION ENDS

400

IOO

-

-INJECTION bE014S

-

COMPRESSION
BEGINS
LEARANGE

EXHAUST

'ATMOSPHERIC LINE

L5UCTION

Flcs. 8,785 and 8,786.-Typical indicator card of Diesel four cycle engine. It will be noted from
the diagram that the pressure range.and mean effective pressure i3 much greater than in other
engines which accounts for the massive construction.

NOTE.-Diesel Engine Troubles.-The following are most frequently met with: Failure
Usually die to: 1, faulty working of starting valves; 2. ignition failure. ignition

to start.

fails.

1, loss of compression; 2, inadequate charge of fiel; 3, incorrect timing of valve. Pump
fails. 1, foreign matter in check valve; 2, air bound pump; 3, leaky stuffing box. Lass of
compression. leakage past worn piston or past valves. Overloading. This injures the

exhaust valves by too high exhaust temperature. Underloadisg. Too small fuel charge
may cause ignition fcilure. Irregular running. Usually due to: 1. defective governor; 2,
incorrect fuel timing; 3, incorrect charges

Farm Lighting
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eta. 8.787.-Delco automatic direct lighting plant controt. 6. Cranking cut out. While the engine is beingi

v

-

GI

cranked by the. starting motor, current from the 6 volt
battery is passing through a resistance wound around
one of the thermostat blades. As the resistance wire
gets hot, the thermostatic metal being subjected to change in temperature becomes distorted
Irom its original shape and opens the cranking circuit. The cranking cut out should not open
the cranking circuit every time the plant is started, but only when the plant will not start
after being cranked for 45 to 60 seconds. After the cranking cut out has opened the cranking
circuit and the trouble has been remedied, it is necessary to raise the lever momentarily to
allow the thermostat to make contact again. If only one thermostat blade were used, variations of atmospheric temperatures would have effect on it and while the engine was being
cranked the thermostat would open the cranking circuit before the engine could start, or it
would crank too long. Therefore, another thermostat is used and mounted to repel the other
under all atmospheric conditions, but when the resistance wire -on the other is heated, enough
energy is produced to open the circuit. A, is the distance required for the, thermostat to
travel before cranking circuit is opened.
°,
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to the compressor which furnishes the spraying air as well as to the power
cylinder;
3. Trouble likely with overload operation because the effect Of overloading is to increase the fuel charge so that the amount is greater than

9;7\
7
JI

ii
,'ii;
.---,=

12

L3

193 .14

°
,1

°'

8,788 -Delco automatic direct lighting plant control. 7. Fuse. If at any
time the plant
fail to start, examine the fuse which is mounted on the back of the switchboard.
Do not use
a larger ampere fuse than the one that comes wit h the plant or
is recommended by the factory.
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FIG. 8,7811.-Delco automatic direct lighting plant control. 8. Service switch. The small
knife
switch that is located on the hack of the switchboard should be opened only when
cranking
the plant by hand. When the plant is running, the switch must be closed. The
plant will not
start automatically while the switch is open.
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can he burned with the air available. The result is that combustion continues after expansion has begun, and if the overload be great it may
even be that the charge will still be burning when the exhaust valve is
opened, which condition will quickly destroy thé exhaust valve;
4. Operation with leaky valve will result in both valve and seat being
cut out by the hot gases blowing through at high velocities;
-STOP -CHARGE`'
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This is the front
Fm. 8,790.-Delco automatic direct lighting plant control. 9. Switchboard.
relays and
view of the switchboard with cover removed, showing the location of the various
switches.

5. Close and high grade attention required;

exacting
6. Repairs more costly than with engines working on a less
cycle;
7. Great weight and bulk per unit of power developed;
8. Uncertainty as to future cost of fuel;
9. Lubrication troubles.
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PROPELLER
GEAR CASE
GENERATOR
COVER OVER COMUTATOR

PERKINS

JERK CHAIN
TOWER CAP

AEROLE(:'i RIC

GOVERNOR SPRING

COLLECTOR RING CASTING
COLLECTOR BRUSH CASTING
PULL OUT BAR

PANEL BOARD

SWIVEL

WIRES TO
GENERATOR

WIRES TO BATTERY

INSULATOR

PULL OUT WIRE

3

tc. 8,791.-Aerolectric generating mechanism with gear case cover removed, showing t,ansmission between wheel and dynamo. This is a wind mill suitably geared to a dynamo
forming a unit for charging a storage battery, the latter being used as current source for
house lighting.
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Ftc. 8,794.-Diagram of a Diesel engine. In operation, during the suction stroke pure air is drawn into the cylinder through the
main inlet valve and a proper charge of fuel oil (determined by the position of the governor) is pumped without prossure into the
injection nozzle passage. On the cam/nession stroke, the air in
cylinder is compressed to about 500 1hs. pressure, which
gives it a temperature in excess of 1.000° Fahr. At the be:ti,,ning of the porter stroke, air from the compressor at 701) to 900
pounds per square inch Is admitted through the injection nozzlº
a period of about ten per cent of the stroke. The oil previously deposited in the injection nozzle during the suction stroke is picked up by the injection air and gradually sprayed into
the combustion chamber, where combustion occurs át constant pressure during the period of injection. During the exhaust
stroke the products of combustion are expelled from the cylinder, thus completing the cycle,
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Cic. 8.795.
Fitz Rualite
turbo -generator set comprising

a

completely sell -

contained hydro -electric
power unit, including Fitz
high speed water turbine
d_rect connected to electric
generator and provided with
b gilt in automatic governor.
Standard unit, available in
capacities ranging from 3.
kw., capacity to 100 kin.

capacity.

TEST QUESTIONS
what does a farm lighting plant consist?
What kind of a cooling system is used on the engine?
\\'that provision should be made when plant is installed in the basement?
Make installation sketch showing muffled exhaust.
Name two general classes of lighting plants.
\Y'hat kind of control devices does a battery lighting
plant require?
Describe the method of throttle control.
Name two kinds of governors.
Describe the electro -magnetic governor control.
What relays and switches are used?
Describe the Delco automatic direct lighting plant
control.
Describe a lighting plant with wind mill drive.

1. Of

2.
3..

4.
5.
6.
7.
8.

9.
10.
11.
12.

Hydraulics
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Hydraulics
The term hydraulics is defined as the science which treats of
liquids, at rest or in motion. This involves two divisions of the
subject known technically as
1.

Hydro -statics;

2. Hydro -dynamics.
Hydro -statics refers to liquids at rest, and- hydro -dynamics to liquids

in motion.

The treatment of these subjects here relates to water and
the entire chapter may be considered as an introduction to the
chapters following on Pumps.

Water.-Those who have had experience in the design or
operation of pumps, including the author, have found that
water is an unyielding substance when confined in pipes and
pump passages, thus necessitating very substantial construction to withstand the pressure, and periodic shocks or water

hammer.
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The following table gives the relative volume of water at
different temperatures compared with its volume at its temperature of maximum density or 39.1° Fahr.
Relative Volumes of Water at Different Temperatures
Degrees

Fahr

Volume'

39.1
41.0
50.0

1.00000
1.00001
1.00025
1.00083
1.00171
1.00286
1.00425

59.0
68.0
77.0
86.0

Degrees

Degrees

Volume

Fahr.

1.00586
1.00767
1.00967
1.01186
1.01423
1.01678

95
104
113
122
131
140
149

Fahr.

Volume

158
167
176
185
194

1.02241
1.02548
1.02872
1.03213
1.03570
1.03943
1.04332

203
212

1.01951

,

Weight of Water per Cubic Foot at Different Temperatures
Temp.

deg. F.

32
35
40
45
50
55
60

65
70
75

Weight

Temp.

lbs. per
cu. ft.

deg. F.

62.42
62.42
62.42
62.42
62.41
62.39
62.37
62.34
62.31
62.28

80
85
90
95
100
105
110
115
120
125

Weight

lbs. per
cu.

ft.

62.23
62.18
62.1B

62.08
62.02
61.96
61.89
61.82
61.74
61.65

Temp.

deg. F.

Weight

lbs. per
cu.

130
135
140
145
150
155
160'
165
170
175

ft.

61.56
61.47
61.37
61.28
61.18
61.08
60.98
60.87
60.77
60.66

Temp.

Weight

deg. F.

lbs. per
cu. ft.

180
185
190
195
200
205
209
210
211
212

60.55
60.44
60.32
60.20
60.07
59.95
59.84
59.82
59.79
59.76

Some Properties of Water. -This remarkable liquid composed of two parts hydrogen and one part oxygen (H20) at its
maximum density (39.1° Fahr.) will expand as heat is added,
and it will also expand slightly as the temperature falls from
this point, as shown in figs. 8,796 to 8,799.
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The weight of one cu. ft. of water at its maximum density
taken at the figure given by Rankine, 62.425 lbs.
per cu. ft.*
The weight of one U. S. gallon or 231 cu. ins. is generally
taken at 8% lbs,
is generally

I..

The weight of one British gallon (Imperial gallon) or 277.27 cu. ins. of
water at 62° Fahr. is 10 lbs.
39.1°

MAXIMUM
DENSITY

32°

FREEZING
POINT

é

212°

__-

BOILING
POINT

t'iGs. 8,796 to 8,799.-The most remarkable characteristic of water: expansion below and above
its temperature o: "point of maximum density" 39.1° Fahr. Imagine one pound of water at
39.1° F. placed in a cylinder having a cross sectional area of 1 sq. in. as in fig. 8,797. The
water having a volume of 27.68 cu. ins., will fill the cylinder to a height of 27.68 ins. If the
liquid be cooled it will expand, and at say the freezing point 32° F., will rise in the tube to a
height of27.Tins.,asin fig. 8,798 before freezing. Again, if the liquid in fig. 8,798 he heated,
it will also expand and rise in the tube, and at say the boiling point (for atmospheric pressure
212° F.), will occupy the tube to a height of 28.88 cu. ins. as in fig. 8,799.

Head and Pressure.-These are the two primary considerations in hydraulics. The word head signifies the difference in
*NOTE.-dome authorities give as low as 62.379. The figure 62.5 commonly given is
approximate. The highest authoritative figure is 62.428. At 62° Fahr., the figures range
from 62,291 to 62.36. The figure 62.355 is generally accepted as the most accurate, though for
ordinary calculations the figure 62.4 is generally taken, this corresponding to the weight at
53 ° Fahr.
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level of water between two

points, and it is usually expressed ii

feet.

There are four kinds of head:
1. Static head;
3. Total static head;
2. Dynamic head; 4. Total dynamic head.
-WATER

POCKET.............

RUPTURE ALONG SEAM

a;

o

a,4-...
G

FIGS. 8,800 to 8,802.-Familiar occurrence illustrating the rupture of water pipes due to tha
expansion of water in freezing.

Static head is the height from a given point of a column, or
at rest, considered as causing or measuring pressure.
Dynamic head is an equivalent or virtual head of water in

body of water

motion which
represents the resultant pressure due to the height of the water from a given
point, and the resistance to flow dué to friction.
The total static head is the static lift plus the static head.

The total dynamic head is the dynamic lift plus the dynamic head.
Thus, when water is made to flow, through pipes or nozzles, there is a loss
of head. These terms are illustrated in fig. 8,805.

The following table gives the loss of head due to friction of
water in pipes of various sizes and for various rates of flow.
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Friction of Water in Pipes
toss or head in feet due to Friction,
14Inch

3.5-4n,ch
Gallons
Per
Minute Vel. Fric.

Pipe

2.10 5.30
3.16 11.30
4.21 19.20
5.26 29.00
10.52 105.00

2
3
4

.6
10
15

..

20

.

: .

25

.,...

,

.

,

-Inch
Pipe

I

Vel. Frie. Vei.
1.20 1.90 .
1.80 2.90 1,12
2.41 5.00 1.49
3.01 7.50 1.86
6.02 27.10 3.72
9.02 57.00 6.13
12.03 97.00 7.44
.. 9.30
11.15
.
.
... 13:02
4.88
-.

35
40

.

.

45-

e

...

70
15
100
120
126

,

I

per 100 last of emoOth, straight cast Iron pipe

Frie.

I

--

Vel. Fric. l'el.

.'..

0.90

.

.

.

.....

.

1.52 086 0.40
2.32 1 07 0.60
8.40 2.14 2.18
18.90 3.92 4.65
30.10 4.29 7.90
43.50 5.36 11.90
64.00 6.43 16.90
85.00 7.51 22.30
109.00 8.58 28.50

.....
..... -...... .....
0.187

.

.

..

.

.
.

.

.
..

.

.

.

-.

,.

.

,

.

..

.

.

..

.

.

.

.-

.

.

.
.

.

.

,

.

.

...

:

....

:

... .... ..
.

8-Inel3
P. oe

8- nch

..
..

20 -Inch

16.Incla

12- nch

.

... ....
...

0.20
1.21 0.24
1.79 0.45
1.9* 0.52
2.55 0.88
1.17

3.06 1.22
3.19 1.33
1.82
4.45 2.40
5.10 3.12
6.32 4.72
8.40 4.80
6.90 5.50
7.03 5.71
7.66 8.70
8.90 8.80

..... _ 1020

11.30
11.00 14.10

. 12.18 16.00
....
.... 12.30 16.«
12.7717.10

24 -Inch

30- nch

Pipe
Pipe
P pe
,.Pipe
Pipe
Pipe
Per
Minute Vel. Fric. Vel. Fric. Vol. Fric. Vet. Fric. Vel. Fric: Vet. Fric. Vet. Fric. Vet. Fric. Vel. Fr
70

1.14
1.63

100
120
125
150

1.96
2.04
2.45

200

3.27
3.67
4.08
4.42

225
250
270
275

.4.50

300
350

4.90
5,72
6.54
7.35
7.78
8.17
8.90
9.85
10.62

409
450
470
800
550
600
650
700
750

.

11.44

12.26

800

..
..
.
..

850

900
950
1000
1100

.

1200
1500
2000

2500
3000
3500
4000
.5050,

.

-

0.15
'
0.29 '1.14 0.10
0.41 1.42 0.18
0.46 1.48 0.20
0.83 1.71 0.23
1.06 2.28 0.44
1.33 2.57 0.53
1.60 .2.80 0.66
1.88 '3.03 0.81
1.94 3.06 0.82
2.2.5 3.40 0.92
299 3.98 1.21
3.81 4.54 1.58
4.75 '5.12 2.96
5.30 -5.49 2:23
5.80 5.60 2.33
6.90 6.86 2.81
8.10 6.72 3.36
9.40 7.28 3.93
10.80 7.84 4.56
12.30 8.50 5.00
9.08 5:84
9.58 8,25
.
10.30 7.22
10.72 7.65
11.32 8.60
12.50 10.22
.
13.52 11.92

...

....
..
..
.,

-

..

.
.
.

.

.

e.

.

,
.

...

..

.

.

.

.

..,

.-

.

.

.

..

.

.

.

.

.

:.

1:.-

.

.

.

1. ¡".1 0
'1.920.170

....
...
..... ...
.

2.04 0.200 1.42 0.88
2.25 0.236 1.57 0.004
2.48 0.282 1.71 0.106
2.660,327' 1.85 0.134

2.86
3.06
3.28
3.48
3.68

1.41
1:63
1.76

2.05 '.3.89
2,16
2.51
3.04
4.48
7.135

.

.

.653

213 0.17'
2.27 0.19
2.41 0.22
2.56 0.24
2.70 0.25

'

,

..

.

.

.

...

..
..

.... ...

..

.

..

.

..

. _

.

.

.

.
.

,

,.

.

'

.

2.00 0.154

4.08 0.718 :2.84 029
4.50 0.860 '3,130.35
4.91 7.040 3.41 0.41
6.10 1.490 4.20 0.61
8.10 2.500 5.50 1.02
0.10 3.810 7.00 1.56
12.10 5.300 8.40 2.42
1 i .
7200 9.80 2.80
11,35 3.80
,
,.. , 14.20 5.82
.

._.

0,388
0,422
0,476
0,534
0.592

..

.

.. .. ... ... ... ...
.,-

,
.

.

0.58
0.70
0.83
0.96
1.10
1.24

,

.

.

.

.

....
- .. .....
.

.

.

.

2.80 0.40
2.92 0.46
3.07 0:55

5.75
8.06
6.40
7.03
7.67
9.60
12.70

..

.

.

.

1.90 0.26
2.20 0.29
3.20
3.52
3.84
4.16
4.46
4.80
5.12
5.48

..

.

...
.

1.70 0.18
1.73 0.19

,

.
.

,

.

....

.

1.02 0.16

7,723,84

'
'

... ..

10- nch

I.

...

..

.-

..

.

.

11.43 23.707.92 9.75
3.07 30.00 9.08 12.80
10.42 16.00
11.28 19.70
12.45 22.70
, ..
12.70 23.60
.
13.62 27.10

'

'

.

nch
p ,,,,

5-

.

Gallons

..

.

1.36
1.59 0.51
1.82 0.65
2.02 0.80
.227 0.98
-4.4
3.18 1.83
5.073.41 2.11
8.60 4.54 3.52
2.0 5.45 4.97
13.015.68 6.40

.

.

.

,

...

.

.

.

-

.

...
.. ... ...
... ... ...
...
,

..

.

-

.

Frie.

..

7.65 14.90 4.93
8.54
7.84
8.16
9.80 18.726.80

.
.

....

.....

0.05 ....
0.12 .0,45

.09 0.33
,36 0.85

10.2125.60
12.2538.05
12.7538.90
15.3051-00

.

.

.

Pipe

el. Frie. Vel.

091 0.98 0.25 0.68 0.11
129 1.31 0.43 0.91 0.18
196 1.63 0.86 1.13 0.27

7.1513.20 4.60

.

..

Pipe

V

2.73 1.96 0.92
3.57 3.66 2.29 1.23
4.08 4.68 2.62 1.57
4.60 5.60 2.95 1.97
5.11 7.10 3.30 2.3

5.51 10.30

:

.

.

.

0.63
0.79 0.283 .51
1.57 1.02' 1.02
2.72 225 .1.53
3.15 3.70 '2,04
4.56 5.60 2.55
.4.72 7.80 3.06

. .

,

-

.

4Incb

3 -Inch

Pipe

vel. Fric. Vet. Fric.

6.30 18.30'
9.68 35.20 7.08 16.60

.. -....

.

200
225
280.
270
275:
300
350
400
450'
470
475
boo

-

Pipe

Fric.

10.72 43.20 7.87 20.20
... .....
.1.01 81.00 11.02 37.60
............11,00
42.70... ... ... 15.74 73.00

.

150
175

---

2A- I nch

2 -Inch

Pipe

Pipe

.

.

1.1y -Inch

115 -Inch

'

.

-

-

.

.

'

.
.

.

..

.

.

'

,

...

....

.

..
....'. ....
.

.

.

.

.

.

..

.

.

.

...

2.39 0.171
3.19 0.280
3.99 0.397

.

.

....
...

.i.

y;vel nveíreyet,-"".
in
odd

..

.

..

.

4.79 0.568 3.08 . 0.1.
5.59 0.745 3.59 0.251
6.38 0.956 4.10 .323
7.98 0.144 6.13

.

.

,.

,
.

.488 3:55

30 per cent.

.. .. ,
.

.

....

.

.

,

,.

.
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PRESSURE
IN LBS

PER SQ.IN

4.3

10

13

30

21.7

30,3
70

39

---90
F[c. 8.803.-The pressure of water due to head increases with the depth.
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Friction of Water in Elbows
Loss of head In feet, due to friction in various sizes of smooth 00' elbows when discharging the given Quantities of water

y
>

-Inch

1

159

2 -Inch

114 -Inch

-Inch

2yS-Imh

3-Inch

4-Inch

k

>

W

2046
4.0910.22

.5

10

1.30

.14

.

2.60 .21

.

>

LL

9

..... ...

>

W

¿Ill

7.

4

LL

8-Inch

5-Inch

_

G_

6

8.12i0.19 3.90029 2.]40.09
6.50 0.52 3.610.10
2510.20i1:15 6.50 ..80 4.55055
301RS41.95 ].801.15 5.480.46
35 1458 2.65 9.10 1.60 6.37 .50
4010.32 3.46 10.40 2.05 7.24 .64
15

20 8.16 0.87

.

. .

.... .....
2.80 0.09 .... ..
3.OM1O.IJ.
.

..

.

.

. .

.

.

.

.

..

.

.

.

.

.

.

.

.

.

.

.

.

..
..

..

.

.

.

.

.

.

.

.

.

. .

.

.

. .

.

. .

.

.

.

. .

.........
.

.

. . .

. .

.

.

. .

. .

.

. .

. .

.

. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

. .

.

.

.

.

. .

.

.

.

.

.

.

.

.

.

.

.

2.

270
300

.

.

.

.

..

3511

.

400

..

470

.

.. ...
.

.

.

.

..

..

.

.

.

..

...

..

.

.

.

.
.

.

.

.

..

.

.

.

.

.

. . .

.
.

.

.

.

.

.

.

.

. .

.

.

. .

.

.

.

.

.

.

.

. .

.

. .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

...

...

.

.

. .

.

.

.

.

.

.

.

>

4
.

.

.

.

-IM

............................................
...
.. ...

........

.

.

1

1].5.
xW

12

Y.

... ....
... ..... ... .... .. ... ... ... .... ...
... ... ...': ... ...
.. ... ... ... ... ...
... .... ... .... ... ...
.'
..
.. ...................
...... ..
3.57 0.18 2.20.00 ..
.. ..
.. ..
1.05 0.23 2.82 0.11
.. .. ... .' .
.
....
..
.. ..
..
.. ...'
.. .. ...
....
....
.. ... ... ...
1.790.05 .... ... .... ... ...... ... ... ....
... ... ... ...
.......
.... ....
:
1555 2.21 7.84 1.17 5.45 0.48 8.06 0.15 1.96 0.06 ..
:
... ....... ......
1530 3.20 9.811.51t 6.800.66 3.84 0.2 2A50.09 ....
11.492.19 7.920.10 4.150.30 2.880.12 2.000.06.............
..
I10i 2.96 9.08 t.18 5.11 0A0 4.2'70.10 2.280.07 ... ... ... ... ..
..
... 11.2P 1.35 6.100.8Y 4.080.25 2.80 .121.600.01 ... ... ... ..

.
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10-Inrh

8-Inch

.

.

.

.

.

. .

..'.

.

.

..

12.15 2.35 6.90 0.70

-..

415 0.26 3.03 0.11 1.70 0.06

..

.

.

.

.

.

.

..

..... ......
...
.. ........ .. ... ......
..12.162.26 ].780.00 5.400.483.070.161.920.0ó...
..... .. .......
5.60 0.48 3.20 0.16 2.00 0.97 1.40 104
...
....127]2.17 8.17 1.01 8.40
1.09 4.9 0.36 3.00 0.15 2.10 007
1226 2.24
O.Sq ....
0.14
.. ..
... ....
..........
... ....
.... .. 12.57 2.41 7.04 0.78 4.40 0.29 3.08
250... ...
60 079
..
.wo ... ... ....
.... ... .... .. ......
....
.... .. ................I1.103.x
... .... ... .... .. 9.e0 1.44 e.lo,ose 4.200.11
160.

.

. .

.

.

.

.

.

.

.

.

.

.

..

.

.

.

.

.

5110

.

.

.

.

9.59 6.54 0.8?. 4.54 0.20 2.60 .10
..11.502.01 7.350.81 5.12 0.39 2.92'0.13 1.51 .05
.

.

.
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.

.

.

.

.

.

.

.

. .

.

.

.

.
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When pipe

elocl

able

s

. .

slightly rough. add

in feet per second.

5 ye

.hows loss for one elbow. and

'

.

.

.

F

Is

.

.

.

.

.

.

.

.

.

when very rough, add 30 per cent.
Ic. C Fries an head in feet.
based on we,sbaeh's Formula for short radius bends.
e

r'R,;' J:_",'ná

.

ry7G5i,rs.-. ,,ret.^:kyis+'-,vRa s`':

_N.x.:

Pic. 8,804. -Pressure exerted by a liquid. The pressure exerted by a liquid on a surface is proportional to the area of the surface. Two cylinders of different diameter are joined by a tube
and filled with water. On the surface are two pistons M and S, which hermetically close the
cylinders, but move without friction. Let the area of the large piston M be, say thirty times
that of the smaller one S, and let a weight, say of two pounds, be placed upon the small piston.
The pressure will be transmitted tb the water and to the large piston, and as this pressure
amounts to two pounds in each portion of its surface equal to that of the small piston, the
large piston must be exposed to an upward pressure thirty times as much, or 601ós. If now a
60 lb. weight he placed upon the large piston, both pistons will remain in equilibrium, but if
the weight be greater or less, the equilibrium will he destroyed.
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In any installation it is important to consider the friction of
water in elbows as the table on page 5,539 indicates.

Pressure.-The term pressure is used in' its ordinary sense
in terms of pounds per square inch.
At 62° Fahr. the pressure per square inch of a column of water of one foot
head is .43302, or 433 lbs. At this temperature one cubic foot of water
would weigh .433 X144 -62.352 lbs. On this basis the pressure in pounds
per square inch for different heads 01 water is as given in the following table.

Pressure per Lb. per Sq. In. for Various Heads of Water
Head

0

feet

0
10

20
30
40
50
60
70

80
90

1

2

3

a

5

7

G

8

9

0.433 0.866 1 299 1.73'2 2 165 2.598 3.031 3.464 3.897
4.763 5.196 5.629 6.062 6.495 6.928 7.361 7.794 8.227
9.093 9.526 9.959 10.392 10.825 11.258 11 691 12.124 12.557
13.423 13.856 14.289 14 722 15.155 15.588 16.021 16.454 16.887
17.753 18.186 18.619 19.052 19.485 19.918 20.351 20.784 21.217
22.083 22.516 22.949 23.382 23.815 24.248 24.681 25.114 25.547
26.413 26.845 27.279 27.712 28 145 28.578 29.011 29.444 29 877
30.310' 30.743 31 176 31.609 32.042 32 475 32.908 33.341 33.774 34.207
-34.640 35.073 35 506 35.939 36.372 36 805 37.238 37 671 38.104 38.537
38.970 39.403 39 836 40.269 40 702 41 135 41.568 42 001 42 436 42.867
4.330
8.660
12.990
17.320
21.650
25.980

.

Head in Feet of Water for Various Pressures
Pres-

sure

0

0
10

20
30
40
50
60
70

80
90

23.0947
46.1894
69.2841
92.3788
115.4735
138.5682
161.6629
184.7576
207.8523

1

2

3

4

2.309
25.404
48.499
71.594
94.688
117.78
140.88
163.97

4.619
27.714
50.808
73.903
96.998
120.09
143.19
166.28

6.928
30.023
53.118
76.213
99.307
122.40
145.50
168.59

9.238
32.333
55.427
78.522
101.62
124.71
147.81
170 90

187.07

189.38

191.69

194.00

210.16 212.47

214:78 217 09

5

6

11.547 13.857
34.642 36.952
57.737 60.046
80.831 83.141
103.93

127.02
150.12
173.21
196.31
219.40

106.24
129.33

152.42
175.52
198.61
221.71

7

8

9,

16.166
39.261
62.356
85.450

18.476
41.570
64.665
87.760
110.85
133.95
157.04
180.14
203.23

20.785
43.880
66.975
90.069
113.16
136.26
159.35
182.45
205.54

10845

131.64
154.73
177.83
200.92
224.02 226.33'228.64
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In ordinary calculation, it is common practice to estimate that every
foot head is equal to one-half pound pressure per square inch, as this
allows for ordinary friction in pipes.

Lift.-When the barometer reads 30' inches at sea level, the
pressure of the atmosphere at that elevation is 14.73 lbs. pei
sq. in., that is to say, this pressure will maintain or balance a
column of water 34.019 ft. high when the column is completely
exhausted of air, and the water is at a temperature of 62° Fahr.
--,

(......
ELEVATED
TANK

L

V

which is
F7c. 8,805.-View of elevated tank with pump in operation maintaining the supplyhead, and
static
being drawn upon as shown, illustrating the terms static lift, dynamic lift,

dynamic head.

In other words, the pressure of the atmosphere then lifts the water to such
height as will establish equilibrium between the weight of the v ater and
the pressure of the air. Similarly in pump operation, the receding piston or
plunger establishes the vacuum and the pressure of the atmosphere lifts the
water from the level of the supply to the level of the pump.

Lift as relating to pump operation may be defined as the
height in feet from the surface of the intake supply to the pump.
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Strictly speaking, it is the height to which the water ís elevated by
atmospheric pressure, which in some pumps may be measured by the
elevation of the inlet valves and in others by the elevation of the piston.

In the case of pumps handling water at ordinary temperature
(not hot water) the practical limit of lift is from 20 to 25 ft.
when the barometer reads about 30 ins. In high altitudes it
is less.

Why?

DIAI7.OF PLUNGER
AREA

.

!OP')

sal.

-TOTAL WEIGHTON

PLUNGER

101790 L51.

-=WATER

PRESSURE 100 LBS.

8,8(>6.-Hydraulic principles: 3. Any quantity of water however small may be made
to balance any weight however great. The figure shows a locomotive on a turn table balanced by a hydraulic pivot or plunger. Assuming no leakage or friction at the joint, and
that the vertical pipe leading to the plunger cylinder is very small, i t is evident that i t could
he filled to the elevation shown with a very small quantity of wafer-say one quart. If
the total weight of locomotive, turn table, etc., and the plunger be 101,709 lbs., and the
plunger area be 1,017.9 sq. ins., then the water pressure per sq. in. on the piston necessary
to balance the load =101,796:-1,017.9=100 lbs. Hence the load will be balanced ben
the pipe is filled with water to a height of 100 X2.31=231 ft.

t 1c.

For increasing temperature of the water the limit of lift is
reduced because the boiling point of water corresponds to the
pressure.
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Theoretically a perfect pump will draw water from a height of 34 ft.
when the barometer reads 30 ins., but since a perfect vacuum cannot
be obtained on account of valve leakage, air contained in the water and
the vapor of the water itself, the actual height is generally less than 30 feet,
and for warm or hot water considerably less.

The following table shows the theoretical maximum lift for
different temperatures, leakage not considered.
Theoretical Lift for Various Temperatures
Temp.
Fahr.

102.1
126.3
141.6
153.1
162.3
170.1
176.9

'

Absolute
pressure
of vapor
lbs. per

Vacuum

sq. ins.

mercury

1

2
3
4
5
6

27.88
25.85
23.83
21.78
19.74
17.70

31.6
29.3

7

15.67

17.7

Lift

in

inches

in

feet

of

27

24.7
22.3
20

Temp.
Fahr.

Absolute
pressure
of vapor
lbs. per

Vacuum
in
inches
of

Lift
in
feet

8

13.63

15.4

9
10
11
12
13

11.6

13.1
10.8

sq. ins

182.9
188.3
193.2
197.8
202

205.9
209.6

14

mercury

9.56
7.52
5.49
3.45
1:41

8.5
6.2
3.9
1.6

NOTE.- Head. The head instead of being an actual distance between levels, may be caused
by pressure, as by a pump, in which case the head is calculated as a vertical distance corresponding to the pressure, l lb. per sq. in. =2.309 ft. head or1 ft. head =.433lb. per sq. in. The total
head operating to cause flow is divided into three parts: 1, the velocity head, which is the height
through which a body must fall in a vacuum to acquire the velocity with which the water flows
into the pipe = v"-±2 g, in which v is the velocity in ft. per sec. and 2g =64.32; 2, the entry head,
that required to overcome the resistance to entrance to the pipe. With sharp edged entrance
the entry head=about % the velocity head; with smooth rounded entrance the entry head is

inappreciable; 3, the friction tread, due to the frictional resistance to flow within the pipe. In
ordinary cases of pipes of considerable length the sum of the entry and velocity heads required
scarcely exceeds 1 ft. In the case of long pipes with low heads the sum of the velocity and entry
heads is generally so small that it may be neglected.
NOTE. -When the water is warm the height to which it can be lifted decreases, on
account of the increased pressure of the vapor. That is to say, for illustration, a boiler feed
pump taking water at say 153° Fahr., could not produce a vacuum greater than 21.78 ins.
because at that point the water would begin to boil and fill the pump chamber with steam,
Accordingly, the theoretical lift corresponding would be
34X 21_78 =24.68 ft. approximately
30

The result is approximate because no correction has been made for the 34 which represents
a 34 foot column of water at 62"; of course, at 153' the length of such column would be slightly
increased. It should be noted that the figure 24.68 ft. is the approximate theoretical lift for
water at 153"; the practical lift would he considerably less.
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TEST QUESTIONS
1. Define the term

hydraulics.

2. What is the difference between hydrostatics and hydro-

dynamics?
3. Mention some of the properties of water.
4. What is the most remarkable characteristic of water?
5: What is the relation between head and pressure?.
6. What are the four kinds of head?
i What is the effect of water flowing through pipes?
S. What is the difference between lift and head?
9. .Draw a sketch illustrating dynamic lift and dynamic
.

head.
10. How is pressure measured?
11. What effect has temperature on lift?
12. What is the maximum possible lift'
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CHAPTER 228

Elementary Pumps
There are three elements necessary for the operation of a
pump:

Inlet or suction valve;
2. Piston or plunger;
3. Discharge valve.
1.

Simple pumps may be divided into two classes:
1. Lift pumps;
2. Force pumps.
A lift pump is one nhich does not elevate the water higher than the
lift; a force pump operates against both lift and head.

Lift Pumps.-The essentials and working principles of a
simple lift pump are shown in figs. 8,807 to 8,809.
In construction there are two valves in this type of pump, which
are known as the foot valve and the bucket valve. In operation during
the up stroke the bucket valve is closed and foot valve opens, allowing the
atmosphere to force the water into the cylinder.
When. the piston begins to descend, the foot valve closes. and bucket
valve opens, which transfers the water in the cylinder from the lower side
of the piston to the upper side as in fig. 8,808.
During the next up stroke, the water, already transferred to the upper
side of the piston, is discharged through the outlet as in fig. 8,809.

OPEN

8,809.-Elementary single acting lift pump showing essential features and cycle of operation.

OPEN

BARREL OR

--CYLINDER

OUTLET

CLOSED

Force Pumps.-There are two general classes or force Dumps:

It will be noted that as the piston begins the up stroke of discharge it is subject to a small maximum
head, and at the end of the up stroke to a minimum head as indicated in fig. 8,809. This variable head
is so small in comparison to the head against which a force pump works that it is not ordinarily considered.

FIGS. 8,807 to

FOOT VALVE

CLOSED

BUCKET VALVE

HEAD

MINIMUM

acting:

Plunger.

a. Piston;

b.

BOX

STUFFING

b.

Plunger.

a. Piston;

2.- Double acting:

8,812.-Elementary single acting force pump showing distinguishing feature of closed cylinder.

FOOT
VALVE

1. Single

FIGS. 8,810 to

OPEN

BUCKÉT
VALVE

A
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Single Acting Force Pumps.-The essential feature of a
force pump which distinguishes it from a lift pump is that the
cylinder is always closed, whereas in a lift pump it is alternately
closed and open when the piston is respectively at the upper
and lower ends of its stroke.

INLET VALVE
ODEH
IppF

DISCHARGE
VALVE.

Fins. 8,813 and 8,814.-Elementary single acting plunger pump showing essential
parts. The
distinction between a plunger and a piston should he carefully noted. In
the up stroke water fills the cylinder, inlet valve opens, and outlet valve operation during
closes,
as
shown in
fig. 8,813. During the down stroke, the plunger "displaces" the
water in the barrel, forcing
it through the discharge valve against the pressure due to the head.

As shown in figs. 8,810 to 8,812, the cylinder top is closed by a
cover,
the piston rod passing through a stuffing box; this keeps the cylinder closed.
In addition to the foot and bucket valves of the lift pump, a head valve
is provided.
In operation, during the up stroke, atmospheric pressure forces water
into the cylinder as in fig. 8,810; during the down stroke this water
is
transferred from the lower to the upper side of the piston as in fig. 8,811;
during the next up stroke, the piston forces the water out of the cylinder
through the head valve which closes when the piston reaches the end of
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the stroke, as in fig. 8,812, and the cycle is repeated. The positions of the
valve are shown in the cuts.
A simple form of force pump, is one known as a single acting plunger
pump, a type extensively used, its cycle of operation being shown in
figs. 8,813 and 8,814. The figures show the distinguishing features, such
as closed cylinder, plunger, and only two valves.

QWN
tiLET

VALVES

3.9

o

a

FIGS. 8,815 and 8 816.-Elementary double acting force pump. It is a combination of two
single acting pumps and gives a nearer uniform flow than the single acting pump. In operation during the down stroke, water follows the upper face of the piston through valve A. At
the same time the previous charge is forced out of the cylinder through valve D, by the lower
face of the piston. During these simultaneous operations, valves A, and D, remain open, and
B, and C, closed, as in fig. 8,815. During the up stroke, water follows the lower face of the
piston t hrough valve B. At the same time, the previous charge is forced out of the cylinder
through valve C, by the upper face of the piston. During these simultaneous operations,
valves B, and C, remain open, and A, and D, closed.

In operation during the up stroke water fills the cylinder, inlet valve
opens, and outlet valve closes, as shown in fig. 8,813. During the down
stroke, the plunger "displaces" the water in the barrel, forcing it through
the discharge valve against the pressure due to the head.

The careless misuse of the term piston and plunger should be
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carefully avoided.
plunger is:

Elementary Pumps
The difference between a piston and a

A piston is shorter than the stroke, whereas
is longer than the stroke.

a plunger

Double Acting Force Pumps.-By fitting a set of inlet and
outlet valves at each end of a pump cylinder it is rendered double
acting, that is, a cylinder full of water is pumped each stroke

instead of every other stroke.

With this arrangement the piston need have approximately only half
the area of the single acting piston for equal displacement, and accnriingly
the maximum stresses brought on the reciprocating parts are ;educesi
approximately one-half, thus permitting lighter and more compact construction.
In the double acting pump there are no bucket valves, a solid piston
being used. The essential features and operatibn are plainly shown in
figs. 8,815 and 8,816. There are two inlet valves A. B, and two discharge
valves C, D: the cylinder being closed and provided with a piston.

Air Chambers.-These are placed upon pumps on the head
or discharge side of the discharge valve, and contain air for
the purpose of introducing an air cushion to counteract the
solidity of the water, thus preventing shocks or water hammer
as the water flows through the valves; and also for the purpose
of securing a steady discharge of water.
The water being under pressure in the discharge chamber, compresses
the air in the air chamber during each stroke of the water piston and, when
the piston stops momentarily at the end of the stroke, the air expands to a
certain extent and tends to produce a gradual stopping of the flow of
water, thus permitting the valves to seat easily and without shock or jar.

Fig. 8,818 shows an air chamber.
Air chambers are useless unless means be provided to keep
air in them.
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In large pumping plants small air pumps are employed for keeping th^ air
chambers properly charged. In smaller plants an ordinary bicycle pump
and a piece of rubber tubing are used to good advantage.

To avoid the air
chamber and its defect just mentioned
the author substituted a spring
cushion on the high
speed direct connected boiler feed
pump of his marine
engine, as shown in
fig. 8,819, and further described in
Chapter 52, Audels

Engineers and
Mechanics Guide
No. 4.
104

no. 8,817.-Air

and vacuum chambers. The air chamber is for the purpose of introdudng an
air cushion to counteract the solidity of the water, thus preventing shocks as the water
flows through the valves.

This gives a positive cushion at any speed and does away with the air
chamber.

Vacuum Chamber.-Sometimes a vacuum chamber is attached to the suction pipe. When the column of water in the
suction pipe of a pump is once set in motion, it is quite important, especially under high speeds and long intake lines, to
keep the water in full motion, and when it is stopped, to stop
it gradually and easily.
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This is accomplished by placing a vacuum chamber on the suction pipe,
as shown. The action of the vacuum chamber is practically the reverse of that
of the air chamber. The object of the vacuum chamber is to facilitate changing continuous into intermittent motion. The moving column of water
compresses the air in the vacuum chamber at the ends of the stroke of the
piston, ant when the piston starts the air expands (thus creating a partial
vacuum above the water) and aids the piston in setting the column of water
in motion again.

Fig. 8,817 shows a pump fitted with both air and vacuum
chambers.

AIR CHAMBER

AIR
CUSHION

WATER

- -

--

-- -

--

8,818.-Elementary boiler feed pump with air chamber. In small sizes these are sometimes direct connected to the engine and often run at high speeds. Obviously some form of
cushion against water hammer is necessary. Fig. 8,819 shows a better and more up to date
method of cushioning water hammer.

FIG.

Capacity of Pumps.-By definition capacity is the amount of
water a pump is able to deliver when operated at a given speed.
There are two kinds of capacity:
1.

Theoretical capacity;

2. Actual or net capacity.
The theoretical capacity represents the pupping ability of a perfect
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pump, and is expressed as the volume in cubic
feel or gallons displaced by the pump per
minute.
Since it is impossible to construct a perfect
pump, it is customary in computing capacity,
to first calculate the theoretical capacity and
then make allowance for the various losses due
to slip, leakage, etc.

Slip, Leakage and Short Strokes.These three factors are the causes which
prevent pumps operating up to theoretical capacity. Note the following definitions:

Slip.-The hack flow of water through the
valves while they are in the act of closing.
Leakage.-Loss of water through the stuffing box, valves, piston and joints and entrance
of air on' the Suction side.
Short Strokes.-The failure of direct acting steam pumps to operate at full stroke.

How to Figure Capacity. -RULE
Multiply the area of the piston in sq. ins.
by the length of the stroke in ins., and by
the number of delivery strokes per minute,
divide the product by 1,728, to obtain the
theoretical capactiy in cu. ft., or by 231
t

u;s. 8,819 and 8,820.-Feed pump. Note the absence of air chamber. The author, who
had several years' experience designing large pumps for city water works found that the
so-called air chambers were virtually water chambers, because unless means were provided
to keep them filled with air, they soon became filled with water and ceased tó perform their
function of cushioning the shocks. Accordingly, such device is here dispensed with, and
a spring cushion provided which is expected to absorb the shocks even at high speed. No
valves are built into the pump casting, a tee fitting and two check valves being used, connected
with close nipples. See Audel's Engineers' and Mechanics' Guide No. 4, page 1,724.
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to obtain theoretical capacity in U. S. gallons. The result thus
obtained is to be multiplied by an assumed factor representing the
hydraulic efficiency of the pump to obtain the approximate net

capacity.
The rule expressed as a formula is
Approximate net capacity

-

.7854 D2 X L X N
X (1-f) Cu.
1 728

ft., or

.7854D2XLXN X(1-f) gallons
231

in which

D2=square of piston or plunger diameter in sq. ins.;
L --- length of stroke in ins.;
N =number of delivery strokes per minute;
f = factor representing assumed slip in per cent of displacement;
1,728=cu, ins. in one cu, ft.;
231=cu, ins. in one U. S. gallon.
is the approximate net capacity of a 3X5 double
at 75 revolutions per minute with an assumed
running
pump
acting power
slip of 5 per cent, applying this formula?

Example.-What

Approximate net capacity

-

7854 X32 X5 X 1501

728

X (1- .05) = 2.91 cu .ft.

.7854 X 32 X 5 X 150
X (1
231

- .05) = 21.8 galls.

Horse Power of Pumps.-The power required to elevate
water at a given rate to a given elevation is expressed in horse
'

than its theoNOTE. --A single acting lift pump having bucket valves will deliver more of
water does
column
retical capacity (especially when operated at high speed) becauseatthe
high speeds the foot and
not cease'flowing when the bucket descends, that is, especially
condisuch
under
accordingly
head valves remain open all the time, and the bucket valve
tions is the only valve essential to operation.
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power, as theoretical or actual, according to whether the various losses are considered. In a pump there is to be considered
the horse power at the water end, and also at the power end.
The horse power at the power end represents the actual power
to be applied and includes that lost by friction.

Theoretical Horse Power at the Water End.-The theoretical
horse power required to raise water at a given rate to a given
elevation is obtained by the following formula:

T. H. P. =

VXWX (L +H)
33,000

in which
V = volume in cu. ft. per minute;
W =weight of one cu. ft. of water;
L =lift in ft.;
H = head in ft.
Example.-What is the theoretical horse power required to raise 100 cu.
ft. of water 200 ft., with a 10 ft. lift when the water is at a temperature of
75° Fahr., and when at 35° Fahr.?
For a temperature of 75°; one cu. ft. of water according to the table
(page 5,534) weighs 62.28 lbs. Substituting this and the other data in the
formula,
T. H. Y.=

100X62.28X(10+200)-39.63
33,000

Now if the water have a temperature of only 35°, as might be in very
cold weather, the weight of one cu. ft. will increase to 62.42, and the horse
power would accordingly increase in proportion to the ratio of the two
weights, or
T. H. P. (at 35° Fahr.) = 39 .63 X 62.42 -39.7
62 9g

By observing the very slight difference in the two results it will be
seen that, for ordinary calculation, the temperature need not he considered, taking the usual value 62.4 lbs.
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Horse Power Absorbed at the Water End.-The actual horse
power required at the.water end of a pump (not including slip
or mechanical efficiency) is equal to the theoretical horse power
plus an allowance for the friction of the water through the pipes
and pump passages. The latter being usually very small as
compared with the former, may be neglected.
There is also friction of water in the elbows which is usually taken
into account.
The tables on pages 5,537 and 5,539 give the approximate friction of
water in pipes and elbows, from which the virtual head to be used is easily
found and which when inserted in the T. H. R. formula will give the
"actual horse power" as above defined.

Electrical Horse Power.-The number of watts required by
the motor of an electric pump must be sufficient to furnish
power for:
1.

Lifting the water;

2. Loss due to slip;
3. Overcoming the friction of water in traversing the system
from intake to point of delivery;
4. Overcoming the friction of pump and gearing;
5. Overcoming the friction of the motor;

'6. Electrical losses in motor.
Accordingly. as must be evident, the actual power to be supplied to
the motor is considerably more than the theoretical power required to lift
the water.
For illustration, assuming that a certain pump have an efficiency of
85 per cent and the motor which runs it, 88 per cent, then the combined
efficiency, or efficiency of the system is .85 X .88= .75. That is to say,

NOTE.-If the quantity
62.1 lbs.

of water be given in gallons.

w is taken as 835 lbs., instead

of
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if the electrical power delivered to the motor be 100 horse power and
the efficiency of the system be 75 per cent, then only
100 X .75 = 75 horse power

is available for elevating the water.

How to Figure the Cost of Electric Pumping.-To get the
actual electrical power required, first, the theoretical head
should be increased by the loss of head in feet due to friction
in the pine line, as determined from the accompanying tables.
The result determined in this way must then be considered for
the power loss in the pumping unit. This is determined by
dividing the theoretical horse power by the efficiency of the
system expressed as a decimal, thus:

H. P. required by motor =33,000X

E
(1)
in which
W = weight of water pumped per minute in pounds;
H= total dynamic head;
E =efficiency of the system comprising pump, motor, and
gearing connecting them.
Example.-It is required to pump 300 gallons of water per minute
against a combined static lift and head of 200 ft. The pipe line is 400 ft.
long and contains 5 ninety degree elbows.
From the table showing friction of water in pipes (page 5,537), the
friction loss in 100 ft. of 5 in. pipe, discharging 300 gals. per min. is 2.25 ft.
Accordingly for 400 ft. it is 4X2.25=9 ft. From the table showing friction
of water in elbows (page 5,539), one 5 in. 90° elbow, discharging 300 gals.
per min. = .36 ft. Five elbows =5 X .36 =1.8 ft.
The total dynamic head is therefore, 200+9+1.8=210.8 ft. Now
the weight of water pumped per minute is 8% X300 = 2,500 lbs.
Assuming an efficiency of 75 per cent for the system, and substituting

in (1)

H. P.

2,500X210.8
33.000 X .75

-

21.3 horse power
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Having determined the actual horse power to be delivered to the motor,
the cost per hour for operating the pump can be readily determined by
multiplying the horse power just obtained by .746 and by the central
station charge per kw. hour. Thus, if the charge be 10c, then
Cost of pumping = 21.3 X .746 X .10 = $1.59 per hour

TEST QUESTIONS
1.

What is the difference between a lift pump and a force
pump?
Name two general classes of pumps.
How does a single acting force pump work?
Describe the double acting force pump.
What is the object of air and vacuum chambers?
Name three conditions which reduce the capacity of a
pump.
How is the capacity of a pump figured?
How is the horse power of a pump calculated?
What is the formula for theoretical horse power at
water end?
What determines the number of watts required in
.

2.
3.

4.
5.
6.
7.

8.
9.
10.

electric drive?
11. How is the cost of pumping figured?
12. What is the difference between a plunger and a piston'
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CHAPTER 229

Power Pumps
A power pump is a machine for the transfer of liquid or gases
from one location to another and driven by any prime mover either
direct connected or geared, as by belt, chain or toothed gears.
Briefly, any pump having a shaft to which the motive power
is applied is a power pump.
A power pump differs essentially from a steam pump in many of its operating characteristics. These differences should be clearly understood, as
often a power pump replacing a steam pump does not give complete satisfaction until the user becomes educated to the requirements for satisfactory
power pump operation.
A power pump is essentially a constant speed machine.* It does not have
the flexibility as regards speed and capacity that a steam pump has.
Therefore, more care must be taken to insure that the power pump speed
is correct for all the conditions to be met.
If the suction pipe be too long or too small, or if a full supply of water be
not available, a steam pump can readily be slowed down until its capacity
is equal to the maximum amount of water which can be drafted through the
suction line. A power pump under similar conditions must run along at
full speed, but only partially filling. This causes severe pounding and,
eventually breakage.
If excess pressure be put on the discharge line, as may happen from a
closed or partially closed valve, the steam pump automatically slows down
and often stalls if the pressure become high enough. Under the same conditions the power pump goes right along at full speed until the motor burns
out under overload, or until something breaks on the pump. It is, therefore,
essential that a power pump be protected by a spring relief valve to prevent
the discharge pressure becoming too great.

*NOTE.-An exception is the direct connected marine pump whose speed is governed by

the main engine.
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Classification.-Pumps may be classified:
1.

With respect to the cycle of operation, as
l g
a. Reciprocating
p

single acting;
double acting;

Rotary;

b.

jl multi -stage;
Centrifugal
g

single stage;

c.

2. With respect to the number of cylinders, as
a. Single cylinder;
b. Duplex;
c. Triplex;

d. Quadruplex, etc.

3. With respect to the position of the cylinder, as
a. Vertical;
b. Horizontal.

4. With respect to the reciprocating part, as
a. Piston;
b.

Plunger.

5. With respect to the stuffing box, as
a. Inside packed;
b. Outside packed.

6. With respect to the va've arrangement, as
a. Single valve;
b. Multi -valve;
c. Bucket valve;
d. Pot valve.
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7. With respect to the pressure; as
a. Low pressure;
b.
c.

Medium pressure;
High pressure.

8. With respect to the velocity reduction of the drive, as

_

AIR
CHAMBER

...
11-
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®nssñ. \
Íe7®

®ícja11offi

DISCHARGE
VALVES

INLET

VALVES

'®

AIM:-IFrt-

=

PISTON
FIG. 8,821.-Double acting piston pur ip, water end, showing sectional view of piston, cylinder,
stuffing box, valves, and water passages. The lower row of valves are the inlet valves, and
the upper row the discharge valves.

a. Single reduction;
b. Double reduction;
c. Multi -reduction.

9. With respect to the drive construction, as
a. Spur gear;.
b. Spiral gear;
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c. Worm gear;

d. Combination silent chain and toothed gear;
e.

Combination belt and toothed gear.

Construction Details.-There are four general types of pump
cylinder classed with respect to the piston or plunger:
1. Piston.

2. Inside packed plunger.

INSIDE.
SCUFFING

DISCNARGE
VALVES

BOX

INLET
VALVES
Uo/ia/uiaiiIiN//////!/J/!///1v6vmnirron,

a..

sectional view of
FIG. 8,822.-Double acting inside packed plunger pump, water end showing

working parts.

3. Single acting outside packed plunger.
4. Double acting outside packed plunger.

These general types are shown in figs, 8,821 to 8,824.

Ftc:.

8,824.-Double acting outside packed plunger pump. The plungers are connected by yokes and outside rods, the yokes and
a portion of the rods being shown in the figure. The construction is virtually a combination of two single acting plunger pumps
so connected as to give the equivalent of a double acting pump cycle.

1

Fin. 8,823.-Single acting outside packed plunger pump. In construction, the moving parts cons'st of the plunger AB working
in the stuffing box KL. There are two valves or sets of valve F and E. The stuffing box KL being on the outside can be kept
in perfect adjustment, and with proper design the suction and discharge valves may be examine by the simple removal of a
bonnet. The strong points of this pump are its simplicity, and the ready accessibility for examination and adjustment of all
parts on which the operation of the pump may depend. Water enters at G, ana discharges at H. O is the air chamber.
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Pump Valves.-The valve apparatus is perhaps the most
important part of any form of pump and its design has a
material bearing upon its efficiency.
Figs. 8,825 to 8,831 show ordinary types of large and small
valve construction

The Drive or Transmission.-The reciprocating pump, because of the necessarily low speed at which it must operate,

-
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Fics. 8,825 to 8,829.-Metal valve with screw seat details. Fig. 8,825, screw seat; fig. 8,826,
FIGS.
stud; fig. 8,827, metal valve; fig. 8,828, spring. fig. 8,829, assembly.

requires a high velocity reduction between the power unit and
pump, especially in the case of electric motors, Accordingly
some form of gearing which constitutes the "drive" or transmission must be interposed between the two machines.
The various types of drive are

PúwIS:.
1.
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Belt:
a. Single reduction;
b. Double reduction.

2. Toothed gear.
3. Combined belt and toothed gear.
4. Chain.

These drives are shown in figs. 8,842 to 8,845.
Belt drives are simple flexible inexpensive and quiet.
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FIGS. 8,830 and

FIG.

8,831.-Metal valve and scat as used on small units such as boiler feed pumps.
8.832.-A very small Worthington duplex pump. Its dimensions are as follows: 2 inch

diam. steam cylinder, 13,1 inch water cylinder; 214 in. stroke. Steam pipe, % in.;
oipt, 14 inch; suction pipe, 1 inch; discharge, 34 inch. Floor space occupied, 1' 9" exhaust
X7° wide.
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Multi -Cylinder Pumps.-The following types, as here described, are in general use:
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Ftc_ 8,833.-Flow curve of single double acting power pump.
Ftc. 8,834.-Flow curve of duplex double acting power pump.

Flc. 8,835.-Flow curve of triplex double acting power pump.
Fin. 8,836.-Flow curve of triplex single acting power pump.
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1. Single power pump.-This type has one crank which operates one double acting piston, or plunger, or two single acting
plungers.

2. Duplex power pump.-A pump having two double acting
pistons (or plungers) , or four single acting plungers operated
by cranks 90° apart.
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8,840.-Diagram showing rate of delivery of single acting triplex pump expressed in

percentage of mean velocity in pipe line.

Ftc. 8,841..-Diagram showing rate of delivery of double acting triplex pump expressed in
percentage of mean velocity in pipe line.
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3. Triplex power pump.-In this arrangement there are
three pistons or plungers operated by cranks 120° apart. They
may be either single or double acting type.
The merits of the three types may be fully understood by a study of the
to 8,836. Fig. 8,833 shows that the flow
from one single acting plunger is subject to considerable fluctuation in both
suction and delivery lines. This led to the addition of two more plungers
with their connecting rods, cranks, shaft, etc., setting all three cranks 120°
apart, which, as the curves indicate, gives a nearer uniform flow.
flow curves shown in figs. 8,833

Electric Motor Drive.-The electric motor is extensively used
for driving power pumps. To obtain the best results, it is
essential that the motor selected for driving the pump be of
the proper size and type.
The capacity and rating of the motor are of great importance, especially when power is purchased on the rating of the

motor.
If the motor be too small, it will be constantly overloaded, and if too
large, the customer pays for power not used.
Local conditions may govern to some extent the type of motor and controlling equipment to use for some specific installation. In the majority of
cases, however, the selection will be governed by the characteristics of the
pump, the variations in load during operation, the characteristics of the
motor and the characteristics of the pump and motor as a whole.
All motors used for driving pumps should have a high grade of moisture
resisting insulation. Where excessive moisture is encountered, as in deep,
poorly ventilated pump pits, damp mines, etc., a special moisture resisting
insulation should be specified.

The following will serve as a guide in selecting the proper
motor:
For Positive Displacement Pumps
Type of Motor
Power Supply
Direct current
Alternating current

Compound wound
Single phase commutator type

Power Pumps
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C

D

'rtes. 8,842 to 8,845. Various forms of drive for power pumps. A, belt, single reduction; B,
combined belt and toothed gear, double reduction; C, tooth gear, double reduction; D,
chain, single reduction.

NOTE.-The met hod of driving any power pump can be varied to suit the conditions pre
scribed by the purchaser. In hotels, office buildings, apartment houses, etc., where noise is
objectionable, the belt drive is recommended.
NOTE.-Belt drives are simple, flexible, inexpensive and especially when compared to double reduction gear drives, the belt drive is quiet and easy to keep in order. The double reduction gear drive gives noisy operation and with high speed gearing its operation is extremely
noisy. The double reduction gear drive is less efficient than the belt drive. Moreover, all
shocks are transmitted directly from the pump through the gears to the motor.
NOTE.-With the belt drive a higher speed motor can usually be used than with double
reduction gears. Hence, the belt driven outfit is cheaper. The belt driven machine is cheaper
since the motor sub -base and motor gears are not required for the belt drive. Moreover, with
large motors, double reduction gear drive requires an outboard bearing.
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5 h.p. and smaller squirrel cage

A.c. two or three phase

40 h.p. and smaller wound rotor

self-starting
All capacities slip ring motors

For Constant Speed Service, Centrifugal Pumps
Compound wound
Direct current
A .c. single phase

Commutator, type

Fig.
P'tcs. 8,846 to 8,849.-Various drives as used on Runisey single acting triplex pumps.
8.846, belt with idler; fig. 8,847, single reduction, toothed gear; fig. 8,848, double reduction
toothed gear; lig. 8,849, chain.

A .c.

two or three phase

Squirrel cage up to 500 h.p.
Slip ring, 550 h.p. and above
75 h.p. and larger synchronous
motors

'
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For Variable Speed Service, Centrifugal Pumps
and Positive Displacement Pumps
Direct current
A.c. single phase

Compound wound
Brush shifting motor
(Brush shifting motor
A.c. two or three phase
Slip ring when speed
reducing is small
The power driven positive displacement pump with tightly packed stuffing boxes and pistons and full discharge head may require a starting torque
equal to 125 tó250% of the normal full load torque, depending largely upon
the care used in packing the pump. These starting requirements may be
improved by the use of a by-pass which circulates the liquid from the discharge back into the suction.
It will be found in nearly all cases that the starting duty of centrifugal
pumps will permit the use of practically any type of motor. However,
there are features such as permissible starting current, frequency of starting.
motor speed and speed variations which are important factors in selecting a
motor.

The d.c. motor does not attain constant speed until it has
run long enough to get thoroughly warmed up, which requires
about two hours.
At starting the speed may be 5% below normal, and will gradually increase as the motor warms up, until the normal speed is attained. During
this period the pump does not deliver its rated capacity, and if the service be
intermittent, the pump may never deliver rated capacity.as motor may not
operate long enough at a time to reach full speed. This operating condition
is not encountered with a.c. drive.

The series motor is not used for driving pumps.
The shunt motor is used extensively for driving pumps
where the head is practically constant, and for intermittent
service.
For adjustable speed service the compound wound motor is
always used.
The features of synchronous motor drive, especially in large
units, are:
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Unvarying speed at all loads; 2, power factor variable at
Advantages.
at
will by change of the exciting current, can be made approximately unity
any load; 3, cheaper than induction motor for large slow speed units; 4,
efficiency is generally higher than that of the induction motor; 5, especially
adapted to high voltage winding; 6, when used in combination with inducloads the synchronous motor will improve the electrical efficiency of the

-1,

tive
system, since it can be built to operate at a leading power factor (leading
magnetizing current) so as to counterbalance in whole, or in part, lagging
magnetizing currents taken by induction motors.
For slow speed centrifugal pumps, synchronous motors are doubly desirable from the standpoint of both power factor and first cost.
Before purchasing a synchronous motor for driving a pump, the operating
conditions must be carefully analyzed in order to determine if this type of
motor be suited for the service.
Unless all phases of the pump and motor characteristics are carefully
investigated, a successful installation cannot be assured.
speed, as
Disadvantages. -1, It is not adapted to work requiring variable
of
synchroline
standard
2,
the
is
possible;
regulation
speed
no independent
of 50%
torque
in
pulI
50%,
of
torque
for
a
starting
designed
nous motors is
with 70% voltage applied. Greater pull in torque will be obtained by applyload, a
ing full voltage with the field switch open; 3, on a centrifugal pump
a reciprowell designed synchronous motor will not hunt. When applied to
of the
cating pump, however, great care must be used, for unless the design
motor be carefully checked, it may tend to oscillate, causing pulsations
be supinjurious to the motor; 4, it requires an exciting current which must
plied from an outside source; 5, it requires the most skillful and. intelligent
attention; 6, the synchronous motor ín starting must attain synchronous
speed before it will lock into electrical step with the incoming current.

The super synchronous motor is especially well adapted for
pump loads requiring especially high starting and pull in
torques.
A special mechanical feature of this motor is

that the stator can rotate

during the starting period.

The Fynn-Weichsel motor is a general purpose motor that
combines the operating characteristics of the synchronous
motor and the slip ring motor.

5,574.
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Advantages. -1, If a Fynn-Weichsel motor be paired with an induction
motor of the same horse power and speed, the power factor of the combined load will be substantially unity; irrespective of the loads on the two
types of motors; 2, unvarying speed for loads up to 150% rating; 3, heavy
starting torque without excessive starting current; 4, pull in torque equal to
starting torque; 5, overload capacity equal to that of the induction motor.

Disadvantages. -1, Not adapted to work requiring variable speed; 2,
its cost is higher than induction motors; 3, maintenance is equal to that of
d.c. motors.

Induction motors are commonly divided into two types, the
squirrel cage and the slip ring.
When an induction motor is running without load, its speed is nearly
equal to the speed of the rotating magnetic field; namely, synchronous speed.
When the motor is loaded, its speed decreases to about 98% of the synchronous speed in the case of large motors, and to about 92% of the synchronous speed in small motors, at full load. The decrease in speed expressed as a percentage of synchronous speed is called the slip of the motor.

A squirrel cage motor will develop sufficient torque to

start

satisfactorily with from 40% to 60% of the rated voltage applied
to the primary member.
Therefore, the current required for starting may be greatly reduced by
supplying the primary member at starting with current through a step
down transformer, usually of the auto-transformer type.

The slip ring motor is. used only where a starting torque, not
greatly in excess of full load torque, is required.
This motor has the advantage of not taking excessive current at starting,
and will start, therefore, without producing excessive drop of voltage in the
system from which the motor receives its power.
As the motor increases in speed the resistance is cut out in as many successive steps as there are contact points, allowing the pump to come up to
speed more.quickly...and with more nearly uniform acceleration than is possible'.w.ith the squirrel cage motor. This is a very desirable feature in
centrifugal pump operation. Large size motors are always of the slip rink
type except in mine installations.
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The a.c. commutator motor is seldom required for driving
centrifugal pumps, but is sometimes desirable for driving positive displacement pumps.
These commutator type motors should be considered for applications
where the pumps run at greatly reduced speeds for considerable periods, as
the efficiency and power factor are both higher than those of the corresponding slip ring induction motors under these conditions and a considerable
saving in power will result from the use of commutator motors.

Ntcs. 8,850 and 8,851.-Deming single pole float switch, and diaphragm pressure regulator
Fig. 8,850, switch; fig. 8,851, regulator. The switch is of the single pole sliding contact
type for use with self-starter for automatically starting and stopping the pump motor
with open tank systems. This switch is intended to break solenoid currents only and must
not be used to handle main line currents. The diaphragm pressure regulator controls a
single pole switch designed primarily as a pilot switch for use with a self starter, although
it may also be used for throwing a small motor directly on the line in such cases where a
single pole switch only is required. Direct or alternating current motors in capacity not
over % horse power, 110 volts, and 3 horse power. 220 volts to 250 volts can be handled
in this way.

Control Devices; Water End.-For the proper operation of
pumps under different conditions various devices have been
applied to effect the proper control.
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Hand operated control for starting or speed regulating should
be used only when an operator is available.
Magnetic or remote control may be used with motors óf any size.
UNES
FUSE
BLOCK
MAIN SWITCH

FIG. 8,852.-Automatic control for electric house pump, consisting of float switch, starter,
and connection, as shown.

Magnetic equipments are available for operation from push button stations when it is desired to start or stop the pump from points remote from
the starter. Push button control is suitable for all large and small motors.

Automatic magnetic equipments are available for operation
by means of float switches, pressure switches, thermostats or
pressure regulators.
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A float switch, pres,ure governor or thermostat is used for maintaining
prescribed limits of liquid levels. pressures or temperatures.

Pressure regulator controls are for pumps that run for comparatively long periods and the speeds of which must be
changed to conform to rapidly fluctuating demands for the
liquid delivered by the pump.

Fins. 8,853 to 8,855.-Wiring diagrams for Hill
double pole automatic pressure tank switch.
Fig. 8,853, direct, or alternating current,
single phase, two wires; fig. 8.854, alternating
current, three phase, three wire; fig. 8,855,
alternating current, two phase, four wire.

Hints on Motor Selection.-For centrifugal pump drives, be
sure that motor will come up to speed rapidly and will develop
sufficient torque to start the pump effectively, otherwise the
pump will lose its suction.
For small centrifugal pumps, the squirrel cage motor is most commonly
used. Up to 5 h.p. they may be thrown directly across the line.
For mine service or for service where excessive moisture is encountered,
the squirrel cage induction motor is preferable to the slip ring or brush
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It is best, however. to consult the manufacturer in all
cases where excessive moisture is met.
For driving positive displacement pumps the compound wound d.c.
motor is recommended, and for a.c. the wound rotor or slip ring motor.
commutator type.

Centrifugal Pumps. This type of pump may be defined as
one in which curved vanes or impellers, 1,rotating, inside a close
fitting casing, draw in the liquid at the center and, by virtue of
centrifugal force, throw out the liquid through an opening at the
periphery of the casing.
DtSCHARGB
F

SUCTION

8,857.-Centrifugal pump with side removed showing flow of wafer. A, suction
or inlet; B, impeller; C, vane; D, outward flow of water; E, case; F, discharge.

FIGS. 8,856 and

Centrifugal pumps are divided into four. classes:
1. Simple;
2. Conoidal;
3. Volute;
4. Screw;
single stage;

5. Turbine 5 multi -stage

.
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The simple or ordinary type consists of a series of blades, which are rigidly
fixed on a shaft and enclosed in what is called the whirlpool chamber. When
the blades are rapidly revolved, the centrifugal force thus created throws
the water through the outlet in the casing.

The general appearance of the conoidal pump (named from the cone
shaped impeller) is somewhat different from the ordinary centrifugal pump,
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-4--SEARING
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l
Ftc. 8,858.-How a cen rifugal pump works

The theory of the centri ugal pump can best
be understood by discussing separately the impeller and case. Consider a cylindrical can,
with radial vanes to fo ce the liquid in it to revolve with the can. As the can speeds up the
liquid level at the circumference of the can rises more and more until some of the liquid spills
over into the receiver. By this means liquid has been lifted, as shown in the figure. If
connection be made to a supply tank through the hollow shaft, liquid will be pumped by this
crude arrangement which illustrates the principle of the centrifugal pump impeller. The
liquid which spills over the top has a high velocity, equal to the rim speed. This kinetic
energy is here wasted. The maximum efficiency is only 50% as a device for lifting liquid, and
friction and bearing losses reduce this value stilt further. If, instead of rotating the whole
can, the vanes only be rotated, the same result will be found.
1.

on account of the widening of the pump chamber to receive a special form
of impeller, which consists of a double conical shaped core, on which radial
vanes are cast or mounted. The peculiar shape of this core serves to modify
gradually the direction of the incoming current, thereby preventing waste
of power.
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The pump chamber is divided into two parts by a radial partition, which
extends entirely around the interior of the chambers and encloses the base of
the conoidal impellers. This partition prevents the impingement and consequent disturbance of the two entering columns of water.
Conoidal pumps are especially suitable for supplying water to surface
condensers, or for irrigation, pumping sewage, or purposes where the liquid
pumped is accompanied by sand, mud, silt, etc. They are comparatively

PRESSURE
CURVE

BELT AND PULLEY

SUPPLY TANK

LIFT

.

'

PRESSURE

AT A

I

,\

-.RECEIVER

...

FIG. 8,859.-How a centrif ¿gal pump works 2. Consider a cylindrical can similar to fig:
8,858 but having a top. In rotating, the liquid level can no longer rise when it is rotated by
the vanes on the revolving shaft. Instead, a pressure difference will be set up which is
illustrated by the pressure curve showing the pressure in feet of the liquid at points distant
from the axis of rotation. This pressure curve shows the height to which the liquid would rise
with the arrangement of fig. 8,858. As before, put a receiver around the can. Punch some
small holes through the can so that liquid can pass into the receiver. With the vanes rotating,
the pressure at the circumference of the can, as at B, is communicated to the receiver and
liquid will flow out of the can, through the holes, to the receiver until the height of liquid in
the receiver is equal to the pressure inside the can. TJhe liquid is lifted just as before. With
increased speed of the rotating vanes, the height will increase. This constitutes a crude
centrifugal pump, of low efficiency because the velocity of the water through the holes in the
can is lost in the receiver, where no attempt is made to conserve that kinetic energy. The
last step is the substitution of a properly designed case. to replace the receiver, in which
kinetic energy of the water is changed to pressure energy as the liquid flows through. By
making all passages through the vanes and case to conform as nearly as possible to the
directions in which the liquid would most naturally follow, results in a modern, high efficiency

centrifugal pump.
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F7cs. 8,860 to 8,891.-Various patterns of centrifugal pumps.
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inexpensive and the space required by them, relative to the quantity of
water delivered, is claimed to be about one-half that of a centrifugal pump
of the ordinary pattern. They are designed for a maximum head of 30 feet.
Volute pumps are built for:medium lifts, but for all capacities. They are
desirable for heads up to 70 feet, without necessitating the use of pumps.
which are either especially large or very expensive. Volute pumps run at;
moderate speed.
The turbine type may be defined as a centrifugal pump having stationary
guides or diffusion vanes inside the casing. The diffusion vanes are placed
between the periphery of the impeller and the case which take the place of
the usual whirlpool chamber and assist in guiding the water to the outlet
without internal shock or commotion.

Y

^

.

ON?:lY
e

Ftc. 8,892.-Economy four stage centrifugal pump, with cover lifted showing one piece bronze
diaphragm.

how

NOTE.
to determine right or left hand pampa. If when standing at the suction end of pump, looking over the pump shell toward the pulley, the top of the shaft revolve
from right to left, or against the hands of clock, the pump is right hand, and from left to right,
or with the hands of clock, it is left hand.
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8,893 to 8,896.-Various methods for priming centrifugal pumps using a steam
elector. The hest method to adopt is governed by the conditions of each installation.primer

FTGS.
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Multi -Stage Centrifugal Pumps.-The very limited head at
which it was possible to operate the earlier pumps with economy has been overcome by connecting two or more units upon
one shaft and operating them in series, that is, passing the
water through each unit in succession, thus the head is divided
between the ,nits by a multi-stage operation and by providing
a sufficient number of units or stages, they may be operated
with heads even exceeding two thousand feet without im'pairing the economy.

FIGS. 8,897 to 8,899-Threetorms of vane. Fig. 8,897,
mixed flow; fig. 8,899, impeller or screw, axial flow.

straight type; fig. 8,898, Francis

Forms of Vane.-There are three distinct classes of vane
Known as:
1.

Straight;

2.

Francis mixed flow;

3. Impeller or screw, axial flow.

Figs. 8,897 to 8,899 show these three classes.
Rotary Pumps.-This type is defined as one having a reof cams,
volving piston, or pistons which partake of the nature
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rotating upon an axis and being in contact at one or more
points
with the walls of the enclosing chamber. In operation, a
rotary

FIGS. 8,900 to

8,905.-Various types of rotary pump.
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the
pump continuously "scoops" the water from its chamber
with
a
boat
a
operation being somewhat similar to bailing
scoop.
to the forms
Rotary pumps may be divided into several classes according
are usually
they
as
impellers,
or
pistons
the
working
of
of, and methods
of the
arrangement
and
construction
the
to
called, that is, according
abutment.
OISCHARGE

sucriory,

showing operation.
8,907.-Gould's rotary pump with side of case removed
together, and revolving ín opposite
In this Jump there ale two cams for gears, meshed
on the ends and also on the sides.
directions. The case surrounding these cams is a close fit
of
the cams must follow along with
teeth
two
between
A,
the
space
fills
which
liquid
Any
cams mesh B, there is but Tittle space
them as they revolve. In the part where the two
like A must pass on into the disfor liquid, and that which was drawn through in spacesand the cams separate, liquid flows
charge pipe C. As each space comes down the center
of teeth in the cams usually used, this
into it from the suction pipe D. With the numbersome
spaces carrying liquid to the dissequence of operations is practically continuous,
pipe. The action is positive; each
charge pipe and some space^ filling from the suctionto discharge, which depends upon the
suction
revolution transfers a quantity of liquid from
respect it is like a reciprocating pump.
size and shape of the cam teeth. In this

FIGS. 8,90c, and

driven forward by
The abutment receives the force of the water when
carried around
being
water
the
prevents
also
and
th.: pistons or impellers
pipe.
delivery
the
enter
it
to
the cylinder, thus compelling
the abutments,
In the construction of the impellers or pistons, and of
lie the principal differences in rotary pumps.
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In some pumps the abutments are movable, and are arranged to draw
back, as shown in fig. 8,905, to allów the piston to pass. In others the
pistons give way when, passing fixed abutments, and in others the pistons
are fitted with a movable wing, as in fig. 8.904, which slides radially in and
out when passing the abutment.
Rotary pumps are especially suitable for low pressures, and the absence
of close fitting parts renders it possible to handle water containing a considerable quantity of impurity, such as silt, grain and gravel. This type of
pump is compact and is generally self-contained, especially in the smaller
sizes, and will deliver more water for a given weight and space occupied than
the reciprocating types, while its simplicity of constructionnot only lessens
the liability to derangement, but enables persons having a limited knowledge of machinery to set up and operate these pumps successfully.

4./-11
°

.#

.

'

7

V.9

-

o.

Fte. 8,908.-Economy
rotor construction

single stage centrifugal pump with cover raised showing beanngs and
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.TEST QUESTIONS

1.

2.
3.
4.
5.
6.
7.

8.
9.
10.

11.

12.
13.

14.
15.
16.
17.

What is a power pump?
How does a power pump differ from a steam pump?
Give classification of power pumps.
Name four types of pump cylinder.
What is the difference between a plunger and a piston?'
What kind of valves are used?
What duty is performed by the drive or transmission?
Name the various types of drives.
Why are multi -cylinder pumps used?
Name the different types of Multi -cylinder pumps.
Draw curves showing delivery flow of various multi cylinder pumps.
What precautions should be taken in selecting electric
motor drive?
State the adaptation of the various types of electric
motors.
Describe the control devices at the water end.
Drdiv a sketch showing automatic control for electric
house pump.
What is the adaptation of pressure regulated control?
'Draw wiring diagrams for automatic pressure tank
switch.
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CHAPTER 230

Water Supply
For domestic use, water is usually obtained from: 1, wells;
2, springs; and 3, city mains.
.
In some cases rain water is used by collecting the supply
which falls on the roof.

Wells.-There are numerous kinds of wells and they may be

classified as:

Shallow;
2. Deep;
3. Artesian.
1.

The chief advantages of a well of large diameter are the
storage that it affords and the possibilities of placing the
pumps at a low level to obtain a short suction pipe.
Large wells are useful especially in cases where the ground water flows
through fine material with low velocity.

Dug wells avoid the clogging that occurs in driven wells
located in iron bearing sands.
The ordinary driven well consists of a wrought iron or steel tube, 2 to 8 ins.
in diameter, with a strainer near the bottom. It is forced into the ground
by a hammer or by the use of a falling weight or with the aid of a jet of
water carried through a small pipe to loosen the material in advance of
the point.

'
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Water Supply Systems.-There are numerous methods of
water supply., due to the varied conditions met with. These

well point.

FIG.

8,909.-Driven well, showing pipes and perforated

FIG.

8,910.-Method of driving pipe and perforated point with monkey.

systems may be classed according to the method employed in
raising the water, as by:
1.

Hand pumps;

Water Supply
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2. Wind mill;
3. Power pump;
a. Steam
b. Gas engine
drive
c. Electric
d. Hot air engine

F

tc. 8,911.-Rainfall system of water supply showing attic tank receiving its supply of water
from roof, a valve being interposed as shown so that when the tank is full, excess water
may be carried off through a leader.

4.
5.
6.
7.

Hydraulic ram;
Water wheel;
Compressed air
Air lift.

5,592
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Small Pumps.-The syphon type pump is used to force water
from shallow wells to elevations. The cylinder or barrel is
placed within the standard and is always primed.
Where the distance from water level in well to ground level is over say
ft., the pump should be lowered to bring the lift within this limit; that is,
the suction valve on pump should not be over 20 ft. elevation from the
water level in the well.
20

ET

OLED WELL
PUM

I

VALVE

WEbL

FOOT
VALVE

nos. 8,912 and 8,913.-Pump connections at residence of the author at Stornoway, near Sea
Bright, N. J., illustrating location of pump in pit to reduce lift to practical limit. As shown

in fig. 8,912 the well was about 50 ft. from the tower and the arrangement of buildings
prevented placing wind mill tower directly over well, otherwise a deep well pump would
have been installed, as shown in fig. 8,913.

In cases where pump cannot be lowered conveniently, a deep well pump
should be used.
Fig. 8,912 is an example where pump was lowered to bring lift within
limit. In this case a deep well pump could not be used as the wind mill
:

FIG. 8,915 -Essentials of wind mill
operation showing vanes inclined
to wind also crank and pump
connections.

able iron, the whole central iron work being concentrated in the main
frame No. 3, which is a piece of wrought iron hydraulic tubing with
the hearing frame which supports the wind wheel shaft cast upon it.
No. 3 rests and turns on an anti -friction washer, and the hydraulic
tube No. 3 passes down through guide No. 2 and is held firmly in
place by collar No. 4, on the bottom of No. 3. The object of this
down
H
far
as
the
on
the
wind
mill arm I1, is to give the main frame of wind mill equal leverage
the mast
as
tubing coming
point
with the strain brought upon the arms C, thereby preventing any rocking motion of the mill or mast in variable winds, or
working of the crank on the various centers, all being supported in the same frame and effectually kept in line, and to entirely
obviate the possibility of their being blown away. The pitman No. 10 and 11, work in hearings lined with Babbitt metal, so
that in case of wear from neglect of oiling. the part, instead of being thrown away, can be relined by any ordinary mechanic.

Ftc. 8,914.-Corcoran direct stroke wind mill with wooden vanes. In
construction, the mill is made mostly of steel, wrought and malle-

TO WINO

INCLINATION

OF

VANE ANGLE
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tower could not be placed over the well. Where a deep well is located
directly under a wind mill tower a,deep well pump is used, as in fig. 8,913,
thus avoiding the necessity of digging a separate pump pit.

The plumber should understand the construction of the various types
of pumps as shown in the accompanying illustrations in order to properly
make repairs.
WATER ESCAPES
WITH INCREASING

VELOCITY,

AIR COMPRESSED
DUE TO

MOMENTUM
WATER RUSHES
INTO AIR

CHAMBER

IMPULSE
VALVE
SLAMS
SHUT

CLOSED
CLOSED

f

=-

\.\\=
MAKE UP
AIR ENTERS`
WITH WATER

AIR CHAMBER CHECK VALVE
FORCED OPEN BY MOMENTUM

OF WATER
8,916 and 8,917.-I low a hydraulic ram works. Just after an "impulse," the impulse
valve drops or opens. Water begins to escape through the impulse valve and the air valve
which opened and admitted some air due to the slight vacuum caused by the rebound, now
closes. Water continues to escape through. the open impulse valve with increasing velocity
which finally causes the impulse valve to slam shut, thus suddenly stopping further flow of
water through the impulse valve. Owing to the momentum of the long column of water, a
sudden pressure is produced great enough to open the air chamber check valve thus forcing
the water (and air) into air chamber. The inflow of water compresses the air in the air chamber which cushions impulse and forces water out to delivery pipe. impulse valve again drops
and the cycle beg ns again.

nos.

Small Power Pumps.-The term power pump ordinarily
signifies a pump driven by belt, gears or other transmission,
receiving its power from some external source. They are usually classified according to the number of cylinders, as:
1. Single;
2. Duplex;

3. Triplex;
4. Quadruplex, etc.
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STUFFING

Box

f----.PIT

MAN

PISTON

AIR
CHAMBER
-

ROC
BARREL.

FOOT VALVE

HEAD VALVE

BUCKET VALVE

PUMP ALWAYS PRIMED

OUTSIDE CYLINDER

PISTON
Fin. 8,919.-Elementary so called syphon pump showing pump barrel projecting down into
a concentric or outside cylinder providing an annular space which traps water so that the
pump is always primed. Anyone having any experience with pumps, especially old and
worn pumps, will appreciate this feature.

e

gib':

..-b.

-.'.....

_.......í'o ...

...,a...

'

'=v'

-..

.

,

.

.

8,920.-Graham jacketted, transfer expansion oscillating engine, and Dunham power
pump with belt transmission. It mas! be evident that this arrangement permits the
engine and pump to work under the most favorable conditions for economy. Hence by
proper proportion of pulleys, the engine may run at high speed, thus reducing the size
of the cylinder and loss by condensation, leakage, etc., and the pump may be run at slow
speed, thus eliminating water hammer, slamming of valves, etc.

FIG.
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Evidently, a belt or gear transmission between the pump and power unit

will permit any velocity ratio; thus when the pump for instance is connected
to a steam engine by belt as in fig. 8,920, by proper selection of pulley sizes
the pump may be driven at a low speed with engine running at relatively
high speed, which is desirable for economy of steam. Moreover, any degree
of economy may be obtained according to the type of engine selected.

Fu:. 8,921.-View of driven well point showing conical end and perforations through which
water enters the pipe

The accompanying illustrations show power pumps operated
by various power drives; these illustrations also show the con-

struction.

With electric motor drive the necessary high reduction in
rotative speed is easily obtained by belt or gear transmission.

Points Relating to Pumps.-The following information will
be found useful to those who have to install or service small
pumps:
1. The necessary parts of a pump are the cylinder, the plunger, or the
piston with its bucket valve, the lower check valve (or foot valve), the suction pipe, and the piston rod and connecting rod. In order that the pump
work properly, all of these parts should be in perfect condition. The

NOTE.-A sucker rod coupling is used to connect ends of wooden sucker rods for deep well
pumps. Each half of coupling is secured to the end of wooden rods by three bolts. The
ends of the couplings are joined by male and female threads in the usual way. Either bolts or
rivets may be used to attach the rods to the couplings.

Wáter'Supply
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Fro. 8,922 .-Fitz overshoot water wheel direct coupled to Goulds triplex pump to supply water
to country estates and villages.. The pump should be housed over in cold climates. A dynamo
may be added to furnish light and power for farm purposes. The water to drive the water
wheel may be conveyed from the dam by an underground pipe or through an overhead flume,
as preferred.

IMPULSE VALVE

"INLET PIPE
DISCHARGE PIPE
IIIIpU;lal

IIII 111111111

Frc. 8,923.-Columbiana hydraulic rain made in sizes ranging
6

to 14 gals. per minute.

from

3.1

to 2

gal per minute,

to
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cylinder should be true, the piston (or plunger) should fit the cylinder
accurately, and the check valves should set square and tight.
2. Do not place a pump more than 25 ft. above the water.
3. Suction pipes should be short and as straight as possible, with few
or no valves, elbows and fittings, and arranged to have no "pockets"
where air can collect. Long suctions or high lifts should always have a
WATER GAUGE
PRESSURE

REGULATOR

PNEUMATIC TANK

PRESSURE
GAUGE
URAIN

FAUCET

SERVICE LINE
TO MOUSE

PIPING

GATE

FUSES

VA LV

SWITCi
RELIEFVÁLV E
'

SUCTION'

DRAINAGE
LINE

\`ro

HOUSE

WIRING

WIRING FROM
PRESSURE

REGULATOR
TO' MOTOR

1tc. 8,924.-Goulds automatic pneumatic water pumping system showing typical piping and

wiring connections for use with pneumatic tanks when installed either on the floor back cf
pumping outfit, along side or overhead. Wherever the construction of the tank allows, it is
recommended that it be set vertically. The pressure regulator and. pressure gauge are
attached to the lower gauge fitting. This installation is recommended for locations where
there is limited space. Both the tank and pump should be installed in the basement or other
place where they will be protected from freezing temperature.

vacuum chamber at the pump and a foot valve should be used, the area
of which should be as great as the pipe. The suction pipe below the cyl
inder should not be longer than one length of pipe-from one to sixteen feet.
4. Every part of a pump and its suction. line should be air tight.
5. Put a strainer.on end of suction pipe to prevent entrance of sand or
other foreign matter.
6. Discharge pipes should be 'amply large to reduce friction and avoid

unnecessary loss of power.
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Pneumatic System,-This system furnishes a supply of
water for house requirements, forcing it to the upper floors
without the necessity of providing an elevated tank.
Fig. 8,924 shows the details of the system; the principle is very simple.
An air -tight steel tank is put in basement of house, and air and water is
pumped into the tank, thus compressing the air in it. This compressed air
furnishes the power to distribute the water.

.
1.

B
i

A

-

TI

l-

COLUMN OF AIR
ANO WATER

-

COLUMN OF

WATER
AIR

8,925.-Principle of air lift. The injection of air at the point indicated produces a column
of mixed air and water B, which has less weight than the solid column of water A. Thus
the weight of the column A, causes the water to rise the distance C, and overflow.

Y'cc.
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When the air is compressed to a predetermined certain number of pounds
pressure, the back pressure operates the diaphragm controller, which works
the regulator, and the mill is pulled out of gear and stops pumping.
When sufficient water is drawn to reduce the pressure inside the tank
to a given degree, the mill is put back into gear, and starts pumping
again, putting more air and water into the tank for further use.
Electric motor or gas engine power may also be used instead of the
wind mill. The pneumatic system should not be confused with the Pohle
air lift method of pumping water.

COMPRESSOR

3

1)

IN. PIPE

TANKS

rtG. 8,926.-Pohle air lift plant showing compressor, air tank and connections.

TEST QUESTIONS
Name the three sources of domestic water supply.
2. What are the different kinds of wells?
3. Name the various water supply systems.
1.
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4. What kind of pump is used to force the water from
a shallow well?
5. What is a power pump?
6. What is the construction of a typical wind mill with
wooden vanes?
7. How are power pumps classified?
8. Draw an elementary sketch of a power pump.
9. What is the advantage of electric motor drive?
10. Give numerous points relating to pumps.
11. Describe an automatic pneumatic system.
12. Describe the Pohle air lift system.

Air Compressors
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Air Compressors
Compressed air is air forced into a smaller space than it originally occupied, thus increasing its pressure.
The power available from compressed air is used in many applications
as a substitute for steam or other force as in operating rock drills, shop
tools and engines.

A compressor is a machine (driven by any prime mover) which
compresses air into a receiver to be used at a greater or less distance.
The system is not subject to the loss by condensation in the
pipes, as is the case of carrying steam in pipes long distances.
Air stored under pressure in a reservoir can be used expansively, in an
ordinary steam engine returning an equivalent amount of work that was
required to compress it, less the friction.

The Compression of Air. --When the space occupied by a
given volume of air is changed, both its pressure and temperature are changed in accordance with the following laws:
Boyle's law: At constant temperature, the absolute pressure
of a gas varies inversely as its volume.

Charles'.law: At constant pressure, the volume of a gas is
to its absolute temperature.

proportional
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In the ordinary process of air compression, therefore, two
elements are at work toward the production of a higher pressure:
The reduction of volume by the advancing piston;
2. The increasing temperature due to the increasing pressure
corresponding to the reduced volume.
1.

GAUGE PRESSURE
102 .9

V8

117.6

VOLUME

L

117.6 LBS.

58.8

f

:'4

VOLUME

29.4
S-41

'4 VOLUME
58 8 LBS

VOLUME

14.7
UNIT VOLUME
14.7

0

VOLUME
294 LBS.

/2

UNIT VOLUME
14

F

í LBS (ATMOSPHERIC PRESSURE)

ZERO PRESSURE
8,927 to 8,931.-Diagram and compression stroke progressively shown illustraccng
Boyle's law. As the piston travels from position F, to R,A, L, the pressures are 14.7, 29 .4, 58.8,

FIGS

117.6 lips absolute, respectively, being inversely proportional to the volume. The points F, R;
A, L. on the compression curve correspond to the piston positions F, R, A, L as shown.
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The application of the two laws is illustrated in fig. 8,938,
which shows a cylinder fitted with an air tight piston. If the
cylinder be filled with air at atmospheric pressure (14.7 lbs

B

A

Lr-

R
CL

M

1

!

F

S

Is

d
D

E
L

M

F
L
M

FIGS. 8,932 to 8,937.-Compression cycle illustrated by indicator diagrams and elementary
compressor. A, beginning of intake stroke; B, intermediate position of intake stroke; C, end
of intake stroke, note atmospheric intake line LF, and vacuum line MS; D, intermediate
position R, of compression stroke; E, point of maximum compression, note compression
curve FRH; F, end of cycle, note horizontal discharge line HD, indicating discharge into
receiver at constant pressure.

per sq. in. absolute) represented by volume A and the piston.
be moved to reduce the volume, say to % A, as represented by
B, then according to Boyle's law the pressure will be trebled or
=14.7X3=44.1 lbs. absolute, or 44.1-14.7=29.4 gauge
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pressure. In reality, however, a pressure gauge on the cylinder
would at this lime show a higher pressure than 14.7 gauge pressure because of the increase in temperature produced in compressing the air.
Now, in the actual work of compressing air, it should be carefully noted that the extra work which must be expended to overcome the excess pressure due to rise of temperature is lost, because
after the compressed air leaves the cylinder it cools, and the pres-

i-- B--

%3

V0

L--

A.

UNITY VOLUME

FIG. 8,938.-Elementary air compressor illustrating the phenoment. of compression as stated
in Boyle's and Charles' laws and explained in the accompanying text.

sure, drops to what it would have been if compressed at constant
temperature.
Accordingly, in the construction of air compressors, where
working efficiency is considered, some means of cooling the
cylinder is provided, such as projecting fins, or jackets for the
circulation of cooling water.
.

In

air compressor problems careful distinction should be made between gauges
NOTE.
pressure and absolute pressure, the former being the pressure a4 indicated by a pressure

gauge, as distinguished from absolute pressure which is the gauge pressure plus 14.73 lbs ,
the weight of the atmosphere at sea level, when the barometer reads 30 ins. or, for ordinary
calculations, 14.7 lbs.
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Free Air.-By definition free air is air at ordinary atmospheric pressure and temperature.

Heat of Air Compression.-This subject has probably received more consideration in air compressor design than any
other. The principal losses in the earlier compressors were
traceable to this source. Figs. 8,939 to 8,942 show why thf:
heat of compression results in a loss.

VOLUME COLD

LOSS DUE TO

HEAT OF COMPRESSION

VOLUM E.. NOT

8,942.-Diagrams and elementary compressors illustrating loss due to heat of
compression. If no means be provided to carry off this heat, compression will be adiabatic
as indicated by the curve tt' fig. 8,939. Assuming all the heat to be carried off by the water
jacket (fig. 8,942) compression will be isothermal as indicated by the curve It" fig. 8,940.
Here both curves are shown, the shaded area representing loss. Hence in compressor
construction provision is made to carry off as much of the heat of compression as possible.

FIGS. 8,939 to

It should be noted that the heat of compression, as already explained,
represents work done upon the air for which there is usually no equivalent
obtained, since tha heat is all lost by radiation, before the air is used.
The selection of an air cylinder lubricant is, of course, governed to a considerable extent by a knowledge of the cylinder temperature it must
withstand.

r
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Knowing the air pressures, the corresponding temperatures
are ascertained fairly accurately, as shown in the following
table.
Cylinder Temperatures at End of Compression
Air,

Final

Final

Temperature

Temperature
Two Stage

Compressed to
Lbs. Gauge .

Single Stage
Deg. F.

Deg. F.

10

145
207
255
302
339
375
405
432
459
485
507

_ __

20
30
40
50
60
70
80
90
100
110
120
130
140
150
200
250

.529
550
570
589
672
749

___

___
188
203

'214

224
234
243
250
257
265
272
279
309
331

This table gives the final temperature in the cylinder at the end of the
compression stroke, for single stage, also for two stage (or compound) compression, when the free air entering the cylinder is 60° Fahr.
Variations from these temperatures will occur in actual practice due to
water jacketed air cylinders and radiation, tending to lower the temperature at the higher pressures. However, at say, 50 lbs. pressure and lower,
the heat is likely to be somewhat greater than given by the table, particularly if the compressor be run at high speed and also if it be not water
jacketed.

Methods of Abstracting the Heat of Compression.-Since
the heat of compression results in a loss, various methods have
been devised to carry off this heat so that the temperature of
the air during compression will remain as near constant as
possible.

Air Compressors
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The two important methods are known as:
1.

Wet compression;

2. Dry compression.
In the earlier compressors, compression was accomplished in one stage
or single cylinder machines, and ti-e heat of compression was removed by

8,943.-Sullivan angle -compound compressor direct connected to electric motor. Recent
improvements in synchronous motors have made it possible to employ a simple and compact
design of direct connected motor drive on angle -compound compressors. The rotor is
mounted directly on the c,ank shaft close to the compressor frame, allowing sufficient room
for getting at the baring boxes.

Lc.
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injecting water into the cylinder'in the form of a spray; or, in another type,
the water was used as a piston for compressing.
The spray injection cylinder has now given way almost entirely in this
country to the dry or jacketed cylinder.
The advantage of spray injection is higher thermal efficiency but from a
commercial point of view its efficiency is not so high as with dry compression, for the water in the cylinder prevents proper lubrication, and the
impurities therein attack the cylinder walls.

F res. 8,944 and 8,945.-Sullivan "wafer" valves. Fig. 8,944 valves and port arrangement for
angle-compound compressors; fig. 8,945, cylinder head showing arrangement of wafer valves.
The inlet and discharge valves are seated in pairs in tandem, one pair in each port, providing
large valve area and small clearance space. They consist o! thin flit rings resting on ground
seats of the same shape. These valves are fully automatic. They are held to their seats by
air pressure and are returned after opening by annular springs of the same size and material
as the valves themselves. One spring is used on each inlet valve and two springs nested
together on the discharge valves.

In dry compression a jacketed cylinder is provided and cold water circulated through the jacket which keeps he cylinder walls sufficiently
cool so that proper lubrication is not interf.3red with and all other disadvantages of the wet compressor are obviated.
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Single Stage and Two Stage Compressors.-In a single stage
compressor the air is compressed to the desired pressure in one
operation; or, in other words, the air is taken into the air
cylinder at zero gauge pressure (that is, atmospheric pressure
or 14.7 lbs. per sq. in.) and compressed with one stroke of the
piston to the desired pressure. It is then discharged directly
into the air receiver:

*i--"-Fres. 8,946 to 8,951.-Sullivan wafer air valves and parts. When placing 'these valves in the
heads, be sure that the inlet valves come up to the seats; to do this make sure that the cap
bolt heads on the inlet t aloe guards clear the ribs on the discharge valve seats; by turning
the valve slightly this position can easily be found.

In a two stage compressor the desired pressure is reached in two operations, and two separate cylinders are required. The air is taken into the
low pressure (large) cylinder and compressed to an intermediate pressure,
whence it is passed through an intercooler to the high pressure (small)
cylinder, in which the compression to the desired pressure is completed.

The principal advantage of compound compression over
simple compression is the reduction of the loss due to the heat
of compression.
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This is due to the fact that more time is taken to compress a certain
volume of air, and that this air while being compressed is brought into
contact with a larger percentage of jacketed surfaces.

Other important advantages due to compounding may be
enumerated as follows:
1. Cooler

intake air;

2. Better lubrication;

3. Reduction of clearance losses;
4. Lower maximum strains and nearer uniform resistance.
The temperature of air leaving the intake cylinder being low, the cooling
influence of the jacket is better, the cylinder walls are cooler between
strokes, and the air enters the cylinder cooler than in a single stage com-

.

pressor.
The lubricant for cylinders and valves is not subject to the pernicious
influence of high temperatures; and the clearance losses, or losses due to
dead spaces, are less in a compound compressor than in simple compressor.
Clearance Ioss in an air compressor is principally a loss in capacity, and
therefore affects only the intake cylinder; it increases with the terminal
ptessure, but since the terminal pressure of the intake ór low pressure.
cylinder of a compound compressor is much less than the terminal pressure
of a simple compressor, the volumetric efficiency of the compound compressor is greater than that of the simple compressor.
The life of a compound compressor is longer than that of a simple compressor -for like duty, due to better distribution of pressures.
More heat is generated in compressing to a high pressure than a low
pressure. Up to a pressure of about 60 lbs. per sq. in. it is not practical to
remove this heat, and single stage compressors should be used. Above 60
lbs. a two stage compressor will not only deliver more air than a single
stage compressor of equal size, but will. consume less power.

Air

cooling.-Hot air in the cylinder of an air compressor means a reduction
NOTE.
in the efficiency of the machine. The trouble is that there is not sufficient time during the
by any available means. Water jacketing is the generally accepted
thoroughly
stroke to cool
practice, but it does not by any means effect thorough cooling. The air in the cylinder is
so large in volume that but a fraction of its surface is brought in contact with the jacketed
parts. Air is a bad conductor of heat and takes time to change its temperature. The piston
while pushing the air toward the head, rapidly drives it away from the jacketed surfaces so
that little or no cooling takes place.
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Inter-coolers.-By definition an inter -cooler is a species of
surface condenser placed between the two stages of a compound air
compressor so that the heat of compression liberated in the
first cylinder may be removed from the air as it passes to the
second or high pressure compression cylinder.
The cooling surface usually consists of nests of small brass or copper tubes
through which water circulates.

FIG. 8,952.-Ingersoll-Rand horizontal after cooler. The arrows show the course of the air or
gas. The moisture separator is in the base below the right hand end of the. lower tube nest.

After-coolers.-Moisture in compressed air or gas is costly
and annoying. Carried into the lines in the form of vapor, it
condenses when cooled and has many harmful effects. In
compressed air, it washes away lubricant from the tools and
machines through which it passes. It freezes in valves, ports
and other openings because of the sudden expansion of the air.
It hastens corrosion of all metal that it reaches and hastens
the -decay of rubber hose.
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In the case of compressed gas for distribution, it is one of the leading
causes of line and meter troubles.
Removal of moisture before the air or gas is introduced into the lines is
the best method of procedure. This can be done effectually by an after cooler which cools the air (or gas) to a point where most of the moisture and
oil condense and can be removed.
This is accomplished by bringing the air (or gas) into contact with pipes
through which cooling water is constantly circulated. This not only eliminates the difficulties which moisture causes at points where the air is used,
but also insures more effective distribution.
The air leaves the after -cooler at a uniform and relatively low temperature, thus obviating the alternate lengthening and contraction of lines
previously referred to.

With efficient after -coolers, sufficient moisture is removed to
satisfy most applications of air, and no further care need be
exercised.
Where the air is used for such purposes as paint spraying, enameling,
food preparation, and the like, further drying of the air can be effected by
passing it through special separators immediately before it is useti. These
remove the moisture which may condense due to further cooling of the air
in.pipe lines following the cooler.

Piston Displacement.-The displacement of a compressor is
the volume displaced or swept through by the piston during the
compression stroke. It is not a measure of the amount of air
which the compressor will actually deliver.
Actual Air Delivered .-The amount of air actually delivered
by the compressor is always less than the piston displacement
and is the amount of air available for useful work. It is expressed in cu. ft. per minute of free air.

Volumetric Efficiency.-By definition, volumetric efficiency
air delivered to the piston displacement.

is the ratio of the actual
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For instance, if a compressor have a displacement of 20 cu. ft. per minute
and the actual air delivered be 16 cu. ft. per minute, its volumetric efficiency
is

- = 80%.
20

Pressure Regulators.-Because of varying and intermittent
demands for compressed air, some form of pressure regulator
is necessary to maintain a constant pressure in the receiver.
Various methods are employed depending on the type of
compressor, drive, and other conditions.
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Flo. 8,953-Sullivan air or gas after cooler.

WATER
ELIMINATORS

WATER DRAIN

In the case of povber driven machines which run at constant speed some
form of "unloader" is employed which closes the inlet pipe or connects the
two ends of the cylinder when the receiver pressure reaches the maximum

point desired.

Duplex steam driven machines, which have a wider range of speed, may
often obtain sufficient air regulation by simply varying the speed by means
of a throttling or automatic governor attached to the engine.
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When the conditions are more exacting, as in mining
operations, a combined speed governor and unloader is used.
Among other methods of regulation may be mentioned the
of the
driving belt in the case of small power machines; the startingshifting
and stopping
of the motor of electrically driven compressors used in
connection withvair
brake systems; and the varying of the
clearance on the compressor as the load
changes. All of these devices operate
automatically through changes in the
receiver pressure.
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FIG. 8,956.-Sullivan unloading device with pilot valve
for air intake conduit. It consists of
a double beat valve, placed on the air inlet duct,
and controlled by a pilot valve. The valve
is set to shut off all the incoming air
from the compressor when the receiver pressure rises
above a predetermined point; that is, when the
demand for air drops away. The compressor
then runs under no load except that due to friction,
compressing no air, and reducing the
consumption of power to a very low factor. When the
that is, when the pressure in the receiver falls below the demand for air begins once more,
point at which the unloading device
is set to act, the valve again opens
fully, and the compressor automatically resumes
its
entire load until the demand for air again
ceases, when the cycle of operation, just
is repeated. The pilot valve may be
adjusted to maintain any desired pressure described,
in the air
receiver.

8.957.-Sullivan auxiliary control valve. Thi4 works independently
of but co-ordinating
with the unloader. In operation when
the low pressure
revolutions, and the high pressure cylinder has pumped unloading valve has been on a few
out the inter-cooler, the auxiliary
control valve on the high pressure cylinder provides
that any air which may have leaked
the machine is exhausted. AIl.chances of
into
building
up
excessive
heat and pressure in a closed
circuit in and on crosshead pins, crank pins, guides,
etc., are eliminated.
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FIG. 8,958:-Sullivan diagram for automatic start and stop control of direct connected syn1
t
chronous motors, when time delay relay is used.
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8,959.-Sullivan diagram for automatic start and stop control of direct connected synchronous motors, when time delay relay is not used.

Ftc.
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Prevailing types are shown in the accompanying illustrations.
Automatic Start and Stop Control.-As an example of this.
method with direct connected synchronous motor drive, two
diagrams are shown, figs. 8,958 and 8,959.
In the diagram 8,959, the control consists of the regular
automatic starter operated by a start and stop push button.
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Ftc. 8,960.-Sullivan close connected belt driven air compressor showing idler pulley and air
filter on air inlet.

The automatic starter is an essential part of the equipment and must be
substituted for the manually operated starter regularly used with slip ring
induction, squirrel cage or d.c. motors. To this is connected, as indicated
in the diagram, an electric pressure switch, a definite time delay relay and
another push button, which cuts in and out at will the automatic start and
stop operation. Two types of pressure switches are available.
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rrc. 8,961.-Piping diagram for Ingersoll-Rand
driven air compressor arranged for constant speed operation.
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FIG. 8,962.-Piping diagram for Ingersoll-Rand stationary
driven compressor arranged for automatic start and .+o, control.
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The diaphragm type is operated by a diaphragm and has a
differential in pressure between stopping and starting.
The gauge type is operated by a Bourdon tube and has a
small differential pressure. They are interchangeable.
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8,963.-Ingersoll-Rand unloader for stationary direct connected electric
compressor arranged for constant speed operation. See fig. 8,964 for operation.motor driven

ate.

The definite time relay provides a means for unloading the compre>sor
before stopping or starting and is to be recommended in most cases. It is
required with all short belt idler drives with multi -step control.
When the definite time relay is omitted, the wiring is as in fig. 8,959.
This equipment controls the pilot valve with solenoid.
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'

The equipment will run by hand or automatic control, depending on the
position of the maintaining contact push button station used as change over
switch.
When operating on hand control, that is, with the button marked hand,
on the maintaining contact switch depressed, the motor is controlled by the
regular start -stop push button. In this condition, the compressor will load
and unload as governed by the setting of the unloader.
When starting, the compressor will load after the motor is up to speed
and will unload simultaneously with the power being thrown off the motor
when the stop button is depressed.
When the automatic button of the maintaining contact push button
station is depressed, the regular start -stop push button station mentioned
Ftc. 8,964.-Enlarged view of auxiliary valve
shown in fig. 8,963. Constant speed control:
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With the compressor operating under normal
conditions, it builds up pressure in the air re
ceiver until maximum des;red pressure is
reached. The auxiliary valve B, drops to the
lower seat, opening up the passage and admitting receiver pressure to the air -sealed un loader. Receiver pressure ayrplied to the un.
loader overcomes the resistance of spring M,
and forces the plunger E, down, holding open
the inlet valve H. Thus the compressor is
unloaded, since no air can be compressed and
discharged to the receiver. When the pressure in the air receiver has fallen approximately 10 lbs. the auxiliary valve B, is forced
to its upper seat by the spring, closing the air
passage between the receiver and unloader.
This releases the pressure over the unloader
bellows to atmosphere. The spring M, in the
unloader now raises the plunger E, and the
inlet valve is free to open and close. Thus
the compressor is loaded and air is again compressed and discharged to the receiver. The
normal operating pressure between unloading
and reloading points is usually 90 to 100 lbs.
giving a range of 10 lbs. This can be varied
slightly by adjusting the auxiliary valve.
Operation of auxiliary valve: Air enters the
auxiliary valve from the receiver through
piping A, passing through a strainer and
screen. When the air pressure reaches say 100
lbs. this pressure acting downwardon the v,-?ve
B, overcomes the upward push of the spring,
and the valve B, starts downward. In this position the additional surface at E, is momentarily
exposed to receiver pressure, quickly forcing
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before, is removed from the control circuit and the pressure governor substituted. The equipment will then start and stop automatically, governed
by the setting of the pressure governor.
A similar sequence of starting and stopping is obtained by the pressure
governor control in that the compressor will load after the motor is up to
speed and unload when power is cut off from the motor.
TO RECEIVER

PRESSURE

FIG. 8,065.:--Magnetic unloader for Ingersoll-Rand stationary direct connected electric motor

driven compressor arranged for start and stop control. The unloader is wired in parallel
with the last step of the controller so as to load the compressor only after motor has attained
full speed and full voltage conditions. When the last contact on the controller is made,
electric current energizes the solenoid, which raises the .weight suspended beneath it. Acting
through the lever M, this drops the pin A, and unseats the ball valve' B. There is a pin C,
between the upper and lower ball valves of suchlength that when one ball is unseated the
other is permitted to seat. in shutting down, the solenoid is de -energizes and the weight

Fm; 8,964.-Text continued.
valve B, to the lower valve seat. Receiver pressure against the larger area now exerts a
total force wpich,more than makes pp for the additional force exerted by. the spring through
being compressed. With the valve D,, on the lower seat, pressure from the receiver passes
freely out piping D, to the unloaders. When the receiver pressure has dropped about 10 lbs.
then the force that,the air is exerting downward on,the valve is less than theispring is exerting upward and the valye;returns to theupper seat. With the valve in the upper position
there.is an open passage rom the unloaders to,atmosphere. This ,passage is through piping
D, past tite. slots .F,.and down the valve spring guide. With the ,escape of air from the
'viloaders to atmosphere, the cgrnpressor resumes its load.
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)O. 8,966. --Sullivan oiling system for angle compound compressor In operation the oD
pump forces the oil from the crank chamber up the standpipe, into the reservoir. From the
standpipe the oil is distributed through branch pipes to the various bearings to be oiled.
Adjustable sight feeds are attached at each of these points in order that the flowing stream of
oil may be watched and adjusted at all tithes. The surplus oil is returned to the crank.

chamber through the overflow pipe. When the compressor stops, the oil contained in the
standpipe and reservoir is prevented draining back into the crank chamber by suitable check
valves, thus insuring an immediate flow of oil to the bearings when the compressor is again.
started

F.c. 8,965.-Text continued.
'

drops down. This moves the pin A, up, holding the ball valve B, tight against its seat_
This forces the pin C, up, unseating the upper ball D, Unseating the ball D. opens the passage,
so that the receiver pressure is admitted to the unloaders. When ball D, is seated this.
passage is closed off and ball B, is unseated, opening a passage from the unloaders to atmosphere. When the receiver pressure rises above that for which the pressure switch is set.
the switch cuts out and the motor and compressor stop. At the time the solenoid is de
energized, the weight drops and lever M, pushes up on pin A, until the ball valve B, is
seated. Discharge pressure is now admitted past ball D; going to the unloaders and acting
through the bellows, it holds the inlet valves open. Thus the compressor stops in an unloaded
condition. When the receiver pressure drops below that for which the pressure switch is set,
the switch cuts in and the motor and compressor are started up. When the last contactor in,
the controller is reached the solenoid is energized, lifting up the weight and moving lever M,
so that the pin A, drops down and the ball valve B, is unseated. Until this time the compressor has been starting up unloaded; that is, with the inlet valves held open. With.
the lower ball unseated and the upper one seated, receiver pressure is cut off and the air in the
unloaders exhausts to atmosphere through the unloader, permitting the inlet valves to operate and the compressor to discharge air. Pressure in the receiver now builds up until the
pressure switch cuts out again, thus completing the cycle. By hooking the solenoid' in
with the last step in the controller, the compressor starts up unloaded, and remains unloaded.
until the motor has attained full spied.
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Three Stage Air Compressors.-These are used for extra
Taking the Ingersoll-Rand three stage compressor as an example, the low pressure air cylinder of three
stage compressors is double acting, while the intermediate rind
000 0 0
high pressure air.
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8,967.-Curves snowing moisture remaining in saturated air or gas when compressed to
any pressure and cooled to temperature shown. Exarnp(e: Saturated air at 80° at compressor intake (0 lb.) contains I .57 lbs. of moisture per 1,000 cu. ft. Compressed to 100 lbs.
and cooled to 80' with 65° water the air contains only .201b. per 1,(100 cu. it. or 13% of the
moisture originally taken into the compressor. The rest has been condensed in the inter cooler (if used) and the after cooler.

V.10.

high pressure air cylinders are single acting. The low pressure cylinder is supported by a foot piece. Inlet valves are
of the direct lift, poppet type, and discharge valves are of the
cushioned direct lift poppet type.
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All three air cylinders, as well as the steam cylinder of steam driven
units, are oiled by means of a force feed lubricator having separate feeds to
each cylinder.
The standard construction on three stage compressors, both belt and
steam driven, also includes a cast iron box type sub-base, which extends
under the entire machine.
An inter -cooler is located above and between the low pressure and inter,
mediate air cylinders, while a second inter -cooler of coil construction is
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8,968.-Sullivan unloading device with pilot valve on air intake conduit.
8.969.-Detail of Sullivan pilot valve and piping, handle (down) in loading position

(horizontal for starting).

the sub -base between the intermediate and high pressure air
before
cylinders. Separators remove the condensed moisture from the air
it enters the second stage of compression.
Located in

Control Methods.-Since the power driven compressor is
almost always a constant speed machine various methods of
regulation are employed. Constant speed means constant

'
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piston displacement; the problem of delivering a variable
volume of air with constant piston displacement, becomes one
of making a portion of that displacement non-effective in the
compression and delivery of air.

The following methods should be noted:
First method.-This is really one of unloading, rather than

of regupressure controlled mechanism is arranged so that when pressure,
exceeds normal, a communication is opened between the Iwo sides of the com-

lating.
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8,9:0.-Sullivan straight line center crank, single stage belt driven compressor.

pressor piston. Usually this is accomplished by opening and holding open
one or several of the discharge valves at both ends of the cylinder, the air
is then simply swept back and forth from one side of the piston to the other
through the open valves and the air discharge passage.
When normal pressure is restored, the valves are automatically closed,
and compression and delivery are resumed. Evidently this is practically a
total unloading of the machine for a longer or shorter period-a sudden
release from load and a sudden resumption of load. Moreover,the air which
is swept back and forth by the piston in its travel is air under full pressure;
so that when the discharge valves suddenly close, the piston at once
encounters a full cylinder of air at maximum pressure. These facts limit
regulators of this class to machines of comparatively small capacity.
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CARDS

P.

CARDS

Foil toad-100%Capacity:'I00% indicated lip.

Three-Quarter wad -75% Capacity;

76

to 77% Itidteaied Hº.

One-Half Load-50%Crpaclty;,53 to 53% In LicatN Hp.

One -Quarter I.oad-35% Capacity;

No Load -0% Capacity; 3 to 5% Indicated

Hp:'

Fies. 8,971 to 8,980.-Indicator cards showing operation of clearance control

at.

live load points.

NOTE.-Clearance control regulation for Ingersoll-Rand compressors. This control
automatically regulates the capacity of the compressor in five equal steps; namely, frill, 3,
1p. % and no load, keeping the power input approximately in proportion to the amount of
air delivered at the compressor discharge. It further maintains a nearly uniform crank effort,
not only at full load, but at all partial loads, thus eliminating the necessity for extremely
heavy fly wheels required by other types of part load regulation where the crank effort is
not kept uniform. Each cylinder is equipped with four clearance pockets, two at each end.
With a two stage machine the volume of the clearance pockets in the high pressure cylinder
bears the same relation to the volume or the low pressure clearance pockets as the cylinder
ratio. On the single stage machine with two cylinders, the clearance pockets in both cylinders have the same volume. Each of these pockets is equipped with a balanced clearance
valve. The regulating device which is automatically controlled from receiver pressure is built
with four pilot valves, which operate in succession to control the ooenir.g z.id c!o_ing of the
clearance pocket valves in the proper sequence. If the compressor by running at full load
cod rated discharge pressure ail.' the oemand for air decreases, the receiver pressure will
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Second method.-By means of a pressure operated device, the partial or
total closing of the compressor intake under reduced load is accomplished. To.

avoid the dangers attendant upon such an operation acting suddenly,
these devices are provided with some damping mechanism so that they are
compelled to operate slowly, making the release or resumption of the load
gradual.
Third rnethod.-This is very similar to the first, except that here the

inlet valves, instead of the discharge valves, are held open when the machine is
unloaded, the piston thus simply drawing in and forcing out air at atmospheric pressure. It is open to the same criticism (though in somewhat less
degree) as the first method, ramely, undue shock and strain on release and
resumption of load.
Fourth method.-.4 pressure controlledvalve is here used on the compressor discharge of single stage machine, combining also the functions of a
check valve to limit the escape of air from the receiver or áir line. Excessive
pressure `lows the discharge to atmosphere, instead of into the line. This
arrangement is also used on two stage machines by placing it on the low
pressure discharge to the inter -cooler. Then, when the governor valve is
opened by excess pressure, the low pressure cylinder discharges to atmosphere, and the high pressure cylinder acts simply as a low pressure cylinder

with intake at atmospheric pressure.
Thís device ís more of a relief valve than an unloader, for the piston must
continue to compress to a pressure which will open the discharge valves;
this volume of compressed air is wasted.

Fifth method.-Provides auxiliary clearance spaces, or packets, at each
end of the cylinder, which are successively "cut in" as load diminishes. The
excess air is simply compressed into these clearance spaces and expanded on
the back stroke. The capacity of the cylinder is reduced without any
appreciable waste of power; for the energy used in compressing the clearance
air is given back by its expansion.
NOTE.-Continued.
tend to rise until, at a predetermined point the clearance regulator functions to open the first
set of clearance pockets; that is, one clearance pocket in each cylinder. In this manner approximately 25% of the air being compressed will pass into the clearance pockets, cutting
the capacity of the machine to 75% of its full capacity rating. On the return stroke, the
air thus trapped in the clearance pockets expands again, giving up its power to the pistons.
Similarly, if the demand for air continues to decrease, the second set of pockets open, cutting the capacity of the compressor to 50%, etc., until, with all the pockets open, the machine is completely unloaded and no air is delivered to the receiver.
NOTE.-Three things are to be avoided in the successful unloader or regulator for
power driven machines; first, a sudden release or resumption of load, throwing heavy strains
on the machine; second, undue rarefication of the intake air, resulting in a wide range of cylinder pressures and temperatures; third, the blowing off of compressed air to the atmosphere
with a waste of Dower.
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TEST QUESTIONS
1. State Boyle's

and Charles' Law.

2. What is the difference between absolute and gauge

pressure?

3. What is free air?
4. What happens when air is compressed?
5. Describe two methods of removing the heat of com-

6.
7.
8.

9.
10.

pression.
What is the object of two stage compression?
Describe the construction of compressor valves.
What 'are the advantages due to compounding?
What is an.inter-cooler?
What is the difference between an inter -cooler and an
after -cooler?
What is the piston displacement of a compressor?

11.
12. Define volumetric efficiency.
13. Describe the various methods employed

14.
15.
16.
17.
18.
19.
20.
21.

22:
23.

for pressure
regulation.
What is a pilot valve used for?
What is the function of a start and stop by pass?,
Describe automatic stop and start control.
Describe the connections of an automatic starter.
Describe the method of constant speed control.
How does a magnetic :unloader work?
What are three stage air compressors used for?
Describe the five control methods in.generat use:
Sketch indicator cards, illustrating clearance control.
Name three things to be avoided with unloaders.
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CHAPTER 232

X -Rays
These rays, discovered by Roentgen were called X-rays because of their unknown real nature. They are useful in locating foreign objects in the human body, dislocations, fractures,
etc. The rays are also useful in dentistry, and the metal industry. In boiler construction, welded seams which are replacing riveted seams, are tested for flaws with X-rays.

Production of X-Rays.-The apparatus necessary for the
production of X-rays consists of:
Source of current;
2. Induction coil;
3. X-ray tube;
1.

4. Control devices.
X -Ray Tubes.-An X-ray tube consists of a thin walled
glass tube from which the air has been exhausted, and into
which two electrodes or terminals have been sealed.
When a source of high voltage is passed between these electrodes, the following has been observed to take place: From
the surface of the electrode to which the negative wire has
been connected, minute electric particles are seen to fly off
at right angles to the plane of the surface; these are cathode
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rays or electrons, and the 'electrode is called the cathode. If
the cathode surface be shaped like a concave mirror, these
particles will be focused at the center of the curvature. These
conditions are shown in figs. 8,981 and 8,982.
Fig. 8,982 shows cathode rays coming from a circular cathode and converging to a point. When the cathode rays strike the other or positive
electrode of the X-ray tube, which electrode is called the target, a ray is
emitted from the spot struck, and if a sufficient number strike, a luminous
beam appears; this has the penetrating power and these rays are the unknown or X-rays.

FIGS. 8,981 and

8,982.-Flat and circular cathode

or negative terminal showing direction of

the cathode rays.

In striking, it is as though apiece of metal were struck by a hammer
rapidly until it became white hot and emitted light, as just described.

The quality and intensity of X-rays depends upon the voltage and current applied.
The voltage is measured by a spark gap and the current by
a milli -ammeter as shown in fig. 8,984.
There are numerous types of X-rav tubes designed to meet the.

X -Rays
various conditions and requirements.
1. Universal;
2. Radiator;
3. Radiator dental;
4. Portable radiator;
5. Oil immersed;
6. Air cooled deep therapy;
7. Water cooled deep therapy.
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These types are called:

8,983.-Diagram of an X-ray tube. In operation, cathode rays strike the positive
terminal or target of the tube and cause rays to emanate from the target, which have. the
quality of penetrating objects and are known as X-rays.

FIG.

In general an X-ray tube consists of a tube exhausted to the
highest degree and in which the cathode, or negative terminal may
be heated by an external low voltage electrical source.
The object of heating the cathode is to provide a means to liberate
electrons or cathode rays without resulting in the intense heat to which
an ordinary X-ray tube is subject, where the high voltage both liberates
and drives the electrons to the target.

The cathode consists of a small spiral of tungsten wire.

X -Rays

5,634

This is heated to white heat by the external source, 10 to 12 volts
and liberates the electrons. The high voltage then applied in the ordinary
way, drives them to the target and produces the X-rays. It is possible
to apply higher voltages, get greater concentration and operate for longer
periods.

The various types of tubes just listed are described in the
accompanying illustrations and notes.
Method of Heating the Cathode Filament.-The cathode
filament may be heated by means of a storage battery or preferably from the a.c. supply, (when available) using a small

SPARK
GAP
MN»
41111».

MILLI -AMMETER

HIGH VOLTAGE
GEN ERATOR

8,984.-X -ray circuit diagram snowing primary and secondary winding et induction coil,
spark gap for measuring voltage and milli -ammeter.

FIG.

step down insulation transformer. The battery is universally
applicable. The transformer may be used wherever there is
a.c. available, either from the supply mains or from a synchronous converter. The filament current transformer is not
to be recommended for radiographic work where there is
much line drop or fluctuation in the current supply.
This transformer should have a low tension output of 10 to 12 volts
and not over 5 amperes. It should be capable of finely graduated control
by means of either a resistance or variable inductance device.
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As the low tension side of this transformer will be brought to the full
voltage. of the tube, it is important that it be thoroughly insulated from
the high tension side, the ground and the patient.

The filament should never be subjected to more than 5 amperes.
The best technique demands the use of an ammeter in the filament
circuit in order that settings may be properly made. If the supply voltage
be fluctuating, a stabilizer can be used to maintain a constant high tension through the tube.

FIG. 8,985.-Coolidge un?versal type tube. Adapted for all classes of X-ray work, radiographic, fluoroscopic and therapeutic, but should be used only on rectified current and at
voltages not exceeding 140 kv. maximum.

FIG. 8,986. -Coolidge radiator type tube. The physical characteristics of the radiator tube
are, in general, the same as those of the universal tube. There is this important difference,
however, that the radiator tube may be used to rectify its own current and may therefore
be operated directly from the terminals of a high tension transformer without the interposition of any auxiliary rectifying device. It will operate equally well on rectified current, but
has the same definite limitations in both cases. Designed solely for diagnostic purposes
and should never be used for therapy. On account of the small diameter of the bulb and
certain characteristics increasing the danger of puncture, the rdiator type tubes should not
be used at voltages higher than 84 kv. maximum on either rectified or non -rectified current.
84 kv. is approximately a 5 in. gap between points.

NOTE. --When a tube is operated self -rectifying, that is, with one-half of the complete
wave suppressed, the used or loaded half wave has a lower,neak than the unused or inverse half
This difference between the inverse and useful peak voltages will vary with the different transformers and with different loads on the same transformer. While it is theoretically passible to
calculate tnis difference, the most practical method is to determine it experimentally.
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It is very important that the whole filament circuit from the
filament transformer to the tube be made with good joints and
contacts and with large conductors, since the voltage is only
10 to 12,and the current may be as high as 5 amperes.
Poor or variable contacts in the filament circuit may frequently be the
cause of damaged tubes or failure to get good results.

Cooling X -Ray Tubes with Water.-In perfecting the high
power therapeutic X-ray tube, it became necessary to develop
a system which would maintain the cathode of the tube at

591,

Fin. 8,987.-Coolidge radiator denial type tube. Adapted particularly for dental work and
is used on only those types of apparatus which are specially designed for operating this tube.
It is intended for making radiographs of the teeth and jaw only and not for general radiographic work. This tube is similar to the standard radiator tube in characteristics and construction except that the cathode is mounted in the side of the bulb at right angles to the
anode arm. The advantages claimed for this type are: 1, the useful X-rays are emitted in
tine with the axis of the anode arm, thereby making it easy to msnipulate the tube to the
best advantage; 2', the cathode circuit is grounded so there is only one high tension wire and
this is always connected to the radiator which is farthest from the patient being radiographed;
3. the focal spot to film distance is reduced to the minimum, thereby reducirg the time of
exposure

.

NOTE..-Portable radiator type tube.-This tube is similar to the other radiator tubes
but is smaller and is made of lead glass in order to provide protection against the X-rays and to
be simple and light for portable work. The useful X-rays come through a thin lime glass
window in the side of the bulb and practically all of the rest of the radiation is absorbed in the
(cad glass.

NOTE.-Oif immersed dental type tube. This tube is made of lead glass with a thin
,ime glass window similar to the portable tube. It has a special small anode with a copper stem
extending out into the oil for cooling purposes and a very small cathode and is so designed as to
be enclosed, with the transformer, in oil in a very smell container which is mounted on an
adjustable bracket for dental work.
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proper temperature and be safe in operation both for patient
and the tube.
The water cooled tube is so constructed that water, properly Cooled
can be circulated within the reverse side of the anode and by conduction.
transfer the heat to a point outside the walls.
.

-..-WATER TO

X RAY TARGET

WATER FROM
TARGET

CGIRCULATING PUMP
AND SAFETY DEVICES

BREATHING SPACE

X

RAY

EXPANSION
CHAMBER

PUMP MOTOR

TO CITY WATER
SUPPLY
TO WASTE

PIPE-

INSULATING
BARRIER

GROUNDED
METAL TANK

ANODE WATER
COOLING DUCT

Ftc. 8.988.-Acme-International water-oil -water cooling system. The anode water cooling
ducts are shown at the bottom and the ducts connected to the city water supply, at the top.
The top is filled with a high grade transformer oil. Between the two water circulating systems is an insulating barrier which directs the flow of the oil. The anode water ducts being at
the bottom of the tank, they heat the oil .and the oil rises along the lines indicated by the
arrows. This hot oil rising to the top is replaced by cool oil that flows down past the city
water ducts and is cooled thereby; thus forming a circulating medium between the two
water systems. Tie motor is connected by an insulated shaft to a small pump in the housing
and the terminals carried through insulated bushings.
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It is essential that the cooling system be such that the water passing
through the tube and thereby charged with high tension current be safely
conducted and disposed of; this prevents the use of direct connection to
the city water mains as the high voltage would make it dangerous wherever
the water might be conducted.
A method in use provides a reservoir of chemically pure water from
which water can be drawn and passed through the tube, cool the anode and
return. This reservoir has to be properly insulated and must be safe.

Fin. 8,989.-Coolidge wiring diagram of radiator,,dental .type tube circuit. The parts are
A, auto transformer, 100 to 120 volts;B, X-ray transformer; C, filament transformer; D,
X-ray switch with resistance; E, lilament.switca; F, ground connection; G, milli -ammeter;
H, filament control.

Proper cooling of the reservoir keeps the water at the proper ;temperature. The apparatus is:contained as shown in.fig. 8,988 in a small:grounded
metallic tank.

Method of Tube Operation.:-The widely different technique
Df various operators and the marked difference ín equipment
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make it difficult to give, in this limited space, detailed suggestions that will be universally applicable.
On account of the tube characteristics, the voltage -and current may be controlled independently of each other, making
it possible to get practically any settings desired if the apparatus have sufficient range and flexibility.

i

HIGH VOLTAGE CIRCUIT

IIIIY=

AM METER

---7-J'FILAMENT TRANSFORMER

ILAMENT CONTROL
Fm. 8,P90.-Coolidge wiring diagram of cathode circuit showing filament heating circuit where
a transformer is used, and where control is obtained by the use of a variable inductance
device placed in series with the primary coils of the filament transformer.

In order to save time, each outfit should be calibrated, making it possible to duplicate any given condition and thus avoid the necessity of
wasting time and material in attempting to find the settings that will give
satisfactory results for different parts of the body and different sizes of

the individual.
By calibration is meant making readings on a volt meter connected
across the transformer primary at the same time that the voltage across
the tube is determined by means of a sphere gap- These readings,

L.
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together with the auto -transformer settings and such other data as may be
desired, should be recorded on a chart for ready reference as a guide for
all X-ray work.

To measure the voltage across thé tube with any degree of
accuracy, a reliable sphere gap must be used in making a cali
bration or in checking up the tube voltage later.
-

/-MA/N SUPPLY

LINE SWITCH

FILAMENT SWITCH

X-RAY SW/TCH-

-AUTO -TRANSFORMER

FILAMENTCONTROL

FILAMENT
TRANSFORMER

H/6H TENSION
TRANSFORMER

FILAMENT'
AMMETER

RECTIFY/NS SWITCH-

EOOLIDGE_X-RAY TUBE

Fc. 8,991.-Coolidge

wiring diagram of universal type tube on rectified current.
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Because of its inaccuracy, the old time point spark gap should never
be used.

To properly determine the useful kilo-voltage across a tube operating
under self rectifying conditions, it is necessary to include in. the circuit
a Kenotron, which will serve as a check valve, cutting off the inverse and
permitting only the useful to reach the gap. The drop across the Kenotron will be so small that it can be neglected in measurements of this
character.

MA/N SUPPLY LINE SWITCH

FILAMENT
CONTROL

HIGH TENSION
TRANSFORMER

FILAMENT
TRANSFORMER

I

GROUNDED,
SECONDARY

RADIATOR TYPE TUBE
FIG. 8.992. --Coolidge wiring diagram of radiator type tuba un

=rectified current.
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Capacity of Tubes.-The capacity of a tube refers to the
amount of energy that a tube will safely carry and not to the
voltage alone that it will stand. Energy may be considered
as the product of the voltage across the tube (r.m.s. value)
multiplied by the milli-amperage.

B

FIG. 8,993. --Cathode of Coolidge universal and therapy type
tubes. It
of a flat or
slightly cone shaped spiral of tungsten wire A, mounted inside but close consists
to the end of a metal
tube B, to which it is electrically connected. The tungsten spiral or filament is
heated from

an external electrical circuit and becomes the source of cathode rays or electrons. The focusing depends largely on the shape of the spiral and its position in
the metal tube.

Fte. 8,994.-Cathode of Coolidge radiator type tube. The filament in the radiator
is
similar to that in the universal type but, to assist in the focusing, a hemisphericaltype
metal
cup is attached. By means of this construction a small focal spot with a relatively uniform
distribution of energy is secured

The voltage across the tube is recorded and referred to as maximum or
peak volts and the only practical accurate method of measuring it is by
means of a reliable sphere gap.
When it is desired to determine the energy input into the tube by multiplying the voltage by the milli -amperage the peak voltage must first
be converted into its 7.m.s. value by dividing it by 1.41.
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The allowable energy input is determined principally by:

Target material;
2. Area of the focal spot;
1.

E

C

I

.,..

'

8,995.-Anode of Coolidge universal and therapy (air cooled) type tubes. It consists of
in
solid piece of wrought tungsten C, attached to a wrought molybdenum stem D, which is
turn attached to a split metal tube E, for support in the glass bulb. Under certain normal
will
be
heat
and
the
damage
operating conditions the anode may be run white hot without
radiated t hrough the vacuum and glass as rapidly as it is developed, after a certain temperature has been reached. The focal spots of some tubes will be seriously Damaged if run this
way; this is further explained under "Capacity of Tubes" on page 5,642.

FIG.
a

of Coolidge radiator type tube. It consists of a tungsten button, on to
which has been cast, in a vacuum, a specially purified copper head which is then electrically
welded to a long copper rod which extends out through the glass of the anode arm to a copper
radiator. The important difference between the radiator type anode and the universal type
is that the former conducts the greatest part of the heat imparted to it out to the radiator
where it is dissipated into the air, making it possible to keep the focal spot and anode rela
tively cool as compared with the universal type anode.

ftc. 8,996.-Anode

3. Time during which energy is applied;

4. Temperature of the target at the beginning of the exposure;
5. Speed of dissipation of heat from the focal spot and tube.

The metal at the focal spot is wrought tungsten, which has
a melting point of about 3,300° C.
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Energy must never be applied in quantities sufficient to
raise the focal spot to that temperature or the tube will be
damaged. Approximately 99.8% of the energy applied to the
focal spot is converted into heat, which means that the danger
point may be reached in only a few seconds if much energy be
used.
When the focal spot becomes brightly incandescent it is an
indication of danger, and the current should be turned off
immediately.

8,997.-Coolidge air cooled deep therapy type tube. This tube is similar to the universal tube, but is larger and is designed to operate on rectified current at a voltage not
exceeding 200 kv. maximum at 5 milli -amperes and 8 milli -amperes continuously un er
proper cooling conditions.

FIG.

In order that users may have a better idea óf the Iimitations of tubes
figures in the table page 5,645 are given, and it should be understood that
these are the extreme safe limits when starting with cold targets. When
targets are hot the limits are very much reduced.

For exposures or periods of operation longer than given in the
table, there must be a time of rest to allow the heat to he conducted away from the target before continuing to operate the
tube.
For instance, when a radiator tube is hot a safe maximum limit at
30 m.a. is 5 seconds on and 40 seconds off, unless longer periods to cool
off are allowed.
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Capacity of Tubes
Approx.

Eiam.

Kind:of Tube

Therapy Water Cooled...
Therapy Air Cooled
Therapy Air Cooled with
Blower

M. A.

K. V:
Max.

1"

30

200

ill,

5

200.

14"

Contin's.

200

14

a

Contin's.

140

10"

Contin's.

t"

8

Universal:
Broad Focus...-

1
23,é4"

Medium Focus

"

.

-

Contin's.

80

roo

6'

5

sec.

50

100

6"

5

sec.

25

100

6'

10 sec.

100

100

6"

1/10 sec.

1

100
350

84
50

2/'

Radiator:
100 M. A.

Time

Point
Gap

1

gr

Fine Focus

Approx.
Inches,

Focal
Spot

5416"

.

15"

8 sec.

1/10 sec

30 M. A.

%"

30

84

5"

20 sec.

10M. A..

%

10

84

5'

30 sec.

10

56

3'

60 sec.

Dental,

%"

In the cases where 1/10 second is given as the maximum time limit, a
reliable time switch must be used and the current determined by some
other means than by the milli -ammeter; for if the current be left on long
enough to get a dependable reading on the milli -ammeter, the tube will
be damaged. This difficulty is entirely overcome by the use of a stabilizer,
which makes it unnecessary to test the tube out to determine how much
current is being used.
The 100 m.a. technique should not be attempted without proper prep.
aration and a thorough understanding of the conditions, or the tube may
be ruined.

Because of its greater heat capacity, it takes, with a given
energy input, much longer to heat the radiator type of target
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to a given temperature than it
does the solid tungsten target,
but the latter may be heated to
a much higher temperature than
is permissible with copper on
account of the great difference
in melting points.
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paratively rapidly owing to the large
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makes it possible to apply for short
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sufficiently recognized by many
users, namely, that it is very easy to
apply energy much more rapidly
than the heat can be conducted
away through the copper and the
danger point may be reached after
only a few seconds of operation.
This is particularly true in the case
of 30 m.a. radiator type tubes, when
the current is above 10 m.a.
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When a radiator tube'is operated without a mechanical rectifier the inverse voltage across the tube is always higher than
the useful voltage, which means that the voltage representing
the penetration of the X-rays cannot be measured by means
'7)f a spark gap unless a kenotron be used.
If high current be used on a small line or if
much resistance he in the line circuit, the inverse voltage will be greatly increased, thus
increasing the danger of puncturing the tube.

Focal Spot Pictures.-In case there be
occasion to determine the size of the
focal spot of a tube it may be done easily
by making pinhole radiographs as
follows:
Take a piece of sheet lead Via or of an inch
thick 'and the size of the -diaphragm or filter
usually used in a tube stand. Make a conical
depression in the center with a machinist's
center punch or other suitable tool.
With a knife remove the small prominence
produced in this way on the back of the lead
sheet, and then with a pin or small drill open
the hole to the desired size, about .02 in. in
diameter.
l'tc. 8,999.-General Electric Victor hand timing switch for timing the exposure of radiographs.
In operation the dial is set to the point on the scale indicating the desired number of seconds
for t he exposure, and upon pressing the button on the side of the handle, this Lime
interval
is automatically measured.
.

.

If the hole be too large the focal spot picture will lack sharpness, and if
will he needlessly long. Put the lead
sheet and tube in place in the tube holder and lay the film on the table
below.

it be too small 'he time of exposure

The size of the focal spot picture may be varied by changing the distance.
If it is to he the natural size the distance from the film to the oinholp
should be equal to that from the pinhole to the focal spot.
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Fro. 9,000.-Snook rectifying switch and connections. In construction, the four cross arms
are mounted on an insulating shaft and revolved by a synchronous motor especially designed
for the purpose, and so constructed that it turns the shaft one-half revolution per cycle.
Collecting shoes of opposite polarity are amply insulated with glass barriers, thus reducing
the space occupied by the rectifier to a minimum. On the lower side of the switch two
adjacent shoes D and E, are connected to one high tension terminal of the transformer; the
other two adjacent shoes A and H, are connected to the other high tension terminal of the
transformer. On the upper side of the switch, the two outside shoes C and G, are connected together and thence to one side of the tube, and the two inside shoes F and B, to the
other side of the tube. At the instant depicted when the lef hand terminal of the transformer
is positive and the right hand terminal is negative the cross arms will be in such a position

that connection is made between shoes

C to D, and B to A, and the connection between
shoes F to D, and G to H, is broken. At this instant the current may be said to flow from the
left hand or positive terminal through shoes D and C, to the anode of the tube, thence through
the tube, and back through the shoes B and A, to the right hand high tension terminal.
One-half cycle later the polarity of the high tension transformer will have reversed so that
the left hand side is negative and the right hand side is positive. During this time the rectifying switch will have turned one -quarter of a revolution so that the connection between
shoes C and D, and between shoes B and A, is broken, and a connection established between
shoes F and E, and shoes G and H. Now the current flows from the right hand or positive
terminal of the transformer through H to G, and thence to the anode of the tube, then
through the tube and back to the left hand or negative terminal of the transformer through
F and E. Thus, regardless of the polarity of the high tension transformer the current will
always flow through the tube in the same direction.
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Tube Troubles and Their Detection. =The largest proportion of tube troubles is due to abuse or carelessness in operating
tubes.
Among the troubles may be listed the following:
Puncturing.-This is due to excessively high voltage or surges, accumulation of dust, accumulation of moisture, reverse polarity, poor
insulation, poor filament circuit, poor line on synchronous motor causing reverse
polarity, and overloading.

Overloading. -This results in damaged target, damaged bulb, gassy
tube and burned out filament.

Cracking of the glass.-Due to sudden chill when hot, excessive
mechanical strains and excessive overloading.

Points Relating to Tubes. -1. When excessively high energy
;nputs are employed or the current is on too long continuously,
the tungsten at the focal spot melts, volatilizes and is depositea
in a thin film over the active hemisphere of the tube, giving
a mirror-like appearance. This film of tungsten exerts no appreciable filtering effect upon the X-rays, but it does disturb
the electrical conditions within the tube and makes the tube
much more subject to puncture and otherwise greatly reduces
the life of the tube.
2. Glass is readily discolored by the action of the X-rays and
dnferent
glasses discolor differently, depending upon the constituents of the glass
itself. Some glass used for bulbs contains some manganese, which is
responsible for the amethyst color of the glass, but this in no way
the satisfactory operation of the tube. Some glass becomes a greenishaffects
color
because of other constituents. The lead glass used in protective bowls
colors brown when used for any length of time.
3. When tubes are new the glass may be slightly amethyst in color, and
the target usually has a frosted area in the center of the face, due to the tube
being operated up to a point that is just within the maximum limits of the
tube during the exhaustion and testing processes. The frosted area is due
to a crystallization of the tungsten at the high
and the size of
it is not always an indication of the true size oftemperature
the focal soot
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4. When a tube has become gassy it will not work steadily , and may show
fluorescence of the glass and flashes of color in the bulb similar to small
cloud effects. When a condition of this kind exists, it is not safe to operate
the tube, as further damage may result, involving more expensive repairs.
Such a tube should be returned to the factory for repairs. Fluorescence in
the anode arm only, does not indicate anything wrong,.
5. A punctured tube may at first behave like a gassy tube, but the green
fluorescence of the glass which appears first will give way to a pink glow
within the tube which changes in extent and intensity as air enters the bulb.
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Fte. 9,001.-General Electric Victor milli -ammeter chart as on 220 volt a.c. outfits. It makes
possible a complete calibration of the machine over its entire range, so that a reading of the
pre -reading
volt meter indicates the number of kilovolts obtained under any given auto transformer setting and milli -amperage, replacing spark gap in diagnostic work.

If the filament he left on while much air enters the bulb, it will hum out
quickly because hot tungsten oxidizes very rapidly in air, forming a white
or bluish vapor or powder deposit on the metal parts. If the anode he
bright hot when a puncture or crack occur, the whole inner surface of the
bulb may be covered with white or brightly colored oxides of tungsten.

Deep Therapy

Tubes.-In operating therapy tubes, both

and- water cooled, much more care is necessary

air

than with diagnostic tubes on account of the fact that they are run

X-Ra ys
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continuously for long periods of time at much higher voltages,
and in the case of the air cooled tube, at almost the maximum
limits of the glass and tungsten. A simple comparison of the
energy input and time of active operation of the treatment
and diagnostic tubes will help to illustrate the severe service
expected from treatment tubes.
All treatment tubes are carefully seasoned, and it properly operated
should give good service from the beginning.

Treatment tubes should always be started slowly and heated
up gradually to avoid undue strains in the glass.
In starting a cold air cooled tube it should be run at about 150 to 175
k.v. and 5 m.a. for a few minutes before increasing the voltage to 200 k.v.

If a tube be forced too much or overheated there is danger
gas beingliberated from the electrodes or glass, which will
'seriously interfere with proper operation of the tube.

c)f

The presence of gas is indicated by green fluoresence of the glass or a
bluish cloud -like appearance in the bulb and when this occurs it is a sign
of danger, and the tube should not be forced. Some green fluorescence in
the anode stem only, is of no significance and may be disregarded. If only
a small quantity of gas be present, it will often disappear if tha tube be run
at moderate voltage and gradually worked up, but if this do not help,' it
may be advisable to set the tube aside for a few days to allow the gas to
be absorbed by the glass and electrodes.

If a tube has been abused to the extent that there is always
considerable evidence of gas present, it may be best to return
the tube to the factory rather than run the risk of puncturing
it by trying to force it while in a gassy condition.
Minute quantities of gas in a tube, insufficient to cause
fluorescence of the glass, may change the sound and appearance
of the sparking on the rectifying switch.
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They may also cause the milli -ammeter to operate erratically, and the
circuit breaker to open occasionally.

There are other causes for unsteady operation of a tube
which should always be carefully investigated before condemning the tube.
Some of these causes are:
1.

Bad line conditions;.

2. Fluctuating voltage or surges;

3. Insufficient spacing or insulation in the high tension system, allowing leakage and setting up an unbalanced condition.
The anode of the water cooled tube is intended to be operated cold and
there should never be any visible' heat at the focal spot. Do not confuse
the light from the filament as heat on the anode. To properly cool the
anode of the water cooled tube requires a continuous flow of 8 pints of
water per minute. There is great danger of ruining the tube if it be operated without sufficient water.

Protection Against X -Ray Burns.-Lead being extremely
opaque it is used as a shield for the X-rays and diagnostic
rooms are lined with it. Leaded glass is used to cover the tubes
and apertures provided for the admittance of the rays and for
concentration on the object. The leaded glass is usually in
the form of a bowl with two slots on which the tube rests.
Another form is a lead glass shield which is clamped over
the tube.
Fluorescing Screens. --Examination of objects, such as the
bones of the hand, foreign bodies in the system, etc., are made
with the aid of a fluorescing screen or fluoroscope, as shown in
fig. 9,002.

X-Rays
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If a hand, for instance, be placed between the screen and the tube, the
X-rays will pass through the fleshy parts and impinging on the screen
will cause it to fluoresce, but, being intercepted by the bones, mill not
affect the screen, thus leaving thereon a shadow picture of the bones as
shown in fig. 9,003. It is immaterial whether the screen be placed in
the holder box with the crystal coated, or opposite side turned to the
eye aperture.

C

E

Ftc. 9,002-Fluoroscope. It consists of a light tight box A, provided with
aperture for
the eyes at B, and an opening C, at the opposite end for the fluorescing screenan
D. The latter
consists of a piece of paper or cardboard coated with platinum -barium cyanide
crystals,
which
fluoresce under the action of X-rays. When such a screen is held against
the face by means
of the handle, and the aperture B, pressed tightly around the eyes so as to
all outside
light, and the screen placed near an active X-ray tube, the former willexclude
fluoresce with a
greenish yellow light.

Fro.

9.003.-X -ray

fluorescent shadow of the hones of the hand and wrist.

.
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The intensity of the illumination produced by the fluorescence on the
screemrapidly diminishes with the distance of the screen from -the tube,
therefore, iri order to obtain a'. maximum illumination and conshquently
a sharply defined shallow, the screen should be held close as possible to
the source of X-ray, and the hand close to the screen.

Radiographs. --A radiograph is a picture taken upon a photographic plate by means of X-rays.
In taking a radiograph replace the fluorescent screen of the
fluoroscope by a suitable photographic plate, give it the proper
exposure and develop as in photography.
The length of exposure will depend. upon the character of the object
radiographed, the quality of the X-ray tube, and the current strength
employed.

TEST QUESTIONS
1.

2.
3.

4.
5.
6.
7.
8.

9.
10.
11.
12.

Vhat apparatus is necessary to produce X-rays?
Describe an X-ray tube.
Give method of heating the cathode filament.
What is a radiator type tube?
Describe the method of tube operation.
What is the capacity of a tube?
What are focal spot pictures?
Describe some tube troubles.
Give a few points relating to tubes.
Describe a deep therapy Tube.
What precaution is taken against X-ray burns?
Describe a fluorescing screen.
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CHAPTER 233

Electro -Therapeutics.
By definition, electro -therapeutics is the treatment of disease
Electricity is of special importance in the treatment of maladies. The high frequency currents in various
modulations are used for heating, cutting, preparation of surfaces, examinations, etc.
by electricity.

Kinds of Currents Employed.-The various kinds of electric
current for therapeutic uses are:

Direct;
2. Alternating.
1.

a. Low frequency.
b. High frequency.

3. Low voltage;
4. High voltage;

5. Various combinations.
The special apparatus or physical therapeutic unit for the production of
the numerous currents used is not the result of a few months seclusion of
engineers in experimental pursuit of something "new" but represents the
embodiment of accumulated thought, medical, electrical and mechanical,

over a period of years.
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Currents for Low Voltage Technique.-To illustrate the many
kinds of current used,. the following resumé of the modalities
obtained from the McIntosh polysine generator is given. The
apparatus delivers three distinct types of modalities:
1. Galvanic currents;
2. Sinusoidal currents;

3. Oscillatory currents.

The galvanic group, comprising Nos. 1, 2, 3, 4, 5, 6 and 7,
.corístituting currents either with a definite polarity, such a9
Nos. 1 to 5; or. currents which are derived from galvanic currents, such as Nos. 6 and 7, and which possess certain ionizing
properties and produce a negative wave of considerable duration.
All of these currents produce a pronounced skin effect.

Currents of the alternating group, which comprise the rapid
sinuoisdal, No. 16; the interrupted sinusoidal No. 13; rapid
sinuoisdal wave No. 14, and the rapid sinusoidal wave sustained
peak No. 15; all of which are obtained from the basic current,
the rapid sinusoidal and none of which possesses any polar
effect, although the negative impulse is 1 -120th of a second in
duration and produces a certain amount of skin effect.
These two groups of modalities have been supplied with older types of
polysine generators and many clinicians have found distinct fields of use
for certain types of these waves.

The group of modalities from Nos. 8 to 12 are obtained from
the McIntosh penetrator and have different physiological effects
from that obtained with any Of the older typé modalities.
'The oscillatory current as delivered by this polysine is a current in which
the polarity reverses suddenly and the positive and negative impulses have
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a duration of only 1-1,360th of a second each, with an equal interval of rest
between each impulse. This short duration at which the current is of a
negative value, eliminates all irritation which is caused by this pole.
The sudden rise and fall in voltage and the rapid reversal of the current
produces the most -powerful and deeply penetrating effects.

In extensive clinical applications, the oscillatory wave currents have proven the most desirable by the patients, and to be
the most efficient in results.

o

9,004.-Galvanic current. It is obtained from a copper -oxide rectifier which changes the
a.c. to d.c. The galvanic current then passes to a choke coil and condenser,
known as the
filter circuit, where all ripples or pulsations are removed or filtered out.

FIG.

2
C

FIG. 9 005 -Interrupted galvanic. 1 he motor and transformer switches must both be snapped
on to obtain this modality, as well as the remainder, except Nos. 5 and 16. A special commutator affords a make and break in the current flow, which by means of a regulator may be

timed for the proper duration.

The oscillatory wave current can be used whenever the rapid sinusoidal
wave currents are indicated.

In the sections following are given the various modalities as produced with the McIntosh polysine generator, their uses, etc.
Galvanic Current.-This is a smooth and even current of the form
shown in fig. 9,004. On account of its polar effects. the galvanic current is
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indicated in ionization, electrolysis, etc. The positive pole is acid, vasoconstrictor, sedative and hardens tissue. The negative pole is alkaline,
vasodilator, irritating and softens tissue. In ionization, a simple rule to
use is to consider what part of the solution it is desired to drive into the
tissues, and put it on the pole corresponding to its own polarity.
Some authorities consider the galvanic to be the most useful current in
physical therapy. It is also of great benefit in testing for nerve and muscle
degeneration and in the successful treatment of same.

F[e. 9,006.-Galvanic wave. Five to forty-five pulsations per minute are available. The wave
frequency regulator and the pilot light indicate the exact number of pulsations.

4r

Y

9,007. -Galvanic wave sustained peak. 5 to 45 pulsations per minute. This galvanic
current resembles No. 3, except that after the current leaves the zero line, it rises somewhat
more abruptly to a peak. The current is maintained at the maximum for almost one -halt
phase and decreases to zero as abruptly as it rose from zero. Somewhat similar to the interrupted galvanic, except that it does not rise to the peak so abruptly and again there is no rest

F[c.

period between the waves.

Interrupted Galvanic.-Nearly all clinicians employ this current for
testing for the reaction of degeneration, for if the muscle fail to respond, it
means that a final diagnosis can he made. its form is shown in fig. 9,005.
Galvanic Wave.-This current is of real value in t -eating various types
of paralysis. This wave has practically the same sensation as the galvanic
sinusoidal, but maintains its polarity or chemical properties. It is also of
great value in treating adhesions with hard and indurated scars. See fig.
9,006.
Galvanic Wave Sustained Peak.-Its greatest value lies in intestinal
A very good wave current with full

atony with muscular degeneration.
polarity effect. See fig. 9,007.
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Combined Galvanic and Sinusoidal.-Many gynecologists employ
this particular modality to great advantage in female G.U. pathology, for
short seances, to avoid fatigue. Many uses will be found by the practicing
physician, in view of its massage and chemical action. See fig. 9,008.
Super -Imposed Wave.-This current affords deep abdominal and
pelvic contractions and hence is indicated in visceral or pelvic ptosis.
Excellent results may be obtained by applying the current at the 7th and

f
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Ftc. 9.008.-Combined galvanic and sinusoidal. This combines two valuable currents and
gives the polarity effect of galvanism with the tonic effect of the rapid sinusoidal current.

9,009.-Super-imposed wave. 10 to 90 pulsations per minute. It consists of a compound wave formed by super -imposing a rapid sinusoidal on the galvanic current and retaining the valuable therapeutic properties of both.

FIG.
'

8th dorsal vertebrae. Many clinicians precede this current with diathermy
to aid in breaking up and absorbing deep adhesions. This modality is also
valuable in treating flat foot, with one pad under each arch and each pad
connected to one binding post of the polysine. See fig. 9,009.

Galvanic Sinusoidal.-Neiswanget recommends this for treating paralyzed muscles and terms it "practically a perfect imitation of the natural
contractions that build muscular strength. It has a marked effect upon
cellular metabolism and in building up secretory function, as for example:
a prostate with poor secretion."
This modality was formerly widely used for the treatment of many
gastro-intestinal conditions, but owing to the duration of the negative
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impulse, it produces considerable skin sensation, consequently it is being
rapidly displaced by No. 8, pulsating galvanic sinusoidal, in which sensory
effect to the skin is practically eliminated. C. F. Voyles in "Archives of
Physical Therapy" recommends this modality as a mechanical exercise for
atony of the colon and states that for stronger effect the rapid sinusoidal
wave or super imposed wave may be substituted. He states that cases
have been reported in which this treatment corrected incompetency of the
ileo-cecal valve. See fig. 9,010.

77'

etc. 9,010.-Galvanic sinusoidal. 10 to 90 pulsations per minute. This was formerly called
the slow sinusoidal. It is an alternating galvanic current with slight polar effects and acts
favorably on unstriated muscular tissues.

II'
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kte. 9,011.-Pulsating galvanic sinusoidal. In his modality only one-half of each oscillation
produced by the penetrator is employed, consequently the frequency of the voltage change is
only one-half as great as with modality No. 9 (oscillatory wave); and the intensity of the
impressed voltage is changed 170 times per second, while the peak voltage is on for only
1-1,360th of a second, with a rest period of 3-1,360ths of a second.

Pulsating Galvanic Sinusoidal.-The rapid pulsation of this current
eliminates all possibility of irritation by chemical action on the skin, still
causing greater nerve stimulation, so deeper penetration and greater action
of muscle and various organs may be obtained with less current, each
pulsation acting as a sudden interruption of the galvanic current.
The pulsating galvanic sinusoidal retains the characteristics of the slow
change or reversal of polarity and will cause a contraction and then a
distention at each reversal, this being controlled by wave controller to
normal rate of contraction or muscular action of part of body being treated.
The pulsating galvanic sinusoidal is especially indicated in intestinal
stasis. constipation and splanchnoptosis, as well as other conditions where
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deep massage is indicated. This current is rapidly replacing the galvanic
sinusoidal and super -imposed wave currents. See fig. 9,011.

Oscillatory Wave.-Superimposing upon the oscillatory current a slow
wave motion, the basic current is not altered, but the current pulsations
can be synchronized to conform with the natural movement of the organs
with the most energetic effects and a minimum or no irritation. This
modality is now being employed for practically every condition fo- which
No. 14 rapid sinusoidal wave has heretofore been used. See fig. 9,012.
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9.012.-Oscillatory wave. In this modality the polarity reverses 680 t'mes per second.
Every reversal is accompanied by a rest period of the same duration as that of current
closure. In other words, the current is in a positive direction for 1-1,360th of a second;

FIG.

zero for 1-1,360th of a second; in a negative direction for 1-1,360th of a second and zero
again for 1-1,360th of a second, when the same cycle of events begins again. This short
duration, during which time the current is in a negative direction, reduces the usual irritation
which is caused by this pole.
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Ftc. 9,013.-Osc llatory wave sustained peak. The curve shows the general form of the wave.

Oscillatory Wave Sustained Peak.-This form of wave gives a longer,
stronger pull than either 6, 8, or 9 and is to be used after the case has made
considerable progress and the muscles have attained more nearly their
normal tone and contractibility. See fig. 9,013.

Interrupted Oscillatory Wave.-This type of current gives the same
intense nerve stimulation as No. 2 (interrupted galvanic), without its
sudden shock and skin irritation; therefore it is frequently of very definite
use for starting a new case when pronounced stimulation and severe muscle
contractions are not desired. See fig. 9,014.
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Waveless Oscillatory

Current.-Plank recommends that this modality

be used at the end of each treatment for nerve stimulation, as it is waveless
and gives a mild cell massage along the course of the nerve, thus increasing
its blood supply and nutrition. See fig. 9,015.

Interrupted Rapid Sinusoidal.-Neiswanger recommends it
degeneration.

in nerve
Waggoner states, "If we split the rapid sinusoidal current

lol

9,014.-Interrupted oscillatory .save. This form

of wave has the same frequency and
duration of impulse as No. 9 (oscillatory wave), and will likewise be found to be free from

FIG.

skin effect.
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9,015.-Waveless oscillatory current. T its modality is somewhat comparable to No. 16
(rapid sinusoidal), excepting that it does not follow the sine wave form and its frequency is
higher, while the duration of each impulse is the same as with No. 9 (oscillatory wave).

FIG.

.

into segments with an interrupter, we have one of the finest currents for
regeneration of nerve function." Eberhart writes: "It is a true tonic to the
nerves and it is the best form of sinusoidal current we have for regenerating
impaired nerve function." This current can be used in alternation with
No. 12, after a few treatments, as it gives a much deeper cell massage, not
only of nerve cells, but of muscle cells as well.
C. F. Voyles in "Archives of Physical Therapy" referring to splanchnic
insufficiency states: "Such patients usually have ptosis. The blood pressure
is usually low but is higher with the patient lying down. On rising the
blood pressure falls and the .pulse rate increases. Vertigo and air hunger
are some of its symptoms.

Electro -Therapeutics
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Physical therapy is indicated and especially the interrupted rapid sinusoidal current. The abdominal muscles are contracted at the rate of 16 to
17 times per minute." See fig. 9.016.

Rapid Sinusoidal IVave.-lt has been much used in breaking up
adhesions and in the regeneration of impaired nerve function. Eberhart
likens the "surge" to a string that cannot he broken by a steady pull, but
is easily broken by a sudden jerk.

13
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FIG.

9.016.-Interrupted rapid sinusoidal.

10 to 90 interruptions per minute. This curent
gives the same number of alternations as No. 16, but mechanical means are provided to
,nterrupt the flow at definite time intervals. The period of rest prevents undue fatigue.
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9,017.-Rapid sinusoidal wave. This was formerly called the surging sinusoidal current.

is produced by sending the rapid sinusoidal through the rotor, which forms and controls
the surge.

He first employs diathermy and follows with this curent. However. on
account of the skin sensation accompanying the application of this form of
wave, clinicians are rapidly displacing it with the No. 9 (oscillatory wave)
which possesses all of the virtues and none of the drawbacks of this type
of current. See fig. 9,017.

Rapid Sinusoidal Wave Sustained Peak.-This current will satisfy
the physician's need for a very strong push arid pull effect, without polarity,
for the combined tonic effect on nerves and muscles.
In cases of intestinal stasis and where prolapsed colon exists and a more
powerful stimulant is required to stir up the sluggish musculature into
action, this current can be relied upon. However, much better results may

5,664

'

Electro -Therapeutics

be obtained by employing No.'10 (oscillatory wave sustained peak), which
embodies all of the good principles of this form of wave, with many additional refinements. See fig. 9,018.

Rapid Sinusoidal.-It may be safely used in hydrotherapy. In view
of the fact that the direction of the current is constantly reversing polarity.
no chemical effects are obtained, but it is widely used for massage and
promoting muscular tone. It acts favorably, due to its exercising effect, in'
removing the sequels: of fibrositis, but for this purpose it should be given at
a point just below that necessary to produce contractibility. Neiswanger
prefers it in the treatment of peripheral nerve atonicity.
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Feo. 9,018.-Rapid sinusoidal wave sustained peak. This current is the same as No. 14
(rapid sinusoidal wave), except the sustained peak effect.
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9,019.-Rapid sinusoidal. 3,600 cycles per minute. This current' is obtained from the

ungrounded secondary of the transformer and hence is earth free_

Waggoner uses it for massaging adhesions and deposits. Mild treatments
stimulate, but heavy dosages will produce sedation through inhibition.
See fig. 9,019.

Caution. Ii is of the utmost importance when using Kantbern pads that
these electrodes be thoroughly saturated with a sodium chloride or sodium
bicarbonate solution before starting treatment.

Reasons for Oscillatory Wave Currents.-The effect produced by an electric current in stimulating the nerve of a living
animal or producing an involuntary contraction of a muscle.
was carefully studied by Professor Emil DuBois Reymond of
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Berlin, as early as 1894. Professof DuBois Reymond found
that these effects depended upon the following:
1. The strength of the current which was employed; and that
the effects occur only when the current is turned on and when
it is turned off, or when the electrodes first touch the nerve and
when they are separated
from it. Subsequent in-

vestigations further

proved that in case of
the human nerves only
moderate currents would
produce these effects;

strong currents produced Tetanus.
2. The effects were
dependent upon the rapidity with which the
current used reached its
maximum value; that is,
the rapidity of change
of current density.
3. The effects were
dependent upon the sudden reversal of the polarity of the current
used and that the more
sudden the reversal took
place , the more energetic
would be the effect.
9,020.-McIntosh new polysine generator. All polysine currents may be regulated to
the finest gradations, for the physical and chemical properties of galvanism, the neuromuscular stimulating properties of wave currents or any modification of these.

FIG.
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Simple closures and completions of the circuit produced only a
minimum effect.

The Term Pole in Medicine.-The term positive pole is
applied to the circuit which leads from the current course to the
receiver and the term negative pole is applied to the circuit
which leads from the receiver to the current source. In medicine, the electrode where the current enters the patient is the
positive pole and where the current leaves the patient is the
negative pole.

9,021.-1\lclntush high frequency handle made specially for use with the gallois, mercury vapor, quartz high frequency electrodes on the Tesla current, can also be utilized with
the ordinary glass vacuum or nonvacuum electrodes.

FIG.

Irritation Caused by Prolonged Negative Impulse.-The
sinusoidal current, although free of polar effects, will according
to Pflueger, cause irritability at the negative pole and in order
to overcome the irritability, it fóllows that the reversals of polarity must take place according to Prof. Emil DuBois Reymond's
findings and that the current is reversed not only suddenly, but
the reversals must also take place a larger number of times in a
given period..

Electro -Therapeutics
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The larger the number of reversals per minute, the shorter the time of
irritability. This fact is fully demonstrated by the diathermy currents,
where the reversal of polarity takes place many thousands or even millions
of times per second.

Slowly Reversing Currents Cause Irritation.-In the well
known a.c. which is supplied for domestic use, a reversal of
polarity takes place. In the United States the 60 cycle current
has become standard and it is probably for this reason that this
type of current has been extensively employed in medicine
under the term, "rapid sinusoidal current."
A 60 cycle current reverses in polarity 7,200 times per minute, this being
fairly rapid. It has been found, however, to cause considerable irritation
when used for therapeutic purposes.

Oscillatory Currents Explained.-In the oscillatory current
as produced by modern wave generators, the polarity of the
current reverses 40,800 times per minute. The current delivered by a wave generator whose frequency is 180 cycle's, however, reverses in polarity only 21,600 times per minute.
Comparing these figures, it is found that the oscillatory current reverses
.its polarity 19,200 times more per minute than the 180 cycle rapid sinusoidal
current, which shows an increase of over 50%, and not only that, the
reversals of polarity take place 40,800 times per minute. The reversals are
made suddenly.
In the construction of the McIntosh frequency converter, or penetrator,
as it is called, a neutral contact point is provided between every active contact point; thus in one complete reversal of the current, which occupies a
space of time of 1 -340th of a second, there is a positive value of a duration of
1-1,360th of a second; a neutral point occupying a similar period of time; a
negative value of the same duration and a neutral point of a similar extent.

Short Negative Impulse Reduces Irritation.-Reducing the
tin:e during which the current is negative, also reduces the time
during which irritation may take place; and, therefore, the users
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of the oscillatory current report that this type of current produces the desired effect without irritation.
This type of current was considered the most efficient current by some of
the pioneer investigators of the action of electric currents in therapeutics;
The apparatus for the production of the oscillatory current was, however, a
stumbling block and was only made possible by the combined effort of the
modern electrical and mechaltical engineers.

wciic1xrm,

9.022.-Erb's electrode. To he used with the faradic or rapid sinusoidal current
small muscles such as the eye, etc., and for testing for reaction of degeneration.

FIG.

to

Etc. 9,023.-Dr. Sharpe's single copper nasal electrode for the treatment of catarrh with
the positive pole of the galvanic current.

9.024.-Copper tongue plate electrode, insulated, for the treatment of indolent ulcers
and skin erosions by the application of the positive galvanic current, producing copper
ionization.

Ftc.

Medical Diathermy.-The productión of inductive heat
within the body by means of a diathermy apparatus is now a
generally accepted and highly useful physio-therapeutic agent.
.

To produce this effect, an apparatus is employed which produces high
frequency oscillations, transforming the ordinary lighting current. The passing of such oscillations through the human tissue produces inductive heat.
This ability to generate heat or warmth within the tissues without shock
in a definite measurable quantity, to any superficial area and to any
required temperature makes diathermy technique of special importance and
value to the progressive physician and surgeon.
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Surgical Diathermy.-This is the process of applying heatin
sufficient quantities at a concentrated point -Co cut or perform
operations, bloodless operations, for the heat coagulates the.
tissues or blood.

use with, the positive
Fin. 9,025.-Ear electrode, double, insulated, with sponge tips. For sinusoidal'
current for galvanic current for congestion and pain or with rapid oc surging
-

deafness.

be filled with cotton and the necessary medicated soluconductor of the positive galvanic current for treatment of congestion.
application. of the faradic
Ftc. 9,027.-Eye electrode, double sponge, with handle. For theof the eyeor for treatment
or rapid sinusoidal current in treatment of atony of the muscles
with positive galvanic current for congestion.
with.the positive
fitc. 9,028.-Eye electrode, copper, small. For the treatment of trachoma
galvanic current producing copper ionization,

Fin. 9,026.-Eye cup electrode. To
tion

as

-

of diathermy on thebody says that
NOTE-De Kraft in his studies of the physical effectsmarked
activity of the internal circu"congestion" wherever present, is relieved because of thecongestion
isrelieved. The liver, the
lation. Anemia of the splanchnic area ensues. Visceral.
to
disgorge the stagnant pools..
are
made
cavity
intestines and other organs within the abdominal
has -subsided
of blood which bathe their structure. When the action of the diathermic currentarterial blood.
and the blcod stream returns again to its normal channels, freshly oxygenated
con-?before
heating)'vencusly
the
enters 'in great abunrlmnce into the previously anemic and
theinvasion.of toxins ,
gested areas. The parts are placed in a better state of defence against
and bacterial colonies.
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This differs from electric cautery where the needle or knife is heated and
cuts by virtue of its heat, in that the needle or knife merely conveys current which heats the tissue and lays it open, at the same time sealing till
blood channels.
It is important in all cases, that the operation of the electrical apparatus
be thoroughly understood and directions closely followed.

Electrodes.-Good contact is very important, the metal must
have a lesser resistance than the skin and must be so shaped
that it will cover entirely and well the part desired to be covered. Block tin is used extensively as it can be cut and shaped
to the curvature desired. A poor contact will cause sparking
between the electrodes and skin and burn or injure the skin.
Vacuum and Non -Vacuum Glass Electrodes.-- For surface
treatments with the Tesla current, either vacuum or nonvacuum glass electrodes are used.
A vacuum glass electrode is really a modified condenser, in that
the
vacuum within: the electrode acts as a plate or conductor of the current.
and the glass as the dielectric. When brought in contact, patient's body
surface acts as an additional plate.
A no -vacuum glass electrode is just as its name implies, instead of
vacuum being created, the inner side of the electrode is coated with aa
metallic substance, this substance acting as the plate and the glass as the
dielectric.

The general action of vacuum or non -vacuum glass electrodes, when applied tó body surfaces, is to produce heat with
its sedative effect, when in actual contact with the skin and
when a mild current is used.

Electro-Cautery.-By definition, electro -cautery is cutting
by a hot knife or electrode heated by electricity; the current and
therefore the temperature can be maintained as long as desired.
This heating is done by a current being forced through a

Electro -Therapeutics
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resistance wire sharpened to cut. The wire, the same.as the filament in a lamp, is heated white hot. Fig. 9,029 illustrates the
electro -cautery method of cutting.
Electric Driven Saw for Bone Cutting.-Saws driven by electric motors are used for amputations; the speed of the saws

Kam:

Pro. 9,029.-Kny-Scheerer electro -sector or electric cautery iritife. The electro -sector, in the
ordinary sense of the word, does not cut, but through an electrode, when the current is
applied, it separates the tissue as readily as the sharpest scalpel with little or no resistance to
the passage of the electrode. The seared surfaces of tissue present a thin laser of dehydration
or electro -coagulation which sears the capillaries and prevents bleeding. The illustration
shows an incision made with the electro -sector and the procedure of haemostasis without
suture. This is accomplished by placing the operating tip securely against the forceps
which coagulates the blood.

reducing physical shock and reducing the length of time
required to be under the anesthetic.
The apparatus consists of a high speed motor. to which cutting edges can
be attached.
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Ultra Violet Therapy.-Formerly it was thought various
cures were due to the heat rays of the sun. Later it was established that the principal curative factor in the treatment of
rickets and surgical tuberculosis was essentially the ultra violet
energy contained in the sunlight.
2
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Fics. 9.030 to 9,049 -Kny-Scheerer cautery burners showing the numerous types.

Many authorities claim that for the best results it is necessary to use both
ultra violet and infra -red energy.

The rays of short wave length are known as ultra -violet.
The rays of very long wave length are called infra -red.
The sun is composed of 57% infra -red rays, which are invisible to the eye,
42% of visible rays and 1 or 2% ultra -violet which are also invisible. The
mercury quartz lamp yields 21% infra -red, 50% visible and 29% ultraviolet rays.

NOTE -Thermo -therapy. The high degree of heat which hyperaemic treatment apparatus produces, results in an exceedingly active circulation in the parts treated, which
brings about a reduction of pain and the disappearance of exudates, adhesions, stiffness, sore.
ness, etc. Further, the growth of bacteria is stopped or retarded and effusions are absorbed and
dissolved through increased circulation. This method of treatment has proven of therapeutic
value in lumbago, sciatica, brachial and trigemirnl neuralgia, varices and their sequalae,
inflammation of the uterus, chronic exudates, thrombosis and diabetic and arterio sclerotic con
ditinns of the lower extermities. With the apparatus now available treatments may be given
to the hand, forearm, arm, shoulder, knee, foot, the entire leg, the back of the abdomen. It
formerly was necessary to have a number Qt apparatus to administer in such a wide tango of
7eatments.
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Reports are indicative that infra -red used preceding ultra -violet irradiation, works out advantageously. The better results obtained are ascribed
to the ability of the infra -red energy in increasing the amount of blood
brought under the influence of the ultra -violet rays. Their effects in turn
are thought to be carried to the deeper parts of the tissue, throughout the
genera! circulation.

Divisions of Light Energy.-The spectrum of light or radiant
energy received from the sun is divided into three general bands:

Invisible infra -red band;
2. Luminous band;
3. Ultra-violet band.
1.

Ultra -Violet--The ultra-violet band begins at the end of the
violet portion of the visible region, and is the so-called chemical
band of radiant energy. It ends almost abruptly.
This region is associated with and capable of producing and inciting
chemical reactions in a substance when the rays are absorbed. Its action
is thought to be that of a catalyzer. It may be thought of relatively as
dominantly chemical in action. Because of its power to excite chemic reaction, it has been called actinic.

White Light and Infra-Red.-The luminous or visible spectrum known as white light and employed extensively in clinical
practice is now being rapidly replaced by the use of infra -red
radiation.
The invisible infra -red region is to the left of the visible band
which as Steinmetz says, "Carries to the earth all the heat and
energy effects of the sun."
In this region are found the rays which are capable of producing and
inducing heat in a substance when they are absorbed. It is true that infrared rays represent a source of energy that may be converted into heat by
absorption in a substance; although substances absorbing both infra -red
and luminous rays may undergo a definite photo -chemical change, as
recent studies infer that it seems certain that photo -chemical reactions can
proceed in the infra -red region.
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9,050.=Diagrammatic spectrum analysis. The visible band of the spectrum is composed of the seven colors of the rainbow.
The infra -red band of the spectrum is divided into three regions, near, middle and extreme. The extreme band extends over
into the present well known radio or wireless waves which have been definitely demonstrated by Nichols and others, to be nothing
,nore than light waves of great length, but not known to be part of the solar energy reaching the earth. The visible spectrum
extends from about 3,600 A.U. to 8,000; and the infra-red spectrum extends from about 8,000 to the wave lengths discovered
by I lertz and named after him. In the solar spectrum Infra -red rays have been demonstrated up to and including 180,010 A.U.
The ultra -violet spectrum extends front about 3.600 A.U. to 1,000 A.U. in artificial sources. In sunlight the ultra -violet spectrum ends almost abruptly at 2,900 A.U. Perhaps for this reason, shorter rays in artificial sources of radiation are termed
abiotic, while the band simulating the solar spectrum is called biologic. The short rays exert a superficial destruction of the
tissue, not penetrating deeply, in comparison to the stimulating effect of the longer relatively more penetrating biologic rays.
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Wave Length and Physiologic Antagonism.One of the peculiarities of radiant light energy is
that the longer wave lengths.appear to be the
physiologic antagonists of the shorter wave
lengths.
It would seem that one could well represent
solar radiation as a scale beam, one end being
represented by ultra -violet radiation, the other
end by infra -red radiation, and employing the
visible spectrum as a fulcrum.
This is further demonstrated by the fact that if a certain
phosphorescent body such as Balmain's paint, be exposed
fdr a few seconds to ultra -violet radiation, a beautiful and
prolonged phosphorescence results.
Immediately upon subjecting the phosphorescent material to infra -red rays, the phosphorescence increases
markedly for a fraction of a second and is then extinguished
almost instantaneously.
In therapeutics the longer wave lengths are employed
to correct pathology caused by the shorter wave lengths,

FIG. 9,052 -Hanovia burner of McIntosh alpine sun lamp.
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as for instance, the treatment of radio -dermatitis by ultra -violet or infra,
red irradiations.

Biologic Phosphorescence as a Guide to Treatment. ----The
sunburn or erythema produced by ultra-violet irradiation of the
skin is thought of as a biologic phosphorescence; representing a
mirrored reflection of internal reactions taking place.
Incidentally the frequency fór the applications of ultra -violet energy is
guided by the length of time an erythema lasts. When the erythema disappears the physiological actions induced by exposure to the energy are
spent. The patient is then due for another treatment. In other words, the
initial reaction is maintained.

The

Photo Chemical Reactions.
term actinic rays has been
erroneously bestowed on ultra -violet radiation. It is erroneous
because actinic means having the power to excite chemic reactions, such as causing certain silver salts to darken. By using
specially prepared silver emulsions it has been possible to photograph far over into the infra -red region.
All illuminants are more or less actinic. As the wave lengths become
shorter their power to excite chemic reactions becomes greater and more
pronounced and consequently more markedly apparent. Probably this is
why ultra -violet radiation is sometimes termed actinic rays.

NOTE.-Light wave length units.-Light energy travels in wave form. There are three
units used in the measurement of light wave lengths:
Unit
Symbol
Millimeters
Angstrom
A. U.
One ten millionth
Millimicron
Mu or uu
One millionth
Micron
u
One thousandth.
To convert millimicrons into Angstrom units multiply by 10; Angstrom units into millimicrons.
divide by 10. If a dime, which is about a millimeter in thickness, be divided equally into ten
million parts, one part would approximate the size of an Angstrom unit. For brevity and simplicity the Angstrom unit is most generally used. The Greek letter Lambda (,) is used to
represent wave lengths, thus A- 2,900 represents 2,900 Angstrom units.
NOTE.-The spectrum. Sir Isaac Newton placed a triangular glass in the sunlight, streaming through a small hole in a curtain, and saw the display usually known as the rainbow to
which he gave the name of spectrum. Upon close examination, it was found to be chiefly corn-posed of seven colors, namely, red, orange, yellow, green, blue, indigo and violet. In experi
menting further, he found that he could place in these seven colors another prism and thus
reconstruct and recondense the seven spectral bands into what is known as white light or the
visible spectrum. This was certain proof that the radiant energy of the sun could be analyzed
and broken up into definite bans.
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Ultra -Violet a Stimulant.-Ultra-violet radiation bestows a
rich coat of tan to the sun bather and pigments the patient
receiving ultra -violet treatments. Dormant chemical processes
in the body undergo a degree of stimulation following, ultraviolet irradiation. One may mention the increased assimilation
and fixation of calcium in the blood serum. Pigmentation of the
skin is a photo -chemical reaction or photo -adaptation.

TEST QUESTIONS
1. Define the term electro -therapeutics.

2. What kinds of current are used?
3. Name the current for low voltage technique.
4. Give the various modalities produced with generators.
5. State reasons for oscillatory wave currents:

6. Describe the term "pole in medicine."
7: What is the effect of prolonged negative impulse?
8. Do slowly reversing currents cause irritation?.
9. Explain oscillatory currents.
10. What is the effect of short negative impulses?
11. What is medical diathermy?
12. Define surgical diathermy.
13. What are electrodes?
14. Describe vacuum and non -vacuum electrodes.
15. Define electro cautery.
16. 11o'.v is bone cutting done

5,678

17.

18.
19.

20.
21.

22.

23.

Electro -Therapeutics

Describe ultra -violet therapy.
What are the divisions of light energy?
Where does the ultra -violet band begin?
Describe white light and infra -red.
What is the effect of wave length?
What is the significance of biologic phosphorescence?
Describe photo-chemical reactions.
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CHAPTER 234

Resuscitation
General Points to be Observed.-The following suggestions
should be carefully noted:

An

1. Take Care of the Patient.
unconscious person becomes
cold very rapidly, and chilling means a further strain on a vitality already weakened.
Experience has shown that the cold to which the victims of gassing,
electric shock, or drowning are often carelessly exposed, is probably the
most important cause of pneumonia, and this disease is the most dangerous after effect of all these accidents.
As far as possible keep the patient covered and warm both during
and
after resuscitation. Use hot pads, hot water bottles, hot bricks, radiant
heaters or other similar means, but remember that an unconscious man
has no way of telling when he is being burned. Do not permit the patient
to exert himself. If it should be necessary to move him, keep him lying
down.

2. Medicines and Medical Help.-Never give an unconscious man anything to drink. It may choke him. Medical
science knows no drug which of itself will start the breathing in
a patient whose breathing has ceased.
There is great danger of prematurely ceasing resuscitation. Breathing
has been re-established after eight hours of resuscitation in cases of electric shock and of gas asphyxiation. Therefore, the ordinary and general
tests for death should not be accepted, and any doctor should make several
very careful examinations and be sure that specific evidence, such as the
onset of rigor mortis, is present before the patient is pronounced dead
and resuscitation is stopped.

Resuscitation
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Considering the widespread use of electricity for light, power,
heat and many other purposes, it is almost surprising how few
cases occur of serious electric shock from coming in contact with
live wires.
However, when a case does occur, it often finds the witnesses as helpless
as the victim because they don't know how to help him. Prompt help
he needs and it can be easily given. Power plant engineers should be
familiar with the subject because electricity is being used more and more
in their plants.

In this chapter is given instructions for resuscitation from:
1. Electric shock;
2. Gas poisoning;
3. Drowning.

1.

Prone Pressure Method for
Resuscitation
Recommended by

National Electric Light Association
Follow These Instructions Even if Victim Appear

Dead

I. Free the Victim from the Circuit Immediately
1. Quickly release the victim from the current, being very
careful to avoid receiving a shock.
Use any dry insulator (rubber gloves, clothing, wood, rope, etc.) to
move either the victim or the conductor. Beware of using metal or any
moist material. If both of the victim's hands be grasping live conductors
endeavor to free them one at a time. If necessary shut off current.

Resuscítation
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Begin at once to get the subject to breathe (resuscitation), for a moment
of delay is serious. Use "Prone Pressure Method" for four (4) hours if
necessary, or until a doctor has advised that rigor mortis has set in.

2. Open the nearest switch, if that be the quickest way to
break the circuit.
3. If necessary to cut a live wire, use an ax or a hatchet with
a dry wooden handle, turning your face away to protect it from
electrical flash.

II. Attend Instantly to Victim's Breathing
1. As soon as the victim is clear of the live conductor, quickly
feel with your finger in his mouth and throat and remove any
foreign body (tobacco, false teeth, etc.).
If the mouth be tight shut, pay no attention to the above -mentioned
instructions until later, but immediately begin resuscitation. The patient
will breathe through his nose and after resuscitation has been
carried
a
short time, the jaws will probably relax, and any foreign substance inon
the
mouth can then be removed. Do not stop to loosen the patient's clothing;
every moment of delay is serious.

2. Lay the patient on his belly, one arm extended directly
overhead, the other arm bent at elbow and with the face resting
NOTE.-Observe the Following Precautions: a. The
loose clothing, if dry,
may be used to pull him away; do not touch the soles or heelsvictim's
of his shoes while he remains
in contact-the nails are dangerous. If this be impossible,
use rubber gloves, a dry coat, a
dry rope, a dry stick or board, or any other dry insulator to move either
conductor, so as to break the electrical contact. G. If the bare skin of the victim or the
the victim must be
touched by your hands, be sure to cover them with
gloves, mackintosh, rubber sheeting
or dry cloth; or stand on a dry board or on some rubber
other
dry
insulating
surface. If possible,
use only one hand. If the man receive a shock while on a
first see that his belt is secure
around the pole, if possible above cross arm so victim willpole,
not
fall,
then
break the current.
Pass a hand line under his arms, preferably through his body belt,
securely knot it, and pass
the end of the line over the first cross arm above the victim.
If
you
be
alone,
pass the line
once around this cross arm. If you be nor alone, drop the line to
those at the base of the pole.
As soon as the rope is taut, free the victim's safety belt
and
spurs
and
descend
the
hole, guiding
the victim. When the victim is about three feet from the ground,
lower rapidly so that the
victim's feet hit the ground b .á,

"
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on hand or forearm so that the nose and mouth are free for
breathing, as in fig. 9,053.
3. Kneel, straddling the patient's hips, with the knees just
below the patient's hip bones or opening of pants pockets.
Place the palms of the hands on the small of the back with fingers resting
on the ribs, the little finger just touching the lowest rib, the thumb alongside of the fingers, the tips of the fingers just out of sight as in fig. 9,053.

4. With arms held straight, swing forward slowly so that the
weight of your body is gradually brought to bear upon the

subject, as in fig. 9.054.

9,053.-Resuscitation from electrical shock by Prone pressure method. First Position.

This operation, which should take from two to three seconds, must not,
violent-internal organs may be injured. The lower part of the chest
and also the abdomen are thus compressed, and air is forced out of the
lungs, the diaphragm is kept in natural motion, other organs are massaged
and the circulation of the blood accelerated.
be

5. Now immediately swing backward so as to completely

remove the pressure, thus returning to the position shown in
fig. 9,055.
Through their elasticity, the chest walls expand, and the pressure being
removed the diaphragm descends, and the lungs are thus supplied with
fresh air.

Resuscitation
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6. After two seconds swing forward again.
Thus repeat deliberately twelve to fifteen times a minute the double
movement of compression and release-a complete respiration in four of
five seconds. If a watch or a clock be not visible, follow the natural rate
of your own deep breathing, the proper rate may be determined by counting-swinging forward with each expiration and backward with each
inspiration.

7. As soon as this artificial respiration has been started and
while it is being continued, an assistant should loosen any tight

FIG.

9,054.-Resuscitation from electrical shock by Prone pressure method. Second position.

clothing about the patients neck, chest or waist.
patient warm.)

(Keep the

Place ammonia near the nose, determining safe distance by first trying
how near it may be held to your own. Then the assistant should hit the
patient's shoe heels about twenty times with a stick, and repeat this
operation about every five minutes, until breathing commences. Do not
give any liquids whatever by mouth until the patient is fully conscious

8. Continue artificial respiration without interruption (if
necessary for four hours) until natural breathing is restored.
Cases are on record of success after three and one-half hours of effort.
The ordinary tests for death are no conclusive in cases of electric shock
and doctors must he so advised by you, if necessary.
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9. When the patient revives, he should be kept prone (lying

down)-and not allowed to get up or be raised under any consideration unless on the advice of a doctor.
If the doctor has not arrived by the time the patient has revived, he
should be given some stimulant, such as one teaspoonful of aromatic
spirits of ammonia in a small glass of water, or a drink of hot ginger tea or
coffee. The patient should then have any other injuries attended to and
be kept warm, oeing placed in the most comfortable position.

FIG.

9,055.-Resuscitation from electrical shock by Prone pressure method. Third position.

Resuscitation should be carried on at the nearest possible
point to where the patient received his injuries.
10.

He should not be moved from this point until he is breathing normally
Should it be
necessary, due to extreme weather conditions, etc., to move the patient
before he is breathing normally, he should be kept in a prone position
and placed upon a hard surface (door or shutter) or on the floor of a conveyance, resuscitation being carried on during the time that he is being
moved.

ºf his own volition, and then moved only in a lying position.

return of spontaneous respiration is not a certain
indication for terminating the treatment.
11. A brief

Resuscitation
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Not infrequently, the patient, after a temporary recovery of respiration,
The patient must be watched, and if normal
breathing stops, artificial respiration should be resumed at once.

stops breathing again.

III.-Send

for a Doctor

If other persons be present when an accident occurs, send one
of them for a doctor without a moment's delay.
If alone with the patient, do not neglect the immediate and continued
resuscitation of the patient for at least one hour before calling a doctor to
assist in further resuscitation efforts. A published up-to-date list of doctors posted by the company is recommended.

IV.-First Care of Burns
When natural respiration has been restored, burns, if serious,
should be immediately attended to while waiting for the doctor
;o arrive.
A raw or blistered surface should be protected from the air. If clothing
stick, do not peel it off-cut around it. The adherent cloth, or a dressing
of cotton or other soft material applied to the burned surface, should be
saturated with picric acid (.5 per cent). If this be not at hand, use a solution of baking soda (one teaspoonful to a pint of water), or the wound may
be coated with a paste of flour and water, or it may be protected with
vaseline, carron oil, olive oil, castor oil or machine oil, if clean. Cover
the dressing with cotton gauze, lint, clean waste, clean handkerchief, or
other soft cloth, held tightly in place by a bandage. The same coverings
should be lightly bandaged over a dry, charred burn, but without wetting
the burned region or applying oil to it. Do not open blisters.

2. Gas

Poisoning and the Inhalation
Treatment
1.

What Carbon Monoxide Does

The reason that automobile exhaust gas, the gases from coal
heating furnaces, the smoke from fires, producer gas, coke oven

,
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gas, blast furnace gas, carburetted water gas, coal gas and other
manufactured gases are poisonous if actually breathed is that
they all contain carbon monoxide.
When carbon monoxide is breathed it combines with the blood. The
more carbon monoxide there is in the blood, the less oxygen the blood
will hold.

The gas victim becomes asphyxiated just as if he were being gradually
choked to death. As low as one -tenth of 1% of carbon monoxide, or even
less, in the air will kill a man in time; 1% will kill in a few minutes.
If the patient do not die in the gas, but is removed to fresh air, the
carbon monoxide leaves the blood in a few hours. The quicker it is breathed
out of the blood, the better are the chances of recovery.

If the asphyxiation has not been too long or severe, and the first aid
treatment has been prompt and correct, the patient will recover completely.

2. Protect Yourself

Do not breathe gas yourself even for a short time. If it do
not overcome you, it will cut down your strength. If you have
to go into gas to get a man out, remember that nobody is
immune. Protect yourself.
A handkerchief tied about the nose and mouth is not a gas mask; many
have died in the belief that it is. It does not stop carbon monoxide; it
simply filters off the irritating fumes in smoke, but carbon monoxide itself
does not irritate the throat and has no smell. It gives no warning. It often
paralyzes the legs first, and so suddenly that the man even though conscious
may fall down, and cannot walk or crawl.
If you must go into gas or smoke wear a mask equipped with an air hose,
or an oxygen breathing apparatus.

3. Get the Man out of Gas

When a man is overcome by gas, the first thing to do is to
get him into fresh air quickly.

Resuscitation
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Fresh air does not mean out of doors in cold weather. Many men have
walked from a warm room containing gas to collapse in the cold outside air.
Take the patient to a room free from gas and comfortably warm.
Be quick, but do not be unnecessarily rough. Remember you are dealing
with a human being.
If the patient be not breathing or be breathing weakly, start artificial
respiration at once and have someone else telephone the utility company
for an inhalator to be used ir. conjunction with artificial respiration.

4. The use of Inhalation to drive Carbon Monoxide out of
the Blood

In gas poisoning oxygen used properly helps to drive the
carbon monoxide from the blood.
Sometimes the patients do not breathe well after they are brought out
of the gas. In fact, some stop breathing entirely. Even those who breathe
normally often cannot get the gas out of their blood fast enough to prevent
their being very sick or even dying afterwards.

Pure oxygen does not stimulate the breathing.
For this reason it is recommended that a mixture of about 5% of carbon
dioxide and 95% oxygen be used. The carbon dioxide content causes the
patient to breathe much more deeply, and thus allows the oxygen to drive
the carbon monoxide out of the blood very rapidly. The carbon dioxide
also keeps the breathing from stopping. It starts breathing more quickly
in those on whom it may be necessary to do artificial respiration.
It is useless to try to give an inhalation with a tank and funnel or any
such makeshift. An approved inhalator, with its oxygen carbon dioxide
tank and close fitting mask must be used.
It should be distinctly understood that the inhalator is an aid to resuscitation and does not take the place of the Prone Pressure Method. The two
may be used simultaneously until the patient breathes without assistance
after which the inhalation may be continued if necessary.

5. General Directions for giving the. Inhalation Treatment

Without interrupting the rhythm of respiration, an assistant
should put the mask over the patient's nose and mouth.
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The lower part should go well down on the chin. Press down firmly over
the nose. Try to prevent leaks.
As soon as the mask is properly applied, adjust the apparatus to give the
patient an ample supply of the oxygen carbon dioxide mixture. In any
case continue the inhalation for at least twenty minutes.
In severe cases the inhalation should be prolonged. In using the inhalation treatment, the patient should be kept in the prone position, and when
treatment is prolonged a better chance for recovery is given if the head is
six or eight inches lower than the feet. This position promotes the flow of
blood to the heart.

6.

Drowning

In a case of drowning favorable for resuscitation, breathing
has ceased, but the heart beat and the circulation of the blood
continue. Start artificial respiration at once. The pressure
you must exert is the best means of forcing water out of the
lungs and breathing passages.
If, during artificial respiration, the body can be placed on a door or other
flat surface, so that the head and chest are 6 to 8 ins. lower then the feet;
drainage of water from the air passages will oe assisted and the circulation
of the blood improved. Pay particular attention to maintaining warmth.
The wet body chills rapidly.

Electric Shock
The Action of the Electric Current

In electric shock the current may pass through the breáthing
center at the base of the brain and cause this center to stop
sending out the nervous impulses which act upon the muscles
responsible for breathing. As a consequence, breathing stops
abruptly.
If the shock has not been severe, after a time the breathing center recovers and resumes the vitally necessary duty of sending impulses to the muscles of breathing. In such cases the immediate use of the prone pressure
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method substitutes this artificial breathing for the natural respiration of
the patient. As has been pointed out, the current may so paralyze the
breathing center as to require 8 hrs. for recovery, and the prone method
must be used unceasingly through this entire time.
Victims of electric shock of this sort are unconscious, but in them the
heart and blood circulation continue. Their treatment demands artificial
respiration with the greatest possible promptness. The methDd for giving
this and the general points for the care of such patients have been given.
In some cases the electric current affects the heart. Under these circumstances the heart suddenly ceases to pump blood. Many cases of electric
shock escape this heart effect, and even an experienced examiner requires
time to assure himself it has occurred. Consequently, it is the duty of those
first reaching the shocked person to give artificial respiration by the prone
method at once and to continue until natural breathing is restored cr until
the onset of rigor mortis.

';

1,

Y,s

*..1

Fin. 9,056.-Nature of high tension electricity.
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TEST QUESTIONS
1. What are the general

2.

3.
4.
5.
6.
7.
8.
9.
10.

points to be observed?
Describe in full prone pressure method of resuscitation.
What precautions should be observed?
What does carbon monoxide do?
What precautions should be taken in the presence of

carbon monoxide?
How is carbon monoxide driven out of the blood?
Give general directions for giving the inhalation treatment.
What should be done in the case of drowning?
What precautions should be taken in the case of
drowning?
What is the action of the electric current on the human
body?

11. What happens if the shock has not been. severe?
12. Are victims. of electric shock rendered unconscious?
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Batteries, charging, 1,2094,250
radio, 1,321-1,370
repairs, 1,251-1,320
storage, see Storage batteries.
testing, 4.331-4,342
Bells, electric, 5,279-5,302
Block signals, 3,921-3,952
Brakes, air, 3,775-3,818
Booth wiring, 4,959-4,988
Broadcasting stations, 4,577-4,582
Brush shifting motors, 1,999-2,008
Brushes, commutator, 533-551
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VIII
X
VIII
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C
Cable, armored, wiring with, 3,237-3,252
Jointing, 3,593-3,630
non-metallic, wiring
Cables, and wires, 3,083-3,112 with, 3,265-3,280
Cameras, motion picture, 4,825-4,830
Car, see Railway car
Catenary construction, 3,541-3,564
Cells, battery, 1,119-1,370

primary, 61-112
Circuit breakers, 2,319-2,352
Coils, induction, 217-246
Commutator and brushes, care of, 67:3-694
and commutation, 511-532
brushes, 533-554
Compass, radio, 4,631-4,638
Compressors, air, 5,603-5,630
Condensers, 2,395-2,436
Conditioning of air, 5,479-5,512
Conductivity and resistance, 121-1:30.
Conductors and insulators, 113-190
Control, apparatus, classification, 2,253-2,254
d.c. motor, 783-804
d.c. motor, apparatus, 805-834
elevator, see Elevator control
railway, see Railway control
Converters, 2,015-2,064
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Current, 45-60.
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Demand meters, 2,615-2,634
Dial telephone, 4,719-4,764
Direct current, indicating instruments, 951-11,004
motors, 707-782
motor control, 783-804
motor control apparatus, 805-834
airing calculations, 3,013-3,042
Distribution systems, 2,943-2,958
Dry Ice, 5,362
Dynamo, 247-256
and battery testing, 4,333-4,342
and motor experiments, 303-320
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operation, 587-620
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E
Electric, bells, 5,279-5,302
cranes, 4,203-4,240
elevators, see Elevators

heating, 5,127-5,144
hoists, 4,181-4,202
ignition principles, 4,269-4,282
interlocking. 3,957-3,990
lighting, 5,199-5,226

locomotives. see Locomot.i\es
railways, see Railway
ship drive, 4,419-4,440
welding, see {Melding
Electrical and mechanical energy, 131-146
Electricity, principles, 1-10

static, 11-44
Electra-magnetic induction, 197-216
Elect ro-pla t ing, 5,145-5,188
Elect To -pitch mat ic interlocking, 3,991-4,024
Electro -therapeutics, 5,655-5,678

Electrolysis, 5,189-5,198
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Elevator, classification, 4,063-4,066

control diagrams, 4,161-4,168
control systems, 4,125-4,160
motors, 4,107-4,124
safety devices, 4,169-4,180
selection and installation, 4.067-4,080
types of machine, 4,081-4,106
External resistance motors, 1,895-1,918

VIII
VIII
VIII
VIII
VIII
VIII
VIII
V

F
Farm lighting, 5,513-5,532
Field magnets, 321-346
Fire and burglar alarms, 5,303-5,318
First aid, 5,679-5,690
Flashers, sign, 5,333-5,348
Flexible conduit, wiring in, 3,253-3,264
Fuses, 2,305-2,318
Fynu-Welchsel motor, 2,009-2,1114

X
I
X
X
X
VII
V

V

G
Galvanometers, 899-950

Gas, and electric hoists, 4 181-4,202
electric bus drive, :3,653-3,664
electric railnay cars, 3,665-3,680

engine principles, 4,249-4,268
welding, 5,009-.5,090
Gauges, wire, 3,073-3,082
Generators, see Dynamos
Grounding, 3,425-3,438
Grouping of phases, 2,119-2,130
Growler testing, 4,321-4,330
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VIII
VIII
VIII
X
VII
(I)
VII
V

VIII

H
Heating, 5,127-5,144
car, 3,893-3,908
of dynamos and motors, 695-706
Hoists, gas and electric, 4,181-4,202
House wiring, 3,319-3,386
plans and spec., 3,161-3,186
Hydraulics, 5,533-5,544

X
VIII

II
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VII
VII
X
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Ice, dry, 5,362
Ice making, see Refrigeration
Ignition principles, 4,269-4,282

X
(X)

Illumination, 5,227-5,268
Indicating instruments, d.c., 951-1,004
testing, 2,855-2,866
Induction coils, 217-246
Induction, electro -magnetic, 197-216
Installation of electrical machinery, 869-898
Instruments. see Ind Ica( ing ins rumen is
Insulating joints, 3,149, 3,150
Insulators and conductors, 113-120
Inter -communicating telephone, 4,689-4,712
Interlocking, 3,953-3,956
electric, 3.957-3,990
elec t ro-pneu ma t c, 3,991-4,024
Internal resistance, induction motors, 1,855-1,894
Isolated lighting plants, 5,513-5.532
I
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Jointing cable, 3,593-3,630
Joints and taps, 3,113-3,128
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VII
VII
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Lifting magnets, 4,241-4,248
Lighting, 5,199-5,226
axl% 3,867-3,882
farms, 5,513-5.532
house wiring, see House wiring
locomotive, 3,883-3,892
railway car, 3,859-3.866
see also Illumination, 5,227-5,268
street, resonant control, 5,969-5,278
subway and tube, 3,851-3,858
Lightning arresters, 2,521-2,558
Locomotive lighting systems, 3,883-3,892
Locomotives, 3,681-3,708
Loud speakers, 4,557-4,564
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Machinery Installation, 869-898
Magnetism, 165-196
Magneto timing, 4,305-4,320
Magnets, field, 321-346
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Marine, electric ship drive, 4,419-4,440
radio compass, 4,631-4,638
wiring, 3,589-3,592
Mathematics, 2,901-2,942
Measuring instruments, dynamometers, 2,577-2,582
wave form, 2,665-2,688
Mechanical and electrical energy, 131-146
Meters, demand, 3,615-2,634
miscellaneous, 2,635-2,664
Motion picture, cameras, 4,825-4,830
optics, 4,805-4,824
projectors, 4,831-4,844
projector operation, 4,845-4,862
show management, 4,931-4,942
talking pictures, see Sound pictures
technicolor, 4,957, 4,958
troubles during show, 4,943-4,956
wiring booths, 4,959-4,976
Motors, a.c., 1,743-1,854, IV, 1,855-2,014
a.c. management, 2,211-2,230
a.c: troubles, 2,231-2,252
a.c. winding, 2,131-2,172
and dynamo experiments, 303-320
brush shifting, 1,999-2,008
d.c., 707-782
d.c. control, 78:1-804
d.c. control apparatus, 805-834
elevator, 4,107-4,124
external resistance, 1,895-1,918
Lynn Weichsel, 2,009-2,014
heating of, 695-706
internal resistance induction, 1,855-1,894
repulsion, 1,961-1.998
series and shunt, 1,943-1,960
split phase, 1,919-1,94,
squirrel cage, 1,777-1,854
synchronous, 1,745-1,776
testing, 2,881-2,900
wiring, 3,439-3,460
Motor generator sets, 2,065-2,080
Moulding, wiring In, 3,209-3,228

Ohms Law, 49-50
Oil burners, 5,451-5,478
Optics, 4,805-4,824
Overhead wiring, 3,461-3.466
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Phase grouping, 2,119-2,130
Pipe welding, 5,091-5,112
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Plan reading, 3,153-3,186
Plants, power, 2,727-2,854
Pole lines, catenary coust., 3,541-3,564
erecting, 3,483-3,508
materials, 3,467-3,482
stringing wires, 3,523-3,540
Power factor, 1,501-1,532
Power plant practice, 2,805-2,854
Power pumps, 5,559-5,588
Power stations, 2,727-2,772
Power wiring, 3,439-3,460
calculations, 3,057-3,072
Projectors, motion picture, 4,8.31-4,862
wiring for, 4,959-4,988
Prone pressure method, resuscitation, 5,680-5,685
Pumps, elementary, 5,545-5,558
power, 5,559-5,588
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IX
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Radio, aerials, 4,549-4.556
batteries, 1,321-1,370

broadcasting stations, 4,577-4,582
circuits, diagrams, 4,513-4,530
circuits, principles, 4,495-4,512
compass, 4,631-4.638
Instruments, 4,565-4,576
loud speakers, 4,557-4,564
principles, 4,44_-4,472
short waves, 4,531-4,548
troubles, 4,583-4,630
Rail bonding, 3,843-3,850
Railway, car, gas -electric, 3,665-3,680
car heating, 3,893-3,908
car lighting, 3,859-3,866
control equipment, 3,743-3,774
control met hods, 3,719-3,742
current collecting devices, 3,709-3,710
Interlocking, 3,953-4,024
lighting, 3,851-3,892
signals. 3.909-3,920
signal systems, maintenance, 4,057-4,062
systems, electric, 3,631-3,6.72
tracks, 3,819-3,850
train control, aulomatic, 4,025-4,056
Reconnecting a.c. windings, 2,201-2,210
Rectifiers, 2,481-2,520
Refrigeration, 0,361-5,410
domestic, 5,423-5,450
machine operation, 5,411-5,422
Receiver circuits, 4,495-4,512
Regulators. voltage, 2,437-2,480
Relays, 2,353-2,394
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Repairs, armature, shop methods, 405-480
storage battery, 1,251-1,320
Repulsion motors, 1,961-1,998
Resistance and conduct lefty, 121-130
Resonant control, street lighting, 5,269-5,278
Resuscitation, shock, gas, drowning, 5,679-5,690
Rigid conduit, wiring in, 3,281.3,318
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X
X
VII

S
Safety devices, elevator, 4,169-4,180
Series and shunt motors, 1,943-1,960
Ship drive, electric, 4,419-4,440
Short wales, 4,531-4,548
Shunt and series motors, 1,943-1,960
Sign flashers, 5,333-5,348
wiring diagrams, 5,349-5,360
Signals, automatic block, 3,921-3,952
railway, 3,999-3,952
railway maintenance, 4,057-4,062
traffic, 5,319-5,332
Soldering, 5,113-5,121;
and tapeing wires, 3.137-3,152
Sound, apparatus, operation, 4,9(17-4,922
physics of, 4,863-4,876
reproducing equipment, 4,893-4,9011
synchronized, 4,877-4,892
show management, 4,931-4,942
picture,
Sound
show troubles, 4,943-4,956
speed control, 4,923-4,930
troubles during show, 4,943-4,951;
wiring, 4,977-4,988
Splices, 3,129-3,136
Splicing cables,3,593-3,630
Split phase motors, 1,919-1,942
Squirrel cage motors, 1,777-1,854
Starting and lighting systems, 4,369-4,390
Stations, power, 2,727-2,772
sub-stations,2,773-2,804
Storage batteries, 1,119-1,138
charging, 1,209-1,250
management, 1,171-1,182
repairs, 1,251-1,320
systems, 1,1:39-1,170
troubles, 1,183-1,208
Street lighting, resonant control, 5,269-5,278
Stringing wires, 3,523-3,540
Sub -stations, 2,773-2,804
Subway and tube lighting, 3,851-3,858
Switches, 2,255-2,304
Switchboards, 2,689-2,726
Synchronous motors, 1,745-1,776
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Talking pictures, see Sound
Tapeing or insulating, 3,149, 3,150
Taps and joints, 3,113-3,128
Technicolor, 4,957, 4,958
Telegraph, 4,765-4,804
Telephone, 4,639-4,688
dial, 4,719-4,764
inter -communicating, 4,689-4,712
troubles. 4,713-4,718
Television, 5,01 3-5,016
Test stand testing, 4,343-4,368
Testing, and testing apparatus, 1,005-1,118
armature with growler, 4,321-4,330
battery, 4,331-4,342
dynamo and hat fery, 4,333-4,342
growler, 4,321-4,330
¡milt% I ing i nst rumen Is, 2,855-2,866
motors, 2,381-2,900
test stand. 4,343-4,368
transformers,. 2,867-2,880
Therapeutics, 5,655-5,678
Timing, 4.283-4,304
magnetos, 4,305-4,320
Towers, transmission, 3,509-3,522
Tracks, 3,819-3,842
rail bonding, 3,843-3,8.50
Traffic signals, 5,319-5,332
Train control, automatic, 4,025-4,056
Transformers, 1,627-1.710
connecti llll s, 1,711-1,742
testing, 2,867-2,880
Transmission towers, 3,509-3,522
Tubes, vacuum, 4,473-4,494
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VIII
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VIII
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Underground wiring, 3,565-3,588

VII

V
Vacu
tubes, 4.473-4,494
Voltage regulators, 2,437-2,480
Volt meters and ammeters, a.c., 2,559-2,576
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W

Water supply, 5,589-5,602
Watt hour meters, a.c., 2,583-2,614
Wave form measurement, 2,665-2,688
Weather manufacturing, 5,479-5,512
Welding, electric, 5,017-5,068
gas, 5,069-5,090
pipe, 5,091-5,112
Windings, a.c., 2,081-2,118
a.c. diagrams, 2,173-2,200
a.c. motors, 2,131-2,172
a.c. reconnee(ing, 2,201-2,210

armature, 359-388
armature calcula tions, 389-404
armature, shop methods, 405-480

Wire gauges, 3,073-3,082
Wires and cables, 3,083-3,112
,112
Wiring, a.c. calculations, 3,043-3,056
booths,;notlon pictures, 4,959-4,988
armored cable, 3,237-3,252
catenary construction, 3,541-3,564
concealed knob and tube, 3,229-3,236
d.c. calculations, 3,013-3,042
for distribution, 2,943-2,958
grounding, 3,425-3,438
house, 3,319-3,386
house plans, 3,161-3,186
in flexible conduit, 3,253-3,264
In mouldings, 3,209-3,228
In rigid conduit, 3,281-3,318
Inside, 3,187-3,438
marine, 3,589-3,592
motion picture projectors, 4,959-4,976
non-metallic sheathed cable, 3,265-3,280
open or exposed, 3,189-3,208
overhead, 3,461-3,166
pole lines, stringing wires, 3,523-3,540
power, 3,439-3,460
power, calculations, 3,057-3,072
sign flashers, diagrams5,349-5,360
sound pictures, 4,977-4.988
stringing wires, 3,523-3,540
under Doors, 3,387-3,404
underground,
under plaster, 3,565-3,588
3,405-3,424
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Audels REFRIGERATION & Air Conditioning Guide $4
-1.

Household Refrigera4 Books in One; covering basic principles, servicing, operation, repair of:
tion, 2. Special Refrigeration Units, 3. Commercial and Industrial Refrigeration, 4. Air Condition.
ing Systems. A gold mine of essential important facts for Engineers, Servicemen and Users.
A Good Book is a Good Friend! Here you have at your fingers' ends a Complete Library in ONE
VOLUME, the necessary data you have been looking for on: MODERN UNITS, SYSTEMS &
MACHINES, REFRIGERANTS including Freon, Quick Freezing, Lockers, Water Coolers & Air
Conditioning Systems.
1280 Pages, 46 Chapters all Fully Illustrated & Indexed for Ready Reference with Answers to
Your Questions,

AUDELS WELDERS GUIDE.

e

..

,

.......... $

CONCISE. PRACTICAL TEXT ON OPERATION AND MAINTENANCE OF ALL WELDING
MACHINES, FOR ALL MECHANICS.
Over 400 pages, fully illustrated, 5 x 61/4 x 2, flexible covers.
Covers Electric, Oxy-acetylene, Thermit, Unionmelt Welding for sfleet metal, spot and nine welds,
A

pressure vessels and aluminum, copper, brass, bronze and other metals, airplane work, surface hardening
and hard facing, cutting, brazing-eye protection. EVERY WELDER SHOULD OWN THIS GUIDE.

AUDELS ANSWERS ON BLUE PRINT READING . $2
COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS.
376 pages, very fully illustrated, service bound, pocket size.
Flow to read scales-the standard symbols-detail and assembly prints-the different kinds of working
drawings; orthographic. pictorial, descrintive-development by parallel and radial lines, conventional
lines, triangulation. Warped and other surfaces-specifications--how to sketch-hew to make working
drawings-how to make blue prints-short cuts-helps-hints and suggestions.
"The blue print of to -day is the machine of to -morrow." The man who can read blue prints Is in line
for a better lob. This book gives you this secret language, step by step in easy stages.
NO OTHER TRADE BOOK LIKE IT-NEW, COMPLETE.

AUDELS POWER PLANT ENGINEERS GUIDE. .$4
COMPLETE STEAM ENGINEERS LIBRARY IN ONE BOOK WITH QUESTIONS & ANSWERS. NEW
FROM COVER TO COVER. 1500 Pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts.
1001 FACTS & FIGURES AT YOLP FINGER ENOS. For all Engineers, Firemen, Water Tenders, Oilers,
Operators, Repairmen and Applicants for Engineers' License Examinations.
SPECIAL FEATURES INCLUDE: Boilers, all types; Boiler and Engine room Physics; Fireman's Guide;
Boiler Examination Questions; Boiler Operation; Pulverized Coal Systems; Instant Steam; Boiler Fixtures; Boiler Repairs and Calculations; Boiler Accessories; Feed Pumps; Feed Water Heaters; Economizers; Feed Water Treatment and Deaeration; Injectors; Safety Valve Calculations; Mechanical Stokers;
Oil Burners; Condensers; Air Pumps and Air Ejectors; Evaporators; Steam and Hot Water Heating: Pipe
Fitting. Steam Engines; Valve gears; Turbines; Compressors; Hoists; Gas and Diesel Engines; Lubricants
and Lubrication.
ALL FULLY INDEXED FOR READY REFERENCE.
65 Instructive, interesting Illustrated Chapters
A

-

AUDELS SHEET METAL WORKERS
HANDY BOOK
Containing practical inside information, ess-ntial and important facts
Fundamentals of sheet metal layout work. Clearly written in everyday
metal work, principles of pattern cutting. sheet metal work layout,
ducts, sheet metal machines, welding sheet metal, boiler plate work,
plans. geometrical
388

problems,

mensuration.

$1

and figures. Easy to understand.
language covering: Aircraft sheet
development of air conditioning
practical drawing, how to read

FULLY ILLUSTRATED. READY REFERENCE

PAGES-HANDY SIZE-FLEXIBLE BINDING

INDEX.

AUDELS SHEET METAL PATTERN LAYOUTS.$4
10 Sections, 1100 pages, 350 layouts, 1600 illustrations.
A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING

ALL PHASES OF SHEET METAL WORK
PATTERN DEVELOPMENT AND SHOP PROCEDURE.
Heating & Air Conditioning Duct Patterns-Special Sheet Metal LayoutsLayouts for various sheet metal shapes-Conductors, Leaders and Leader Head Layouts-Gutters and
Roof Outlet Layouts-Sheet Metal Roofing Patterns-Skylights and Louvers Pattern Layouts-Cornice
Pattern Layouts-Sheet Metal Boat Patterns-Geometrical Problems, Mensuration and Sheet Metal
Mathematics.
Developed by experts for Sheet Metal Workers-Layout men-Mechanics and Artisans, Apprentices and
Students. A MASTER BOOK FOR ALL THE SHEET METAL TRADES.
INCLUDING PATTERN CUTTING,

10 Big Sections Covering:

AUDELS MATHEMATICS & CALCULATIONS
FOR MECHANICS
.

$2

MATHEMATICS FOR HOME STUDY OR REFERENCE. 700 pages, 550 illustrations, pocket size.
This work has been arranged as a progressive study, starting with the first principles of arithmetic and
advancing step by step, through the various phases of mathematics, including the many necessary rules
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical
calculations and tables, fully indexed for quick use.
Practical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering
a complete review of practical arithmetic. Illustrated with examples. Includes mensuration-plane and
solid geometry-trigonometry-algebra-calculus-electrical and mechanical shop calculation-practical
tests-reference tables and data. How to use the slide rule. A REAL HELP TO ALL MECHANICS.

AUDELS HEW MACHINISTS & TOOL MAKERS
$4
HANDY BOOK
COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE.
New from cover to cover. Tells how to set up and operate lathes, screw and milling machines, shapers,
drill presses and all other machine tools.
1600 pages, fully illustrated, 5 x 6%2 x 2, flexible covers. Indexed. 5 sections, 60 chapters. Easy to
read and understand.
A complete instructor and reference book for every machinist, tool maker, engineer, machine operator,
mechanical draftsman, metal worker, mechanic and student, covering lathes, screw and milling machines,
blur.
shapers, drill presses, etc. 5 practical books in 1: Section 1: Modern machine shop practice
print reading
mathematics for machinists
shop physics
how to use the slide rule.
A SHOP COMPANION THAT ANSWERS YOUR QUESTIONS.

-3:

-4:

-5:

-2:
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$2

AUDELS DIESEL ENGINE MANUAL

PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY, PRACI
TICAL OPERATION AND MAINTENAN2E OF MODERN DIESEL ENGINES.
384 pages, fully illustrated, flexible binding, pocket size.
Explains in simple, concise language Diesel operating principles-engine starting-air starting valvesfuel spray valves-inlet and exhaust valves-valve timing-fuel pumps-fuel injection compressorsstarting air compressors-scavenging air compressors-pistons and piston rings-cylinders-lubrication
A

-cooling systems-fuel oil-the

engine indicator-governors--engine reversing-semi-Diesel engineshigh speed Diesel engines-answers on operation-horse power calculations, including two-cycle
Diesel engines. ALL DETAILS ARE PLAINLY BROUGHT OUT. THIS BOOK IS OF EXTREME VALUE
TO ENGINEERS, OPERATORS, STUDENTS.

O

-

- $4

AUDELS MECHANICAL DICTIONARY

A WORD BOOK FOR MECHANICS. COVERING THE MECHANIC ARTS, TRADES AND SCIENCES.
950 pages, 53/4 x 8 x 13/4, flexible binding.
A very useful book. If constantly referred to will enable the student to acquire a correct knowledge of
the words, terms and phrases in use in mechanical engineering and its various branches. Included are

valuable tables, formulas and

helps-an encyclopedia

as well as a

dictionary.

AUDELS NEW AUTOMOBILE GUIDE

-

$4

PRACTICAL READY REFERENCE FOR AUTO MECHANICS,SERVICE MEN,TRAINEES & OWNERS
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto type
A

Diesel engines. 1540 pages, fully illustrated, 5 x 61/4 x 2. 55 chapters. Indexed.
FEATURES: All the parts of an automobile-automotive physics-the gas engine-pistons-piston
rings-connecting rods-crank shafts-the valves-the valve gear-cams and cam action-valve timing
-cooling systems-gasoline-fuel feed systems-the mixture-carburetors-automatic choke-superchargers-transmissions-synchro-mesh-clutches-universals and propeller shafts-the diRerentialrear axles-the running gear-brakes-wheel alignment-knee action-steering gear-tires-lubrication
-ignition systems-magneto ignition-spark plugs-ignition coils-distributors-automatic sperk
control-ignition timing-generators-starters-lighting systems-storage batteries-Diesel engines.

A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS.

AUDELS MARINE ENGINEERS HANDY BOOK .S4
(ALL GRADES).
FIREMEN, OILERS, MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND.
QUESTIONS AND ANSWERS FOR EXAMINATIONS.
1246 Pages-23 Chapters, logically arranged-fully illustrated and Indexed for Ready Reference.
Practical Information in a handy form covering all branches of Marine Engineering with step by ste!.
solutions on hundreds of problems:
Marine Engineering Physics-Combustion and Fuel-Steam and its Properties-Marine Boilers-Oil
Burners-Fuel Oil-Marine Steam Engines-Engine Governors-Steam Turbines-Diesel Ergines-Gan
Engines-Pumps-Refrigeration-Lubrication-Pipefitting-Pipe Covering-Deck Machinery-Ship Pro.
pellers-Marine Electrical Practice-Tables & Data-First Aid-License Requirements-Specimen
Examinations for Merchant Marine Engineer Licenses.
Indispensable for upgrading, examinations and for ready reference. A library in one volume.
AN ENTIRELY NEW, MODERN, PRACTICAL TREATISE FOR MARINE ENGINEERS

O

AUDELS PUMPS, HYDRAULICS,
AIR COMPRESSORS

$4

A NEW MODERN, COMPREHENSIVE GUIDE ON PUMP, HYDRAULIC AND AIR PROBLEMS FOR
ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH QUESTIONS AND ANSWERS.
Books in one-fully illustrated.
1658 Pages
Practical Information covering:
PUMPS-SECTION A-908 PAGES: Centrifugal-Rotary-Reciprocating Pumps-their theory, construction, operation and calculations. Air and Vacuum Chambers-Power Pumps-Air Pumps-Jet Condensers-Surface Condensers-Condenser Auxiliaries-Condenser Operation-Calculations. Cooling Ponds
-Cooling Towers-Water Supply-Hydraulic Rams-Special Service Pumps-Automotive Fire PumpsDredges-Code.
HYDRAULICS-SECTION 0-320 PAGES: Hydraulic Physics-Drives-Machine Tool Power-Accumu-

-3

lators-Elevators-Airplane Control-Automobile Brakes-Shock Absorbers-Presses-Turbines.
AIR COMPRESSION-SECTION C-406 PAGES: Compression-Work-Compressor ClassificationParts. Types-Inter and After Coolers-Regulating Devices-Installation-Lubrication-Operation..
Maintenance-Blowers-Superchargers-Pneumatic Hand Tools.
A PRACTICAL TREATISE with a Ready Reference Index of 24

Pages.

GUETHS MECHANICAL DRAWING

SI

A CONCISE DRAWING COURSE. 150 pages, 50 plates, size 6 x 9, flexible cover.
A complete instructor and reference work on: Drawing tools and their use, drafting room and shop
practice, laying out sheets and lettering, important rules for working drawings, three views and isometric
simple models, joints and carpentry work, machine drawing, projections, sections, intersections, warped
surfaces, method of plan of elevation, method of vanishing point, shades and shadows, points, lines and
planes, prisms and pyramids, spheres, screw surfaces, shadow perspective. How to use the slide rule.

$2

ROGERS DRAWING AND DESIGN

MECHANICAL DRAWING SELF TAUGHT.
606 pages, 600 illustrations (many full page drawings), Rat -opening.
A standard work, with all details so clearly explained that this valuable training is easily obtained
without an instructor. Covers terms and definitions, how to use drawing board-instruments, T square,
triangles, how to do lettering, shade and section lining, geometrical drawing, development of surfaces
and isometric, cabinet and orthographic projections, working drawings, explains how to do tracing and
make blue prints, how to read prints, machine design. Reference index, with valuable tables. How to
use the slide rule. A STANDARD STUDY TEXT FOR DRAFTING ROOM AND SHOP.

AUDELS MILLWRIGHTS & MECHANICS GUIDE ..$4
PRACTICAL LATE INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE.
1200 pages, completely illustrated, 5 x 6Va x 2, flexible covers, fully indexed. 1000 facts at your fingertips.
For millwrights, mechanics, erecting maintenance men, riggers, shopmen, service men, foremen, inspectors, superintendents.
Section 1: Mechanical power transmission
millwrights and mechanics tools and their use
building and construction work
plant operation and maintenance
installation and maintenance of
electrical machinery
practical calculation and technical data-how to read blue prints.
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AUDELS CARPENTERS & BUILDERS GUIDES
PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPENTERS, JOINERS, BUILDERS, MECHANICS AND ALL WOODWORKERS.
Explaining in practical, concise language and by illustrations, diagrams, charts, graphs and pictures,
principles, advances, short cuts, based on modern practice. How to figure and calculate various jobs.
Vol. 1-Tools, steel square, saw filing, joinery, furniture -431 pages -1200 illustrations.
Vol. 2-Builders mathematics, drawing plans, specifications, estimates -455 pages -400 illustrations.
Vol. 3-House and roof framing, laying out, foundations-255 pages -400 illustrations.
Vol. 4-Doors, windows, stair building, millwork, painting -448 pages -400 illustrations.
4 VOLS., 1600 PAGES, 3700 ILLUSTRATIONS, FLEXIBLE COVERS, $6. EACH VOLUME POCKET
SIZE. SOLD SEPARATELY $1.50 A VOL.
A

1

AUDELS PLUMBERS & STEAMFITTERS GUIDES

LLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER
PRACTICAL
PLUMBERS, JOL NEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS,
SHEET METAL WJRI<ERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS.
Explaining in plain language and by clear illustrations, diagrams, charts, graphs and pictures the
principles of modern plumbing practice.
Vol. 1-Mathematics, physics, materials, tools, lead work -374 pages -716 diagrams.
Vol. 2-Water supply, drainage, rough work, tests -496 pages -6126 diagrams.
Vol. 3-Pipe fitting, ventilation, gas, steam -400 pages -900 diagrams.
Vol. 4-Sheet metal work, smithing, brazing, motors.
4 VOLS.-1670 PAGES-3642 DIAGRAMS-FLEXIBLE COVERS, $6. EACH VOL. POCKET SIZE.
SOLD SEPARATELY $1.50 A VOL.
A

AUDELS MASONS & BUILDERS GUIDES
A PRACTICAL ILLUSTRATED TRADE ASSISTANT UN

MODERN CONSTRUCTION FOR BRICKLAYERS-STONE MASONS-CEMENT WORKERS-PLASTERERS AND TILE SETTERS.
Explaining in clear language and by well-done illustrations, diagrams, charts, graphs and pictures.
principles, advances, short cuts, based on modern practice-including how to figure and calculate

various jobs.
Vol. 1-Brick work, bricklaying, bonding, designs-266 pages.
Vol. 2-Brick foundations, arches, tile setting, estimating -245 pages.
Vol. 3-Concrete mixing, placing forms, reinforced stucco -259 pages.
Vol. 4-Plastering, ;tone masonry steel construction,' blue prints -345 pages.
4 VOLS.-1100 PAGES -2067 ILLUSTRATIONS-COMPLETE SET, $6. EACH VOL. (POCKET SIZE,
FLEXIBLE OVER) $1.60 A VOL.

-

AUDELS ENGINEERS & MECHANICS GUIDES .$12
each $1.50
Single volumes I to 7
$3.00
Volume 8

o

HELPFUL INFORMATION IN HANDY FORM.
For every engineer

mechanic, machinist, electrician, fireman,

Oiler, engineer student,

this

Master

Setis

daily, practical helps for workers in every branch of engineering. A self educating study
cal:ulations
course for the student, the standard reference work for the chief. Thousands of rules, tables,
practice of modern
and diagrams make it easy to read and learn. Latest inside information on theory and
easier.
make the lob
engineering for reference, study and review. Thousands of new short-cuts that
Easy to read. Highly en8 pocket volumes with ready reference index, 4500 pages, 7750 illustrations.
a gold

mine

of

dorsed. Help in securing engineer's license.
Vol. 1-Engine principles, valve setting, pumps. 470 pages, 847 illus.
Vol. 2-Cºrliso, uniflow, pumping, contractors engines. 500 pages, 997 illus.
Vol. 3-Locomotive, marine, turbine engines, indicators. 375 pages, 793 illus.
Vol. 4-Gas, gasoline, oil engines, producers, aviation. 475 pages, 640 illus.
Vol. 5-Steam, fuel economy, boiler construction. 525 pages, 755 illus.
Vol. 6-Firing, oil burners, stokers, repairs. 575 pages, 999 illus.
Vol. 7-Pipe fitting, heating, refrigeration, elevators. 550 pages, 1071 ilfus>
Vol. 8-Wiring and electrical reference. 1040 pages, 2600 illus.

AUDELS ANSWERS on Practical Engineering. .$1

QUESTIONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRACTICE OF STEAM ENGINEERING. FOR ENGINEERS, FIREMEN, MACHINISTS.
288 pages, fully illustrated, handsomely printed and bound.

[

HAWKINS AIDS TO ENGINEERS

EXAMS...... $2

AN EVER HELPFUL BOOK FOR EXAMINATIONS.

AUDELS SHIPFITTERS HANDY BOOK

$1

AUDELS AIRCRAFT WORKER

$1

288 PAGES OF INFORMATION, INSTRUCTION, PICTURES AND REFERENCE CHARTS, TOGETHER
WITH MANY SHORT CUTS AND TROUBLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROUTINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK LIKE IT.
A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOUT MEN, DRAFTSMEN, DESIGNERS, APPRENTICES AND STUDENTS. 240 pages-Sully illustrated and indexed. Flexible binding.
Answers your daily questions with clear, concise practical information, pointers, facts and figures.
MatheBlueprints, Working Drawings
9 Sections Covering: 1 Aircraft Materials, Terms, Parts
Riveting, Spot Welding and
Layout and Bending-S Tools and Machines
matics, How to figure
Assembly, Fuselage, Wing & Final. How to Use Tools
Fabrication, Blocking, Angles, etc.
Hints
9 Tables & Data, Symbols, Army & Navy Specifications, etc.
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-2

-8
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-6

PAINTING & DECORATING METHODS

-

..-..... $2

A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER DIRECTION OF INTERNATIONAL ASS'N OF MASTER PAINTERS AND DECORATORS.
PRACTICAL INFORMATION- -EASY TU UNDERSTAND..
Over 300 pages-fully illustrated.
The purpose of this book is to help educate men to be first class journeymen house painters aid decorators. Painting problems are quickly and easily worked out by its aid.
Covers tools, materials, outside and inside work, floor and wood finishing, paper ttangine nd.calclmining,
A simple, Progressive outline for each class of work.

AUDELS GARDENERS & GROWERS GUIDES
EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES.
Here is your opportunity to get a vast amount of expert plans-I.elps-hints-suggestions--secretsshort cuts-discoveries for better results.
4 practical help reference volumes-1700 pages-rich, flexible covers-hundreds of illustrations.
Vol. 1-Working, fertilizing, irrigating, draining the soil -284 pages, fully illustrated.
Vol. 2-Good vegetables and market gardening -443 pages, fully illustrated.
Vol. 3-Fine fruit culture, cash crops -492 pages, fully illustrated
Vol. 4-Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated.
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR PLEASURE OR PROF11.
COMPLETE SET OE 4, $6. SOLD. SEPARATELY, ,$1,50 EACH..

AUDELS QUESTIONS.& ANSWERS FOR
ELECTRICIANS EXAMINATIONS

$

I

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and
answer needed to prepare you to solve any new or similar problem, which while being asked differently
still calls for the same answer and knowledge.
Covering the National Electrical Code, Questions and Answers for License Tests; Ohm's Law with
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fully Indexed and
Illustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS.

AUDELS WIRING DIAGRAMS FOR
LIGHT & POWER
Electricians, wiremen, linemen, plant superintendents,

$I

construction engineers, electrical contractors

and students will find these diagrams a valuable source of practical help.
This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly in
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete
and self-explaining -210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS.

AUDELS HANDY BOOK OF PRACTICAL
ELECTRICITY

$4

FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS.
1340 pages, 2600 illustrations.
A quick, simplified, ready reference book, giving complete instruction and practical information on the
rules and laws of electricity-maintenance of electrical machinery-A.C. and D.C. motors-armature

and repair-wiring diagrams-house lighting-power wiring-cable splicing-meters-batteries-transformers-elevators-electric cranes-railways-bells-sign flashers-telephone-ignitionradio principles-refrigeration-air conditioning-oil burners-air compressors-welding, and many

winding

modern applications explained so you can understand.
THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY.

HAWKINS ELECTRICAL GUIDES. .10 Vols.-$10

IN 10 FLEXIBLE POCKET BOOKS-$1 PER VOL.
QUESTIONS, ANSWERS AND ILLUSTRATIONS. A PROGRESSIVE COURSE FOR ENGINEERS,
ELECTRICIANS, STUDENTS AND ALL DESIRING A WORKING KNOWLEDGE OF ELECTRICITY
AND ITS APPLICATION.
These books are especially for ambitious men who are training for advancement or likely to he called
upon for work outside of their regular line; for ready reference, and all who want information regarding
electrical appliances.
A ready reference index, planned to render easily accessible all the vast information contained In the
10 electrical guides.

AUDELS ELECTRONIC DEVICES

$2

TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE.
Covering photo -electric cells and their applications. Includes easily understood explanations of the
workings of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequencies, photo tubes, grid basis, voltage, photo -electric tubes, photocell, vacuum tubes, the oscillator,
electron tubes, electrons versus atoms, Ohm's Law, wiring diagrams.
A PRACTICAL BOOK ON ELECTRONICS.

El AUDELS ELECTRICAL POWER CALCULATIONS $2
.

TYPICAL PROBLEMS FULLY WORKED OUT.
Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday,
practical problems in electricity-Ohm's and Kirchhoff's laws for Direct Current-the generation and
application of alternating current-problems in series and parallel circuits-transformers-transmission
lines-electrical machinery. Valuable notes on Radio Circuit Calculation.
With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols,
Formulae. 420 pages, fully diagrammed. Two parts (A.C.-D.C.). Indexed.
EVERY ELECTRICAL WORKER G STUDENT NEEDS THIS MODERN "MATHEMATICAL TOOL."
275

AUDELS NEW ELECTRIC DICTIONARY

$2

FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY.
The language of your profession in convenient, alphabetical order so you can instantly locate any
word, phrase or term. To be an expert in any line, you must "talk the language." Audels New Electric
Dictionary enables you to understand and explain electrical problems so your hearer will thoroughly
understand you.
Defines more than 9000 words, terms and phrases in plain and unmistakable language, compiled with the
same accuracy and thoroughness that has characterized Audel books for 65 years.

Valuable as an Encyclopedia of Electricity and as a Dictionary.
AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT.

$4

AUDELS NEW RADIOMANS GUIDE
A KEY TO TFIE

PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICEMEN, AMATEURS.

illustrations and diagrams. Size 5 x 61/2.
Features: Radio fundamentals and Ohm's Law-physics of sound as related to radio science-electrical
measuring instruments-power supply units-resistors, indicators and condensers-radio transformers
and examples on their designs-broadcasting stations-principles of radio telephony-vacuum tubesradio receivers-radio circuit diagrams-receiver construction-radio control systems-loud speakersantenna systems-antenna systems (automobile)-phono;raph pickups-public address systems-aircraft
radio-marine radio equipment-the radio compass and principle of operation-radio beacons-automatic radio alarms-short wave radio-coil calculations-radio testing-cathode ray oscillographsstatic elimination and radio trouble pointe.s-underwriter's standards-units and tables.
AUTHENTIC. CLEAR, CONCISE.
750 pages, 400

'

AUDELS NEW ELECTRIC LIBRARY.

.

$1.50 a vol.

FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS.
Presenting in simplest, concise form the fundamental principles, rules and applications of applied
electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference.
Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operation
and maintenance of modern electrical machines and appliances. Based on the best knowledge and
experience of applied electricity.
Vol. 1-Principles and rules of electricity, magnetism, armature winding, repairs -700 illustrations
480 pages.
Vol. 2-Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting -573 illustrations-418 pages.
Vol. 3-Electrical testing instruments and tents, storage battery construction and repairs-631 illus
trations-472 pages.
Vol. 4-Alternating current principles and diagrams, power factor, alternators, transformers-801
illustrations -484 pages.
Vol. 5-A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circuit
breakers -1489 illustrations-498 pages.
Vol. 6-Relays, condensers, regulators, rectifiers, meters, switchboards, power station practice-689
illustrations -548 pages.
Vol. 7-Wiring-house. light and power, circuits. high tension transmission, plans, calculations, code,
marine wiring practice -1218 illustrations -128 pages.
Vol. 8-Railways, signals, elevators, ignition -1078 illustrations -812 pages.
Vol. 9-Radio, telephone. telegraph, television, motion pictures -793 illustrations -576 pages.
Vol. 10-Refrigeration, illumination, welding, x-ray, modern electrical appliances, index-1084 illustrations-674 pages.
Vol. 11-Electric mathematics and calculations -700 pages.
Vol. 12-Electric dictionary, 9000 words and terms -550 pages.
COMPLETE IN 12 VOLUMES-EACH VOLUME SOLD SEPARATELY AT $1.50 EACH.
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