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DIRECTORY

HOW TO LOCATE THE VARIOUS SHOP PRINTS
AND MOTOR DIAGRAMS

THE purpose of this DIRECTORY is to aid the user of this Manual in locating information on any
subject covered. As an example, if you want to study the special section on step-by-step Trouble
Shooting procedure, the Directory tells you it can be found on Pages 12 to 32. Likewisge, if you wanted
to check up on the definition of some Electrical phrase or word, the Directory would tell you exactly
where you could find the Electrical Dictionary seetion. The same thing applies in the event you want
to study some motor diagrams on some certain subjects—the Directory tells you WHERE ALL of the
diagrams on that particular subject are to be found.

On the adjoining page, you will note we have the first page of our MASTER INDEX. Now, the
Directory differs from the Master Index in this respect. The MASTER INDEX is much more detailed
than the Directory and tells you where EVERY specific SUBJECT can be found. The Directory, on
the other hand, tells you where each branch (as a whole) is covered in the Manual. We furnish both
these methods of INDEXING IN OUR BOOK FOR YOUR CONVENIENCE IN LOCATING THE
INFORMATION YOU NEED QUICKLY.

Pages Pages
Master Index V-IX A. C. Transformers . 175-181
Acknowledgments X A. C. Polyphase Motors ..cocereeceenne.. 183-199
How to Use the Coyne Electrical and A. C. Single Phase Motors -..cccoeeeuememnee.. 200-228
Radio Trouble Shooting Manual............. 5-11 A. C. Motor Starters 229.256
Step by Step Electrical Trouble A. C. Controllers 257-274
Shooting Program 12-32 A. C. Starters and Controllers ................ 275-294
Electrical Diagrams — What They
Mean — How to Use Them............ 33-38

ELECTRICAL WIRING DIAGRAMS Electrical Refrigeration and Air

Electrical Circuit and Wiring Diagrams.... 39-70 Conditioning Diagrams ...e.ovceemnees 295-340
Automotive Electricity ....cooeeecece 341-370
DIRECT CURRENT WIRING
DIAGRAMS RADIO AND TELEVISION DIAGRAMS
Instructions for Reading D. C. Motor Radio Principles and Circuits ................ 371-389
Diagrams 71-73 Radio Tubes and Receiver
Direct Current Motors 74-89 Components 390-402
“ “  Generators -wceeceeeecececes 90-96 Radio Receivers and Controls ................ 403-431
“ “  Armature Windings ... 97-113 Sound and P. A. Systems .cccccreeureeeee.... 432-446
“ Y X1V O — 111-118 Photocell Applications 447-451
Direct Current Motors, Starters and Television Systems 452-460
Controls 119-159 Radio Transmission and Transmitters....461-484
Radio Testing and Adjustment .............. 485-521
ALTERNATING CURRENT Radio Service Diagrams and Data ........ 522-565
DIAGRAMS Radio-Electricity and Electronic
Instructions for Reading A. C. Diagrams Dictionary 565-591
A. C. Principles and Circuits .............. 160-175 Spare Time Job Plans 593-612

0000000000000 ~




MASTER INDEX

\'4

The Master Indzx is furnished for your convenience in locating the Shop Prints and other information you
want. Subjects are arranged alphabetically like a classified telephone directory. Use this Index often—it saves
time for you. Definitions and explanations of words and terms are given in the Electrical, Radio and Electronic

Dictionary—Pages 566 to 590.

A
Subject Page
Absorption, coefficients, sound..______ 430
refrigeration.. . ... ... 322, 325
A-capparatus.._..__...................... 160-294

Acoustics, see Sound.

Advertising devices, electrical ... _595-96

Air conditioning, central fan_ .
controls for.....__.....__... -

heat transfer coefficients_...._...... 337

room cooler. . ...314
purging of, refngeratlon

Alarms, annuniciator types.. .48
bell type ... 50
phototube operated.........................457
railway crossing. . 47

Aligning, receiver

oscilloscope for.........................507
superheterodyne.... . ... 504
without signal generator.......... 508-9

Allen-Bradley controls
.................. 148, 247, 255-56, 269

Alternating-current apparatus

..... 160-294

(See names of apparatus and parts)
Ammeters, testing with.__... ... ..29
Amplidyne generator... ... 158

Amplifier, audio-frequency, public
address 441, 443, 445-47, 453

transmitter..........................
class A, B, C, etc
modulated, transmitter ...................... 467
‘public address...._ 441, 443, 445-47, 453
push-pull ... . 395
resistance coupled 395

sound recording........................._... 450
transformer coupled.. .
Amplitude modulation......

Analyzer, radio, meter for ..510
use of ... ..503
Annunciator alarms.. ....48
wiring....... ... ...48
Antenna, directional effect of................ 387
insulators for... ... 387
lead-ins ... 388-89
principles of .. 386-90
typesof.. ... 385, 389
Arc blowout, De-ion type.................... 250
magnetic.............o..oo .. 147

ladder, display....

transmitter, radio__.............__.___.__ .. 480

welding .. 159, 604-6
Areas, formulas for .....162
Armature

equalizer connections .___ .. .. 110

generator, construction ... 84

insulation . . .

motor, constructlon
testing, growlerfor. .

meter for. ... . .
winding, automotlve generator 607-8
coil forming for._... 11213
data sheet for.. . . 110
equalizers . . ... 110
lap o .100-106
materials for.. ... . 114
toolsfor ... . . ... . 114
wave.. 104, 107-9
Attenuator, pubhc ‘address . o444

Audio amplifier, publlc address
.. 441, 443, 445-47 453
transmltter _467, 471
Auto-starter, see Starter, motor, a-c,
auto-transformer.

Subject Page
Automobile radio installation. . ___..432-33
interference. ..433
vibrators.._ .. ....434
testers for. . .. ... 435
Autemeotive electricity.. ... . 341-70
generator rewinding. ... | 607-8

Auto-transformer motor starter

magnetic
259-60, 265-66, 269-71, 276, 278
manual ... 261-64, 277
. B

Baffles, loud speaker, sizes of................ 397
Balanced armature loud speaker -

Balancing pressures, refrigeration...
Ballast tubes, radio, circuits of...
Barrier layer photocell..............
Battery ignition, principles of.....
Batteries, automobile, ground polarities

..... 384

storage, cadmium test for ... 365
high-rate aischarge test. ....370
Bearing, sleeve type.............. ....292
Bell, alarm circuit for... .50
polarized, a-c type......oocoeorennen. 53
testing with....... 27
Bellows type shaft seal 301
. Bias, grid. methods of obtaining. ... 393
Blowout, arc, De-ion type........ 250
. magnetic, action of ___. ....147
Brake, Prony, motor testing. .77, 132
Braking, dynamic, actionof.._............ 142
circuits for.................. 124, 126

drum controller for.. ... ..143-46

- magnetic controller tor. ....155
Broadcasting transmitter... .._.._.. 474
Brushes, motor, fitting and setting. ... 85
Building wiring, diagrams of.....___.. 61, 63
symbols for......_..............._. 54

tests Of .. ... 25, 67
Buildings, heat transfer coefficients for. 337
Bungalow wiring.. ... 58-61

Burglar alarms, see Alarms

Butt welder, transformer for..............183

Buzzers, testingwith_ .. ... ... 27
C

Cadmium test, sforage battery ... 365

Camera tube, television_...____..

Cams, principlesof _____ .. 291

Capacitance, see Capacity
Capacitive reactance ... .. ___
Capacitor, see Condenser

164, 377

multi-speed..
principle of
reversible ...
Capacity, antenna
condenser, testof ... 501
formulas for. . -
plates, parallel
Capillary tube refrigeration control 312
Carbon microphone. ... .
pile motor starter, a-c._

Carrene, temperatures and pressures... 319
Carthweise three-way switch circuit.. 56

Cathode-ray oscillograph._.....__.______ 506
oscilloscope, aligning receiver with..507
tube, kinescope_.._____ .. ... 464

Central enerov telenhnne 59

Subject Page
Charger, magnet.. ... ... 343
Charging, oil, refrigeration....................335

refrigerants. ... 326-31
Circuits
a-C, pOWer in ... ... 174
open, locating.... 17-20
parallel, testsof ... 31
parts of........_.. 13
plate, radio................. 392
series, impedance of. 165
short, kinds of .._.......c..cooviieeeeie e, 15
locating. .............ccooeeveeeeennn. 20-22
testers for.. .. ..., 17, 25-31
tracing of ... 42
Clapper relay... 45
Class A, B, and C radio amplifiers........ 443
Clock, motor for..............cccceeeee. L2

time switch with..
Code, color, RMA .
radio signal................
Coil, armature, forming o

blowout, magnetic, action of......_..... 147
field, tests of .. 118
ignition, testing of ... 345
radio, Q factor of ... 384
reactance of ... 384
Tesla.....cccoevairnaaannnae ..180
Cold-cathode rectifier tube.... ...401
Cold contvol, thermostats for................ 307
Color codes, RMA
matcher, phototube type................. 452
Commercial refrigeration
cabinet insulation..................... 340
loads for...... 340
refrigerator for...........ccccoeerieecne.s 311
Commutator construction........................84
tests of. 85

Compensator starter, see Starter, motor,
a-c, auto-transformer.
Compound-wound generators.................. 97

Compressors, iehigention

efficiency tests of ................c..... 323
overhauling. .......... ...334
reciprocating type. ...301
remove and install 333
rotary types - 301
valve test of. 324
Condenser niicrophone. .. ... 440
L‘ondemn, electric
action of . .375
capacity test of ... 501
color codes for.... ...499
power factor of ... 384
correction with 163, 176
reactance of ... ... 384
tester for.... ...502
testing of ... i 500-502
Condensers, refrigeration_................_.. 302
Conductors, number in conduit........... 163
Conduit, rig:d, size required for
conductors._....................... 163
wiring, testof ... ... . 67
Cone pulley drive.. ... 289
Consequent pole windings,
three-phase.. ..............
Continuous wave receiver...
transmitter....... .. e
Controls
fuiel antomntive 2A1



Subject Page
CONTROLS (Cont.)

motor, a-c, jogging........ . ... 273
phototube for... 254,271
reversing. ... . 276 280-81
speed, three-phase... . .. 278-79
wound rotor........... ......207
motor, d-c, drum types._.. .. 137-41

dynamic braking..... .._..

printing press...... . .136
remote. .. [, .47
speed.... .93, 128, 153
remote, relays for . . . 248
self-synchronous. ... ..188, 285-86
Selsyn. ... 188, 285-86
volume, radio, automatic . .419
Controllers
drum, d-c motor .. .. ... 137-41
dynamic braking .. ... . 143-46
wound rotor motor ...282-84
motor, d-c.....__..____.. 123-55
printing press... 2136

Converter, six-phase...
Cooler, room, unit for._.
Copper oxide rectifier..........__.

Coupling coefficient, formulas. 381
Crosley radio receivers......... ..525
Crystal microphone.......................... 440
pickup, phonograph _______________ 425-27
Cumulative compound generator...........97
MOLOr ..., 80
Current, alternating, apparatus for
____________________________________ 160-294
direct, apparatus for.... ...71-159
power circuits, formulas..............162-63

voltage regulators, automotive..... .. 359

Cutler-Hammer controls......130, 135, 150,

153, 251, 257, 263, 270

Cycle, four-stroke, engine.............. 343, 360
refrigeration.........._..

two-stroke, engine

D
D-c apparatus............................. ... 71-159
Decalorator refrigeration..

Definitions, clectrical and radio......

566-90
Dehydrators, refrigeration.................. 336
De-ion arc quencher....... ..250

Detection, diodes for...
Detector, power, radio.......
Diagrams, wmng, kinds of ...

meaning of. ... .35
reading of ... ... 36-38, 590.91
schematic, meaning of................. 35
Diaphragm loud speaker..................... 502
Dictionary, clectrical and radio ... 566-90
Diesel engine, four-cycle................ 360
two-cycle. .. 363

Differential compound generator............ 97
gearing, principle of ... ... 2
Diodes, detection with___________.._... ..

sound recording on.. ..
Discharging refrigerants... _
Displays, electrical ...

Distribution system details.. ... 181-82
Diving duck display.. ... ... . ... 596
Dixierelay. .. ... .. 45
Double-button microphone.. . .. ... 440
pole switches, usesof . . _ __ . .. 55
Drive, diﬂ'erentlal ____________ .290
disc. ... _ :.289
pulley, variable speed .. 289

Drop, voltage, d-c circuit._._
examplesof ... 44
experiment with___

Drum controllers, d-c motoru,
dynamic braking. . .. .
wound rotor motor. .. . _______282-84

service, refrigeration ... 329

Page

Subject
Dry rectifier. ... 401
Drying of electric machinery. .. . 599-600

Duck, diving, display...................... 596
Duplex lap windings....... .

Dynamic braking, actionof _________ . 142
circuits for__.._. ... 124, 126
drum controllers for... ...143-46

magnetic controller.._. .
loud speaker... ... ... SR, 502
connections of . . ...
tester, radio receiver..
Dynamo, see Genera tors de
Dynamotor, internal diagram
principles of —

Efficiency test, compressor ... ... 323

Electric clock motor....... 212
eye burglar alarm_..
refrigeration ........
welding_..

Electrical dictionary .
Electricity, automotive. ..
Electrolier switch, uses of .....
Electrolux refrigeration units...
Electromagnetic induction....
Element windings, armature
Emerson radio receivers.......... A

Engines
automotive, vacuum tests on......___. 369
voltage testing
Diesel, four-cyecle..........oooveeeeeee..
two-cycle
four-eycle.. ..o

internal combustion, principle........343

two-cycle....
Epicyclic geanng
Equalizers, armature....
Evaporator, float type

trouble with
Expansion valves, refrigeration............_.306

Factor,.power, see Power factor

Fader, public address.. .......................... 444

Farm light plant......_...
motors, applicaticns...

Farnsworth radio receive ..532-36
Field coils, tests of ........ ... 118
protection, d-c motor .................. 124-25
revolving 185, 187
speaker, power supply for............... 396

winding, automotive gencrator ........ 608 .

Film, sound recording on...
Filters, radio frequency
Firing orders, engine

Fleming’s Jeft-hand motor rule............__.. 76
Float, high side
troubles with.. ... —
low side..........
troubles wi
Flow meter, Venturi..
FMradio.......................
F-114 refrigerant, temperatures and
pressures for ... 319
Foot-candle illumination standards.. .62
Ford V-8 wiring diagram._________.__ 368
Form winding, armature coils_. . 112-13
Four cycleengine . ... 343, 360
way switch, lamp control. ....55-56
Freezer, icecream . . . ... 317

Freon-12 refrigerant, temperatures
and pressures for.

Frequency, formula for
modulation
Friction disc drive
Fuel controls, automotive ' . .
injection, engine. ..
Full-wave rectifier_

6

Gauges, refrigeration, installation. ... 323

Gearing, differential ... .. ...290
epicyclic._..... ... .

Subject Page

General Electric controls_......... 273, 276-77

generators. ... oo e 97

motors...................... 1,217-18, 222-26,

232-38, 265

radio receivers............................. 537-40
Generators

a-c, paraileling......__.___...........
phasing out.. .

polesof ... ..
principles of ... 160, 170
switchboard connections.........._168
synchronizing. ... 167, 170
Amplidyne ... 158
automotive, controls for.. ..356-59
rewinding of ... .. 607-8
testing.......... 348, 366-67
third brush ... . 347
d-c, actionof.................... 74, 92
characteristics, tests of........_....... 99

compound wound.._._.
construction of..__
interpoles for..... —— 75
‘paralleling of ... .
switchboard connections...
troubles with.. ... ..
insulation tests of ...
signal, calibration check...
welding, d-c motor for...
series type...........
wind driven.........
Glow lamp, television...
Grid bias, methods of obtaining..
Grounds, accidential, locating.................. 22
automobile battery polarity
neutralizer quenching of...
Growlers, construction of....

specifications for...... ...115
tests With. ..o 116
H
Half-wave rectifier................c.occeeee.. 401
Heat transfer coefficients, air
conditioning...................... 337

Herveen refrigerant, temperatures
and pressures for............
High rate discharge test, battery
resistance, tests for
side float. ...
troubles with

tension magneto...
Horsepower, formulas for

House meters, circuits in.._........

Humidistat, air conditioner with.

Hydraulics, principles of..................... 288

) I

Ice cream freezer........coooooooeeieniiies 317

Iconoscope television camera tube... 461-62

Ignition, battery, ‘principles of........_..... 353
coil, testing of ... ... . 345
system testing, voltage method. 366-67

timing method. ... ... 355
Illumination, standards for....
Impedance, a-c circuit......
principles of ...
series circuit.
test for...
Inching contrcl motor..
Indicating wattmeter........_........._
Indicators, position.. ...
tuning, radio... -
volume, transmntter
Inductance, antenna......
principles of ...
Induction, electromagnetic ......_... 376, 487

. Induction motors

alterationsof ... ... .. _.....610-12
constructionof ... 185-86
currents for..... ... 163

efficiency tests of ...
frequency alteration_
phase alteration........
power factor correction..

(Continued)



Subject Page
INDUCTION MOTORS (Cont.)

requirements. ...
speed alteration.....
stator connections .
two-voltage.. ...
voltage alteration. ...
Inductive reactance . _.
Inductor magneto._.....
Injection, engine fuel ... .
Input circuits, public address.
Insulation, armature
tester for.. ... .. .
testing, motor and generator...
Insulators, antenna...__._...____.
Integrating wattmeter ...
Interferance, radio, auto-radio..

locator........_._..._....

static ... .
Internal connections, testing of............. 32
Interpoles, motor, purpose of....._..._...... 75

Jobs, spare time_..__.__ ...
Jogging contro]s, motor
Jumping ring dlsplay
Keystoning circuit, television..........._.. 462
Kilowatt-hour meter circuits...
Kinescope, television. ... .
Kohler farm light plant............ ..341

Ladder arc display.....................
Lamp control, multi-location..
switches, double-pole
four-way..
single-pole............._................
three-way ..
testing with__.___.
Lap winding, armature..
stator, three-phase..
two-phase.......
Lead-ins, antenna.. .

Leak tests, refngerant

Left-hand rule motor...
Letter symbols, electncal umts

Lighting plant, farm.........._... ..341
shoestring for, display. ..596
standards for..........._.............._...__. 62
switches, See Lamp switches

Liquid flow meter, Venturi.............._. 288
Pressures. ..o, 288

Line starters
a-c, magnetic ..246-47, 249-53, 277 281
manual

Local battery telephone.......
Locator, radio interference...
Loftin-White radio circuit........_ ..
Longitude, time relation to
Loud speakers, see Speakers, radio

Low side float. ... . 303-4
troubles with..._........._.__.__ . 305

M

Machines, water soaked,

treatment of ... ... _599-600
Magic eye tuning indicator.... ... 419
Magnet charger.. ... .342
Magnetic blowout, action of ... 147
controller, d-c motor..._.. .. 154-55

relays, see Relays
starter, a-c, principleof . ... . . 246
auto-transformer. ...259-60, 265-66,
. 269-71, 276, 278
line, a-c..__.._.. 247, 249-53, 277 281
d-c 149

rotating magnet.._

testing of ... .352

testing with__ 27

Wico.. . ... ....351
Maintenzance, jobsin ... . ... . 597-98
Manifold vacuum tests, automobile

engine . .. .

MASTER INDEX

Subject Page
Manual starter, auto-
transformer..........261-64, 277
line, a-c_..............

Marine transmitters

Meters
armature tests with. ... .
current, testing with._
field coil tests with__
house, circuits in ..
ohm, testing wnth

output, radio, connectnons ..505
radio testing types..... ... 494
socket type ... . 66

Venturi flow type......
volt-ohm-milliammeter. -
volt, testing with ... 27
Methyl chloride, temperatures and
pressures for.
Microphones...
Milliammeter, testmg w1th
volt-ohmmeter. ...
Mixers, public address.
transmitter.._.._._.....
Modulation, amplitude
frequency................
principles..............
Monitor, transmitter

Motors

capacitor, see Motors, capacitor
polyphase, see Motors, polyphase

repulsion-induction.... ... 241
repulsion start_._._. 213, 239-40
shaded pole..... 213, 242-43
‘single-phase............._.___....... 213

(See also, Motors, capacitor,
repulston -induction, repul -
sfon start, shaded pole, and
splxt-phase)

slip ring, see Motors, wound

rotor
split-phase, see Motors, split-

phase
squirrel cage, usesof................ 90-91
two-voltage........... 200-202
typesand usesof ... .. . . 90-91
* wound rotor, see Motors, wound

’ rotor
brushes for, setting and fitting.......... 85
€apacitor....... ..o 220-38

multi-speed..
principle of..
reversible..

control, a-c, jogging...
phototube for.....
reversing .. ...
speed, three-phase...
wound rotor_....__. .

dynamic braking............_.__. .
printing press.

d-c, action of ...
applications of. ..
compound wound....
connection diagrams...
construction_ ...
field protection circuits..
interpoles for.. ... ..
maintenance of ..
polesof ...
principles of.
rotation of ..
series wound

induction, see Induction motors
insulation testson. ... .. . ... 119
(Continued)

Subject Page
MOTORS (Cont.)
jogging controls for._.._..._....._.__..
plugging switch for.....
polyphase, principles..
speed control for.... .
Prony brake test for.._...............

pulleys, sizes and speeds ..................245
repulsion-induction. . ... ... 241
repulsion start... .. 213, 239-40
shaded pole.... ...213, 242-43
smgle-phase 2213

(See aIso, Motors, capacxtor,
repulsion-induction, repulsion
start, shaded pole and split-

phase)
slip ring, see Motor, wound rotor
split-phase. ... 213-16
connections for. ... 217-19
FeVersing.............ococeciiiiiicnaee 217
squirrel cage, usesof ... | 90-91

starters, see Starters, motor

starting, automotive.......................

synchronous, ratings of.
revolving armature...............
revolving field........................
small.........

two-voltage..
types and uses...........
universal, series type.........ccccoeceeeeen.
wound rotor..._...........ccccceeeeeeennnn..
drum controller for..
speed control
Motorola radio receivers..
Moving coil microphone...

fron meter.................cooooviiiiieaeieennnn.
N
Neutralizer, ground........................... 184
0
Ohmmeter. ... .. e 494
testing with. ... 29
Ohm’s law........... 384
a-ccircuits....................o.... 165
Oil charging, refrigeration................_.. 335
Qiler, ring 292
Open circuits, locating.. ...17-20
Oscillation, principle of. ...380
Oscillator, sweep circuit...................... 506
transmitter.. 467

Oscillograph, cathode-ray ........................ 506
aligning receiver with_:. -
OQOutput meter, radio, connectxon..

Overload relay, thermal........................ 247
P

Panels, distribution._ ... .. .. 182
Parallel circuits, testson______..._......_...... 31
FESONANCE. .. ... o oiiiiieiiieeeecaaeeeeeeees 379
Paralleling generators, a-C.........._.. 167, 170
AoCo 94
transformers, three-phase....... ... 178
Pentode tube. ... ... ... 391

Phasing, generatars, a-c

transformers, three-phase........... . 178
Philco dynamic tester.. ..
radio receivers... ...
Phonograph pxckup, crystal...

radio, serviceon_.__.__.__. 425-30
Photoconductive cell ... ... 452
Photoemissive cell, see Phototube
Phototube, applications of.__..._............. 452

burglar alarm 457

motor control by. ... 254, 271

relays 452-54, 456

construction of , .. 454-55
Photovoltaic cell ... — 452
Pickup, phonograph, crystal... 425-27
Picture tube, television. .. ... ... 464

sound 448-51

Plate circuits, radio tube ... 392
Player, record, wireless ... ___ .

Plugging switch, motor control.
Polarized bell, a-c............... 53




Subject Page
Polarizing of transformers...................178
Polyphase motors, principle. . 189

speed control of ... 278-79
Pony relay................ ... 45
Position indicators ... ................ 188
Power

a-ccircuits............................
detector, radio...
factor correction. ...
radio condenser.........................
pack, insulation tester..
public address....
radio receiver..
relays, circuits for...........
requirements, formulas for__.
three-phase, measurement of ... ..
transformer, radio..____.. ......
unit, transmitter.. ...
Pressure balancing, refrigeration.
control, refrigeration, settings...
Pressures, liquid_....._.............__...
refrigeration, settings...................
Printing press controller...............___..__.
Progressive lap winding.... .
Projector, recorded sound..
Prony brake tests, motor.. ..............
Public address amplifiers
.............. 441, 443, 445-47, 453
input circuits...............cocoeeeen
330 T
Pulleys, motor, sizes and speeds.
variable speed... P
Purging of air, refngeratxon
Push-pull amplifier............................

Q

Q factor, coil or condenser.................... 384
R

Radio.. ... ... 371.563

.automobile, installation

interference in......... ..433

code signals...........
dictionary.............
interference locator....
phonograph, service on.
principles of ...
receiver, see Receiver, radio
receiver diagrams

Crosley...ooooooeciiiiie 525
Emerson........ccocueaceaeceeiceeeeaaces 526-31
Farnsworth._... 532-36
General Electric 537-40
Motorola......cccoeeceiriimeieaeees 541-49
Philco 550-52
Stewart-Warner..............c.ccoeeeeee. 553
Wards............... ....556
Wells-Gardner............_......... 557-58
Westinghouse....

Zenith..... . 562 -63

symbols.
testing. ...
transmission...

analyzer for. . ...
tube testing. ... 511-18
Radiotelegraph codes.........._........... 482-83
Railway crossing alarm.... ... 47

Range, electric, circuits of.
REA wiring tests..............

Reactance, capacitive... 164, 377
coil... .o ....384
condenser. ... ..o iiiiimienineeaees 384
inductive..... 164, 377
principles of ............... ....377
resistance with, formulas.... ... 162

Receiver, radio

aligning, oscilloscope for.. ... _..507
without signal generator....508-9

analyzer use with. ... . 5

analyzing, meter for...

multi-channel. ...

regenerative. . .. ... ...

(Continued)

Subject Page
RECEIVER, RADIO (Cont.)

superheterodyne ... . 407-8

aligning .__...__..... ..504

continuous wave............_..... 484

testing methods 493, 496-97, 519-20

three-band... ... 412

tuned radio frequency... 406, 410-11
telephone, testing with ..
television............. ...

Reception, radio, principles of ...__.._.371
Reciprocating compressor,
refrigeration...._..._..........301
Record players, wireless................._.._ 427
Recording, sound........ 448-51
amplifier for . ... 450
projectors for ... ... ... 451
Rectifiers, copper oxide.._._................_. 401
mercury arc
tube..
Tungar . .
Refrigerants
characteristics of ... .. .. 330
charging. ... 326-31
dehydrators for..
discharging......

kinds used....
latent heats of ..
leak tests for..........cccooeeeeen.
pressure-temperature relatio:
transfer of
Refrigeration
absorption system........................
commercial
control, settings for..........................
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HOW TO USE THE COYNE ELECTRICAL AND RADIO
TROUBLE SHOOTING MANUAL

The Coyne Electrical and Radio Trouble-Shoot-
ing Manual is really two books in one. First of
all, there is the. complete step-by-step Electrical
trouble-shooting plan that provides an easy, prac-
tical, dependable program for checking any Elec-
trical or Radio trouble on industrial or household
equipment. There are many publications that deal
with one phase of the subject of Electrical Trouble-
Shooting but here for the first time is a complete,
carefully field tested program for the location and
repair of any Electrical or Radio problems. Many
purchasers of the Coyne Electrical and Radio
Trouble-Shooting Manual have told us that this
section alone was worth many times the cost of
the book.

The second portion of this book contains care-
fully selected shop prints and diagrams of motors,
controllers, starters, 'generators, compensators,
transformers and hundreds of other types of Elec-
trical and Radio equipment. It includes actual wir-
ing diagrams of the equipment manufactured by
Westinghouse, General Electric, Century, Emerson,
Allen Bradley, Allis Chalmers, as well as dozens
of other large electrical and radio companies.

Any book to be of maximum benefit to a man
learning to read Electrical shop prints or using
the book for field reference, must be complete in
every possible detail. The Coyne Electrical School
has exerted every possible effort to see that this
book has a complete set of Electrical and Radio
shop prints and wiring diagrams,

The prints and diagrams provide the fellow inter-
ested in Electricity with a tremendous advantage
as they contain the material to enable him to diag-
nose and remedy practically any Electrical, Radio,
Refrigeration or Automotive Electrical problems
in the field. One buyer aptly described this book by
saying, “THE COYNE ELECTRICAL AND
RADIO TROUBLE-SHOOTING MANUAL IS
TO AN ELECTRICIAN WHAT A SET OF
LAW BOOKS IS TO A LAWYER—it provides
the answer to hundreds of problems in the Elec-
trical field.” This book could likewise be compared
to a set of medical books for a Doctor. Regardless
of whether a Doctor, or a lawyer is just starting

his Bractice or whether he is an “old timer” and has

been in the profession for many years, he has
many occasions to refer to his reference books on
certain cases in order TO BE SURE. A lawyer
will look up some similar case to that upon which
he is working, to see what decision was rendered,
the same as a Doctor in diagnosing an ailment for
a patient, and prescribing the proper treatment,
will refer to his books to guide him on the matter.

This same situation prevails in the Electrical
and Radio industry. Whenever a man has an im-
portant problem to handle involving the installa-
tion, care or maintenance of Electrical or Radio
equipment, he often needs a reference book to
make certain that he has the proper knowledge
to proceed with the job.

The shop prints, diagrams, and other material in
this book are exactly the same as those used in
our shop training courses. Every print has been
used by hundreds of men, so it has been tried and -
tested by actual use.

WE HAVE USED. THESE PRINTS AND
HAVE ELIMINATED ERRORS FOUND IN
PRINTS THAT MAY HAVE BEEN PRE-
PARED IN A HURRY AND HAVEN'T AC-
TUALLY HAD THE BENEFIT OF ACTUAL
FIELD EXPERIENCE IN DETERMINING
WHETHER THEY ARE ELECTRICALLY
CORRECT. There are many diagrams today that
haven’t undergone the test of actual shop and fi=ld
use and which, therefore, stand the possibility of
being incorrect. This is a very important point to
keep in mind in using the prints in this book; they
are ELECTRICALLY CORRECT, because they
have been field tested.

ELECTRICAL, RADIO AND ELECTRONIC
DICTIONARY OF 1200 TERMS
INCLUDED

In preparing the material for .he Coyne Electrical
and Radio Trouble-Shooting Manual we realized
the need of simple explanations of commonly used

Electrical, Radio and Electronic terms, We have

therefore prepared a 1200 term Electrical and Radio

Dictionary as a part of this manual. Electricity and

Radio, like any other specialized field of endeavor
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have a special “language” for the explanation and
discussion of its problems. This language includes
words, abbreviations, letters and schematic sym-
bols, each representing an idea or picture. We have
found that the “beginner” just by reading this
dictionary carefully, a few pages each day, can
become surprisingly familiar with the subjects of
Electricity and Radio.

We have always felt there was no necessity in
going “High Brow,” defining Electrical terms, and
the more simple the language of Electricity and
Radio can be made, the easier it is for anyone to
understand it.

In our Electrical and Radio Dictionary, we ex-
plain terms and words employed in commercial
and industrial applications of Electronic devices
and apparatus. All the words, terms and abbrevia-
tions are arranged in one continuous alphabetical
order. Wherever possible, we have included dia-
grams of Electrical apparatus or devices. We have
found that this helps to enable a “beginner” as well
as an “old timer” to more readily understand the
definitions. You will note in the dictionary, as well
as throughout this entire book, the entire thought
in preparing the material was toward making it
easy to understand. There is no reason for using
three words where one will do the job. We believe
that the material as we have prepared it, will make
clear many of the Electrical and Radio expressions
and afford a more complete understanding of vari-
ous Electrical and Radio terms, each of which has a
very definite meaning, This Electrical Dictionary
should enable you to be an authority on the exact
meaning of any Electrical or Radio term or ex-
pression.

HERE’'S HOW YOU CAN BENEFIT FROM
COYNE ELECTRICAL AND RADIO
TROUBLE-SHOOTER

In preparing this complete Electrical and Radio
Trouble-Shooter, and in making these books avail-
able to all who are interested in Electricity, we
made them easy to understand and practical for
the “beginner” as well as the “old timer.” The
Electrical and Radio shop prints are valuable to
anyone learning Electricity or working at it for
his living. Suppose we take the Electrician who
works at the trade every day. This fellow has a
definite need for this book for use in his daily work
in handling all types of Electrical Trouble-shoot-
ing, maintenance and Electrical installation work.
The step-by-step trouble-shooting instruction as
well as the section containing over 500 actual wir-
ing diagrams, provide the answer to any Electrical
problem,

Then let us consider the helper Electrician. THIS
FELLOW WORKS IN A PLANT AND IN
MOST CASES, IS AMBITIOUS AND ANXIOUS
TO GET AHEAD BUT LACKS THE KNOWL-
EDGE TO PROGRESS FURTHER IN HIS
JOB. These men can make excellent use of the
Coyne Electrical and Radio Trouble-Shooting Man-

ual to acquire the knowledge of shop print reading,
circuit tracing and step-by-step trouble shooting
procedure that is vitally essential for them to know
before assuming added responsibilities in their
organization.

In fact, in every plant, there are many men who
are working at various jobs—other than Electrical
work, who see great opportunity in the Electrical
department. These plants in most cases, are.not
Electrical plants, but still depend on Electricity for
all production power. As an example, take the Sears
Roebuck Company’s large plant in Chicago. Here’s
a plant that does no Electrical manufacturing—it
is not known as an Electrical Company and from
all outward appearances, would not provide oppor-
tunity for Electrical men. However, in this plant
alone, which is strictly in the Mail Order Mer-
chandising business, there are dozens of men who
are engaged in Electrical work of one type or an-
other. The same thing is true of Textile Mills,
Paper Mills, Steel Mills, large office or apartment

hotel buildings, Aircraft Plants, Arsenals, Ship--

yards, etc.

The point that we are trying to bring home is
the fact that Electricity and Electrical jobs are on
hand all over for the man who is trained to handle
them., To handle Electrical jobs, men must know
first of all the proper method of locating and re-
pairing Electrical equipment. Secondly, it is vitally
essential that they understand shop print reading

. and circuit tracing, To the man who may be work-

ing in one type of occupation and is anxious to
get into the Electrical Department of his plant,
this course is valuable because it provides an easy,
practical way to learn Electrical Trouble-Shooting
and Shop Print and Motor Diagram reading in the
quickest possible time.

ELECTRICAL AND RADIO WORK

Throughout the length and breadth of this coun-
try, there are thousands of men who do Electrical
work in their spare time, either as hobby or as a
spare time job. The material in this book is espe-
cially valuable to a man of this type because it has
so. many practical shop prints on equipment and
wiring done in the average home. As an example,
refer to Diagrams No. 61 and 63. Here you will
note that we have included the complete wiring of a
5-room house, including all outlets, junction boxes,
switches, etc. A shop print of this type is extremely
valuable to anyone doing house wiring, whether he
plans to wire -the entire house, or whether he is
merely interested in installing an extra outlet or
doing some incidental wiring in a home that is
already wired for Electrical power. If a man didn’t
use the knowledge obtainable from this book in
any other way, but to take care of the Electrical
work to be done in and around his own home or
farm, the book would more than pay for itse'f
many times each year. In fact, many times one
little job will more than pay for thc cost of this
book. :
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There are many other prints of value to a man
working at Electricity or Radio, in his spare time.

Some in particular that would be extremely helpful, *

are in Automotive Electricity. One is shown on
page 345 of this book. To realize the value of the
investment in the Coyne Electrical and Radio
Trouble-Shooting Manual a man doesn’t have to
use the material every day on a job. JUST TO BE
ABLE TO HAVE IT AVAILABLE FOR EVEN
OCCASIONAL REFERENCE, WHERE A MAN
WANTS TO BE SURE, BEFORE GOING
AHEAD ON SOME ELECTRICAL OR RADIO
WORK, MAKES THIS BOOK EXTREMELY
VALUABLE.

Regardless of what kind of work you may be
doing—whether you are a “beginner” or an “old
timer” in the Electrical or Radio Field, you will
find the material we have covered in this book to be
of extreme value to you all through life.

We have tried to prepare the greatest amount
of up-to-date instruction 0n the subject of Electrical
Trouble-Shooting and have “geared” it to modern
industrial and domestic needs. Yet, we have always
made the material simple enough so that a fellow
who is learning Electricity can readily understand
and follow the instructions and information.

IMPORTANT—READ CAREFULLY

HOW TO USE THE COYNE ELECTRICAL AND RADIO
TROUBLE SHOOTING MANUAL

There are many ways that this book can be used.
To get the maximum benefit from it, we want you
to know just how to use this book for whatever
purpose you have in mind. If you are an experi-
enced Electrician at work in the field, there is a
certain way that you can benefit most by the ma-
terial in this book. On the other hand, if you are
a “beginner,” and interested in learning how to
read shop prints and motor diagrams, then there
is a definite way that we suggest that YOU study
the material in this book. We will try to outline
the best plan to follow for you individually, to get
the most out of this material.

HOW THE EXPERIENCED ELECTRICIAN
USES THE COYNE ELECTRICAL AND
RADIO TROUBLE SHOOTER FOR REFER-
ENCE WORK IN THE FIELD.

The experienced Electrician—the fellow who has
been “in the game” for some time and is daily
working in the field, has a great need for a reliable,
authoritative and complete reference book on Elec-
trical Trouble Shooting and Shop Prints and Motor
Diagrams. He should have something available at
all times to which he can refer with confidence—
something that he knows contains material and
information given on any motor or Electrical mach-
ine that is above all, accurate and dependable. This
book fills the need for the Electrician, because it
provides him with the material that has been field
tested by actual use. We also feel that the ma-
terial we have prepared for the benefit of the “be-
ginner” or the fellow interested in learning how to

read shop prints, would be of equal advantﬁge to
the “old timer” as well.

THE ELECTRICIAN'’S JOB IS TO “KEEP ’EM
ROLLING”

In every plant, there are Electrical motors, con-
trollers, switches, starters, meters and dozens of

other pieces of Electrical apparatus. The job of the
Electrician is to keep the equipment operating and
to get the greatest possible service out of it. The
more information he has on his company’s equip-
ment, the more valuable he can be to his organiza-
tion on his job. Now here’s how the experienced
Electrician can get the most out of this book.

DETAILED INDEX PROVIDES EASY WAY
TO LOCATE THE PRINTS YOU WANT

To begin with, we have spent a great deal of
time in preparing a complete simplified index for
this book that will enable you to get the utmost
value from it. This index is detailed and cross refer-
enced in every possible respect. We want every
man, and particularly the Electrician on the job, to
be able to FIND THE SHOP PRINTS AND THE |
INFORMATION HE WANTS EASILY. That s
why we have provided an index that would enable
anyone in a few seconds, to locate any information
he may want at any time. '

PREPARE FOR A BIGGER PAY JOB

The important thing to consider as you go over
the material and shop prints in this book is the fact
that regardless of size or make the PRINCIPLES
of ELECTRICITY apply on ALL ELECTRICAL
EQUIPMENT. In most plants there are many
motors, controllers, starters, transformers, etc.,
ranging from fractional horse power up to possibly
several hundreds or thousands of horse power per
unit. Now the Electrical principles embodied in the
smallest motor are also the same in the largest
motors. So, to the man employed as an Electrician,
we suggest that he prepare in advance for the
handling of more responsible Electrical jobs by
studying ALL the diagrams and other material in
this book. A very wise man once said, “The secret
of success is to PREPARE TODAY FOR TO-
MORROW.” This Trouble Shooting Manual en-
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ables you to PREPARE NOW for additional
responsibility TOMORROW.

A study of the shop prints and the “step by step”
practical trouble shooting program covered in this
book will provide the necessary training for the job
ahead and will also act as a guide to your know-
ledge of various phases of your trade.

.

IF YOU ARE DOING ELECTRICAL WORK,
KEEP YOUR COYNE TROUBLE-SHOOTER
ON THE ]JOB

Many Electricians take the Coyne Electrical and
Radio Trouble-Shooting Manual to the plant in
which they work, to keep it handy for immediate
reference. Many things happen to Electrical equip-
ment and very often a man needs a diagram or a
shop print to help him trace the trouble. This book
will be worth its weight in gold many times over,
if you let it work for you.

At this point, we’d like to cover a very important
feature regarding the material and its form of pre-
sentation in thLis book. We have found through
years of experience that shop prints printed in
black on white paper, with a space around the print,
for special notations and comments, are more valu-
able and practical for the beginner and the experi-

" enced electrician. Practically anyone using these
prints makes notes on them and it is easy to under-
stand that print on white paper is far better for this
purpose, This is particularly true in tracing circuits
where various colors are used to designate different
circuits. Therefore, we thought it greatly to the
advantage of the user of the set, of these shop
prints, to have them printed in black on white
paper.

HOW THE ELECTRICAL HELPER OR
BEGINNER USES THIS BOOK

One of the questions the average fellow starting
out to learn how to read shop prints, asks himself
is:

“What education do I need to understand the
reading of shop prints as used in the Electrical and
Radio industry?” We have made these prints prac-
tical and easy to understand so that anyone should
have no difficulty with them. All that you have
to do, is to understand a few simple rules and
symbols. Shop Print reading, (once these few sim-
ple things are understood), is just as easy as read-
ing a newspaper or a book. There is an old Cl nese
proverb which reads, “One picture tells the story
of 10,000 words.” It is conceivable then that one
shop print can tell the story of 5,000 words. You
see the basic principle of any shop print or diagram,
is to tell a complete story by the use of lines and
symbols that might otherwise require thousands
of words of explanation.

One thing about shop print reading that is
significant is the fact that there are many branches

of this “sign writing” that you have probably al-
ready used from early childhood without being
conscious of the fact. As you make a study of
circuit tracing and shop print reading in this book,
you will readily note this.

Although each section of the shop print book
has complete explanatory instructions, we'd like
to illustrate at this time how very simple the trac-
ing of circuits and motor diagrams can be. To do
this, let us use a common, every-day illustration
that brings home a basic, elementary lesson.

The explanation we shall use, has nothing to do
with Electricity, but it provides a very simple
explanation of a diagram.

You have often heard the expression of baseball
—*“A CIRCUIT CLOUT”—that means a home run
or a drive that has completed the circuit of bases.
What actually happens when a home run is hit, is
that a fellow hits the ball so far that he can com-
plete the circuit of bases before the ball is returned.

Here's another example of a simple “LINE PIC-
TURE.” Suppose you wanted to explain to some-
one just how a baseball field was laid out. The
easiest way to illustrate this would be to draw a
diagram of a baseball field, such as we have indi-
cated below. Then to indicate how baseball is played,
you would place arrows indicating the progress
around the bases in scoring a run. Your DIA-
GRAM or “Line Picture” would look like this:

Howme.

13 3r0,

2%

Now these are simple illustrations to give you
an idea of DIAGRAMS. You can readily see that
you don’t need any advanced education to follow
these simple instructions and that you have already
actually drawn many diagrams or “line pictures”
during your lifetime. If you will keep the thought
in mind at all times that a diagram is always in-
tended to simplify the explanation of any Electrical
machinery or principle, you should have no trouble
in understanding the shop prints in this book. These
preliminary instructions as well as the detailed
explanation in each section of the shop prints, will
provide you with all the instructions you should
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Fig. 1. Parts for a simple Battery operated door bell.

‘need to thoroughly understand wiring prints for
Electrical and Radio apparatus.

O

.

Fig. 2. Wiring diagram of equipment pictured in Figure 1.

USE OF PLANS AND SYMBOLS

When equipment for any signal system is PIC-
TURED as in Figure 1, it is of course, easy to
recognize each part and also to connect the wires
as shown. But we must have some form of plan
or sketch, from which to do such work and the
plan must be made more quickly and cheaply, than
a photograph. So instead of having actual pictures
of the equipment, various symbols are used to
designate different types of materials that go into
any wiring-job, The various symbols that are used,
are discussed in detail in another section of this
book. At this point, however, we’d like to give you
some preliminary instruction in the very simple
door bell wiring job. In Figure 1, we have
shown by way of photographs, the various equip-
ment in a simple battery operated doorbell signal
system. In Figure 2, is shown a simple sketch of
the same doorbell system, as in Figure 1.

I S
[I'I'IT——’

Fig. 3. Connections for drop relay.

This sketch, uses symbols for the various parts
and can be quickly and easily made and also easily
understood with a knowledge of the various sym-
bols designating the equipment on this wiring iob.

The part marked “A” is the symbol for a cell,
or battery the long line representing the positive
terminal at which the current leaves, and the short
line the negative terminal. “B” is the symbol for
the bell and “C” is the symbol for the switch.

The heavy top line of the switch represents the
movable contact. The arrow underneath represents
the stationary contact. Note that the arrow does
not touch the upper part, showing that the switch
is open as it should be normally. Imagine that you
were to press down this top part causing it.to touch
the arrow and close the circuit (that is like press-
ing the button in Figure 1). Current would im-
mediately start to flow from the positive cell to
the bell, and back to the switch, to the negative
side of the cell. The arrows along the straight line
representing wires, show the direction of the cur-
rent flow.

This illustration is given so that you will under-
stand in reading any Electrical diagrams in this
book that the current flow should always be traced
out in this manner.

TRACING CIRCUITS IN DROP RELAYS
AND CONSTANT RINGING SIGNALS

In certain alarm and signal systems it is often
an advantage to have the bell continue to ring
until it is shut off by the person it is to call. For
example a burglar alarm, in order to give a sure
warning, should not stop ringing if the burglar
stepped in through the window and then closed
the window quickly. To provide continuous ringing
of a bell, once the switch is closed, we use a device
called a drop relay. Figure 3 shows a sketch of

_the connections of a drop relay with a bell, battery
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and switch, ready to operate. Study each part of
this circuit and examine the parts of the device

carefully, and its operatiom will be easily under-

stood.

When the switch is closed, current first flows
through the circuit as shown by the small arrows,
causing the coils to become magnetized and to at-
tract the armature. This releases the contact spring
which flies up and closes the circuit through the
stationary contact to the bell. Before being tripped,
the contact spring is held down by a hook on the
armature, which projects through a slot in the
spring. The button “B” extends through the cover
of the relay, being used to push the contact spring
back in place, or reset it, and to stop the bell from
ringing.

In tracing the bell-operating circuit, shown by
the large black arrows, we find that the current
flows through the frame of the device from “C”
to “D.” The marks or little group of tapered lines
at “C” and “D” are symbols for GROUND connec-
tions. From this we see that a ground connection
as used in Electrical work does not always have
to be to the earth. Instead, a wire may be
GROUNDED to the metal frame of any electrical
device, allowing the current to flow through the
frame, thus saving one or more pieces of wire and
simplifying connections in many cases. This is a
very common practice in low voltage systems and
" is extensively used in telephone and automobile
wiring. '

It is not our intention in these preliminary in-
structions, to go into detail concerning the tracing
of circuits and diagrams. We merely wanted to
present these explanations to illustrate how com-
paratively simple the subject, “Shop Prints and
Motor Diagrams” reading is for anyone who has
an interest in the subject.

Electrical ‘shop print reading is the same as any
other reading—the more you do of it, the more
efficient you become. The Coyne Electrical Shop
Prints in this book are especially valuable to you
because they not only have the actual motor dia-
grams, but also carry valuable explanatory material.
In going over any material in this book, if you do
not get the thought immediately, go over it again
and again until you thoroughly understand it. Re-
member that any Electrician or any man who hopes
to hold a responsible Electrical job MUST DEFIN--
ITELY KNOW AND UNDERSTAND SHOR
PRINTS, DIAGRAMS, CIRCUIT TRACING,
ETC. It is as vitally essential to know these things,
as it is to actually know the motors and Electrical
equipment you work on, because the knowledge
of these things provides a source for “short cuts”
to trouble shooting and fault location in improperly
operating Electrical equipment.

USE SPARE TIME JOB LESSONS TO EARN
EXTRA MONEY

Another valuable feature of the Coyne Electrical
and Radio Trouble-Shooting Manual (and one of
the things that will make the book pay for itself),
are the spare time job lessons, located at the back
end of the book. I'd like to explain just how we
prepared these special lessons, and how they can
mean extra money to you.

It has often been said, “Time is the most prec-
ious thing in the world.” EVERY ONE IS GIVEN
A CERTAIN AMOUNT OF TIME AND HOW
HE MAKES USE OF IT, REGULATES IN A
LARGE MEASURE THE SUCCESS HE EN-
JOYS IN LIFE. Electricity and Radio offer tre-
mendous opportunities for a man to utilize his
spare time to make some extra money. There are
many ideas that can be used that would provide
a regular income for anyone who is willing to de-
vote a few hours each day or week to the develop-
ment of various Electrical Service programs.

The purpose of our spare time job lessons is to
explain some of these ideas, that have been used
by thousands, that have proven “Real money mak-
ers.” In most cases there is very little capital needed

to start these plans and in practically every case
the service offered on the program is something
that should be needed in any community. Here are
some of the subjects in our Spare Time Job Lessons
that we have prepared in detail for you beginning
on page 591 of this book. :

Spare time Job Plan No. 1—-HOME MODERN-
IZATION — Extra outlets, illuminated house
numbers, new modern lighting fixtures. Re-
placing worn appliances and lamp cords.

Spare Time Job Plan No. 2—FREE ELECTRIC
POWER FROM WIND - DRIVEN POWER
PLANTS.

Spare Time Job Plan No. 3—ELECTRIC AD-
VERTISING DEVICES — Introducing new
and novel advertising methods in your locality.

Spare Time Job Plan No. 4-——ELECTRICAL
MAINTENANCE CONTRACTING AS A
SPARE TIME BUSINESS.

Spare Time Job Plan No. 5-- ELECTRICAL
WELDING OPPORTUNITIES FOR FULL
OR SPARE TIME JOBS.

Spare Time Job Plan No. 6—AUTO IGNITION
AND AUTO ELECTRIC SERVICE PLAN

Spare Time Job Plan No. 7—ADAPTING IN-
DUCTION MOTORS TO NEW OPERAT-
ING CONDITIONS.

Any one of these plans can provide a fine income
for a man who is willing to devote a little time
in preparing his program and selling it to his local-
ity.

If there wasn’t enough of work of any one of
these particular plans, certainly all of them com-

bined could provide a splendid source of additional
inceme every year.
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You will notice in our explanation of these plans,
that we give specific instructions not only on how
to do the work, but in addition, how to “sell” the
ideas. I'd like to make it quite clear that you don’t

have to be a salesman to put these ideas across -

because the service is so vitally essential that it
actually “sells itself.”

We included these special Spare Time Job
Plans as just another way of having this valuable
shop print book pay for itself.

In concluding this introductory material, we’d
like to leave this thought with you. Although the
Coyne Electrical and Radio Trouble-Shooting Man-
ual can be valuable to you almost every day on
the job, nevertheless if you used this only occas-
ionally for important Electrical or Radio problems

and even one particular occasion might more than
pay for the book. The value of a book isn’t always
regulated by how often you use it, but rather how
important and how valuable it can be WHEN YOU
NEED IT. This book can be the most valuable
book you have ever owned because it will provide
the help you need WHEN YOU NEED IT. Re-
member, if it pays a Doctor or a lawyer to spend
hundreds of dollars on reference books, so that HEE
CAN BE SURE of his steps in important cases,
it is equally important for the Electrician or the
man aspiring to a good electrical job, to have his
reference books for important problems that come
up in his work. An investment, therefore, in a book
of this type is an investment in your future success.

H. C. LEWIS, President,
Coyne Electrical School.
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STEP BY STEP METHOD OF ELECTRICAL AND RADIO

TROUBLE

Whether it is a door bell or a central power sta-
tion, every electrical system begins with plans and
layouts, followed by installation of the equipment
and making of connections that place the system in
operation. If every part of the system were then
to operate indefinitely without trouble there would
be no further work for electrical men. But sooner
or later something will go wrong, and then begins
the job of trouble shooting.

When electrical equipment fails to operate cor-
rectly, and you are called on to fix it, the people
who call for help won’t be able to tell you what
really is wrong or exactly where the trouble lies.
They will tell you simply that the motor won’
start, that the lamp won’t light, that the flat iron
won’t hea:—and from there on it’s up to you.

Trouble shooting — determining the kind of
trouble and its exact location—usually is considered
to be the most difficult of all electrical work. It
actually is difficult for most men because they go
at the job in a hit or miss fashion, hoping that luck
will be with them and that some fortunate twist
of a screw or pull on a wire will start things going
again. The fact that they do not thus really locate
the trouble and its cause means that it will reappear
in a short time, which won’t help the reputation
of the man who “fixed” it.

Like all other problems, trouble shooting can be
made much easier and the results more positive
and lasting if you work according to definite plans.
Working logically and systematically will quickly
eliminate one possibility after another until the
real fault is found. The first step in working out a
trouble shooting system is to investigate electric
circuits in general.

We must understand electric circuits because
nearly any kind of trouble allows either too much
or too little current to flow in the circuit. Trouble
shooting is the process of determining whether a
circuit will carry too much or too little current,
and of interpreting the results of systematic tests
so that we may locate the kind of trouble and its
position.

THE PARTS OF A CIRCUIT

Electric circuits of the kind we are interested in

are paths composed wholly of conductors through
which current may flow. At some point in the
conductive path is a source of electromotive force
or voltage. This force causes current to leave the
source, pass through the entire path outside the
source, and return to the source. In addition to the
source of emf all practical circuits include some
kind of load. A load is any equipment in which
electric power does useful work. A load may be a

SHOOTING

motor which causes mechanical motion, it may be
a lamp which produces light, it may be a heater
which raises temperatures, or it may be any other
of a long list of things which are electrically op-
erated.

A circuit containing the fewest possible parts is
shown at “A” in Fig. 1. The source of voltage and
current is a battery, the load is a lamp, and between
the source and load are wires. Current leaves one
terminal of the source, flows to and through the
lamp, then returns to the source. At “B” we have
added’a control, in the form of a switch that allows
turning the lamp on and off.

In case the voltage of the battery is so high as
to force excessive current overload and possibly
burn out the lamp we may add opposition to cur-
rent flow, the resistor of diagram “C” in Fig. L
Suppose the lamp is where it cannot be seen when
operating the switch, we may add a signal in some
other part of the circuit, as at “D.” Next, wishing
to prevent overheating of devices in our circuit
because of excessive current, we add protection in
the form of a fuse in diagram “E.” Finally, in order
to determine just how much current flows in the
circuit, we provide measurement by means of the
ammeter in diagram “F.”

All of the parts in ordinary direct-current cir-
cuits may be classified as one of the types that wc
have used in Fig: 1. To the list we should add
insulation, which prevents escape of current and
voltage from the conductors, and which frequently
acts at the same time as a means of support.

Now let’s examine the alternating-current circuit
shown by Fig. 2, noting whether we find parts
which perform in general the same functions per--
formed by parts in Fig. 1.

First in the a-c circuit we have a source, which
is the a-c generator. We have a load which con-
sists of the motor. There are connecting wires and
insulation. For control we have an automatic relay
that closes the generator circuit only after the gen-
erator voltage reaches a value suitable for oper-
ating the load. To protect the relay winding
against excessive current we have opposition in
the form of a resistor. A lamp connected across the
generator acts as a signal to show whether the
generator is in operation. Protection against over-
heating of the motor due to overload is furnished
by an automatic circuit breaker that opens after
excessive current has continued for a predetermined
time. Measurement of voltage in the motor circuit
is provided with a voltmeter.

In the alternating current circuit of Fig. 2 we
have one kind of device not found in the direct-
current circuit of Fig. 1, we have a transformer
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Short Circuits and Grounds 15

that changes the voltage from the generator into
a voltage suitable for the motor. This we may
classify as translation equipment.

Now we may list as follows all the general classes
of equipment found in electric circuits:

1. Sources: Batteries, generators, power lines,

thermocouples, etc.

2. Loads: Motors, lamps, heaters and other

power-consuming equipment.

3. Conductors: Wires and other metallic and

conductive parts for current.

4. Insulation: Often in the form of supports as

well as wire coverings.

5. Controls: Switches, relays, starters, control-

lers and similar devices.

6. Opposition to current flow. Resistors, coils,

capacitors, etc. .

7. Signals: Lamps, bells, buzzers, annunciators,

sounders, etc.

8. Protective acvices: Fuses, circuit breakers.

Sometimes transtormers.

9. Measuring devices: Meters of various types.

10. Translation devices: Chiefly transformers and

converters.

The general types of parts just listed may be
combined in countless ways to form electric cir-
cuits. We may have one or more than one of any
of these parts in a circuit. The circuit of Fig. 2
certainly looks entirely unlike those of Fig. 1, yet
when we consider the parts according to their
functions we have the same general kinds in both
cases.

KINDS OF TROUBLE

Just as we classified switches, relays and starters
under the one heading of controls, and just as we
classified many other devices under some one gen-
eral heading, so we must classify electrical troubles
themselves into groups if we are to. develop a
workab'e system of trouble shooting.

Considering individual or particular electrical
troubles we might have a burned out lamp, a
burned out resistor, a blown fuse, a disconnected
wire, a sticking contactor, or corréded relay con-
tacts. But in our method of locating faults all these
would be classified as open circuits. They would be
classified as open circuits because they prevent flow
of current in the circuit—from the standpoint of
current flow the circuit is open, and when a circuit
is open at any point and for any reason no current
can flow in any part of that circuit.

We group all these troubles, and many others,
together because it is relatively easy to determine
when there is an open circuit and then to locate
it as existing in some one section of the circuit.
Knowing the general class of trouble present, and
knowing its approximate position, we simply ex-
amine the parts to see which of them is out of
order in the one particular manner.

Fig. 3 illustrates an open circuit caused by a
wire end disconnected from one side of the lamp-
socket or lampholder. Even with the switch closed

no current can flow in any of the conductors of the
circuit. '

Such things as dirty or corroded contacts and
weak springs in automatic switches might not keep
the circuit completely open but might introduce
abnormally high resistance. The contacts might
come together, but instead of making a full and
clean connection they might make a connection
through only a limited area, and through the dirt
and corrosion instead of through clean metal sur-
faces. Abnormally high resistance, from any cause,
is our second general classification of circuit
troubles.

An open circuit prevents flow of any current at
all. High resistance allows only a relatively small
current to flow. These two classes of trouble are
somewhat similar in that both reduce the flow of
current, and they are identified and located by the
same general methods of testing. :

SHORT CIRCUITS AND GROUNDS

In Fig. 4 the wire that became disconnected from
the lamp socket terminal in Fig. 3 has made con-
tact on the other lamp socket terminal. Now cur-
rent from the battery flows, as shown by arrows,
through the fuse, the accidental connection at the
socket terminal, the switch, and back to the battery.
The relatively high resistance of the lamp filament
no longer is included in the current path, and the
current will increase to a very high value. The
excessive current will almost instantly blow the
fuse. The blown fuse will protect the battery from
excessive discharge, but the real trouble still re-
mains and if a new fuse is put in it will blow just
like the first one.

Fig. 4 illustrates a short circuit, which is a cir-
cuit in which current from the source may flow
and return to the source without going through
the load. This is our third general class of circuit
troubles, A short circuit may result from any one
of many particular faults. In our testing method we
are able to determine that there is a short circuit,
and are able to determine its approximate location
in the circuit. After that it is just a case of examin-
ing parts at this location for such faults as allow
conductors on opposite sides of the circuit to come
together.

At “A” in Fig. 5 we have a one-wire circuit or
ground-return circuit. Instead of the entire circuit
being completed through insulated wires a portion
of it between the battery and lamp is completed
through any metallic supports or framework that
extend from near the battery to near the lamp. A
connection to ground is indicated by a symbol con-
sisting of several horizontal lines.

At “B” in Fig. 5 one of the wires has come off
the lamp socket and the bare end of the wire has
fallen against the metallic ground. Now current
from the battery flows, as shown by the arrows,
through the fuse and the metallic ground back to
the battery—without going through the lamp. As
you will recognize, this accidental ground is simply
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a variety of short circuit. An accidental ground
permits current to leave the source and return
to it without going through the load. This is our
fourth general class of circuit troubles.

1. Open circuits. No current in any part of the

circuit.

2. High resistances. Abnormally small current

in the circuit.

3. Short circuits. Abnormally large current until

some protective device acts.

4. Accidental grounds. A variety of short circuit

occurring through ground.

While our four classes of circuit troubles will
cover nearly all faults that affect the flow of current
in circuits, they will not cover all electrical troubles.
For example, in the case of motor troubles we
would not cover such faults as uneven air gaps,
wrong brush positions, reversed phase connections,
and many other faults. However, the great major-
ity of electrical troubles are circuit troubles, and
the simpler the equipment or device the more likely
it is that any existing fault is either an open circuit,
a high resistance, a short circuit, or an accidental
ground.

CIRCUIT TESTERS

For testing a circuit or part of a circuit that is
suspected of being in trouble we require a source
of voltage and current, also some means for indi-
cating the flow of current or the lack of it, or a
means for showing the presence of a voltage or
potential difference. _

The source of voltage or of voltage and current
for testing may be the same source regularly used
for the circuit being tested. That is, for a circuit
normally operated from a power line or from the
power and light wiring in a building we might use
the same line for our testing source. For a circuit
normally operated from a battery we might use the
same battery. Of course, these sources can be used
only if they themselves are not in trouble,

Many kinds of electrical equipment which nor-
mally are operated from batteries, radio sets for
example, are conveniently tested with voltage and
current taken from a power line. Similarly any
portable appliances which may be disconnected
from the light and power circuits of the building
then may be tested with voltage and current from
the building line. _

A separate source of testing voltage and current,
-used only for testing, may be a battery. The bat-
tery may be connected to the tester only when
there is trouble shooting to be done, or it may be
mounted within the tester and be a self-contained
part of the testing device. Still another source is
a small hand-operated magneto, a small alternating-
current generator. Magnetos are commonly used in
telephone work, also for tests on long lines or long
circuits of any kind.

When it comes to indicators for testing voltage
and current we have a wide choice. We may use
a bell, a buzzer, an incandescent lamp, a neon lamp,

a voltmeter, a milliammeter, or a telephone receiver
of the type we call a headphone.

With the great variety of sources and indicators
for voltage and current it is possible to make up a
great many different kinds of test equipment. In a
general way the methods of recognizing open cir-
cuits, high resistances, short circuits and grounds
are the same regardless of the kind of testing equip-
ment used. Before discussing the particular advan-
tages and disadvantages of the several testers we
shall talk about the methods of making systematic
tests. *

LOCATING OPEN CIRCUITS

To locate the position of an open circuit we may
proceed as in Fig. 6, where the accidental open
point is in the right-hand vertical wire. For a
tester we use a voltmeter, and for a source of
testing voltage we use the regular source which
supplies the circuit in trouble.

First, as in diagram “l1,” we disconnect a circuit
wire from one side of the source, and to this side
of the source connect one of the leads from our
testing meter. Starting from the point at which the
test meter has been connected to the source we
now shall follow along the circuit, and every time
we come to a terminal or other point at which the
conductors are exposed we shall touch that point
with the free lead of the testing meter.

The first test point is the left-hand terminal of
the lamp socket. With the tester connected to this
point, as in diagram “1” of Fig. 6, the meter reads
zero. The next test point as we follow along the
circuit is the right-hand terminal of the lamp socket.
Here also the test meter reads zero, as shown by
diagram “2.” ’

Still following along the circuit we come next

-to the right-hand terminal of the switch. With the

test lead connected here, as in diagram “3,” the
meter reads the full voltage of the source. Current
to actuate the meter flows as shown by the broken-
line arrows.

The open point in the circuit is somewhere be-
tween the last point at which the meter read zero
and the first point at which we had a voltage read-
ing. Thus we determine in which section of the
circuit there is an open.

Note that had the circuit not been disconnected
from one side of the source before commencing to
make tests there would have been a complete con-
ductive path through the circuit wiring between
the points at which the test leads are connected.
In Fig. 6 no current would flow through this path,
because of the open farther along the circuit, and
the meter still would read zero in diagram “1” and
“2” even had one end of the circuit not been dis-
connected from the source. But had the circuit been
of some more complex type, ¢nd had it been pos-
sible for some current to flow in the sections
bridged by the meter, then the meter would show
some voltage drop and the indications might be
misleading.
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In Fig. 7 wr. have the same kind of a circuit and
have the same open point as in Fig. 6, but instead
of using the regular circuit source for our testing
voltage we have a ‘“self-contained” tester consisting
of a dry cell attached to and connected in series
with the testing meter. The connections and the
meter indications are exactly the same as in Fig.
6—the meter continues to read zero until we pass
the open point, then gives a voltage reading,

Fig. 8 shows what would happen if we failed to
disconnect one end of the circuit when using a
self-contained tester. With the test connections of
diagram “1” the meter would indicate voltage, with
current flowing as shown by broken-line arrows.
With the test connections of diagram *2” the meter
still would read voltage. Therefore, we would have
no means of locating the position of ti'¢ open point
in the circuit-—the meter would give the same in-
dications no matter where connected.

If we fail to disconnect the circuit being tested,
the test indications may or may not be reliable. If
we disconnect one end of the circuit the indications
always are reliable. Therefore, the safe thing to do
is always disconnect one end of the circuit if this
is at all possible.

Now let’s see what will happen if we proceed to
test around the circuit in a direction the opposite
of that followed in Figs. 6 and 7. This might mean
simply reversing the order of tests; commencing

with the test connections of diagrams “3,” then

making the connections of diagrams “2,” and end-
ing with those of diagram “1.” With this order of
testing the testing meter would indicate voltage
with all- connections before reaching the open point,
and would read zero with all connections beyond
the open.

One order of tests would give indications just as
reliable as those with the other order, but since the
indications are reversed you would have to keep
constantly in mind the order in which you are pro-
ceeding. The more things of this kind you have to
rentember the more difficult will be your work, so
it is wise to adopt one order or the other and stick

to it. Generally it is better, as shown in Figs. 6 -

and 7, to disconnect one end of the circuit, connect
one side of your tester at this end, then proceed
from there around the circuit. Then remember that
you get a reading after the open point has been
passed.

In Fig. 9 we have two opens in the same circuit.
One of the open points is a blown fuse, the other is
a break in the wire at the right-hand side of the
circuit. The successive test connections and the
indications are shown by the test meter positions
numbered from “1” to “5.” With test “2” we have
passed an open point in the circuit, yet still have a
zero reading of the meter. The zero reading results
from the second open point farther along in the
circuit. Tests “3” and “4” likewise will give zero
readings, but test “5” wil show voltage because we
now have passed the last open point in the circait.

You might conclude that the only open point is
the one disclosed by test “5.” This would be the
same kind of error made by men who just “hunt”
for trouble without making systematic tests. The
thing to do in every case is to repair whatever
trouble you first locate, then repeat the tests right
through from the beginning. In the present case
the second scries of tests would locate the blown
fuse, because with the connections for test “2” you
would have a voltage reading and would know that
an open point existed between tests “1” and “2.
Having replaced the fuse you then should start over
again with the series of tests. Not until all the
tests indicate no opens should you consider the job
complete. This rule applies no matter what your
method of testing and no matter what kind of equip-
ment you are using.

The methods of testing so far discussed might be
called progressive tests, in which we connect one
side of the tester to a certain point and then progress
from that point around the circuit. With a self-
contained circuit tester, having its own battery or
other source of voltage and current, it is possible
to test each part and section of a circuit individually.

Individual tests for opens are shown by Fig. 10.
The leads from the tester are bridged across one
portion of the circuit after another until you have
gone all the way around or have located and re-
paired a trouble that permits the circuit to act
normally again. In each test the indicator will
show voltage if the parts tested are not open, and
will show no voltage if the parts are open. Current
will flow and voltage will be indicated through any
portion of the circuit that is complete. If the por-
tion tested is not complete, or is open, there can be
no current flow and no voltage will be indicated.
No voltage will be indicated because every volt-
meter takes some flow of curent in order to move
its pointer. :

In Fig. 10, tests number 1, 3, 5 and 7 check sec-
tions of the wiring, and would disclose an open in
whichever section is bridged by the test leads.
Test number 2 would show up a blown fuse, test
number 4 a burned out lamp, and number 6 would
show defective contact in the switch. When making
individual tests the circuit being tested must be
disconnected from the source, at least at one end.
Otherwise, voltage from the source will reach the
tester when an open point is bridged, and casily
may ruin the testing equipment.

A very long circuit, or one containing many de-
vices which might be open, may be checked in large
sections as illustrated in Fig. 11. Here both ends of
the circuit are disconnected from the source. One
side of the circuit tester is connected to any point
about midway of the circuit being checked. Then
the other test lead is touched first to one of the dis-
connected circuit wires and then to the other of
these wires. With a connection at “1” in Fig. 11
we would check for opens in any part of the circuit
from this point around to the right-hand terminal
for one of the lamps in the upper line—the point
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where the other side of the tester is attached. With
" the tester connection at “2” we would check for
opens in the remainder of the circuit.

If these preliminary tests should show that an
open existed in the section first checked we might
further sub-divide that section of the circuit by
moving the test lead from between the two lamps
to a point between the resistor and signal. Again
checking at point “1” would show trouble between
this point and the test connection between resistor
and signal, while checking at “2” would show
trouble existing between the original connection
(between the lamps) and the new connection be-
tween resistor and signal. This general principle
may be used to divide a circuit into any number of
sections, a method which may save much time in
comparison with either progressive tests all around
the circuit or with individual tests.

In all of the tests so far outlined the tester itself
has hen shown as having a meter for its indicator.
A lamp or any other of the indicating means pre-
viously mentioned might be used instead of the
meter. The source of testing voltage and current
might be any of those mentioned earlier. The prin-
ciples of the tests would not be altered by the kind
of test equipment employed.

Fig. 12 shows what probably is the simplest of all
tests for open circuits. With this method thé circuit
being tested remains connected to the source. The
tester consists of only an incandescent lamp having
a voltage rating the same as the source voltage.
For instance, in a 115-volt circuit we would use a
115-volt test lamp. Leads from, the test lamp are
connected successively across parts of the circuit.
When the test lamp bridges a section of circuit or
some device that contains an open the lamp will
light. Current from the source goes around the
open point and through the lamp as shown in
diagram “1” of Fig. 12. When the test lamp bridges
a part of the circuit that is complete the current
will flow through the relatively low resistance of
the circuit conductors rather than through the much
higher resistance of the test lamp, and the lamp will
not light. ,

There are two objections to this method of test-
ing. One objection is that the source must be in
condition to deliver normal voltage and current, but
the chief objection is that should the circuit contain
more than one open point the test indicates nothing.
The reason is shown by diagram “2” of Fig. 12.
Here the test lamp is bridging an open point, but
because of the second open in the circuit no current
can flow and the lamp remains out, just as though
there were no open point at all. This method of
testing is frequently used for locating blown fuses
and tripped circuit breakers.

TESTS FOR HIGH RESISTANCE

All tests for locating points of abnormally high
resistance, but points which are not open com-
pletely open-circuited, are carried out just as are
tests for open circuits. But, since we wish to note
the reduced current brought about by the high re-

sistance, it is not enough to use an indicator that
merely shows the presence or absence of current.
Rather we need an indicator that shows the full
current through the low resistance of a circuit in
good condition, and which shows the greatly re-
duced current due to abnormally high resistance.

A tester which is effective for checking high "
resistances consists of a small incandescent lamp
and a battery that will light the lamp to normal
brilliancy. . When extra circuit resistance is in the
tested circuit the lamp will become dim. An ohm-
meter which indicates circuit resistance directly in
ohms is an excellent testing instrument for locating
points in high resistance. Still another suitable ar-
rangement consists of a milliammeter, a battery,
and a resistor which limits the current to the full
range of the meter. High resistance in the circuit
checked will reduce the current through the
milliammeter.

When ‘using the method of Fig. 12, a point of
fairly high resistance will cause the test lamp to
light more dimly than usual when the lamp bridges
such a point. This is because some current flows

. through the high resistance of the circuit and some

flows through the high resistance of the lamp. Such
a test for high resistance is not so reliable as those
made with other types of indicators, it is too diffi-
cult to form judgments according to slight changes
in lamp brilliancy.

SHORT CIRCUITS

Before commencing to talk about the methods
used in locating short circuits and accidental
grounds it will be advisable to examine a few gen-
eral principles applying to these clases of trouble.
In diagram “1” of Fig. 13 we have a circuit contain-
ing three pieces of equipment marked A, B and C.

- These units are shown as consisting simply of

resistances, but they might represent any kind of
equipment since whatever uses electric power has
more resistance than the line wires. It is the com-
bined resistance of units A, B and C that opposes
flow of current from the source through the circuit,
and that limits the current to a value that does not
blow one or both of the fuses through which cur-

. rent enters and leaves the circuit.

Diagram “2” of Fig. 13 shows wires disconnected
from two of the circuit units. Note that opening’
this circuit at any point will prevent flow of current
from the source into and through the circuit, No
current will flow in any part of a series circuit that
is opened at any point.

In diagram “3” of Fig. 13 we have represented
by a broken line a short circuit that has occurred
between one terminal of unit B and one terminal of
Unit C. The resistance of unit B has been “shorted
out,” so current from the source goes through unit
A, the short circuit, unit C, and back to the source.
The lessened resistance in the circuit, due to B
being shorted out, allows excessive current to flow.
This excessive current blows one of the fuses.

So long as the short circuit remains it will do no
good to replace the blown fuse with a good one, for
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the new fuse will be blown by excessive current
allowed by the short circuit. Instead of replacing
the fuse we connect a test lamp in the place of the
fuse, as shown by diagram “4” of Fig. 13. This test
lamp must be of a voltage rating the same as the
supply voltage.

Now current flows as shown by the small arrows
in diagram “4,” passing through the test lamp,
unit A, the short circuit, unit C, and back to the
source. The resistance of the lamp limits the cur-
rent that may flow. This reduced current is enough
to light the lamp but is not enough to blow the
remaining fuse. Now we are ready to proceed with
our tests.

LOCATING THE SHORT CIRCUiT

The usual method of locating the position of a
short circuit is illustrated by Fig. 14. With the test
lamp connected in place of the blown fuse, or con-
nected in any manner between the source and the
circuit being tested, the lamp will light. Working
away from the point at which the lamp is connected
we open each accessible point in the circuit. So
long as we have not passed the short circuit, each
point opened or disconnected will cause the test
lamp to go out, as indicated in diagram “1.” As
each point is disconnected the lamp is observed, if
the lamp goes out the connection is replaced to close
the circuit at that point and the following point is
temporarily opened.

As soon as we pass the short-circuited point, as
in diagram “2” of Fig. 14, opening any following
points in the circuit will leave the test lamp lighted.
This is because current from the source continues
to flow through the test lamp and through the short
circuit.

The short circuit exists between the last discon-
nected point at which the test lamp goes out and
the fisrt disconnected point at which the lamp re-
mains lighted—this as we proceed along the circuit
from the position where the test lamp is connected.

A method of locating a short circuit by using a
self-contained tester is illustrated in Fig. 15. A
self-contained tester is any type that has its own
source of voltage and current, together with the
indicating means, in one unit. The circuit being
tested must be disconnected from the source, but
need be disconnected on only one side if it is incon-
venient to disconnect both sides. Then the tester
leads are attached to the two ends of the circuit
being ested.

With the tester in place we commence discon-
necting any accesible points in the circuit, working
around in either direction, or starting from either
end of the circuit. Each time we open the circuit
the tester will indicate zero current so long as the
shorted point has not been passed. This is shown
by diagram “1” of Fig. 15. As soon as the shorted
point has been passed, opening the circuit at any
following point will allow the tester to continue
showing current. This is shown by diagram “2.”

The short circuit exists between the last discon-
nected point at which the tester reading drops to

7/

zero and the first disconnected point at which the
tester continues to show current. Compare this rule
with the one for checking with a test lamp (Fig.
14). Except that in one case we have a test lamp
and in the other have a self-contained tester, the
rules and the indications are the same.

As shown by Fig. 16, a self-contained tester may
be connected into a circuit at any point around the
circuit provided the circuit is first disconnected
from the regular source and the source terminals of
the circuit are connected together., Comparing Figs.
15 and 16 will show that they amount to the same
kind of connection for the tester, in both cases the
circuit is complete all the way around, and is com-
pleted through the self-contained tester.

LOCATING ACCIDENTAL GROUNDS

An accidental ground is a type of short circuit in
which the short part for current is between a con-
ductor which normally should be insulated and the
ground metal which forms part of the circuit. Since
a ground is merely one kind of short, the test for
locating grounds are essentially the ame as those
for locating shorts.

Fig. 14 shows the use of a test lamp for locating
shorts in an insulated return circuit. Fig. 17 shows
the same method of test applied to a ground re-
turn circuit. Fig. 15 shows a self-contained tester
used for locating short circuits. Fig. 18 shows the
same tester used for locating an accidental ground
in a ground return circuit. It is apparent that the
testers will give the same indications for accidental
grounds as they give for shorts between normally
insulated conductors. The section of the circuit
that is completed through ground or through metal-
lic frameworks is the equivalent of a length of wire
conductor, ’

The general type of ground return circuit shown
in Figs. 17 and 18, also by Fig. 5, is the type com-
monly used for automobile wiring, some radio wir-
ing, for some instrument and meter wiring, and in
any cases where the metallic ground takes the place
of an insulated copper wire and makes it possible
to use less of the insulated wire in completing the
circuit.

In the power and light circuits for buildings and
distribution systems we have grounded conductors
which are grounded for safety reasons, not for re-
ducing the amount of insulated wire required. In
these grounded systems of wiring the metallic
grounds carry no current except when faults de-
velop that allow contact of the ungrounded con-
ductors with those that are grounded or with the
metallic grounds.

The principle of grounding for safety reasons is
illustrated by Fig. 19. Here we have a complete
two-wire circuit from the source through to the
lamp, which represents any load or loads on the
circuit. One of the conductors, called the insulated
conductor, contains the fuse or other protective de-
vice for the circuit, also any switches used for open-
ing the circuit. The other conductor is connected
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to a ground, usually to the cold water piping in the
building but sometimes to artificial grounds. The
runs of wire in the building are protected by and
supported by metallic conduit, boxes and fittings or
by other types of metallic raceways. All of these
metallic enclosures for the wiring, also the frames
and supports of all stationary connected equipment
and appliances are grounded through the equipment
ground. Since the system ground and the equip-
ment ground connect to the same final ground that
enters the surrounding earth, all of the metallic en-
closures and frameworks and all of the grounded
conductors are connected together into one con-
ductive path.

In wiring installations such as represented in Fig.
19 it is apparent that even the insulated conductor
is connected to ground through the lamp filament
or through the resistance of any other loads. If we
disconnect this wiring from the source, then test
from ground to the various conductors we shall find
that all of them are grounded. However, the in-
sulated conductors are grounded only through the
relatively high resistance of the loads. An acci-
dental ground occurs when an exposed part of the

insulated conductors comes in contact with either -

a grounded conductor or with the metallic- en-
closures or frameworks. With such an accidental
ground there is a path of low resistance from the
insulated to the grounded sides. Excessive cur-
rent through this low-resistance path will blow a
fuse or trip a circuit breaker. Note that what we
have called an accidental ground between the in-

sulated and grounded conductors really is a short -

circuit between these two kinds of conductors. It
acts like a ground because one of the conductors
is grounded.

TESTS IN BUILDING WIRING

The first test for grounds or shorts in building
wiring is shown by Fig. 20, with the test lamp or
other indicator connected across the clips for the
blown fuse or the opened circuit breaker. If there
is a short between insulated and grounded con-
ductor, the short circuit, the grounded conductor,
and back to the source. If there is an accidental

ground, current from the source will flow through

the test lamp, the insulated conductor, the acciden-
tal ground, the metallic raceway, the equipment
ground, the system ground, and back to the source.
Lighting of the test lamp will indicate that either a
short or a ground exists, but will not tell which
kind of trouble is present.

With the test lamp still in the same place the
next step is to open one or both of the ground
connections as shown by Fig. 21. This may be
done at the service equipment for the building.
If the test lamp still lights, the trouble is a short
circuit between wires, because current no longer
can flow through the ground connections. If the
test lamp now goes out there probably is an acci-
dental ground. 3

To check for the presence of an accidental ground
on the insulated conductors the test lamp now is
connected in either of the ground leads, as shown
by Fig. 22. After thus connecting the test lamp,
the fuse is replaced or the circuit breaker closed.
Replacing the fuse or closing the breaker before in-
serting the test lamp, with its high resistance, will
simply blow the new fuse or re-open the breaker.
If the test lamp now lights there certainly is an ac-
cidental ground.

The three tests of Figs. 20 to 22 should be per-
formed in this numbered order. If the test of
Fig. 20 shows the circuit to be clear there is no use
in making the others. Even though the test of
Fig. 21 shows a short circuit, the test for ground
in Fig. 22 still should be made, because there may

be both kinds of trouble.

The tests shown for building wiring may be made
with a test lamp or other regular loads may be left
in place. The test lamp takes so much current to
light it that it will not light or will glow but dimly
on any current that goes also through the regular
loads, but will light brightly on current through a
low-resistance short or ground. A bell or buzzer

"could be used provided the bell or buzzer were de-

signed for the supply voltage—but this seldom
would be the case. An ohmmeter should not be

‘used because it will be subject to the supply line

voltage. A voltmeter should not be used because
it will indicate full voltage with the current that
passes through the regular loads, such as lamps.

LAMPS AS TEST INDICATORS

Having examined many of the more common
methods for locating circuit troubles we now are
in a position to appreciate the advantages and dis-
advantages of some types of test indicators. First
we shall consider incandescent lamps and neon
lamps. ' '

When used with the regular source for testing
voltage and current, an incandescent lamp should

* be a rated voltage as high as, or even higher than

the supply voltage. The lamp should be of low
candlepower or low wattage, bulbs of 6 to 25 watts
being generally satisfactory. With small lamps the
testing current is small and is unlikely to do any
harm. The test lamp should be of the carbon fila-
type because such filaments withstand much more
abuse that do tungsten filaments. The test lamp
socket should be of the weatherproof type, with a
molded composition body from which extend two
wire leads. Metal brackets are likely to cause shorts

“and grounds through themselves, while porcelain

sockets are easily broken.

The simplest and least expensive self-contained
tester is made with one or two dry cells and a small
incandescent lamp as shown by Fig. 23. The lamp
should be rated at 114 or 2 volts for a single drv
cell and at 3 to 4 volts for two cells. Flash light
bulbs may be used, but 3-4 volt automobile tail
or dash light bulbs with two dry cells usually are
more satisfactory. The dry cells should be of num-
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ber 6 size, since any smaller sizes discharge quickly
and then cause unreliable indications.

Neon lamp bulbs such as used for night lamps
and signal lamps come in ratings of one-quarter to
three watts for operation on 110-120 volts. These
bulbs will light on either direct or alternating cur-
rent, both plates or electrodes lighting on alternat-
ing current and only one of them on direct current.
It takes a rather high voltage, such as supply line
voltage, to “break down” a neon lamp and cause
it to glow, but once the glow is established it will
continue with a current of only a few milliamperes
or, in the small bulbs, with a current measured in
micro-amperes.

When used with an alternating-current source a
neon bulb will light and continue to glow with
current that passes through the capacitance between
adjacent insulated conductors, so will glow on cur-
rent through an open circuit. With direct-current
supply of voltage high enough to operate the lamp,
the neon lamp will flash but will not continue to
glow with current through such an open circuit. In
general, the neon lamp is too sensitive or takes too
little current to make it reliable for ordinary circuit
testing.

BELLS AND BUZZERS

A vibrating type of doorbell or buzzer may be
used in a self-contained teste: made up with two
number 6 dry cells, the connections to the be'l or
buzzer being the same as to the lamp bulb of Fig.
23. Bells and buzzers of usual styles take so much
corrent to operate them that they will not ring or
buzz through a circuit containing even moderately
high resistance, but they will operate through a
low-resistance short or ground. The large currents
taken by these indicators will quickly discharge
even the large size dry cells. The chief advantage
of ordinary bells and buzzers is that ther give ‘an
audible signal and make it unnecessary to watch
the indicator while making test connections:

High-frequency low-current buzzers which oper-
ate on four to six volts make satisfactory test indi-
cators for self-contained testers using three or four
dry cells or a dry cell battery of equivalent overall
voltage. The only real objections to such buzzers
are their high cost for good types, and their failure
to buzz in the cheaper types.

MAGNETO TEST SET

A magneto test set, shown in principle by Fig. 24,
consists of an alternating-current generator or a
magneto, operated by a hand crank, and connected
in series with a polarized bell and the terminals for
the test leads. A polarized bell has a permanent-
magnet armature and will ring on alternating cur-
rent. Most magretos are designed to ring their
bells through a circuit resistance of 20,000 to
40,000 ohms, and, of course, through any smaller
resistance,

Among the advantages of the magneto test set
are ease of operation a signal that is clearly audible,

and the ability to test through circuits of high re-
sistance. One disadvantage is that circuits con-
taining large self-inductances, such as coil windings,
have large opposition to alternating current and
may prevent the bell from ringing. Another dis-
advantage is that the aternating current will act
through capacitances, and when a circuit contains
either condensers or long closely spaced insulated
conductors the bell ringing current will pass
through these parts even though there would be
an open circuit for direct current.

VOLTMETERS FOR INDICATORS

A voltmeter for use in direct-current circuits con-
sists of a meter movement in which the pointer
moves all the way across the scale with a current
of from one to 10 milliamperes in most designs.
Within the meter case or attached to it, and in
series with the movement, is a resistor of high
enough value so that application of the full-scale
voltage to the meter terminals will limit the cur-
rent to just enough for full-scale travel of the
pointer. Such a meter is shown by Fig. 25.

The voltmeter alone may be used just as a lamp
or other indicator is used when the source of testing
voltage and current is a line supply, or it may be
used with any other source temporarily connected
in place of the line of supply. In any case, the
full-scale range of the meter must be at least as
high as the maximum voltage from the test source.

For a self-contained tester the voltmeter is con-
nected in series with a dry-cell battery as shown
in Fig. 25. The terminal voltage of the battery
must be no higher than the full-scale range of the
meter. '

An advantage of the voltmeter is that its own
high resistance prevents any but small currents in
the circuit tested. Large currents through equip-
ment tested, especially when they are direct cur-
rents, may either magnetize soft iron cores that
should not be magnetized, or may partially de-
magnetize some parts that should have definite
magnetic polarities. The small current required to
move the meter pointer allows using a battery of
small capacity with assurance of reasonably long
service. A disadvantage of the voltmeter for some
tests is that it will indicate nearly full voltage
through a rather high external resistance or a high
circuit resistance. Thus it is not easy to recognize
the presence of abnormally high resistances in the
circuit tested.

Voltmeters for testing with alternating-current
line power as the source usually are of the rectifier
type. A rectifier meter consists of the same type
of movement shown by Fig. 25 and of a current-
limiting resistor. Between the movement and the
terminals of the meter is a rectifier which changes
alternating current into pulsating direct current
that will operate the meter movement. There are
other types of alternating-current voltmeters, but
they take so much current for thei rown operation
that we lose most of the advantages of a voltmeter
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and might almost as well employ a small test lamp.

An alternating-current voltmeter would not be
used in a self-contained tester, since they only
practicable source of alternating current would be
a magneto or small a.-c. generator. With a mag-
neto we might better use a polarized bell.

CURRENT METERS FOR INDICATORS

If an ammeter or milliammeter is used as a test
indicator there must be permanently connected in
series with the meter, and close to the meter, a
resistor which will limit current to the full-scale
value of the meter when the highest possible test-
ing voltage is applied. Neglecting the small in-
ternal resistance of the meter itself, the number
of ohms in the limiting resistor must be equal to the
maximum of applied volts divided by the full-
scale current of the meter as measured in amperes,
not in milliamperes.

Unless it is necessary to measure current in am-
peres or milliamperes during tests, a current-meter
should not be employed. There is too much danger
of applying excessive voltage and of burning out
the meter. A delicate milliammeter without a pro-
tective resistor may be burned out by connecting
it to a single flash light cell.

A milliammeter, a current-limiting resistor, and
a dry cell battery may be asembled into a self-con-
tained tester as shown by Fig. 26. The number
of ohms required for the resistor is found by multi-
plying the battery volts by 1,000, then dividing the
product by the full-scale milliamperes of the meter.
Such a resistor will limit the meter current to the
full-scale value when testing a short circuit and
when the battery is fresh. The tester thus assem-
bled is practically the same as the self-contained
voltmeter type of Fig. 25, except that the limiting
resistor is a part of the voltmeter and is added to
the milliammeter.

A milliammeter of the rectifier type might be used
when testing with alternating current as the source.
Again it would be absolutely necessary to perma-
nently connect a current-limiting resistor in series
with the meter, so again it would be better to use
a voltmeter rather than a current meter.

OHMMETERS

Fig. 27 illustrates the basic principle of a com-
monly used style of ohmmeter, an instrument that
indicates on its dial scale the ohms of resistance in
a circuit to which it is connected. At “A” in Fig.
27 we have a milliammeter which reads 10 milliam-
peres at full scale, a 3-cell 4%5-volt dry cell battery,
and a 450-ohm resistor, all in series between the
terminals to which is connected an external cu'cmt
here shown as having zero resistance.

Ohm’s law shows that the current is 10 milliam-
peres through 450 with 4% volts applied, so, neg-
lecting the small internal resistance of the meter
itself, we have a full-scale reading of the meter.
At “B” we have disconnected the external circuit
from the terminals, so no current can flow and the

meter reads zero. With the terminals open we
have between them an external resistance so great
that it is called infinite resistance.

At “C” in Fig. 27 the terminals are connected to
an external circuit having a resistance of 450 ohms,
the same as the resistance of the resistor in the
ohmmeter. Now the total resistance in series with
the meter and battery is 900 ohms. Ohm’s law
shows that this resistance allows a current of 5
milliamperes with 434 volts applied. Thus we have
a half-scale reading of the meter.

The dial scale of an ohmmeter is graduated in
ohms rather than in current values. Infinite ex-
ternal resistance is indicated by the pointer all the
way to the left, zero resistance is indicated by the
pointer all the way to the right, and intermediate
resistances are indicated by intermediate readings.
The graduations are farthest apart at the low-resist-
ance right-hand end of the scale and get closer and
closer together as they go toward the high-resist-
ance left-hand end.

In a practical ohmmeter there is allowance for
the internal resistance of the meter movement, also -
adjustments for battery voltage and to compen-
sate for gradual fall of voltage as the battery dis-
charges, &

One of the best of all test instruments may be
made with parts such as shown in Fig. 27 enclosed
in a case with terminals for test leads. Unless we
wish to measure exact numbers of ohms it is not
necessary to allow for movement resistance nor to
provide adjustment for battery voltage or battery
discharge. The number of ohms in the fixed re-
sistor inside the ohmmeter case is found by multi-
plying the battery voltage by 1,000, and dividing
this product by the full-scale milliamperes of what-
ever meter is used. Because of the extra resistance
of the movement the pointer will not go to full scale
even with the terminals connected together through
a short copper wire, but the pointer will go almost
to full scale. A half-scale reading always will indi-
cate an external resistance approximately equal to
the fixed resistance used in the chmmeter.

A self-contained tester of this type will indicate
an open circuit by its pointer remaining at the
left-hand end of the meter scale, will indicate a
“dead” short or a low-resistance ground by the
pointer going almost all the way to the right, and
will indicate resistance by the pointer gaing to
some intermediate position on the scale.

TELEPHONE. RECEIVER FOR TEST
INDICATOR

Fig. 28 shows the connections for a telephone
receiver or radio headphone used as a tester. One
or two dry cells are connected in .series with the
receiver and the test leads, preferably with cords
long enough so that the dry cells may be carried in
your pocket with the headband and receiver in place
on your head, thus leaving both hands free to work

“with the test leads.

When one lead is connected to one side of a cir-
cuit being tested, and the other lead is lightly
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touched to and withdrawn from the other side of
the circuit, there will be pronounced click in the
receiver if the circuit is complete, and there will
be no click or only a weak one if the circuit is
open. If the circuit being tested contains high re-
sistance the click will be weaker as the resistance
increases.

Some circuits have quite a bit of capacitance,
either in the form of condensers or capacitors, or
else between adjacent insulated conductors in long
circuits. When the telephone receiver is used for
testing such circuits there will at first be a loud
click as the capacitance takes a charge. If one
lead then is removed and quickly reconnected the
click will be weaker, but if much time intervenes
between taps the click will be as loud as before
if the capacitance is due to long insulated wires,

After enough experience in using the telephone
receiver so that its indications may be quite surely
recognized, this makes a decidedly useful tester,
but at first the clicks or absence of clicks is likely
to be misleading.

TESTS ON PARALLEL CIRCUITS.

Up to this point all our diagrams of circuits teste:]
have shown series circuits. A series circuit is one
in which all the current flowing in any one part
must flow also through every other part of the
circuit. It is a circuit in which all the parts are
connected “end-to-end”, and in which the two outer
ends of the circuit are connected to the source.

A parallel circuit consists of two or more cur-
rent paths connected across the same source. Fig.
29 shows loads A, B and C connected across
a source. The voltage of the source is applied
equally to all the loads connected in parallel, and
the total current from the source divides between
the loads connected in parallel.

In diagram “1” of Fig. 29 there is ¢h open cir-
cuit in the branch line for load B, but, as shown
by the arrows, current still flows as usual through
loads A and C. We might be able to locate the
open circuit by measuring the change of resistance
across the source, but this would require knowing
the original resistance of the circuit when in good
condition—a knowledge we seldom would have,

In diagram “2” of Fig. 29 there is a short circuit
between terminals on loads B and C. Current from
the source folows the path shown by arrows, pass-
ing through none of the loads but going entirely
through the low-resistance wire conductors. No
current to speak of flows through any of the loads.
The excesive current through the wire conduc-
tors will blow a fuse or trip a circuit breaker, just
as will the short-circuit current in any other
circuit,

Diagram “3” in Fig. 29 shows a ground return
circuit with the three loads in parallel across the
source. Opens and shorts in this circuit would act
generally as they do in any other circuit, and acci-
dental grounds would act like short circuits—just
as they do in a series connection.

To locate opens, shorts and accidental grounds in
parallel circuits, or with loads connected in parallel
we nearly always must disconnect the parallel
branches from one another and test each branch
as a series circuit, which it is when disconnected
from other branches. Then the tests for various
kinds of faults are exactly the same as those we
already have studied.

Lighting and appliance branch circuits in build-

ings ordinarily are wired according to the principle
shown in Fig. 30, where the symbols marked L
represent lamps or appliances. In each branch the
lamps or appliances are in parallel between the
two wire lines, -but the relatively high resistance
of lamps between the two sides of the branch cir-
cuit allows testing the branch like a series circuit
when it is disconnected from other branches. Each
branch may be disconnected from the service equip-
ment by removing the fuse or opening the circuit
"breaker that protects the branch. The left-hand
branch of Fig. 30 would be disconnected by remov-
ing fuse A, then testing this branch according to
the methods of Figs. 20 to 22. The upper right-
hand branch would be disconnected by fuse B, and
the lower right-hand branch by fuse C.

Parallel circuits having exposed conductors run-
ning between separate pieces of equipment may be
broken up into series sections after inspecting the
connections. When the conductors are concealed,
as with the internal wiring of appliances and other
electrical apparatus, it usually is necessary to have
a wiring diagram of the equipment before it is pos-
sibeto carry out positive tests for circuit troubles.

DETERMINING THE PROBABLE TROUBLE

Blown fuses, tripped circuit breakers, and evi-
dences that equipment and insulation -have been
overheated indicate that the circuit troubles are
shorts or grounds. When such symptoms are
present you should commence your work with tests
for shorts circuits and accidental grounds rather
than with tests for open circuits.

If lamps, appliances and other equipment fail to
operate, and if fuses or circuit breakers are not

- open, it is probable that there is an open circuit and

it is for such trouble that you first should make
tests, When any equipment refuses to start or to
operate, the correct procedure is to check for volt-
age at the equipment terminals with switches
turned on. You can make this check with a test
lamp having a voltage rating the same as that of
the supply line. If the lamp lights brightly there
is voltage at the equipment and there are no open
circuits in lines coming to the equipment. If the
lamp lights dimly there probably is high resistance
somewhere in the lines, and if the lamp fails to
light at all there is an open circuit.

Before making instrument tests for open circuits
look for any switches which may have been opened
in lines between the supply source and the equip-
ment, and look for blown fuses or open circuit
breakers in the lines. If switches, fuses and circuit
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breakers are closed, check for voltage all the way
back to the source or to the point at which the

circuits connect to a supply line.

TESTING INTERNAL CONNECTIONS

All of the diagrams that have illustrated circuits
and methods of testing them have shown the loads
or circuit units as though they were well separated
from one another and had exposed wires running
between them. Exactly the same methods are used
for testing internal connections and internal circuits
in any kind of electrical equipment. Whether you
are checking a circuit between lamps in separate
rooms of a building, or one between adja®nt tubes
in a radio set makes no change in the general princi-
ples of testing for circuit troubles.

When testing the circuit and connections inside
any one piece of electrical equipment much time
will be saved if you have a wiring diagram or a
schematic circuit diagram for the equipment, especi-
ally if the construction it at all complicated. it
would be relatively easy to check the internal con-
nections of &omething so simple as a vacuum
cleaner containing only a motor, control switches
and their connections. It would be more difficult to
test an electric range with its many additional
control switches and thermostats.

CHOICE OF TESTING METHODS

With the various kinds of testing equipment
we may employ either alternating’or direct current
supplies; taking alternating current from a supply
line or a magneto, and direct current from batteries
in most cases but sometimes from a d-c line. When
you have a choice it is a good idea to use alternat-
ing current for testing circuits and equipment that
normally operate with such current, and to use
direct current for those that normally operate with
direct current. However, unless the circuit being
tested contains coils that provide considerable in-
ductance, or capacitors that provide considerable
capacitance, direct-current testing equipment is just
as good as alternating current in every case.

The voltage used for testing should preferably
be as high as the normal operating voltage of the
circuit tested, at least when you are using lamps,
bells or buzzers for the test indicator. It is entirely
possible for a short circuit or accidental ground to
allow large leakage currents on 110 volts and yet

not allow enough leakage to light a test lamp or
ring a bell on voltage from one or two dry cells.
When using more sensitive indicators, such as
votmeters and ohmmeters, any voltage that oper-
ates the test instrument is sufficiently high for
all usual tests. :

When you use a high testing voltage, such as line
voltage, always limit the testing current to the
smallest possible value that will operate the in-
dicator being used. A 6-watt lamp, taking but a
small fraction of an ampere of current on a lighting
and power circuit, gives indications that are just as
positive and just as reliable as those of any larger
lamp that takes much more current. The advantage
of using a high testing voltage is in the fact that
the high voltage will force current through faults
in the circuit, but the least possible current is just
as effective as a big curenrt so far as test indica-
tions are concerned.

Test leads should be of very flexible wire with
conductors formed from braided strands covered
with flexible insulation such as a thin layer of
rubber and two layers of braided fabric. It is con-
venient to have a spring clip at the end of one test
lead. This clip may be firmly attached at one point

. in the circuit tested. At the end of the other lead

should be a pointed test prod enclosed almost to
its tip with rubber, fibre or composition insulating
tubing. It is advisable also to have a sleeve of soft
rubber over the spring clip. Unless the end of the
test leads are protected with insulation clear to
the tips with which connections are made, the
exposed conductors of the leads will cause plenty
of shorts and accidental grounds while you are
making tests.

A test lamp used alone, with line power for the
testing voltage and current, should have insulated
spring clips,on both leads so that it may be con-
nected securely between terminals or fuse clips
while you check for circuit troubles. When con-
necting such a lamp to the circuit do not take hold
of both clips at the same time and attach them.
By doing this you are likely to get a severe shock.
Use only one hand at a time, clip one lead in place,
let go of it, then clip the other lead in place. The
same general method of making test connections
should be followed with any test equipment that
employs high voltage or line voltage,
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ELECTRICAL DIAGRAMS — WHAT THEY MEAN AND HOW
TO READ AND USE THEM

THE EASY WAY TO LEARN

The language of electricity is written in electrical
diagrams, and the best and quickest way to learn
how to read and draw electrical diagrams is to start
right in reading the kind of diagrams used by men
in the electrical industry.

Instead of first trying to memorize all the little
separate rules and methods that- engineers use in
making diagrams, then trying to fit these things
together later on, it is far better to commence
studying complete practical diagrams right in the
beginning. Nothing could be better adapted to such
study than the diagrams in this book, for they not
only represent actual electrical practice, but they
have been proved through constant use by hundreds

of electrical men working and learning in the Coyne
School shops.

SYMBOLS AND PICTURES

Electrical diagrams show wires and other con-
nections between separate electrical devices, such
as a lamp and a switch, or may show the connec-
tions inside some electrical device, such as those
inside a motor. The wires are easily shown by
simple lines on the diagram, but it is not always so
easy to show the connected devices, such as lamps,
switches and motors. These devices might be
shown with pictures, but there is a better and
simpler way.

The reading of all electrical diagrams is made
relatively easy by using symbols instead of pictures
to represent electrical parts. A symbol is a sort of
simplified picture, a kind of sign writing. The dif-
ference between symbols and pictures is shown on
the two pages at the beginning of the Wiring
Section, where many common electrical devices
are shown both ways. ‘

A picture can show the external appearance of
only one particular make or model of an electrical
part, and in nearly every case fails to show how
the part behaves electrically. Consider. the pictures
of switches shown on one of the pages of symbols.
Except for the knife switches, where the working
parts are exposed, any of these switch pictures
might represent almost any type of switch—open
circuit, closed circuit, double circuit or double
throw. But the symbols for the switches indicate
quite clearly how the switches work electrically,
how they are supposed to open and close electrical
circuits. The same differences between symbols
and pictures show up with adjustable resistors and
with other devices having moving parts.

SYMBOLS

For- quite a few electrical parts we have a choice
of two or more symbols which mean the same
thing. For instance, wires that cross without being

connected may be shown in any of three ways.
Some engineers and draftsmen use one method,
while others use a different one—it’s just a matter
of personal choice.

Other examples of different symbols for the
same thing occur with cells and with batteries. The
shorter lines may be of the same thickness as the
longer lines, or the shorter ones may be much
heavier. Transformers may be shown with zig-zag
lines or with loops, resistors may be drawn to look
like a dovetail joint or to look like saw teeth. The
meaning of a symbol is not altered by the style
used, any more than the meaning of words is
altered by writing them sometimes slanting, some-
times vertical, and sometimes backhand.

The man who makes the diagram may specify,
usually by a note on the diagram, that certain
styles of symbols have special meanings on that
one diagram. For example, it might be noted that
resistors shown like a dovetail indicate those con-
structed with cast iron ‘“grids,” and that those
shown by a saw-tooth line indicate those that are
wire-wound. But these are special cases and they
do not alter the general meanings of the symbols.

Compared with pictures, symbols are easier to
draw, are easier to recognize even though roughly
or crudely drawn, and with symbols it usually is
easier to follow current paths through the parts.

As a consequence, practically all electrical diagrams
make ase of synibols.

WHAT EACH SYMBOL MEANS

Because the symbols shown on the two pages of
symbols and pictures are used in so many electrical
diagrams you should become well acquainted with
the meaning of each of them. The following ex-
planations tell just what each symbol signifies.

Wires Crossing (Not Connected): Wires which
are not electrically connected together, but which
must cross one another in a diagram, are shown
by any of these symbols. The left-hand symbol
generally is preferred, especially in engineering
work, but the one at the right indicates the
crossing most clearly.

Wires Joined or Connected: Wires which are
electrically connected together, so that current
may flow from one to the other, are shown by
these symbols. Note that a small black dot indi-
cates the point of joining.

Switch, Open Circuit: This symbol may indicate
a press-button switch or other type normally
held open by a spring, and closed by pressing
a button or a lever. The switch opens again
when the button or lever is released. The circuit
in which the switch is connected normally re-

mains open. This type may be called a normally
open switch.

-\
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Switch, Closed Circuit: This is a switch normally
held closed by a spring, and opened by pressing
a button or operating a lever. The circuit in
which the switch is connected normally remains
closed. This type may be called a normally
closed switch.

Switch, Double Circuit: This switch has three wire
terminals, one connected to the movable blade
of the switch, another to the contact point with
which the blade is held in contact by a spring.
and the third connected to the contact which
normally is separated from the movable blade.
A circuit normally remains closed between the
movable blade and one contact point, and upon
pressing the button or lever the connection is
shifted to the other contact. This may be called
a two-way switch.

Switch, Double Throw: This switch will connect
one wire or one line to either of two other wires
or lines, depending on which direction the switch
handle or blade is moved.

Lamps: Either of these symbols may be used for
any style of incandescent lamp. If some other
style of lamp is to be indicated, such as a flu-
orescent type, a note to that effect should be
made on the diagram, or else some special symbhol
should be used and plainly identified.

Cells: A cell is a single unit that produces emf
and causes current to flow in a closed circuit.
The longer line usually indicates the positive
terminal of the cell, although this is not an
invariable rule.

Battery: A battery consists of two or more cells
which, when connected together in series as indi-
cated by the symbol, deliver more emf or more
voltage than a single cell. While the end of the
battery shown by the longer line usually is con-
sidered to represent the positive terminal, it is
better practice to mark the ends with plus ()
and minus (—) signs for polarity. The number
of cells shown in the battery symbol does not
necessarily indicate the number of cells in the
actual battery. A few long and short lines may
indicate any number of cells. One end of the
symbol may be a long line and the other a short
line, both ends may be long lines (this is good
practice), or both ends may be short lines,
Transformers: Transformer windings may be indi-
cated either with zig-zag lines or with loops. The
zig-zag lines are preferred in commercial and
industrial power and light circuits, while the
loops are generally used in radio circuits. When
using looped lines for the windings, one or more
straight lines between the windings indicate an
iron core. The absence of such straight lines
means an air core. An iron core is assumed when
using the symbol consisting of zig-zag lines, since
power transformers always have iron cores.
Resistor, Fixed: A fixed resistor is one whose re-
sistance cannot be altered while the resistor is in
a circuit and is carrying current. The left-hand
symbol, appearing like a dovetail joint, is the one
used for resistors in commercial and industrial

power circuits. The saw-tooth or zig-zag line is
used for resistors in radio circuits. Provided
there is no danger of confusing the resistor sym-
bol with the one for transformer windings, the

'saw-tooth symbol may be used to indicate re-

sistors in any circuit.

Resistor, Adjustable or Variable: An adjustable or

variable resistor is one whose value in ohms, or .
whose resistance, may be altered while the re-

sistor is in use and is carrying current. An adjust-

able resistor may be called a rheostat. These

devices are used for adjusting or varying the

voltage and current going to some piece of elec-

trical equipment or to a circuit.

Meters: All kinds of meters are indicated by circles

within which are letters identifying the kind of
meter. In addition to the symbols shown, a circle
with an inclosed “F” would indicate a frequency
meter, one with “WH” would indicate a watt-
hour meter, one with “MD” would indicate a
maximum demand meter, and so on.

Direct-current Machines: Direct-current generators

and motors are indicated by circles which repre-
sent their commutators, and with diagonal lines
which represent the brushes. Without a letter
in the circle the symbol usually means a gener-
ator or dynamo, although it is common practice
to place a “G” within the circle to prevent pos-
sible misunderstanding. The letter “M” within
the circle indicates a motor.

Alternating-current Machines: An alternator or

alternating-current generator is indicated by two
concentric circles representing the slip rings and
by sloping lines that represent the brushes or col-
lectors. There are so many varieties of alternat-
ing-current motors that the symbol is simply a
circle with the letter “M” inside. The general
type of circuit, the connected wires, and other
equipment in the circuit will help to identify
many of these simple symbols and to avoid con-
fusion. As an example, there would be three wire
connections running to a three-phase alternating-
current motor.

Fixed Capacitor or Condenser: An electrostatic

condenser is commonly called simply a condenser.
Capacitor is the better name, because there are
many other kinds of condensers. The left-hand
symbol, consisting of two parallel lines, is the
one generally used in radio work. The right-hand
symbol, indicating the interleaved plates and,
dielectric of the capacitor, is generally used in
commercial and industrial circuit diagrams.

Variable or Adjustable Capacitor or Condenser:

Either of these symbols indicates a capacitor
whose value or whose capacitance may be altered
or changed while the capacitor is working in a
live circuit. Both of these symbols originated in
radio work, since it is only in this and similar
fields that adjustable capacitors are generally
used.

Inductor, Reactor or Choke Coil: Any coil or wind-

ing which possesses considerable seli-inductance
and inductive reactance may be shown by these
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symbols. The looped lines are the standard sym-
bols for inductors or coils both in power diagrams

_and in radio diagrams.

Ground Connection: A ground connection is a con-
nection either to a conductor that leads into the
earth, or to the metallic framework and supports
that carry electrical equipment. Two or more
ground connections shown by symbols in the
same diagram are assumed to be for the same
ground, so that there is a continuous conductive
path between the grounds shown on the diagram.

Signals: The symbols for bells, buzzers and an-
nunciators are among those most commonly
found in wiring diagrams. Other signal symbols
will be shown on later sheets of symbols.

Relay: A relay is a switch whose contacts are oper-
ated by an electromagnet in which flows current
that controls the relay. The contacts are in the
same or a separate circuit. Relays often are
shown by an outline having the shape of the part
to which wire connections are made, and on
which the relative positions of terminals are
clearly shown.

KINDS OF ELECTRICAL DIAGRAMS

Before commencing the actual reading of elec-
trical diagrams you should understand that different
kinds of diagrams are intended for different pur-
poses. Some diagrams are especially helpful when
you are installing and wiring electrical apparatus,
while others are arranged to help you locate and
remedy circuit troubles. Some diagrams show only
the external wires and connections between exposed
terminals of electrical parts, others show the con-
nections inside the parts.

In this book are many diagrams of each kind.
To help you recognize their particular purposes and

applications we now shall examine some examples
of each kind. .

EXTERNAL AND INTERNAL DIAGRAMS

Some electrical diagrams show the wires and
other conductors through which electric current
may flow, or should flow, as it travels from the ex-
posed terminal screws and fastenings on each piece
of electrical equipment to the exposed terminals of
other pieces in the same circuit or same installa-
tion. A diagram of this general type appears on
page 63 where you may see all the wires running
between lamp outlets, switches, and other parts of
the lighting installation for a small bungalow.

Other electrical diagrams show conductors and
current paths through the parts which are inside
some one electrical device. Diagrams of this type
are shown on pages 45 and 46, where it is easy
to trace the current paths through windings and
contacts that are inside the relays.

Still other diagrams show both internal and ex-
ternal connections, or may show the internal con-
nections for only some of the parts, and the external
connections between all of them. Diagrams of this
class are on page 47. On this page the diagrams
show all the external connections between all the

parts, they show the internal connections inside the
relays, but they do not show the internal connec-
tions for the signal bell in the upper diagram nor
of the motor in the lower diagram.

As you have just seen, it is possible to have 2
diagram showing only external connections, pos-
sible to have one showing only internal connections,
possible to have one showing both external and
internal connections, or possible to have one show-
ing some external and some internal connections.
The kind of diagram furnished on any job depends
on what work you are to do—on whether you are
to work only on the external wiring, only on the
internal connections, or on both.

WIRING DIAGRAMS

When we speak of an electrical diagram as a
wiring diagram we usually mean that the diagram
shows exactly how wires are to be placed between
electrical parts, and just where each wire is to be
connected.

On page 65 are wiring diagrams showing the
outline shapes of a meter box and a service box.
On these boxes are shown the exact positions and
connections for the black or red wires (B or R)
and for the white wires (W). Anyone able to use
screwdriver and pliers should be able to install
wiring with the help of such a wiring diagram.

The uppermost diagram on page 64 is a wiring
diagram because it shows for the electric range
the true relative positions of its burners, switches
and other parts, and shows the actual locations of
wire terminals on these parts. Were you looking
at the range itself you would find that this diagram
is practically a picture of the wires and terminals.

CIRCUIT DIAGRAMS OR
SCHEMATIC DIAGRAMS

Running all the way across page 64, immedi-
ately below the large wiring diagram for the elec-
tric range, are two smaller diagrams. One is
marked “Circuit for Cooking Unit,” the other “Cir-
cuit for Oven Unit.” These are not wiring diagrams,
because the heater elements, switches and connec-
tions are not’ in the relative positions that thev
actually occupy on the range. But, on these circuit
diagrams, it is easy to trace the paths for electric
current all the way from the three main wires
marked L, N and L through the switches and
through the resistors which are heating elements,
and back to the main wires. This style of diagram
shows the paths for current very clearly, but does
not place the parts in their true relative positions.
A circuit diagram, which shows electrical circuits,
may also be called a schematic diagram, because it
shows the general scheme of things from the stand-
point of electrical action.

It is plain that if you wish merely to check the
connections of wires to the terminals of ‘this electric
range you will prefer to work with the large wiring
diagram at the top of the page. But should one
burner fail to operate and should you wish to check
the paths through which the resistor in this burner
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gets its current, then it will help greatly to have a
circuit diagram or schematic diagram showing just
how the switches operate, and just which resistors
should be carrying current for each of the several
degrees of heat. At least it would save much time
provided you knew how to read a circuit diagram.
Before we get through with our studies you will
know how to read every such diagram and will be
able to correctly interpret its meaning.

As a general rule the more expert and experi-
enced the electrician the more he prefers to have
circuit diagrams or schematic diagrams, and the less
he depends on wiring diagrams. After getting ac-
quainted with electrical apparatus in a general way,
and when you have a particular piece of apparatus
right in front of your eyes, it is not difficult to
follow the wiring between exposed terminals. But
no one can follow internal wiring without either
taking the thing apart or having a good -circuit
diagram., With such a diagram it becomes easy
to test for opens, high resistances, shorts and
grounds by connecting your circuit tester to the
exposed terminals—and to know from test indica-
tions just what is wrong inside the part on which
you are working.

PICTORIAL DIAGRAMS

Sometimes a wiring diagram is a pictorial dia-
gram, meaning that it consists of pictures showing
the external appearance of the parts and of the
wiring connections. between them. On page 64, in
the lower left-hand corner, the range installation
diagram is a pictorial diagram. This diagram shows

pictures of how conduit (pipe for enclosing wires).

and armored cable (flexible metal covering for
wires) are to be run between the electric range,
the meter box, the switch box, the ground connec-

tion, and the outdoor servicﬁ connection for the

. wires of the electric power company,

COMBINATION DIAGRAMS

Wiring diagrams, circuit or schematic diagrams,
and pictorial diagrams all have their particular
uses, But often more useful than any of them is

a type which we may call a combination diagram.

Such a diagranr is partly pictorial and partly a cir-

cuit or schematic diagram. The telephone diagrams .

on pages 51, 52 and 53 are combination diagrams.

Consider the diagram on page 51. Here you
may follow the internal connections through the
windings in the symbol for a transformer, whose
terminals are marked S-S-P-P, also through the
electromagnet windings of the bell shown toward
the right from the receiver, and you may follow the
current paths through the contacts of the receiver
hook switch. But internal circuits are not shown
for the transmitter or mouthpiece at the extreme
left-hand side of the diagram, nor for the receiver
which you place to your ear, nor for the ringer
magneto which is up near the line terminals at the
right. :

In this diagram on page 51 we have symbols
for the transformer, the battery, and the ground

connection inside the magneto. We have simplified
pictures for the transmitter and receiver. For the
receiver hook switch, the bell, and the switch on
the magneto we have a combination of picture and
circuit diagram,

Excellent examples of combination diagrams are
the meter connections shown on page 65. The
meters themselves are shown by outlines with the
windings inside the meters shown by loops con-
nected to terminals which are in the positions they
actually occupy on the meter basis. The fuses are
shown very much as they actually look, either when
looking at their tops or their sides. The shaded
parts near the fuses are the connection straps, cop-
per bars into which thread the terminal screws for
wire connections.

In these diagrams on page 65 you have enough
of a picture of the meters and the meter boxes
to let you recognize every part of the actual equip-
ment, and in addition you have all the internal
wiring and the external connections so that every
current path is easy to trace,

- READING THE DIAGRAMS

Now that you have become familiar with many
of the principles of all electrical diagrams we shall
proceed to examine, one by one, each page or each
diagram in the following section on “Wiring.” In
nearly every diagram or on nearly every page are
examples of methods and practices generally fol-
lowed. As you become acquainted with these prac-
tices you gradually will build up your ability to
read and understand all electrical diagrams. Some-
day soon you will wonder why any of them ever

“appeared so complicated and intricate.

PAGE 41

This page shows a circuit tester consisting of
battery, lamp and flexible wire leads, used to deter-
mine the type of switch being tested. In diagrams
A, C and D there are arrowheads on the ends of
the leads from lamp and battery, indicating that
these leads are tipped with metal prods which may
be touched to terminals being tested. Test leads
may be shown as straight wires (diagrams A and
B) but more often are shown by wavy lines (dia-
grams C and D) to indicate that they are flexible
wires easily moved about. The types of switches
are shown by their symbols.

PAGE 42

In tracing current paths through a diagram the
directions of current flow may be indicated by ar-
rowheads on the lines which represent wires. When
a switch is shown as open on the diagram, but must
be closed to permit current flow, the closing is indi-
cated by a dot placed alongside the switch symbol.
These practices are followed in Coyne School shops.

PAGE 43

The voltmeter, ammeter, battery and switches are
indicated by their symbols. The voltmeter terminals
carry flexible test leads tipped with metal prods,
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as indicated by the arrowheads at the ends of the
meter leads.

PAGE 44

Diagram A represents a water pump, water pip-
ing, and water pressure gauges connected to the
piping. In the other diagrams the pump is replaced
with an electric generator, the pipe with electric
wifes, the pressure gauges with voltmeters which
measure electrical pressure, and the small section
of pipe at the right-hand side is replaced with an
electrical resistor.

In diagram B note that the negative (—) terminal
of the generator is grounded. On the voltmeters
represented at various points along the wire, one
meter terminal is connected to the wire and the
other terminal to ground. Thus one of the meter
terminals always is connected through ground to
the negative (—) side of the generator, and the
meters will measure voltages at various points
along the wire with reference to the voltage at the
generator negative terminal.

In diagrams C and D the voltmeters are not
grounded, but are connected through test leads to
various points on the wire.

PAGE 45

In diagrams A, B and C connections from ter-
minals O, M and C to the movable blade and the
contact points are shown by broken lines. This
indicates that these connections are made under-
neath the base of the relay. The coil or magnet
connections shown by full lines are on top of the
relay base where they may be seen.

Between diagrams A and B is a list giving mean-
ings of letters used in the diagrams. In this list
the part numbered 2 is identified as a spring, other-
wise it might be taken for a resistor because of
the manner in which it is shown in the diagrams.
Parts with which there might be some confusion
or doubt always should be identified on the dia-
gram.

PAGE 50

In the lower diagram for an alarm circuit the
bell armature, to which is attached the clapper that
strikes the bell, is held toward the right so long as
the switches remain closed to let battery current
flow through the coils. Opening either switch opens
the coil circuit, allows the armature to move to the
right and make contact with the breaker screw,

thus completing the bell circuit through the two.

ground connections and allowing the bell to ring
continuously.

PAGE 54

The symbols at which we looked on earlier pages
are those generally used for diagrams in which it
is possible to trace the current paths throughout
the entire electrical system. They are used for
schematic diagrams and for circuit diagrams. This
new page, Symbols for Wiring Plans, shows how
the various electrical devices are indicated on dia-
grams for building wiring. Most of these symbols

are for various kinds of outlets. An outlet is a
point on a wiring system from which is taken cur-
rent for lamps, fixtures, appliances, heaters, motors,
or any other electrical equipment. .

The names printed alongside the symbols usu-
ally indicate quite clearly just what kind of outlet
is meant. However, we shall follow down through
the columns of the page and explain some- points
which may not be entirely clear.

A Capped Outlet is an outlet provided for pos-
sible future use, but at present closed with a
screwed-on plate and having no external connec-’
tions. A Junction Box is a steel or porcelain en-
closure within which are joints between wires from
different branches or runs in the wiring system,
but to which lamps and other equipment are not
connected. Vapor Discharge lamps include mer-
cury vapor and fluorescent lamps as distinguished
from incandescent lamps.

A Duplex Convenience Outlet is one to whick
two cord plugs may be connected at the same time.
Convenience Outlets in general are outlets designed
to take the prongs of the plugs on flexible cords.
A Switch and Convenience Outlet is one that takes
one cord plug and has in the same box a switch
controlling current tn the plug connections.

A Single Pole Switch opens and closes only one
side of a two-wire line, while a Double Pole Switch
opens and closes both sides. Three Way and Four
Way Switches are used for controlling a single
lamp or other equipment from two or more loca-
tions. An Electrolier is a lighting fixture having
a number of lamps. A Circuit Breaker Switch is
circuit breaker that operates automatically in case
of excessive current, and that may also be oper-
ated by hand like an ordinary switch. A Momen-
tary Contact Switch is one that makes and then
quickly breaks a connection as the switch is oper-
ated.

PAGES 55 TO 57

Here are pages showing the connections and
operation of switches such as generally used to con-
trol lighting and appliance circuits in buildings,
as well as for any other controls which are similar.

The outlets controlled by the switches. are repre-
sented by circles with four short lines radiating
around the outside. The switches are shown by
heavier circles. The switch terminals and station-
ary contacts are indicated by small black squares
around the inside of the switch circle, while the
contacts that are moved as the switch is operated
are shown by lines between the terminals inside
the switch circles.

On page 55 note carefully the differences be-
tween the symbols for single-pole, double-pole,
three-way, and four-way switches. These symbols
are used for their respective types of switches on
the two following pages.

PAGES 58 TO 60

Now we are ready to examine plans for wiring
a five-room bungalow. These first pages, 58 to
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.shown on the floor plan of page 61.

60, show how wiring contracts and specifications
usually are written and how the electrical con-

tractor figures his costs in great detail.

PAGE 61

This is a floor plan such as the architect fur-
nishes for the electrical contractor or electrician.
On the plan are marked, with symbols, the loca-
tions for all ceiling and side wall outlets, for all
convenience outlets, and for all the wall sw1tches
that are to control current for the outlets. The
plan shows the positions and construction of walls,
and shows obstructions such as plumbing and heat-
ing equipment which might interfere with runs of

" wiring. Enough building measurements are shown

to allow the electrician to figure out the lengths
of all wiring required for the ]Ob Now it is up to
the electrician to lay out the wiring for greatest
economy of material and labor, while complying
with rules of the National Electrical Code or with
local ordinances for wiring.

PAGE 63

This is the circuit wiring diagram prepared by
the electrical contractor or the electrician. Compare
the locations of all outlets and switches with those
Two circuits
coming from the basement are shown entering this
wiring diagram at the right-hand side. One circuit
goes to the two bedrooms, their connecting hall, the
bath room, the entrance hall, and to the second
floor or attic. The other circuit goes to the kitchen,
the basement stair light, the dining room and the
living room. The loops placed around two con-
ductors or three conductors at various places indi-
cate that the conductors within a loop are run
together inside a length of conduit or other form of
raceway.

PAGE 64

The left-hand side of the upper wiring diagram
shows connections in the oven unit -of the electric
range. There are two heater resistor units, marked
“Lower Oven” and “Upper Oven,” which are con-
trolled by a single oven switch. Four switch ter-
minals connect to the heaters, while three terminals
connect through the thermostat and another re-
sistor to the line terminal block.

Below the wiring diagram are circuit diagrams.
The oven circuit diagram is toward the right. This
oven unit circuit dlagram shows the single switch
in four different positions; off, pre-heat, bake and
broil. Note that four leads run from the switch
contacts to the heater resistors and that three leads
run from the switch contacts to the line, just as in
the wiring diagram up above.

The wiring diagram for the cooking unit (the
“burners”) is shown at the upper right. There are

ur resistor heating units and four switches, one
SWlet‘i.h for each unit. The circuit diagram for the

Ning unit is shown below the wiring diagrams
ard the left, This circuit diagram shows
its four different positions; off, high,

medium and low. The four switch diagrams apply
to only one switch, any one of the four used. All
four would operate in the same manner.

PAGE 66

The 2-wire meter (upper left) is used when only
two service wires come to the installation from
the power company lines. One of these wires is
grounded in the power lines and is connected to
the grounded neutral strap. There are two branch
circuits or building circuits, marked “Load A” and
“Load B.”

The 3-wire meters (upper right and lower left)
are used when there are three incoming service
wires. One of these, called the neutral service con-
ductor, is grounded in the power circuits and is
connected to the grounded neutral strap. The volt-
age between the neutral and either of the other
“outer” wires is 110-120. The voltage between the
two outers is 220-240. Each building circuit, branch
circuit, or load circuit has two wires. One of these
wires is connected to the neutral and the other is
connected to either one or the other of the outer
wires. Thus each branch circuit has two wires with
a voltage difference of 110-120, and one of them is
grounded through the neutral grounds.

The three-phase meter is a type used on three-
phase alternating-current power lines that supply
power for large motors and other commercial and
industrial equipment.

PAGE 67

This sheet shows a test that may be applied to
building circuits and outlet connections after the
installation is complete but before the regular serv-
ice is connected. Any direct-current source furnish-
ing 200 to 250 volts is connected at the meter
socket or to the branch circuits where they start
from the service entrance equipment. The negative
of the source is connected to the grounded side or
neutral side of the building circuits.

Each lampholder then is checked by means of
a 200-240 volt neon lamp, which has a medium
screw base like an ordinary incandescent lamp.
This lamp has two plates or two “filaments.” Only
one of them will light or glow on direct current,
and this will be the one connected through to the
negative side of the d-c source. The lamp is first
tested to see which plate glows when the screw
shell of its base is connected to the negative side
of the source, and the glass of the lamp is markerl
to identify this plate.

Screw shell lampholders are supposed to be so
connected to the wiring that the shell connects to
the grounded wire or the neutral wire and so that
the center contact connects to the ungrounded side
or “hot” side of the circuit. When the neon test
lamp is screwed into a lampholder the identified
plate will glow if the lampholder is correctly con-
nected to the circuit wires. If the lampholder con-
nections are reversed, the other plate of the test
lamp will glow.
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SYMBOLS USED IN WIRING DIAGRAMS

NAME OF PART

SYMBOLS

PICTURES

WIRES CROSSING
(Not Connected)

WIRES JOINED OR

|
I .
=

)

1
_+_
+

CONNECTED :'% ﬂﬂ%ﬂ}"
i
SWITCHES Open Circuit Closed Circuit
____o__{ —— ‘T O
Double Circuit Double Throw
LAMPS () N\
/ \/
CELLS |, .
One, of any type ,l i
BATTERY nnt |
Two or more cells llll'l ll I’ l

TRANSFORMERS
With iron cores

i3

3

With two untapped windi

§

:
i

Tapped
winding

Three
windings

RESISTOR, FIXED

RESISTOR, ADJUST-
ABLE OR VARIABLE
RHEOSTATS
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SYMBOLS USED IN WIRING DIAGRAMS

| S
NAME OF PART SYMBOLS PICTURES
Ammeter' Voltmeter Wattmeter
DIRECT-CURRENT
MACHINES
Generator Motor
ALTERNATING-
CURRENT ‘@_
MACHINES
Alternator Motor
0 n B
FIXED CAPACITOR ____l_ —5 — =
OR CONDENSER -
VARIABLE OR
ADJUST ABLE A _I_
CAPACITOR OR 4 - I ~
CONDENSER

INDUCTOR, REACTOR
OR CHOKE COIL

Iron Core

Air Core

GROUND
CONNECTION

1

SIGNALS

O

Bell

¢

Annunciator

Buzzer

RELAY

g

,.‘.,:‘.‘*“

-
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IDENTIFYIN G SWITCH TERMINALS.

closed contact. Mark it C,

switches, it 1is first of all necessary to test the
switches themselves +to make sure that they are the
type required and that they are operating properly.

The test circuit consists of a source of power, a test
lamp, and a couple of leads. When the test leads are
touched together, the lamp should light. If the lamp

does not light, there is something the matter with the
test circuit.

Diagram A shows how to test & switch. Note +that the
leads from the test circuit are placed on the switch
terminals. As this switch is normally open the light
will not 1light until +the switch button is Eressed
If the switch lights the lamp when the button is
pressed, two things are shown:

1. The switch is in operating condltlon

2. The switch is an open circuit type

Diagram B shows the +test result on a switch that is
normally closed, If +the +test. lamp lights when the

leads are placed on the switch terminals but goes out
when the button is pressed, two things are shown:
1. The switch is in operating condition

2. The switch is a closed circuit type

Diasgram C shows a double circuit switch. This is
really two switches in one, for it is a combination of
an open circuit switch and a closed circuit switch.
To test this switch and find which terminals connect
to the wvarious parts, first find the two terminals
that will give a light without pressing the switch.
These two terminals must connect to the moving contact
of the switch and the closed contact of the switch.

The remaining contact must be the open contact. Mark
0 alongside this terminal.

Nect find +the pair of contacts that produce a light

-only when the switech is pressed; +these will be the

moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving
contact. Mark this terminal M. The third must be the

In this way, all of the
switch terminals may be identified.

If +the above indications cannot be obtained, the
switch must be defective. Try another ons, Alwazs

test switches before wiring them up in a circuit. 1In

this way much time will be saved and, when the connec-

tion'is properly completed, the circuit will operate.

BEFORE . WIRING ANY: CIRCUIT +that involves the use of’

M=MOVING CONTACT.

C = NORMALLY CLOSED CONTACT.

o= " OPEN "
SWITCH. LAMP.
LA N
AN
Y BATTERY.

A

1+
I

=

;.

EST LEADS

o

——
—

P :




TRACING CIKRCUIIS.

IF THE STEP BY STEP PROCEDURE
LITTLE DIFFICULTY WILL BE EXPERIENCED,

THIS SHEET SHOWS HOW TO TRACE ELECTRICAL CIRCUITS.
GIVEN BELOW IS FOLLOWED,

@

. &. Mark the polarity of the source of supply, |
putting a (+) mark at the point of highest A
electrical pressure, and & (-) mark at the

b.

point of lowest electrical pressure.

See if there is a complete path from (4)
to (-). In this case the path can be com-
pleted only by closing the switch 8§, To
indicate that this switch is closed, place
a dot beside it as shown. ’

Now trace the circuit, using the arrows %o
indicate . the direction of current flow
around the circuit from the high pressure
point (¢) to the low pressure point (~).:
Merk the number of the circuit alongside
or inside the diagram and show the color
of the arrow used to trace it thus:
Circuit #1

Mark the polarity of the battery (+) (-).

Close ‘switch 1 with a lead pencil dot,
and trace circuit controlled by +this
switch in the same color.

Mark number of
and show
thus:

circuit 'alongside diagram
colored arrow used to trace it
Circuit #1

Close switch #2 with a red dot and trace
the circuit controlled by this switch in
red.

CircwiT No. |
Circutt No.2
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Experiment A:

Place the voltmeter leads as shown. With switch-1l closed and switch-2 open, draw
the voltmeter leads slowly toward opposite end of the line and notice that the
voltmeter does not vary because there is no current flowing.

Repeat the experiment with both switches closed and mark the voltmeter readings
on the drawing at the dots. The dots indicate the points where the wire is sta-
pled to the table. This will prove that when current is flowing in the wire the

voltage drops as the length of line or the distance from current source is in-
creased.

Experiment B:

With both switches closed place the voltmeter leads together on one of the wires,
then slowly draw them apart. NOTE the voltage at different intervals marked.

The VOLTAGE DROP increases with the length of the wire between the voltmeter
leads.

Using this test determine the resistance of different lengths of the wire. Place
the voltmeter leads at two points on the same wire and observe the voltmeter
reading. Divide the voltmeter reading "E" by the current flowing "I" and the
answer obtained is the resistance "R" of the wire between the two points.

L4

Mark the voltmeter readings and the resistance between the points indicated by
dots on the diagram.
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VOLTAGE DROP IN THE ELECTRICAL bIRCUIT

&

|

@ @ @

Which point is at the higher pressure? A or B, J or I, B or D, K or A.
What is the difference in pressure between A-B, B-D, C-F, F-G, F-J, A-Z?
What is the drop in pressure from A-B, C-E, F-G, H-K, E-I, E-G, D-I?
What is the total pressure drops around the circuit?

Is the sum of the pressure drops equal to the applied pressure?

What is the pressure rise in pounds from Z to A?

N

o @

B B P

@, . ; R
-z " M 1

Which point is at the higher pressure? A or B, J or I, B or D, K or A.
What is the difference in electrical pressure between A-B, B-D, C-F, E-G?
What is the drop in pressure from A-B, C-E, E-F, F-G, K-Z, H-K, A-F, G-2Z?
What is the sum of the electrical pressure drops around the circuit?

Is the sum of the pressure drops equal to the applied pressure?

What is the pressure rise in volts from Z to A?

-

=z b-‘-@-—-+m
O

Assume same conditions as shown in (B).

What is the reading on each of the voltmeters? Note that each meter in-
dicates the difference in pressure betwesn the points to which it is con-
nected. What is the sum of the “voltage drops" sround the circuit?

What is the applied voltage? Does the sum of the voltage drops equal
the applied voltage? Mark the readings of the different meters shown.

ONP R

‘D -— sorv.
= 4 ~o

P ©
-A—

-

II"

’I
< -

’0!

What is the rate of current flow in amperes?
What is the voltage drop per 10 feet of line? Res. of ten feet is one ohm.
What is the total line voltage drop?

What voltage is applied to the load?

Does the load voltage plus the line drop equal the applied voltage?
-Mark in the readings on the different meters shown.

O NGB

| cOYNE
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RELAYS.

A RELAY IS A MAGNETICALLY OPERATED SWITCH that
can be used to:
1. Control circuits distant from the operat-

ing point. '

2. Control a relatively high voltage or high
wattage circuit by means of a low power,
low voltage circuit.

3¢ Obtain a wvariety of control operations
not possible with ordinary switches.

Whether the circuits controlled will be closed or
opened when the relay coil is energized will de-

pend upon the arrangement and connection of the
relay contacts,

ACTION

When current flows through the relay coil, it mag-
netizes the iron core with a polarity that depends
upon the comnection of the coil to the source.
This pole induces in the iron section of the mov-
able assembly, & pole of opposite sign, and the
attraction between +these operates the relay
switch., If +the current through the coil is re-
versed, both poles are reversed; therefore at-
traction always occurs. From above it is obvious
that relays can be designed to operate on either
direct or alternating current.

It is important +to note that while relays may
vary widely in mechanical construction, they all
operate on the same principle. The sketches on
this sheet show some of the differences in design.

TESTING
Before any attempt is mmde to conmect a relay in
a circuit:
1. Meke a sketch of the terminal locations
2. Test and identify all terminals
3. Make sure the relay is operating

Using an ordinary test lamp circuit, first find
the pair of +terminals +that, when the test leads
are placed on them, causes the relay to operate.
These are the coil terminals. Identify <them on
the +terminal sketch with the symbols CT., Next
locate by test, inspection, or both, +the open,
moving, and closed contact terminals. Mark them

on the terminal sketch with the symbols O, M, and
C respectively.

After the terminals have been identified, check
the operation. The relay should pull the movable
seotion up as soon as the coil is energized, and
drop it out as soon as the coil is. deenergized.
The moving section should not touch the core, and
the tension on the spring should not be too low

or too high. The relay switch contacts must be
clean,

Commecting a relay in a circuit without first

making the above tests is, in the general case,
an inaffiniant and +iwma oemote - .

WEeSTERN UniON ARELAY.

C=NORMALLY CLOSED CONTACT.

0= " OPEN "
M=MoOVING CONTACT.

1= MAGNET COIL WITH TERMINALS CT.
2= SPRING.

Dixie ReLav.
0 A

Zitlide

4—INSULATION.~»

bl bkl Lk
VY YY)

M i D
C \J
i Y |
L N _ b
2 g l
CLAPPER — b+ -
Tree ~ b
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RELAY CIRCUITS.

F

Diagram A shows an application in which a relay

and a low voltage control circuit are used to op-
erate a circuit carrying more power at a higher
voltage. '

To wire this circuit:
1. Meke a note of the apparatus required.

2 open circuit switches; 1 relay;
1 lamp; 2 batteries.

2. Test all apparatus involved and select
and use only that equipment that is in
operating condition.

3. Wire each circuit one step at a time,
and check each step before wiring the
next.

4, Trace the circuits according to the
method previously outlined.

Diagram B shows a relay epplication similar to
that indicated in A. In this case, however, the
control circuit is normally closed, whereas in A
the control circuit is normally open. The switches
used are the closed circuit type. DNote also that
in diagram A the open contact of the relay switch
is used in the power circuit, but +that in B the

closed contact is employed. The list of appara-

‘Fus for this circuit will therefore be  somewhat

different than in the previous case. The proce-
dure for wiring will be the same as before.

Diagram C shows relay applications in which a type

of control not obtainable with ordinary switches
is achieved. When switch 1 or 2 is pressed the
relay switch closes the indicating circuit and
the lemp lights and remains alight until switch 3
is pressed, when the relay is energized and stays
that way until some other switch is operated.

Wire the circuit in 3 steps and +test each before
going on to the next. The first step is shown in
solid lines, the second in dashed lines, and the
third in dotted lines. Trace the circuits and
show the color used in the boxed section.

Diagram D shows another relay being used to ob-

. tain a special type of control. Switches 1, 2,
| or 3 energize the relay and close the bell circuit
| through the relay switch. The bell rings contin-
. wously until switch 4 is pressed to reset the re-

lay.

Wire a step at a time as directed in diagrem C
then trace the circuits and show colors used.

' A s

2 Y
CONTROL CIRCUIT,

I|F

CONTROL CIRCUIT.
POWER CIRCUIT.

O
) 21__[, R x

NI

POWER

7 Meircurr.

CONTROL CIRCUIT.

L—Bltlr——A 1|

CONTROL CIRCUIT.
POWER CIRCUIT,

C |
e

SRR RS SR

|

e
FIRSTSTEP — [CONTROL CIRCUIT.
SECOND STEP —-—-- |ALARM CIRCUIT.
THIRD STEP --------- HOLDING CIRCUIT.

B[] I
{j_-'--g14

FIRST STEP CONTROL CIRCUIT.
SECOND STEP-—-— |ALARM CIRCUIT.
THIRD STEP  -------. HOLDING CIRCUIT.
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RELAY APPLICATIONS

Low resistance Track Circuit
High resistance Relay Circuit

> . Safety Signal Circuit
- L] Danger Signal Circuit
AN » > N
( u
O N ] |
Cc . RE:
R WHITE LIGHT
li— 2;] : LIGHT (2 O Cb
T =
g = \ = :
= T
- L
L} o

Rajilway crossing alarm system. when no train is on this section of the track,
current will flow through the resistance "R" and the coil "C" of the high re-
sistance relay. This will attract the relay armature, and complete a circuit
through the open bridge contact and the white lamp, (clear signal.) When this
section of track is shorted by the train wheels and axle, most of the current
will flow through this lower resistance path, thereby greatly reducing the cur-
rent through "C" and releasing the armature, closing the circuit to red lamp

and bell, (danger signal.) An open circuit switch may be used in place of track
on this Job. ' '

J0OB 35

LOW VYOLTAGE CONTROL CIRCUIT POWER CIRCUIT

L, L

¢

t 4 - o ) -
[ ]
—2 ] + @
L_ [ stop ’ "N\
BUTTONS
[ ————————1
START S
BUTTONS | A.C. LINE
{ —_
1) | I - >
2%Starting Circuits . Stick Circuit
3

This diagram shows how a motor may be operated from several different places.
Control systems similar to the above are often used to operate motors driving
conveyors, printing presses, lathes, miltiple drilling machines, and so on.




ANNUNGIATOR SYSTEMS
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This is an alarm or signal system using an annunciator "A", and a drop relay "D"
(drop switch) to provide a continuous alarm until the relay is reset by hand.
Apply the following tests to locate terminals on drop relay.

(1) Be sure the drop relay is set. The little plunger must be pushed up as
far as it will go, so that the drop contacts are held apart.

(2) Test with test leads until you locate the two terminals which, when con-
nected, will trip the relay. These terminals will be the grounded coil terminal
and the insulated coil terminal. The remaining terminal will be the drop con-
tact terminal.

(3) To distinguish between the two coil terminals, connect one lead to the
drop contact terminal with the relay tripped and one lead to one of the coil
terminals. The insulated coil terminal, when connected, will pull the relay
armature over with a click. The other coil terminal will be the grounded coil
ternd.n&l .

s &
= 2

T
—t

1]} ~—i)

This is a two-section alarm or signal system. Two or more floors, buildings, or
departments can be protected in this mamner. The annuncietor indicates which
floor or building the call comes from and the drop relay gives a continuous in-
dication after the system has been disturbed. A bell can be used in place of
the lamp if an audible signal is desired.

COYNE
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HIGH TENSION
WINDING

~3NIT—e

RATIO 1:2
PRIMARY

SECONDARY .

LOW TENSION

LAMINATED
IRON CORE

A.C.
SOVRCE

STEP UP

TRANSFORMER

’ WINDING +

A TRANSFORMER is a device to either step—up or step-down A.C. volt-
age. It usually consists of two separate windings of insulated wire
wound on a laminated iron core. One is known as the high tension
winding and the other the low tension winding.

The HIGH TENSION (high voltage) WINDING has the greater number of
turns end smaller wire.

The LOW TENSION (low voltage) WINDING has fewer turns and larger
wire. o

LAMINATED iron core means a stack or bundle of thin sheets or strips

of iron, which are insulated from each other by an oxide film. This
errengement of thin sheets or strips tends to limit or confine the
eddy currents induced in the iron and thus reduces heating of the
iron.

{

When connecting a transfofifner, either the low tension or high ten-
sion winding can be used as the PRIMARY. (Illustrated in the above
diagram) When used as a step-up transformer the low tension winding
is connected to the source as the primary and the high tension wind-
ing to the load as the secondary

The PRIMARY is always the side connected to the source.
The SECONDARY is always the side to which the load is connected.

The VOLTAGE INDUCED in the secondary will depend upon the ratio of
turns and the voltage &épplied to the primary.

HiGH TENSION T
WINDING

PRIMARY
RATIO 2:1
SECONDARY

LOW TENSION I
WINDING

CE LOAD

STEP DOWN
TRANSFORMER

LAMINATED
IRON CORE

BujJdiM pue $3)N9419
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10 BE WIRED AND CHECKED AT TABLES
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This diagrem shows how lamps may be comnected to light on different voltages.
These are obtained, on this job, by using a stip down transformer having taps
for 6, 8, and 14 volts. Notice the primary side of the transformer is already
connected to the 110E source. You are connecting to the secondary taps only.
Other voltages can be obtained from other transformers.

What two factors determine the voltage induced in the secondary?

ol

L} .
This is a simple economical closed circuit alarm or signal system for protection
of garages, poultry houses, etc. It uses a high resistence bell, with an extra
connection to the breaker contact,a closed circuit battery (storage battery),
and closed circuit switches.

Make the following tests to locate the terminals on a bell:

Place your test leads on any two terminals and if the bell vibrates (rings), the
test leads are on the coil and armature terminals. The other is the extra breaker
terminal. )

y

Now, move one of the leads to the breaker terminal, - if the armature is pulled

over and strikes once (single stroke) the leads are on the coil and breaker ter-
minals, but if you get a short circujt the leads are on the armature and breaker
terminals. -
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LOCAL BATTERY TYPE TELEPHONE - SILENT RINGING

UT—‘”/ RECEIVER

HOOW  SWITCH

LINE 2

CENER

P KWNALS

P v

|+
BELL  CWRCWT - RECEWER  CIRCIHT
TRAMSMITTER CIRCUIT MAGNETO C\RCIT

tion of the transmitter result in alternating voltages being induced in the sec-

Observe that when the receiver is off the hook, as shown in the above diagram,

all of the contacts on the hook switch (at "A"s are closed, thus completing both
the receiver circuit to the line and the transmitter circuit.

Hang the receiver back on the hook. Notice that all of the contacts open, thereby
breaking receiver and transmitter circuits. This type of telephone is called si-

lent ringing because, by turning the crank on the magneto to call out, the bell is
shunted and does not ring.

The reason for this can be clearly seen when turning the crenk. The mechanical
arrangement of the shaft moves the moving contact of the double-circuit switch,
on the end of the magneto, away from the closed contact over against the open con-
tact.

This type of telephone can be used on a grounded line by connecting line "2" to
the earth and line "1" to:a wire extending to the other telephone. It can also be

used on metallic line by connecting one wire of the line to line "1" and the other
to line m2v,

It should be noted that the pulsations in the battery circuit produced by opera-

ondary winding of the transformer and that these A.C. voltages force A.C. cur—
rents through the line which operate the receiver at the other end.

The magneto shown is also an alternating current device. This explains the need
for using a polarized bell on this unit, since positive ringing cannot be satis-

factorily obtained on a bell of the ordinary type when it is operated from an
alternating current source.

~




LOCAL BATTERY TYPE TELEPHONE
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This is a comparison of Local Battery Telephone, and the Central Energy

Teléphone each with a magneto ringer. ol
The purpose of the condenser in the Central Energy Telephone is to prevent
the D.C. of the transmitter circuit flowing through the receiver circuit, but
still permitting the A.C. for ringing and the receiver circuit.
when ringing is done from a central source the magneto will not be mneces-
sary. Instead of comnecting the polarized bell to the moving contact, connect
it direct to line 1 and eliminate the connection from the receiver to the open

contact on the magneto.
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ELEMENTARY DIAGRAM OF THE TELEPHONE

—o LINE (1)

—
MOUTH
PIECE

—e LINE (2)
—PERMANENT MAGBNET

ELECTROMAGNET
IRON DIAPHRAGM
<" (TEMPORARY MAGNET)

ALUMINUN
DIAPHRAGM

The above diagram shows the equipment and connections for one telephone. Con-
nection can be made to another telephone through points indicated Line "1" and
Line "2", The transmitter button is everything enclosed in the brass cup. Sound
waves (voice waves), through the mouthpiece, strike the aluminum diaphragm, caus-
ing it to vibrate. These vibrations move the front of the transmitter button in
and out, which tightens and loosens the carbon granules. This decreases and in-
creases the resistance of the transmitter circuit, thus affecting the value of
the current through the primary side of the induction coil. The effect of the
change in rate of current in the primary induces an alternating voltage in the
secondary, which causes current to flow first one direction then the other
through the receiver circuit. A.C. in the electro-magnets,whlch varies the
strength of the permanent magnet and causes the iron diaphragm to vibrate. These
vibrations of the receiver diaphragm, which means that the sound waves thus pro-
duced by the receiver diaphragm are a reproduction of those impressed on -the
transmitter diaphragm.

The diagram shows conditions as they exist when the receiver is off the hook.
Ordinarily the receiver hook-switch opens the transmitter circuit to prevent
drain on the battery, and also opens the receiver circuit. Notice there is
nothing magnetic about the operation of the transmitter. Its purpose is purely
to convert sound waves to electrical impulses, producing PDC in the transmitter
circuit. The receiver operates on the magnetic effect of current. It demon-
strates the application of the three artificial magnets - namely - permanent
magnet, temporary magnet, and electro-magnet.

POLARIZED BELL

OPERATES ON A.C.

/”-\\ - ,/’—-\\\ The polarized bell is the device com-

PERMANENT MAGNET

monly used in connection with the tele-
phone to sound an audible alarm when
ﬁk: Far calling. It requires a source of energy
[ ; separate from the transmitter circuit
ELECTROMAGNETS E % and receiver circuit.
TEMPORARY : %E The N-pole of the permanent magnet
MAGNET W indicates the consequent poles "S" and
"S" in the solft iron bar, making the

main poles both N-poles. The iron bar
is pivoled in the center, which permits its ends to move up and down when at-
tracted or repelled as A.C. changes the polarities of the electro-magnets.

By tracing the circuits for each alternation separately, it will be seen that
the "right-hand rule for electro-magnets" applies here; also the "First Law of

Magnetism." COYNE




SYMBOLS FOR WIRING PLANS

ENERAL OUTLETS i itch ........... 0
G CEILING WALL Auvtomatic Door Switch $ Controller ....................... =
Owlet ... e O O Hecholier Switch ....ceveee.... $e " lsolating Switch . .................
Capped Outlet . ................. © © Key Operated Switch ............. $K
] AUXILIARY SYSTEMS
DropCord .... . ............. © Switch and Pilot lamp ............ $P
PushBulton ...................... EJ
Electrical Outlet—for use when con- Circuit Breaker ................... $CB :
fused with columns, plumbing sym- Buzzer .......... PO EV
bols, etc. ......ovvr Weatherproof Circuit Breaker ... .. $WCB
' Bell ... ED
Fon Outlet ..............coiveenn. Momentary Contact Switch ... . $ MC
] Annunciator . .................... 'O
JunctionBox ..................... Remote Control Switch . .......... $RC .
N i Telephone .......... e, (]
lomp Holder ..................... Weatherproof Switch ... ....... $wp ,
Telephone Switchboard ........... DQ
ps
SPECIAL OUTLETS Clock {low Yoltage) .............. B

Pull Switch .......................

®
®
©
©
" Lamp Holder with Pull Switch ... ... Oy
®
®
®
G

bOObbE 60

Any standard symbol with the ad- lectri )
Outlet for Vapor Discharge Lomp . . dition of a subscript letter designates Oabiec-ek. Electric Door Opener ............ @
e cial variation of standard
Exit Licht Outlet eauipmant, "o R S a.bic-etc. Fire Alarm Bell ................... F1O
i Lg UHEY e List the key of symbols on each
drawing and describe in specifica- $ a,bc-etc. Fire Alarm Station ................ E
Clock Outlet (lighting Voltage) .. .. tions.
City Fire Alarm Stafion ............ ) ¢
CONVENIENCE OUTLETS ’ PA':‘;LCSE'LSX:.CEU C:LSS & Fire Alarm Central Station ........
Duplex Convenience Outlet ....... %
Automatic Fire Alarm Device .. .... E
Convenience Outlet other than lighting Panel . ................... [
Duplex. 1=Single, 3=Triplex, etc. BDis Power Panel ‘ Watchman's Station .............. E
owerPanel ...................... 3
Weatherproof Convenience Outiet. Swe Watchman's Central Station . ... ... (w]
Branch 2-Wire Circuit — Ceiling or
Range Outlet ........... SR Se Wall o T Hom ool 1]
Branch 2-Wire Circuvit—Floor . ..... —_——
Switch and Convenience Outlet. . .. 5@'$ Indicate a greater number of wires: Nurse's Signal Plug .............. E
~A- (3 wires), ALAL (4 wires), etc. .
Radio and Convenience Outlet. ... Maid’s SignatPlug ................ E
Feeders. Use heavy lines and des-
Special Purpose Outlet (describe in ignate by number from Feeder Radio Outlet . -................... ®]
specifications) .................. O Schedule ...................... —

@ Signal Central Station ............ Ugm

Underfioor Duct & Junction Box —

FloorOutlet ......................
: Triple System. For double or sin-

gle systems eliminate one or two interconnection Box ........ e  —
SWITCH OUTLETS lines ...l : = ==
Battery .............ciiiiiiiiiien l'l'M'
Single Pole Switch ................ $ C GeNeraror ... @
. Auxiliary System 2-Wire Circuit —— - aam v e
Double Pole Switch .............. $2 MotOr. ..o v @
. 3
Three on Switch ............... $ Instrument ..............c..civiens @ For a greater number of wires des-
d’) ignate with numerals — 12-No. 18W-
Four Way Switch ................. $ 4 Transformer ..........cceveeeenen. 3%"-C., or by listing in schedule.
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ELECTRIC SWITCHES & THEIR LJS_S

X

1

A single-pole switch used
to control two lights in
parallel.

%

A single-pole switch used
to control two lights in
series.

¥

A doubi;-pole switch used
to control two lights in
parallel.

A double-pole switch used
to control two lights in
series.

A double—pole switch used
to take the place of two
single-pole switches giv-
ing control to two dis-
tinct circuits.

A selective control pro-

vided by 2 double-pole

switches. Lights A and B

are controlled by switch

#1; lights B and C are

controlled by switch #2.
9

— =

)

1?'81
3

- 8

ik

Electrolier switch used
to control three separ-
ate lights from one
place.

lst position lamp #1 on

2nd " LIF
3rd n n 43z "
4th " all off.

A 3-way switch used to
control 2 lights alter-
nately. One or the

other will be lighted.

A 4-way switch used to
control one light
only, or 2 lights in
series.

1st position lamp #1 on.

2nd u n
3rd " .oon
4th ] [ S I R Y]

#1 and #2 on.
#1, #2 and #3 on.




ELECTRIC SWITCHES & THEIR USES
10 , 11 12

b
—F

T ' T — T

This is the "Carthweise"

method used to control This circuit 1s the

lights from 2 places, "Standard" method for This shows anoth

using two 3-wey switches. two-place control using of cont:.gllinz 1;211}::&0(1
This system is not ap- two 3-way swlitches and from 2 places.

proved by the Code for is approved by the Code .

110E systems, but may be for 110E.
used on 32E systenms. ’

Hb
]

13 15

-
—

L

1 _ 1

Method used to conirol This diagram shows how Possible circuit used to

one or more lights from to control each light control two lights in

three places. alternately from three parallel from two places
different places. using two 4-way switches.

Covne
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SWITCHES &THEIR USES

ELE CiTRIC

e A

\ I

{

This shows 3 lights, each one
individually controlled from
one place, using & three-vay
switch as a single-pole .
switch. The one single-pole
switch is used as & master
switch when the master switch
is on; the other lights can-
not be turned off,

An additionsl 3-way
switch used when it is
desirec to use & low
wattage lamp part of
the time. Switches B
end C will control the
circuit and switch A
will select either the
high or low wattzge
lemp.

o

. d

A S=way switch and a
.4-way switch used to
control lamn #1 with
a single-nole switch
as a master switch,
Lamp #2 has separate
control.

20

"\

By means of 2

L &nd B ere closed, the lamps
off'. When switch 4

single-pole switches «t A anc B,
it is possibie to prevent turning the lichts
on or off st switches C anc D.

is on and B is off, the
lsmps may be controlled from switches C and D.

—_—

When switches
cannot be turned

When the single-pole switch is open,
each of the & lights may be controll-
ed from 2 places.
pole switch is closed, all the lamps
will remain lighted regarciess of
the position or the other switches.

When the sirgle-




SPECIFICATIONS FOR WIRING OF BUNGALOW

GENERAL CONDITIONS

The standard form of "General Conditions of Contract" of the American In-
stitute of Architects, copies of which are on file with the Owner, shall govern
and is hereby considered and acknowledged a part of the specifications covering
this work.

PROGRESS OF INSTALLATION

The Electrical Contractor shall keep himself informed of the progress of
the general construction of the building so that he may begin his work at the
earliest opportunity in order to avoid delaying the progress of the work as a
whole. He shall provide a working crew of adequate numbers to install the work
as rapidly as may be consistent with the class of work required. He shall co-~
operate with all other contractors on the job to serve the best interests of the
owner.

CODE ROULES

All material and work shall conform in all respects to the latest rules and
requirements of the National Electric Code and the Public Service Company re~
quirements.

BIDS

This bid shall be based on armored cable (B.X.) with conduit used only from
point of entrance to the service switch.

SERVICE

The Electric Company shall bring the main wires to the weatherhead and con-
nect them to the service wires which shall be installed by the contractor. The
contractor shall furnish an approved Lype service switch and wire for the meter.
The meter to be furnished and installed by the Public Service Company.

MATERIALS

All materials shall be new, and shall bear the Underwriter's label. Outlet
boxes for walls and ceiling lights shall be fitted with a fixture stud. wall
switches shall be of the toggle type and shall be either single pole or three-way
to suit the plan reguirements. Whenever two or three switches are adjacent to
one another they shall be arranged for gang or tandem cover plates. Wall or base
outlets shall be of the double or duplex flush type.

FIXTURES

Fixtures and hanging of same will be done under separate contract.



SERVICE (Conduit) SUMMARY

wit 2 eir. 2 wire 4 cir. 3 wire unit
cost {quantity| cost | quantity] cost quantity Items cost total

1/2" conduit 15! 15! ceil/wall outlet

3/4" conduit 20! convenience out.

v condult ’ 20! S. P. switch

8 wire 45 65! 3 way switch

Ground wire 20! 20! Service

2w. Service sw. 1 ] Permit

Zw. Service sw. 1 ‘ Total

3/4" Service head 1 1

3/4" LB Fitting 1 1

| Ground clamp 1 1

Fuse plugs 3 £z total !
Fuse plugs 6 65 Labor and material
[ Miscellaneous 25 Overhbad .
Labor-hours _ 7 9 10 Profit

Total - 100% Total

For a 3 wire service these items should be 17

CONTRACT
Estimate number _ Date

I (We) hereby propose to furnish labor and material necessary to install the wiring system in and about the
premises located at . for the sum of Dollars.

Payment shall consist of 80% of the total when the work is roughed in, the ba\lance to be paid after final
inspection.

The work done and the material furnished under this proposal shall comply with all local requirements
governing this class of work and in accord with the latest rules and requirements of the National Electric

Code.

The work done and the materials furnished under this proposal shall comply with the specifications and
drawings submitted.

All changes shall be made in writing and signed by both parties hereto, which said writings shall set out
and contein in full the cheracter, extent, cost and conditions of said change.

Accepted Owner Date . Contractor

bujaim pue s3inoay)
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» ESTIMATING JOB
ARMORED CABLE WORK (B.X.) NEW HOUSE
unit ceiling/wall convenience out | s. p. switch 3. w. switch
Items cost | quantity| cost |[quantity| cost |quantity| cost | quantity| cost
#14-2 wire B.X. 17! 13? 14 8!
#14-3 wire B.X. > 127
Cutlet box 1
Box support 1
3/8" fixture stud 1
Switch box 1 1 1
Switch box support 1 1 1
B.X. connector 2 2 2 2
3/8" pipe straps 9 3 3 5
Convenience outlet ' 1
S. P. Switch 1
3 way switch 1
Miscellaneous
Labor-hours .55 .66 .66 .88
Total
ARMORED CABLE WORK (B.X.) OLD HOUSE
unit ceiling/wall | ‘convenience out 8. p. switch 3 way switch
cost | quantity] cost |quantity] cost [quantity] cost | quantity] cost
#14-2 wire B.X. 22! 20! 20! !
14-3 wire B.X. 12!
Shallow outlet box 1
0ld work hanger 1
Switch box 1 1 1
B.X. connector 2 2 2 2
3/8" pipe strap 3 3 3 3
Convenience outlet 1
S. P. switch 1
3 way switch 1
Miscellsneous
Labor-hours 1.55 1.9 1.9 2
Total
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STANDARDS OF ILLUMINATION FOR
STORES, COMMERCIAL AND PUBLIC INTERIORS

Recommended by Nela Park Laboratories

4

{These foot-candle values represent order of magnitude rather than exact levels of illumination)

Foot-Candles
Armories — Drill Sheds and
Exhibition Halls.. .

Art Galleries:

General. C i S
OnPamtmgs ee...... B*
Audltonums,.......,....... s
Aut bile Show R ... 20
Banks:
Lobby...... ............ 15
Cages. ................... B*
Offices. .. .. .. ... 20
Barber Shops and Benu(y
Parlors. .. .. ... 20

Churches:

Auditoriums. . .. 5
Sunday School Rooms. . . .. 10
Pulpit or Rostrum.. ....... 20

Club and Lodge Rooms:
Lounge and Readmg Rooms. 20

Auditoriums. .. ... S
Court Rooms . . ... 10
Dance Halls. .. ... .. .11 5
Depots:

Waiting Rooms. .. ........ 10

Ticket Offices—

General . . .. 10
Ticket Rack and Coun-
ters. . . . B*
Rest Rooms, Smoking
Rooms [}

Baggage Checkmg Office. 10

Storage. . . .8

Concourse . e, S

Platforms, . 2

Drafting Roems:
Prolonged Close Work, Art
: in Detail. ... .. C*
Drafting and Desxgnmg
Rough Drawmg and

Sketching. .. .. . 30
Fire Engine ouses
When alarm is turncd in.. .. 10
At othertimes. . .. .... ... 2
Glrlges»—-Au(omobnle
Storage——Dea 2
s

Liv
Repalr and Washmg Depart-
ments.. .. C*
Hlng:rs——Aeroplune
Storage—Live. P |
Repair Department ... C*

Foot-Candles

Hospitals:
Corridors. . e 2
Laboratories . ... 20

Lobby & Receptlon ‘Room.. §
Operating Room
General. . ............. 20
Operating Tab1e
Major Operations. . ..1000
Minor Operations
Private Rooms (with local

illumination). .
Wards (mth local |1]umma-
tion). . . L.l 20
Hotels:
Lobby. AN (1]
Dmngoom |
Kitchen .. .. .............. 20
Guest Rooms .. ... .. ..... 10
Corridors. . . ............. 2
Writing Rooms el 20
Library:
Reading Room. ........... 20
Stack Room. . .. .. ... 10

Moving Picture Thutre
During Intermission. .S
During Pictures........... 0.1

Museums:

Night Clubs and Burs e
Office Buildings:
Bookkeeping,
Accounting .
Business Machines—Power
Driven (Transcribing &,
Tabulating)—
Calculators, Key Punch
Bookkeepmg B#*
Conference Room—
General Meetings. . 10
Office Activities — S e €
Desk Work
Corridors and Stairways.... §
Desk Work—
lntermnttent Readmg and

Typing and
30

Writi . 20
Prolonge: "Close  Work,
Computing, Studying,
Designing, etc. . C*
Readmg luepnnts and
Plans. P | ]

Foot-Candles

Office Bunldmgs. (continued)
Drafting—

Prolonged Close Work—
Art Drafting and De-
signing in Detail .

Rough Drawmg and
Sketching. .

Filing and Inde‘ References
Lobby .. -
Mail Sonmq .
Reception Ronms. . c..
Steno¥raph|c Work—

Prolonged Reading Short-

and Notes. .. ...

Vault. L

Post Office:’
Lobby. .
Sorting, ‘Mailing, ete.
Storage.

ces—Private & General.
File Room and Vault. ... ..
Corridors and Stairways. .

Professional Offices:
Waiting Rooms. .. ...
Consultation Rooms,
General Offices. .
Dental Chairs and Doctors’

Examination Rooms. . .,

Restaurants, Lunch Rooms and

Cafeterias:
Dining Areas. ... ... ..
Food Displays. .. ...
Schools:
Auditoriums
Rooms—
General, R
Special Exhibits. ..
Class and Study Rooms—
Desks & Blackhoards. .
Corndors and Stalrways
Drawing Room .
Gymnasium. .
Laboratories:—
General. .
Close Work. . e
Library and Offices. ... ...
Manual Training——
General.
Close Work.. ...........
Sewing Room . ..
Sight-Saving Classes. . ... ..

Service, Space:

Corridors. .

and Lecture

Foot-Candles
Service Space, continued:
Elevators—Freight and Pas-

senger. . .. 10
Halls and Stairways. 5
Storage. . S
Toilets and W&sh Rooms .. 5

Show Cases. . B#*

Show Windows:
Large Cities—
Brightly Lx%;hted sttncts 200
Secondary usiness Loca-

Nelghborhood Stores. .. .. 50

edium Cities—

Brightly Lighted District. 100

Neighborhood Stores... .. 50
Small Cities and Towns.... 50
Lighting to Reduce Daylight

Window Reflections. . 200-1000

Special Dis: 1phys lns:de S(ore. cr

Light Colored. . .. ..
Medium Colored ... B*
DarkeColored .. ........... A*
ores:

Large Cities—
Brightly Lighted Districts. 20

Secondary Business Loca-
tions e 20
Nelghborhood ‘Stores... .. 15

Medium Cities—
Bnghtly Lighted Districts. 20
Neighborhood Stores. .. ..

Small Cities and Towns. . ..

Telephone Exclnn(el-

Operating Rooms. . .. S

Terminal Rooms. . .. 18

Cable Vaults... ........... §

Theatres:

Auditoriums. .. ........... 3

Foyer. ...............

Lobby.............

Tranlporhﬁon:

e, Day Coach Dm-

ing, Pullman.. ... 1

ail~-

Ba&Rxcks and Letter
.20

Storag H
Street Rm]way, Trol]ey B\ll
and Subway 1
Motor Bus. . el 10

**In these areas many of the machines require one or more supplementary lighting units mounted on them in order to effectively direct light toward the working peints.

*Laghting recommendations for the more difficult secing tasks, as indicated by A, B, and C in the foregoipg table, are as follows:

GROUP A — These seeing tasks involve (a) the discrimination of extremely fine detail under condmons of (b) extremely poor contrast, (c) for long periods of

time.

To meet these requirements, illumination levels above 100 foot~c:

are reco

To provide 1llumination of this order a combination of at least 20 foot-candles of general hghtmg plus specialized supplementary lighting is necessary. The
design and installation of the combination systems must not only provide a sufficient amount of light but also must provide the proper direction of hight,
diffusion, eye protection and, insofar as possible, must eliminate direct and reflected glare as well as objectionable shadows.

GROUP B -— 'This group of visual tasks invo}ves (a) the discrimination of fine detail under conditions of (b) a fair degree of contrast (c) for long periods of

time.

Illumination levels from 50 to 100 foot-candies are required.

To provide illumination of this order a combination of 10 to 20 foot-candles of general lighting gus specialized supplementary lighting is necessary. The design

and installation of the combination systems must not only provide a sufficient amount of light

protection and, insofar as possible, must eliminate dircct and reflected glare as well as objectionable shadows.

ut also must provide the proper direction of light, diffusion. eye

GROTUP C - The seeing tasks in this group mvulve (a) the discrimination of moderately fine detail under conditions of (b) better than average contrsst
The level of illumination required is of the order of 30 to 50 foot-candles and ih some instances it may be provided from
a general highting system. Oftentimes, however, it will be fourd more economical and yet equally satisfactory to provide from 10 to 20 foot-candles from the
The design and installation of the combination systems must not only ide a
sufficient amount of light but also must provide the proper direction of light, diffusicn, eye protection and, insofar as possible. must eliminate direct and reflected
glare as well as obiectionable shadows.

(c) for intermittent periods of time.

general systemn and the remainder {mm specialized supplementary lighting.

FPoot-Candles

Billiards:
General L 10
On Tables ... . . ..... S0
Bowling.
General J P 1
On Pins . . .50
Borxing:

Seats | e 2

Standards For Indoor Recreational Lighting

Foot-Cundles
Bozxing, continued:

Ring: Amateur. . .. .. 100
Professional ... . . .. 200
Championship . .. . .. . 500

Gymnasium:

Exercising Room . .. .15

Shower Rooms.. .. ..... . 10

Locker Rooms .. ... .... 3

Foot-Candles

Gymnasium, continued:

Fencing, huunu W resthng. )

Basket Ba. 0
Snft Ball. 30
Skating Rmk .10
Table Tennu——Pm; Pong 30
Tennis: Recreatxona\ 20
Tournament . Jo

Foot-Candles’

Other Sports

Badmmtu. Handbal] Rac-
quet. Squ

.. 30
Basket Bal\ \u“ey Ball, .. 20
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ELECTRIC RANGE GIRCU/T.S‘ AND INSTALLATION
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METER CONNECTIONS

€-WIRE SINGLE FUSED SWITCH,
TWO 2-WIRE SINGLE FUSED BRANCH CIRCUITS,

gune $LOAD ¢

ONE 3-WIRE 2-FUSED

3-WIRE SOLID NEUTRAL SWITCH,
CIRCUIT,

BRANCH

LINEY™

METER FUSE .

NN Lt

L OHD neu

LOAD ‘A" |

NEUTRAL
P

STR’Q~
=

METER FUSE

SERVICE  WIRES

3- WIRE SOUD NEUTRAL SWITCH, 3

FOUR 2-WIRE SINGLE FUSED BRANCH CIRCUITS,

LINE
_é ' AY

NEVTRAL
STRAP

REMOVABLE
TEST LINKS




L

WIRING METER BASE FOR SOCKET TYPE METER

SERVICE SERVICE
/ le—THESE WIRES ARE IN CONDU)T —
2 : . NEUTRAL
BINDING
=T LT ~a L. SCREW
1 || Ha w® N\ SPRING CLIP FOR i
i METER PRONG 3[ 7
\ BINDING SCREW - -
rw‘ v
B .?a'.,mr ‘B A
e e - WIRES IN CONDUIT oo . -
LOAD LOAD
wmneeumﬁBD CONNECTIONS IN SERVICE BOX
A .
SERVICE 1}
SWITCH
THROVGH WAL L BOX
TO GROUND "," 5 GROUND
BUSHING ¥ ‘\ BUSHING
ror & | LOCK NUT S
FROM GROUND L
1 4
METER BASET] ¢ FROM o
FLOOR S
CONDUIT -
OR ENTRANCE &
CABLE — +
W
z

1
ai

SPECIA‘L_,t o o
LB FITTING \l=1 | LB

#4S0LID
COPPER WIRE~

BUSHING

LOCK NUT— S _WHITE OR
NEUTRAL WIRE

CONDUIT

GROUND CLAMP-

3°X ' GALVANIZED

4 IRON Prps’gm
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e

HIGH VOLTAGE TEST SET FOR WIRING
INSTALLATIONS R.E.A.RECOMMENDATIONS

LIGHT OUTLET

DOUBLE FILAMENT NEON TEST LAMP BRANCH
220E \ : CIRCUIT

POLARITY TEST— INSERT NEON
LAMP IN SOGKETS, LIGHTING OF CORRECT
FILAMENT INDICATES PROPER POLARITY,

SHORT CIRCUIT & GROUND TEST— Remove DISTRIBLTION
LAMPS AND CLOSE SWITCHES. IF SHORTS OR LT
GROUNDS EXIST PILOT LAMP WILL LIGHT. ° CABIN

INTIAL COST CcoMPLETE ¥10.00 T0 ¥12.00,

UPKEEP COST — Qveansr. 10% PER JOB, NEON TEST
LAMP 25f TO 71.50.

225E 25 W PILOT LAMP

o

A\

THIS EQUIPMENT MAY BE CARRIED N REAR OF CAR,

tl A FHAFE 3 FE A F

45E 45E 45E " 4S5E 45E

SUPPLY FOR TESTING — FIVE 45 E HOT—SHOT BATTERIES

ANY D.C. SUPPLY OF 220 E MAY BE USED, SUCH AS THE
POWER PACK USED IN AUTO RADIO, THEN THE CAR BATTERY COULD
BE USED AS A SOQURCE. MALLORY VIBRAPACK ¥ VP 552 MAY BE
USED IN CONJUNCTION WITH A CAR BATTERY. THIS VIBRATOR
POWER PACK HAS AN OUTPUT OF 225 VOLTS AND UP, AND
100 M. A, CAPACITY. MAY BE PURCHASED FOR 911,00,
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TECHNICAL TERMS AND THEIR MEANING

A clear understanding of Electricity can be acquired only if the terms employed to
explain it and the units used to measure it are clearly understood. Words used in
the technical sense have exact meanings frequently different from those associated
with their every day use. Definitions here given refer to the technical meanings
only. Some of the most important terms and their units of measurement are:

FORCE -~ Force is defined as “any agent that produces or tends to produce motion."
Force may be mechanical, electrical, magnetic, or thermal in character. Note that
force does not always produce motion: a relatively small force may fail to move a
large body, but it TENDS to do so. The word "body" refers to any material object:
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT of
FORCE is the POUND.

ENERGY -~ This word refers to the ability or capacity for doing work. One may speak
‘correctly of the ENERGY in a charged automobile battery, in a raised weight, in a
compressed spring, in a tank of compressed air, etc., as work may be done by any
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or
thermal type, and the different kinds of energy may be readlly converted from one
form to another; howéever, each conversion results in a loss of some of the useful
energy, although the total amount of energy remains the same. Since the energy of
a device represents the total amount of work that it can do, the units for work and
for energy are the same. The UNIT QOF ENERGY most frequently used in electrical
work is the JOULE. It is equal to approximately 0.74 foot pounds.

WORK -~ Work is equal to the force applied to an object multiplied by the distance
through which the object is moved. If the force applied to a given object is in-
sufficient to move it, no work is done. This definition illustrates the great
difference that exists between the technical and the general meaning of the word
WORK. The units used for, measuring work are the same as those employed for energy.
The most frequently used UNITS OF WORK are the FOOT POUND and JOULE.

POWER - Power indicates the rate at which work is done. It is equal to the amount
of work done, divided by the time required to do it. This unit does not show how
much work has been done, it merely indicates how rapidly, or at what rate, the work:
is being done. The foundamental UNIT of electrical POWER is the WATT. When the
power in an electrical circuit is one watt, this means that work is being done in
that circuit at the rate of one joule per second, or 0.74 foot pounds per second.
Note that the WATT is not a quantity unit but a RATE unit. Larger power units are
the horse-power and the kilowatt. The HORSEPOWER represents a rate of doing work
equal to 746 WATTS, or 746 joules per second, or 550 foot pounds per second. Note
that TIME, which is not mentioned in the definitions of force or energy, is always
a factor in the measurement of POWER.

(a) WORK (b) (e) WORK
POWER = —~meemeeoemm WORK = POWER X TIME TIME = ———m—eoo—
TIME POWER

with the aid of the above formulas any of the given guantities may be calculated

when the other two are given. Thus if work and time are given, the power may be

found by (a). If power and time are given, the work may be found by formula (b),
and if the work to be done and the rate at which it is to done (power) are speci-
fied, the time required to do it may be determined by formula (c).

A little time spent in studying the above definitions and formulas will be well
repaid by an increased understanding and clearer conception of the units used.

4
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The only technically correct definition of force is: (A) that agent which
produces motion (B) that which indicates a group acting together, such as
a police force (C) that agent which produces or tends to produce motion (D)
that agent which overcomes opposition, as when one force overcomes another.

The only technically correct definition for the term energy is: (A) the rate
at which work can be done (B) the total work done in a given time (C) the
ability or capacity of some agent to do work (D) the rate at which work is
done. ’

The technically correct definition for power is: (A) the force required to
overcome opposition (B) the rate at which work is done (C) the total work
done (D) the rate at which force is applied to an object.

Work is always done: (A) when force is applied to an object (B) when the
applied force produces motion or a change in motion (C) when one force
opposes another.

Of the four units given here the only one that measures force is the: (4)
Watt (B) Pound (C) Joule (D) Foot-pound.

The unit of energy most rrequently used in electrical work is the: (A) watt
(B) Joule (C) Foot-pound (D) magnetic only.

Force can be: (A) mechanical only (B) electrical only (C) magnetic, me-
chanical or electrical (D) magnetic only.

When the power used by an electrical circuit is one watt, work is being done
in that circuit at the rate of (A) 0.74 ft. 1lb. per sec. (B) 1 ft. 1lb. per
sec. (C) 550 ft. lb. per sec. (D) 75 ft. lb. per sec.

When the power used by an electrical circuit is one watt, work is being done
in the circuit at the rate of .74 ft. 1bs. per sec. (A) always (B) sometimes
(C) never.

The watt, kilowatt, foot-pounds per sec., and joules—per-second all measure
(4) work (B) Force (C) Power.

When a battery is fully charged it is capable of doing work, To indicate
this capacity for doing work and battery is said to store: (A) power (B)
force (C) energy (D) work.

To find the rate at which work is being done (power) divide the total work
done by the time required to do it (true) (false).

To find the total work done multiply the rate at which work is being done
(power) by the time (true) (false).

When work is being done in the electrical circuit at the rate of 0.74 foot
pounds per second, the power absorbed is: (A) one watt (B) 74 watts (C)
one watt-hour (Ds one joule.

When one ampere of current is forced through a resistance of one ohm, work
is being done in the circuit at the rate of (A) one kilowatt (B) one watt
(C) one joule (D) one watt-hour.

The watt-hour, kilowatt-hour, joule, and foot-pound are all units of: (&)
power (B) work (C) force.

The answers to the problems are A ( ) B ( ) C( )




Unit of electrical quantity. Ine quanuviuy wuiou wass
deposit .0000116 oz. of copper from one plate to the

Coulomb q or Q |other in a copper sulphate solution. The quantity of
Electricity which must pass a given point in a circuit
in one second to produce a current of one ampere.

Ampere Ior A |Unit of current. (Rate of Flow) Ome coulomb per second.

- L]

Milliampere MI or MA | .001 I (The prefix "milli" means one-thousandth)

Microampere ul or pA | .000001 I (the prefix "micro® means one-millionth)

1 Unit of pressure. (EMF - Electromotive Force) The

Volt E or V |pressure required to force current at the rate of one
ampere through the resistance of one ohm.

Millivolt ME or MV | .00l E One-thousandth volt.

Microvolt HE or pV | .000001 E One-millionth volt.

Kilovolt KV 1000 E (The prefix "kilo" means one-thousand)

Unit of resistance. A measure of the opposition of-
fered to the flow of current. The resistance offered

Ohm R orSl |by a column of mercury 106.3 centimeters long and 1
square millimeter in cross sectional area, at a tem-
perature of 32 degrees Fah., or O degrees Cent.

Megohm Meg. 1,000,000 R One-million ohms.

Microhm #R 000001 R One-million ohm.

Unit of conductance. A measure of the ease which a

Mho g conductor will permit current to flow. It is the
reciprocal of resistance.

Unit of power. One watt is equal to current at the
watt W rate of one ampere under the pressure of one volt.
W=1xE.
746 W Thepower reqﬁkred to raise 35,000 pounds, one

Horsepower HP or WP foot, in one minute.

Milliwatt - MW .001 W One-thousandth watt.

Kilowatt Kw 1000 W Unit of power.

Watthour WH Unit of work. (Power x Time) W x H = WH

Kilowati-hour KwH 1000 WH TUnit of work.

Farad , c Unit of capacitance. Capacity of condensers.

Microfared Mfd. or wF| .00001 C One-millionth farad.

Micro-microfarad MMF 000001 mfd. Ome-millionth microfarad.

Henry L or H |Unit of inductance.

Millihenry ML or MH | .001 L One-thousandth henry.
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DIRECT CURRENT APPARATUS

This section shows internal and external wiring
for devices and equipment that operate with di-
rect current. The pages are grouped in the follow-
ing order of subjects:

Motors, also general
principles

Testing
Generators or dynamos Starters and controllers
Armature windings

Except in the group devoted to starters and
controllers most of the pages include explanations
of the diagrams. The following additional notes
apply to certain of the pages, as referred to by
number. ’

PAGE 82

This sheet shows simple schematic diagrams for
series, shunt and compound motors, and on the
right-hand margin lists the connections from the
power line to the motor terminals for counter-
clockwise (CCW) rotation and for clockwise (CW)
rotation. The following abbreviations are used:

Al and A2. Armature L1 and L2. D-c power line
connections

F1 and F2. Shunt field Comm. Commutating
connections winding
S1 and S2. Series field
connections
PAGE 90

Here, on a single chart, is the whole story of
motor operating characteristics and applications.
Going from left to right on the chart you find the
speed characteristics, kind of electric power, con-
struction and windings, usual horsepowers, start-
ing and stalling torque as compared with normal
full load torque, variations of speeds with loads,
the principal performance features of the motor,
and finally the drives or applications for which
each motor is especially well suited, Careful study
of this table will add greatly to your knowedge
of motors and their uses.

PAGES 97 AND 98

" These diagrams of General Flestric dicant ~u—---s

machines illustrate how winding connections and
external terminal connections are shown.

PAGE 99

On this page is described a method for measur-
ing the performance of a generator and plotting
the performance as a curve showing the relations
between current and voltage. Measurements are
made with a voltmeter and ammeter, while the load
is varied by using a rheostat consisting of metallic
plates in a salt water bath. This description applies
to methods followed in the Coyne shops, but illus-
trates the general procedure for similar work done
elsewhere.

PAGE 111

This sheet shows how records are made and kept
for armature winding repair jobs. Entries are made
under the heading “REWIND DATA” as the
armature is being stripped. Positions to which coil
leads connect on the commutator are shown on
the large central diagram. On this diagram are
entered the numbers of the core slots in which
lie the coil sides. Below the coil diagram are shown
two sets of commutator bars as they would appear
if laid out flat. On one set the center of a bar is on
the center line of a coil. On the other set the insul-
ation between bars is on the coil center line. Coil
leads are run down to bars on whichever commu-
tator arrangement is used on the armature being
wound or repaired.

'PAGE 115

This sheet shows the construction, winding, and
connections for a growler. A growler is a device
which generates voltages and currents in the coil
windings of an armature laid on the field poles of
the growler. Readings of armature currents are
made as shown on the following page. Correct in-
terpretation of readings allows determining the
kind of trouble and its approximate location.

PAGE 122

These symbols are used in diagrams for motor
starters and controllers for both direct-cnrrant nwd
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symbols as you read from left to right across the-
successive lines from top to bottom of the page.

N.O. means “normally open.” N.C. means “norm-
ally closed.” A blowout is a device, usually an
electromagnet, which lessens sparking as current-
carrying contacts separate. Main circuits are those
carrying lihe power. Auxiliary circuits usually are
control circuits. An interlock is a connection, either
mechanical or electromagnetic, that causes certain
contacts to operate when other contacts operate,
or which cause any two actions to occur simul-
taneusly.

Note that on double-circuit push buttons there
are four small circles indicating the four terminal
connections for the two lines. In a maintained con-
tact push button one terminal always remains con-
nected to the switch contacts. A limit switch is a
switch operated automatically when some portion
of a machine reaches the limit of its travel; as, for
example, on a machine tool where the motor is to
be stopped or reversed when the cutter reaches the
end of its travel.

A thermal overload relay opens its circuit when
excessive current has continued for long enough
to heat and expand a member that releases the
contacts.

An auto-transformer is a transformer in which
part of the winding is in both the primary circuit
and the secondary circuit. A potential transformer
transfers voltage changes from one circuit to an-
other without having conductive connections be-
tween the circuits. A current transformer transfers
current changes from one circuit to another. Poten-
tial tansformers and current transformers often are
called instrument transformers, since their usual
purpose is to connect voltage-operated and current-
operated instruments to circuits in which changes
of voltage and current are to be measured or indi-
cated.

PAGE 131

The lower right-hand diagram shows the motor
armature and field windings connected directly to
one side of the line. The other side of the line, L1,
connects through a starter to the remaining term-
inals of the motor. Either of the starters may be
used. Both starters are of the “face plate” type on
which the power arm or handle is moved slowly
from left to right across contact points between

which are resistors mounted on the back of the
starter face plate. When the handle reaches the
right-hand end of its travel it is held there by an
electromagnet marked “No E (voltage) or no field
release coil.” Should line voltage fail or should it
drop below a safe operating value, this release coil
is demagnetized to an extent that releases the arm.
Then a spring moves the arm back to the left-hand

. off position,

The upper right-hand diagram shows a starter
equipped with the no-voltage release coil, also with
an overload release coil. The overload release coil
is a magnetic switch that opens the line circuit
should the current rise above a safe operating value.

PAGE 132

This is a setup diagram for testing the horse-
power output of a motor with a prony brake and
for testing the efficiency by measuring the amper-
age and voltage from which are computed the elec-
trical power input in watts (amperes x volts). The
voltmeter and ammeter are mounted on a separate
panel shown at the upper right. .

PAGE 133

The first movement of the power arm toward
the right allows closing of the contacts shown at
the bottom of the arm. Current from L1 at the line
switch then flows through these contacts, through
the starting relay winding, and to L2. The starting
relay contacts close. Then current from L1 flows
through the magnetic blowout coil, the relay con-
tacts, and the power arm so that the starter oper-
ates as usual.

PAGE 134

The upper left-hand starter is used for starting
the motor, then for increasing its speed above
normal. The power arm consists of two parts. The
motor is started by moving the arm slowly toward
the right, as usual. At the extreme right-hand of
the travel one part of the arm is held in place by
the no-voltage release magnet. Then the other sec-
tion of the arm is moved backward, to the left, to
increase the motor speed. Moving this section of the
arm to the left allows its contact to travel across
contact points between which are sections of the
field resistance. Thus more and more resistance is
connected in series with the shunt field of the
motor, which has the effect of increasing the motor
speed.
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The upper right-hand starter has resistors which
are heavy enough and which will dissipate enough
heat so that the power arm may be left at any
position along its travel. The position of the arm
determines the amount of resistance in series with
the armature and the series field of the motor. The
greater this resistance the slower the motor will
run,

PAGE 138

The stationary contacts of the drum controller
are shown by circles. The contact shoes which are
on the drum and which move with the drum are
shown by rectangular outlines. All the shoes move
together, either to the right or to the left on the
diagram.

PAGE 147

When the motor is to be started with the solenoid .

starter the start switch button (upper right) is
pressed to close the switch contacts. Current from
the line (L1) flows through the solenoid magnet
winding to terminal Cl, through the closed stop

switch contacts, the closed start switch contacts, to .

terminal C3, and back through L2 to the other side
of the line. The solenoid plunger rises, and with it
the power arm. The power arm short circuits and
cuts out more and more of the armature starting
resistance as the motor starts and gains speed.
Opening the stop switch by pressing its button
opens the circuit through the solenoid winding,
thus allowing the plunger and power arm to drop
and open the motor circuit. '

PAGE 149

In tracing the diagrams on this and following
pages refer to the symbols shown and explained
on page 124.

In relays Type J-30 and Type J-31 closing the
contacts of the control device (any suitable switch)
lets control circuit current flow through the relay
magnet winding represented by a circle on the
right-hand heavy conductor. The magnet closes
the contacts shown above the circle and allows
current to flow to the load. )

On the right-hand side of the page the upper
diagram is a connection diagram or wiring diagram
for the starter, the start and stop push button
switch, and the shunt wound motor. The lower
diagram is a schematic in which it is easy to trace
the current paths. On the lower line of the schem-
atic diagram the contacts in series with the motor
are marked M. These contacts are closed and

opened by the double wound electromagnet coil.
One winding is energized by closing the start
switch. Auxiliary contacts, shown inside the starter
of the upper diagram, are holding contacts which

close and maintain a circuit through the second -

coil until the stop button is pressed to open the
entire control circuit.

PAGE 150

-In this starter there is a relay, AR, on the mov-
ing plunger of which is a dashpot that allows the
plunger to move only slowly while the coil is
energized. The slow movement of the plunger suc-
cessively closes contacts that short circuit resistor
sections R2, R3 and R4, thus reducing resistance
in the armature circuit as the motor gradually gains
speed.

PAGE 151

Of the two upper diagrams the one at the left
shows terminal connections and the one at the right
shows the schematic circuits. Pressing the FOR
(forward) button sends current through the arma-
ture and commutating (COM.) field in one direc-
tion and caues the motor to rotate say clockwise.
Pressing the REV (reverse) button reverses the
direction of current in the armature and commu-
tating field, which reverses the direction of motor
rotation, On the schematic diagram the forward
contacts are marked F and the reversing contacts
are marked R. There are two relay magnets, one
forward and the other reverse, each operating its
own set of contacts.

The two lower diagrams are schematic diagrams
for starters providing both time limit and reversing
features. A dashpot on the magnetic relays limits
the rate at which they close their contacts, thus
cutting out armature resistance in one step after
another at definite time intervals. The reversing
feature operates similarly to that shown in the
upper diagrams,

PAGE 153

This is a speed regulator that reduces the speed
of the motor below normal by inserting more and
more resistance, in series with the armature, and
that increases the speed above normal by inserting
resistance in series with the shunt field winding of
the motor. Armature resistance is shown by heavy
lines on the controller, while field resistance is
shown by light lines. The action of this controller
is similar to that of the ones shown on page 136.



D.C.MOTORS AND GENENAIUrS.

OPERATION
The D.C. motor operates on the first
law of magnetism which states that
like poles repel and unlike poles at-
tract. Current flowing through the
field colls produces the field poles,
and current through the armature coils
develops armature poles midway between
the fileld poles. Attraction and re-
pulsion between these two sets of
. poles produces rotation. Note that

the armature poles remain stationary
in space.

ROTATION
By reversing the direction of current
flow through the fields or through
the armature, the field poles or the
armature poles will be reversed, and
the direction of rotation changed.
Compare A with B and C with D.

ARMATURE POLES
Diagrams E and F show a 4 pole motor.
.Note that the number of armature poles
always equals the number of field
poles, and that the armature poles are
located midway between the field poles.
From the above it is obvious that a &
pole armature will not work in a 4
~ +pole field.- Note also that when the
direction of current flow 1s reversed

all poles are reversed.

GENERATORS
Diagrams G and H show two generators,
one arranged for clockwise and the -
other for counter clockwise rotation.
Note that poles are set up on generator|
armatures also, but that im this case
the poles oppose rotation. As more cur-
rent is drawn from the armature, these
poles increase in strength; this ex-

plains why en electric generator is
harder to drive as the armature cur-
rent incresases.
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D.C.MOTORS AND GENERATORS.

INTERPOLES

To minimize sparking at the brushes,
most D.C. motors are equipped with
small poles pleced midway between the
main poles and ocalled interpoles or
commutating poles. For proper oper-
ation, these smell poles must have
the correct polarity. Reference to
eny of the diagrams will show thet
the polarity of the inmterpole is al-

ways the same as the armature pole

a Jao'e'if to 1t.

REVERSING ROTATION

The windings on the interpoles are
alweys connected in series with the
amature winding and are considered

a part of the armature cirouit.
Therefore, when ourrent through the
armature is reversed, the interpole
polarity is also reversed. This
arrengement automatiocally preserves
the proper relation between the arma-.

ture poles and the interpoles when
the armature current is reversed.

NUMBER OF INTERPOLES
Machines equipped with interpoles may
have as many interpoles as main poles
or one-half as many interpoles as
main poles. As the interpole winding
is always connected in series with
the armature, the interpole strength
will vary with the value of armature
current.

GENERATORS
Diagrams G and E show two generators
equipped with interpoles. G is ar-
ranged for clockwise rotation end H
for counter cloclorise rotetion. Note
that the rule for the polarity of in-
terpoles applies to gensrators as
woll as motors. Note too, that the
armature poles oppose rotation and
thus produce the force against which

the prime mover must work to maintain
rotation. ’




76

D.G. MOTOR PRINGIPLES

Electric motors are machines that change electrical energy into mechanicel energy.
They are rated in horse power. (H.P.)

The attraction and repulsion of the magnetic poles produced by sending current
through the armature and field windings causes the armature to rotate. The arma-
ture rotating produces a twisting power called torque.

Fleming's Left Hand Rule For Motors
Place the thumb, first finger and remaining fingers at right angles to each other.
Point the first finger in the direction of the field flux, remeining fingers in

the direction of the armature current and the thumb will indicate the direction
of rotation.

& LY

[

The direction of rotation can be reversed on any D.C. motor by reversing either
the armature or field leads but not both. It is standard practice to reverse
the armature leads to reverse the direction of rotation.

The amount of torque developed by a motor is proportional to the strength of the
armature and field poles. Increasing the current in the armature or field wind-
ing will increase the torque of any motor.

The armature conductors rotating through the field flux has a voltage generated

in them that opposes the applied voltage. This opposing voltage is called counter
electro motove force, (C E M F) and serves as a governor for the D.C. motor. After
a motor attains normal speed the current through the armature will be governed by
the C E M F generated in the armature winding. This value will always be in pro-
portion to the mechanical load on the motor.

APPLIED  YOLTAGE - CEMYF

EFFECTIWVE VOLTRGE

ARMATURE CURRENY
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D.C. MOTOR PRINGIPLES  conmmmy

The applied voltage is the line voltage. The effective voltage is the voltage
used to force the current through the resistance of the armature winding. This
value can be determined by multiplying the resistance of the armature by the
current flow through it. To find the resistance of the armature measure-:the-
voltage drop across the armature and the current flow through it and use ohm law
formula. R equals E over 1

C ©
5580 o i

The lamps are used to limit the current through the armature winding.

The revolutions per minute of a D.C. motor can be varied over a wide range. The
maximum safe speed for the average D.C. machine is 6000 ft. per minute peripheral
speed of the armature. D.C. motors can be designed to operate safely up to
15,000 peripheral ft. per minute. Periphery means outer surface.

2 ft. 2 6000 . .

circumference 3000 R.P.M, is the maximum safe speed for
eren the average D.C. machine that has an armature
that is 8 ft. in circumference

The H.P. rating of a motor refers to the rate of doing work. The amount of H.P.
output is proportional to the speed and torque developed by the motor. The Prony
Brake Test is used to determine the H.P. output of a motor.

PRONY BRAKE FORMULRA SPRING SCARLE
LEVER_ ARM
Hp.= 27 XP X L X RRM \ %}gﬁm
i 33,000
2 7 couals 6.28 _ MOTOR PULLEY,
eq s o. BRAKE  BAND
P n Pull on the lever arm in 1bs.

L n Length of the lever arm in ft.
R.P.M. equals Revolutions per minute.

OUTPUT
LFRICIENY = -fo—
(R)
L N
Lj ¢ A | Fe

L 00000000 —
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SHUNT MOTOR

A shunt motor is a motor that maintains nearly constant speed from no load to
full load. The shunt field winding consists of many turns of small wire and is
connected parallel with the armature winding or across the line. The diagrams
below show the proper comnection for the armature and field.

DETAIL DIAGRAM ) A 1F

CONVENTIOMIL
SKETCH
\\_/ )
To reverse the direction of rotetion re-

verse elther the armature or field leads
but not both.

The characteristic curves below show that the torque developed by a shunt type
motor varies with the armature current. This is true because the torque is pro-
portional to the armature and field flux. The field maintains constant strength
because it is connected across the line and the armature flux will vary with the
armature current. The torque of a shunt motor is considered to be fair in com-
parison to other D.C. motors. It will start about 50% overload before being
damaged by excessive current. - .

The shunt type motor maintains nearly constant speed from no load to full load
because the shunt field strength is constant. The characteristic curve shows
that the speed varies about 10% from no load to full load which glves this motor
very good speed regulation.

This motor is widely used where it is desired to control the speed above and
below normal speed. A shunt field rheostat comnected in series with the shunt
field will cause the motor to increase in speed. A resistor connected in series
with the armature will cause the motor to decrease in speed.

Shunt motors sometimes have & few
turns of heavy wire wound on each
field pole and comnected in series
with the armature. This winding pro- e Ty CHARACTERISTIC CURVES
duces the same polarity as the shunt

field winding and produces a more 45 — 900
stable operation when the motor is 40 — 800 =
carrying a fluctuating load.. : =
TYE g ' .35 — 700
For applications of the shunt motor Q 30 — 40
i;g Motor Application Chart Number 3 2s —i: 500
. . Q n\ /
..,‘20 '—xno <
=]
g 15 — 300 3
e 10 — 200
s — 100
o — o V<

0 S /0o 15 20 25 30 35 40 45 5O
LINE CURRENT
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SERIES MOTOR_

A motor that has its field and armature connected in series with each other is a
series type motor. The field is constructed of a few turns of heavy wire or
strap conductor. The field strength will very with the armature current under
normal conditions.

DETAILED DIAGRAM

( CONVENTIONAL SKETCH
A
S LQQQQQJ[
$ $
S !

SERIES T\ELD SHUNT

The starting and stalling torgue is excellent. It will stert or carry very heavy
overloads. The torque of a series motor varies with the square of the armature
current. This is true because the field strength varies with the armature cur-
rent. Example - Doubling the armature current will likewise double the field
strength and produce four times as much reaction between armature and field poles
or produce four times as much torque.

The speed regulation is very poor. The speed varies inversely with the load
which means more load less speed and less load more speed. Care must be taken
to see that there will always be sufficient load on the motor to keep the speed
within safe limits. If the load drop to zero the motor probably would run fast
enough to destroy itself.

CHARACTERISTIC CURVES

The series motor is limited in application ’

because of its poor speed regulation. It -

is especially suitable for cranes, hoists, \

mine machines and electrical railway work.

These loads can be handled more efficiently 409 1090 X

with a series motor because the speed will A’ /
\

be slow if the load is heavy and a light 80 900 /
load will be driven at a high speed.

80 m goo
The speed of a series motor can be con- ” § roo R.R ™.
trolled above normal speed by connecting a F
series field shunt parallel to the series Egg . sqe /
field. The speed will vary inversely with ¢ I~
the field strength. Controlling the speed %n. {1} <
above normsl decreases the possible torque % _ § TORQUR- N
output but does not affect the H.P. output. g-‘&-g 440 =

gas_é' 300 /

. 4
R0 _ 200 //

t

D
-




COMFPOUNY muiun

The field of a compound motor is made up of shunt and series coils placed on each
field pole. The shunt winding is the main field winding. The series is the com-
pound winding and its strength varies with the load current. If the shunt and

series coils produce the same polarity at each field pole the connection is known
as CUMULATIVE COMPOUND. ’ '

DETAILED DIAGRAM

s s
CONVENTIONAL SKETCH

COMPOUND MOTOR CONNECTED CUMULATIVE

The TORQUE is very good. It will start to carry heavy overloads. The cumulative con-
nected compound motor produces a better torque than the shunt motor but not as good
as the series motor.

The SPEED REGULATION is fair. The speed will vary from 15 to 25% from no load to
full load. The per cent variation in speed from no load to full load will be gov-
erned by the comparative strength of the shunt and series field.

The CUMULATIVE CONNECTED COMPOUND MOTOR is suitable for jobs, such as, compressors,
crushers, steel mill roll, etc. For a complete list of applications see chart #115.

DIFFERENTIAL CONNECTED COMPOUND MOTOR

If the polarity of the series field oppose the shunt field the connection is known
as differential compound.

The SPEED REGULATION of a differential comnected compound motor is very good up to
approximately 75% of full load rating. It is apt to slow down or stall if loaded
beyond that point.

The TORQUE is very poor. It is apt to start and then reverse its rotation when
starting a load.

There is very little use for the differential compound motor.

TESTS TO USE TO DETERMINE CONNECTION CHARACTERISTIC CURVES
MADE FOR COMPOUND MOTOR. §0 — 1000

1. Test the speed as connected. Reverse 45 — 900

the series field leads and retest the 40 — 800

speed. The connection producing the m - ~

higher speed will be differential com- o3 — 7o (&,

pound. S 30 — 600 =y

2. Operate the motor as a shunt motor. Q .

(series field disconnected) Observe the Z2s _5500 [~
direction of rotation. Next operate the g 20 —¢ #00 /

motor as a series motor. (shunt field - o
disconnected) Again observe the direc- 8f5 — 300 7

tion of rotation. If each field conmnec- ;0 — 200 V4

tion produces the same direction of rota- 2

tion. If each field connection produces s — oo

the same direction of rotation, reconnect o— ©

the fields the same as when. testing and O 5 10 /52025303540 #4550
the motor will be cumulative compound. LINE CURRENT




D.C. Motors | 81

“UNIVERSAL SERIES MOTOR

Q 2 s
\ J ¢-( 7, ’
" (/
»
\_1J =
- <% .0‘ 5 D § N
A ' > H : N
LINE . .
B ‘ ‘ . ‘
IV -
(/ A\
() . A 0 A\
I’ O N
0. AN

The above motor operates on the magnetic interaction between the armature and
field poles, and runs in the same direction whether the current flows in on line
A or line B, since reversing the flow of current in the line wires changes the
polarity of both armature and field poles at the same instant as shown at C and
D. Therefore, if such a motor be supplied with A.C. the torque developed will
alweys be in the same direction. Since this machine operates on both D.C. and
A.C. it is called a Universal motor. To operate satisfactorily on A.C. all parts
of the magnetic curcuit must be laminated to prevent undue heating from eddy
currents, and element windings are usually desirable on the armature to ensure
acceptable commutation. On the larger motors compensating windings are employed
to improve operation and reduce sparking.

CHARACTERISTICS
This motor will produce about 4 times normal full load torque with 2 times normal
full load current. The torque produced increases very rapidly with an increase in
current as the curves below indicate. The variation in speed from no load to full
load is so great that complete removal of loed is dangerous in all motors of this
type excapt those having fractional H.P. ratlngs.

APPLICATIONS

This motor is widely used in fractional 4000
H.P. sizes for fans, vacuum cleaners, 3600 \ § é’é’o",‘éﬁn"gg ,%H;orgﬁ
kitchen mixers, milk shakers, and portable \ 3
equipment of all types such as electric Jao0 § e
drills, hemmers, sanders, saws, etc. 2800 .. b
Higher ratings are employed in traction § I N /1
work, and for cranes, hoists, and so on. L2400 .48 3 &
In general, they are suitable for appli- 72000540 3 o0 EFE 74 100
cations where high starting torque or S 1 :
universal operatﬁn is desgredl.‘q h‘ 1600232 z'?" = 80

PRINCIPAL TROUBLES (n 1200 ;.34-
Commutator, brushes, brush holders, bear- p
ings. Opens, shorts, or grounds in the 300‘_1" ,’
armature, field, or associated apparatus. 400 8
Loose connections. o o o
To reverse the direction of rotation, 0 10 20 30 40 50 &0 70 80 90 100
reverse the armature connections or the o 25 S A";?ES 10 12,3

field comnections, but not both.
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ENGINEERING INFORMATION

CONNECTION DIAGRAMS FOR DIRECT CURRENT MOTORS
S INGLE VOLTAGE, REVERSIBLE, WiTHOUT OVERLOAD PROTECTION

TYPE OF
WINDING

SHunT

Coupourp

TYPE DM

1/3 HP & SMALLER
60-70-80 FRAKE,
NO INTERPOLE

SERIES

FiG, |

SHUNT

AAAAAAA

vV Y

FiG, 4

SHUNT

SERIES

FiG. 7

TYPE DN
1/2 & 3/4 4P, Any HP,
70680 FRANE, 90 & LARGER FRAMES
NO INTERPOLE Vit INTERPOLES
® =« CONNECTIONS
cow ]
(Facime Ewn OPPOSITE
SERIES Comm. sepigs SWAFT)
LTOA L TO A
MmTOS ATOS
L2TO 82 LaTo 82
S Sz
Fi8., 2 FiG. 3
SHUNT SHUNT
CoMM. | LToR;a LTOFi; A
I O \’] 12TOR;As L2 TO A
Fi A Al Ft F2
FiG, FI6. 6
SHUNT SHUNT
——AMAM——
‘ LTOR;A L TOF; A
SERIE. COHM semirs| BTOS  ATDS:
' LaTO a2l LaTOSR
: 5
R A A (AR ArllS Fa
FIG, 8 FiIe. 9

TO REVERSE ROTATION INTERCHANGE LEADS
AT BRUBH HOLDER} STANDARD ROTATION 18
CeCo¥e FACING END OPPOSITE SHAFT

TAG B82-A 18 FURNISHED WITH THESE

MOTORS .

¢ « CONTROL NOT COVERED ~ CONSULTY
CONTROL MANUFACTURERS

DIAGRAMS .

TAG BB2=A AND COMNECTION DIAGRAM
18 FURNIGHED WITH THESE MOTORS,
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_D.C.MOTOR & GENERATOR CONSTRUCTION

D.C. power is widely used in the industrial field. This type of power must be
used for telephones, field excitation, lifting magnets and electro plating work.
The characteristics of D.C. Motors make them especially suitable for loads that
are difficult to start, where the speed must be varied over a wide range, and
where the load must be started and stopped often; such as, traction work, mill-
ing machines, mine work, lathes, pumps, steel mill work, printing presses,
elevators, etc.

Any D.C. machine may be used as a motor or generator. This construction infor-
mation applies to both machines.

The frame is made of iron because it is used to
complete the magnetic circuit for the field
poles. Frames are made in three types; open,
semi-enclosed and closed types. The open frame
hag the end plates or bells open so the air can
freely circulate through the machine. The semi
enclosed frame has a wire netting or small
 holes in the end bells so that air can enter

" but will prevent any foreign material entering
the machine. The enclosed type frame has the
end bells completely closed and the machine is
air tight. Some machines are water tight which
makes it possible to operate them under water.
The closed type frame is used in cement plants,
flour mills, etc. where the air is filled with
dust particles that damage machine insulation.

The field poles are made of iron, either in solid form or built of thin strips
called laminations. The iron field poles support the field windings and com-
plete the magnetic circuit between the frame and armature core.

END B\
RETAINING SCREW

The bearings are the parts of the machine that
fit around the armature shaft and support the
weight of the armature. They are made in three
general types; sleeve, roller, and ball bear-
ings. Bearings will be discussed.in detail
later in the course.

The oil rings are small rings used with sleeve
type bearings. They carry the oil from the oil
well to the shaft. The oil ring must turn when .

DRAIN  PLUG — the machine is operating otherwise the bearing
will burn out.
ROCKER ARM The rocker arm supports the brush holders. This
SEY SCREW arm is usually adjustable to make it possible

to shift{ the brushes to obtain best operation.
When the brushes are rigidly fastened to the

end bell the entire end bell assembly is shifted
to obtain best operation.




D.C.MOTOR 8 GENERATOR CONSTRUGIIUN (sorrinuey)

BRYSH

The brush holders support the brushes and hold them in
the proper position on the commitator. The brushes
should be spaced equi-distantly on the commutator when
more than two sets of brushes are used. When only two
sets are used they will be spaced the same distance as
a pair of adjacent field poles.
BRUSH T ENSION The brush tension spring applies enough pressure on the
SPRING brush to make a good electrical connection between the
commutator and brush.

Brushes used on electrical machines are made of copper, graphite, carbon or a
mixture of these materials. The purpose of the brushes is to complete the
electrical connection between the line circuit and the armature winding.

COMMUTATOR BAR
INSULATION  Commutators are constructed by placing

NEE RING copper bars or segments in a ¢ylindrical
form around the shaft. The copper bars
are insulated from each other and from the
shaft by mica insulation. An insulating
compound is used instead of mica on small
commatators. The commtator bars are
soldered to and complete the connection
between the armature coils.

CORE The armature core is made of laminated
COMMUTATOR ?===£=5==;5 iron (thin sheets) pressed tightly to-
SHAYT gether. The laminated construction is
///D used to prevent induced currents (eddy
= currents) from circulating in the iron
core when the machine is in operation. The
<~—ARMATURE iron armature core is also a part of the
] LTS5 magnetic circuit for the field, and has a

number of slots around its entire surface,
in which the armature coils are wound.

COMPLETE ARMATURE . q . M .
The armature winding is a series of coils

wound in the armature slots and the ends
of the coils connect to the commutator
bars. The number of turns and the size of
wire is determined by the size speed and
operating voltage of the machine. The
purpose of the armature winding is to set
up magnetic poles on the surface of the
armature core.

U]

|

COMM@\TOR

The field windings are made in three different types: shunt, series and com-
pound wound fields. Shunt fields have many turns of small wire and series
fields have a few turns of heavy wire. The compound field is a combination of
the two windings. The name of the field winding depends on the connection with
respect to the armature winding. The purpose of the field winding is to pro-
duce magnetic poles that react with the armature poles to produce rotation.

ARMATURE. WINDING
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Brushes
and

Brush

F1G. |

Setting

|- Commurator Commutating pole . __
*Y-7  bars

Startor Shunt

2
Brushes

FI6.3

Figs. | and 2—Fitting brushes to commuta-
tor with sand paper. Fig. 3—Brushes in
each group should be in line. Fig, 4—Field
circuit open to test brush location on
commutator

.
(s 3

JContuct w e

H
By T T T T S T N N S s s
;i N N i e SRS

o o EF
FIG. 5

Aoy 2 mieter
Connertd *o
T e

Cormgtatur

Figs. 5 and &6—Locating neutrel on commutator with millivoltmeter. Fi i i
i A el n . Fig. 7—Armeture-coil lead locet trel. Fig. 8—
Fibre brush used with millivoltmeter. Fig, 9—Shunt ecross commutating-pols coil iesds to adjust .ée'l';:‘p;.lo tf:-gngfh.




MAINTENANCE & TROUBLE SHOOTING

A MACHINE MAY FAIL TO START OR IMPROPERLY OPERATE DUE TO-

1. Opens, loose connections or high resistance contacts in the motor, line or
starter. Use a test lamp or a voltmeter and make a continuity test as shown by
sketch. ‘
OVERLOAD RELEASE COIL
LINE
l ' SERIES

RELRY CONTACTS

‘ .

(~)
\_/

TEST LAMP

2. Worn bearings, on small machines and bearings can be tested by moving the
shaft. If bearings are worn there will be a noticeable clearance between the

bearing and shaft.
or thickness gauge.

For a more accurate test measure the air gap with an air gap
For best condition the surface of all field poles should be

the same distance from the armature core.
for all tests. )

BEARINGS NOT WORN

Use the same position on the armature

WORN  BERARINGS

UPPER LEFT MEASUREWMENT .026" UPPER LEFT WEASUREMENT LD 44"
UPPER  RIGHT 'y 026" UPPER  R\GHT s 044"
LOWER ¥4 ’9 0R6" LOWER #/ e 008"
LOWER LEFT 4 026" LOWER \EFT ’ 008"

3. Incorrect field pole polarity. Field pole polarity will not reverse itself.
This trouble occurs when field connections are being made between coils. Ad-
jacent poles should produce opposite polarity otherwise maximum field strength
will not be produced. A weakened field will cause a motor to run at a speed
higher than normal and decrease the amount of torque it will produce.

CORRELTY POLAR\TY THCORRECT POLRARITY

A magentic compass or large
nails can be used to deter- N N

N S mine if adjacent poles are
arvRncTION opposite polarity. REPULSION
4. High or low line voltage. The armature of a shunt or compound motor will

overheat if the line voltage is lower than normal if the motor is carrying its
full load. High line voltage will cause the shunt field to overheat. Series
motors will not be affected except the speed will vary with the voltage applied
to the motor. "

5. Operating temperatures. The temperature rating on the name plate is the
amount of heat the machine will produce when operating with full load. The
maximum operating temperature for any machine is the name plate temperature plus
normal room temperature. Example - Name plate temperature 40 degrees centigrade
— Normal room temperature is always considered to be 40 degrees centigrade.

This machine will operate at a temperature of 40° plus 40° or 80° centigrade
which is equal to 176 degrees fahrenheit. The following formulas are used to
change fahrenheit to centigrade or vise versa. F equals (C times 1.8) plus 32

C equals (F minus 32) divided by 1.8.
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MAINTENANCE & TROUBLE SHOOTING (contlnued)

TESTING A MOTOR TO LOCATE |

6. Brushes not properly fitted to the comﬁutator. Use sandpaper, brush jig or
brush seater stone to fit or seat brushes. ;

BRUSHN_ . BBUSH HOLDER
BRUSH
SPRING

BRUSH
SEATER STONE

SANDPAPER

7. Brushes off neutral position. This condition will cause brush sparking and
cause a motor to operate at a speed higher than name plate speed. The correct
pos1t10n can be located by using one of the following methods. 1. If the ma-
chine is operating with load shift the brushes to a position of sparkless commu-
tation. 2. Connect a voltmeter across the brushes of a motor and the shunt
field circuits The brush position giving the lowest voltmeter reading will be
the correct position. The motor must not rotate while the test is being made.
For a generator the brush position giving the highest voltage will be the correct
position. The generator should be‘operating without load when the test is made.

i TESTING A GENERRTOR TO LOCATE
CORRECT BRUSH POSITION : POOR BRUSH TENSION

CORRECT BRUSH POSITION
SHUNT FIELD

(v)—-
\J,

8. Poor or umequal brush tension. Apply equal tension of 1 to 3 1lbs. per square
inch of brush surface on the commutator. Measure brush tension by using a small
spring scale.

9. High mica. Use hack saw blade or undercutting machine and undercut the mica
about 1/16 inch.

10. Wet or oily windings. All damaged windings must be properly cleaned and
repaired before drying. Use carbon tetra chloride or other agents for cleaning.
Dry windings by baking at 180 F. until dry. Motors can be dried out by operat~
ing them with an ammeter and a regulating resistor comnected in series with the
machine windings. Adjust the regulating resistor so the current through the
chine windings will not exceed name plate value. After machine has been dried
out meke an insulation test to determine the condition of the insulation.

1l. Rough or dirty commutator. Smooth commutator with sandpaper or commutator
stone. True commutator by turning it in a lathe or using tools made for that
purpose. After trueing a commtator in a lathe use #000 or #0000 sandpaper to
smooth commutator. Clean commutator with fine sdndpaper or use a cleaning agent
such as carbon tetra chloride. It is best not to use a cutting agent for clean-
ing. Never use emery cloth or a lubricant of any kind on a commutator.

12. Incorrect grade of carbon brush. Carbon brushes vary in capacity from 40 I
to 125 I per square inch of brush surface in the commutator. When renewing
brushes always be certain that the brush used has sufficient capacity to carry

the load without overheating.
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Fig. 60. This diagram of three-phase voltages covers two complete cycles. The numbers on it refer to the numbers on the
diagrams below. Each diagram shows the condition tn the armature at the instant indicated by the corresponding number on
this curve. The action of the magnetic field is smooth and regular; the rise and fall of currents in the conductors &3 also

gmooth and regular
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« The current entering the Now the current in line 2 The current in line 1 is small
motor on line 1 divides is zero and that flowing in and jotning that from line 2
equally and leaves the motor at line 1 leaves at line 3. flows out in line 3 which
on line 2 and hine 3 The magnetic field revolves carries a marimum negative

clockwise current

®

This and the followtng dia-

grams show how the mag-

netic field continues to ro-

tate throughout the remain-
der of the cycle

i

Fig. 61. This series of twelve diagrams shows the electric and magnetic conditions wn a
two-pole, three-phase motor at the end of twelve equal parts of one cycle




MOTOR CHARACTERISTICS
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Approx. Approx. Apprex.
Maximum ( Starting Speed
Motor Torque Torque Current R - Starting Load
Type of Driven Machinery Doopna- | REM. | Fosh | FullCond | FollCont | % St Ealpment Gonditons
tion o Torque Torque | Current °
. 125 200 450 2
Pumps ('Centnfugn'l. .Rotsry anq 1800 To To To To '{eyp‘e QZIg lr:!oc:_m'ss n;‘l?e,
Turbine); Cotton Gins; Fans (Cen. Oe starte oss t .
trifugal and Propeller); Line Shafts; 180 250 550 4 line at full voltage with | Require normal start-
Motor Generator Sets; Shapers; comparative low start- | ing torque for continu-
Screw Machines; Planers; Milling 125 200 450 2 ing current. ous duty. Infrequent
Machines; Keyseating Machines; load fluctuations. Mo-
e c s B R DN R s factolfor" overiond
Sa;?ers;rgir::;&']g:vesn@mag ;:::i QZK 180 250 350 4 gmsw;:x:‘y; x frueli c;:g;ti%xp. Cpx;atant
i 5 iti - 8] . No special con-
%‘:.‘d“ja)';ﬁltti;;: Erree?s:: glg‘t’x’e 115 200 450 '1? Xrolt::: vtl}gt)iecs. h:::l::] ditions.
itators; i H ans; I , NORn-re-
Lg:::dry Wasll:m?n&:?ll Jsctl;ker:. 900 ;I;% ;1‘2% ;rs.% 40 versing or reversing.
Elacemenc)s Ans Commpresors; Re. 225 | 200 | 450 3
frigerating Compressors; Cox'wey- 1800 To To To To Compressors and
ors; Stokers; Crushers (without fly- 275 250 550 5 pumps rtequiring less
R N o
. ; Tu
T::]\::;erc“x ;‘»;,ue:s; Lalr:e ers QOZK 200 200 450 3 Across the line, full- | be successfully handled
Saws; Rug Mills; Dry Pans; Brick | Ratings] 1200 To To To To voltage manual or mag- | by type QZK Motors.
Presses; Gear Plungers; Brick and | 3 P 8 250 225 550 5 netic, non-reversing or )
Tile Machines; Foundry Tumbling o reversing. Heavy starting, con-
Barrels; Centrifugal Sand Mixers; | Larger tinuous or intermittent
Grain Elevator Legs; Bending and 190 190 450 3 duty; service factor for
itlraigl:teningc Rolls; Bucl!zet;gype 900 To To To To overload conditions.
H a :
loa%:g‘ol's onveyors s rting 225 200 550 5
1800 [ 300-400 | 300-400 | 300-350 | 15-20 AC]“;“ the line, lfll"~ Require high starting
Passenger and Freight Elevators. Type :gr cgt:g},:i‘tlll:gl:aiz:r. aﬂ;gu:in:ll:e;mlttelzf
QRZK 1200 | 300-400 | 300-400 | 300-350 | 15-20 | switches or drives. versing service.
1800 | 300-400 { 300-400 | 325-375 15-20 Same £ T Int ittent dut
i A me as for ntermitten u
Hoists, Lifts, Small Cranes, Valves. Q’rﬁ'zplci 1200 300-400 | 300-400 | 325.375 15-20 QRZK. 2 single speed revmingy,
1800 | 300-350 | 300-350 | 375-450 High starting torque.
Punch Presses, Laundry Extractor, Type Range | Across the line, full- Heavy fluctuating
Shears, Power Hammers, Crushers | QFZK | 1200 ( 300-350 | 300-350 | 375-450 | 5-8 voltage, manual or au- | Joads, usually with fly-
with Flywheels, Bending Rolls 8-13 tomatic reversing or { wheels or high inertia
with Flywheels. 900 |300-350 | 300-350|375.450{ | 0 Acceterate; continu-
- - b ous duty.
1800 | 75-100 | 150-160 | 350-400 | 35 | .| Low starting and maxi-
Pumps, Centrifugal and Turbine Type |- vtf{t?gse,txl;:nt:le ’orﬁ::: :rtlaurtniln: oc:zgrl;;t'. I(":g:
g'rg::ﬁse and Fans, Centrifugal and 4%31?}5 1200 } 75-100| 150-160 | 350-400 | 3-5 | tomatic reversing or tinuous duty, service
g P, non-reversing. actor 1.0 and no over-
& Larger| 900 75-100 | 150-160 | 350-400 | 3-5 load capacity.
Type Q)gdemotors Reaui | start
. . . m rt uire nor art-
Grinding Machincry: Foiste: Lawn. 1800/900] 125-180 | 200-250 | 450-550 | 24 | the linc-at full voltage | ing torque for continu-
dry Machinery; Machine Tools; | QXZK with comparative low | ous duty. Infrequent
Mills; Mixing Machines; Positive | Multi- Sl L?):d g:;:lil:etgon:'erﬁ‘i:;
gap!acement %lctwi“; g:::g:: Speed 1800/ gﬁi?:’i'o;?:g’; 2: f:ﬁl. factor for overload con-
Presses; Pulverizing Machines; Constant] 1200/ | 125-180 | 200-250 | 450-550 2-4 voltage types. Manual d"~"°l ns. Constant
Woodworking Machines. Torque | 900/600 or gnametic,' non-re- :ﬁtion',_No special con-
versing or reversing.
Type QMZK motors 5
QMZK may be started across | Require normal start-
. the line at full voltage | ing torque for continu-
Machine Tools; Production Equi Multi- {1800/900] 125-180 | 200-250 | 450-550 2-4 with comparative low ;)llsd g“tl{ a{,ﬂffﬂl‘ﬁﬂt
ment; Punch Presses; ?Nin?:lllllel:: Speed starting current. t?;' pﬁfv?de.m:;wife'
Bending Rolls, etc. Constant| 1800/ Starters may be. re- | factor for overload con-
Horse- 1200/ } 125-180 | 200-250 | 450-550 2-4 duced voltage or full | ditions. Constant
power | 900/600 voltage types. Manual | speed. No special con-
or magnetic, non-.re- | ditions.
versing or reversing.
Type QNZK motors
QNZK |1800/900| 125-180 | 200-250 | 450-550 | 2.4 | [ay be started across | pequire normal start-
Multi- with comparative low ::xzs t%rgtl;;: f‘}'ﬂg‘:’:ﬁg:;
Blowers, Fans and Pumps. Vsapr‘;:gle :ggg; 125-180 _200'250 450-550 2-4 :.mﬁg; “ﬁ‘”ﬁ,ﬁﬁf& load ﬂuctt'.xatiom. Mo-
; voltage or full voltage | tor provides service
Torque | 900/600 f types. Manual or mag- | factor overload condi-

[y

netic, non-reversing or
reversing.

tions. Constant speed.
No special conditions.
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STANDARD SQUIRREL CAGE | ! 200 | 2
A | S | NORMAL TORQUE - NORMAL {;TOP 1IS0{ Yo | 10 GENERAL PURPOSE O] ®@®
STARTING CURRENT 300 H 250 | 5 WIDE APPLICATION
B | X | NORMAL TORQUE - LOW 7 TO | 1251200 1 B | <\MpLE CONTROL (
w STARTING CURRENT 200 HP | 150 {225 | 5 @® ®i®
o SQUIRREL CAGE 3 70 |200;175 | 4 HEAVY STARTING
Zla HIGH TORQUE - LOW T0 T T0
O Julx C A R RS RRERY 100 HR | 250 | 225 | 5 | SIMPLE CONTROL ® ®
w [E|a -
: SQUIRREL CAGE i/, To [200[200] 8 HEAVY STARTING
> DK 2 To | To | TO INTERMITTENT AND
:‘LJ S HIGH TORQUE - HIGH SLIP | 100 HR 300300 | 15 | FLUCTUATING LOAD ®e®e ®
) SQUIRREL CAGE a0 To [ 50 [12s | 2 SPECIAL _PURPOSE
z|w| F | W| LOW TORQUE - LO 10 10 CONSTANT LOAD
n 1= SIARTING CURRENT 100 He | g0 | 150 | 5 LIGHT STARTING ®
[
2| | - lwx| SQUIRREL CAGE %o 10 | 100 75| 4 | SPECIAL SERVICE
- lx LOW TORQUE 10 HP 125 200 .5 SMOOTH REVERSAL
w
Z |- ‘o TO |2001 200 FREQUENT 8 HEAVY
- WOUND ROTOR 2
< |2 H 300 HP | % | 2% | ¥ | sTarTING ®| |©; @®
- 9| . | ¢ | CAPACITOR - iNDUCTION %10 [ 39 (Y21 4% LIGHT STARTING
» z LOW TORQUE 10 HP | 75 200 6 DIRECT CONN. LOAD
; . 50| 175 | &
2 | |2] . |[CN[ cAPACITOR - INDUCTION Yo 10 GENERAL PURPOSE
o z CU|{ NORMAL TORQUE 10 HP. | 200|200 | ® | INFREQUENT STARTING ® @
- ' TO S GENERAL PURPOSE
© L NA| SHUNT WOUND 75 ne | 150 7/' 18 | sTEADY LOADS @® IOHC
O w v, |75 10
wol  TO HEAVY STARTING
= NA| COMPOUND WOUND 75 MR | 200 f 32 | FLUCTUATING LOAD ®|@® ®
® o0 INa| series wouno Ve 10 | 37 f ¥ | Preavent’ @®
75 HP | 400 FREQUENT STARTING -
o w| CONSTANT HORSEPOWER /y TO [ 125} 175 | 4 SPEED INDEPENDENT
w| @ M| 2-3-4 sPEEDS 150 HP | 150 |200 | & | OF LoaD @®
w.x 125 17s | 4
a oo CONSTANT TORQUE 7% [¢] SPEED INDEPENDENT
B | M| 2-3-a sPEEDS 200 WP | 150 {200 | 6 | OF LOAD @@ ® (@
_W_, LI VARIABLE TORQUE 4 TO l$°5 |75 T‘; SPEED INDEPENDENT
o Ly 2-3-4 SPEEDS 200 HP | 150 200 6 OF LOAD
g
- el . s TO 7[ 5 WIDE RANGE
@ 5 Z| - [NW] FIELD CONTROL 50 ue | '5° 16 | FLEX1BLE CONTROL @®
wa
R NA| VARIABLE VOLTAGE /o TO | 10 ¥ EXTREME WIDE RANGE
g |°5 CONTROL 30 HP FLEXIBLE CONTROL
6| . ‘o TO | 2001200 LIMITED RANGE
< H | WOUND ROTOR 300 1P | 215 | 2% | ¥ | weavy sTarTing ®e |®e |@®
- o TO LIMITED RANGE
o NA| ARMATURE CONTROL 75 we | 150 7‘ ¥* | DepenDENT ON Loap | @ ®
w [ -
zZ . FIELD AND ARMATURE ‘o TO WIDE RANGE
&1 I12] - |NA} conTroL 0o | sof £ | ¥ | lairep appuicaTion
Z|v
9 - |Nal vAR1ABLE voLTAGE Yo 70 | o s | Wioe Rance
w s CONTROL 30 HP LOW EFFICIENCY
I 1, To | 178 LIMITED RANGE
@ |_|of - |NA| ARMATURE CONTROL 75 WP | 200 ][ ¥ | GEPENDENT ON LOAD ® @
L- ¢
- lal3l . NA| FIELD AND ARMATURE Yo TO | IS ¥ | WIDE RANGE
x |« CONTROL’ 50 HP | 200 LIMITED APPLICATION
g |glo
> (®lof _ NA| VARIABLE VOLTAGE YeTo | W75 7( s | WIDE RANGE
\| \CONTROL 30 HP | 200 LOW EFFICIENCY
< . %, TOo | 300 LIMITED RANGE
w NA! ARMATURE CONTROL 75 up | 4 7‘ ¥ | WEAVY STARTING @®

¥ DEPENDENT UPON LOAD AT NORMAL SPEED.

¥ ¥ HORSEPOWER RATINGS , TORQUE AND REGULATION DATA IS FOR 4 POLE (IBOO R.P.M.) 60 CYCLE A.C. MOTO
7‘ MAXIMUM! TORQUE IS LIMITED BY COMMUTATION. UNDER NORMAL CONDITIONS D.C. MOTOR DEVELOPS’ 2007
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D.C. GENERATORS.

| Am electrical generator is a device designed to change

| The self excited type gemerator may fail to develop

GENERATOR ACTION

mechanionl energy into electrical emergy. Note that it

does not generate emergy, it merely converts it from the

input to the generator must be greater than the rated

mechanical to the electrical form.
As no conversion device is 100% efficient, the power
generator output. For generators of 5§ K W rating or . l/

above, a prime mover capable of supplying 1.5 H P for
each KW of generator output is usually employed.

SEPARATELY EXCITED GEN:IRATORS
The D. C. Cenerator produces voltage by rotating con
ductors through a magnetic field. In Figure B this

field is produced by field coils that are enerzized
from a separate source external to the machine. This Y
type of generator may be driven in either direction,

for the field excitation is independent. The polarity
of the brushes will reverse when the rotation is chan
ged, the positive brush becoming negative and vice
verse.

SELF EXCITED GENERATOR SHUNT TYPE
In this machine, the emergy for the field is obtained
from the armature and the generator is self exciting.

The field poles retain some magnetism after having

once been magnetized, and as the armature is rotated,
the conductors cut thls residual flux and generate

voltage. This voltage is applied to the field, which
is im parallel with the armature, and in this manner

the field is strengthened. This increased field raises
the voltege still further and this actiom continues
until normal voltage is reached. The magnetic polarity
set up by the field coils wmust be the same as the res
4dual magnetism, otherwise the voltage will mot build up.

FAILURE TO GENERATE

normal voltage due to: no residusl field magnetism;
magnetio effect of field coils opposing residual
magnetism; poor brush comtact; speed teo low; wrong
direction of rotatiom.

When the directiom of rotation is changed, the brush
polarity reverses amd this reverses the current flow
through the field coils, causing the coil magnetiam
to weaken the residual field. Under such conditions,
the generator cannot build up a voltage. For operation
in the opposite direction, the field leads must be
reversed, :
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VARIABLE VOLTAGE CONTROL.

+ .
A _—GENERATOR FIELD RHEOSTAT.
MoTtor FieLo RHEOSTAT.—
RIVING MOTOR
L
FiELD REVERSING
ui SwiTcH. d
z /
- /
o /
a £
7/
ENERATOR MoToR
ARMATURE . ARMATURE .
D
~(GENERATOR FIELD. MoTtor FieLp. —=
Y o>

The variation in speed ob-
tainable by field control on the
ordinary P.C. motor will not,
in the average case, exceed 4
to 1 due to the sparking diffi-
culties experienced with very
weak fields. Although the
range may be increased by in-
serting resistance in series
with the armature, this can be
done only at the expense of ef-
ficiency and speed regulation.

With constant voltage ap-
plied to the field, the speed of
a D.C. motor varies directly
with the armature voltage;
therefore, such a motor may
be steplessly varied from zero
to maximum operating speed
by increasing the voltage ap-
plied to its armature. The
sketch shows the arrangement
of machines and the connec-
tions used in the Ward Leon-
ard type of variable voltage
control designed to change
speed and reverse rotation.
The constant speed D.C. gen-

by an A.C. motor (A) and its
voltage is controlled by means
of rheostat R. Note that the
fields of both generator (B)
and driving motor (C) are en-
ergized from a separate D.C.

|

erator (B) is usually driven’

supply or by an auxiliary ex-
citer driven off the generator
shaft. Thus the strength of
the motor field is held con-
stant, while the generator
field may be varied widely by
rheostat R.

With the set in operation
generator (B) is driven at a
constant speed by prime mov-
er A. Voltage from B is ap-
plied to the D.C. motor (C)
which is connected to the ma-
chine to be driven. By proper
manipulation of rheostat R
and field reversing switch S
the D.C. motor may be gradu-
ally started, brought up to
and held at any speed, or re-
versed. As all of these changes
may be accomplished without
breaking lines to the main
motor, the control mechanism
is small, relatively inexpen-
sive, and less likely to give
trouble than the equipments
designed for heavier currents.

The advantages of this sys-
tem lie in the flexibility of the
control, the complete elimina-
tion of resistor losses, the rel-
atively great range over
which the speed can be varied,
the excellent speed regulation
on each setting, and the fact

that changing the armature
voltage does not diminish the

maximum torque which the

motor is capable of exerting
since the field flux is constant.

By means of the arrange-
ment shown, speed ranges of
20 to 1—as compared to 4 to 1
for shunt field control—may
be secured. Speeds above the
rated normal full load speed
may be obtained by inserting
resistance in the motor shunt
field. This represents a modi-
fication of the variable volt-
age control method which was
originally designed for the op-
eration of constant torque
loads up to the rated normal
full load speed.
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