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Foreword— 
^T'HE importance of wiring diagrams of electrical 

machinery and associated relays and instruments 
are well known to all electrical workers and students 
of electricity. 

In this book an attempt has been made to bring 
together a time-saving, well organized, ready refer¬ 
ence group of popular connection diagrams, and 
while it is impossible to cover all possible power sys¬ 
tem arrangements and operating conditions, atten¬ 
tion has been given to the conditions most often en¬ 
countered in average practice. 

Numerous illustrative diagram examples are 
given, especially in the parts dealing with power 
transformers and synchronizing connection of alter¬ 
nating current generators, due to the importance of 
this subject, whenever electric energy is generated 
and transmitted. 

Because other symbols and methods of wiring may 
be possible in electrically equivalent circuits, great 
care should be observed when connecting electrical 
apparatus. The diagrams furnished by the manu¬ 
facturer of equipment to be installed, should be fol¬ 
lowed in each individual case. 

The Author. 



The successful operation of power 
systems depends upon knowledge 
of the concerted effects of many 

interconnected machines. 
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WIRING SYMBOLS 

INSULATION OR NON“ 
CURRENT-CARRYING 

Farts 

LEAOS 
POWER OR CONTROL OR 
SERIES SHUNT 

CROSS CONNECTION 
WIRES WIRING 

TERMINALS 

POWER CONTROL 

O O 

TEST LINK FLEXIBLE 
OR 

PIGTAIL 

METERS 
NOTE* 
OK Q-C INSTRUMENT* IS ON THE LEFT, BACK VIEW 

PLUG RECEPTACLE 

SHUNT 
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WIRING SYMBOLS (Continued') 

MAINTAINING-CONTACT 
OPEN ANO CLOSED 
PUSH BUTTONS 

FUSES AUTOTRANSFORMER 

>OFA ^FC >OFB 

5b 3A SoSC So SB 

1 
• 
• 
L -

O ; O erm S>-2A So—2C S*-2B 
5oia So IC S°IB 
SoOA SaOC Sa OB 

1PMASE AC 

EWES 

1 

LOAD 

RESISTORS I MARKEO TO SUIT) 

n t 
—c| RES t>- -<1 RES f>— -^THYRITE {— 

THYRITE FIXED LEADS VARIABLE 
OR TERMINALS 

O-C MOTOR. 
ARMATURE 

D-C MOTOR, 
SHUNT FIELD 

-WvV-

O-C MOTOR. 
SERIES FIELD 

O-C MOTOR. 
COMM. FIELD 

WOUND- ROTOR 
MOTOR 

t-terminals 

m-terminals 

SYNCHRONOUS MOTOR 
OR A-C GENERATOR 

FIELD 

CURRENT 
TRANSFORMER 

’’CLARITY 
SlDE--~»i MARKS 

POTENTIAL 
TRANSFORMER 
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WIRING SYMBOLS {Continued) 

ALARMS 

CAPACITOR 

ANNUNCIATOR 

SIGNAL LAMPS 

Ha 

AIR CIRCUIT BREAKER 

LOAD 

AIR CIRCUIT BREAKER 
WITH 04- TRIP COILS 

MOMENTARY CONTACTS 
PUSH BUTTONS 

Q_l_Q fi ; n 

O O 
HC. OPEN ANO 

CLOSED 

CONNECTIONS 

GROUND CONDUIT OR GROUPING 
Of LEADS 
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WIRING SYMBOLS {Continued) 

OIL CIRCUIT BREAKER NO. WITH 
TIME 

CLOSING 

MC. WITH 
TIME 

OPENING 

REACTOR CPU. 

NON-MAGNETIC-CORE INDUCTORS 

Wv 

MAGNETIC-CORE INDUCTORS 

COILS 

series shunt 

CONTROL (DOUBLE-WINDING) 

TRANSFORMER 

(Hl) (H2)(HJ) (H4) 

UW VaV 
¿WA> 

<X4) (X3> (X2) (XI) 

CONTROL TRANSFORMER 
(SINGLE WINDING) 

TERMINAL 
BOARD 

AMMETER TEST JACKS 

KNIFE SWITCH WITH 
AUXILIARY CLIPS 

o-il-o 

1 
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WIRING SYMBOLS 

CONTACTS 

W.C. 

KNIFE SWITCHES 

CONTACTS WITH BLOWOUTS 

field-discharge 
SWITCH AND RESISTOR 

STATIONARY 

MOVABLE 

TROLLEY 
WIRES 

6 

RELAY ANO INTERLOCK 
CONTACTS 

NO. NC 

1 4 
T T 

DEAD “FRONT SWITCH 
AND DISCHARGE RESISTOR 

MAIN 
PANEL 



HOUSE WIRING 

BELLS AND 

ANNUNCIATOR 

CIRCUITS 



VARIOUS LAMP CONTROL SCHEMES 

A 

B 

LAMPS 

-SINGLE POLE 
SNAP SWITCH 

CONTROL OF LAMPS FROM ONE LOCATION 

SINGLE POLE 
SNAP SWITCHES 

EACH LAMP CONTROLED FROM ITS OWN SWITCH 

SOURCE 

•SOURCE 

c 

D 

E SOURCE 

CONTROL OF LAMPS FROM 2 LOCATIONS 

SOURCE 

ARRANGEMENT WHEREBY A SWITCH WILL OPERATE 
ITS OWN LIGHT FOR CERTAIN POSITIONS OF THE 

TWO OTHER SWITCHES. 

In the lamp control diagrams represented above, fig. A illustrates the connection whew 
one single pole snap switch is used. 

Fie. B shows how two lights (or two group of lights) can be controlled individually from a set 
ot two single pole switches. 

Figs. C to F illustrate a series of special types of lamp control used in, for example, test cù • 
cuits, or in any location where particular control schemes are desirable. 
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LAMP CONTROL FROM 2-LOCATIONS 

•SOURCE 

A convenient and often used method for control of a lamp or a group of lamps from 
two points by means of 3-way switches is shown in the diagrams. The lamps may be extin¬ 
guished or lighted from either switch regardless of the position of the other. When both 
switches are in the positions shown in fig. A, the lamps are extinguished, and can be illum¬ 
inated by the operation of switch No. 1 or 2. If as shown in diagram, No. 2 switch is operated 
the lamps will be illuminated, and can now be extinguished from either switch. A typical 
sequence of operation is shown diagramatically in figs. A to E. 
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LAMP CONTROL FROM 2-LOCATIONS 

BOTH SWITCHES IN OFF POSITION 

S T ■ -

B *1 

POSITION OF SWITCH *2 CHANGED (Current on) 

E *2 

POSITION OF SWITCH *1 CHANGED BACK TO ORIGINAL POSITION 
(Current off) 

This connection provides an economical means of lamp control from two locations. 
Although not permissible under the National Electric Code it is shown only as an electrically 
possible circuit. As in the previous connections shown, both switches are in off position in 
fig. A, the lamps extinguished, and can be lit by operating either switch. If switch No. 2, fig. 
B. is operated to position “S” the lamps will be illuminated, and can be extinguished again 
from any one of the two switches. Figs. A to E inclusive shows the lamps lighted or 
extinguished, depending on position of switch No. 1. relative to the position of switch No. 2. 
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LAMP CONTROL FROM 2-CIRCUIT 
ELECTROLIER SWITCH 

2-CIRCUIT 
SWITCH 

>SOURCE 

4th POSITION OF SWITCH 
Large fixtures or electroliers are often wired so that lights can be controlled in two or 

more independent groups. As shown in the diagram the two groups of lamps are extinguished 
in the first position of the switch. When operating the switch to second position, group No. 2, 
will be illuminated. In the third position the maximum amount of brightness is obtained as 
both groups of lamps are illuminated, and finally in the fourth position, group No. 1 only 
is lit . This switch may not be considered as standard, it is only one of several arrangements. 
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LAMP CONTROL FROM 3-CIRCUIT 
ELECTROLIER SWITCH 

3-CIRCUIT SWITCH 

SOURCE 

1st POSITION OF SWITCH 

SOURCE 

2nd POSITION OF SWITCH 

A 3-circuit electrolier switch from which three groups of lamps are controlled is shown 
above. The sequence of operation is depicted diagramatically and is principally the saíne as 
shown in the previous 2-circuit switch. In the 4th position maximum illumination is ob-
taine<l. with all lamps lighted. The switch shown is typical only among a great variety ol 
switches manufactured for electrolier or dome lamp control. The current carrying capacity 
of the switch as well as potential of the source to be connected should be considered for each 
individual application. 
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CONTROL OF LAMPS FROM MORE THAN ONE 
LOCATION BY MEANS OF 3 AND 4-WAY 

SWITCHES 

.The series of connection diagrams shown in figs. A to D. illustrate the conventional 
methods of lamp control when using 3- and 4-way switches. With reference to fig. A, it is 
obvious that for any additional point of control desired a 4-way switch connected the same 
as the middle switch must be used. See figs. B to D. 
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STAIR-WAY LAMP CONTROL WIRING 

As shown in circuit diagram the switches used in this type of light control consist cf 
two double pole switches, inter-connected on the first and last floor, and one 3-way switch 
for each floor. The sequence of operation is as follows: Closing switch on the first floor lights 
lamp on first and second floor. Turning the switch on the second floor extinguishes the light 
on the first floor and lights the lamp on the third floor, etc. This operation is continued until 
the top floor is reached, in other words the switch on each floor should be turned in passing. 
It can be readily seen that this light control arrangement lends itself to operation of lamps 
irrespective of number of floors encountered. 

14 



Schematic Diagram of Typical Fluorescent Lamp Circuit. The necessary auxiliaries for any fluorescent lamp 
installation is (1) the ballast, and (2) the starter. 

The ballast for operating lamps on 60 cycle A.C.consists of a small choke coil (reactor) wound on an iron core 
The ballast serves three important functions, namely: 
1. It preheats the electrode to make available a large supply of free electrons. 
2. It provides a surge of relatively large potential to start the arc between the electrodes. 
3. It prevents the arc current to increase beyond the limit set for each size of lamp. 

Ballasts. These may be designed for operation of a single lamp or as is more common, for two lamps mounted 
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FLUORESCENT LAMP CIRCUITS 

in a single fixture. Certain practical advantages are obtained from the choice of 
an electrical circuit which combines under one cover the equipment for the con¬ 
trol of two lamps. 

Chief among the advantages are improved power factor, decreased strobo¬ 
scopic effect and reduced auxiliary losses. Each lamp is operated through a 
separate choke coil. A condenser is connected in series with one lamp and its 
choke coil to give a leading current. The leading and lagging current will com¬ 
bine with a resulting line power factor of very nearly 100%. 
When connecting lamps, ballast and starter into an electric circuit, it is of the 

utmost importance to observe the manufacturers’ diagram usually labeled on the 
ballast. This diagram should be followed in each instance for p'oper operation 
of the lamp or lamps. Also it should be clearly understood that each lamp size 
must have a ballast designed for its particular wattage, potential and frequency. 

Wiring Diagram of Single Fluorescent Lamp. In the glow type starter A, 
represents glass bulb filled with inert gas, B, fixed electrode,- C, bi-metal strip. 

Starters. The starter is designed to acl as a time delay switch which will connect 
the two filament type electrodes in each end of the lamp in series with the ballast 
during the short pre-heating period when the lamp is first turned on and then 
open the circuit to establish the arc. This pre-heating causes the emission of 
electrons from the cathodes and thus makes it possible for the arc to strike without 
the use of excessively high voltage. 

Operation. The switch is enclosed in a small glass bulb and consists of two 
electrodes, one of which is made from a bi-metal strip in an inert gas such as 
neon or argon. These electrodes are separtaed under normal conditions but 

16 



FLUORESCENT LAMP CIRCUITS 

when closed form port of a series circuit through the lamp electrodes and the 
choke coil (ballast). 
When voltage is applied a small current flows as a result of the glow discharge 

between two electrodes of the switch. Heating of the electrodes results, which 
by the expansion of the bi-metallic element, causes the electrodes to touch. 
This short circuiting of the switch stops the glow discharge but allows a sub¬ 
stantial flow of current to pre-heat the lamp electrodes. There is enough residual 
heat in the switch to keep it closed for a short period of time for the electrode 
pre-heating. The glow being quenched, the bi-metal cools, the switch opens and 
the resultant high voltage surge starts normal lamp operation. If the lamp arc 
fails to strike, the cycle is repeated. 

Wiring Diagram of Single Fluorescent Lamp with Capacitor for Improvement of 
Power Factor. For operation of the 13, 30, 40 and 100 watt lamps on 110-125 
volt circuits, the ballast must include a transformer for stepping up the voltage. 

Wiring Diagram of Single Fluorescent Lamp with Power Factor Corrected Ballast 
and Auto-Transformer for Stepping Up the Voltage. 
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FLUORESCENT LAMP CIRCUITS 

Wiring Diagram of Two-Lamp Ballast with Built in Starting Compensator and 
Auto-Transformer. 

Wiring Diagram of Two-Lamp Ballast with Built-In Starting Compensator. 
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FLUORESCENT LAMP CIRCUITS 

Wiring Diagram of Two-Lamp Ballast with Auto-Transformer and a Four-Contact 
Starter Socket for Each Lamp. 

Wiring Diagram for Operating Two 1 4 Watt Fluorescent Lamps in Series with 
a Special Incandescent Ballast Lamp. 
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FLUORESCENT LAMP CIRCUITS 

Wiring Diagram of Fluorescent Lamp for Operation on Direct Current. While 
the fluorescent lamp is basically an alternating current lamp, if is also used on 
direct current where alternating current is not available. Due to the lack of 
voltage peaks, where direct current is used, lamp starting is generally more 
difficult than on alternating current and special starting devices must be used. 
The thermal and manual starting switches in addition to a starting inductance is 
generally employed. 
With fluorescent lamps, one end of the tube may become dim after operating 

a few hours on direct current. This is due to the bombardment of electrons in one 
direction only. By reversing the direction of curren* flow at certain intervals 
(once a day or more frequently if desired) by means of a special reversing switch, 
this end dimming may be eliminated. 

Wiring Arrangement for Ballast Test Board. By means of a circuit of this type 
40 watts two lamp ballasts for use on standard voltage may easily be rested. 

20 



FLUORESCENT LAMP CIRCUITS 

This is simply a two-lamp circuit with binding posts left at the point where the 
ballast must be connected in order that quick connections may be made. By pro¬ 
viding socket spacing necessary to receive lamps of other sizes, such a test board 
can be used to check ballasts of any size, provided care is taken to make the 
connections through the proper binding posts. 

Wiring Diagram Illustrating a Simple Testing Board for Fluorescent Lamps. A 
test board of this type may be used for checking of 40 watt lamps, for example, 
with the lamp holders spaced to receive lamps of the proper size, and are pro¬ 
vided with a starter socket and manual starter switch, properly connected to a 
suitable ballast. A filament continuity checker can also be included if desired. 
This consists of a fluorescent lamp socket, in series with an incandescent lamp of 
the 25 watt size or smaller. 

A testing board of this type has been found helpful for checking of flourescent 
lamps and starters to see that they operate satisfactorily. 

21 



FLUORESCENT LAMP CIRCUITS 

Lamp boards of this general type may also be made to check lamps of several 
different sizes by providing the necessary ballasts and lampholders properly 
spaced to receive the lamps, or one lamp socket mounted stationary and the 
other provided with pins so that it can be plugged into jacks located at the 
proper distance for taking lamps of various lengths. 

Wiring Diagram of Portable Test Kit for Checking Fluorescent Lamps and Starters. 
By means of a circuit arrangement of this type various size lamps and starters may 
be tested directly on the job. All that is required is that the kit be large enough 
to hold the required ballasts, as connection to one end of the lamp is made by 
means of a lamp holder on the end of an extension cord. A selector switch must 
be included for making connections to the proper ballast. 

22 



VARIOUS METHODS OF INSTALLING SERVICE DROPS 
m
 z
 -

CONDUIT—► MINIMUM 
HEIGHT OF 
PIPE 8FT. 

UNDERGROUND SERVICE DROP 
FROM OVERHEAD LINE 

SERVICE DROPS SHOWING FITTINGS 
AND SWITCH BOX CONNECTIONS 
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TYPICAL METHOD OF GROUNDING FOR 
HOUSE WIRING SERVICE 

Note : ALL WIRING SHOULD BE CAREFULLY 
INSTALLED IN ACCORDANCE WITH THE 
NATIONAL ELECTRIC CODE AND ANY 
LOCAL REQUIREMENTS, AND SHOULD BE 
OF APPROVED AND AMPLE CAPACITY. 

SERVICE, „ 
CONDUIT 
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WIRING DIAGRAM OF THREE WIRE METER 
AND SERVICE BOXES 

/WOODEN PANEL 

3-WIRE SERVICE CONNECTION 

3-WIRE SERVICE 3-WIRE FUSE¬ 
SWITCH & FUSE BOX BOX 
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SERVICE CONNECTION FOR A THREE WIRE SYSTEM 

Installation Notes. It is important that all wiring be installed to conform with 
the requirements of the National Electric Code or any local requirements for 
safe electrical installation. 
The first requirement for any installation is to determine the type and size of 

load (number of lamps, motors, heating elements, etc. required). When this is 
done it is a comparatively easy matter to compute the maximum wattage require¬ 
ments, from which data the current is obtained from Ohm's law. 
When the current load for each circuit is known, the size of fuses and wire for 

the main and branch circuits is determined from wiring tables. In most branch cir¬ 
cuits where the maximum load does not exceed 15 amperes, No. 14 wire is used, 
although in some localities the branch circuit load is limited to 1200 watts (at 
110 volts) and no branch circuit may include more than twelve outlets. Generally 
circuits supplying oil burners, washing machines, refrigerators, electric ranges, 
and any heating appliance exceeding 1000 watts, are wired on independent 
circuits, separate from the light circuits. In three wire systems it is required that 
the load be balanced or evenly distributed between the ground and the outside 
wires. 
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SWITCH BOX AND METHOD OF INSTALLATION 

TYPICAL SERVICE METER BOX 
(interior view) 

TYPICAL BASEMENT INSTALLATION 
(exterior view) 
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WIRING DIAGRAM OF VARIOUS BRANCH 
CIRCUIT FUSE BOXES 

TO SERVICE SWITCHES 
THREE WIRE 

BLACK 

Bl (NCH 
CIRCUITS 

BLACK^^. 

WHITE 

WHITE 

BLACK CLACK 

PLUG-FUSE 

BLACK 

BRANCH 
CIRCUITS 

X- BLACK 

BRANCH-CIRCUIT 
FUSE BOX 

WHITE 

TO SERVICE 
SWITCH BRANCH-CIRCUIT FUSE BOX 

i 3-WIREUNFUSED NEUTRAL 

BRANCH 
CIRCUITS 

PLUG-FUSE 

BRANCH 
CIRCUITS 

BRANCH-CIRCUIT FUSE BOX 
2-WIRE UNFUSED NEUTRAL 

'TO SERVICE 
SW.TCH 

=72= 
BRANCH 
CIRCUIT 

1 r 
PLUG-FUSE 

BRANCH 
CIRCUIT 

SWITCH BOX 

GROUND BUS 
(Not connected) 

BRANCH-CIRCUIT FUSE BOX 
2-WIRE BOTH SIDES FUSED 

20 

BLACK 

WHITE 

BLACK tumblER 
SWITCH 

WHITE TO GROUND¬ 
ED SIDE OF LINE 

black-to hot 
SIDE OF UNE 



CONNECTION DIAGRAM OF A COMBINATION METER 
AND CONTROL PANELBOARD FOR APARTMENT-HOTEL 

NOTE ' This panel arrangement is typical only. Any other ar¬ 
rangement may be used to suit individual needs. The dis-
tribution method selected, shall however, in all 
details comply with the NATIONAL ELECTRIC 

and any local specification. 

TO SOURCE 

GROUND BUS 

3^00 OO#

LOAD 
SWITCH 
8c FUSE 

OOOOOO OOOOOO 

I3CH 
I5CH 
17 CH 
19 CH 
21 CH 
23 CH 

LOAD 

Tt 
>08 
>010 
>012 
>014 
>016 
>018 
>020 
>022 
3024 

'DISTRIBUTION 
COPPER BAR 

MAIN SWITCH 

FUSES 

OPERATION: For the sake of clarity only six meters are shown one of 
which iS a three wire meter. 

Meter #1 measures energy cosumption in circuits *2,3, 13 18 and 19 
; ? " ■ ” 4, 6,7. II, 15,22 and 24 

3 • ' • 1, 14 and 20 
8. 12 and 16 
9 and 21 
5, 10, 17 and 23 

S 
6 
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CONNECTION OF WATTHOUR-METERS 
(FRONT VIEWS) 

POTENTIAL 
COIL 

CURRENT 
COILS 

LINE _ I- LOAD 

TYPICAL METER FOR HOUSE SERVICEfAC] 
LINE, 

POTENTIAL COIL 
CURRENT COIL 

5 TO tOO A 
600 VOLTS 
OR LESS 

LOAD 

2-WIRE DUNCAN MODEL M-2 METER(A£) 

TENTIALCOIL 
CURRENT COILS 

5 TO 150 A. 
600 VOLTS 
OR LESS 

POTENTIAL COIL 
CURRENT COIL 

150 TO 300A 
600 VOLTS 
OR LESS 

Toad 
LINE 2 - — LDAP -

3-W|Ie DUNCAN MODEL M-2 METER(AjC) 2 WIRE DUNCAN M0DEL M2 METER(A_C2 
LINE 

ARMATURE 

POTENTIAL 
COILS 

LINE 

CURRENT 
COILS ARMATURE 

LINE 

CURRENT COILS 

POTENTIAL COIL 

LOAD 

LOAD 

WESTINGHOUSE 3-WIRE MODEL CW-6 
METERÍD.C.) 5TO 50A._ 

{ (OOOÔ) \ 

WESTINGHOUSE 2-WIRE MODELA 
METER (D.C.) 100 TO 450 A. 

UNE 
LOAD LINE 

CURRENT 
TRANFORMER 

■LOAD 

SANGAMO TWO AND THREE PHASE, 
THREE WIRE MODEL“H" METER WITH SANGAMO TWO AND THREE PHASE In_ _ - -

THREE WIRE MODEL “H"METER(A.C.) current transformers (a.c.) 

31 



EXTERNAL CONNECTION DIAGRAMS OF 
WATTHOUR-METERS 

CONNECTION SEQUENCE : SWITCH, FUSES, METER 
(NOTE: neutral un fused) 

LINE 

CONNECTION SEQUENCE: SWITCH, FUSES, METER 
(NOTE: neutral unfused) 

LINE 

CONNECTION SEQUENCE: FUSES, SWITCH, METER —SWITCH 
METER, FUSES SWITCH, FUSES, METER (note neutral unfused) 
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annunciator wiring diagram 

Gravity Drop Annunciator. When the circuit is completed by the operation 

of the push button, the current flows from Bi of the battery through the coil of the 
electromagnet marked (M) in the detail sketch and energizes its core, and the 

latter attracts the armature A, pivoted at B. When the armature is moved to the 
position C, the claw D, is thrown to the position D, thereby releasing the shutter 
S, pivoted at T, allowing it to drop by gravity to position O, thus displaying the 

number marked upon its face. 

Needle Drop Annunciator. In sending a current through the coil of the 

electromagnet, the armature E, turns on its pivot toward the magnet core A, 
thereby releasing the arm D, which in falling rotates the arrow to the position 
shown in the dotted lines. The arrow is reset bv pressing a button, which raises 

the rod F, carrying the arm G. 
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INTERNAL CONNECTION OF BELLS 

SERIES VIBRATING BELL SINGLE STROKE BELL 

SINGLE STROKE SELL 
SHUNT-VIBRATING AND SINGLE 

STROKE BELL 

Operation of Series Vibrating Bell. When the push button is operated the 
an L atfrLaC,S ?™°fure causing the hammer to 

stake the bell, but be ore it reaches the end of the stroke, the contact breaker 
breads the circuit and the hammer, influenced by the tension of the armature 
spring rapidly moves back to its initial position, thus completing the cycle. 

Operation of Single Stroke Bell. When the push button is operated the cur¬ 
rent energizes the magnet and attracts the armature causing the hammer to strike 
n® ’ k armature remains in the attracted position so long as the current 
Hows through he magnet. When connection with the battery is broken, the ham¬ 
mer spring pulls the armature back against M. A stop S, averts the motion of the 
armature, momentum springing the lever and causing the hammer to strike the bell. 
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INTERNAL CONNECTION OF BELLS 

Operation of Combination Vibrating and Single Stroke Bell. This bell is essen-
Hally a vibrating bell with the addition of a third terminal and a stop to prevent 
continued contact of the hammer with the bell when working single stroke 

Operation of Shunt-vibrating and Single Stroke Bell. This is simply an ordinary 
shunt bell with a switch arranged so that the short circuit through the contact 
maker, armature and lever may be cut out, thus restricting the current to the 

magnet winding. 

Operation of Differentially-wound Vibrating Bell. When the battery circuit 
is closed, current flows through the magnetizing winding and energizes the mag¬ 
nets which in turn attract the armature. The contact maKer closes the circuit 
through the demagnetizing coils, which demagnetize the magnets. The armature 
spring pulls the armature back against the stop, while the contact maker breaks 

the circuit through the demagnetizing coils. 

Operation of Differential and Alternate Bell. When the battery circuit is 
closed by means of the push button, current flows through the magnetizing wind¬ 
ing M and energizes F, which attracts end A of the armature. The contact maker 
closes circuit through magnetizing coil, and the single coil S, of magnet G. 
After which the demagnetizing coil demagnetizes F, and as a result, magnet G 
attracts end of C, of the armature after which contact maker breaks the circuit 
through demagnetizing coil D, and single coil S, of magnet G, completing the 

operation cycle. 



VARIOUS BELL CIRCUITS 

WITH GROUND RETURN 
BATTERY 

PUSH BUTTONS 

BELL 

BELL CONNECTIONS, WIRED TO OPER-

-w- battery (PUSH BUTTONS 

ATE FROM FIVE PUSH BUTTON STATIONS series bellÆiT WILL OPERATE 
BOTH BELLS FROM EITHER PUSH BUTTON 

PUSH' 
buttons battery 

PUSH BUTTONS 

SERIES BELL CIRCUIT TO OPERATE BOTH 
BELLS FROM EITHER PUSH BUTTON 

SERIES BELL CONNECTIONS TO 
OPERATE FROM EITHER STATION 

S
T
A
T
I
O
N
 

B
A
T
T
E
R
Y
 

THREE 

POINT BUTTON 

BUTT0N SYSTEM. MASTER BUTTON 
- TO RING ALL BELLS SjMULTANEOUSLY 
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WIRING DIAGRAM FOR BELLS IN APART¬ 
MENT BUILDING 

OPERATION. When for example, push button to apartment on 4th floor is oper¬ 
ated, a circuit is completed from battery Bi through bell #4 and to battery Bs 
causing the bell to ring. Similarly when door opener push button on 4th floor is 
oressed, a circuit is formed from battery Bj energizing the release coil, which 
}pens the door. The auxiliary push buttons from the service entrance functions in 
i similar manner, notifying tenant by means of buzzer, the presence of service 
tian. 
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ELECTRIC METER READING 

How to Read an Electric Meter. A consumer of electricity is billed for th» 
amount of electrical energy in kilowatt-hours registered by the meter located 01, 
the premises at certain intervals of time—usually once a month. In order to 
facilitate the reading of meters, the front of the meter is usually equipped with 
tour equally divided dials as shown in the figures below. It should be observed 
that each division on the first right hand dial represents one kilowatt-hour or 
unit (One kilowatt-hour equals 1,000 watt-hours). Beginning with this dial 
read each dial to the left in succession, placing the figures in the same order as 
read; always make sure to take those figures which the dial finger actually has 
passed. If uncertain if the dial finger has actually passed a certain figure or not, 
note whether the next dial has passed its zero (0), remembering that no dial 
nnger has completed a division until the diai Finger next to the right has made a 
complete revolution. 

The relation between the speeds of all dial fingers is ten to one, i.e. one com-
P u k°n ° One dla haPd ind| c°*es one division on the next dial to the 
left If the above precautions be observed, it is a simple matter to read any 
meter. For example, the meter shown in example No. 1, indicated 0 1 (ono-
Xhn°d fi n ’h®. ®x,r:eme right, the two next following indicate one 
7°^ °nd flnal|y 'T5 h35 ’ d"?1 a1» indicates one, making the total register reading 
imI.1 or a registration of 1111.1 kilowatt hours. 

The reading example represented by Meter No. 2 in a similar manner, in¬ 
dicates 0.9 (nine-tenths) on the dial at the extreme right; the second dial finger 
rests on 0, but since the first rests only on 0.9 and has not as yet completed its 
revolution, it follows that the second dial finger also indicates 9. This 9 placed 
before 0.9 already obtained gives 9.9. The same is true about the thira dial. 
Ihe second dial finger at 9 has not as yet completed its revolution so the third 
has not completed its division,- hence another 9 is obtained making 99.9. The 
same is true about dial four, thereby making the total registration 999.9 kilo¬ 
watt-hours. Ihe number of kilowatt-hours registered on meters Nos. 3 and 4 will 
similarly be obtained, being 1001 and 9994 respectively. 
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AMMETER CONNECTIONS 

DIRECT 
CURRENT 
LOAD 

DIRECT 
CURRENT 
LOAD 

SINGLE PHASE 
A.C. LOAD 
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VOLTMETER AND 
AMMETER CONNECTIONS 

DIRECT 
CURRENT 
LOAD 

PHASE 
A.C. LOAD 

3 ■ PHASE, 
3-WIRE, 

A.C. LOAD 

3 - PHASE, 
3-WIRE, 
A.C. LOAD 
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VOLTMETER CONNECTIONS FOR 
ALTERNATING AND DIRECT CURRENT 

PHASE 
A.C. LOAD 

VOLTAGE MEASUREMENTS 
FROM TWO POWER 
SOURCES 

VOLTAGE MEASUREMENTS 
FROM FOUR POWER 
SOURCES 
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WATTMETER CONNECTIONS FOR 
SINGLE PHASE A.C. CIRCUITS 

SINGLE 
PHASE 

A.C. LOAD 
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WATTMETER AND VOLTMETER 
CONNECTIONS IN SINGLE 
PHASE A.C. CIRCUITS 

A.C. SOURCE 

A.C. SOURCE 
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TWO WATTMETER CONNECTIONS 
FOR POWER MEASUREMENT 

3 • PHASE, 
3-WIRE, 

A.C. SOURCE 
RES. RES. 

3 • PHASE, 
3-WIRE. 

CONNECTIONS OF TWO WATTMETERS FOR MEASUREMENT OF 
POWER. WHEN CONNECTED AS ILLUSTRATED, THE TWO WATT¬ 
METERS WILL NOT INDICATE ALIKE EVEN IF THE LOAD BE 
BALANCED. ABOVE 50% POWER FACTOR, THE THREE PHASE 
POWER IS THE SUM OF THE TWO READINGS. BELOW 50% 
POWER FACTOR, IT IS NECESSARY TO REVERSE THE READING 
OF ONE WATTMETER (BY REVERSING ITS CURRENT LEADS) 
AND THEN TAKE THE DIFFERENCE BETWEEN THE READINGS 
OF THE TWO METERS. 
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WATTMETER CONNECTIONS 
SINGLE AND POLY -PHASE 

AC. LOAD 3-WIRE. 
A.C. LOAD 
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WATTMETER CONNECTIONS 
SINGLE AND POLY -PHASE 

SINGLE PHASE WATTMETER CONNECTION IN 
BALANCED THREE PHASE FOUR WIRE CIRCUIT. 
WITH THE METER CONNECTED AS SHOWN, THE 
POWER OF THE SYSTEM IS THREE TIMES THE 
INDICATION OF THE WATTMETER. 

POTENTIAL 
TRANSFORMERS 

POLARITY 
3 ■ PHASE. MARKS 
3-WIRE, 

A C. SOURCE 
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WATT-HOUR METER TEST 

A watt-hour meter is used for measurement of electric energy. Principally it con¬ 
sists of an electric motor with associated windings so arranged that the mechani¬ 
cal torque produced indicates the electrical power. 

One winding of the meter is usually connected in series with the load and 
the other across the circuit. The torque of such a motor will be proportional to 
the power and the total revolutions of the motor will be a measure of energy 
consumed by the load. 

In addition a watt-hour meter is equipped with a register which records the 
revolutions of the meter shaft and a magnetic brake whose function it is to retard 
the revolutions of the motor. 

Due to the inability of most meters to record the energy consumption correctly 
over a period of time, periodic test schedules are usually followed where each 
meter in service is compared with a portable standard meter, that is a meter in 
which the error has been reduced to a minimum. 

Testing Circuit for a Two-Wire Meter, Using a Resistance Load. 

The size of error permitted may vary in different parts of the Country but is 
usually around ±3 per cent of its rated load. 

When setting up a meter for test the current coils of the two meters, that is, the 
Portable Standard and the meter under test are connected in series, whereas 
their potential coils are connected in parallel. 

During the test period, the revolutions of the standard are compared with the 
meter under test for the same interval of time, allowance being made in the 
calculations for the disc constant of the two meters. 
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WATT-HOUR METER TEST 

In cases where the load be unknown it may be determined by timing the stand¬ 
ard with a stop watch and comparing the value of the watts from the expression, 

True watts = 
3,600 XRevolutions XWatt-hour Constant 

Time in seconds 
(1) 

With reference to the test circuits the rotating standard is operated by a poten¬ 
tial switch, which stops and starts the standard, a reading of the standard is 
taken at the beginning and at the end of the test and the difference between 
these two readings gives the number of revolutions of the standard. 

If no correction is to be applied to the rotating standard, the per cent accuracy 
of the watt-hour meter under test is obtained from equation, 

Per cent accuracy = 
khXr 
KhXR 

(2) 

Where 
r = revolutions of meter under test. 
R = revolutions of rotating standard. 
kh = watt-hour constant of meter under test. 
Kh = watt-hour constant of rotating standard. 

The method shown may be facilitated by introducing an additional symbol, 
volues for which may be given to the tester in tabular form. Thus, if Ro = the num¬ 
ber of revolutions the rotating standard should make when the tested meter is 
correct, the number of revolutions of two watt-hour meters for a given load vary 
inversely as their disc constants, then 

Ro kh n khXr T = TT or R" = (3) 

Subsituting Ro in the equation tor per cent accuracy, we obtain 

~ RoXlOO 
% accuracy = - -

Example. In a certain test the rotating standard has a constant Kh = 0.05 
and the watt-hour meter under test has a constant kh =0.5. If the number of revo¬ 
lutions of the meter under test, r=2, determine the number ot revolutions of the 
rotating standard. 

Solution. Substituting values in formula (3) we obtain 

R _ ki^ X_[ = 0-5X2 = 20 Ans 

Kh 0.05 

That is, for 2 revolutions of the meter under test, the standard should make 20 
revolutions. 
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WATT-HOUR METER TEST 

Example. Assume the rotating standard in the previous example actually 
made 20.24 revolutions, what is the accuracy of the watt-hour meter under test? 

Solution. 

d . R0XIOO 20X100 Per cent accuracy = - -- = — ■ = 98.8%. Ans. 

This actually means that the meter is 1.2% slow and should be speeded up 
slightly. 

Example. In a test of a D.C. 15 amperes watt hour meter, the corrected 
average volt and ampere readings are 220 and 14.75, respectively. During the 
test interval 38 revolutions are counted in 53.5 seconds and the meter constant 
is 1.25. What is the percent accuracy of the meter at this load? 

Solution. Average standard watts 

Wi =14.75X220 = 3,245 

Inserting our values in equation (1) we obtain the average meter watts as 

w = 3í600X^25 =3í19ó

W 3 196 
Meter accuracy = — = =0,985 or 98.5%. Ans. 

Other well known methods used in testing of watt-hour meters are: (1) the 
indicating instrument method and (2) the stroboscopic method. In the former, 
load is applied to the meter and watt-hours are measured by means of indicating 
instruments and timing devices such as stop watches or cronographs. 

The ratio between the indicated or meter watt-hours and true watt-hours 
represent the accuracy of the meter under test, and is usually expressed in per 
cent. 

The stroboscopic method involves the comparison of the speed of two similar 
discs, and utilizes a light source, a lens system, a photo-electric cell and ampli¬ 
fying equipment. This method of meter testing finds application in meter shops 
having a large number of meters to be tested. It is not limited to type of meter to 
be tested except that marking or slotting of the disc is necessary in order to ob¬ 
tain pulsating light. 
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WATT-HOUR METER TEST 

Testing Circuit for a Two-Wire Meter, Using a Loading Transformer. NOTE: 
Line side of meter may be left connected to service and potential jumper omitted. 
With such connections secondary of loading transformer and current coil of 
rotating standard will be at line potential. 

Testing Circuit for a Three-Wire, Single Phase Meter, Using a Resistance Load on 
Line to Line Voltage. 
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POWER MEASUREMENT IN POLYPHASE SYSTEMS 
Power Measurements with Two Watt-Meters; With reference to connection 

the.current coils of the meters should be in two of the lines and each 
Tk ct?nnPcted from £thLat line in which its current coil is placed, to the 

third line. The algebraic sum of theconnected watt-meter readings gives the total 
waHage. That is, if the power factor of the load be unity, each waH meter wN 
read one half the total power. If the power factor is 50%, one watf-meter w 
read zero and the other will read the total power. If thrower factor is some¬ 
where between 50% and 100%, one watt-meter will read more than the other 

,O,a P°.wer LSn^nd by adding ,he tw° watt-meter readings' 
he power factor is below 50% one watt-meter will indicate backwards 

nrd co,Pn®cllon °1 the current or voltage coil of this meter should be reversed in 
° ha ° be obtained In this case the power taken by the circuit 
he othrAr'nedHby s,ub,ract 'Pg ,he reading of the watt-meter that reversed from the other watt-meter reading. 

2 

SOURCE j — 

(wattmeter 
2 (W,) 

3 
-WATTMETER 

WATTMETER WATTMETER 

METHOD OF CONNECTING TWO WATTMETÉRS TO A POLYPHASE CIRCUIT 

fac^rL^k“' Measurem,enr - In a balanced three phase circuit, the power 
factor may be obtained from the readings of the two watt-meters without 
thiaf«lïn 9 he ïOl,ar °r t1h?A?LmOUn ‘ °f Current of any of ,he circuits, byapplying the following formula._ | Where 0 =angle of lag, W. = reading ¿n wan-S 

indicating the larger amount of power; Ws = read-
ing on watt-meter indicating the smaller amount 
of power 

tan 0 = 
W,-W, 
Wi-f-W: 

METHOD OF CONNECTING THREE WATTMETERS TO A POLYPHASE CIRCUIT 

«kI?lJkaSUrejhe f0Wer in a, ,hr ê phase four wire system, three watt-meters 
n?hl ih-^ and 5°nneP,ed as The current coils should be connected 
which hi 'neStan j eac,h Potential coil should be connected from the line in 
which the current coil is placed to the neutral line. In this case watt-meter TWO 

hte P°^e[ taken . by ptlaSe 1 wa,,-^eter (W2) the power taker by 
thœe meteT P°Wer ” eqUal ‘° ’he Sum of »^ readings of the 
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TIME LIMI T INDUCTION TYPE 
OVERLOAD RELAY 

E ~A T,°N ■ Jn genera/ /De re/a y operates as 4 
■ fo/loivo . Nr er on overcame/)/ exceeding /he setting ■' 
at which /he re/ay /s to operate occurs, /he rotation % 

^_of Me disk D, actuated bye Ushapeddriving ma <j ri et 
and retarded by a pair ofpermanent magnets, causes £ 
the contacts to c/ose after an inter mt of time which * 
depends upon the amount of current passing through d 

j the re/ay, and also predetermined by the setting of the 
Uptime /ever. 
K For typical wiring diagram,- see /he io//owing page. 
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METHODS OF OVERLOAD PROTECTION WITH 
INDUCTION TYPE OVERLOAD RELAYS 

SINGLE PHASE CIRCUIT THREE PHASEJHREE WIRE CIRCUIT 
B DC TRIPPING 

SOURCE 

FUSE 
INDUCTION TYPE 
OVERLOAD RELAY 

TRIP 
COIL 

i 

Ô 
OILCB. " l/^Jsee no^ 

CURRENT 
TRANSFORMER 

NOTE - "a" Denotes auxiliary 
Switch open when oil circuit 
breaker is open. 

THREE PHASEJHREE WIRE CIRCUIT 
(NEUTRAL GROUNDED OR UNGROUNDED} 

TWO PHASE, FOUR WIRE CIRCUIT 
DC TRIPPING 

3 2 1 SOURCE 
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DIAGRAM OF CONNECTION FOR DIFFERENTIAL 
PROTECTION OF POWER TRANSFORMERS 

OPERATION. Differential protective equipment is used with power transform¬ 
ers most frequently when two or more are operated in parallel. Thus, when this 
system of protection is utilized both automatic and simultaneous tripping of the 
high- and low-voltage breaker is obtained in case of infernal breakdown in the 
transformers. 

It is important that current transformers be selected of proper ratios to give 
equal secondary currents on the high- and low-voltage side. However, most fre¬ 
quently the ratio of transformation is such that this is difficult to obtain, in which 
case fnos are resorted to, which may be changed from time to time. (For operation 
of relays see following page.) 

56 



CONNECTIONS FOR DIFFERENTIAL PROTECTION Oí 
TRANSFORMER-BANK WITH A TERTIARY WINDING 
USING INDUCTION TYPE OVER CURRENT RELAYS 

d: Auxiliary Switch,Closed 
when 0'1 Circuit Breaker 
is Closed 

•p 
Coil 

¿Abuses 

Current 

a

Po<ar. tu 
Marks 3

Auxiliary Pelau 
Hand Reset — 

Ovcrcurrent RelAi 

Current 

OPERATION. When due to internal Faults in transformer windings the current 
through the overcurrent relays exceeds that for which the relays are set to oper¬ 
ate, the relays close their contacts, in turn energizing the auxiliary relay coil 
resulting in a simultaneous tripping of the three circuit breakers. 
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OYERCURRENT RELA Y 

Cover 

Needle Valve Adjusting Screw 

Lock Nut 

Bellows Support 

Tap For Quick Rtlease Valve When 
Used 

Bellows 

Compression Spring 

Stationary Contact 

.Movable Contact 

Contact Base 

Plunger Stop 

Frame 
Magnet Frame Cover 

Pole Piece 

Plunger 
Operating Coil 

Magnet Frame Shell 

Magnet Frame End Piece 
— Magnet Frame Supporting Screw 

- Calibrating Rod 

- Calibrating Tube 

Dust Cover 

SECTIONAL VIEW OF PLUNGER TYPE OVERCURRENT RELAY 
FOU APPL1CA TION AND CONNECTIONS, JEE following PAGES. 
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PLUNGER TYPE OVERLOAD RELAY 

Operation Principles. When due to certain conditions in the circuit to be 

protected, the current exceeds the value at which the relay is set to operate, 

the plunger raises and carries up with it the movable cone contact, or it strikes 

against the center of the toggle mechanisms (depending upon the type of con¬ 

tacts in the relay) thus causing the contacts to function. 

Generally, when a relay functions to open its contacts it is referred to as a 

:ircuit-opening type, and when it functions to close its contacts, it is referred to as 

'he circuit-closing type. In this manner the function of the contacts of a relay is 

nost frequently used as a means of identification, a relay being circuit-closing or 

:ircuit-opening or circuit-opening and circuit-closing. 

Timing Features. In regard to speed of operation a relay may be referred to 

as instantaneous or time delay. The word instantaneous conveying a general 

qualifying term applied to any relay indicating that no delayed action has been 

purposely introduced. 

The time relays are similar in construction to the instantaneous type, except for 

he addition of an air bellows which limits the rate of travel of the relay plunger, 

2nd in this way introduces an interval of time to the opening or closing of the 

elay contacts. 

This time delay may be regulated to suit the special service desired, which is 

jccomplished by means of a needle valve located in the head of the bellows as 

thown on page 58. This valve controls the rate of air flow from the bellows under 

rariois operating conditions. 
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METHODS OF OVERLOAD PROTECTION WITE 
PLUNGER TYPE CIRCUIT CLOSING RELAYS 

SINGLE PHASE CIRCUIT 

1 I 
THREE PHASE,THREE WIRE CIRCUIT 

THREE PHASE,THREE WIRE CIRCUIT TWO PHASE, FOUR WIRE CIRCUIT 
B2 Ao B, A| DC TRIPPING 

SOURCE 
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OVERLOAD PROTECTION WITH PLUNGER 
TYPE CIRCUIT OPENING RELAYS 

THREE 
PHASE SOURCE 

(Generator or Transformer) 
WITH UNGROUNDED NEUTRAL 

OPERATION. In this circuit overload protection is accomplished by means of a 
set of current transformers, with its associated relays and trip coils. The relay 
contacts are normally closed. When the overload through the trip coils exceeds 
tha for which the relays are set to operate, the contacts open, placing the trip 
coils in series with the relay coils, causing the trip coils to trip the oil circuit 
breaker. 

61 



OVERLOAD PROTECTION WITH PLUNGER TYPE 
CIRCUIT CLOSING RELAYS 

3 2 1 

TRIPPING 
REACTORS 

CURRENT 
TRANSFORMERS 

THREE 
PHASE SOURCE 

(Generator or Transformer) 
WITH UNGROUNDED NEUTRAL 

OPERATION. When tripping reactors are used as in over-current and other 
types of relays, instrument and meters should be connected from an extra set of 
current transformers. 

Tripping reactors are frequently employed when a direct current or reliable 
alternating current is no* available as a tripping source for the relays. 

Normally the trip coil circuit is open and the reactor forms the closed circuit 
of the current transformer secondary. When the overload is of a sufficiently high 
value to cause operation of the relay, it closes the trip coil circuit in shunt with 
the reactor causing sufficient current to be passed through the coils to trip the 
breaker. 
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TRIPPING OF TWO OIL CIRCUIT BREAKERS 

USING TRIPPING REACTORS AND CIRCUIT 

CLOSING RELAYS 

Note. Auxiliary switch "a” is open when cil circuit breaker is open, and 

auxiliary switch "b” is closed when the oil circuit breaker is open. 
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APPLICATION OF LOCKING RELAYS TO 
FEEDER CIRCUITS 

OPERATION. In this system each feeder is equipped with a complement of time 
overload relays adjusted to trip the feeder breaker on simple over-current, and 
a set of instantaneous locking relays with high current coil setting, adjusted not to 
function as long as the primary current does not exceed the capacity of the feeder 
breaker, but to function instantaneously in case the current exceed this value. 

The operation of the locking relays opens the tripping circuit of the feeder 
breaker, thus locking the feeder breaker closed, and closes the tripping circuir 
of the heavy duty group circuit breaker. 
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APPLICATION OF LOCKING RELAYS TO 
FEEDER CIRCUITS 

NOTE : V AUXILIARY SWITCH OPEN WHEN 
OIL CIRCUIT BREAKER IS OPEN 
"b" AUXILIARY SWITCH CLOSED WHEN 
OIL CIRCUIT BREAKER IS OPEN 

3 2 1 

TRIP 
COIL 

’b" 

Hi group 
CIRCUIT 

î_ . BREAKER 

A C. BUSES 

FEEDER CIRCUIT 
“ BREAKERS 

CURRENT 
TRANSFORMERS 

FEEDER 

2 

Afuse 
D. C. OPERATING BUS 

FUSE 

? TRIP COIL 

-AUXILIARY BUS 

INSTANTANEOUS CLOSING 
TIME, AUXILIARY RELAY 

TIME 
OVERCURRENT RELAYS 

CURRENT 
TRANSFORMERS 

FEEDER 

Operation. In this, as in the system shown on the previous page, the locking 
relays operate only upon excessive over-current in which case the locking relays 
close the feeder breaker and open the group breaker. 
An additional relay equipped with a direct current coil is arranged to close 

instantaneously and reset itself (open) in a definite time, is used as an auxiliary 
relay to work in conjunction with a circuit closing auxiliary switch on the group 
breaker to open the feeder breaker after the group breaker has been opened. 

65 



OVERLOAD RELAY 
CONNECTION 

Source 

pcopeeatihó 
MUS 

OU. C.0. 

Q Q Q 

a. 
TRIP 
OOH. 

testdnrs 

AMMETERS 

PLUNffR 
rype 
RELAYS 

NUAPirY NARKS TtiTLinn 

current 
TRANSFORMERS 

LOAD Mote-. Û. Auxiliary Switch 
CLOSER WHEN BREAKER /3 CLOSED. 

OySKLOAD PROTECTION OFA.C. E EE DEA! ̂ HOFY/NG 
APPLICATION OE TEST LINKS, FACILITATING TEST¬ 
ING RELAYS AND METERS. 
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OVER CURRENT 
PROTECTION 

Overload protection on typical A. C. feeder circuit. 
Operation; When current exceeds the setting of the 
relays, the relays will close their contacts energizing 
the tripcoil, which trips the oil circuit breaker. 

The test links shown are optional but will, ¡fused, 
facilitate the testing and calibration of instruments. 

The current in each phase is measured by means 
of ammeter and three way switch. 
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OVER CURRENT 
PROTECTION 

Overload protection on typical A.C. feeder. 
Operation: When current exceeds the settingof the 
relays, the relays will close their contacts,energizing 
thetrip coil which trips the oil circuit breaker. 

The test links are optional but will, if used,-facilitate 
testing or calibration of instruments. 

The current in each phase is measured by individual 
ammeters. 



OVER CURRENT 
PROTECTION 

Overload protection on typical A.C.feeder. 
Operation: When current exceed the setting of the 
relays.the relays will close their contacts, energizing 
the trip coil which trips out the oil circuit breaker. 

The energy is measured by means ofa watt-hour 
meten and the current in each phase by ammeter 
and three way switch. 

Test links shown are optional bul will,if used,fa-
cilitate the testing of relays and instruments. 





OVE. R CURRENT 
PROTECTION 

QpERATioN:When current exceeds the setting of the 
relays,th e relays will close their contacts energizing the 
trip coil, which trips outthe oil circuit breaker. 
The energy is measured by a watt-hour meter.andtne cur-
rent in each phase by ammeter and three way switch 

Test links are optional but will, if used, facilitate the 
testing and calibration of relays and instrument. 
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TEMPERATURE OPERCURRENT 
PROTE CT/ON 

3 2 I 

I Motor 

L_ 
Temperature overcurrent protection for synchronous motor 
using temperature relays. 
Operation: When the overcurrent exceed the rating at which the 
relays is set to operate, the heating effect of the current pass¬ 
ing through the relays will cause the relay contacts to close and 
energize the trip coils which trips the oil circuit breaker. 
The relays operating charactaristics is usually inverse-time, 
inthatthetime to operate the relay varies inversely with 
the overcurrent applied. 
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GROUND DETECTOR 

GROUND DETECTOR 
ï ■ * 

On underground systems, A C. as we// as D. C, it is ■ 
S necessary to install some fand of equipment /or de-
p ^TE^É>rr °C rendmg leakage ta groundyn accord with /he 
V A. E. CS. ru/es. 
¿. For Jow ro/toge two w/re /systems, the s/mp/es! 
ï method is to connec/ two /amps of the system vo/rage, 
& /n ser/es across the /wo wires, with the connection 
§ between the/wo /amps grounded. 
; (/round on one side wit/ o/wous/y shod circuit 
S' and darken the /amps an that side. 
JL- Above 300 roits, state org to ver type o/ground 
H a electors are genera/ty used; a typical instrument for 

ground detection /a shewn oh ore, and standard cop-
i' nect/on for same are gt/own on the following pages as 

os ground detection hy ra/tme/er or /amp method. 1 : 
ÿ Before connecting ground de hechor? /ns/rument, 

compare operaf/ng ro/roge wdh That giren on the me fer; 
^.-iP^d m each case follow the manufacturers recommen-
K. dation. 

: for exam pi e of ground detectan diagram, 
See the fo7/ow/ny pages. 



STAND A ED VOLT M£T££ 
CONNECTED £0/? ÇPODNp 
petect/on 

ß A 
2-FFAi£-2i//££ 

52/ 
J- FNAU-òN/rE 

DFTECTa^ (8AC/fVriN) 

CONNECTION FOR G ROUND DETECTION ON AC. 
CIRCUITS, FOR VOLTAGES UP 70 JJOO. 
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^PTECTO^ COWKT/M 

D.c. 2 PCZMrE 

with proper lamps and 
pesisrom this eoNNeer/oM 
can sc uses on voltages 
UP to éoo vain 

A-C. 3~ PH Ait-3^/^ 

WITH PROPER LAMPS AND RESISTORS 
THIS CONNECTION CAN BE USED ON VOLTAGES 
UP TO 6SO. 

CONNECTION OF GROUND DETECTOR LAMPS ON A.G. 
And d.c. circuits. 
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SWITCHBOARD 

AND 

WIRING 

DIAGRAMS 
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BENCH TYPE BIY/TCHBOARD 

* 
•WJÂaÈ 
K — f ' 
r 

— BENCHTYPE SWITCHBOARD — 

This type Switchboards are used primarily erbe re 
the verilea/ board cannot be asea on account of its 

. hrni/ed space fir mounting a repaired number of devices 
within a certain optica/ and operating range. 
The Oil Circuitbreakers when using this type of switchboard 

ere usually located and operated remotely from the switchboard 
Upe ft, and M/secondary wiring is /aid in conduits lea ding to oil 
Circuit breaker so/enosds, current andpotentialtransformers > 

a = Me ter 
b = Pane! .support and wire conduit. 
C = Synchronous indicator. 
d = Contrat switch-
e = Wire grille. 
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SW/TCHBOARD ARRANGEMENT 

oü C/rcv/i-^ 
freier/erer 
Mtvjonism 

NHwr-

Easts 

Barren/ /ransparmer 

Tardece'ion Bar 

&b/i 

Ci/ òrcaii Breaker 

OÜ õrcaii ßr&ker 

TYPICAL BACK-OF-BOARD CONNECTIONS 
This switch board shows a typical back of hoard arrange 

The bus supporting pipes a/so serre as wa//Braces to 
support the switchboardproper. 
The rheostats are con traded from front of hoard by 

meo os of concentric handies as shown . 
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STANDARD DULUXS FM VARIOUS 
SIZE WTCHBOAED PANELS 
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Direct Current Generator Connections 

Connection of a shunt wound direct current generator. The connections arf 
èratoAi^ofVhp",?'0^’ Yolt,metcr connected across the main leads at the Ren-

Slde 2- the d°uhle-pole knife switch. This will enable the operator to read the voltape 
hid?*» machine at all times, regardless of the position of the main switches The current 
SÍ (ammeter) »s connected in series with the positive lead connecting the machine to 

2urpose Of the overIoad coil on the circuit breaker is to prevent the cuíden? 
from reaching dangerous proportions, that is, when the current exceeds the calibrated set 
tings of the cod. the breaker trips, disconnecting the generator from Ï“ l^ad 
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Connection for Parallel Operation of Two 
Shunt-Wound D.C. Generators 

Detail connection diagram for parallel operation of two shunt-wound gen-
erators. It is customary to employ only one voltmeter with the addition of receptacles and a 
plug as shown. Sometimes a rotary switch arrangement » 
employed, in which case the receptacles and plug lx.* omitted. The voltmeter may in eithei 
case be connected at will, to read the voltage across the terminals of any one of two or more 
generators. Occasionally voltage readings across the bus-bars (load) may be included in the 
voltmeter-switch arrangement. The methixl for operating the two generators in parallel are 
as follows: Assume that generator B, by means of its prime mover has been brought up to 
normal speed and is already connected to the bus-bars. Then with the switch and circuit 
breaker of A open, start the prime mover of A. and bring it up to speed Now adjust the 
field rheostat of A. and note the voltmeter reading on this machine. Finally close the circuit 
breaker and switch of generator A. 
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PARALLEL OPERATION OE 2-0. C. 
COMPOUND GENERATORS 

—— ^LE SÜPPORES-^-

M/rc//0aw> P/T/EL 
_ (Fro/rA y/?»')' _ Qtffar rte*)_ 
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Connection lor Parallel Operation of Two 
Compound-Wound D.C. Generators 

Detnil of connections for two compound generators in parallel. When two over« 

° Xs together as indicated, and this common connector >s usually referred to as the 
k » ti„, inet nimmt« and «witches shown are connected in the usual manner, which are 
Â^tÆ^ StedHo?Äcüor ofVhunt generators in parallel, the only addition being 

serietHiekTcurrent whteh may be quite different from the current supplied by the generatoi 
to the load connected to the buses. 
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Direct Current Three-Wire Generator 

The three-wire generator with external balance coil is often resorted to when if 
is desired to obtain a three-wire system with a minimum of rotating machinery. I he thira 
wire (sometimes misleadingly called neutral) is obtained as follows. Io an ordinary gem 
Ä ■ dSig™d to ! give a terminal voltage equal to that between the two mam wires. arc 
added two slip rings as shown; from these slip rings two leads are brought out and connectée 
to armature points located 180 electrical degrees apart (this connection is not shown in the 
diagram). Collectors from the slip rings are connected from the two ends of the balance coil 
wound on an iron core, and the middle point of this coil is finally connected to the thud wire. 
It should lie observed that in a system of this kind it is necessary to balance the load between 
the two main wires and the wire leading from the balance coll as closely as possible . 1 he 
amount of unbalance allowed for a properly designed system (usually specified by the manu¬ 
facturers) should not exceed 10% approximately of the total current. 
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ówifchboard Front" 
view of A.C. Feeder 
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Solenoid 
operated oi/ circuit 

-breaker, remotely 
controlled. 

Wiring Diagram 
shown on fhe foi -
lowing page. 
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AC. BUS 

o o 

AUXILIARY SWITCH 

OPEN WHEN OIL 

CIRCUIT BREAKER 

IS OPEN / 

AUXILIARY SWITCH 

CLOSED WHEN OIL 

CIRCUIT BREAKER 

IS OPEN 

TERMINAL BLOCK 

CONTROL RELAY 

CONTROL 
WIRES 

CLOSING 
CONTACT 

CONTROL 

SWITCH x 

OPENING CONTACTS 

CLOSING 
COIL 

J-TRIP 

ICOIL-

GREEN LAMP 

Ü FUSES 

D.C.OPERATING BUS 

2 
3 

540 OIL CIRCUIT 

BREAKER 

CURRENT WATTMETER^ 

TRAhSFORMERS 

POTENTIAL 
TRANSFORMER 

FIELO AMMETER 

'SWITCH'.^-

IISCHARGE 
jElRESISTOR 

FIELD 

RHEOSTAT 

SYNCHRONOSCOPE 

AMMETER JACKS 

EXCITER 

¿RES. 

FIELD 
RHEOSTAT ! 

EXCITER 

AMMETER VOLTMETER 

VOLTMETER BU 

SYNCHRONIZING BUS 

A.C.GENERATOR 

VOLTMETER 
RECEPTACLES RUNNING STARTING 

1 SYNCHRONIZING 

RECEPTACLES 

VOLTMETER 

PLUG 

SVNCHRONIZING 

PLUGS 

Thir diagram is typical only of the switching 
equipment and instruments usually found on an AC 
Generator panel. The AC.Voltmeter and Ammeter 
reading may be obtained byinserting plugs in their 
respective receptacles. 

Oil circuit breaker control switches and indi¬ 
cating lamps are usually installed on the lower 
part of the panel, whereas meters and plug re¬ 
ceptacles are located on the upper part. 
The A.C.Generator voltage may be controlled 

from two points, 
(1) By the exciter field rheostat which controls 

the terminal voltage of the exciter or 
(2) By the A.C.Generator field rheostat which various 

the resistance of the A.C.Generator field circuit. 
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Connection for D.C. Operated Solenoid Used 
for Control of D.C. Oil Circuit Breaker 

MECHANICAL 
CONNECTION 

BETWEEN OIL -

CIRCUIT BREAKER 
ANO AUXILIARY 

SWITCHES 

- -- 1 
— - 2

- -- .3 
SWITCH CLOSED WHEN OIL CIRCUIT BREAKER IS CLOSED 

SWITCH CLOSED WHEN OIL CIRCUIT BREAKER IS OPEN 

CLOSING COIL 

TRIP COIL 

OIL CIRCUIT¬ 
BREAKER 

9 9 ! W SOLENOID 
HOUSING 

3 2 1 
A. C. FEEDER 

TERMINAL BOARD 
IN HOUSING 

CONTROL 
RELAY 

3 RED LAMP 

CLOSING SW. 

OPENING SW. 

FUSE RES. 
GREEN LAMP 

FUSES 

D C. OPERATING SOURCE 
( Usually 110 Volts ) 

Typical connection diagram for a remote controlled oil circuit breaker. In this» 
method of operation, it is necessary, however, that an unfailing supply of direct current be 
available. 1 he operation of the breaker is accomplished as follows: Assume the breaker is 
open and the condition for its closing has been established. When the main breaker isopen, 
auxiliary switch marked (b) is closed, and the green lampón the instrument board is lighted 
U hen the closing switch is operated, the coil of the control relay. Whose contacts arc normally 
open. Incomes energized and closes its contact which in turn actuates the closing coil (which 
is mechanically connected with the breaker contacts) closing the breaker. This closing of the 
breaker simultaneously reverses the position of the auxiliary switches, opening the previous!’' 
closed switch marked (b) and closes switch marked (a), which in turn extinguishes the green 
lamp and lights the red. The breaker may be opened in a similar manner by operating the 
lower of the two switches on the control board. 
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Electrolytic Generator with Polarity -Directional 
Protection 

D. C. GENERATOR 
Polarity directional protection such as that which may be used, where pro¬ 

tection against sparks is of the utmost importance, for example, where hydrogen or other 
high explosive materials are manufactured. In such cases it is of the utmost importance that 
the polarity be not inverted, as the explosion resulting from such a condition might endanger 
both life and property. The polarity-directional relay consists essentially of a pair of station¬ 
ary permanent magnets, a rotable soft iron armature pivoted within a stationary coil and a 
double throw set of contacts. The winding of the coil is of such direction that when potential 
is applied, connected with the proper polarity, the armature tends to rotate in a direction to 
keep the contacts closed to one side. A spring, in tension, tends to pull the armature back, 
open the closed contacts and close the contacts on the other side. When an invertion of the 
polarity occurs, the spring overcomes the action of the magnet which opens the circuit 
breaker . 
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Direct Current Generators in Three-Wire Service-

Common method of obtaining three-wire service by means of 3 
small motor-generator of identical size, usually identified as a balancer set. The additional 
wire or the so-called neutral is obtained and brought out from the common lead in the bal¬ 
ancer set connecting the positive of one machine with the negative of the other. By the em¬ 
ployment of a system of this kind, it is possible to establish better economy, in that the 
higher potential between the main generators, positive and negative leads can be utilized for 
power service. The amount of this saving in copper may best be understood by the fact that 
the weight of the conductors (and therefore the cost) required to transmit a given amount of 
power at a given efficiency is inversely proportional to the square of the line voltage. W her 
establishing such a system, however, it is necessary to employ some protective scheme tc 
guard against the unbalance of voltage in case the balancer set should become disconnected 
The voltage differential relay shown, will protect against unbalanced voltage, and as this 
relay is practically instantaneous in action, and to protect against false operation, therefore, 
upon transitory disturbances, definite time limit relays are utilized in the contact circuits 
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—and Method of Unbalance Voltage Protection 

The voltage differential relay functions principally as follows: The relay consists essentially 
of a pair of solenoids of equal characteristics, and each with a plunger core connected to a 
balanced lever which actuates the contacts. One winding is connected across on’ circuit and 
the other winding across the other circuit of the two circuits to be differentially protected. 
As long as the voltages are equal, the balance lever is in equilibrium and the contacts remains 
open. When for any reason the voltage becomes unequal, the unequal pull of the two solenoids 
tends to close the contacts and when this difference in voltage reaches the value at which the 
relay is calibrated, the contacts close instantaneously energizing the definite time limit and 
auxiliary relays which in turn shorts the coil of undervoltage device on the circuit breakers, 
tripping the breakers and disconnects the generators *rom the buses. 
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TYPICAL SWITCHBOARD RESISTANCE UNIT 
FOR BACK OF BOARD CONNECTIONS. 



CIRCUIT BREAKER 
ARRANGEMENT 

AND 
DIAGRAMS 



REMOTE CONTROLLED 
CIRCUIT BREAKER BPS C/MOL/T BREAKER POM 

+ 550/. DR 

TORCO BUS 

CIRCUIT SPEAKERS || 

TO SUBSTATION 

70 3^ 
KAIL 

a " Auxiliary switch dosed when 
circuit breaker is dosed 

b = Auxiliary switch o/wn when 
circuir breaker is c/osed 

CC.=C/o5inq co/7 , 
TC.= Trip coi/ CONTROi. CA0LF 

R. = RedLamp 
G = Green Lamp 
C.= Auxiliary closing contactor 

CONTROL SHircKes 
AND iKoicatino LAMBS 
Located on sußsrArioe 
RAN£l 

TYPICAL CONTROL WIRING OF 
REPTOTE LOCATED CIRCUIT BREAKERS 
FOR SERVICE IN NE TV YORK SUBWAYS. 
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AIR. CIRCUIT BREAKER] 

5/N G LE POLE S/NGLE THROW 
OVERLOAD AIR CIRCUIT BREAKER 

WITH 
WIRING DIAGRAM 

250 V. 2000AMP. 

0115 

A ir circuí! breakers are used as curren! 
' interrupting devices for all direct current switch -
'hoards. Tneg are made in single, double,and triple 
i pole, combinations. They are used almost imrariab/y 
as automatic devices to prevent damage to machines 
or other electrical apparatus which might result eppshor 
om abncrma/rond/ rions m the circuit, which can be’ ' I from abnormal conditions in the c/rcu/r, which can be 

. short-circuit or over-current, reverse current, uno'er-volfoge.unbal- < 
. anccd vo/tage in da e nn stems,phase r -versa/ek. To obtain some tarmof 
I pro/echon dis nice^ary rouse a w/ay in connection w/th thehreaker. 

For instruction pertain mg siz^ operation, ins taifa fian and Í 
maintenance, inquire e/ectricai manufacture/-. 

F 
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OIL CIRCUIT BREAKER | 

Õ Ô 

Q Q 

^—oi/ Crcu/ifreoffer 

METHOD OF MOHHTtHG 
0/L CIRCUI F BREAKERS 

Them are ñu r stand a rd 
methods of mounting OH 
Circuit Breakers: CD On 
back of panel. (2 ) On panel 
frame. (3) On framework 
remote from panel. (4) In cells. 

/- Back ofpanel mounting are used for small plant switchboard for ■ 
circuits upto andi ncluding 2500 volts and an to 800Amp.in capacita 

2. On pane! frame up to and including REDO volts and For any breaker? 
aboie 800 amperes in capacite/, but is not recommended when 
me greater number ofb reakers is 800Amperes oratore in capacity. 

3. On framework remote from pane! for circuits atora 2500ro/ts andup 
ñ 6600vo/ts, and for double- throw breakers except in occasional cases 
where connections can be made satisfactorily an back ofp anel, or 
°7./ooOViXdn^ hank type breakers up ta andincluding 

4. in cells for circuits aboye 66dd vo/ts. 
for various methods of oil circuit Breaker mounting, see the 

following pages. 
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MANUALLY OPERATED, REMOTE CONTROLLED 
BREAKER /N CELL. 
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r-3ft.4"Max^- 5ft.6 
MOTOR OPERATED OIL C/RC/J/T BREAKER 
TR/JO^TYP^panW^ ^MOVABLE 

The typicalfrack hypepane/, as /he term /s gen er a//y applied, 
consists of two elements; the truck or removable e/ement,ond 
the housing or stationary e/emen/: The former carries the oil 
Circuitbreokec, irsirumpnt frQnsformprSj/hrRQkEr opera fyng moch^ 
an ism instrument and meters, and morab/e disconnecting 
demes. The housing carnes the bus bars, stationary disconnecting 
devices, cables, and the tracts for the removable e/emenh 

The principal features of this type switchboard ore: Reliability 
and continuity orderv/ce, Oncease of inspection or repairs a 
truck can be withdrawn anda spare nut in its p/ace) safety 
to the employees, faeddy ofinstallation and maintenance 
and economy in operaf/on. 
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MOTOR MECHANISM FOR 
OIL CIRCUIT BREAKER 

Te/vn/w/ ßowd 
MoMo 

- ,- x^—As > 
EesisM 

reä Lamp 
Elises 

MOTOR MEC 
» FOR 

JO PE RATION with WIRING 
JENAGRAM, C/oícd when brechen i» 
■£/ — OPERATION — r®p 

breaker is c/ased by means of 
Ttfpàllbutton switch which completes 
yfjpcitxuif of efe control re/ay. 
vHThe control retag in torn energizes r 
vhe motor of the mechanism, ana sea /s 
ufselkta Insure comn/e/e closing operaboo!-

9.A> Tbe moler of pjemeçoonism Increases 
fjn speed the f/yrreights more outreard, 
pway from the dr/ring shaft, andpull 
Vflivnfvard the toggle mecnan/sm to 
p/ase the breaker! This oct/on raises the 
counterweight, which returns to its norma! 
^position after the breaker opens and reset 
Wte toggle mechanism for the next closing 
operation. 

K The circuit breaker of all times trips Á 
free from the mechanism, and is normal-
Tig tripped by orer/oad trip coils. 5 

s Eesisfor 

cou 
flut sut or&fd 
nhen oil'are. Br 
/i og/en 

Con/m/feia^ 

MOTOR 
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OIL CIRCUIT BREAKERS AND CONTROL 

ARRANGEMENT FOR LARGE 

SYNCHRONOUS MOTOR 

1 
2 A.C. BUS 

3 
Note: Auxiliary switch 'a' is open when the oil 

circuit breaker is open 
Auxiliary switch "b" is closed when the oil 
circuit breaker is open 

Running 
OIL 

CIRCUIT 
BREAKER 

INTERLOCKS MECHANICALLY CONNECTED 

TO OIL CIRCUIT BREAKER 

STARTINC 
OIL 

circuit: 
BREAKER 

t COIL r~] CLOSING - >ELAY *1 

AUTO-
TRANSFORMER 

STARTING 

OIL 
CIRCUIT 
BREAKER 

COIL<_ 

CLOSING 
REL^Y »2 

TO EXITER 

SYNCHRONOUS 

MOTOR 
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CLOSING 
RELAY *3 

CONTROL PANEL 

•<5x1- ÚMgX "j 

RUNNING 
BREAKER 

-©> 
REUSES 

‘D C OPERATING BUS 



A C. AND D.C. 
GENERATOR 

AND 
MOTOR 

DIAGRAMS 
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TERMINAL MARKINGS AND CONNECTIONS FOR 
DIRECT CURRENT MOTORS AND GENERATORS 

Marking of Terminals. The purpose of applying markings to the terminals of 
electric power apparatus according to a standard is to aid in making up connec¬ 
tions to other parts of the electric power system, and to avoid improper connec¬ 
tion that may result in unsatisfactory operation or damage. 

Location of Markings. The markings are placed on or directly adjacent to 
terminals to which connections must be made from outside circuits, or from auxiliary 
devices which must be disconnected in order to facilitate shipments from manu¬ 
facturer. 

Precautions. Although the system of terminal markings with letters and sub¬ 
script numbers gives information, facilitating the connections of electrical ma¬ 
chinery, there is the possibility of finding the terminals marked without system or 
according to some system other than standard (especially on old machinery or 
machinery of foreign manufacture). There is a further possibility that internal 
connections having been changed or that errors be made in markings. It is there¬ 
fore advisable, before connection of apparatus to power supply systems, to make 
a check test for phase rotation, phase relation, polarity and equality of potential. 

Subscript Numerals on Direct-Current Machinery Terminals. As applied ta 
the terminals of direct-current windings of generators, motors and synchronous 
converters, the subscript numerals indicate the direction of current-flow in the 
windings. Thus, with standard direction of rotation and polarity, the current ir 
all windings will be flowing from 1 to 2, or from a lower to a higher subnumber 

Direction of Rotation for D.C. Motors. Connections shown on the following 
pages will give the standard counter-clockwise rotation facing the end opposite 
the drive. To obtain the opposite direction, or clockwise 'rotation, the armature 
or main field leads must be reversed. 

Direction of Rotation for D.C. Generators. The standard direction of rotatior 
for D.C. generators is clockwise when facing the end of machine opposite 
drive, usually the commutator end of the machine. Direct current generators witf 
connections properly made up for standard rotation (clockwise) will not func 
tion if driven counter-clockwise, as any small current delivered ,by the armature 
tends to demagnetize the fields and thus prevents the armature from delivering 
current. If conditions call for reversed rotation, connections should be made ur 
with either the armature leads transposed or the field leads transposed. 
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TERMINAL MARKINGS AND CONNECTIONS FOR 
DIRECT CURRENT MOTORS AND GENERATORS 

—continued 

Motor Generators. Any direct current machine can be used either as a gener¬ 
ator or as a motor. For desired direction of rotation, connection changes may be 
necessary and should be accomplished as previously described. The conventions 
for current flow in combination with the standardization of opposite directions 
of rotation for direct current generators, and direct current motors works out so 
that any direct current machine can be termed generator or motor without change 
in terminal markings. A direct-current motor or a direct current generator, by 
direct coupling constitutes a motor generator. With such coupling, direction of 
rotation of motor and generator are necessarily reversed when each is from the 
end opposite the drive. The standard clockwise rotation for direct current motors 
meets such coupling requirements without change in standard connections or 
rotation for either direct current machine. 

Coupling of A.C. and D.C. Motors and Generators. In the same manner as 
that already described for direct current motors and generators, a direct current 
motor may be coupled to an alternating current generator without changing 
from the standard in either individual machine. When, however, the coupling of 
an alternating current motor to a direct current generator becomes necessary, this 
coupling cannot be made without rotation other than standard for one of the two 
machines. Since the rotation of the alternating current machine is usually the 
more simply changed, it is general practice to operate a motor generator with 
clockwise rotation viewed from the generator end. 

Example on How to Change Direction of Rotation in a D.C. Motor. When 
brushes are set for standard counter-clockwise rotation, it will be necessary 
Io change assembly of brush holders for trailing operation. With reference to page 
114 showing diagram and connections of a typical motor, proceed as follows: 
1. Change connection as shown for clockwise rotation. 2. To change assembly 
of brush holders for trailing operation, first lock the armature in position of one 
brush on the commutator surface. Mark the brush holder stud of this brush X and 
studs of the opposite polarity Y. Raise all brushes in the holders, remove holders 
from the studs and reassemble them on the same studs in the reverse direction. 
Lower brush holders until the distance between the bodies and commutator sur-
ace is % in. then shift brush holder yoke until the nearest brush from either 
stud Y exactly fits over the space previously occupied by the brush X. The leads 
rom the brush holder studs, one from the commutating fields and the other from 
he terminal board (lead Ai), should be interchanged in the studs. Erase paint 
nark on bearing housing and make a new mark to line up with the mark on the 
irush yoke. 
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TERMINAL MARKINGS AND CONNECTIONS 
FOR D.C. SHUNT-WOUND MOTOR 

STANDARD DIRECTION OF ROTATION COUNTER-CLOCKWISE 
WHEN FACING COMMUTATOR END OF MOTOR 

SHUNT FIELD I 

r^AM/W^-
commutating field 

I ARMATURE 
F| A i A2 F2 I 
DIAGRAM OF CONNECTIONS 

The above drawings represent a typical shunt-wound motor, with 
terminal connections for either the standard counter-clockwise 
rotation orclockwise rotation,which sometimes is utilized to facilitate 
the proper functioning of machinery to be operated-
All motor and control wiring should be carefully installed in ac¬ 

cordance with the National Electric Code and any local require-
ments.and should be of ample capacity based on a maximum line 
voltage drop of 2 per cent at full load current. 
Before operation, make sure that voltage on motor and control 

nameplates correspond with that of power supply. 
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TERMINAL MARKINGS AND CONNECTIONS FOR 
D.C. COMPOUND-WOUND MOTOR 

STANDARD DIRECTION OF ROTATION COUNTER-CLOCKWISE 
WHEN FACING COMMUTATOR END OF MOTOR. 

SHUNT FIELD 

COMMUTATING 

Aj S, 

DIAGRAM OF CONNECTIONS 

TYPICAL CONNECTION DIAGRAM FOR COMPOUND-WOUND MOTOR 

OPERATION OF MOTORS: Before placing the motor in serviceforthefirst 

time the following precautions should be observed: 

Dry out all moisture. If the motor has been exposed to moist atmos¬ 

phere for a long time while in transit or storage (or has been idle for a long 

period after installation in moist atmosphere) it should always be dried out 

thoroughly before being placed inservice. If possi ble, place the motor in an 
oven and bake ata temperature not exceeding 85°c. 

fair results can be obtained by enclosing the motor with canvas or other cov¬ 

ering inserting some heating units or incandescent lamps to raise the tempera¬ 

ture and leaving a hole at the top of the enclosure to permit the escape of moisture 

The motor may also be dried out by passing a current at low vol tage (motor at rest) through 

the field windings that will raise the temperature not over 85 c.The heat should be raised 

gradually until the whole winding is of this uniform temperature. 
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TERMINAL MARKINGS AND CONNECTIONS FOL 
STANDARD AND CLOCKWISE ROTATION 

CLOCKWISE 
ROTATION 

DC-MOTOR 
COMPOUND-WOUND 

(For non-reversing service^ 

SHUNT 
FIELD 

COMMUTATING 
FIELD 

ARMATURE SERIES 
FIELD 

DIAGRAM of connections 

OUNTER-CLOCKWISE 
ROTATION 
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STARTING RHEOSTAT AND CONNECTION DIA¬ 
GRAM FOR D.C. COMPOUND-WOUND MOTOR 

D.C. SOURCE SWITCH 
STARTING RHEOSTAT 

MOVEABLE 
ARM 
(off position) 

RESISTANCE 

NO VOLTAGE 
RELEASE COIL 

TERMINAL 

MOTOR 
JUMPER 

Note: For operation 
of rheostat- see 

d.o<^rti«T for shunt motor 

CLOCKWISE 
ROTATION 

TO SOURCE 

DIAGRAM OF CONNECTIONS 
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STARTING RHEOSTAT AND CONNECTION DIA¬ 
GRAM FOR D.C. SERIES-WOUND MOTOR 

OPERATION: When field be interrupted due to on open connection or 
failure of source, the No Voltage release coil will automatically releasethe 
moveable orm,which by action of its spring (not shown in diagram) returns to 
its Off or starting position. 
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STARTING RHEOSTAT AND CONNECTION DIA¬ 
GRAM FOR D.C. SHUNT-WOUND MOTOR 

OPERATION : When voltage fails or shunt field be interrupted the 
No Voltage release coil will automatically release the moveable arm, 
which is returned to its starting position by action of holding spring (not 
shown in diagram). This method of starting will prevent accidental appli¬ 
cation of a heavy current thru the motor arma ture,causing fuses to blow, 
or serious damage to motor. 
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STARTING RHEOSTAT AND CONNECTION DIA¬ 
GRAM FOR D.C. COMPOUND-WOUND MOTOR 
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CONNECTION DIAGRAMS FOR D.C. SERIES-
WOUND MOTORS 
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CONNECTION DIAGRAMS FOR D.C. SHUNT¬ 
WOUND MOTORS 

NON-REVERSING COMMUTATING POLE TYPE 

— WWAMr-
SHUNT FIELD 

Az 

COMM. FIELD 

A? 

REVERSING COMMUTATING POLE TYPE 

— WVWr-
SHUNT FIELD 

F, A| a2 f2

NON-REVERSING NON-COMMUTATING POLE TYPE 

r-^AAAAAAAr-
SHUNT FIELD 

rl Ai A2 

REVERSING NON-COMMUTATING POLE TYPE 

r-^AAAAAAP-
SHUNT FIELD 

F> A, Az f2 

REVERSIBLE WITH COMMUTATING AND ' 
COMPENSATING FIELDS 

Wam£—-
SHUNT FIELD 

FIELD FIELD 

A2 Pz 

NON-REVERSING NON-COMMUTATING 
POLE TYPE 

SHUNT FIELD 

A) *2 
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CONNECTION DIAGRAMS FOR D.C. 
COMPOUND-WOUND MOTORS 

NON-REVER5ING COMMUTATING 
POLE TYPE 

NON-REVERSING NON-COMMUTATING 
POLE TYPE 

- WmAAAM/^-
5HUNT FIELD 

ñ Ai A2 

REVERSING COMMUTATING POLE 
TYPE 

NON-REVERSING NON-COMMUTATING 
POLE TYPE 

— ^AAAA/VW-
SHUNT FIELD 

■^AMAAM^ 
SHUNT FIELD 

FI A, A2 S| $2 F2
NON-REVERSING NON-COMMUTATING 
POLE TYPE 
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CONNECTION DIAGRAMS FOR UNIVERSAL 
TYPE MOTORS (A.C. OR D.C.) 
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CONNECTION DIAGRAMS FOR D.C. 
GENERATORS (TWO-WIRE) 

I SERIES GENERATOR WITHOUT 
COMMUTATING POLES 

SHUNT GENERATOR WITHOUT 
COMMUTATING POLES 

+ 
_ _ 51^ 

SHUNT GENERATOR WITH 
COMMUTATING POLES 

r - _[$ -
SHUNT FIELO 

SHUNT GENERATOR WITH COMMUTATING 
AND COMPENSATING FIELDS 

COMM. FIELD 

A| 

COMPOUND GENERATOR WITHOUT 
COMMUTATING POLES 

COMPOUND GENERATOR WITH 
COMMUTATING POLES 

S| 

COMPOUND GENERATOR WITH COMMUTAT- SEPARATELY EXCITED GENERATOR WITH 
ING POLES AND COMPENSATING FIELD COMMUTATING POLES 
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CONNECTION DIAGRAMS FOR D.C. 
GENERATORS (TWO-WIRE) 

SEPARATELY EXCITED GENERATOR 
.SEPARATELY EXCITED 
FIELD 

- fVAaaw 

SEPARATELY EXCITED GENERATOR 
SEPARATELY EXCITED 
FIELD 

- -
HALF OF SERIES HALF OF SERIES 

COMPOUND GENERATOR 
rheostat 

"I SHUNT FIELD 

COMPOUND GENERATOR WITH 
RESISTANCE SHUNT 

HAU OF SERIES 
field 

vvv^ 
HALF Of SERIES 

HELD 

RES. SHUNT — 
Si 

GENERATORS WITH DIFFERENTIAL SERIES FIELD 
FOR AUTOMATIC OPERATION 

SHUNT FIELD 
DIFFERENTIAL 
SERIES DELO I«! 

SHUNT 
FIELD 

RHEOSTAT 

GEN ARMATURE 

CIRCUIT 
breaker 

4JUUIW-4 ARMATURE 
SERIES FIELD 
5HUNT 

COMMUTATING AND 
POLE FACE WINDINGS 
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CONNECTION DIAGRAMS FOR D.C. 
GENERATORS (THREE-WIRE) 

SHUNT GENERATOR WITH COMMUTATING POLES 

Kp! RHEOSTAT 

■WWVW 
HALF OF COMM. 

FIELD 
Slip rings 

CIRCUIT 
BREAKER 

AMMETER 

1. 

- VW\Ar 
HALF OE COMM. 

i FIELD 

AMMETER^ 

CIRCUIT 
BREAKER 

COMPOUND GENERATOR WITHOUT COMMUTATING POLES 
HALF OFSERIES FIELD Et>’| . SHUNT FIELO . HALF OF SERIES FIELD 

AMMETER 
CIRCUIT 
BREAKER 

CIRCUIT BREAKER 
j  ' ̂AMMETER (

$4_ 

COMPOUND GENERATOR WITH COMMUTATING POLES 
S| 

HALF OFSERIES FIELD 

rWVW\^ 
RHEOSTAT HALF OFSERIES FIELD 

CIRCUIT 
BREAKER 

AMMETER AMMETER 
SHUNT GENERATOR WITHOUT COMMUTATING POLES 

RHEOSTAT i 
SHUNT FIELD 

CIRCUIT 
BREAKER 

( ^AMMETER 

CIRCUIT 
BREAKER 

■AMMETER 
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CONNECTION DIAGRAMS FOR SYNCHRONOUS 
CONVERTERS (TWO-WIRE) 

VIEW FACING ROTOR 
COMMUTATOR 

Standard Direction of Rotation Clockwise When Facing the Direct Current 
or Commutator End of Converter 

The above (standard) direction of rotation is obtained only if the terminal sub 
numerals 1, 2, 3 applied to the collector rings Mi, Mi, Miare connected to alter 
noting current generator leads marked Ti, Ti and Ti respectively. Due to the 
great variety of shunt field connections, these diagrams are shown separately 
from the other connection diagrams. In some cases a shunt field connection dia 
gram may be used with only one machine diagram, whereas in other cases c 
machine diagram may be used in combination with any of several shunt fiele 
diagrams. 

COMPOUND WOUND IHREE PHASE SYNCH- COMPOUND WOUND THREE PHASE SYNCHRONOUS 
CONVERTER WITHOUT COMMUTATING POLES CONVERTER WITH COMMUTATING POLES 

FOR DETAILS OF 
SHUNT CONNECTIONS 
SEE OTHER DIAGRAM 

SHUNT FIELO 

FOR DETAILS OF 
SHUNT CONNECTIONS 
SEE OTHER DIAGRAM 

□ _ E 

L -WV— 1 

5HUNT FILLO 
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CONNECTION DIAGRAMS FOR SYNCHRONOUS 
CONVERTERS (TWO-WIRE) 
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CONNECTION DIAGRAMS FOR SYNCHRONOUS 
CONVERTERS (TWO-WIRE) 

SHUNT-WOUND SIX-PHASE SYNCHRONOUS CON¬ 
VERTER WITH COMMUTATING FIELD, AUXILIARY 
COMMUTATING FIELD ANO REVOLVING ARMA¬ 
TURE BOOSTER 

SHUNT-WOUND SIX-PHASE SYNCHRONOUS CON¬ 
VERTER WITH COMMUTATING FIELD, AUXILIARY 
COMMUTATING FIELD AND REVOLVING FIELD 
BOOSTER 

COMPOUND-WOUND SIX-PHASE SYNCHRONOUS 
CONVERTER WITHOUT COMMUTATING POLES 

COMPOUND-WOUND SIX-PHASE SYNCHRONOUS) 
CONVERTER WITH COMMUTATING POLES 

FOR DETAIL OF SHUNT 
FIELD CONNECTIONS 
SEE DIAGRAM. 

L-VWVWWV—1 
5HUNT FIELD 

FOR DETAIL OF SHUNT 
FIELD CONNECTIONS 
SEE DIAGRAM. 

^WWW-1 
SHUNT FIELD 

ARMATURE SERIES FIELD 

RES. WHEN 
REQUIRED 

x collector leads 
A CIRCUIT V BREAKER 

5, 
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SHUNT FIELD CONNECTIONS FOR 
SYNCHRONOUS CONVERTERS 

4 POLE DOUBLE THROW BREAK-UP 
SWITCH 

4 POLE DOUBLE THROW BREAK-UP SWITCH 
WITH AUXILIARY COMMUTATING SHUNT FIELD 

RHEOSTAT 

tí® switch PANEL 

RHEOSTAT 

wvww 
SHUNT FIELD 

WWW 
SHUNT FIELD 

2 POLE DOUBLE THROW DISCHARGE SWITCH 
FOR SEPARATE EXCITATION TO FIX POLARITY 

2 POLE DOUBLE THROW DISCHARGE SWITCH 
FOR SELF EXCITATION 

DISCHARGE 
RESISTANCE 

ruse. FUSE 
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SYNCHRONOUS CONVERTER WIRING 
DIAGRAM 

SYNCHRONOUS CONVERTER STARTING . 
The procedure in starting upa synchronous 

converter from the A C side is principally as 
follows 
(Step 1) With switch (A)and (B) thrown in upper 
position leads 1,3,5, 7, 8 and 9 connects the ma¬ 
chine to its low voltage taps 
(Step-2) Now if switch (A) be thrown to its lower 
position (switch (B) remains unchanged) the ma¬ 
chine will be connected to taps 1,3,5,10, 11 and 12 
which are the intermediate speed taps 
(Step-3) If finally switch (A) be opened and (8) 
thrown in its lower position the machine is con¬ 
nected to the full voltage or running speed 
terminals = 

INCOMING 
LINE 

POTENTIAL 
TRANSFORMERS 

BREAKER 
TO RELAYS ANO 
INSTRUMENTS 

CURRENT 
; >transformers 

DC BUS 

V. M » 
PLUG A ■A>R CIRCUIT BREAKEßC 

ww Lw/J POWER 

VOLTMETER 

SPEED 
UMIT 
DEVICE 

J AMMETER 

SHUNT 

sw TCH^ rheostat

MMMTRANSFORMERS 

STARTING 
SWITCHES 

SYNCHRONOUS CONVERTER 
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TRANSFORMER CONNECTIONS AND VECTOR 
DIAGRAMS FOR SYNCHRONOUS CONVERTERS 

CONNECTION FOR TRANSFORMATION 
FROM DELTA TO Y 

VECTOR DIAGRAM OF DELTA-Y 
CONNECTIONS 

3 1? 1
0 D fc™ 
m3 m7 m,_ 

CONNECTION FOR TRANSFORMATION FROM 
DELTA TO ZIG ZAG OR DISTRIBUTED - Y 

T 
NEUTRAL 

3 2 I 

m3 m2 m, 
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TRANSFORMER CONNECTIONS AND 
DIAGRAMS FOR SYNCHRONOUS CON 

DOUBLE -T CONNECTION FOR TRANS¬ 

FORMATION FROM TWO-PHASE TO SIX-
PHASE. 

IwwwJ IwmmJ 

VECTOR DIAGRAM OF DOUBLE -T 

CONNECTIONS 
(3WIRE2¿) (4WIREZ*) 

d Td 

DIAMETRICAL CONNECTION FOR TRANS¬ 

FORMATION FROM 3‘ PHASE TO 6-PHAS E 

MW/; Mwwd biMWM 

Mj M| 
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TRANSFORMER CONNECTIONS AND VECTOR 
DIAGRAMS FOR SYNCHRONOUS CONVERTERS 

CONNECTIONS FOR TRANSFORMATION 

FROM DELTA TO DOUBLE-DELTA 

VECTOR DIAGRAM OF DELTA 

DOUBLE-DELTA CONNECTIONS 

CONNECTIONS FOR TRANSFORMATION 

FROM DELTA TO DOUBLE-Y 
VECTOR DIAGRAM OF DELTA 

DOUBLE-Y CONNECTIONS 

a b c dT Te f 
vVWWv v\AMMA/ WWW 
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GdUlRREl. CAGE 1NDUCT/0N 
MOTOR STARTING 

Ô 

METHOD OF STARTING SQUIRREL 

CAGE INDUCTION MOTOR USING 
TWO SIMULTANEOUSLY OPERATED 

STA RT1NG O/L CIRCUI T BREAKERS 

MOTOR 
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FREQUENCY CONVERTER-SET AND RESISTANCE 
STARTER FOR WOUND-ROTOR INDUCTION MOTOR 

The induction generator is fundamentally a transformer. If the rotor be held 
stationary, the output frequency will be the same as that of the supply. When the 
generator be connected to run in a direction opposite to that of its rota¬ 
ting magnetic field the frequency and voltage will be greater in proportion 
to its speed. The frequency output may be expressed as follows; 

f = f + P* N. 
r T>- 2x60 

Where f= freq, output / 
fu = Line frequency / . ' 
P = Number of poles 
N = Rotor speed ¿। 

ROTOR 

RESISTANCE 

STARTER FOR WOUND ROTOR INDUCTION MOTOßZ 

BUS 

FUSES 

/T? SWITCH 

u 
INDUCTION 
MOTOR 

The motor is started with the full amount of resistance in the rotor 
circuit, as the motor gains speed the rotor resistance is gradually cut out 
by moving the moveable arms as shown. 
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FRACTIONAL HORSEPOWER MOTORS 

The Split-Phase Induction Motor. This motor type is commonly manufactured 
m fractional horsepower sizes. It is equipped with a squirrel-cage rotor for con¬ 
stant speed operation and has a starting winding of high resistance (commonly 
termed auxiliary winding), which is physically displaced in the stator from the 
main winding. This displacement produced by the relative electrical reistance 
values in the two windings, creates starting ability similar to that of a ployphase 
motor. 

In series with the auxiliary winding is a starting switch (usually centrifugally 
operated) which opens the circuit when the motor has attained approximately 
75 to 80 percent of synchronous speed. 

The function of the starting switch is to prevent the motor from drawing exces¬ 
sive current from the line and also to protect the starting winding from damage 
due to heating. The motor may be started in either direction by reversing eithe 
the main or auxiliary winding. 

Single-phase, split-phase motors are suitable for oil burners, blowers, busines 
machines, buffing machines, grinders, etc. 
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FRACTIONAL HORSEPOWER MOTORS 

ö 

p 

rhe Split-Phase, Permanently Connected Capacitor Motor. This type of split-
ihase motor, is commonly manufactured in fractional horsepower sizes. 

In common with other types of split-phase motors, it is equipped with a squirrel-
rage rotor and a main and auxiliary winding. A capacitor is permanently con-
tected in series with the auxiliary winding, thus a motor of this type starts and 
uns with a fixed value of capacitance in series with the auxiliary winding. 

The motor obtains its starting torque from a rotating magnetic field produced 
>y the two stator windings physically displaced. The main winding is connected 
lirectly across the line, while the auxiliary or starting winding is connected to 
he line through the capacitor, giving an electrical phase displacement. 

A motor of the permanent split-phase capacitor type is suitable for direct 
onnected drives requiring low starting torque, such as fans, blowers, certain 
/pes of centrifugal pumps, etc. 
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FRACTIONAL HORSEPOWER MOTORS 

The Split-Phase, Capacitor-Start Motor. This fractional horsepower motor ma 
be defined as a form of split-phase motor having a capacitor connected in serie 
with the auxiliary winding. 
The auxiliary circuit is opened by means of a centrifugally operated switcl 

when the motor has attained a predetermined speed (usually approximately 7< 
to 80 per cent of synchronous speed). 
A motor of this type is sometimes termed a capacitor-start, induction-run moto 

in contrast to the straight capacitor run type which is termed a capacitor-starl 
capacitor-run motor. 
The rotor is of the squirrel cage type as in other split-phase motors. The mai 

winding is connected directly across the line, while the auxiliary or starting 
winding is connected through a capacitor which may be connected into th> 
circuit through a transformer with suitable designed windings and capacitor c 
such values that the two windings will be approximately 90 degrees apart. 

This type of motor is particularly suited for such applications as air conditioning 
domestic and commercial refrigeration, belt driven fans, etc. 
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FRACTIONAL HORSEPOWER MOTORS 

CAPACITOR BOX 

The Split-Phase, Capacitor-Run Motor. This type of motor, also termed two-
value capacitor-motor has a running capacitor permanently connected in series 
with the auxiliary winding, the starting capacitor being in parallel with the 
running capacitor only during the starting period. 

In operation the motor starts with the starting switch closed. After the motor 
has attained a speed of approximately 70 to 80 per cent of synchronous, the 
starting switch opens, thus disconnecting the starting capacitor. 
The running capacitor is usually of the paper-spaced oil filled type, normally 

rated at 330 volt A.C. for continuous operation. They usually range from 3 to 
16 micro-farads, depending upon the size of the motor. 
The starting capacitor is generally of the electrolytic type and may range in 

sizes of from 80 to 300 micro-farads approximately, for 110 volt, 60 cycle motors. 
This type of motor is designed for applications requiring high starting torque, 

such as compressors, loaded conveyors, reciprocating pumps, refrigeration com¬ 
pressors, stokers, etc. 
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FRACTIONAL HORSEPOWER MOTORS 

The Split-Phase Capacitor-Run Motor. Another type of two-value capacitor 
motor is using a capacitor transformer unit. The motor is of the split-phase squirrel 
cage type with the main and auxiliary winding physically displaced in the stator. 

This type of motor employes a transfer switch which is equivalent to a single 
pole double throw switch, by means of which a high voltage is impressed across 
the capacitor during the starting period. 

After the motor has attained a speed of 70 to 80 per cent of synchronous, the 
transfer switch operates to change the voltage taps on the transformer. The 
voltage impressed upon the capacitor by means of the transformer will be of a 
value of from 600 to 800 volts during the starting period and approximately 350 
volts for continuous operation. 

This type of motor is designed for applications requiring high starting torque 
such as compressors, loaded conveyors, reciprocating pumps, refrigeration com¬ 
pressors, stokers, etc. 
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FRACTIONAL HORSEPOWER MOTORS 

The Split-Phase, Capacitor-Run, Induction Motor (Reversible type). In appli¬ 
cations where it is necessary to employ a reversible high-torque intermittently 
rated capacitor type, a motor connected as shown has found employment. 

When the reversing switch is in the B position, the auxiliary winding becomes 
the main winding, and the main winding becomes the auxiliary winding. With 
the switch in the A position, both windings functions as shown in the diagram. 

Since the direction of rotation in split-phase motors is always from the auxiliary 
winding toward the main winding, it follows that an interchange of the winding 
will also reverse the direction of rotation. 

From the foregoing it follows that with motor connections arranged in this 
manner, the main and auxiliary windings in the motor must be identical both as to 
size of wire and number of effective turns. 
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FRACTIONAL HORSEPOWER MOTORS 

Tins Reactor-Start, Split-Phase, Induction Motor. This type in common with 
other types of split-phase motors is equipped with an auxiliary winding, dis¬ 
placed in magnetic position from, and connected in parallel with the main 
winding. 
The function of the reactor is to reduce the starting current and increase the 

current lag in the main winding. At approximately 75 per cent of synchronous 
speed the starting switch operates to shunt out the reactor, disconnecting the 
auxiliary winding from the circuit. 
The starting switch must be of such construction so as to be equal to a single 

pole double throw switch. 
This is a constant speed motor and lends itself best for such applications at 

light running machines such as fans, small blowers, business machines, grinders 
etc. 
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FRACTIONAL HORSEPOWER MOTORS 

Operated 

The Split-Phase, Single Value Capacitor Motor (Dual-Voltage Type). A 
motor of this type differs from the conventional type of capacitor motor in that it 
has two identical main windings arranged for either series or paral lei connections. 

With the main windings connected in parallel the line voltage is usually 220 
volts, whereas when the main windings are connected in series a fine voltage 
of 110 volts is usually employed. 
The starting switch and operating characteristics of the motor do not differ 

from single-value capacitor-start motors previously described. 
In common with other types of split phase motors, the auxiliary winding is a 

separate winding displaced in space from the main winding 90 degrees. Also 
in series with the auxiliary winding is the usual centrifugal switch and starting 
capacitor. 
A winding arrangement of this type gives only half as much starting torque 

cn 110 volts as on a 220 volts winding. 
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FRACTIONAL HORSEPOWER MOTORS 

The Repulsion Motor. By definition a repulsion motor is a single phase motor 
which has a stator winding arranged for connection to the source of power and 
a rotor winding connected to a commutator. Brushes and commutators are short-
circuited and are so placed that the magnetic axis of the rotor winding is in¬ 
clined to the magnetic axis of the stator winding. 

It has a varying speed characteristic, a high starting torque and moderate 
starting current. 

Due to its low power factor except at high speeds, it is often modified into the 
compensated repulsion motor, which has another set of brushes placed midway 
between the short-circuited set and this added set is connected in series with 
the stator winding. 

The Repulsion-Start Induction Motor. By definition a repulsion-start induction 
motor is a single phase motor having the same windings as a repulsion motor, but 
at a predetermined speed the rotor winding is short- circuited or otherwise con¬ 
nected to give the equivalent of a squirrel cage winding. This type of motor 
starts as a repulsion motor, but operates as an induction motor with constant-
speed characteristics. 
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FRACTIONAL HORSEPOWER MOTORS 

It has a single-phase distributed field winding with the axis of the brushes dis 
Jaced from the axis of the field winding. The armature has an insulated winding. 

The current induced in the armature is carried by the brushes and commutator 
esulting in high starting torque. When nearly synchronous speed is attained the 
;ommutator is short-circuited so that the armature is then similar in its functions to 
i squirrel cage armature. 

The Repulsion-Start, Induction Motor (Reversible Type). In certain applica-
ions, it is necessary to reverse the direction of rotation. A motor of this type has 
wo stator windings displaced as indicated. Reversal of the motor can be ac-
somplished by interchanging the field winding connections. 

Thus, for example, with the switch in the upper position, the motor will rotate 
n a counter-clockwise direction, whereas if the switch be in the lower position 
he motor will run in the opposite direction, or clock-wise. 

The Shaded-Pole Motor. By definition a shaded-pole motor is a single phase 
nduction motor provided with an auxiliary short-circuited winding or windings 
lisplaced in magnetic position from the main winding. 
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FRACTIONAL HORSEPOWER MOTORS 

Although there are a number of different construction methods employed 
principally the motor operates as follows: The shading coil (from which thi 
motor has derived its name) consists of low resistance copper links embedde« 
in one side of each stator pole, and are used to provide the necessary startin« 
torque. When the current increases in the main coils a current is induced in thi 
shading coils that opposes the magnetic field building up in part of the pol< 
pieces they surround. 
When the main coil current decreases, that in the shading coil also decreases 

until the pole pieces are uniformly magnetized. As the main coil current and thi 
pole piece magnetic flux continue to decrease, current in the shading coils re 
verses and tends to maintain the flux in part of the pole pieces. 
When the main coil current drops to zero, current still flows in the shading coil 

to give the magnetic effect which causes the coils to produce a rotating mag 
netic field which makes the motor self starting. 

This motor is used largely where the power requirements are small, such as ii 
electric clocks, instruments, toys, hair dryers, small fans, etc. It is simple in con 
struction and low in cost and is in addition very rugged and reliable. 

The Shaded-Pole Motor (Skeleton Type). This type of motor is built for ap 
plications where the power requirements are very small. The field circuit wit 
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FRACTIONAL HORSEPOWER MOTORS 

its winding, is built around the conventional squirrel cage rotor and consists or 
□unchings that are stacked alternately to form overlapping joints, in the same 
manner that small transformer cores are assembled. 
Motors of this class will operate only on alternating current; they are simple 

in construction, low in cost and extremely rugged and reliable. Their principal 
limitations are, however, low efficiency and a low starting and running torque. 
A shaded pole motor is not reversible, unless shading coils are provided on 

each side of the pole, and means for opening one and closing the other coil ore 
provided. 
The inherently high slip of a shaded pole motor makes it convenient to obtain 

>peed variation on a fan load, for example, by reducing the impressed voltage. 

The Universal Type Motor. The universal motor is designed for operation on 
either alternating or direct current. It is of the series-wound type, that is, it is 
□rovided with a field winding on the stator which is connected in series with a 
sommutating winding on the rotor. 

Universal motors are commonly manufactured in fractional horse-power sizes 
□nd are because of their use on either A.C. or D.C. currents, preferred, partic¬ 
ularly in areas where power companies supply both types of current. 
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FRACTIONAL HORSEPOWER MOTORS 

uO 

ô 
<O 

Full-load speeds generally range from 5,000 to 10,000 r.p.m. with no-load 
speeds from 12,000 to 18,000 r.p.m. Typical applications are portable tools, 
office appliances, electric cleaners, kitchen appliances, sewing machines, etc. 

The speed of universal motors can be adjusted by connecting a resistance of 
proper value in series with the motor. Advantages of this speed control method 
is obvious, in such applications as motor operated sewing machines, where it is 
necessary to operate the motor over a large range of speed. 

In such applications adjustable resistances are used and the speed varied at 
will of the operator. Universal motors may be either compensated or uncom¬ 
pensated, the latter type being used for the higher speeds and lower ratings 
only. 

Universal Motor Connection Method. As previously noted, speed regulation 
is commonly accomplished by means of a variable resistance in series with the 
motor. Speed reversal in a universal type motor is usually obtained by an inter¬ 
change of the brush-holder leads, having the armature connected off neutral. 
In the split-series, three-wire reversible type universal motor, one stator coil is 
used to obtain one direction and the other stator coil to obtain the other direc¬ 
tion of rotation, only one stator coil being in the circuit at a time. The only re¬ 
quirement being that the armature connections be on neutral in order to obtain 
satisfactory operation in both directions of rotation. 
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^GENERAL fl ETHOO OF 
YNCHRONIEING 

— SYNCHRONISM INDICATOR — 
f RABATTE!. OPERATION OH SYNCHRONOUS ÇFNÍRATORS 
B. Before Generator'll can be connectedinparade/NM Generator */, tye 
Hollowing condition J must be obtained: 
'p) Both machines must hare /he same frequency and wave form. 
[W Their terminât ra /tog es must he egao/ . 
\H)Their sequence of Noxundm pso/eh/eof va/ves mus/ ¿>er^e same 
K . Wnan synchronizing proceed as follows: . 
H, LÁOP SYNCHeouiZlNG ; Machine*! is running and supplying the toad and 
fits oil circuitbreaker is c/osed, the running plug is inserted. Bring machine 
■flupto voltage by Slowly increasing the speed of its prime mover, as 
iihe speed of mach. *2 increases insert the storting plug, when now rhe. 
Apochines are running at neor/g /desame speed, /he synchronizing /amps 
Wight up then go oat, tight up again etc. If the machines are in steps. 
Vr/th tamps out or /amps in, (Depending on if light or darf/amp connec¬ 
tions are used) wait until rhe y go out for a few seconds then dose /he oil 'c 
Fcircuit breaker on machine '2 and the machines ore now in parallel. ' 
to. INDICATOR SYNChROMZ/HQ 
K Proceed same as before: The rotary motion of thepointer on the 
Vindicator indicates whether the Generator tobe synchronized is running , 
Ftp s/ow or to fust. /Then the pointer remains stationary . in the vertical 
^position the two machines are in synchronism and the oil circuit breaker^ 
|c¿z7 be closed. 
vf After paralleling the two machines adjust the mechanical power input 
fond the generated e.mf until each machine supplies its share of the total-
flood, and the power factor of each machine is the same and equal to 
if hat of the total /oad. 
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METHOD OF SYNCHRONIZING 
( Lamps Dark ) 
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METHOD OF SYNCHRONIZING 
C Lamps Bright ) 
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PHASE ROTATION TEST 

BUS 
3<j)5M/es 

> oi! C/nr. 
ç o o I port er 

— I 
— 2 
— 3 
FUHi 

Poltnfiol Transf. 

pvknty fasts 

■“A—Inditcliirc tond 
(fe/oq coll) £k. 
LAMPS 

f/ELD 
- METHOD-

Before two A.C. Generators 
can be synchronized. it is neces¬ 
sary, in addition to having one 
phase of/he machine in syn -

__p chronism with the phase o f the 
other machine, that the sequence 

of maximum potential values in various 
phases shall be the same. 
Adjustments of the phases- to obtain 

Fl C. tb/s sequence is known as p"hase rotation 
test.“ To obtain thephaserv/atron of the 

' machine,proceed as follows: Connect two lampjA''&B’and 
an induct/ve loadas shown. One lamp wit! arow brighter 
than the other; and if that lamp should be the "o'lamp, the phase 
relation is c/ochwise or /-2'3. If on the other hand A" should 
g/ow the brighter, the phase rotation is counterclockwise or 3-2-1. 

The leads of the machine mag be transposed after a check 
to confirm with phase rotation or the other machine,or the Bus, 
as the case may be. 

158 



TRANSFORMER 

CONNECTIONS 

159 



CIRCUIT CONNECTIONS & DEFINITIONS 
OF VOLTAGE AND CURRENTS IN THREE-
PHASE SYSTEMS. 

In a three-phase system, (Transformer-circuit- or 
apparotus)there are two voltages between which 
a sharp distinction must be made: The vol tage 

between the phase conductors, and the voltage brom 
phase conductor to neutra/(or ground where the 
neutra/ is at groundpotent/a/). 
/n the usual diagrammatic representation as in 

fig 1, these voltages are denoted as the de/ta-vo/tage 
and the star-vo/tage. 
If then, 1, 2 a nd 3 are the three phase conductors 

of a three-phase circuit, 0 the neutra ¡^regardless of 
whether ¡tactually exists as conductor or not) the 
Delta-voltages 1-2, 2-3, 3-1 are variously called the, 
LineVòltage, Voltage Between Lines, Voltage Between 
Conductors, or simply the Three-phase Vo/tage or the 
voltage of the system; The Star-voltages 0-1, 
0-2, OS are similarly called the Voltagelõ Ground, 
Voltage To Neutral, or Neutra I Voltage, etc. 
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De/ta-voftage = Z73 times Star-vo/tage. 
Star-vo/tage = Delta-Mitage.. 

1.73 
Thus the de/ta-vo/tage is the higher one, the star 

voltage being a port on/y of the de/ta-vo/tage. 
Similarly a distinction is made between the delta-

current and the star-current/n a three-phase system. 
The Delta-current is the current which flows from 
phase to phase: From Ito 2, from 2to 3, from 3tol. 
The Star-current is often simply denoted as the 

Current, Current Per Phase, Line Current is the Cur¬ 
rent flowing in the phase conductors in I, or 2, or 3 and 
may be supposed to flow towards the neutral O. 

Star-current= 1.73 times detta-current 

Delta-currents -
Z 73 

When speaking of the Vo/tage and the Current or 
LineVoltuge and Line Current aFa three-phase sys¬ 
tem, without further qualifications, the Delta Voltage 
and the Star Current are understood. 

/n the conventional denotations, voltage and current 
in the three-phase system thus do not correspond to each 
other; and therefore are notinphase with each other an non-
jnductive toad, hutshow aphase displacement of 30 degrees: 
the ang/e 0-1-2 in fig. I. 

TRANSFORMERS & CONNECTIONS 
A transformer is defined as a form ofstutionary in¬ 

duction apparatus in which the primary and secondary wind¬ 
ings are ordinarily insulated one from another. A transformer 
does not generatepower, butmere/y changes the power 
from one ro/toge to another'. 



The three-phase transformer consists of three primary 
and three secondary windings,(see fig. I) usually con¬ 
nected in star or delta respectively. 

Single-phase trans formers (see f/g. 2), connected in 
star or delta are often preferable io three-phase trans¬ 
formers because of the foot that single-phase rererse units 
are fess ex pensive^ and also because damage to one sin-
g/e-phase transformer may be repaired, while another 
identicalspare-transformer is inter-connected in the 
three-phase unit without toss of service . 

When two sets of transformers are connected in 
parallel to the primary and secondary circuits of a three-
phase system, any combination of delta and star may 
be used in each set except that, with one set of trans¬ 
formers connected in dettu-star or star-de fia, the other 
set may not be connected de/i'a-deliu or star-star. 

for example of transformer connections, 
See the following pages. 
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PRIMARY 

xzH X, 
Es 

(A) 

PRIMARY 

PRIMARY 

Es 

(A) 

FIGURE 1- ADDITIVE POLARITY 

(C) 

FIGURE 2-SUBTRACTIVE POLARITY 

0 TEST FOR POLARITY! WITH PRIMARY AND SECONDARY IN SERIES (ONE PRIMARY LEAD BEING 
ONNECTED TO THE ADJACENT SECONDARY LEAD) THE TRANSFORMER IS EXCITED FROM AN 
C SOURCE ON EITHER SIDE AND THE VOLTAGES ACROSS THE HIGH-VOLTAGE WINDING AND 
LSO BETWEEN THE FREE PRIMARY AND SECONDARY TERMINALS ARE MEASURED. IF THE 
ATTER VOLTAGE IS FOUND TO BE LESS THAN THAT ACROSS THE HIGH-VOLTAGE WINDING, 
HE POLARITY IS SUBTRACTIVE, IF MORE IT IS ADDITIVE. IN TESTING FOR POLARITY A 
RACTION OF THE RATED VOLTAGE IS SUFFICIENT. 
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VECTOR AND WIRING DIAGRAM OF CONNECTIONS FOR INDICATING WATTMETER CONNECTED ACROSS A 

STAR- DELTA GROUP OF POWER TRANSFORMERS. 

DIAGRAM SHOWING CONNECTIONS FOR STAR-STAR POWER TRANSFORMER GROUP TO OBTAIN ADDITIVE OR SUBTRACTIVE 

LINE POLARITY. 
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3 

DIAGRAM SHOWING CONNECTIONS FOR DELTA-DELTA POWER 

LINE POLARITY. 

TRANSFORMER GROUP TO OBTAIN ADDITIVE OR SUBTRACTIVE 



3 2 1 
1 
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3 

(A) 

SUBTRACTIVE POLARITY UNITS 

VECTOR AND WIRING DIAGRAM SHOWING CONNECTIONS FOR OBTAINING ADDITIVE LINE POLAR.TY WITH 
TRANSFORMER UNITS OF EITHER ADDITIVE OR SUBTRACTIVE POLARITY IN STAR-STAR GROUPS. 
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3 2 
(A) 

SUBTRACTIVE POLARITY UNITS ADDITIVE POLARITY -UNITS 

VECTOR AND WIRING DIAGRAM SHOWING CONNECTIONS FOR OBTAINING ADDITIVE LINE POLARITY WITH 
TRANSFORMER UNITS OF EITHER ADDITIVE OR SUBTRACTIVE POLARITY IN DELTA-DELTA GROUPS. 
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AW\ /W\A AAAA 
Xl x2_ |X1 x2_ |X1 x2 

3 2 

(A) 

SUBTRACTIVE POLARITY UNITS 

(B) 

ADDITIVE POLARITY UNITS 

VECTOR AND WIRING DIAGRAM SHOWING CONNECTIONS FOR OBTAINING SUBTRACTIVE LINE POLARITY 

WITH TRANSFORMER UNITS OF EITHER ADDITIVE OR SUBTRACTIVE POLARITY IN DELTA-DELTA GROUPS. 
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TRANSFORMER BANK. 



SOURCE 

3 

I, H2
VWV 

2 

CURRENT TRANSFORMER 

POTENTIAL 
TRANSFORMER 

fUSES 

POLARITY MARKS 

WATTMETER 

VECTOR ANO WIRING DIAGRAM OF CONNECTIONS FOR INDICATING WATTMETER CONNECTED ACROSS A 

STAR- DELTA GROUP OF POWER TRANSFORMERS. 



3 2 1 

CONNECTIONS OF STÄR-DELTA TRANSFORMER BANK, 
WITH ADDITIVE POLARITY UNITS. 

CONNECTIONS OF STAR-STAR TRANSFORMER BANK, WITH 
SUBTRACTIVE POLARITY UNITS. 

CONNECTIONS OF DELTA-DELTA TRANSFORMER BANK 
f WITH ADDITIVE POLARITY UNITS. 

CONNECTION OF STAR-DIAMETRICAL TRANSFORMER BANK 
FOR ROTARY CONVERTER SERVICE. 



TO CONVERTER SLIP RINGS SUBTRACTIVE POLARITY UNITS 

VECTOR ANO WIRING DIAGRAM SHOWING SYNCHRONIZING CONNECTIONS ACROSS A DELTA - DIAMETRICAL 

BANK OF TRANSFORMERS CONSISTING OF SUBTRACTIVE POLARITY UNITS. 
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VECTOR AND WIRING DIAGRAM SHOWING THREE PHASE VOLTAGES CARRIED ACROSS VARIOUS TRANSFORMER 

GROUP FORMS RESULTING IN IN-PHASE VOLTAGES ON THE QUARTER PHASE SYSTEM. 

i 
2 
3 



ADDITIVE POLARITY UNITS SUBTRACTIVE POLARITY UNITS 

SECONDARY CONNECTIONS 
SIMILAR TO THOSE SHOWN 
FOR SUBTRACTIVE POLARITY 

VECTOR AND WIRING DIAGRAM SHOWING CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING ACROSS A 
STAR-DELTA TRANSFORMER BANK. 



PHASE POSITION AND DIRECTION OF CURRENTS 

IN SECONDARIES ON HIGH VOLTAGE SIDE 

(866 AMPERES) 

PRIMARIES ANO SECONDARIES OF 

CURRENT TRANSFORMERS ON HIGH 

VOLTAGE SIDE 

PHASE POSITION AND DIRECTION OF CURRENTS 

IN SECONDARIES ON LOW VOLTAGE SIDE (5.00 

AMPERES) 

VECTOR DIAGRAM REPRESENTING CURRENT RELATIONS ATA GIVEN INSTANT IN CURRENT 

TRANSFORMERS ARRANGED FOR DIFFERENTIAL PROTECTION WITH POWER TRANSFORMERS 
CONNECTED IN STAR-DELTA. See opposite poge. 
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ADDITIVE POLARITY UNITS SUBTRACTIVE POLARITY UNITS 

SECONDARY CONNECTIONS 
SIMILAR TO THOSE SHOWN 

FOR SUBTRACTIVE POLARITY 

VECTOR AND WIRING DIAGRAM SHOWING TYPICAL CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING 

ARRORR A DELTA-STAR TRANSFORMER BANK. 



PHASE POSITION AND DIRECTION OF CURRENTS 
IN SECONDARIES ON HIGH VOLTAGE SIDE. 
(5.00 AMPERES) 

PRIMARIES AND SECONDARIES OF CURRENT 
TRANSFORMERS ON HIGH VOLTAGE SIDE. 

PRIMARIES AND SECONDARIES OF 
CURRENT TRANSFORMERS ON LOW 

VOLTAGE SIDE. 

PHASE POSITION AND DIRECTION OF CURRENTS 
IN SECONDARIES ON LOW VOLTAGE SIDE. 

(8.66 AMPERES) 

VECTOR DIAGRAM REPRESENTING CURRENT RELATIONS AT A GIVEN INSTANT IN CURRENT 
TRANSFORMERS ARRANGED FOR DIFFERENTIAL PROTECTION WITH POWER TRANSFORMERS 
CONNECTED IN DELTA-STAR. See opposite poge. 
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3 2 1 3 2 1 
TO OIL CIRCUIT 
BREAKER TRIP 

VECTOR AND WIRING DIAGRAM SHOWING LOW DIFFERENTIAL RELAY MAY BE CONNECTED 
STAR-DELTA OR DELTA-STAR GROUP OF POWER TRANSFORMERS. 

ACROSS A 



POTENTIAL 
TRANSFORMER 

FUSE - LAMP 

179 

LAMPS BRIGHT AT 
SYNCHRONISM 

1:1 POTENTIAL TRANSFORMER 

HAVING SUBTRACTIVE POLARITY 

FUSES 

POLARITY MARKS 

AND PLUG 

D C B A 

ADDITIVE POLARITY 
VECTOR AND WIRING DIAGRAM CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING ACROSS A SCOTT-CONNECTED 

BANK OF ADDITIVE POLARITY TRANSFORMERS. 



POTENTIAL 
•TRANSFORMER 

OIL CIRCUIT 
BREAKER 

POLARITY 
MARKST 

Hl IMS Hi] H2 
VWVW 

180 

FUSE 

¿¡AUXILIARY SWITCH CLOSED 
r WHEN BREAKER IS CLOSED 
l^TRIP COIL_ 

REACTANCE 
BOX 

SYNCHROSCOPE 

RELAY 

COMPENSATOR 

FUSES 

POLARITY MARKS 

lamp 

LAMPS BRIGHT AT 
SYNCHRONISM 

1:1 POTENTIAL TRANSFORMER 
HAVING ADDITIVE POLARITY 

RECEPTACLE 
AND PLUG 

D C B A 

SUBTRACTIVE POLARITY 

VECTOR AND WIRING DIAGRAM OF CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING AC80SS 

A SCOTT-CONNECTED BANK OF SUBTRACTIVE POLARITY TRANSFORMERS. 



SOURCE 

I8
<I

 

TO CONVERTER SLIP RINGS ADDITIVE POLARITY UNITS 

VECTOR AND WIRING DIAGRAM SHOWING SYNCHRONIZING CONNECTIONS ACROSS A STAR- DIAMETRICAL BANK 

OF TRANSFORMERS CONSISTING OF ADDITIVE POLARITY UNITS 



00 
KO 

TO CONVERTER SLIP RINGS SUBTRACTIVE POLARITY UNITS 

VECTOR AND WIRING DIAGRAM SHOWING SYNCHRONIZING CONNECTIONS ACROSS A DELTA-DOUBLE DELTA 

BANK OF TRANSFORMERS CONSISTING OF SUBTRACTIVE POLARITY UNITS. 



oo 
Ou 

VECTOR AND WIRING DIAGRAM SHOWING SYNCHRONIZING CONNECTIONS ACROSS A STAR DOUBLE DELTA 

BANK OF TRANSFORMERS CONSISTING OF SUBTRACTIVE POLARITY UNITS 
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Oil 
Circuit 
Breaker-

Current 
Transformer 

Power 
Transformer 

Note:- Connections 
shown are based on 
Power Transformer-
having Po arity 
inaicated oy Vector 
Diagram 

Pol ar i' 

Note: ‘a’ Auxiliary 
Switch open when 
Oil Circuit Breaker 
is open 

Ground 

Mi 

Note -With Normal Load 
on Fbwer Transformer 
Ammeter Connected in 
place of Relay should 
read Zero 

Current-Differential Protection of Power 
Transformer, Connected Delta-Delta Current-Differential Protection of Power 

Transformer, Three-Phase to Two-Phase 
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D.C. MOTOR STARTER WITH MAGNETIC 
CONTACTOR AND THREE CONTROL STATIONS 

Motor Control by Means of Magnetic Contactor. The above diagram will 
facilitate the understanding of the advantage connected with the usage of a 
magnetic contactor, especially when it is desired to operate the motor from any 
one of several places, as for example in operation of a conveyor. The line mag¬ 
netic contactors have a large following for the following reasons: (a) If the 
motor is to be operated at frequent intervals, less physical effort will be exerted 
to operate the push button than that required to close a heovy breaker; (b) A 
number of control stations may be arranged to operate the motor from several 
locations, thus saving time and providing for a more economical operation, 
especially since the control wiring consists of small inexpensive wire. 

OPERATION. When the starting button is operated a circuit is formed 
through the operating coil causing the contactor to close its contact. The mag¬ 
netic contactor does not open after the finger is removed from the starting button, 
because a new circuit is accomplished through auxiliary switch "A" by means of 
which the operating coil is energized. To stop the motor the trip button is oper¬ 
ated. This action de-energizes the operating coil causing the contactor to open 
and disconnects the motor from its source. 
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D.C. MOTOR STARTER WITH MAGNETIC 
CONTACTOR AND OVERLOAD RELAY 

OPERATION. When the starting button is operated a circuit is formed through 
the operating coil causing the contactor to close its contact. The magnetic con¬ 
tactor does not open after the finger is removed from the starting button, because 
a new circuit is accomplished through auxiliary switch "A" by means of which the 
operating coil is energized. 
To stop the motor the trip button is operated. This action de-energizes the 

operating coil causing the contactor to open and disconnects the motor from its 
ource. The overload relay is set to operate at a certain overload depending 
ipon the particular operating conditions bu* should in no case be caused to 
iperate on the motor starting current. 
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D.C. COUNTER E-MS». STARTER WITH 
TWO CONTACTORS 

Operation. With reference to the diagram, this starter functions as follows 
When the starting button is pressed the operating coil is energized through r 

resistance closing the magnetic contactor. After the finger has been remover 
from the starting button the lower section of the accelerating contactor is placer 
in series with the magnetic contactor operating coil. This reduces the power re 
quired to hold the magnetic contactor closed and the magnetizing action of th< 
lower accelerating contactor coil aids the upper section of the coil closing thi 
contactor when the armature voltage has reached a predetermined value. Th< 
motor is disconnected from its course by means of operation of the trip butto 
wh'ch de-energizes the operating coil causing the magnetic contactor to oper 
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D.C. MOTOR STARTER WITH SERIES 
LOCKOUT CONTACTORS 

SOURCE 

MOTOR ARMATURE 

OPERATION. Closing the starting button the magnetic contactor closes, con¬ 

necting the motor to the line through all the series resistances. Contactor #2 

closes its contacts as soon as the current has reached the value at which the 

contactor is set to operate. This shunts out R2 and cuts in coil of contactor #1 in 

the circuit. As the accelerating process of the motor continues the current de¬ 

creases and contactor #1 closes connecting the motor directly across the line. 
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D.C. MOTOR STARTING BY MEANS OF 
SERIES CONTACTORS 

Opera TION. After the magnetic switch is closed and the starting button is 
released, Rn and R22 is connected in series with the closing coil. At the closing of 
the magnetic contactor, the shunt field is connected directly across the line and 
current passes from Li through the series field, armature, the whole starting re-
sistance and the coil of contactor #1 to Lz. Contactor #1 will close when the cur¬ 
rent reaches a value corresponding to its setting. With the closing of this con-
!?ct?r is shunted out and the current flows through the series field, armature, 
Rz, Rs and the coils of contactors #2 and #1 to La. The decrease in current due to 
the closing of contactor will cause contactor #2 to be locked out. Contactor #2 
closes as soon as the current has reached a value to which it is set. This action 
again shunts out Ra and coil of contactor #3 is brought into the circuit. Contactor 
#3 closes when its current setting has been reached, shunting out Ra, finally con¬ 
necting the motor across its supply source. In this starting method, contactors #1 
and #2 drop out while contactor #3 is held closed by the holding coil shown at 
the top of the contactor. 
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D.C. MOTOR STARTER EMPLOYING 
SERIES RELAYS 

OPERATION. In this method of motor starting, an interlock type of relay is 
provided for each step of starting resistance. The relay contacts are normally held 
closed by gravity, although the magnetic force produced by the coil holds it open 
until the current has reached a set value. The starting method is as follows: The 
magnetic switch is closed in the usual manner causing the current to flow from Li 
through relay coil A, resistances Ri, Ri, motor armature to L¡. When the starting 
current reaches the value for which relay A is set, its contacts closes, which in 
turn causes contactor #1 to close. This action shunts out relay A and Ri and pro¬ 
vides a path for the current through R2, relay coil B, and contactor #1 . This oper¬ 
ation is repeated until all the contactors are closed at which time the relay coils 
are shunted out and the motor is connected directly across the line. 
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D.C. STARTER WITH CURRENT LIMITING 
CONTACTORS 

OPERATION. When the starting button is closed energizing the operating coil 
the magnetic contactor closes. The starting current flows from Li through the 
series field, armature, starting resistance, contactor coils Ci and Cn to Li. The 
shunt field is connected directly across the line. After the current through con¬ 
tactor #1 has reached the contactors setting value, this contactor closes its con¬ 
tact, shunting out coils Ci, Cn and Ri. This operation provides a current path 
through Cn, Ci via contactor #1 and its coil Ci. After the current through con¬ 
tactor #2 has reached the contactors setting value, this contactor closes, and so 
the process is repeated until all the contactors are being closed, at which time 
the motor is connected directly across the line. 
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D.C. COMPOUND-WOUND MOTOR WITH 
SERIES RESISTANCE STARTER 

LINIE 
- + 

RHEOSTAT (when used) 

FI ELD (^F) F, 
p SHUNT FIELD 

OPERATION. When the starting button is pressed, contactor #1 closes, con¬ 
necting the entire starting resistance in series with the motor. After a pre¬ 
determined interval of time, contactor #2 is engaged shunting out resistance Ki 
In a similar manner each one of the contactors will serve to cut out the resistance 
preceding it until the entire resistance has been shunted out and the motor is 
connected across the line at normal voltage. The overload relay serves to pro¬ 
tect the motor against over-current and may be set to operate to suit individual 
operating conditions. When the over-current exceeds the setting value of the 
relay the relay contacts opens, de-energizing the solenoid coil which tr'ps the 
contactors, disconnecting the motor from its supply source. 
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OPERATION. Direct current motors for motor-driven reversing mills, are used only on low voltage circuits 

usually not exceeding 250 volts, consequently remote control is easily secured and contactors can be used with 

entire satisfaction for closing, opening and reversing the armature circuit and for cutting out resistance. In addi¬ 

tion to the disconnecting switches shown, a combined shunt field and control switch is supplied which renders 

it impossible to open the shunt field without at the same time disconnecting the armature from the line. An over¬ 

load relay and shunt field relay afford protection respectively in case of overloads or accidental opening of 

the shunt field. Current limit relays insure uniform acceleration, while no-voltage protection is secured auto¬ 

matically since the contactors are actuated by line potential. 
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WIRING DIAGRAM AND FRONT VIEW OF 
TYPICAL FACE PLATE CONTROLLER 

OPERATION. As shown in the illustrations the segments are installed in a circle 
on the face of the controller. Connections from these segments to the collector 
plates (designated A and A.) are established by means of two arms which by 
a movement in either direction changes the resistance in the circuit to be oper¬ 
ated, as indicated in the wiring diagram. Thus when the handle is moved in a 
forward direction sections of the starting resistance are cut out in steps, causing 
the armature to increase its speed. 
When on the other hand the arm is moved in a reversed direction, the current 

becomes reversed in the armature (only) which causes the motor to rotate in the 
opposite direction. Finally when the arm is in the off position, the arm rests on 
two insulating plates in which case the operating handle is the vertical position. 
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WIRING DIAGRAM AND INSIDE VIEW OF 
TYPICAL DRUM CONTROLLER 

Operation of Controller. The drum controller consists generally of a drum 
cylinder insulated from its central shaft to which the operating handle is at¬ 
tached. To facilitate the operation, copper segments are attached to the drum. 
These segments are connected to and insulated from one another as shown in the 
diagram of connections. A series of stationary fingers are arranged to contact 
with the segments. These fingers are insulated from one another but inter¬ 
connected to the starting resistance and the motor circuit. The drum assembly has 
a notched wheel keyed to the central shaft, the function of which is to indicate 
to the operator when complete contacts are made. With reference to the dia¬ 
gram, when the controller is moved forward one notch, the fingers are in posi¬ 
tion 1. The current then flows from Li through all the series resistance to L, and 
the motor starts rotating. When the handle is moved further the resistance is 
gradually being cut out of the armature circuit and inserted in the field circuit 
Finally, when the handle is turned to notch 4, all the resistance has been trans¬ 
ferred from the armature to the field circuit, and the motor is running at full 
speed. 

196 



REVERSING CONTROLLER FOR D.C. MOTOR 

vãríõuspõsÍtionõf reversing control switch with dynamic brake 

OPERATION. In some industrial processes 

a combination of dynamic breaking and 
reversing is required. A common type of 
switch for this requirement is shown, to¬ 
gether with a sequence in which the con¬ 
tacts are made. With reference to dia¬ 
grams, Li and Li are connected to the 

positive and negative terminals. When 
the handle is in the reverse position, H 

and Ai are positive, while F and Fi are 
negative. If the handle be turned to for¬ 

ward position F, Fi and H, Ai exchange 
polarities. Suppose that the motor arma¬ 
ture be connected between Ai and Fi, 

the current through it and hence ths 
direction of rotation will be reversed as 
the handle is turned from reverse to for¬ 
ward. Therefore this switch is funda¬ 
mentally a reversing switch and may 
hence be utilized in connection with any 

starter. 

REVERSING CONTROL 
SWITCH WITH DYNAMIC 

BRAKE 
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WIRING DIAGRAM OF REVERSING AND 
DYNAMIC BREAKING CONTROLLER 

FOR D.C. MOTOR 

OPERATION. As indicated in the diagram the shunt field is connected directly 
across the line through the rheostat when the switch is in a closed position. With 
reference to the diagram of the drum controller wiring, with the main switch in 
the forward position the line circuit is from Li to Fi, through all the starting re¬ 
sistance, motor armature to the negative terminal and Li. Contractors #1, #2 and 
#3 close their contacts in sequence as the armature current decreases, which 
connects the motor directly across its supply source. 
Dynamic Breaking. This is effected by turning the handle of the control 

switch from the forward to the off position. Segments in the control switch con¬ 
nects Ai and B together, placing sections Rä and Ri of the starting resistance 
across the armature. This circuit provides dynamic breaking action causing the 
motor to slow down rapidly. As the motor slows down the generation voltage 
diminishes and the current through the resistance decreases as a consequence, 
tending to reduce the breaking torque. 
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MOTOR CONTROL METHODS 

The Functions of Motor Control. The elementary functions of any motor control 
are starting, stopping and reversing the motor. These functions however, are only 
a few of the many contributions which the control renders to efficient operation 
of modern electric drives. Among the common functions of motor control required 
in motor installations are: 

1. Motor Starting. This includes the basic function of starting and stopping 
the motor, including protection from overload and under-voltage when 
required 

2. Motor Starting and Reversing. This includes the basic function of start¬ 
ing the motor where the direction of rotation of the motor is changed at 
will of the operator. 

3. Motor Starting and Speed Regulation. Basic function of starting and 
stopping the motor involving speed regulation or adjustment of motor 
speed as by rheostat control. 

4. Motor Starting Reversing and Speed Regulation. Basic function of 
starting, stopping or reversing the motor involving speed regulation as 
by rheostat control. 

5. Motor Starting and Speed Selection. Basic functions of starting and 
stopping the motor, involving selection of one of several basic speeds 
as by pole changing. 

6. Motor Starting, Reversing and Speed Selection. Basic functions of 
starting, stopping and reversing, including selection of one of several 
basic speeds. 

With respect to the general construction and method of starting and control 
required in motor installations as: 

7. Across the Line Starter. This consists of a line switch (with protection 
as may be required) for connecting the motor directly across the supply 
line. This method of starting is also referred to as "full voltage starting". 

8. Starting Rheostat. Also referred to as the face-panel type. This is a 
type of rheostat whose stationary contacts are mounted upon the face of 
an insulating panel whose surface is a plane, the contacts being ar¬ 
ranged in the form of an arc (or arcs) of a circle and the moveable 
contact (or contacts) being mounted upon a pivoted switch arm (or arms). 

9. Primary Resistor Starter. A starter which provides reduced voltage to 
the primary of the motor by inserting resistance in the primary circuit 
during acceleration. The device includes the necessary switching mech¬ 
anism, which may be manually or magnetically operated. 

10. Secondary Resistor Starter. A starter which reduces the primary starting 
current by inserting resistance in the secondary circuit usually the rotor 
of a wound rotor motor during acceleration. The device includes the 
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necessary switching mechanism, which may be manually or magnetically 
operated. 

11. Compensator or Autotransformer Starter. A starter which provides for 
reduced voltage starting by means of a compensator or auto-transformer 
from which a predetermined fractional part of the winding is tapped off 
to produce voltage reduction to suit the particular starting load. The 
device includes the necessary switching mechanism to switch from the 
tap to full voltage and also to open the circuit of the compensator 
winding. 

12. Star-Delta Starter. A star-delta starter is one which is applicable for 
starting of motors which have their windings arranged for full rated 
operation, with windings connected in delta, and arranged for starting 
at reduced voltage with windings connected in star. 

13. Magnetic Controller. One wherein the main circuits are made and 
broken by magnetically operated switches controlled by a master switch 
located either within the controller or at any desired distance from the 
main controller. 

With respect to the operation of the control circuit, magnetic controllers may 
be sub-divided as follows: 

14 Non-Automatic. Where the operator is responsible for all control 
functions of starting, stopping and accelerating the motor. 

15. Semi-Automatic. Where the rate of acceleration after starting by the 
operate, is dependent upon accelerating contactors, which are ad¬ 
justed to function under pre-determined conditions of currents, voltages 
and time. 

16. Full- Automatic. Where all basic functions including starting or stopping 
of the motor, are performed without the necessity of manual direction in 
any degree after being initially energized. 

With respect to their type for operating magnetic controllers, the sub-classifi¬ 
cation of master switches may be made as follows: 

17. Drum Switch. In general for non-automatic types of controllers. 
18. Push Button. In general for semi-automatic types of controllers. 
19. Automatic Switch. Operated by float, pressure, etc., for full automatic 

controllers. 
20. Emergency Run Feature. Provides a means for temporarily rendering 

the overload device inoperative during an emergency. 
With respect to the proximity of the master switch, magnetic controllers may be 

sub-classified as follows: 
21 Distant Motor Control. Where the master switch is mounted apart from 

the main control panel. 
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22. Local Motor Control. Where the master switch may be combined with 
the main control panel. 

The service classification of control resistors with reference to the duty period 
are: 

23. Continuous Rating. Where the load is required to be carried for an 
unlimited period. 

24. Periodic Rating. Where the load can be carried for alternate periods 
of load and rest. 

25. Standard Periodic Rating. Where the starting and intermittent duty 
may be standardized as light, heavy, or extra heavy starting, or inter¬ 
mittent duty classifications. 

The kind of protection to be provided where required may be termed as: 

26. Low or Under-Voltage Protection. Operates to cause and maintain 
the interruption of the main power or reduction or failure of voltage. 

27. Low or Under-Voltage Release. Operates to cause the interruption of 
power upon reduction or failure of voltage, but not to maintain ’he 
interruption of power upon return of voltage. 

28. Overload Protection. Operates to protect against escessive current 
to cause and maintain the interruption of current not in excess of six times 
the rated motor current. 

29. Short-circuit Protection. Where the overload protection does not pro¬ 
vide for short-circuit protection such short-circuit protection shall be pro¬ 
vided as by fuses. 

30. Single-Phase Protection or Indication. Where required, shall indicate 
and protect the personnel and equipment upon the failure oí any part 
of the circuit which would cause an open phase. 

MOTOR PROTECTIVE DEVICES 

The function of motor protective devices are to protect the motor against 
certain abnormal conditions, such as: 

1. Overloads. 

2. Short-circuits. 
3. Under-voltage, etc. 

This includes devices which functions on the basis of temperature, voltage, 
'requency or time and causes the switching mechanism to operate when a pre¬ 
determined set of conditions exist. 
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Overload Relays. These devices are of two general types, namely: 
1. Thermal overload relay, and 
2. Dash-pot overload relay 

Thermal and dash-pot overload relays are again divided into two types as: 
1. Hand reset, and 
2. Automatic reset. 

As the name denotes, hand reset relays must be reset by hand after having 
tripped (usually by pressing a button projecting through the enclosing case) 
rvhereas the automatic reset type resets themselves automatically. 

Thermal Overload Relay. The thermal overload relay consists of a heater 
coil which is connected directly to the line of the motor, and which heats up 
directly in the proportion of current flowing through it. Mounted adjacent to the 
neater is a strip of thermostatic metal anchored at one end, the other end being 
rree to move. As the thermostatic metal is made up of two metals rolled together 
(each metal having a different expansion constant) the thermostatic strip will 
bend or warp when heated. 

Illustrating a Two-Pole Temperature Overload Relay with Detachable Heater 
□nd Thermal Unit. NOTE: Heater removed from right hand unit to show thermo-
¡tatic metal strip. (Courtesy General Electric Co.) 

Because one end is solidly anchored, all of the movement occurs at the free end. 
A/hen the metal is cold, its end position prevents a trigger (on which control 
Jrcui t contacts are mounted) from tripping. 
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A relay of this type is quite accurate and its operating characteristics is well 
defined. It is possible to design a heater that will raise the temperature of the 
thermostatic strip at the same rate as the temperature in the motor with which 
it is being used, and so adjust the relay that it will trip the control contacts when 
the temperature of the motor has reached the allowable maximum. 

Because some time is required to transmit the heat from the heater coil to the 
thermostatic strip, it is not affected by monentary current increases. This makes it 
possible to start the motor with an inrush of six to ten times normal current without 
tripping the relay. 

Dash-pot Overload Relay. The dash-pot overload relay uses the mechanical 
retardation principle of a dashpot to retard the movement of a core in a magnetic 
field, produced by a solenoid coil in series with the motor leads. Such an ar¬ 
rangement is affected by the quality of the mechanical clearance between 
piston and cylinder wall, changes in viscosity of the dash-pot oil caused by tem¬ 
perature variations and other extraneous conditions tending to upset its accuracy. 

Illustrating Typical Dash-Pot, Two-Element Magnetic Type Overload Relay 
with Oil Dash-Pots to Give Inverse Time Tripping Characteristics. (Courtesy 
General Electric Co.) 

It is mainly because of its inaccuracy that this relay is at present being replace« 
by relays operating on the thermal principle. 
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Under-Voltage Protection. Under-voltage or low-voltage protection as ir is 
sometimes called is defined as: The effect of a device operative on the reduction 
or failure of voltage, to cause and maintain the interruption of power to the main 
circuit. 

With reference to the diagram page 206, under-voltage protection is provided 
for in the following manner: Contactor M, handles the motor circuit. It contains a 
normally open contactor holding interlock B, which closes when the contactor 
is closed. 

The two-button, push-button station consists of a normally open start contact 
C and a normally closed stop contact D. When contact is made momentarily at C, 
by pressing the start button, the contactor coil M, is energized and contactor M 
closes, which in turn closes the interlock circuit B. It will be noted that the inter¬ 
lock B parallels the start contact C. The contactor is, therefore, held in through 
the interlock circuit B, even after the start contact C, opens up when the finger 
'S removed from the button. 

In the case of voltage failure, coil M, is de-energized and contactor M opens 
which in turn opens interlock circuit B. When voltage returns, the contactor will 
not close until the circuit is again established at C, by pushing the start button. 

Under-Voltage Release. Under-voltage or low-voltage release is defined 
as: The effect of a device operative on reduction or failure of voltage to cause the 
interruption of power to the main circuit, but not to prevent re-establishment of 
the main circuit on return of voltage. 

With reference to the diagram page 207, under-voltage release is provided 
for in the following manner: The control consists of a contactor M, for handling 
the motor circuit, and a maintained contact control switch B. Switch B, can be a 
knife switch, a float switch, a pressure switch or a maintained contact push¬ 
button station whose contacts close and remain closed regardless of the voltage 
on them. 

To start the motor, the control switch B, is closed. This energizes the contactor 
coil M; the contactor M, closes and the motor is connected to the line. Now if 
voltage fails, the coil M, is de-energized and contactor M, opens. Nothing 
happens to contact B, as a result of the failure. 

When this type of control is used on certain machines, such as saws, millers, 
etc. there is always danger if an operator returns to his machine and attempts 
to remove the saw or milling head, not realizing that the machine has stopped 
because of the momentary voltage failure. By providing under-voltage protection 
this hazard is eliminated, because the motor cannot restart when the power 
returns after a voltage failure, until the operator presses the start button. 
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Fundamental Wiring Diagram of Under-Voltage Protection as Employed on a 
Manually Operated Squirrel-Cage Induction Motor. It should be noted that 
any combination of control sequence for under-voltage protection can be ob¬ 
tained by applying these two fundamental rules: (1) Wire all stop buttons in 
series with the holding coil, with each other and with the electrical interlock. 
(2) Wire all start buttons in parallel with each other and with the interlock. 
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I, t2 l3

Fundamental Wiring Diagram Showing Method of Wiring to Obtain Under¬ 
Voltage Release. Under-voltage release allows the control to drop out if 
for any reason the power source voltage is inadequate, but when the voltage 
again reaches sufficient value the control will function automatically to connect 
the apparatus to the line through the proper starting sequence. 
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Control Methods of Squirrel Cage Motors. Polyphase induction motors ol 
the squirrel cage type may be started and controlled by several methods. They 
are: 

1. Directly across the iine. 

2. By means of autotransformers. 

3. By means of resistors or reactors in series with the stator winding. 

4. By means of the star-delta method. 

Starting Current-Torque Relationship. Before discussing the various methods 
which are available for reducing starting current and improving line-voltage 
conditions, it is important to have a thorough knowledge of the effects of reduced 
voltage starting on the motor, as well as on the power system. 

Any method which reduces the starting current to the motor is accomplished 
bv a reduction in starting torque. Therefore, it is essential to know something 
about the load torque characteristics in determining if a given current limitation 
can be met. In other words, there are boundary conditions in which the permis¬ 
sible current to be taken from the line would not provide the needed output 
torque at the motor shaft, necessary for the successful acceleration of its con¬ 
nected load. With all starting methods, the torque of a squirrel cage motor varies 
js the square of the applied voltage at the motor terminals. 

Across the Line Method of Staging. This is generally the most economical 
method of starting, but is on account of the large starting current required, us¬ 
ually limited to motors up to 5 horse power. With this method of starting the motor 
is connected direct to full line voltage by means of a manually operated switch 
or a magnetic contactor. 

Starting by Means of Autotransformer. In the case of the autotransformer 
type of starting the current taken from the line varies as the square of the voltage 
applied to the motor terminals, and it is convenient to remember that the torque 
and line currents are reduced at the same rate. Thus, an autotransformer starter 
designed to apply 80% of the line voltage to the motor terminals, will produce 
64% of the torque that would have been developed if the motor had beer 
started on full voltage, and will, at the same time, draw 64% as much of the 
current from the line as would have been required for full-voltage starting. 

Starting by Means of Resistors or Reactors. With resistor or reactor starting 
the starting current varies directly with the voltage at the motor terminals, be 
cause the resistor or reactor is in series with each line to the motor and mus 
carry the same current that flows in each motor terminal. 
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It is evident therefore, that the resistor and reactor type of reduced voltage 
starting requires more line current in amperes per unit of torque in foot-pounds 
than does the autotransformer type. 

Thus, if a motor connected to a loaded centrifugal pump, for example, is started 
with 80% top on the autotransformer the initial torque is 64%. If, on the other 
hand, the motor were started with a primary resistor, limiting the starting voltage 
to 65% of line voltage, the initial torque would only be 42.25%. 

On some power systems, it is necessary to meet a restriction on the rate of 
current increase in starting. The rate of increase of current is determined to meet 
the conditions as they exist at that particular point on the system where the motor 
is started. 

Starting By Means of the Star-Delta Method. Three phase induction motors 
of the squirrel cage type may occasionally be started by the star-delta method. 
This starting method is associated only with motors designed for their full power 
with the delta connected three phase winding. There must also be provided 
additional leads from the motor which when regrouped will result in a star ar¬ 
rangement of the three phase winding. 

There will be six main leads required from the motor to accomplish the switch 
from start across the line (star-connection) to run across the line (deha-connec-
fion). The starting connection is always star, si nee the voltage is 1 /V3 or 57.8% 
of the delta or line voltage. 

From the foregoing it follows that this type of reduced voltage starter (which is 
limited to 57.8% of line voltage at starting) can be employed only where the 
motor has a light starting load. In all other applications higher starting voltages 
are obtained with the resistor, reactors or autotransformers as previously out¬ 
lined. 
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MOTOR vector relations 

Illustrating Typical Connection Diagram when Star-Delta Method of Starting is 
Used for Squirrel-Cage Induction Motor. In the case of large motors that is 
motors rated above 5 h.p. a special oil switch controller is most commonly 
employed. 
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Fundamental Wiring Diagram of Typical Across the Line Non-Reversible, 
Single-Speed, Manually Operated Squirrel-Cage Induction Motor. 
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STARTING 
RESISTORS 

(OR REACTORS» 

-JUU1P 

-jump 

-UUUIP 

STARTING 
SWITCH 

Fundamental Wiring Diagram of Typical Reduced Voltage, Non-Reversible, 
Single Speed, Manually Operated Squirrel-Cage Induction Motor. 
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Fundamental Wiring Diagram of Typical Across the Line, Non-Reversible, 
Single Speed, Magnetically Operated Squirrel-Cage Induction Motor. 
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LiLAî 

resistors ,or r«ctors> 
-inruir-
-xW-

MAGNETIC CONTACTORS 

R B - “OSH BUTTON 

Fundamental Wiring Diagram of Typical Reduced Voltage, Non-Reversible, 
Single Speed, Magnetically Operated Squirrel-Cage Induction Motor. 
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LlkLj 

Fundamental Wiring Diagram of Typical Across the Line, Reversible, Single 
Speed, Manually Operated Squirrel-Cage Induction Motor. 
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L1L2L3 

RESISTORS (0R REACTORS) 

-¿umn— -
-VUUU1—-
-juuit—-

STARTING SWITCH 

Fundamental Wiring Diagram of Typical Reduced Voltage, Reversible, Single 
Speed, Manually Operated Squirrel-Cage Induction Motor 
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L1L2L3 

STARTING 
SWITCH 

fomentai Wiring Diagram of Typical Reduced Voltage, Non-Reversible, 
Ie Speed, Manually Operated Squirrel-Cage Induction Motor. 

217 



MOTOR CONTROL METHODS 

LiL2L3

Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed t 
Reversible, Manually Operated Squirrel-Cage Induction Motor. 
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MOTOR 

damental Wiring Diagram of Typical Across the Line, Two Speed, Non-
ersible, Manually Operated Squirrel-Cage Induction Motor. 
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resistors ,or reactors > 
win^--

-
-

STARTING SW 

Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed, b 
Reversible, Manually Operated Squirrel-Cage Induction Motor. 
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COIL 

HIGH 

MAGNETIC 
CONTACTOR 

MOTOR 

undamental Wiring Diagram oí Typical Across the Line, Two-Speed, Non-
ieversible, Magnetically Operated Squirrel-Cage Induction Motor. 
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Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed, Nor 
Reversible, Magnetically Operated Squirrel-Cage Induction Motor. 
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•'undamental Wiring Diagram of Typical Across the Line, Two-Speed, Reversible, 
Manually Operated Squirrel-Cage Induction Motor. 
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Li La Lj 
STARTING (0R REACTORS) 
RESISTORS 

-- -- JlW— '-
___ — inrw— --
.- <— tfwu"— -

Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed, R 
versible, Manually Operated Squirrel-Cage Induction Motor. 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of two control stations, 
each with two momentary contacts, one closed and one open. The circuit pro¬ 
vides under-voltage protection. The operating duty is: Start-stop, start-stop. 
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Ll L; 13 

START STOP START STOP 

PUSH BUTTON 
STATION # 1 

PUSH BUTTON 
STATIQN #2 

Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of two control stations 
with only three wires between the stations. The circuit provides under-voltage 
protection. The operating duty is: Start-stop, start-stop. 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of one control station, 
with two momentary-contact buttons and one selector switch. The circuit provides 
under-voltage protection plus inching. The operation duty is: Start-run, inch-stop. 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of one push button 
station, with three momentary contacts and an inching relay. The circuit provides 
under-voltage protection plus fool-proof inching. The operating duty is: Start¬ 
inch-stop. 
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firing Diagram of Typical Remotely Controlled Magnetically Operated Squirrel¬ 
age Induction Motor. The push button circuit consists of one control station 
✓i th two momentary-control buttons, one open and one closed with safety latch, 
he circuit provides under-voltage protection. The operating duty is: Start-stop 
sn inch for latch). 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel 
Cage Induction Motor. The push button circuit consists of one-control station 
with three momentary contact buttons oí which two are open and one closed 
The circuit provides under-voltage protection plus inching by holding dowr 
stop button. The operating duty is: Start-inch-stop. 
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/¡ring Diagram of Typical Remotely Controlled Magnetically Operated Re-
•rsible Squirrel-Cage Induction Motor. The push button circuit consists of one 
rntrol station, with three momentary contact buttons, two open and one closed, 
re circuit provides under-voltage protection, interlocked through push buttons, 
re operating duty is: Forward-reverse-stop. 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated R< 
versible Squirrel-Cage Induction Motor. The push button circuit consists of or 
control station, with three momentary contact buttons, two open and one close 
The circuit provides under-voltage protection with electrical interlocks. Th 
operating duty is: Forward-reverse-stop. 
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Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of one control station 
yvi th two momentary control buttons, one open and one closed, plus an indicating 
ight showing operating position of contactor. The circuit provides under-voltage 
orotection. The operation duty is: Start-stop. 
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tikis 

Wiring Diagram of Typical Across the Line, Single Speed, Non-Reversible, 
Magnetically Operated Squirrel-Cage Induction Motor. 
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STARTING 
RESISTORS 

(OR REACTORS) 

Wiring Diagram of Typical Reduced Voltage, Single Speed, Nan-Reversible, 
Magnetically Operated Squirrel-Cage Induction Motor. In the Diagram T.C. is 
a Time Closing Contact. 
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ACROSS THE LINE A.C. MOTOR STARTING 
ARRANGEMENT 
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MANUAL COMPENSATOR WITH MAGNETIC 
OVERLOAD RELAYS 

SOURCE 

STOP OR 

RESET 

BUTTON 

OVERLOAD 
RELAY 

OVERLOAD 
RELAY 

RUNNING 
CONTACTS 

¿-OPERATING 
Il HANDLE 

OPERATING 

COIL 
STARTING 

i CONTACTS 

CONTACTOR PANEL 

AUTO TRANSFORMER 

A. C. MOTOR 

Operation. The motor is disconnected from the line when the contactor oper¬ 
ating handle is in the off position. In starting, the handle is thrown to the start 
position which closes the starting contacts forming connections through the Y-
connected auto-transformers which reduces the impressed voltage of the motor 
during the starting period. After normal speed is reached, the operating handle 
S thrown to the run position, which opens the starting, and closes the running 
contacts, connecting the motor directly across the line. 
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MANUAL COMPENSATOR WITH THERMAL 
OVERLOAD RELAY 

A.C.BUS 

THERMAL 
RELAY 

OPERATING 
HANDLE 

P STOPPING 
h“ SWITCH 

Ui 

RUNNING 
! CONTACTS 
OPERATING 
COIL 

STARTING 1 

contacts! 

CONTACTOR 

ô b b 

AUTO 
TRANFORMER 
Y-CONNECTED 

OPERATION. The starting of the motor is accomplished as follows: With th 
motor disconnected from the line the operating handle is in off position. Fin 
step. Throw the operating handle to the start position. The motor is now con 
nected to the line at reduced voltage through ‘he taps of the auto-transform< 

Second step. After the motor has reached normal speed operate the handle 
run position; at this time the starting contacts are automatically disengaged, ai 
the motor is connected acoss the line at full voltage. 
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STARTING AND REVERSING CONTROL ARRANGEMENT 
FOR A THREE PHASE INDUCTION MOTOR 

changing two of the line wires. The motor is now 
running in the reverse direction. This operating method is not common where targe 
motors are employed due to the fact that a heavy starting current will cause 
undesirable voltage fluctuation in the power line system. 
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RESISTANCE STARTING FOR A.C. MOTOR 

A.C. MOTOR starting resistors. The circuit of the #1 contactor co 
is maintained through the time interlock on the dash-pot timer, whose contact 
close after a definite time has elapsed. This in turn completes the circuit throug 
the coil of contactor #2, which closes its contacts, shunting out the starting resis' 
anee and connects the motor at full voltage directly across the line. 
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AUTOMATIC STARTING CONTACTOR FOR 
REMOTE CONTROL OPERATION 

A.C.BUS 

Operation. This type of contactor operates as follows: 
when the starting button is operated the starting con¬ 
tactor coils become energized closing the starting contacts 
of the contactor, which connects the motor to the line 
through a suitable tap of the auto-transformer. A circuit 
which operates the timing relay is also completed closing 
the contacts which connect terminals 1 and 2 and thus 
completes the holding circuit for the relay coil. 

bob 
Tj T2 T, 

A.C. MOTOR 

Finally after a definite time depending upon the relay setting the escapement 
releases and allows the contact arm to break the contact at 6 and make contact 
at 4 causing the starting contact to open and the running contacts to close con¬ 
necting the motor directly across the line. 
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DIAGRAM OF INDUCTION MOTOR CONTROL 
FOR STEEL MILL, MAIN ROLL DRIVE 

Operation. The essential parts of the control for a large induction motoi 
are relatively few and simple, though sometimes the interlocking devices when 
carried to an unnecessary extent become exceedingly complex. This diagram 
shows a typical arrangement of control for such a motor where only occasional 
partial speed operations or reversal is required. The incoming line passes 
through disconnecting switches by means of which the motor and control can be 
completely isolated from the line during adjustments or repairs. For high voltage 
motors a double-throw hand-operated reversing oil switch with inverse time 
limit overload and no-voltage release is employed in addition. A push button 
located conveniently in the mill short circuits the no-voltage release, thus tripping 
out the oil switch and stopping the motor in emergency. (Text continued) 
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INDUCTION MOTOR CONTROL FOR STEEL 
MILL, MAIN ROLL DRIVE 

The motor panel should be provided with a voltmeter, ammeter and indicating 

wattmeter. Integrating and curve drawing wattmeters are often desirable. The 

secondary circuit consists of a three-phase resistance permanently connected to 

the slip rings. Shunt contactors of the double-pole type (where sizes permit) are 

used to short circuit successive portions of the resistance as the motor accelerates. 

The energizing current is obtained from a potential transformer in the primary 

circuit between the oil switch and the motor. Current limit relays govern the rate, 

of acceleration. In case the primary oil switch is opened intentionally, or by 

means of the no-voltage release, the secondary contactors open up, auto¬ 

matically inserting the entire resistance in the secondary circuit so that, even with 

the master controller still in the running position, the motor will receive no harm 

when the voltage is again thrown on the line. This automatic action of the sec¬ 

ondarycontactors also affords protection against reversing with the resistance all 

cut out, since the contactors drop out as the oil switch is opened and notch again 

as it is thrown to the reverse position. 
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CONTROLLERS FOR A.C. MOTOR OPERATING 
AT TWO SPEEDS 

Operation. Generally the purpose of controllers for motors having more than 
one speed is to interconnect the stator terminals in a desirable manner and also 
to connect them to the line as required for each speed. In the system of control 
under consideration, the schematic diagram shows the basic principles. Here for 
the.sake of clarity the high speed and low speed contacts are labeled "H" and 
"L” respectively. 

With reference to the complete diagram, one button is utilized for each speed. 
If it be desired to change the speed from low to high for example, the operation 
of the high speed button will automatically cause the motor to change over to 
that speed. 034 



CONTROLLERS FOR A.C. MULTI-SPEED MOTOR 

Note. For operating data see following page. 
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CONNECTION DATA FOR MULTI-SPEED 
A.C. MOTOR 

SPEEDS OMIT JUMPERS CONNECT TERMINALS AS FOLLOWS [ 

600/900 a and o 

T1-T37. T2-T40, T3-T4I» 
æ4-T30, T5-T31 , T6-T32 , 
t7-t42» t11-t36» ̂ 12~æ38» 
t14~t33» t15“t34» t16-T35» 
t17"t43 

600/1200 b and c 
T1-T33-T37. t2-t34-t40 , 
T3-T35-T41» t4“t30> 
^5~^31> t6"t32» T7~T36-T42

600/1800 b and o 
T1-T37. T2-T40. t3-t41 , 
t4-T30, is-Ta!, T6-T32 , 
t7"t42» t11-t32> ^12“t34» 
t13-t36» t17-t36 

900/1200 b and o 
t1"t33» t2"t34« t3“t35» 
T12-æ4O. T13-T41, T14-T3o , 
t15-t31. t16-t32. T17-T42

900/1800 b and o 
T1I-T33-T37. T12-T34-T40 , 
^13“t35*^40» t14”t30 
T15“t31< T16-æ32. ^17-T3g-T42 

1200/1800 b and d 
T1~T3O» T2-T3i, ̂ 3"^32» 
t7-t37» Th~T33, T12-T34 , 
t13-t35. t17-t37 

OPERATION. In the connection diagram shown on the previous page, the 
4-speed motor is connected for two speeds, that is when the low speed button 
is operated three of the contacts connect the winding parallel-star and the 
three connect the winding to the line. 

This gives eight poles or a synchronous speed of — or 900 r.p.m. 
8 

Again when the high speed button is operated the low speed contacts opens 
and the delta connection is completed connecting the winding to the line through 

six poles which gives a synchronous speed of — or 1200 r.p.m. 

Method of connection to obtain 4 speeds is shown in the accompanying table. 
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MISCELLANEOUS 
WIRING 
DIAGRAMS 
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CURRENT D/FFEREMT/AL 
PR OTE CT/OH 

2 

A C Buses 

Excitar Basas 
D-C Operat¬ 
ing Bose 

To Alarm 

2 
3 

Breaker 

Shunt 
Breaker Relay 

Equa liier 
Bus 

Field 

Switch 

Rheostat 

Discharge Resistor 

Shaft 
To Field 

Generator 

cntial Relay 

Current 
Transformers 

Auxiliary Switch Open 
When Oit Circuit Breaker 
is Open. O'1Vif 

ßr^akc and Maters 

b ;Au*il»aru Switch Closer 
Whan Oil Circuit Breaker 
is Open. 

Complete diagram of connections for current differential 
protection of three phase "Star-connected alternating 
current generator with grounded neutral and direct 
current exciter. 

Photografic illustration of auxiliary relay and current dif¬ 
ferential relay shown on the following page. 
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FRONT VIEW 
(Coter removed) FRONT VIEW 

FRONT VIEW 
(Corer remored ) 

Ten c/rcuit auxT/ary 
re/ay. (For connection, 

See o/>/>os//e pope-) 
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CURRENT-DIFFERENTIAL 
PROTECTION 

3 2 I 

TRANSFORMER. 

TRANSFORMER 
SAUK 

CORREnt 
TRANSfoRKEn 

Kt LAY i 

TEST- UHKi 

Aototka wntNtfí 

3 2 I 
Current Differential protection oyer a 
TRANSFORMER BANK SHOTTING APPLICATION OF 
TEST-LINKS, FACILITATING TESTING OF RELAY 
COILS. 

nr o 
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BALANCED ano OPER-
CURRENT PROTECTION A.C. ÖU5 

Oil p 
Circuit 
Breaker»-! 

Current 
Trons. 

Polarity 
Marks 

DC. Operating 
3u5 

fuse 

HI 
u 

Coil 
Trio 
COil 

Line 

Short Tme 
Oner -

ReloyS 

LongTme 

Reioqs 

Long Time 
Oe«z-Curren 
Relays-« 

Current h 

2 
5 

OU 

I 
Circuit 
Breoker 

Pv*ir-
'D.reetknal 
Relay 

Polarity 
^HorkS 

Auxiliary Switch Open when 
Oil Circuit Breaker is Open 

5 2 I 

Separate balanced and overcurrent pro -
tection for two parallel Three phase incoming, 
outgoing or tie lines with grounded neutral. 



SELL ALARM COHHECTíONS 
£>C. Xe/ay&S 

Loca Lee/ on < 
a/rcu/tòrea/ 

8¿LL 

PAT/epy 
Z T^ipcoil 

pelay'c 
-m(/hmdrete/) 

a ro-cr 

RELAY 3 

i-ßd/ J/arm Re/auPUS * 
OPERATION 7

Cj "“ /Auxiliary switch c/osed when main breaker is 
dosed. , 
When curren/from frans form er exceeds curren/ setting oF 

re/ay 'Bime re/ay c/oses its contact energizing /he 
/rip con, a/so energizing re/oy"C" which in /urn 
doses /he Battery circuit sending a current thru the 
he//giving an alarm to the operator, notifying him 
thaf the oi/ circuit breaker is out of service. 

No te, that re tag “C " is usually hand res e t; an d is 
reset for service by the attendant. 
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EMERGENCY SWITCHING METHODS 

EMERGENCY FEEDER 
FROM UNFAILING SOURCE 

SWITCH 
Normally closed) 
FUSES 

TO GENERATING 
STATION *1 

TO EMERGENCY SWITCH PANEL 

EMERGENCY SWITCHES 

(Normally closed) 

TO SERVICE 
SWITCHBOARD 

TO EMERGENCY 
SWITCH PANEL 

TO SERVICE 
SWITCHBOARD 

OPERATION The above diagrams represent emergency switching methods gener¬ 
ally utilized in public institutions such as HOSPITALS, SCHOOLS etc. »»here it is 
imperative that an unfailing lighting source be available. The automatic switches 
shown will automatically dose themselves when the normal supply fails causing 
the. service to remain uninterrupted. 
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REMOTE CONTROL WIRING FOR OIL CIRCUIT 
BREAKER (SOLENOID OPERATED TYPE) 

OIL CIRCUIT 
BREAKER 

MAIN 
FEEDER 

CLOSING 
COIL 

Note: Auxiliary switch a' 
denotes switch open when 
oil circuit breaker is open. 
Auxiliary switch 'b’ closed 
when oil circuit breaker is 
open. 

CONTROL RE-LAY 

When this method of remote control is used, 
a visual indication of 01 1 circuit breaker po -
sition is obtained from the lamps on the 
control panel. 
The red lamp energized indicates breaker 
in closed position and the green lamp ener -
gized indicates that the oil circuit breaker 
is open 

The oil circuit breaker is conveniently oper¬ 
ated (closed or opened) from the control switches 
located on front of the control panel. 
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RIP COIL 

SOLENOID 
HOUSING 

TERMINAL 
BOARD 

GREEN LAMP 

MOTOR OR 
GENERATOR 

REO LAMP 

CLOSING 

OPENING 
SWITCH 

FUSES 

OPERATING 
SOURCE 



VARIOUS SWITCHING METHODS 

FROM CENTRAL 
STATION SERVICE: 
3-WIRE SYSTEM 

H0/220v

DOUBLE THROW 
SWITCH 

FUSES 

LOAD 
Note: Neutral to 
i have 2-times the 

carrying capacity 

of the outside 
wires. 

ISOLATED PLANT 
GEN.2-WIRE 
SYSTEM, IIOV. 

DIAGRAM OF CONNECTIONS FOR A 
THREE-CONDUCTOR CONVERTIBLE SYSTEM load 

BRANCH 
FUSES 

DOUBLE 
THROW SW. 

SOURCE -J-

J FUSES 

LOAD 

BRANCH 
FUSES 

!FUSES AND 
STARTING DEVICE 

CONNECTIONS FOR UTILIZING EITHER 
OF TWO FEEDERS ALTERNATELY 

MOTOR 

CONNECTIONS FOR FEEDING ALTERNATE LOADS FROM ONE SOURCE 
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MOTOR DISCONNECTING AND CONTROL 
METHODS 

DISCONNECTING METHOD FOR SMALL 
STATIONARY MOTOR 

DISCONNECTING METHOD FOR ~ 
STATIONARY MOTOR 

SOURCE 
FUSES 

/ SWITCH 

DISCONNECTING METHOD FOR SMALL 
PORTABLE MOTOR 

AIR CIRCUIT BREAKER DISCONNECTING 
METHOD INCLUDING OVERLOAD DEVICE 

SOURCE 
FUSES 

ô CONNECTOR 

PLUG 

CONTROLLER & MOTOR 
RUNNING PROTECTIVE * 
DEVICE 

- 3̂  SOURCE 

FUSES 

AIR CIRCUIT 
BREAKER 

OVER-CURRENT 
TRIP COILS 

DISCONNECTING METHOD FOR AC-MOTOR 
INCLUDING OVERCURRENT TRIP COILS 

SHUNTING OUT METHOD OF PROTECTIVE 
DEVICE DURING STARTING PERIOD 

DOUBLE THROW STARTING 
AND RUNNING SWITCH 

HEAVY DUTY 

MOTOR 
Running 
FUSES 

MOTOR 

NOTE: lower pari 
of Switch engaged 
DURING STARTING 
PERIOD ONLY 
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POWER DISTRIBUTION AND WIRING 
METHODS 

The above diagrams suggest three methods of motor wiring. However, due to 
individual operating conditions the type of wiring adopted should be carefully 
analyzed for the particular case involved. Certain applications for example by 
their very nature will prove themselves better suited for one scheme than the 
other. The “National Electric Code" as well as any local requirements should be 
strictly adhered to and the wire should be of ample capacity to prevent excessive 
voltage drops. 
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REMOTE CONTROL WIRING FOR 
SMALL MOTORS 

Note. All motors and control wiring should be carefully installed in accordance 
with the "National Electric Code" and any local requirement. The wire should be 
of ample capacity based on a maximum drop of 2 per cent of line voltage at full 
load current. 
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HEATING ELEMENTS ON THREE-PHASE 
SYSTEMS 

METHOD OF CONNECTING HEATING ELEMENTS FOR 
VARIOUS DEGREES OF HEAT 

To prevent exessive voltage drop in load systems containing 
heating elements several LOAD BALANCING switches may be utilized 
as shown. Maximum heating is provided when switches marked HIGH 
HEAT are closed. This is due to the fact that in this position of the 
switches both heating elements receive the maximum voltage. 

SWITCHING METHODS FOR 
ELECTRIC HEATING RANGE 

When an electric heating range be connected as shown, the heat 
is regulated by connecting the heating element in various ways 
depending upon the amount of heat required. 

Most heating ranges are connected as shown in (l)or(2) for 
HIGH HEAT and as in (3jand (4) for medium and low heat re¬ 
spectively. 
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DIAGRAM OF CONNECTION FOR 
ELECTRIC RANGE 

In a standard type of electric range such as that shown, the various heating 
elements are connected in such a manner that a nearly balanced load is estab-
lished under all conditions of usage. 
As each heating element is rated at less than 30 amp. each no fuses are re¬ 

quired to protect the elements and their connecting wires except in the recep¬ 
tacle circuit, where an exterior appliance may be connected. 
The wiring should be of an approved and sufficient size to supply the range 

at its rated wattage without overheating. Generally for a range rated at 7500 
watts #8 wire is required. 
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SWITCHING PANELS AND FEEDER 
DISTRIBUTION METHODS 

BRANCH 
FEEDER 

BRANCH FEEDER CABINET 

BRANCH FEEDER 
GABINETES 
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Wiring diagram showing individual branch circuits, feeder circuit and protective devices in a 
typical motor layout. 

n
r
 e 

BRANCH CIRCUIT FUSES 

NO. 8 ( 32 Amp.) 

DISCONNECTING MEANS - ► 

CONTROLLER AND MOTOR 
RUNNING OVERCURRENT 

PROTECTION 

25 H.P. SQUIRREL -
CAGE MOTOR 

BRANCH CIRCUIT FUSES - ► 

NO. 6 (39 Amp.) 

DISCONNECTING MEANS 

CONTROLLER AND MOTOR 
RUNNING OVERCURRENT- ► 

PROTECTION 

30 H.P. WOUND -
ROTOR MOTOR 

NO. 0 
( 120 Amp ) 

FEEDER F 
OVERCURRENT । 
PROTECTION . 

30 H.P. WOUND -
ROTOR MOTOR 

SECONDARY CONTROLLERS 

CONDUITS 

SECONDARY RESISTORS 

M
O
T
O
R
 
C
O
N
T
R
O
L
 M
E
T
H
O
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S
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Automatic Electric Water Heaters 

WATER 
HEATER 

. , W i'ing.d''og'on’ for limited demand service on a single unit water 
heater. In a circuit of this type, the single throw, single pole thermostat 
functions to close and open the circuit to the heatina unit at -f ! ,ermos,a, 

Eï'ft f 'T9 Th' hours or the day when the circuit wi be opened or rknc « *• 
unlimited use of hot water during the hours of greatest power "9
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Automatic Electric Water Heaters 

UPPER 
heating 
UNIT 

lower 
HEATING 
UNIT 

WATER 
HEATER 

Wiring diagram (or limited demand service on double unit water 
heater. In a wiring method of this type the upper heating unit is controlled by 
a double throw single pole thermostatic switch. This switch has two sets of 
contacts, one of which controls the flow of current to the upper heating unit and 
the other controls the flow of current to the lower thermostat. The lower heating 
unit is controlled by a single throw, single pole thermostatic switch. This 
switch has only one set of contacts and opens and closes in response to the 
temperature of the water in the lower tank. The function of the time switch is to 
prevent unlimited use of hot water during a predetermined time (or times) 
usually during that period of the day when the general demand for power is 
the greatest. 
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CONNECTION DIAGRAMS FOR D.C. 
COMPOUND-WOUND MOTORS 

Typical wiring diagram showing connection of a compound -wound motor to its face 
plate starter. For shunt-wound motors the series field coil is omitted. This starter is 
used for ¿tarltng duty only. 
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CONNECTION DIAGRAMS FOR D.C. 
COMPOUND-WOUND MOTORS 

Supply 

Note : 
When used on 275 
volts or over re¬ 
move connection 
’from L2 to hold-
inq coil end moke 
conn, shown dot¬ 
ted. 

Connections sno/^n 
in dot dosh“- * 
ore on rear of 
ponel. 

Typical wiring diagram showing connection of a compound-wound motor to its face 
plate starter. For shunt-wound motors the series field coil is omitted. This starter is used 
for starling and speed regulating duty by field control only. 
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CONNECTION DIAGRAMS FOR D.C. 
COMPOUND-WOUND MOTORS 

Typical wiring diagram showing connection of a com pound-wound motor to its face 
plate starter. For shunt-wound motors the series field coil is omitted. This starter is for 
speed regulating duty—50% speed reduction by armature control. 
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CONNECTION DIAGRAMS FOR D.C. 
COMPOUND-WOUND MOTORS 

Hold. Coi I 

ToD-c\LL 
Supply}^ 

Typical wiring diagram showing connection of a compound -wound motor to its face 
plate starter. For shunt-wound motors the series field coil is omitted. This starter is used 
for speed regulating duty—50% speed reduction by armature control and ¿5% increase by field 
control. 
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READ AUDELS MECHANICS GUIDES 
A BRIEF SUMMARY OF CONTENTS 

□ AUDELS PAINTING & DECORATING MANUAL. S4 
JUST OFF THE PRESS. A RELIABLE GUlut FOR PAINTERS, JOURNEYMEN, APPRENTICES, 
CONTRACTORS. HOME OWNERS. AND ALL PAINT USERS. 
The book is divided into two sections. Section I, contains information on: basic tools and equip¬ 
ment; selection of proper paint; guide to color; techniques of applying paint with brush, roller and 
spray gun; wood and floor finishings. Section II, provides information about cost estimate; glossary 
of painting terms; paint chemistry; a review of the necessary mathematics and information about 
running a painting business. 
585 pages; profusely illustrated. 

□ AUDELS GAS ENGINE MANUAL . . 54
An up-to-date practical book covering the construction, operation and repairs on all types of modern 
gas engines. Part I, covers gas engine principles; two and four-stroke cycle engines; engine parts; 
auxiliaries; timing methods; ignition systems. Part II, covers trouble shooting; servicing and repairs. 
467 pages; fully illustrated. 

□ Audels REFRIGEfiATION & Air Conditioning Guide $6 

□ AUDELS WATER SUPPLY & SEWAGE DISPOSAL GUIDE $4 

BSSœ septic tank layouts-drainage systems -drainage pumps-water heaters, gas anu cieuu 
methods—plumbing system essential. 436 PAGES. 

□ AUDELS GUIDE TO CREATIVE PHOTOGRAPHY. $3.95 
Practical from first page to the last, written in simple, concise, easy-to-understand language. All technical 
terms are clearly defined and profusely illustrated. Its vast scope—from simple picture-taking techniques to 
elementary developing and printing, from lens optics to photo chemistry, from principles of P" 01® ^posi¬ 
tion to techniques of working with color—an informative volume for all interested in photography. 41b pages. 

□ AUDELS OIL BURNER GUIDE . 52.50 
A new practical, concise treatise explaining in detail both domestic & industrial oil burners, including electrical 
hook ups and wiring diagrams. 
416 pages, 320 illustrations & diagrams. Pocket size. di «il hnmM» 
Fully covering the Theory, Construction, Installation, Operation, Testing, Servicing & Repair of all oil burner 
equipment Fully indexed for ready reference. 



□ AUDELS AUTO MECHANICS GUIDE . $6 
PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN. TRAINEES & OWNERS 
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto type Diesel engines 
1132 pages, fully illustrated. 73 chapters. Indexed. 
FEATURES: All parts of an automobile -physics—gas engines—pistons—rings—connecting rods—crank 
shafts—valves -valve gear—cams— timing cooling systems—fuel feed systems—mixture—carburetors— 
automatic choke - superchargers- transmissions—clutches -universals, propeller shafts -differentials—rear 
axles—running goar—brakes wheel alignment—knee action—steering gear—tires—lubrication—ignition 
systems spark plugs— ignition coils—distributors—automatic spark control—ignition timing—generators 
- starters lighting systems storage batteries. Fluid & Hydramatic Drives Fully Explained 
A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS. 

□ AUDELS TRUCK & TRACTOR GUIDE . $5 
A Shop Companion for Truck Mechanics & Drivers—Shop Foremen -Garagemen—Maintenance Men— 
Helpers—Owners—Trouble Shooters—Fleet Maintenance Men—Bus Mechanics & Drivers—Farm Tractor 
Operators & Mechanics—Covering Gas & Diesel Motor Principles—Construction—Operation—Maintenance 
—Repair— Service Operations—Trouble Shooting— Engine Tune Up -Carburetor Adjusting—Ignition 
Tuning—Brakes— Service of all Parts 1376 Pages. 78 PRACTICAL FULLY ILLUSTRATED CHAPTERS— 
INDEXED—1001 FACTS AT YOUR FINGER ENDS. 

□ AUDELS DIESEL ENGINE MANUAL . S3 
A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY PRAC¬ 
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES. 
640 pages, fully illustrated. Explains Diesel principles— starting—starting valves—fuel spray valves—valves 
—timing- fuel pumps fuel injection compressors—starting air compressors—scavenging air compressors 
-pistons and piston rings—cylinders- lubrication—cooling systems—fuel oil-engine indicator—governors 
- engine reversing—semi-Diesel engines—high speed Diesel engines—answers on operation— calculations 
including two-cycle Diesel engines. 
THIS BOOK IS OF EXTRÉME VALUE TO ENGINEERS, OPERATORS, STUDENTS. 

□ AUDELS WELDERS GUIDE . $3 
«SSrJSVScSc“ “° »' »™»0 
608 pages, fully illustrated 5 x 6'2 x 2. 
Covers Electric. Oxy-acetylene, Thermit, Unionmelt Welding for sheet metal, spot and pipe welds, pressure 
vessels and aluminum, copper, brass, bronze and other metals, airplane work, surface hardening 'and hard 
facing, cutting, brazing—eye protection. EVERY WELDER SHOULD OWN THIS GUIDE. 

□ AUDELS ANSWERS ON BLUE PRINT READING ... $3 
COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS. 
448 pages, very fully illustrated, service bound, pocket size. 
How to read scales—the standard symbols -detail and assembly prints -the different kinds of working 
drawings; orthographic, pictorial, descriptive -development by parallel and radial lines, conventional lines, 
triangulation. Warped and other surfaces specifications— how to sketch—how to make working drawings— 
how to make blue prints—short cuts- helps hints and suggestions. 
"The blue print of to-day is the machine of to-morrow.” The man who can read blue prints is in line for a 
better job. This book gives you this secret language, step by step in easy stages. 
NO OTHER TRADE BOOK LIKE IT. 

□ AUDELS NEW MECHANICAL DICTIONARY .... $6.95 
The authoritative word book for Mechanics, Technicians and Students. With the revolutionary progress 
being made today in all mechanical fields, new words and phrases come into use. Any mechanic who wants 
to be up to date must know this new trade language. Audcls New Mechanical Dictionary gives you these new 
words and also the old. Every mechanic will find his job made easier if he knows the exact meaning and 
use of technical words that come up every day at work. It is an engineer’s shop companion and a student’s 
guide. DEFINES 17,000 WORDS—TERMS, PHRASES RULES AND FORMULAS. 712 PAGES. 



□ AUDELS DO-IT-YOURSELF ENCYCLOPEDIA 2 Vols. $8.95 
Over 1,000 pages, packed with step-by-step plans, thousands of photos, helpful charts. Fully indexed and 
alphabetized A really authentic, truly monumental, home repair and home project guide. 

EVERYTHING YOU NEED TO KNOW 
INSIDE THE HOUSE ... OUTSIDE THE HOUSE ... AROUND THE HOUSE 

A PARTIAL LIST OF CONTENTS: 

Air conditioning 
Aluminum 
Anatomy for building 
Asphalt tiles 
Attics 
Basements 
Book rack 
Breakfast nook 
Built-ins 
Bunk beds 
Ceilings 
Cement 
Ceramic 
Closet 
Concrete 
Concrete patching 
and repair 

Copper tubing 
Cork, floors and walls 
Cornice, window 
Doors 

Dormer 
Dry rot 
Electrical hazards 
Electric wiring 
Finishing wood floors 
Fire hazards 
Firebrick 
Fireplaces 
Flagstone tiles 
Floor repairs 
Foundation drainage 
Furniture finishing 

repairs 
Garden concrete blocks 
Glass cutting 
Glazing windows 
Guide to painting 
High Fidelity 
House, structural parts 
Insulation 
Jalousie 

Kitchen layouts 
contemporary appliances 
modernizing ideas 
storage cabinets 

Lacquer finish 
Lawn grass guide 
Lawn mower 
Lighting fixtures 
Locks 
Lumber 
Magnetic circuit breaker 
Marble tile 
Masonry 
Miter joint 
Mortar 
Paint 
Painting 
Pickled pine finish 
Pipes 
Plastic tile 
Plumbing 

Plywood 
Polishing buffs and 
compounds 

Pools 
Radiator covers 
Room dividers 
Safety checklist 
Sanding old floors 
Screens 
Shellac finish 
Spray painting 
Stain finishes 
Stairs 
Sticking drawers 
Storm door 
Termite 
Upholstering 
Varnish finish 
Wallpapering 
Wood floors 
Work bench 

AND THOUSANDS OF OTHER IMPORTANT SUBJECTS 

□ AUDELS HOME APPLIANCE SERVICE GUIDE .... $6 
864 Pages— 500 Illustrations • 1001 Facts. A PRACTICAL "HOW TO DO IT" BOOK. 
For Practical Electric & Gas Servicemen. Mechanics & Dealers. Covers Principles, Servicing & Repairing 
of Home Appliances. Tells How to Locate Troubles. Make Repairs, Reassemble & ConnecL Wiring Diagrams 
& Testing Methods. Easy to Read. How to fix Electric Refrigerators, Washers, Rangers, Toasters, Ironers, 
Broilers, Dryers, Vacuums, Fans, also many other Gas & Electric Appliances. Lawn Mowers. 

□ AUDELS POWER PLANT ENGINEERS GUIDE . $5 
A COMPLETE STEAM ENGINEERS LIBRARY IN ONE BOOK WITH QUESTIONS & ANSWERS. 
1568 Pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts. 1001 FACTS & FIGURES 
AT YOUR FINGER ENDS. For all Engineers, Firemen, Water Tenders, Oilers, Operators, Repairmen and 
Applicants for Engineers’ License Examinations. 
SPECIAL FEATURES INCLUDE: Boilers, all types; Boiler and Engine room Physics; Fireman’s Guide: 
Boiler Examination Questions; Boiler Operation; Pulverized Coal Systems; Instant Steam; Boiler Fixtures; 
Boiler Repairs and Calculations; Boiler Accessories; Feed Pumps; Feed Water Heaters; Economizers; 
Feed Water Treatment and Deaeration; Injectors; Safety Valve Calculations; Mechanical Stokers; Oil 
Burners: Condensers; Air Pumps and Air Ejectors; Evaporators; Steam and Hot Water Heating; Pipe Fitting. 
Steam Engines; Valve gears; Turbines; Compressors; Hoists; Gas and Diesel Engines; Lubricants and 
Lubrication. 
65 Instructive, Interesting Illustrated Chapters—ALL FULLY INDEXED FOR READY REFERENCE. 

□ AUDELS QUESTIONS & ANSWERS FOR 
ENGINEERS AND FIREMANS EXAMINATIONS . $2.50 

An aid for Stationary, Marine, Diesel & Hoisting Engineers' Examinations for all grades of Licenses. A nev 
concise review explaining in detail the Principles, Facts & Figures of Practical Engineering. 544 Pages & 435 
illustrations of Questions & Answers, fully indexed for ready reference. Pocket size. 



□ AUDELS SHEET METAL PATTERN LAYOUTS .. $7.50 
10 Sections, 1152 pages, 350 layoots, 1600 illustrations. 
A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OF SHEET METAI wnRk 
INCLUDING PATTERN CUTTING. PATTERN DEVELOPMENT AND SHOP PROCEDURE 
10 Big Sections Covering: Heating & Air Conditioning Duct Patterns-Special Sheet Metal Lavouts-Lav-
outs for various sheet metal shapes-Conductors, Leaders and Leader Head Layouts-Gutters and Rnnf 
OuHet Layouts-Sheet Metal Roofing Patterns- Skylights and Louvers Pattern Layouts-Cwiice Pawn 
Layouts -Sheet Metal Boat Patterns- Geometrical Problems, Mensuration and Sheet Metal Mathematics 
Developed by experts for Sheet Metal Workers-Layout men-Mechanics and Artisans Apprentices and 
Students. A MASTER BOOK FOR ALL THE SHEET METAL TRADES Apprentices and 

□ AUDELS SHEET METAL WORKERS HANDY BOOK $2 50 

work, principles of pattern cutting, sheet metal work layout, development of air conditioning ducts sheet 
metal machines, welding sheet metal, boiler plate work, practical drawing, how to read plans oeometric-il 
problems, mensuration. FULLY ILLUSTRATED. READY REFERENCE INDEX P ’ fleometr,cal 
448 PAGES-HANDY SIZE. 

□ GUETHS MECHANICAL DRAWING . $2.50 
A CONCISE DRAWING COURSE. 192 pages, 50 plates, size 6 x 9 
A complete instructor and reference work on: Drawing tools and their use. drafting room and shoo orartire 

Ä áñd’ír '“T"”’ "??0f,ant rules ,or k¡"9 drawings, three views and isometric s’Ä mode“' 
J an < c.ape,try machine drawing, projections, sections, intersections, warped surfaces method 
of plan of elevation, method of vanishing point, shades and shadows, points, lines and plants prisms aSd 
pyramids, spheres, screw surfaces, shadow perspective. How to use the slide rule. P Prism» and 

□ ROGERS DRAWING AND DESIGN 
MECHANICAL DRAWING SELF TAUGHT. 

$3 
410 pages. 600 illustrations (many full page drawings), flat-opening. 
A standard work, with all details so clearly explained that this valuable training is easilv obtained with»..« 

LTS' ,WTS a"d d«fl"1“0™' h°* '» use drawing board-instrument^ “square Wangles how 
sec,lon 1 pian, geometrical drawing, development of surfaces and isometric cabinet 

and orthographic projections, working drawings, explains how to do tracing and make blue prints' how tn 

room' andThop, fln ' t0 use ,he slide rule ' A STANDARD s’udy TEXT FOR DRAFTING 

□ AUDELS MILLWRIGHTS & MECHANICS GUIDE ... $5 

LpeHntSntï™^^ ereC"nõ "“¡"‘«n«"“ men. riggers, shopmen, service men, foreman, inspecte?’,' 

Section 1: Mechanical power transmission-2: millwrights and mechanics tools and their use-3- buildinn 

□ AUDELS PUMPS, HYDRAULICS COMPRESSORS . . . . $6 
QUESTION^AND^ ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH 

B?oks in «"«-fully illustrated. Practical information covering: 
io!Pr: Centrifugal— Rotary— Reciprocating Pumps-Air and Vacuum Chambers—Power & Air Pumos 
Jet Condensers— Surface Condensers—calculations. Cooling Ponds—Cooling Towers—Water Suonlv— 

Service Pumps—Automotive Fire Pumps—Dredges. PP * 

Au.omoAbÄeÄÄ Control-

J? nPR^ Sæn : C<lmp.re^ -Compressor Classification-Parts, Types-lnter and After 

'ÄnXÄM 



□ AUDELS MATHEMATICS & CALCULATIONS 
FOR MECHANICS . $3 

MATHEMATICS FOR HOME STUDY OR REFERENCE. 672 pages, 550 illustrations, pocket size. 
This work has been arranged as a progressive study, starting with the first principles of arithmetic and 
advancing step by step, through the various phases of mathematics, including the many necessary rules 
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical 
calculations and tables, fully indexed for quick use. 
Practical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering a 
complete review of practical arithmetic. Illustrated with examples. Includes mensuration—plane and solid 
geometry—trigonometry—algebra—calculus—electrical and mechanical shop calculation—practical tests— 
reference tables and data. How to use the slide rule. A REAL HELP TO ALL MECHANICS. 

□ AUDELS MACHINIST & TOOL MAKERS 
HANDY BOOK . J6 

COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 
Tells how to set up and operate lathes, screw and milling machines, shapers, drill presses and all other ma¬ 
chine tools. 
1250 pages, fully illustrated, 5 x x 2. Indexed. Easy to read and understand. 
A complete instructor and reference book for every machinist, tool maker, engineer, machine operator, mechan¬ 
ical draftsman, metal worker, mechanic and student, covering lathes, screw and milling machines, shapers, 
drill presses, etc. 
A SHOP COMPANION THAT ANSWERS YOUR QUESTIONS. 

□ AUDELS CARPENTERS & BUILDERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPEN¬ 
TERS, JOINERS. BUILDERS, MECHANICS AND ALL WOODWORKERS. 
Explaining in practical, concise language and by illustrations, diagrams, charts, graphs and pictures, principles, 
advances, short cuts, based on modern practice. How to figure and calculate various jobs. 
Vol. 1—Tools, steel square, saw filing, joinery, furniture—431 pages. 
Vol. 2—Builders mathematics, drawing plans, specifications, estimates—455 pages. 
Vol. 3—House and roof framing, laying out, foundations—255 pages. 
Vol. 4— Doors, windows, stair building, millwork, painting— 448 pages. 
4 VOL. 1600 PAGES, 3700 ILLUSTRATIONS. $9.00. EACH VOLUME POCKET SIZE. SOLD SEPARATELY 
$2.50 A VOL. 

□ AUDELS PLUMBERS & STEAMFITTERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER 
PLUMBERS, JOURNEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS, 
SHEET METAL WORKERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS. 
Explaining in plain language and by clear illustrations, diagrams, charts, graphs and pictures the principles 
of modern plumbing practice. 
Vol. 1—Mathematics, physics, materials, tools, lead work—374 pages. 
Vol. 2—Water supply, drainage, rough work, tests—496 pages. 
Vol. 3—Pipe fitting, ventilation, gas, steam—400 pages. 
Vol. 4—Sheet metal work, smithing, brazing, motors. 
4 VOLS.-1670 PAGES. 3642 DIAGRAMS, $9.00. EACH VOL. POCKET SIZE. SOLD SEPARATELY 
$2.50 A VOL 

□ AUDELS MASONS & BUILDERS GUIDES 
A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK¬ 
LAYERS—STONE MASONS-CEMENT WORKERS-PLASTERERS AND TILE SETTERS. 
Explaining in clear language and by well-done illustrations, diagrams, charts, graphs and pictures, principles, 
advances, short cuts, based on modern practice—including how to figure and calculate various jobs. 
Vol. 1—Brick work, bricklaying, bonding, designs—266 pages. 
Vol. 2—Brick foundations, arches, tile setting, estimating 245 pages. 
Vol. 3—Concrete mixing, placing forms, reinforced stucco—259 pages. 
Vol. 4— Plastering, stone masonry, steel construction, blue prints -344 pages. 
4 VOLS.-1100 PAGES-2067 ILLUSTRATIONS—COMPLETE SET. $9.00. EACH VOL (POCKET SIZE) 
$2.50 A VOL. 



□ AUDELS HOUSE HEATING GUIDE . $5 
For Heating, Ventilating and Air Conditioning Engineers, Plumbers, Maintenance Men, Contractors, Building 
Superintendents and Mechanics seeking practical, authentic information on Heating, Ventilating, Air Con¬ 
ditioning. 966 Pages 910 Illustrations - 57 Chapters explaining the working principles of all Modern House 
Heating, Ventilation and Air Conditioning systems. Fully illustrated and Indexed. This up-to-date book of 
reference gives answers to 1001 questions. 

AUDELS ELECTRIC MOTOR GUIDE . $5 
Covers the construction, hook-ups, control, maintenance and trouble shooting of all types of motors including 
armature winding. Explains entire subject in every detail. A Handy Guide for Electricians and all Electrical 
Workers. 
Over 1000 Pages of Information— 31 Instructive, Interesting Chapters 617 Diagrams, hook-ups and draw¬ 
ings. All types of motors fully illustrated and indexed for ready reference. 

□ AUDELS NEW RADIOMANS GUIDE . S5 
A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE¬ 
MEN, AMATEURS. 
1088 pages. 400 illustrations and diagrams. Size 5 x 6^. 
Features: Radio fundamentals and Ohm's Law—physics of sound as related to radio science—electrical 
measuring instruments—power supply units—resistors, indicators and condensers- radio transformers 
and examples on their designs broadcasting stations—principles of radio telephony—vacuum tubes— 
radio receivers—radio circuit diagrams- receiver construction—radio control systems—loud speakers— 
antenna systems- antenna systems (automobile) -phonograph pickups—public address systems— aircraft 
radio- marine radio equipment—the radio compass and principle of operation—radio beacons—automatic 
radio alarms- short wave radio—coil calculations—radio testing— cathode ray oscillographs— static elimi¬ 
nation and radio trouble pointers— underwriter’s standards— units and tables. 
AUTHENTIC CLEAR CONCISE. 

□ AUDELS TELEVISION SERVICE MANUAL. $3 
Gives practical information in Installing, Trouble-Shooting & Repairing. This greatly needed fact-finding 
manual is easy to understand. 480 pages, more than 225 illustrations & diagrams covering operating principles 
of modern television receivers. 
Covers T.V. information at your finger ends. Shows good receiver adjustment and How to get Sharp, Clear 
Pictures. How to Install Aerials -Avoid Blurs, Smears and How to test. Explains color systems and methods 
of conversion. 1001 FACTS— 18 CHAPTERS. 

□ AUDELS HANDY BOOK OF PRACTICAL ELECTRICITY $5 
FOR MAINTENANCE ENGINEERS. ELECTRICIANS AND ALL ELECTRICAL WORKERS. 1052 pages, 
1300 illustrations. 
A quick, simplified, ready reference book, giving complete instruction and practical information on the rules 
and laws of electricity —maintenance of electrical machinery— A.C. and D.C. motors wiring diagrams— 
house lighting power wiring meter and instrument connections bells and signal wiring— motor wiring 
-transformer connections- fractional horsepower motors—circuit breakers—relay protection- switchgears 
—power stations—automatic substations. 
THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY. 

□ AUDELS WIRING DIAGRAMS FOR 
LIGHT & POWER . S2.50 

Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors and 
students will find these diagrams a valuable source of practical help. 
This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly in simple 
language how to wire apparatus for practically all fields of electricity. Each diagram is completa and self-
explaining-304 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 

□ AUDELS ELECTRONIC DEVICES . 53 
TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. 
Covering photo-electric cells and their applications. Includes easily understood explanations of the workings 
of the electric eye, amplifiers, anodes, candlepower, color temperature, illumination, frequencies, photo 
tubes, grid basis, voltage, photo-electric tubes, photocell, vacuum tubes, the oscillator, electron tubes, elec¬ 
trons versus atoms, Ohm's Law, wiring diagrams. 304 pages. 
A PRACTICAL BOOK ON ELECTRONICS. 



□ AUDELS NEW ELECTRIC LIBRARY .... $2.50 a vol. 
FOR ENGINEERS, ELECTRICIANS. ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS. 
Presenting in simplest, conciso form the fundamental principles, rules and applications of applied electricity. 
Fully illustrated with diagrams & sketches, also calculations & tables for ready reference. Helpful questions 
and answers. Trial tests for practice, study and review. Design, construction, operation and maintenance of 
modern electrical machines and appliances. Based on the best knowledge and experience of applied electricity. 

Vol. 1—Principles and rules of electricity, magnetism, armature winding, repairs—700 illustrations— 
480 pages. 

Vol. 2—Dynamos, D.C. motors, construction, installation, maintenance, trouble shooting—573 illustrations 
418 pages. 

Vol. 3— Electrical testing instruments and tests, storage battery construction and repairs—631 illustrations 
—472 pages. 

Vol. 4— Alternating current principles and diagrams, power factor, alternators, transformers— 801 illus¬ 
trations—484 pages. 

Vol. 5—A.C. motors, windings, reconnecting, maintenance, converters, switches, fuses, circuit breakers— 
1489 illustrations—498 pages. 

Vol. 6— Relays, condensers, regulators, rectifiers, meters, switchboards, power station practice—689 illus¬ 
trations—548 pages. 

Vol. 7— Wiring—house, light and power, circuits, high tension transmission, plans, calculations, code, marine 
wiring practice— 1218 illustrations—728 pages. 

Vol. 8— Railways, signals, elevators, — 1078 illustrations— 
Vol. 9— Radio, telephone, telegraph, television, motion pictures— 793 illustrations— 576 pages. 
Vol. 10— Refrigeration, illumination, welding, x-ray, modern electrical appliances, index—1084 illustrations 

—674 pages. 

COMPLETE SET $22.50 

□ AUDELS ELECTRICAL POWER CALCULATIONS ... $3 
275 TYPICAL PROBLEMS FULLY WORKED OUT. 
Gives and explains the mathematical formulae and the fundamental electrical laws for all the everyday, 
practical problems in electricity—Ohm's and Kirchhoff’s laws for Direct Current—the generation and appli¬ 
cation of alternating current—problems in series and parallel circuits—transformers—transmission lines— 
electrical machinery. Valuable notes on Radio Circuit Calculation. 
With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Other Data; Symbols, 
Formulae. 480 pages, fully diagrammed. Two parts (A.C.—D.C.). Indexed. 
EVERY ELECTRICAL WORKER & STUDENT NEEDS THIS MODERN "MATHEMATICAL TOOL.” 

□ AUDELS NEW ELECTRIC DICTIONARY . $3 
FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 
The language of your profession in convenient, alphabetical order so you can instantly locate any word, phrase 
or term. To be an expert in «any line you must "talk the language." Audel’s Now Electric Dictionary enables 
you to understand and explain electrical problems so your hearer will thoroughly understand you. 
Defines more than 9000 words, terms and phrases in plain and unmistakable language, compiled with the 
same accuracy and thoroughness that has characterized Audel books for 82 years. 
Valuable as an Encyclopedia of Electricity and as a Dictionary. 
AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 

□ AUDELS QUESTIONS & ANSWERS FOR 
ELECTRICIANS EXAMINATIONS . $2.50 

A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A helpful Review of all the fundamental principles underlying each question and answer 
needed to prepare you to solve any new or similar problem, which while being asked differently still calls 
for the same answer and knowledge. 
Covering the National Electrical Code, Questions and Answers for License Tests; Ohm's Law; with applied 
Examples; Hook-ups for Motors; Lighting and Instruments; 272 Pages. Fully Indexed and Illustrated. Pocket 
Size. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 



MAIL ORDER 
THEO. AUDEL&CO.,49W.23St.,New York 10, N.Y. 

Please mail me for 7 days’ free examination the books marked 
(X) below. I agree to mail $2 in 7 days on each book or set 
ordered, and to further mail $2 a month on each book or set 
ordered until I have paid purchase price plus shipping charges. 

If I am not satisfied with Guides I will return them. 
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□ PAINTING AND DECORATING MANUAL. 4 
□ GAS ENGINE MANUAL . 4 
□OIL BURNER GUIDE, 416 Pages . . $2.50 
□Water Supply & Sewage Disposal Guide, 436 Pages 4 

: OGUIDE TO CREATIVE PHOTOGRAPHY, 416 Pages 3.95 
I □REFRIGERATION & Air Conditioning, 1360 Pages. . 6 
• OAUTOMOBI LE MECHANICS GUIDE, 1132 Pages . 6 
• QTRUCK & TRACTOR GUIDE, 1376 Pages. 5 
I DDIESEL ENGINE MANUAL, 640 Pages. 3 
: OWELDERS GUIDE, 608 Pages. 3 
* OB LU E PRINT READING, 448 Pages. 3 
• □MECHANICAL DICTIONARY, 712 Pages. 6.95 
: CDO-IT YOURSELF ENCYCLOPEDIA, 2 Vols. 8.95 
I CHOME APPLIANCE SERVICE GUIDE, 864 Pages 6 
• CPOWER PLANT ENGINEERS GUIDE, 1568 Pages 5 
• DENGINEERS & FIREMANS EXAMS, 544 Pages . 2.50 
I DSHEET METAL PATTERN LAYOUTS, 1152 Pages 7.50 
I □SHEETMETAL WORKERS HANDY BOOK, 448 Pages 2.50 
I □MECHANICAL DRAWING GUIDE, 192 Pages 2.50 
• ^MECHANICAL DRAWING & DESIGN, 410 Pages 3 
* □MILLWRIGHTS & MECHANICS GUIDE, 1248 Pages 5 
I □PUMPS, Hydraulics & Air Compressors, 1248 Pages 6 
; OMATH EMATICS & CALCULATIONS, 672 Pages . r 3 
• ^MACHINISTS HANDY BOOK, 1250 Pages 6 
> □CARPENTERS & BUI LDERS GUIDES (4 Book Set) 9 
Q □PLUMBERS & Steamfitters Guides 4 Book Set' .... 9 
Q QMASONS AND BUILDERS GUIDES 4 Book Set) . . 9 
g SHOUSE HEATING GUIDE, 966 Pages. 5 
Z DELECTRIC MOTOR GUIDE, 1056 Pages. 5 
g QRADIOMANS GUIDE, 1088 Pages. 5 
3 QTELEVISION SERVICE MANUAL, 480 Pages. 3 
O SHANDY BOOK OF ELECTRICITY, 1052 Pages. 5 
g ^WIRING DIAGRAMS Light & Power , 304 Pages .. 2.50 
£ QELECTRIC LIBRARY, 6000 Pages (10 Book Set . 22.50 

□ ELECTRIC POWER CALCULATIONS, 480 Pages . . 3 
□ ELECTRIC DICTIONARY, 9000 Terms . 3 
□ ELECTRICIANS EXAMINATIONS, 280 Pages . 2.50 

□. -. 
Name _ _ _ --------------_ ---_ __ -

Address _ __ ---------------_ -----------_ --

Occupation_ -_ ___ __ -_ ---

Employed by . - - - -_ ---------------------------

I I Save shipping charges ! Enclose full payment and we pay 
shipping charges 




