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Foreword—

THE 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
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VARIOUS LAMP CONTROL SCHEMES
Ty SR
L1

A é * D SOURCE

CONTROL OF LAMPS FROM ONE LOCATION

SINGLE POLE
SNAP SWITCHES SOURCE

3.
o 1 SOURCE

CONTROL OF LAMPS BY ONE 3.WAY SWITCH
(One Lamp Allways Lit
3-WAY

D SWITCH
SOURCE
CONTROL Of LAMPS FROM 2 LOCATIONS
{One Lamp Allways Lity
E. source
SOURCE

’ L\ —3-WAY
F SWITCHES

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 whes
one single pole snap switch is used.

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

Fiss. C to F illustrate a series of special types of lamp control used in, for example, test cir-
cuits, or in any location where particular control schemes are desirable.

8



LAMP CONTROL FROM 2-LOCATIONS

3-WAY SWITCHES

BOTH SWITCHES
IN OFF POSITION SOURCE

) #

—

POSITION OF SWITCH #2
CHANGED (Current on) SOURCE

(// *2

POSITION OF SWITCH #2 CHANGED
BACK TO ORIGINAL POSITION SOURCE
(Current off)

A (X )#

POSITION OF SWITCH #1 CHANGED SOURCE
(Current on)

2nd POSITION

POSITION OF SWITCH #1 CHANGED
BACK TO ORIGINAL POSITION SOURCE
1 1 | (Current off)

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. 2switch isoperated
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.

9



LAMP CONTROL FROM 2-LOCATIONS
”MAINS

| r 0
3-WAY SWITCHES

#2

A #

BOTH SWITCHES IN OFF POSITION

o 15 00 s

POSITION OF SWITCH #2 CHANGED (Current on)

C .

POSITION OF SWITCH #2 CHANGED BACK TO ORIGINAL POSITION (Current offh

LG — L
r4 4
0 18 570 -

POSITION OF SWITCH #1 CHANGED (Current on)

E#lw (\LE #

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
4ig. A, the lamps extinguished, and can be lit by operating either switch. If switch Kﬁ; 2, fig.
B. is operated to position *S” the lamps will be illuminated, and can be extinguished a|
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

2-CIRCUIT
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 ag
both %roups of lamps are illuminated, and finally in the fourth position,

is lit.

ELECTROLIER SWITCH

GROUP-1 ‘ ‘ LAMPS
|

3

GROUP-2 ‘
i

1st POSITION OF SWITCH

it s

2

GROUP 2

2nd POSITION OF SWITCH

GROUP-1
GROUP-2

@@J

3rd POSITION OF SWITCH

GROUP -2

GROUP-1 @
®
1

@O

4th POSITION OF SWITCH

11
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—

SOURCE

SOURCE

SOURCE

roup No. 1 only
his switch may not be considered as standard, it is only one of several arrangements.



LAMP CONTROL FROM 3-CIRCUIT
ELECTROLIER SWITCH

i |
GROUP-ZOE LAMPS

e o |
SOURCE{ cRoup-ab ?

1st POSITION OF SWITCH

:
GROUP-1 t‘
0

3
SOURCE { GROUP-3 ‘ ‘
s A

2nd POSITION OF SWITCH

GROUP-1 Q@

3-CIRCUIT SWITCH

2

St

s

GROUP-3 ? Q

3rd POSITION OF SWITCH

&

GRCUP-1 Q‘C)
2 _
| _
SOURCE { GROUP-3 @ Q

4th 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 principaily the saine as
shown in the Previous 2-circuit switch. In the 4th position maximum illumination is ob-
tained, with all lamps lighted. The switch shown is typical only among a great variety of
switches manufactured for electrolier or dome lamp control. The current carrying capacit
of the switch as well as potential of the source to be connected should be considered for eac
individual application.

12
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CONTROL OF LAMPS FROM MORE THAN ONE
LOCATION BY MEANS OF 3 AND 4-WAY
SWITCHES

4.WAY
SWITCH

3-WAY
SWITCH

}SOURCF

USE OF TWO 3-WAY AND ONE 4-WAY SWITCH
FOR CONTROL OF LAMPS FROM 3 LOCATIONS

-\, _4-way _ 3.WAY
j_'. J<TswiTeH 31 f ! , SWITCH
v

N

‘ ‘ }SOURCE

L L ]
USE OF TWO 3-WAY AND TWO 4-WAY SWITCHES
FOR CONTROL OF LAMPS FROM 4 LOCATIONS

SOURCE

USE OF FOUR 4-WAY SWITCHES FOR CONTROL
OF LAMPS FROM 4 LOCATIONS

: = i —} ki
(T 5) (o () v
N . 5 N S~—F
XY, o

USE OF TWO 3-WAY AND THREE 4-WAY SWITCHES
FOR CONTROL OF LAMPS FROM 5 LOCATIONS

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, itis
obvious that for anK 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

DOUBLE POLE
o |
| S——
—— 3.WAY
() /) sWiTCH
7th
6th

N
>
-4

— | MAINS

—
/ 3-WAY
SWITCH

L2 ot tas_tans )

ETIETRSSE
| E——

|
LAMP B
1st Floor =

DOUBLE POLE
MASTER SWITCH

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 untif
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
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FLUORESCENT MATERIAL
COATING ON INSIDE WALL

I— SOCKET

USUALLY INSTALLED IN RACE WAY

\

£ s>,
t

] ELECTROBE ;

: 1]

Vet dis. et STARTER ACCESSILE !

ol - FOR REPLACEMENT v

H e LINE SWITCH
{ r o

¥ —~ \ MOUNTING PANEL i

5 e

1 LAMI LAY H

: IOLDER STARTER ‘1;\

AT UNE— 115 V.

o Sockir REACTOR

CUTAWAY VIEW OF STARTER

St

CONDENSER ACROSS
STARTER CONTACTS
TO ELIMINATE
RADIQO INTERFERENCE

ALUMINUM CASING

GLOW SWITCH
HERMETICALLY SEALED
IN GLASS CASING

BAYONET.LOCK CONTACTS

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.

9. lt 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

SLINJAID dIVT INADSTNONTI



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-
1rol of two lamps.

Chief among the advantages are improved power factor, decreased strobo-
scopic effect and reduced auxiliary losses. Each iamp 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-
vine with a resulting line power factor of very nearly 1009,

When connecting lamps, ballost and starter into an electric circuit, it is of the
utmost importance to observe the manufacturers’ diagram usually labeled on the
ballast. This diagram shouid be followed in each instance for p-oper operation
ol 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.

: SRS
AC LINE  BALLAST
° I ; FLUORESCENT LAMP 3
Y

STARTER ——————o]
p—
|

B— |

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 act 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 ot 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 part of a series circuit through the lamp electrodes and the
choke coil (ballast).

When voltage is applied a small current lows 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.

T T
| |
i

A.C. LINE

[

BALLAST

:E FLUORESCENT LAMP {l:

)
(4

STARTER
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.

| § FLUORESCENT LAMP g | T
H—

STARTER
o WHITE T .
]
| CAPACITOR
AC LINE b/
==
o BLACK r
}
AUTO - TRANSFORMER

BALLAST
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

I = FLUORESCENT LAMP (LAG) £ I
V\

S starter

FLUORESCENT LAMP (LEAD)
(C) STARTER COMPENSATOR
YELLOW |
o WHITE 1
A.C. LINE 1
BLACK CHOKE __ CONDENSER:
o—
| CHOKE
AUTO - TRANSFORMER

TWO - LAMP BALLAST

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

| | "g FLUORESCENT LAMP (LAG) £ | .
e :

US'I’A RTER

) I § FLUDRESCENT LAMP (LEAD)

—|——_comeensaror
° YELLOW//\ W
A4
AC. LINE STARTER mw\l‘!luﬁ
o— . BUACK 1 CHOKE "\

L.—CHOKE .—l\couosnssn

TWO - LAMP BALLAST

Wiring Diagram of Two-Lamp Ballast with Built-In Starting Compensator.
18



FLUORESCENT LAMP CIRCUITS

|—§ FLUORESCENT LAMP (LAG) ] | ¢
I— STARTER
) ES FLUORESCENT LAMP (LEAD) = | )
STARTER

o WHITE Il_ ) ) }_l

AC. LINE .

BLACK
o—

f ""l‘\

CHOKE  cONDENSER

|
AUTO -mmsromm/

TWO - LAMP BALLAST

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

14 W. FLUORESCENT LAMP

=

[ )\ M
] \<
MANUAL STARTER BALLAST LAMP
SWITCH
.
= 14 W. FLUORESCENT LAMP Z |

o) o)

A.C. LINE
Wiring Diagram for Operating Two 14 Watt Fluorescent Lamps in Series with
a Special Incandescent Ballast Lamp.
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FLUORESCENT LAMP CIRCUITS

. P
I E FLUORESCENT LAMP =1 (@) D.C. UNE
Q’—

POLARITY REVERSING
SWITCH

AUXILIARY [T _,’l -‘l L
=

RESISTOR

Wiring Diagram of Fluorescent Lamp for Operation on Direct Current. While
the fluorescent lamp is basically un alternating current lamp, it 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 current fiow at certain intervals
(once a day or more frequently if desired) by means of a special reversing switch,
this end dimming may be eliminated.

-/ STARTER

AT - ]
| FLUORESCENT LAMP | | l
N, U

STARTER

/— BALLAST TEST BOARD

—O YELLOW RED O—
]
l
o —O WHITE RED O—
110-125 V. 0
AC. SOURCE P .
o— O BLACK BLUE O—

SWITCH

Wiring Arangement 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 tesied.
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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.

PISE = — §= - —
| FLUORESCENT LAMP I
STARTER
SOCKET
[l
O
-
MANUAL
STARTER
')
v
<P___{fﬁ__¢\’_>_—— BALLAST
CONTINUITY
TESTER

0 110-125V.
A.C. SOURCE

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 95 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.
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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.

STARTER
fa\
./
e ™ e
MANUAL
STARTER
1 LAMP TO 8E TESTED K
M e
FIXED LAMP EXTENSION_
HOLDER LAMP HOLDER SELECTOR
SWITCH
BALLASTS
c;
110-125V.
AC. SOURCE
ci

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

=t T 1 R s St
E;'%Irl g s S If':[:":ili
o g

| — i== A I —r 1T T L4
INSULATOR [ 4 SERVICE 'zmﬁ- INSULATOR SERVICE ENTRANCE
é CONDULET L-’/‘a CONDU -
L J l/ﬂi/
1 —1~ N Lot |
N B 1
£ g

—= CONDUIT

=:
_(:D—ji—msreas _/O O Q_—

SERVICE ENTRANCE | SERVICE ENTRANCE WITH__
WITH ONE SERVICE THREE SERVICE DROPS
DROP

SERVICE ENTRANCE
CONDULETS

PIPE
L-SERVICE STRAP
RACK
SERVICE ENTRANCE T —_,—-:_':
CONDULET
CONDUIT —={| | miniMuM
= HEIGHT OF
PIPE" BFT, |
—_—
X switch
BOX
LOCK NUT
SERVICE DROPS SHOWING FITTINGS
UNDERGROUND SERVICE DROP AND SWITCH BOX CONNECTIONS

FROM OVERHEAD LINE
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TYPICAL METHOD OF GROUNDING FOR
HOUSE WIRING SERVICE

SERVICE ENTRANCE ~_~

CONDULET

TO SERVICE
LINE

METER

SERVICE
CONDUIT

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.

“L* CONDULET

I

< MAIN SWITCH
WITCH CABINET

FUSE
TO METER AND
DISTRIBUTION
CABINET
GROUND’
BUS

C— !‘ 3

GROUND CLAMP\Fﬁ}

WATER PIPE
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SUPPLY

SERVIC
RACEWA

CONDULET

| BUILDING BASEMENT
WALL / MOUNTING BOARD
o) o)
N
MAIN SWITCH }._ e
CABINET /
NS MAIN SWITCH /TERMINAL IERMEY
] PLUG FUSE ~ 1
TO FUSE BOX
PLUG | ¥ 0)
FUSE ©
SWITCH- samo] ST}
MAIN R o
FUSE: = gieRodNo
CONDUIT CONDUIT =
\ ‘
o GROUND BUS | \METER cABINETS o
-
| |
1 '
TO GROUND TO GROUND TO GROUND

TO FUSE
BOX]
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WIRING DIAGRAM OF THREE WIRE METER
AND SERVICE BOXES

/WOODEN PANEL

i @METER 10 FUSE =
CONDUIT METER BOX R FBI:;’XE
T0 SOURCE LINE LOAD r
IN 0) flsts @
ITCH
13 1] BUS

CONDUIT L lpLue WS

FUSES
O GROUND BUS O
a_ﬂ) FUSE '3

GROUND CLAMP\*A /WATER PIPE BOXES

— = —— -
GROUND CLAMP
3-WIRE SERVICE CONNECTION

70 FUSE BOXES

NEUTRAL ﬁ

TO METER / BUS
BOX

TO RANGE

——

—.&-‘:1
MAIN SWITCH — "—ﬂ

-
. 06 o o 9 9

© ©
N )|}
reRmNALSlY]
co:o:ns . FUSE BOXES
3-WIRE SERVICE 3-WIRE FUSE-
SWITCH & FUSE BOY BOX
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SERVICE CONNECTION FOR A THREE WIRE SYSTEM

........

WHITE WIRE
GROUNDING
CONDUIT

CONNECTIONS
T0 GROUND

COLD-WATER PIPE

Installation Notes. It is important that all wiring be instalied 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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S™ITCH BOX AND METHOD OF INSTALLATION

SERVICE CONNEC-
TIONS, 2-WIRE SYSTEM,
SOLIO (UNFUSED)
NEUTRAL.

TO FUSE 80X

WHITE WIRE
GROUNDING CONDUIT ltiizily |2

TYPICAL SERVICE METER BOX

(INTERIOR VIEW)

TO BRANCH
CIRCUIT FUSE
CABINETS

TYPICAL BASEMENT INSTALLATION
(EXTERIOR VIEW)
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WIRING DIAGRAM OF VARIOUS BRANCH
CIRCUIT FUSE BOXES

PLUG-FUSE 17
BLACK ; BLACK 7
| : —‘4{——— BRANCH-CIRCUIT
BRANCH - BRANCH 8
CIRCUITS L =) CIRCUITS FUSE BOX
BLACK~ Y, S V. #BLA
e
» GROUND BU!
WHITE-} °| °‘ 'l - L WHITE
TO SERVICE
SWITCH

TO SERVICE SWITCHES
THREE WIRE

|- WHITE
BLACK BLACK
/

BRANCH-CIRCUIT FUSE BOX
3-WIRE UNFUSED NEUTRAL

Y7 ol -PLUG-FUSE
e O “"" ——
1
BRANCH )| BRANCH
CIRCUITS CIRCUITS
L E( f > 4 Ji
1) e _#___
¥ GROUND BUS
=~ ¢ ¢ ¢ ¢
) ] I L

BRANCH-CIRCUIT FUSE BOX

_ 2-WIRE UNFUSED NEUTRAL 4 3
BLACK
E‘ro SERVICE | Ts”v'i'%f
SWITCH 1 I— PLUG-FUSE

r b e 1 WHITE TO GROUND-
BRANCH BRANCH A EO SIDE OF LINE
CIRCUIT CQIRCUIT BLACK-TO HOT

SIDE OF LINE

l_ [ 6 o & o} GROUND BUS
(Not connected)

BRANCH-CIRCUIT FUSE BOX
2-WIRE BOTH SIDES FUSED




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

TO SOURCE
NOTE: This panel arrangement is Typical only. Any other ar- c

rangement may be used to suit individual needs. The dis-

tribution method selected, shall however, in all

details comply with the NATIONAL ELECTRIC CODE| ,GROUND BUS
and any local specification. —

=l
©900 00,
VRN

HOO 0 000000

WITCH

FUSE '-05_0
"rgi S
$%
06
710~ O8
90~ QOI10
no~ OI12
130~ ~Ol4
1ISO~ Olée
170~ rOI8
=lo) 020
210~ 022
230+ 024
= _::f_] ;TSTRIBUTI
———————+{- |COPPER BAR

OPERATION: For the sake of c¢larity only six meters are shown one of
which i8 a three wire meter.
Meter #1 measures energy cosumption in circuits #2,3,13,18and 19.

L] “ -

2 " . 4,6,7,11,15,22 and 24
. 3 o . . . D 1,14 and 20
o 4 . . O . v 8.12and 16
- S . v . - . Sand 2!
e 6 L . . . . 5,10,17 and 23
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CONNECTION OF WATTHOUR-METERS

3

(FRONT VIEWS)
B st — _
ForeNTIAL eons. CCORRENT COIL
STO{0OA.
600 VOLTS
OR LESS
LINE j i LOAD |LINE LOAD
TYPICAL METER FOR HOUSE SERVICE{AL] 2-WIRE DUNCAN MODEL M-2 METERIAC]
TENTIALCOIL TENTIAL COIL
CURRENT COILS CURRENT COIL
STO ISOA. 150 TO 300A
600 VOLTS 600 VOLTS
OR LESS OR LESS
o]
LINE 'E Ik LOAD |UNE ToAD
3-WIRE DUNCAN MODEL M2 METER (AL) 2'WIRE DUNCAN MODEL M2 METER(AC)
ARMATURE\ = :7 CURRENT (w — CURRENT COILS
| COILS ARMATURE —{
POTENTIAL COIL
P%TS:J\EAL - j_: ._JE -+ e ——
gr_—__r LINE LOAD
. | =
UNE = 14— 10a0| WESTINGHOUSE 2-WIRE MODEL A
SE 3- R
WESTINGHOUSE 3.WIRE MODELCW6 | METER (0.C) 100 T0450A.
] TCURfngT
J-‘[- :_a;f_rw RANFORMER
UNE LOAD 1\ iNE LOAD
SANGAMO TWO AND THREE PHASE, | SANGAMO TWO AND THRES PWITH.
THREE WIRE MODEL“H"METER(AC) | CURRENT TRANSFORMERS (A.)
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EXTERNAL CONNECTION DIAGRAMS OF
WATTHOUR-METERS

LINE

SWITCH
FUSES
TERMINAL —
To oaD !t 70 10AD f2 TO 10D ¥3

CONNECTION SEQUENCE: SWITCH, FUSES,METER
(NOTE: NEUTRAL UNFUSED)

LINE

To LoAD ¥4 70 oapfs TO LOAD f&

CONNECTION SE“Q!!ENCE SWITCH, FUSES, METER
NOTE: NEUTRAL UNFUSED)

LINE
FUSES}
TERMINAL 4
SWITCH | SWITCH {‘ % swncu
TERMINAL FUSES
TO LOAD ¥ 10 LoAD ¥8 T0 LoAD o
CONNECTION SEQUENCE : FUSES, SWITCH, METER —SWITCH,

METER, FUSES — SWITCH, FUSES, METER(uons NEUTRAL unrusm)
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ANNUNCIATOR WIRING DIAGRAM

Ae e
7‘( ﬁ
< &AyATURE
'«\_
S & stéy
GRAVITY DROP N K PIvaT
ANNUNCIATOR GRAVITY DROP NEEDLE DROP

\ —:I D [:I RESET
$ose

PUSH BUTTONS

BATTERY

| !
| UL

1
'By

Gravity Drop Annunciater. When the circuit is completed by the operation
of the push button, the current flows from B: 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
nwumber 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 by pressing a button, which raises
the rod F, carrying the arm G.
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INTERNAL CONNECTION OF BELLS

PUSH
] O fY3h ol G %~ BUTTON

ARMATURE
SPRING

CONTACT
ELECTRQ BREAKER

MAGNET

CONTACT POST
CONTACT

FRAME
= HAMMER
‘.Y_.'/_'/»// ERs 3 ~
SERIES VIBRATING BELL SINGLE STROKE BELL
SINGLE sTaoue CORTINUO0US SINGING POWERFUL BATTERY
BUTTON ©; allula]s © PUSH BUTTOM
TERMINALS

STOP

COMBINATION VIBRATING AND SHUNT-VIBRATING AND SINGLE
SINGLE STROKE BELL STROKE BELL

Operation of Series Vibrating Bell. When the push button is operated, the
current energizes the magnet and attracts the armature causing the hammer to
strike the bell, but before it reaches the end of the stroke, the contact breaker
breaks the circuit and the hammer, influenced by the tension of the armature
spring rapidly moves back to its initial position, thus completing the cycle.

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
the bell. The armature remains in the attracted position so long as the current
flows through the magnet. When connection with the battery is broken, the 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.

34



INTERNAL CONNECTION OF BELLS

- BATTERY
=3 pysH BUTTON '—ﬂl PUSH BUTTON

ARMATURE SPRING

DEMAGNETIZIN
coiL

L ARMATURE
MAGNETIZING
1 DEMAGNETIZING
COILS

E N
COILS MAGNETIZING

colL

TACT MAKER

DIFFERENTIALLY-WOUND DIFFERENTIAL AND
VIBRATING BELL ALTERNATE BELL

Operation of Comtination Vibrating and Single Stroke Bell.  This bell is essen-
tially a vibrating bell with the addition of a third termina! 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 whicn 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.

Oporation of Differential and Alternate Bell. When the battery circuit is
losed 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 resuit, 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.
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VARIOUS BELL CIRCUITS

i BATTERY

PUSH BUTTON PUSH

BELL BUTTON Iy
(@) __lorouno Vaarrery _lovowwo
SINGLE BELL CIRCUIT " SINGLE BELL CIRCUIT

WITH GROUND RETURN

| BATTERY

$000 ¢ !

PUSH BUTTONS
BELL

3
PUSH BUTTONS

== BATTERY

©
BELL CONNECTIONS, WIRED TO OPER-

ATE FROM FIVE PUSH BUTTON STATIONS SERIES BELL CIRCUIT WILL OPERATE
BOTH BELLS FROM EITHER PUSH BUTTON

PUSH BUTTONS é =

‘\ T satTERIEs T -

————— =

SERIES BELL CONNECTIONS T0
OPERATE FROM EITHER STATION

TERY
.‘ / | :

STATION

J—AL —

I THREE b —ll P sr?z“

POINT BUTTON BUTTON |

SELECTIVE AND MASTER BUTTON SYSTEM. MASTER BUTTON
WIRED 7O RING ALL BELLS SIMULTANEOUSLY |
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WIRING DIAGRAM FOR BELLS IN APART-
MENT BUILDING

BUZZER

SUPERINTENDENTS
// ANNUNCIATOR BUTTON

4™FLOOR i
[NYANN R S N NN AN IS =
#
@ 3 BUZZER
BELL
—(®) ®
3%FLOOR 1
AH L W ARRR AR DR W LSS ~J
N+
2 BUZZER
BELL
- ®
2"°FLOOR .
S SESSSSSNT SOSSSSESRSESY NARN |
@
BUZZER 3-DROP
l.__.l - oot ! ANNUNCIATOR
IIBZ
—=—BATTERY

—Ié-.

2199

MAIN ENTRANCE
| PUSH BUTTON

“AUXILIARY PUSH
BUTTON

OPERATION. When for example, push button to apartment on 4th floor is oper-
ated, a circuit is completed from battery B: through bell #4 and to battery B,
causing the bell to ring. Similarly when door opener push button on 4th floor is
oressed, a circuit is formed from battery B: energizing the release coil, which
spens the door. The auxiliary push buttons from the service entrance functions in
1 similar manner, notifying tenant by means of buzzer, the presence of service

nan.
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ELECTRIC METER READING

How to Read an Electric Meter. A consumer of electricity is billed for the
amount of electrical energy in kilowatt-hours registered by the meter located o,
the premises at certain intervals of time—usually once a month. In order ta
facilitate the reading of meters, the front of the meter is usually equipped with
four 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
finger has completed a division until the diai finger next to the right has made a
complete revolution.

No.1 READING 1111 No.2 READING 999
N
1000 1000 100 10 1
.
s 2
7 3
440
KILOWATT HOURS KILOWATT HOURS
\ \_ J
No. 3 READING 1001 No. 4 READING 99894
Ty T
( 1000 100 10 1 { 1000 100 10 |
m. o‘n TN a0,
2 8y's 22 fﬂ 8
~Jo,c7 7!,63 Y 70!@“
KILOWATT HOURS KILOWATT HOURS J
) \

The relation between the speeds of all dial fingers is ten tc one, i.e. one com-
plete revolution of one dial hand indicates 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 (one-
tenth} on the dial at the extreme right, the two next following indicate one
2ach and finally the last dial also indicates one, making the total register reading
1111.1 or a registration of 1111.1 kilowatt hours,

The reading example represented by Meter No. 9 in a similar manner, in-
dicates 0.9 (nine-tenths) on the dial at the extreme right; the second dial finger
rests on O, 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.
The 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. The 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

- o+
D.C. AMMETER D.C. AMMETER
(REAR VIEW) (REAR VIEW)
|~ SHUNT
[}
CALIBRATED
LEADS
DIRECT DIRECT
CURRENT CURRENT
LOAD LOAD
B A B A
A.C. AMMETER A.C. AMMETER
3 CURRENT
F | TRANSFORMER
= POLARITY
MARKS
SINGLE PHASE SINGLE PHASE
A.C. LOAD A.C. LOAD
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VOLTMETER AND
AMMETER CONNECTIONS

> & B A
D.C. VOLTMETER
(REAR VIEW) A.C. VOLTMETER
RES.
FUSES FUSES
DIRECT SINGLE
CURRENT PHASE
LOAD A.C. LOAD
A.C. AMMETER A.C. VOLTMETER

AMMETER
JACKS \

V.M.
PLUG lo=0

POLARITY
MARKS

—POLARITY

lﬂ p
F | & current
o > TRANSFORMERS =
tilt! =
= JOLTMETER
—;I poTENTIAL RECEPTACLES
TRANSFORMERS
3. PHASE, 3- PHASE,
3 - WIRE, 3-WIRE,
A.C. LOAD A.C. LOAD
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VOLTMETER CONNECTIONS FOR
ALTERNATING AND DIRECT CURRENT

B A DA o
D.C. VOLTMETER
A.C. VOLTMETER (REAR VIEW)

POLARITY FUSES V.M. PLUG
s ) FUSES
O—O
L —o
T Ler I'\
) VOLTMETER
POTENTIAL RECEPTACLES
TRANSFORMER
SINGLE 3. WIRE,
PHASE D.C. LOAD
A.C. LOAD
TroocvottmMerer 7T Tt T 1 OCrame T TT
(REAR VIEW)
A FUSES
VOLTMETER
SWITCH
' [
/ 00 PLUG
VOLTMETER
RECEPTACLES
#, #2 iLg #4 #5 #¢
VOLTAGE MEASUREMENTS VOLTAGE MEASUREMENTS
FROM TWO POWER FROM FOUR POWER
SOURCES SOURCES
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WATTMETER CONNECTIONS FOR
SINGLE PHASE A.C. CIRCUITS

POLARITY

3| CURRENT
;3} TRANSFORMER

SINGLE
PHASE
A.C. LOAD

WATT-
METER

8 A RES.
WATTMETER WATTMETER '
SINGLE SINGLE
PHASE PHASE
A.C. LOAD A.C. LOAD
POTENTIAL
B A B A [TRANSFORMER

=

FUSES

POLARITY

MARKS WATT-

METER

CURRENT
TRANSFORMER

AL AAa

||l|-—

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

A

WATTMETER

VOLTMETER

NOTE: WHEN CONNECTED AS SHOWN THE
WATTMETER MEASURES POWER
LOAD PLUS LOSSES IN VOLTMETER
AND WATTMETER POTENTIAL CIRCUIT

SINGLE PHASE

A.C. SOURCE
B A
VOLTMETER
WATTMETER (
NOTE: WHEN CONNECTED AS SHOWN THE
WATTMETER MEASURES POWER
LOAD PLUS THE LOSS IN ITS OWN
SINGLE PHASE CURRENT COIL CIRCUIT
A.C. SOURCE
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TWO WATTMETER CONNECTIONS
FOR POWER MEASUREMENT

3 21

WATTMETER WATTMETER

3 - PHASE,
3-WIRE,
A.C. SOURCE
RES. RES.

Q
WATTMETER WATTMETER

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
B A 3 2 1
SINGLE - PHASE POLY - PHASE
WATTMETER WATTMETER
Inu
L
-~
RES.
SINGLE PHASE 3. PHASE,
A.C. LOAD 3-WIRE,
A.C. LOAD
8 A
FUSES POLARITY
/ MARKS
£y
POTENTIAL RES.
TRANSFORMER
SINGLE - PHASE
WATTMETER \? -
|
A -
+ =
POLARITY_< =3 _ CURRENT
MARKS \::. TRANSFORMER

SINGLE PHASE
A.C. LOAD
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WATTMETER CONNECTIONS

SINGLE AND

POLY - PHASE

SINGLE - PHASE
WATTMETER

AAAAA
WY

SINGLE PHASE WATTMETER CONNECTION iIN
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.

3. PHASE, 4-WIRE,
A.C. SOURCE
T PHASE
POLY -
POLARITY
[ MARKS WATTMETER
O0—0
LBl —to
= £ CURRENT
3'1 TRANSFORMERS ]
POTENTIAL
TRANSFORMERS
POLARITY
3-PHASE, MARKS
3-WIRE,
A.C. SOURCE




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 shalt 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.

WET 7 3300
; T —_L T LTESY JUMPER LOAD
IS5 I
) P | Lo
# !
| e —
i 1 T;mum%ﬂ ot
; i t' STl oty
| - S
- SR .

festing 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-
ord with a stop watch and comparing the value of the watts from the expression,
3,600 X Revolutions X Watt-hour Constant

Time in seconds

M

True watts =

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,

kn Xr

Ku XR @

Per cent accuracy =

Where

r revolutions of meter under test.

R = revolutions of rotating standard.

ks = watt-hour constant of meter under test.
Kn = walt-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 R, = 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 tor a given load vary
inversely as their disc constants, then

Ro kn kn X1
—_— — Ro = 3
r Kn of Kh ®
Subsituting Re in the equation tor per cent accuracy, we obtain
R, X100

9% accuracy =
r

Example. In a certain test the rotating standard has a constant Ky =0.05
and the watt-hour meter under test has a constant kn =0.5. If the number of revo-
{utions 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, = X _05%X2_ o5 Ans.

That is, for @ revolutions of the meter under test, the standard should make 20
revoiutions.
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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.

R,X100 _ 20X100
r T 90.94

Per cent accuracy = = 98.89%. 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

Wi1=14.75 X290 =3,245

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

_3,600X38X1.95

%% =3,1
53.5 %
' 3,196
Met = — =21—=0,9 -5%. :
eter accuracy Wi~ 3.945 85 or 98.59%,. 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

R

L 1esT JUMPER LoAD

c
4
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' Loy JTEET
l_._.__._.__' LL'{______J' - TEST |
ROTATING — om0
STANDARD TRANSFORMER

Testing Circuit for a Two-Wire Meter, Using o 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.

1 -

-

Z_‘ TEST
UNE JUMPERS ¢
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Testing Circuit for a Three-Wire, Single Phase Meter, Using a Resistance Load on
Lineto Line Voltage.



POWER MEASUREMENT IN POLYPHASE SYSTEMS

Power Measurements with Two Watt-Meters: With reference to connection
diagram, the current coils of the meters should be in two of the lines and each
potential coil connected from that line in which its current coil is placed, to the
third line. The algebraic sum of the connected watt-meter readings gives the total
wattage. That is, if the power factor of the load be unity, each watt-meter will
read one half the total power. If the power factor is 509%, one watt-meter will
read zero and the other will read the fotal power. If the power factor is some-
where between 50% and 100%, one watt-meter will read more than the other,
in which case the total power is found by adding the two watt-meter readings.
If the power factor is Eelow 50% one watt-meter will indicate backwards.

@ connection of the current or voltage coil of this meter should be reversed in
order that a reading may be obtained. In this case the power taken by the circuit
is determined by subtracting the reading of the watt-meter that reversed from
the other watt-meter reading.

Y

SOURCE { JL0AD
! fo o} — 1 WATTMETER | | WATTMETER

: \&/4
L‘.&—\\.« A K \\,;J A

° 3 w, W,
METHOD OF CONNECTING TWO WATTMETERS TO A POLYPHASE CIRCUIT

Power Factor Measurement. In o balanced three phase circuit, the power
factor may be obtained from the readings of the two watt-meters, without
measuring the voltage or the amount of current of any of the circuits, by applying
the following formula. Where e =angle of lag; W, =reading on watt-meter

Wi—W, \/—3 indicating the larger amount of power; Wi =read-

tan 6= ing on watt-meter indicating the smaller amount
Wit W, of power
SOURCE { }on
| WATTMETER (¥,)

- WATTMETER WATTMETER WATTMETER
WATTMETER (W,) S g “I EEE—
WATTMETE: (ws) J‘L We A_TJ

3 Oy— 3 - s . l ® .
N == -

METHOD OF CONNECTING THREE WATTMETERS TO A POLYPHASE CIRCUIT

To measure the power in a three phase four wire system, three watt-meters
should be used and connected as shown. The current coils should be connected
in the three lines and each potential coil should be connected from the line in
which the current coil is placed to the neutral line. In this case watt-meter (W)
measures the power taken by phase 1 watt-meter (W) the power taken by
phase 2, etc. and the total power is equal to the sum of the readings of the
three meters,

52



RELAYS
AND
INSTRUMENT
CONNECTIONS

53




CURPENT
STaPE PLATE

TIME LIMIT INDUCTION 7y PE
OVERLOAD RELAY

OPERATION . 7, general tne refay operafes as

- at which the relay 15 fo aperate occurs, fthe rotation
of the disk O, actuated by a 't/ shaped driving mag e t
and refarded by a pair of permanent rmagnelts, causes

| the contacts o close after ar 1hiferval of Fime which

~ depends upon the amaunt of current passing through

L e relay. and also predefermined by the se#ing of the

§ fme lever

W for typical wiring diagram; see the fo Jorving page.

OVERLOAD RELAY .

Tollows - When on orvercurrent exceeding the sefting

Shi < vt ool s Y SR LG
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METHODS OF OVERLOAD PROTECTION WITH
INDUCTION TYPE OVERLOAD RELAYS

SINGLE PHASE CIRCUIT | THREE PHASE,THREE WIRE CIRCUIT
B A 3 2 1

D.C.TRIPPING 0.C.TRIPPING
SOURCE SOURCE
— + -
'
FUSE | OVERLOAD
INDUCTION TYPE FUSE RELAYS

by

OYERLOAD RELAY
TRIP v

L ‘m

P.) . O Q i L/
oiLCB. [-]. " (see note) -{, @
oucs || I

<= CURRENT E [~ CURRENT

<., TRANSFORMER 4 - TRANSFORMERS

d i

R T
= —L

NOTE: “a“ Denotes auxiliary
switch open when oil circuit
breaker is open.

THREE PHASE, THREE WIRE CIRCUIT | TWO PHASE, FOUR WIRE CIRCUIT

(NEUTRAL GROUNDED OR UNGROUNDED)

D.C TRIPPING
3 2 1 SOURCE B, A; B, A DCTRIPPING
+ - OURCE OVERLOAD
| += RELAYS
HLSE OVERLOAD |
1 RELAYS FUSE
YRIP |

y

&
Q
F
o]
]

o

e

oo L] TE‘S."L "
g os LI ,
] v (J:' t [cmw.?%nuxa T
] ]
B, a"
o o o }

(4 g
I (L .
B o -} _CURRENT
| L> |> CURRENT | £ <17 TRANSFORMERS
- « < U
l:: £ + [ TRANSFORMERS 1 ! inl 4
—__
1 Al__ C =
- | :

S
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DIAGRAM OF CONNECTION FOR DIFFEKENTIAL
PROTECTION OF POWER TRANSFORMERS

el & & L D-C.Control Bus o 3
e i ' s
h Fuse
Auxiliary Switch Open When
Oil Circuit Breaker is Open
9% Trip Coil
Differential
Relay
ol h *"\ Polarity |OverCurrent| Trans-
FN\NF\F| —fMarks Relay former
3
1 1 \\ 1 /
1 ]
i z
.)\; §
3 3
LN\’ ww b/
(M
2 \ =
1 1"
<1 =
| =
N A
£ Power From /
= ‘_J h Trans- Series Relay
¥ F 3 former | Bell HandReset
::I .ﬁ 3 \ Relay Bus
Current
9 Transformer
I, I 1
I I \__Oil Circuit
Breaker

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 internal breakdown in the
transformers.

It is important that current transformers be selected of proper ratios to give
equal secondary currants 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 tnos are resorted to, which may be changed from time to time. (For operation
of relays see following page.)
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CONNECTIONS FOR DIFFERENTIAL PROTECTION OF
TRANSFORMER-BANK WITH A TERTIARY WINDING
USING INDUCTION TYPE OVER CURRENT RELAYS

e 2 1

when 01 Circuit Breaker

I' A Aunhar% Switch Closed
(,Ia 15 Closed

]
é Trip S
col M]Fuscs
/wmu. 90!31-«?.5 1

o

A

; ] s L Marks
Current 3 lﬁ. :“ ] Auniliar Relay :

Yransformers 4 Hand Reset

|
Tertinar Tran:,-' ]
wir\dmg9 2 former ’ X

)= ans
[aa
=

2

<ol

m:{.
3'1

vy g gv

auto-’
Transformers
Current

AAA
u]ﬂ..

+ + Transformers
)
] Jo ! |a
g %'Eri
0
N 4

Trip Coil

f' > 2
f

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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OVERCURRENT RELAY |

f ------ @ D\ ——

/ Needle Valre Adjusting Screw
EEE Lock Nut

‘ })| @LF:[:} :La@ )-;F-L—Bellows Support

Tap For Quick Release Valve When
Used

Bellows

Compression Spring

————Stationary Contach

+——Movable Contact

+— —~ Contact Base
Plunger Stop

NN — Frame
)‘— Magnet Frame Cover

— Pole Psece

* Plunger
Operating Coil

f9————""AMagnet Frame Shell

———— Magnet Frame End Piece
Magnet Frame Supporting Screw

Calibrating Rod
— Calibraiing Tube

i —" Dust Cover

Calibrating Nul

SECTIONAL VIEW OF PLUNGER TYPE OVERCURRENT RELAY
FOR APPLICATION AND CONNECTIONS, SEE 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
sircuit-opening type, and when it functions to close its contacts, it is referred to as
the 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

tircuit-opening or circuit-opening and circuit-closing.

Timing Features. In regard to speed of operation a relay may be referred to
3s instantaneous or time delay. The word instantaneous conveying a general
jualifying term applied to any relay indicating that no delayed action has been

surposely 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 trave! of the relay plunger,
and in this way introduces an interval of time fo the opening or closing of the

‘elay contacts.

This time delay may be regulated to suit the special service desired, which is
1ccomplished by means of a needle valve located in the head of the bellows as
shown on page 58. This valve controls the rate of air low from the bellows under

rariovs operating conditions.



METHODS OF OVERLOAD PROTECTION WITH
PLUNGER TYPE CIRCUIT CLOSING RELAYS

SINGLE PHASE CIRCUIT THREE PHASE, THREE WIRE CIRCUIT

B8 A 3 2 1
DC.TRIPPING D.C.TRIPPING
SOURCE SOURCE
FUSE FUSE
TRIP TRIP
I coiL

OVERLOAD
[- [ -] -] RELAYS
oince. |-, af (see note) owcs -
Q Q o

PLUNGER i I
TYPE OVERLOAD (] 0
RELAY << - _ CURRENT
3. CURRENT + . TRANSFORMERS
< TRANSFORMER O (]

=
NOTE: *a® Denotes auxitiary
switch open when ol circuit
breaker 1s open.

THREE PHASE, THREE WIRE CIRCUIT | TWO PHASE, FOUR WIRE CIRCUIT

3 2 1 B, Az By A, DC.TRIPPING
D.C.TRIPPING SOURCE
sg_uacs + -

FUSE
TRIP
(1R oveRonD
3 LAYS
° Gn° ° -4 ‘_\
OVERLOAD CIRCUIT BREAKER| ¥ ¢

RELAYS

© o o . a”
once (]S 7
9 0 ﬁ‘ i == L
p i + F current
L E_ 3= — b “}> TRANSFORMERS
F F 3 CURRENT L1 ] S }
I§> F. <J2 TRANSFORMERS [
r =

||
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OVERLOAD PROTECTION WITH PLUNGER
TYPE CIRCUIT OPENING RELAYS

o o &
OIL CIRCUIT TRIP
BREAKER COILS
CIRCUIT
OPENING
RELAYS
0 il
CURRENT 3 +
TRANSFORMERS 'f> If>
-
THREE
PHASE SOURCE
(Generator or Transformer)

WITH UNGROUNDED NEUTRAL

i

OPERATION, In this circuit overload protection is accomplished by means of o
set of current transformers, with its associated relays and trip coils. The relay
centacts are normally closed. When the overload through the trip coils exceeds
that 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.
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OVERLOAD PROTECTION WITH PLUNGER TYPE
CIRCUIT CLOSING RELAYS

3 2 1

L)

OIL CIRCUIT
BREAKER TRIP COILS

o o

CIRCUIT

CLOSING
RELAYS

TRIPPING
REACTORS
E CURRENT
z TRANSFORMERS

THREE
PHASE SOURCE

(Generator or Transformer)
} WITH UNGROUNDED NEUTRAL

VVVYV

[ \AAAS
[ \AAAS :

OPERATION. When tripping reactors are used as in over-current and other
lypes 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 not available as a tripping source for the relays.

Normally the trip coii 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

Double BuSQSﬂ: i

2

=g % 3
4

P 1

. ot

pe

O O

>

= 5 :
079 g‘;‘ﬁ 0il Circuit—=|° °
0 o A Breaker

Over-current

Rzlays
%/F

Current /

Transformers

LAAAS
7"1

Trippin
%Reoctox?a

P==YA 24

Feeders

L

Note. Auxiliary switch “a’’ is open when cil circuit breaker is open, and
ouxiliary switch "'b” is closed when the oil circuit breaker is open.



APPLICATION OF LOCKING RELAYS TO
FEEDER CIRCUITS

ST

OPERATION. In this system each feeder is equipped with a complement of time
overload relays adjusted 1o 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.

A. C. BUSES
. / 1
1 } X 2

ol | L
Ty 3
|

' | YUSE /—D.c. OPERATING BUS

1 } - = t

i i FUSE
rl—l" !' ;‘__og;a gﬁ%}g TRIP COIL TIME
Lf -i- -1—' OVERCURRENT RELAYS
|11 =T T
i F[F[F
l I I CURRENT L::::=
I | | TRANSFORMERS £ £ £ INSTANTANEOUS

l l’ LOCKING RELAYS
| = -
1
1]
321
FEEDER

1
FEEDER

m
m
o
m

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

NOTE : "a” AUXILIARY SWITCH OPEN WHEN

3 21

OIL CIRCUIT BREAKER IS OPEN
"B AUXILIARY SWITCH CLOSED WHEN
OIL CIRCUIT BREAKER IS OPEN
TRIP L
coL | ¢ GROUP
Y F_.l CIRCUIT
b'1'ra BREAKE
A C. BUSES
/_
2 1
¥y ; !
It 7 9| T -
1 | :
FUSE
/~D- C. OPERATING BUS
: ya -
| % r 4 *
ZauxiLary Bus
] | ﬁrus:
T
[k 4‘*! FEEDER CIRCUIT far
anmens—’{ - ] Z TRIP COIL
'ﬁ('i » \ INSTANTANEOUS CLOSING =~
l I TIME, AUXILIARY RELAY
-
I o =
IlGg
CURRENT P X 24 — e
TRANSFORMERS § ¥ ¥ INSTANTANEODS
I i ]’ [ LOGKING RELAYS
l /’~\‘
A
| I CURRENT L»E ! N
TRANSFORMERS ¥ § ¥ INSTRUMENTS
r r AND METERS
g -
FEEDER 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.
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OVERLOAD RELAY

CONNECTION
SovrRcE AnkETERs
)
R OPECATING
8”.57
Z E:
o) — | @
% C.8. ; 7P
% o > (/e I :ﬁ v
__,_,_J rYPe
TEST Lt 5 RELAYS
000¢
AAARITY WARKS $448 TEST LM
P Beveeewr
b i: TRANSPORNERS
f!
LoAap Nota: Q" AvxiiiaRy Swirew

CLOSED WHEN BREARER /3 CLOSLD.

OVERLOAD PROTECTION OF AC. FEEDER SHOIWING
APPLICATION OF TEST LINKS, FACILITATING TEST-
ING RELAYS AND METERS.
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| OVER CURRENT

PROTECTION
SOURCE AMMETER
321
AMMETH
SWITCH ~D.C. TRIPPING
) SOURCE
8- rt
OIL CIRCUIT 60 *1—¢
L Cl .
BREAKER o I;g',f_ 518 8 &1
CIRCUIT
| % % «—CLOSING
.. RELAYS
LINKS
4
;( %j’o—TEST LINKS
T PVUDcurrenT
= %%  TRANSFORMERS
()1

Overload protection on typical A.C.feeder circuit.
OreraTION: V\ﬁwén current exceeds the setting of the
relays, the relays will close their contactsenergizing
the frip coil, which trips the oil circuit breaker.

The test links shown are optional but will, if used,
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
AMMETERS
321
D.CTRIPPING
[ SOURCE
1 ti
oiL circuiT___[@ el | e € l
BREAKER — o coiL P 3
6—0 CIRCUIT
% «— CLOSING
® RELAYS
TEST I
LINKS
i[' ‘F J %TEST LINKS
-i:‘!g chﬁRsEf%; ER
* £ 3% TRANSFORM
Wb

LOAD

Overload protection on typical A.C. feeder.
Operation: When current exceeds the settingof the
relays, the relays will close their contacts,energizing

etrip 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
SOURCE MET
3921 AMMETER
AMMETER
— SWITCH
+ < DC.TRIPPING
- 9 SOURCE
OIL CIRCUIT [00C TRIP
BREAKER colL
CIRCUIT
CLOSING
o0 RELAYS
TEST
LINKS
WATT-HOUR
—8 METER
By 1y 1y
= 041[ TRANSFPR
.1 b——< POTENTIAL
FUSE TRANSFORMERS| | |
a5 ;

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

The energy is measured by means of a watt-hour
meter; and the current in each phase by ammeter

and three way switch.

Test links shown are optional but will,if used,fa-
cilitate the testing of relays and instruments.
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OVERLOAD
PROTECT/ION

AMMETERS
SOURCE %
321 :

2 D.C.TRIPPING

f:) / SOURCE
h 4 ; 2 _t
OIL CIRCUIT TRiP||| -t ot
BREAKER ° coiL , RS
e CIRCUIT
- CLOSING
TEST RELAYS
LINKS
WAT T-HOUR
METER
=+ UUUcurrent
* £33 TRANSFRMERS
11 =1 1

TO POTENTIAL
TRANSFORMERS

Overload protection on A.C.feeder-

Oeeration: When the current exceeds the setting of the
relays, the relays will close their contacts, energizing
the trip coil which trips out the breaker-

The energy is measured by means of a wat-hour
meter, and the current in €ach phase by individual
ammeters. Test links are optional but will, if used,
facilitate the testing or calibration of relays and in-
struments.




OVER CURRENT

PROTECTION
SOURCE
3120 AMMETER
AMMETER
SWITCH \
D.C. TRIPPING
/ SOURCE
= =+
OIL CIRCUIT 3 rriplll =t
BREAKER 000 coiL [T& é &|d l
53 o CIRCUIT
CLOSING
TEST j RELAYS
LINKS
.]1 WATT-HOUR
WJ_J METER
E L‘ Q TEST t q
4 b ALINKS $ & 9
= d;‘écumsm '4
¥ 3 ¥ TRANSFARMARS
il -4
POTENTIAL
l TRANSFORMERS
311 | et § 2
P =3
2 FUSE

Qeeration: When current exceeds the setting of the

relays,the re!a%s will close their contacts energizing the

trip coil, which trips out the oil circuit breaker.

The energy is measured by a watt-hour meter.and the cur-

rent ineach phase by ammeter and_ three way switch.
Test links are optional but will,if used, tacilitate the

testing and calibration of relays and instrument.
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TEMPERATURE OVERCURRENT
FPROTECT/ON
AP
i"r'\ A‘L:‘l
DU 3 "" 't
] ‘:u-’w Hwure
L Ll ,n” I-I.L\‘} :
f\/' | ‘I \
>!'-uvrv'v( J l
1. ifb ransturviere ’ : l
(e |
; 0 2 a3
At
4 Teasrve oo rrpor
»
A f )
| Motoer
ﬁ' s
¢ LS5
| Temperature overcurrent protection for synchronous motor
using temperature relays.
Operarion: When the overcurrent exceed the rating at which the
relays is set to opercﬁe,ﬂ‘\e heaﬁng effect of the current pass-
rough the relays will cause the relay contacts to close and

. ing . '
. energize the trip coils whichtrips the oil circuit breaker.

The relays operating charactaristics is usually inverse-time,
inthatthe time to operate the relay varies inversely witl

the overcurrent applied.




GROUND DETECTOR
AND
CONNECTIONS
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GROUND DETECTOR
‘ “

~H mw’u B v

GROUND DETECTOR

On underground sysrems, A.C.as well as D.C, itis
necessary fo install some kind of eguipment for de -
fection oy reading fakage o ground,m accord with the

E.C.S. rules. , ,

For low vollage Fwvo wire syshems, the simplest
8 rretfod Is fo connect Two lamps of fhe system voltage
I /77 series across Hhe Fwo wrres, with 1he connector
W Ocrween te fro lomps groupded. AP
: Ground on one Side wifl obyously skart crrcust
& ndd daorken the famps on #at side.
E Above 300 votts, statc or glover #pe o pround
L defectors are generolly used: a typical instrament for
R ground defection 1s showrn abore, and standard copr-
W 1ccrron for same are shomn ar the Following pages as
b et/ a5 ground defection by sotbmeter or lamp method.
cfore copnecting ground defectior nastrumerd:
W corrpare gperating voliage wirh what grvern om #e mefer;
W 0nd 111 each case follow The manufacturers recommen -
- datron.
. for exam,a/e oF ground defection dagrosm,

e . See 1he folloning pages.

DO o R

-
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GROUND DETECTOR
CONNECTION A4S B

-+

2-PHASE 4 N 1RE

-}

YOLTMETER: E
[F FYSES I

(Bacnviga) L

ELECTROSTATIC §ROOND
DETECTORS

LOAD

Kl é b [—=
_1_———"1

= 50 lo—of*™ YOLTMETER PLUG
STANDARD VOLTMETER

CONNECTED FOR GRIUND
LETECT 10N

B8 A 321
2-WASE-2 W/ CE 3- PHASE-DMIeE

i |

-1||
4

LOAD LOoAD

ELETROSTATIC GROVNO—!
DETECTORS (BAck VIEK)

CONNECT/ON FOR GROUND DETECTION ON AC.
CIRCUITS, FOR VOLTAGES UP 70 3300.
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GROUND DETECTOR CONNECTION |

DC.2 WIE D.C.2 WIRE
2 +
FUSES FYSES
FES
LANPS
= ;{ PUSH BUIToN

¥P TO 250VOLTS

-

MIITH PROPER LAMPS AND

RESISToes THIS CONNECTION
CAN BE WEO ON VoLIAGES
UP 70 600 vors

AC. B-PHASE -3 WIRE

5 !
2 2
B | < 1
FUSEs
LAMPS

PUSH Burmn
i 5

e _—
=3 —

e

WITH PROPER LAMPS AND RESISTORS
THIS CONNECTION CAN BEUSED ON YOLTAGES
UP 70 G6s50.

CONNECTION OF GROUND DETECTOR LAMPS ON AC.
AND D.C.CIRCUITS, l
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SWITCHBOARD
AND
WIRING
DIAGRAMS

77




FBENCH TYPE SWITCHBOARD

» Q"’,-..'ﬂ.' -

5 b A Lo

. —BENCHTVPE SWITCHBOARD —

7h1s ;‘y;oe Switchboards are used primarily where
the vertical board canrot be used on accowurr of its
lmifed space 787 mournting a regurred Aumber o devices
- within a cerfarn oorical and qperating renge. ] .
The 01/ Circurt Breakers when using 755 fype of switchboard "~
are usuallly rocated and opérared remiotely 77om e switchpesrd
el and u‘//.ﬁ‘-s’corzc.‘,::r}, W11 13 lord iy conduss deading food
c/?cun"brc'.vm’r SOEITEIAS, cArrent apd polential iranisiaomers
<. 5+

J

-

Q= flevern )
b = Pane| SUpport g wire consuit.
C = Sygchronous indrcatar.

& d = Contro! swifeh.

% € = Wire grilie.
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SHITCHBOARD ARRANGEMENT |
t- Ammeler 5 Buiszs

R, PP
y

~Eurenf tfranstormer

8~ (aopecton Bar

Bresker fever

/v:eu;am'am (oble ferminal
a¢7- Hos o
nags Hor —&1f Qreort Gooker
o’ Oreoit Breaker
Sppuct :
~Floor fithing

—Smochbsord Pipe .590/&/_6

» -

3

o

: 3
TYPICAL BACK-OF-BOARD CONNECTIONS i
:

i

- This switchboard shows a typicol back of poard arrange-

\ ment with busses supporfed or prpes atfached 1o he SWIth-

" bogrd mounting pipes.

The bus supporting pipes also serve as wall Braces fo

. Support the smfmbaafd/am,wr. :
e rheasials are controfled Trom front of board by :

meons of concentr/c handles asshow. B




STANDARD ORILLING FOR VARIOUS
SIZE SHITCHBOARD PANELS

Note: A ?o/e,s fo be ,%y Dramerser
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Direct Current Generator Connections

¥ 7

LBUSES
=l
SWITCHES
=== GROUND
irusss - oashﬁ:ggn
AR CIRCUIT
4 ———y (When Used)
BREAKER FEEDERS
TRIP COIL 1> AMMETER  VOLTMETER
—Lrusss
SWITCH
FUSES
RHEOSTAT

DIESEL
OR OTHER
SUITABLE

PRIME

MOVER

0. C. GENERATOR

Connection of a shunt wound direct current generator. The connections art
largely self-explanatory, the voltmeter bein connected across the main leads at the gen-
erator side of the double-pole knife switch. 'lshis will enable the operator to read the voltage
of the machine at all times, regardless of the position of the main switches. The current
indicator mmeter) is connected in series with the positive lead connecting the machine to
the load. purpose of the over-load coil on the circuit breaker is to prevent the current
from reaching dangerous proportions, that is, when the current exceeds the calibrated set-
tings of the coil. the breaker trips. disconnecting the generator from its load.
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Connection for Parallel Operation of Two
Shunt-Wound D.C. Generators

+ 1 -
- :
1B
5 . | |
< AIR CIRCUIT BREAKERS —————> | Fe—&=1
(When Used ) L ‘l,._!,
TRIP AMMETERS TRIP {1 $ 4
coiL ~ - coiL
4l I ) 1 I i
\ ‘ FEEDERS
VOLIMETER |
ZER
| i A | / I
| [ I—V
' __—_t“l — ‘
ls SHUNT T FUSES SHUNTT
K3 ;N
SWITCH | 7 SWITCH
|
| | vOLTMETER
FUSES | RECEPTACLES | FUSES
e 1t I
gHEOSTAT [ - 1
A -
@ = f (—E]Rﬂzosm
VOLTMETER
PLUG
|
! &
| I

A I‘ B
D.C. SHUNT 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 is
employed, in which case tiw receptacles and plug be omitted. The voltmeter may in either
case be connccted 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 method 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 OF 2-D.C.
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Connection for Parallel Operation of Two
Compound-Wound D.C. Generators

- +
7 =
AMMETERS
0. C. BUSES 1) 1)
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" -1 | RECEPTACLES
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PLUG
SWITCHES f / SWITCHES
FUSES FUSES
RHEOSTAT RHEOSTAT
L 1 J
s EE ¥ L b
=<
= <
22 |7 T
== ‘
0. C. COMPOUND 0. C. COMPOUND
GENERATOR GENERATOR

Detail of connectjons for two compound generators in parallel. When two over.
compounded generators are to be operated in rallel, it is necessary for a satisfactory divisiop
of loads, to parallel their respective series eld. This is accomplished by connecting their
negatives together as indicated, and this common connector is usually referred to as the
egualizer. The instruments and switches shown are connected in the usual manner, which are
similar to those used for connection of shunt generators in parallel, the only addition being
the equalizer and connections thereto. It should, however, be noted, that the ammeter for
each machine should be connected in the lead from the armature to the main bus, and not in
the lead from the series field, because if the ammeter be placed in the latter it will read the
eeries field current which ma{be quite different from the current supplied by the generatot
to the load connected to the buses. 35
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Direct Current Three-Wire Generator

/
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P+ 4+
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£.110/220 VOLT BUSES
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i
a FUSES
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YO 220v. TO 110V, TO 220 V.
| LOAD LOAD LOAD

|
SHUNT——{——— JFUSES

i SWITCHES
{1

AMMETER  Scale)

<

TRIP 2

COILS 3

/ SWITCHES

VOLTMETER
FUSES ) RECEPTACLES
)

—————J VOLTMETER
p———— /| = PLUG

RHEOSTAT

N T

CENTRE TAPPED
BALANCE COIL

DIESEL r

OR OTHER| |
SUITABLE
PRIME
MOVER

D.C. GENERATOR

The three-wire generator with external balance coil is often resorted to when it
18 desired to obtain a three-wire system with a minimum of rotating machinery. The thire
wire (sometimes misleadingly called neutral) is obtained as follows: To an ordinary gen.
srator designed to give a terminal voltage equal to that between the two main wires, are
added two slip rings as shown; from these slip rings two leads are brought out and connected
to armature points located 180 electrical degrees apart (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 third wire.
1t should be observed that in a system of this kind it is necessary to balance the load between
the two main wires and the wire leading from the balance coil as closely as ible. The
amount of unbalance allowed for a properly designed system (usually specified by the manu-
facturers) should not exce=d 109 approximately of the total current.
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WIRING DIAGRAN OF TYFICAL
AC. FEEDER PANEL
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Connection for D.C. Operated Solenoid Used
for Coutrol of D.C. Oil Circuit Breaker

1
2
SWITCH CLOSED WHER OIL CIRCUTT BREARER 1 CLoGED
MECHANICAL =0/ SWITCH CLOSED WHEN OIL CIRCUIT
mcm“ B ) ED WHEN OIL CIRCUIT BREAXER IS OPEN
N Ol
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SWITCHES (4
|«
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O%Rﬂacunf ¢
HER TERMINAL BOARD
! INHOUSING
CONTROL
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| [
[ [ I]
32 N [
ACFEEOERR | | || il
|
I L

FUSE__RES]| |
Mj | RED LAMP

E CLOSING SW.
]
Jee<—i1— OPENING SW.

o (O-f—!  GREEN LAMP
FUSE RES.

}

= P +
L_p.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 unl’ailimf supply of direct current be
available. The 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 is open,
auxiliary switch marked (b) is closed, and the green lamp on the instrument board is lighted.
When the closing switch is operated, the coil of the control relay. Whose contacts are normn]lz
open, becomes energized and closes its contact which in turn actuates the closing coil (whic
is mechanically connected with the breaker contacts) closing the breaker. This ¢

} I oring of the
breaker simultaneously reverses the position of the auxiliary switches, opening the previous)+
ciosed 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
lower of the two switches on the control board.

a1
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Electrolytic Generator with Polarity-Directional
Protection
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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 mafne!s. 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

larity occurs, the spring overcomes the action of the magnet which opens the circuit
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UNDERVOLTAGE DEVICE
AND DIAGRAMS
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Direct Current Generators in Three-Wire Service—

_ 1 {
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T
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4+ CIRCUIT OPENG CIRCUIT OPENING
3. SPEED LIMIT DEVICE SPEED LIMIT DEVICE
o 5

D.C.GENERATORS

Common method of obtaining three-wire service by means of a
small motor-generator of identical size, usually identified as a balancer set. The additionai
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-
gloymem of a system of this kind, it is possible to cstablish better economy, in that the

igher potential between the main generators, positive and negative leads can be utilized for
power service. The amount of this saving ir. copper may best be understood by the fact that
the weight of the conductors (and thergiore the cost) required to transmit a given amount of
power at a given cfficiency is inversely proportional to the square of the line voltage. Wher
establishing such a system, however, it is necessary to employ some protective scheme tc
guard against the unbalance of voltage in case the baiancer set should become disconnected

he voltage differential relay shown, will protect against unbalanced voltage, and as this
relay is practicaily instantaneous in action, and to piotect against false operation, therefore,
upon transitory disturbances, definite titne imit relays are utilized in the contact circuits
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—and Method of Unbalance Voltage Protection
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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 acroes 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 instantancously 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 UNI/T
FOR BACK OF BOARD CONNECT/ONS.

e
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CIRCUIT BREAKER
ARRANGEMENT
AND
DIAGRAMS
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AIR CIRCUIT BREAKER |

)

R

SINGLE POLE SINGLE THROW Zm,,,,," j

OVERLOAD AIR CIRCUIT BREAKER | | %
WITH ,
WIRING DIAGRAM aive

250V. 2000AMPR

Air circuit breakers are used as current
interrupting devices for a/l direct current switch-
Loards. They are made 1n s5ingle, double,and triple
pole compmations. They are used almost invariably
as automatic devices %o prevent damage fo machines
or other electrical arparatus which might result i
17017 abpermal con ons i the corcan which cen be” €€TEL

Short-circut or over-curreat; reverse current, unger-volioge, unbal-=4

arnced volfage na thrve wire sysforms, phase nversal efc. 76 05k some formof
profection itis nacessary  use a relay i1 connection with the breaker.

For mstruction perfaining # size, gperation, mstolation and
maintenarnce, iiguire ekcirical manufactores.
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[OIL CIRCUIT BREAKER | A e I
‘ 3 A7) ’

Rloa e

' o/ Crevif Breaker,

METHOD OF MOUNTING
OIL CIRCUIT BREAKERS

There are four standard
methods of mounting Oil A
CGircutt Breakers: ) On
back of panel.(2) On panel
frame. (3) On fromerork
remote from panel. 4 /n cells.
I. Back of pane! mounting are used for small plant- switchboard for
CIrcuifs up 0 ard includrpng 2500 volts ard up 7o 800 Amp.1n capacity.
2. On pane/ Trome up /o and including 2500 ralts and for cmy breakers
I S0G AInperes 15 €apacily, but 1S N0t recommended when
, e grvater numesr of breakels IS S00Ampe i S orabore i1 capacity.
L Framewon nemote from pane/ For circurk abore 2500i0is andap
‘ 5600 /oi7s, DU Thron breakers Eaces? jopacamivm pasas
1/ TECTI010T @ e Made safisfacforily o back of pane) or
) a;‘r,,mm, FBY 1arge fank yoe Greaiens (b 1o ard wic/udri
‘B3
A 77 G (74 A’-"[/// 2L .""(3’0«//"4 Vo 7/ o
T e o7 of ol cireurt Breaker mounting, seefe
‘j/ (77 ,'1‘414).

| TR ¢ L A o
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O/L C/RCU/T' BREAKER
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MANVALLY OPERATED REMOTECO/VTROALED
BREARKER IV CELL.
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MANUALLY OPERATED, REMOTE CONTROLLED
L BREAKER ON FRAMEWORK.-

101



TRUCK PANEL SWITCHBOARD

pil
-t ey
A
-

_ Qo

10
|"‘5ft.4"Ma{"—_ 5fte" —

MOTOR OPERATED O/ CIRCUIT BREAKER
MOUNTED ON SAFE. g_‘ Y ENCLOSED REMOVABLE

Tﬁuagl/er .spcz:fffa/ ﬁﬁs&?é 'fn((.u-G/eZ:,/Z//’; fi‘%‘ofg/}vzu)

The fyprcal fruck fype panel, as e ferm /s generall Jred,
can.s?/@ of Two e/e/§70@//707§; e Fruck or /z’mgmﬁ/e e/'g/ﬂqoﬂz‘afgd
the housing or stationary element The former carrves the or/
circuit breaker; instrument franstormers, éreaker gperating mech-
antsm instrument and mefers, and movabfe arsconnecting.
cevices. The bousmg carr/es the bus bars, stationary disconnecting
cbrices, cables, and the tracks for the removable elermer - )

7he principal features of #is fype switehboard are: Reliability
agnd cortruily of service, (inaase of inspection or reparrs a
truck can be withdrows and a spare put 1 it place) sarety
70 fhe employees, facihty of installaton and marnternance,
and economy 1n gperatior.
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MOTOR MECHANISM FOR T e
O/IL C/IRCUIT BREAKER
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OIL CIRCUIT BREAKERS AND CONTROL

ARRANGEMENT FOR LARGE

SYNCHRONOUS MOTOR
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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 cpplied 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 witt
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 withcut change in standard connechons 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 usvally 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
to 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 hoiders
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 3 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 A.), should be interchanged in the studs. Erase paint
nork on bearing housing and make a new mark to line up with the mark on the
>rush yoke.
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TERMINAL MARKINGS AND CONNECTIONS
FOR D.C. SHUNT-WOUND MOTOR

VIEW FACING
COMMUTATOR ROTOR

“ob) =T

|

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

SHUNT FIELD
Fi F2

COMMUTATING FIELD
Ay Az

ARMATURE
FirAy AyFy

DIAGRAM OF CONNECTIONS

TO SOURCE

TO SOURCE

The above drawings represent a typical shunt-wound motor, with
terminal connections for either the standard counter-clockwise

the proper functioning of machinery to be operated.

Al motor and control wiring should be carefully installed in ac -
cordance with the NaTionaw Evectric Cooe and any local require-
ments,and should be of ample copacity 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.

f
|
|
f
[

rotation or clockwise rotation,which sometimesis utilized fo facilitate |
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TERMINAL MARKINGS AND CONNECTIONS FOR
D.C. COMPOUND-WOUND MOTOR

VIEW FACING ROTOR
COMMUTATOR

| |

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

SHUNT FIELD
" Fa

CLOCKWISE COMMUTATING

F

% A2 ELD
SERIES
FIELD

Fi Ay A2 S) S2F

DIAGRAM OF CONNECTIONS

“TERMINAL’
BOARDS

TO SOURCE TO SOURCE
TYPICAL CONNECTION DIAGRAM FOR COMPOUND-WOUND MOTOR

OPERATION OF MOTORS: Before placing the motor in service for the first
fime 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 in service. If possible, place the motor inan
wven and bake at a temperature notexceeding 85°c.

Fair results can be obtained by enclosing the motor with canvas or other cov-
ering inserting some heating units or incondescent lamps to raise the fempera-
fure and leaving a hole at the top of the enclosure to permit the escape of moisture
The motor may also be dried aut by passing acurrent at low voltage (mofor at rest) through
the field windings that will raise the temperature not over 85%. The heat should be raised
Qradually until the whole winding is of this uniform temperature.

113



TERMINAL MARKINGS AND CONNECTIONS FOR
STANDARD AND CLOCKWISE ROTATION

CLOCKWISE
ROTATION

SHUNT
FIELD

AW

F,;
COMMUTAnNE SERIES
FIELD FIELD

ARMATURE
’ Fy Ay Ay S, SaFs
| Y _? DIAGRAM OF CONNECTIONS
_! DC MOTOR .
COMPOUND-WOUND I
1 (For reversing service) COUNES$Z:'|F-?0C§WISE
CLOCKWISE
ROTATION
SHUNT
i FIELD
| | Jr,VV\NV\lr,
—zo COMMUTATING
3= ! FIELD
=l |
‘\_ __-‘l

o = o o SERIES

FIELD

"l
IR A, AyF;
DIAGRAM OF CONNECTIONS

D-CMOTOR
(FCOMPOUND.'WOUND COUNTER-CLOCKWISE
or non-r?versmg Sel’vlcg) ROTAT'ON
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STARTING RHEOSTAT AND CONNECTION DIA-
GRAM FOR D.C. COMPOUND-WOUND MOTOR

=
/zF_P—'
STARTING RHEQSTAT
0.C. SOURCE SWITCH e = 5 .
| - RESISTANCE
| |- NO VOLTAGE
RELEASE COIL
!
MOVEABLE
ARM
(oFF PosiTioN) |
—_—I—TERWNAL
Nove: For aoperation
_] JOF rheosfahi' siee )
JUMPER lagrm for> unk motor
MOTOR
-
B)e cockwise
( | ROTATION
| I5 ) 52
TERMINAL —— B
RN BLOCKS Il
{ T
TO SOURCE
SHUNT FIELD
FA.".“A.’ o —
2 COMMUTATING
a A FIELD
SERIES
I l ARMATURE FIELD
F Ay A2S Sz Fz
DIAGRAM OF CONNECTIONS
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STARTING RHEOSTAT AND CONNECTION DIA.
GRAM FOR D.C. SERIES-WOUND MOTOR

/—o'c-souaés
VA

I
l/—L_[ SWITCH

STARTING RHEOSTAT

RESISTANCE

NO VOLTAGE
RELEASE COIL
MOVEABLE l
ARM STOPRING s
A [ h_b_—_—'— TERMINAL
. .
'LJUMPERS

SERIES
A Az FIELD

MOTOR ARMATURE

QPERATION: When field be interrupted due toan open connection or
failure of source, the NoVovrace release coil will automatically release the

moveable arm,which by action of its spring (not shown in diagrom) returns to
its"OFF" or starting position.

| S
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STARTING RHEOSTAT AND CONNECTION DIA-
GRAM FOR D.C. SHUNT-WOUND MOTOR

D-C-SOURCE
_;L.__
[~ ] switcw

STARTING RHEOSTAT

I RESISTANCE I

NO VOLTAGE
RELEASE COIL

H— TERMINAL

MOVEABLE ARM
JUMPER

Ay A2

MOTOR ARMATURE

QPERATION: When voltage fails or shunt field be interrupted the
NoVoLrace release coil will automatically release the moveable arm,
which is returned to its starting position by oction of holding spring (not
shown in diagram). This method of starting will prevent accidental oppli-

cation of a heavy current thru the motor armature,causing fuses to blow,
or serious damage to mofor.
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STARTING RHEOSTAT AND CONNECTION DIA-
GRAM FOR D.C. COMPOUND-WOUND MOTOR

D-C-source
rs
Il
( F SWITCH

-2

STARTING RHEOST{\T RESISTANCE

MOVEABLE ARM
(nuumue POSITION)

] NO VOLTAGE
RELEASE COIL

' t 1 MOVEABLE ARM
5T UPPINIG _ ¢ . (oFF posiTion)
PIN ¥ = .
I TERMINAL

JUMPER

SHUNT

COMM. SERIES
A, A; FIELD A, FIFLD

S S2

MOTOR ARMATURE
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CONNECTION DIAGRAMS FOR D.C. SERIES-
WOUND MOTORS

NON-REVERSING COMMUTATING |NON-REVERSING NON-COMMUTATING|

POLE TYPE

COMM.
FIELD

Ay

Az

SERIES

FIELD

Al A2

REVERSING COMMUTATING |

POLE TYPE

SER'ES
FIELD

l-{\’\/\/\/sz
|

S,
AZSl 2

Ay

POLE TYPE

HALF OF
SERIES FIELD

HALF OF

SERIES FIELD

At A2

REVERSING NON-COMMUTATING

POLE TYPE SERIES
FIELD

NON-REVERSING NON-COMMUTATING
POLE TYPE

SERIES

FIELD

A A2

REVERSING NON-COMMUTATING
POLE TYPE

A1 A ) e

Ay A S S2
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CONNECTION DIAGRAMS FOR D.C. SHUNT-
WOUND MOTORS

NON-REVERSING COMMUTAT ING POLE TYPE
F F2

SHUNT FIELD

REVERSIBLE WITH COMMUTATING AND
COMPEFNSATING EIELDS
1 A2

v
SHUNT FIELD

A Az
COMM, FIELD COMP. COMM,
FIELD FIELD
fi A A2 Fi Ay A Fo
REVERSING COMMUTATING POLE TYPE NON-REVERSING NON-COMMUTATING
F' 5 POLE TYPE f
SHUNT FIELD SHUNT FIELD
COMM. FIELD
F1 A Ay F2 Ay Ay
NON-REVERSING NON-COMMUTATING POLE TYPE
] F2
SHUNT FIELD
At Ay
Fy Ay A2
REVERSING NON-COMMUTATING POLE TYPE
F F2
SHUNT FIELD
A A2
Fr A A F2




CONNECTION DIAGRAMS FOR D.C.
COMPOUND-WOUND MOTORS

NON-REVERSING COMMUTATING
POLE TYPE

f, F

SHUNT FIELD
Ay Ao

COMM.
FIELD

SERIES
FIELD

Fi A, A2

NON-REVERSING NON-COMMUTATING
POLE TYPE

£l Fa

SHUNT FIELD
Al A2
p
HALF OF SERIES HALF OF SERIES
FIELD FIELD
Fy A Ay

REVERSING COMMUTATING POLE
TYPE

Fipn

W
SHUNT FIELD JR—
FIELD

Ay A2 Sy S2
COMM
FIELD

Fy Ay A St 52 f2

NON-REVERSING NON-COMMUTATING
POLE TYPE

F
SHUNT FIELD

F2

Ay Az
- -
HALF OF

HALF OF SERIES
FIELD SERIES FIELD

Ay

A2

NON-REVERSING NON-COMMUTATING
POLE TYPE

Fi Fa

SHUNT FIELD
A Az

SERIES FIELD

FA Az

REVERSING NON-COMMUTATING
POLE TYPE

[ £2
SHUNT FIELD
e Az SERIES FIELD
£l A\
F M Az 5¢ S1 Fp
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CONNECTION DIAGRAMS FOR UNIVERSAL
TYPE MOTORS (A.C. OR D.C.)

SERIES FIELD

EXTERNAL
SHUNT

A, Az

SERIES
FIELD

Ay

Az

COMPENSATOR
FIELD

A2

TAPPED SERIES FIELD

Ay Ay

Ay Ay A3 Ay Ag Ag

60C. 50C. 40C.25C.DC.

NOTE:-

TAPS MAY BE OMITTED OR OTHER TAPS
BROUGHT OUT WHEN FREQUENCIES ARE
DIFFERENT FROM THOSE SHOWN.

SERIES
FIELD

A Az

COMPENSATOR
FIELD

A

Az
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CONNECTION DIAGRAMS FOR D.C.
GENERATORS (TWO-WIRE)

SERIES GENERATOR WITHOUT
COMMUTATING POLES

S2 Sy

A1 SERIES FIELD

S

SHUNT GENERATOR WITHOUT
COMMUTATING POLES

[
{3 |RHEQOSTAT F,
~B T A

f2
SHUNT FIELD

Ay Ay

+

A

SHUNT GENERATOR WITH
COMMUTATING POLES
[
+ &7 +\RHEQSTAT [
s iy
| SHUNT FIELD

2

COMM. FIELD

—— A'

COMPOUND GENERATOR WITHOUT
COMMUTATING POLES3

[ O]
RHEOSTAT

SHUNT FIELD

A2 A

SHUNT GENERATOR WITH COMMUTATING
AND COMPENSATING FIELDS

r=
SHUNT FIELD
A2 A1
i COMP. COoMM.
FIELD FIELD
+

A

| comMPOUND GENERATOR WITH

COMMUTATING POLES
5

(&L
RHEOSTAT  spnT FIELD
A2

COMPOUND GENERATOR WITH COMMUTAT-
ING POLES AND COMPENSATING FIELD
G
[ S
! r RHEOSTAT

A2

Bl ;1

SHUNT FIELD

S2

Ar St

COMP.  COMM,
FIELD FIELD

S

SEPARATELY EXCITED GENERATOR WITH
COMMUTATING POLES
el
[

L _
RHEOSTAT

f F2

SHUNT FIELD

COMM. FIELD
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CONNECTION DIAGRAMS FOR D.C.
GENERATORS (TWO-WIRE)

SEPARATELY EXCITED GENERATOR

SEPARATELY EXCITED
FIELD

SEPARATELY EXCITED GENERATOR

SEPARATELY EXCITED
FIELD

Fy F2
HALF OF SERIES HALF OF SERIES

'3 2,

FIELD
S‘HELDS s 1EL 5

+ =lle
F|+ A Fa Fy S Fp
COMPOUND GENERATOR COMPOUND GENERATOR WITH
RHEOSTAT . RESISTANCE SHUNT
@ SHUNT FIELD ) ‘ .
) AMAWMe—— Pl _
& f2 RHEOSTAT

HALF OF SERIES
FIELD 3

HALF OF SERIES
FIELD

S

RES.SHUNT =

GENERATORS WITH DIFFERENTIAL SERIES FIELD
FOR AUTOMATIC OPERATION

SHUNT FIELD

A
GEN ARMATURE

CIRCUITY
BREAKER

SHUNT

COMMUTATING AND
POLE FACE WINDINGS

_! DIFFERENTIAL
SERIES FIELD

CIRCUIT BR.

SERIES FIELD

+ _

SERIES

COMM.
) ARMATURE e

FIELD
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CONNECTION DIAGRAMS FOR D.C.
GENERATORS (THREE-WIRE)

SHUNT GENERATOR WITH COMMUTATING POLES

A
] I RHEOSTAT Fy SHUNT FIELD
‘E_,_; e ——TAMAV

Ay A Ay Ay N

\—
F OF COMM. HALF OE COMM.
HAL SLIP RINGS s

FIELD
AMMETER; ™~

7\ 7T \AMMETER l m__
CIRCUIT —'\.)'] I | F=<~ CiReuit
BREAKER i+ M3 | ) Me |— BREAKER

M) 2

COMPOUND GENERATOR WITHOUT COMMUTATING POLES
HALF OF SERIES FIELD R{'j} s, SHUNT FIELD H!‘ALFOFSERIES FIELD
==

S4 S3 U S
L, U=_
o

—
CIRCUIT

BREAKER

RHEOSTAT

| AMMETER —
——— 5 = I -t \AMMETE
<4 T_= - M3| My N o—
Sq M M2 1
COMPOUND GENEEATOR WITH COMMUTATING POLES
HALF OF SERIES FIELD 15 JRueasar . HALF OF SERIES FIELD
I
R K SHUNT FIELD
| S,L’éfk’;‘l D SuEEnos FIELD
t— — _(}_J M| |—=
) + I= AMMETER 3.1‘ M| e
SHUNT GENERATOR WITHOUT COMMUTATING POLES
RHEOSTAT )| ¢ A
_L._’——
SHUNT FIELD
Az qu ):A' A
CIRCUIT ".":"“"—I Q\cmcunr
BREAKER BREAKER
{ ammeTer l I I "y ( ammeTen
T+ i " M2 T-
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CONNECTION DIAGRAMS FOR SYNCHRONOU¢S
CONVERTERS (TWO-WIRE)

VIEW FACING ROTOR
COMMUTATOR
=R l o | I
i - — | 111 — 1
\ >, l
O-C-SIDE A-C-SIDE

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 M:, M:, Miare connected to alter
nating current generator leads marked Ty, T: 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 ¢
machine diagram may be used in combination with any of several shunt fielc
diagrams.

COMPOUND WOUND THREE PHASE SYNCH. (COMPOUND WOUND THREE PHASE SYNCHRONOYS
CONVERTER WITHOUT COMNUTATING POLES|CONVERTER WITH COMMUTATING POLES

FOR DETAILS OF FOR DETAILS OF
SHUNT CONNECTIONS SHUNT CONNECTIONS
SEE OTHER DIAGRAM SEE OTHER DIAGRAM
) T 2 [ F 1 T 3|
L~ L-ww—-J l
SHUNT FIELD | SHUNT FIELD

COMM. FIELD
A Ay

SERIES FIELD
) A S2 ’ Ay £ \
ARMATURE ARMATURE
—
RESISTORS
RESISTOR
COLLECTOR == WHEN REQUIRED COLLECTOR MIRIGERECURED
RINGS RINGS
My "y My My M M3
CIRCUIT CIRCUIT
BREAKER BREAKER
+ —1s, —Is




CONNECTION DIAGRAMS FOR SYNCHRONOUS
CONVERTERS (TWO-WIRE)

— S —
SHUNT-WOUND THREE-PHASE SYNCHRONOUS SHUNT-WOUND THREE-PHASE SYNCHRONOUS
CONVERTER WITHOUT COMMUTATING POLES | CONVERTER WiTH COMMUTATING POLES

FOR DETAIL OF SHUNT FOR DETAIL OF SHUNT
FIELD CONNECTIONS FIELD CONNECTIONS
SEE DIAGRAM __ ~L.SEEDIAGRAM __ 1
Fr 1 F2 ) I : A
!
L - MW~
SHUNT FIELD SHUNT FIELD
COM&DII
FIEL
Ay Az Ay A 2 Al
A;
ARMATURE ARMATURE
RESISTOR
COLLECTOR — s
LEADS corcrcron] [reress)
LEADS
My MMy
QRCUIT CIRCUIT M, M, M3
BREAKER BREAKER
+ -l ls -

| SHUNT-WOUND S1X-PHASE SYNCHRONOUS | SHUNT-WOUND S| X-PHASE SYNCHRONOUS
CONVERTER WITHOUT COMMUTATING POLES | CONVERTER WITH COMMUTATING POLES

FOR DETAIL OF SHUNT FOR DETAIL OF SHUNT
FIELD CONNECTIONS| FIELD CONNECTIONS
SEE DIAGRAM SEE DIAGRAM
F | I [3 F { 1 A
L-aww-—- =
SHUNT FIELD SHUNT FIELD
s
J
A Ay A2 Ay A A
Ay DR {
ARMATURE ARMATURE
— RESISTOR
COLLECTOR (When required)
CIRCUIT CIRCUIT COLLECTOR
BREAKER I BREAKER LEADS
Mg M Mz M, MyMs + MMMy My M3Ms
-
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CONNECTION DIAGRAMS FOR SYNCHRONOUS
CONVERTERS (TWO-WIRE)

SHUNT-WOUND SIX-PHASE SYNCHRONOUS CON- | SHUNT-WOUND SIX-PHASE SYNCHRONOUS CON~
VERTER WITH COMMUTATING FIELD, AUXILIARY | VERTER WITH COMMUTATING FIELD, AUXILIARY
COMMUTATING FIELD AND REVOLVING ARMA- | COMMUTATING FIELD AND REVOLVING FIELD
TURE BOOSTER BOOSTER
FORDETAIL OF SHUNT FIELD FOR DETAIL OF SHUNT FIELD
CONNECTIONS SEE DIAGRAM CONNECTIONS SEE DIAGRAM
[ - L= H— T, [ﬁ——': + 7
| L—ywwwn—- b L MWW |
SHUNT FIFLD  AUX.COMM. | | SHUNT FIELD Aur):.coum.
l ARMATURE FIELD | ARMATURE o

COMM. FIELD

A COMM. FIELD f
Ay {

:_15 U
RES. WHEN RES. WHEN

1
REQUIRED 3 REQUIRED
I M
Pl
)
3 !
DOUBLE DIAL g0 {
| RHEOSTAT o
2\M, My M, M3M =A§2 E -
N h MaMs ))CIRCUIT BOOSTER
_ ¢JCIRCUIT BREAKER BREAKER FIELD LEADS I
- - & T T -

Al
COMPOUND-WOUND SiX-PHASE SYNCHRONOUS| COMPOUND-WOUND SIX-PHASE_SYNCHRONQUS |
CONVERTER WITHOUT COMMUTATING POLES | CONVERTER WITH COMMUTATING POLES

FOR DETAIL OF SHUNT FOR DETAIL OF SHUNT
FIELD CONNECTIONS FIELD CONNECTIONS
SEE DIAGRAM. L — ____3&:.5 DIAGRAM. .
I—r'— | T a IF. -I
Ly ]
l SHUNT FIELD | | SHUNT FIELD __l
ARMATURE — - ARMATURE -
SERIES FIELD A A, CCMM.FIELD | SERIES FIELD
P ~ S
RES. WHEN RES. WHEN
REQUIRED REQUIRED
l.gl | = rz-] B
Mg My M, "y My ™S Mg my M2 MM3Mg
COLLECTOR LEADS L, COLLECTOR LEADS
N CIRCUIT Y Gireuit
"4 BREAKER s ( BREAKER S,
4 -—
] + - ] +
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SHUNT FIELD CONNECTIONS FOR
SYNCHRONOUS CONVERTERS

4 POLE DOUBLE THROW BREAK-UP
SWITCH

RHEQSTAT
[ oyl

SHUNT FIELD

F| FZ

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

RHEOSTAT 1)
Y SWITCH
(A PANEL.
CT_ T
I
| I |
| [ '
| pleliol g,
LI S N i
1 J
SHUNT  FIELD
—— ———
_— -
A
N e
AUX. COMM,
% FIELD f2

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

SWITCH
PANEL

2 POLE DOUBLE THROW DISCHARGE SWITCH
FOR SELF EXCITATION

LB

SERIES
RESISTANCE

TO D-C-BUSES
FOR SEPARATE
EXCITATION

SWITCH
PANEL
%
{ ™9
v NI
e e e e
& ?ﬂ]
DISCHARGE

RESISTANCE

SHUNT FIELD

Fy f2
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SYNCHRONOUS CONVERTER WIRING

DIAGRAM

SYNCHRONOUS CONVERTER STARTING.
The procedure in starting up a synchronous

converter from the A.C.side i1s 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 ils lower
position (switch (B) remains unchanged) the ma-
chine will be connected to taps 1,3,510,11 and 12
which are the intermediate speed taps
(Step-3) If finally switch (A) be opened and (B)
thrown 1n 1ts lower position the machine is con-
necied to the full voltage or running speed
terminals

0.C BUS
—o-Lo—— +

INCOMING

LINE
2

POTENTIAL

/‘ [ TRANSFORMERS
b ——— -

VM
pLuGH)

1' l Lr
) AIR CIRCUIT
BREAKE

vonmm? AMMETER

STARTING |
SWITCHES

SPEED
UMIT

DEVICE

SYNCHRONOUS CONVERTER
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TRANSFORMER CONNECTIONS AND VECTOR
DIAGRAMS FOR SYNCHRONOUS CONVERTERS

CONNECTION FOR TRANSFORMATION VECTOR DIAGRAM OF DELTA-Y
FROM DELTA TO Y CONNECTIONS
anf
| ) 4
l a b c d e f
VWVW b e
[
NWV\Nl NWVV) o3
a; < d, (= fi 1
£, d <y
J Yo 2
v

! 32
) l] COLLECTOR
RINGS
Ma M, M, S
[CONNECTION FOR TRANSFORMATION FROM | VECTOR DIAGRAM OF DELTA -

DELTA TO ZIG ZAG OR DISTRIBUTED - Y DISTRIBUTED-Y CONNECTIONS

daa

f,
mm y ml_|n d .rm 'n3e

T )|

NEUTRAL

32 1t
COLLECTOR
RINGS

M
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TRANSFORMER CONNECTIONS AND VECTOR
DIAGRAMS FOR SYNCHRONOUS CONVERTERS

DOUBLE -T CONNECTION FOR TRANS- | VECTOR DIAGRAM OF DOUBLE -T

FORMAT!ION FROM TWO-PHASE TO SIX- | CONNECTIONS
PHASE. (a-wgl: 29) (kwnnd: 2¢)

6,
a b.z
5 -2 dy b'.:‘
ds
4

:

M Mg My MM, M,

DIAMETRICAL CONNECTION FOR TRANS-| VECTOR DIAGRAM OF DIAMETRICAL
FORMATION FROM 3-PHASE TO 6-PHASE | CONNECTIONS .

a b| [c J-F f
a, blclldl e||ﬂ

o 0 o

QIR =

slsuBlz
" ” ”couecron
RINGS

¥ Mg My My Mo My
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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
d

|
6 |5 3 2 it
con.l.scroan U
RINGS
M My M, M, M, M,

CONNECTIONS FOR TRANSFORMATION
FROM DELTA TO DOUBLE-Y

VECTOR DIAGRAM OF DELTA
DOUBLE-Y CONNECTIONS

[ b \e\
fyd_ ¢
f\va /3
M
mhh <, dy m &, fi| [eef

-

-l
-

1

wn

COLLECTOR
RINGS

&

z
Xe=gp
ka——a2

M,
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SQU/IRREL CAGE INDUCTION

MOTOR STARTING
- Sovece
NETER |5 Z l /
Q CORRENT TICANSFORNERS
POLARITY |MALKS FUSES
offc”’fi wr | ﬂ/VPfA’VIU‘AGE
RELAYS  [(Ire) DEVICE [WHen wep)
—g ‘ ° E’j /
74
I 1 1
0 00
y / AUTO-TENSE,
433 ~ LINE
/ ?
%A cors O
MAIN
o
L] Avro-
TRANSF.
ﬁﬁ
o0
STARTING
o
by
&
o o)
METHOD OF STARTING SOQUIRREL
CAGE INOUCT/ION MOTOR USING
TWOSIMULTANEOUSLY OPERATED
STARTING OIL CIRCUIT BREAKERS
MOTOR

134



SEI

NOILITLOYS LNFXYA2 ITAO 20L0W

MLIM XTNYIIE LININD TIO INILYVLC
MOIHL TTE0T ON/ST? YOLOW NOILINGNS
FOVD TFIINOS ONV/LIVLS 40 OOHLIW

woILIMYQ TTTIXT TS

/
L--o"‘:; w‘{'b._l

8 .41n2X1D 710
0 O O

D) O
O pe=O (e,

TS INILIVLS ,J 20/ DNINNASY

AL -0100V
%'/VU)IJS‘

ARAM
V'L

SN0
L

'A'A'AVA ]

FIAIO IIVLITONIIANA

8774

3

(721007 NFHH) P CaimiT IHAL FSIIANI)
[J:Mrmwmu TVILNTLOS SAVTIY IMBIANIYINO
L~ SNaYN

b ALV 70S

YINYOISNYIL UNIIINA)

1] 2 gl YILIANY
22008

DNILYYLS HOLOKW
NOILINGNT TIVI TTAYINOS




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

BuS
£ )
= 2
£ 3
OUTPUT
I OIL CIRCUIT SQUIRREL  INDUCTION
o | BREAKER CAGE MOTOR  GENERATOR

1)
bece [ ] ﬁl

[ 4 )

FREQUENCY CONVERTER
SET

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 1o that of ifs rota-
ting magnetic field the frequency and voltage will be greater in proportion
fo its speed. The frequency output may be expressed as follows:

f=f + g:g‘o Where f=freq.output _qus

i
f, = Line frequency z 3
P = Number of poles
/ N = Rotor speed FUSES
& /'/‘7 SWITCH
ROTOR ‘
RESISTANCE |
i
~ INDUCTION i
STARTER FOR WOUND-ROTOR INDUCTION MOTO MOTOR

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

STARTING SWITCH
(Usually Centrifugally
Operated

o

0l ~ Oqg

o SQUIRREL
CAGE ROTOR

AL
LINE
MAIN WINDING

AUXILIARY
WINDING

The Split-Phase Induction Motor. This motor type is commonly manufactured
«n 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
sermed aquxiliary 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
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AUXILIARY
WINDING

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

In common with other types of split-phase motors, it is equipped with a squirrel-
:age rotor and a main and auxiliary winding. A capacitor is permanently con-
rected 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 obiains 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
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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 switc!
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-start
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 svitable designed windings and capacitor ¢
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
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AUXILIARY
WINDING

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 voit 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
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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 vols 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
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The Split-Phase, Capacitor-Run, Induction Motor (Reversible type). in appli-
ations where it is necessary to employ a reversible high-torque intermitiently
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
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The 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 as
light running machines such as fans, small blowers, business machines, grinders,
ofc.
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FRACTIONAL HORSEPOWER MOTORS
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Usually Centrifugally
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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 windingsarranged for either series or parallel 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 usualty 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 fypes 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
zapacitor.

A winding arrangement of this type gives only half as much starting torque
sn 110 volts as on @ 220 volis winding.
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FRACTIONAL HORSEPOWER MOTORS

INDUCING
WINDING

WINDING

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
slaced from the axis of the field winding. The armature has an insulated winding.

fhe 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
1 squirrel cage armature.

INDUCING
WINDING

@ FIELD WINDING

s C.C.W. ROTATION (C.W. Rotation )
oz
<3

o .

REVERSING 7
SWITCH
C.W. ROTATION

FIELD WINDING
(C.C.W. Rotation)

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-
:omplished by interchanging the field winding connections.

Thus, tor 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
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Although there are a number of different construction methods employed
principally the motor operates as follows: The shading coil (from which the
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 starting
torque. When the current increases in the main coils a current is induced in the
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 Aux in part of the pole pieces.

When the main coil current drops to zero, current still lows 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 i
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
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its winding, is built around the conventional squirrel cage rotor and consists or
punchings 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, uniess 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
speed 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. [t is of the series-wound type, that is, it is
orovided with a field winding on the stator which is connected in series with a
zommutating winding on the rotor.

Universal motors are commonly manufactured in fractional horse-power sizes
and are because of their use on either A.C. or D.C. currents, preferred, partic-
vlarly in areas where power companies supply both types of current.
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FRACTIONAL HORSEPOWER MOTORS
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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 obtam 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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ENERAL METHOD OF 1
YNCHRONIZING

, — SYNCHRONISM INDICATOR —
B PARALLEL OPERATION OF 5YNCHRONOUS GCENVELATORS

Before Generator Ccan be connected i parallel with Generator % ffe ‘.*‘
Wioliowing conditions rmust be obtamed: .b:‘
1) Bott machines must have fhe same Ireguency and wave form.

(2) Their ferminal rolfoges must be eyua/.

3) Their seqence of Maximom. polentral valves rwst bethe same
4 . Weien synchronrzing proceed as follows: :
WY, LAMP SYNCHRONIZING : Machine?/ is running and supplying the load and

W7 o// cireu! breaker 15 closed, The runming ,a/'Zy /s inserfed. Bring machine
F2upts voltage by Slowly increasing the speed of /fs prime mover, as,
Phe speed of mach. T2 sncreases insent the starting plug, wher mom 7hed
Brochines are running at neorly the same speed, the synchrorizing lampsk
Vioht up then go out light up again efc. If 1he mackines are /77 STeps,

Biii1h lamps out or famps im, (Depending on if light or dark lamp connec—
ions are used) wait until they go outfor a few secondls then close the o/ %

. INDICATOR SYNCHRONIZING

W Froceed same os before: The rofary mofion of the poinfer on the

Undicator indicates whetther the Generator o be syrichronized /s running
5o slow or o fast. When the pointer remains Stafionary in 1he vert/ca
position the two machines are in synchronism and the o/f circuit breake

YAffer pam//e;//'n; the two machines adyust the mecharical power /'ﬂ,auf.
and the generated e.m.f until each machine supplies ifs share of the fotall
Yoad, and the power factor of each machine /s the same and sgual fo

that of the total load. : *‘
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TETHOD OF SYNCHRONIZING
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153




METHOD OF SYNCHRONLLING N
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METHOD OF SYNCHRONIZING
( LAMPS DARK )

A . BUses(up To 250 VOLTS)
*— !
—e L — 2

OIL CIRCYIT BREANERS )
(cLos€d) (erev)

SYNKRONIZING BYUS 7
£

LAMPS DARK —
AT SYWCHROMIING

N

e RECEPTICES WM ]

| PLUGS INSERTED +_u

FIELD FIELO

) l *] I
GevERATOR ¥/ GENERATOR 2

(RONNI%G ) (3rakTING)
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METHOD OF SYNCHRONIZING
CLAMPS BRIGHT )

A< BUSES (P 70 250v0LTS) !

5
—fae L ] 2
Q . O 0
olL crecorr Oo/Lc/ecerr
BREANER BEANEL
4| (Coseo) 5y o (oPEN)
SYNACW/IING BYS 7
- 7 =
LANFS B =
Cfﬂr it A
RECEPTACLES
WITH PLYGS
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FIFLD FIELD
2 of 2 O
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(cvvmrms ) Grarring)
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PHASE ROTATION TEST

4 /
£
7
- 7 i 6 A
Z Fuses
AL BUS
3
S Polential 7?4/.'1/
ks iy Mosks
o// ¢
o o | Breoker
L Indbiciive load
(Reloy cor)) Efe.
9 LAMFS
FIELD
. —METHOD —
Before two A.C Generators
con be synchronized, it |5 neces-

sary, m addrion fo having one
phase of the mackmne 177 syn —~
chronism with 1he phase of the
other machine, that fhe sequerce
of moximum /pafeﬂﬁb/ values i ‘various
phases shall be the same.
7 / /qua.s‘fmenfs Qf; the ,oéasgz % aéf/g//'(l
C. or 1his Sequence is knorwn as jphase rotrion
. A C_ S fest.” q7b obtain ﬁepﬁwe//;/ig/}qﬂ_ of the
machine, proceed as follows: Connect fwa lamps A &8 ‘and
an inductive load as showrn. One lamp wr zgra;rér ghter
than the other; and i that lamp should be the'8 famp, e phase
refofion 1s clockwise or /-2:3. If on the other /Iﬂﬂf A° should
glow the brighter, the phase rofation (s counterclockmise or 32-1,
The lead's of #h€ machine g be transpased afteracheck
fo confirm with phase rofation of the otber machime,or the bus,
as the case may be.
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CIRCUIT CONNECTIONS & DEFINITIONS
OF VOLTAGE AND CURRENTS IN THREE-
PHASE SYSTEMS. .

In athree-phase system, (Transformer-circurt-or
agparatus)there are two voltages between whrch
a sharp distinction must be made: The volfage

/

Fig.l

between the phase conductors, and the voltage from
phase conductor to neutro/(or ground where the
reutral is at ground pofentiol).

/n the usual diagrammatic representation as in
Fig.1, these voltages are denoted as the delta-voltage
ond the star-voltage.

[ then, |, 2and 3 are the three phase conductors
oF a three-phase circwt O the neutralfregardless of
whether it actually exists as conaductor or not) the
DEeTA-voLTAGES 1-2, 2-3, 3-/are variously called the,
LineVoltage, Voltage Between Lines, Voltage Between
Conductors,or simply the Three-phase Valtoge or the
voltage of the system; The Star-voLtaces O-/,
0-2, O3 are similarly called the Voltage To Grourd,
Voltage To Neutral, or Neutral Voltage, etec.
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Delta-voltage = |.73 times Star-voltage.
Delta-veltage
l.73

Thus the delta-voltoge /s the higher one, the stor
voltage being apart only of the delta-voltage.

Similarly a distinction is made between the delfa-
current and the star-current in a three-phase system.
The DeLra-currRent 15 the current which Flows From
phase to phase: From 1102, from 210 3, from 3fol.

The STAR-CURRENT /5 ofen simply denofed as the
Current, Current Fer Phase, Line Current /s the Cur-
rent flowing in the phase conductors in /,or2,or3 and
may be sugposed o flow fomardss the neutral O.

Star-voltage =

Srar-current = 1.73 times delfa-current

Delta-current = Srar-current
173

When speaking of the Voltage and #e Current or
LineVoltage and Line Current of a three-phase sys-
tern, without further qualifications, 1he Delta Voltage
and the Star Current are understood.

/n the conventional denofations,voltage ond current
in the threephase system Hus do nat correspond fo each
other; and therefore are notin phase with each other an nan-
Inductive load, but show a phase displacemernt of 30 degrees:
the angle O-/1-2 in fig.1.

TRANSFORMERS & CONNECTIONS

A transtormer is defined as a form of stationary In-
oluchon agparalus in which the primary and secondary wind-
ings are ordrnarily insulated ane from another. A transtormer
does not generate power; but merefy changes the power
Trorrr ome woltage To onotther .

lo1




The three-phase transformer consists of three primory
and three secondary windings,(See #3. /) usually corm—
nected in staror delta respectsvely.

Single-phase transformers (see f1g. 2), connected in
Stor or deffa are offen preferable fo three-phase trans-
Formers because of e foct that single-phase reverse umits
are fess expensive; ard also because domage fo one sin-
gle-phase franstormer may be repaired,while another
Kdentical spare-fransfarmer is infer-connected 1n the

three-phase unit without loss of service.

1P 1 1P —
g___u z__,g E_-D c"‘“P
——'D ammam
4t gt _9 Th C"‘D
—_— — —— C:""'; =
C—-’
Fig.l Fig.2

When two sets of transformers are connected /n
parallel fo the primary and secondary circurts ofa three-
phase system, any combination of deltw ond star may
be used in each sef except that, with one serof frans-
formers connected 1 delfa-star or star-delt, the other
Set may not be connected delta-delta or star-star.

For example of tronsformer connections,
See e following pages.
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FIGURE 2-SUBTRACTIVE POLARITY

‘O 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.

ol

2

2 | | 2
/k s M VY W VI AW /l\
: . VWA VAAN

2

VWV
SUBTRACTIVE  ADDITIVE  SUBTRACTIVE SUBTRACTIVE ~ ADDITIVE ~ SUBTRACTIVE | 3
NV m NV ANV |
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1 3 I 2
2

DIAGRAM SHOWING CONNECTIONS FOR STAR-STAR POWER TRANSFORMER GROUP TO OBTAIN ADDITIVE OR SUBTRACTIVE
LINE POLARITY.
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DIAGRAM SHOWING CONNECTIONS FOR DELTA-DELTA POWER TRANSFORMER GROUP TO OBTAIN ADDITIVE OR SUBTRACTIVE

LINE POLARITY.
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X X ]\l/z X2 X Xp X X5

w
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w
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(A)
SUBTRACTIVE POLARITY UNITS

(8)
ADDITIVE POLARITY UNITS

VECTOR AND WIRING DIAGRAM SHOWING CONNECTIONS FOR OBTAINING ADDITIVE LINE POLARITY WITH
TRANSFORMER UNITS OF EITHER ADDITIVE OR SUBTRACTIVE POLARITY IN STAR-STAR GROUPS.
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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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SUBTRACTIVE POLARITY UNITS 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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POWER FACTOR INDICATOR A Y
< (BACK VIEW)
N
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> CURRENT
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e an) s
(MMM X]<]Xz
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POTENTIAL
TRANSFORMER # Y
A A
X3 Xz Xy
SOURCE
DIAGRAM OF CONNECTIONS FOR TYPICAL POWER FACTOR INDICATOR CONNECTED ACROSS A STAR-DELTA
TRANSFORMER BANK.
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SOURCE
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CURRENT TRANSFORMER
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POTENTIAL
TRANSFORMER
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ses 3]

II}—J

3

[

POLARITY MARKS

WATTMETER

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

STAR-DELTA GROUP OF POWER TRANSFORMERS.
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CONNECTIONS OF STAR-DELTA TRANSFORMER BANK,
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CONNECTIONS OF DELTA-DELTA TRANSFORMER BANK
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LAMP
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p—:}%} REACTANCE BOX
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g:?LESl'(RECRUIT SYNCHROSCOPE

1 RECEPTACLE
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\:\0

AND PLUG

FUSE
POTENTIAL
TRANSFORMER

TO CONVERTER SLIP RINGS SUBTRACTIVE POLARITY UNITS

VECTOR AND 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
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SOURCE SOURCE
3 2 1 3 2

\ Y POTENTIAL
| TRANSFORMER SYNCHROSCOPE
o3 AUXILIARY SWITCH| LAMP
FUSE CLOSED WHEN
23 X OIL CIRCUIT (& ) + BREAKER IS Box | <E
BREAKER ] I CLOSED
et POLARITY QJgTRIP COI
MARKS
§~ +
f d ¥
2 \ <% b3 3 . W
3 | Ll |
H VAW H, H\waH Hw H, 1 5 3 H o @
X --—<-i
o] (e I A Wil pg ]AQ % = RECEPTACLE
3 AND PLUG
3 1 @
CURRENT
TRANSFORMER
i 1 i + COMPENSATOR
Q [o] j
FUSES|N 38— A-50% TAP T0 OTHER
N {‘ INSTRUMENTS
) Y | 7L
3 2 ! 3 2 1 POLARITY MARKS
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 SYNCHRO
STAR-DELTA TRANSFORMER BANK.
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PHASE POSITION AND D!RECTION OF CURRENTS
IN SECONDARIES ON HIGH VOLTAGE SIDE
(866 AMPERES}

PRIMARIES AND SECONDARIES OF
CURRENT TRANSFORMERS ON HIGH
VOLTAGE SIDE

COMPENSATOR

PRIMARIES AND

SECONDARIES OF 3 PHASE POSITION AND DIRECTION OF CURRENTS
CURRENT TRANSFORMERS - IN SECONDARIES ON LOW VOLTAGE SIDE (5.00
ON LOW VOLTAGE SIDE. 3 AMPERES)

VECTOR DIAGRAM REPRESENTING CURRENT RELATIONS AT A GIVEN INSTANT IN CURRENT

TRANSFORMERS ARRANGED FOR DIFFERENTIAL PROTECTION WiTH POWER TRANSFORMERS
CONNECTED IN STAR - DELTA. See opposite page.
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| L7 L

| 3 2 1 3 2 POLARITY MARKS
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

ACRNSS A DFLTA-STAR TRANSFORMER BANK. =
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PHASE POSITION AND DIRECTION OF CURRENTS
IN SECONDARIES ON HIGH VOLTAGE SIDE.
(500 AMPERES)

PRIMARIES AND SECONDARIES OF CURRENT
TRANSFORMERS ON HIGH VOLTAGE SIDE

COMPENSATORS

PHASE POSITION AND DIRECTION OF CURRENTS
PRIMARIES AND SECONDARIES OF IN SECONDARIES ON LOW VOLTAGE SIDE.
CURRENT TRANSFORMERS ON LOW (8.66 AMPERES)

VOLTAGE SIDE.

VECTOR DIAGRAM REPRESENTING CURRENT RELATIONS AT A GIVEN INSTANT IN CURRENT
TRANSFORMERS ARRANGED FOR DIFFERENTIAL PROTECTION WITH POWER TRANSFORMERS
CONNECTED IN DELTA-STAR. See oppostte page.
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PHASE ROTATION 1-2-3

VECTOR AND WIRING DIAGRAM SHOWING LOW DIFFERENTIAL RELAY MAY BE CONNECTED ACROSS A
STAR-DELTA OR DELTA-STAR GROUP OF POWER TRANSFORMERS.
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VECTOR AND WIRING DIAGRAM CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING ACROSS A SCOTT-CONNECTED
BANK OF ADDITIVE POLARITY TRANSFORMERS.
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SUBTRACTIVE POLARITY
VECTOR AND WIRING DIAGRAM OF CONNECTIONS FOR DIFFERENTIAL PROTECTION AND SYNCHRONIZING ACROSS
A SCOTT-CONNECTED BANK OF SUBTRACTIVE POLARITY TRANSFORMERS.
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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 UNITE.
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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,
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INDUSTRIAL
CONTROL WIRING
OF
D.C. MOTORS
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D.C. MOTOR STARTER WITH MAGNETIC
CONTACTOR AND THREE CONTROL STATIONS

Note: Auxiliary Switch"a"is
L closed when Magnetic
2 L Contactor is closed.

“1 g2 ¥3
¥ }
—]. ]._START

TRIP

] CONTROL
MAGNETIC STATION

CONFACTOR

RHEOSTAT
SHUNT FIELD

FIELDS

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: (@) 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 heavy 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 smali 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

SOURCE

o e

Note: Auxiliary Switch"a” is
WITCH cdosed when the con-
tactor is closed.
OPERATING FUSES
CO{L

— lsrARr ) *| macneTic

CONTACTOR

TRIP

OVERLOAD
RELAY (Magnetic type)

/ RHEOSTAT (when used)

SHUNT FIELD F2 3 } ZF'ELD

F F2 (
ARMATURE ‘bv
A é Az COMM. FIELD

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
1 new circuit is accomplished through auxiliary switch A"’ by means of which the
sperating coil is energized.

To stop the motor the trip button is operated. This action de-energizes the
sperating 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
yperate on the motor starting current.
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D.C. COUNTER E.M.¥. STARTER WITH
TWO CONTACTORS

SOURCE

MAGNETIC 1L2 1L,
CONTACTOR

SWITCH

—] _sTART \ l[a" 1ﬁ.

Note: Auxitiary Switch *a”

is closed when the

contactor is closed.

STARTING RES
U NIUUULTS

*
= <t ACCELERATING
1 CONTACTOR
OPERATING =
COiL
n
RESISTANCE

F
COMM. FIELD

SHUNT FIELD l
AR A.C Az

2

OPERATION. With reference to the diagram, this starter functions as follows
When the starting button is pressed the operating coil is energized through ¢
resistance closing the magnetic contactor. After the finger has been removec
from the starting button the lower section of the accelerating contactor is placec
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 the

lower accelerating contactor coil aids the upper section of the coil closing thi

contactor when the armature voltage has reached a predetermined value. The

motor is disconnected from its course by means of operation of the trip butto
which de-energizes the operating coil causing the magnetic contactor to oper
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D.C. MOTOR STARTER WITH SERIES
LOCKOUT CONTACTORS

SOURCE
L.l Lz
SWITCH
FUSES STARTING RES.
pr— - - l - Rl
MAGNETIC
CONTACTOR ™ '1 _‘C_OF’,‘;'QEEOR
¢ # R,*
OPERATING — ! g z
COoIL STARTING
| I RES.
5 . - — 1 r
START rtj'} % ?
{
! |
R]
CONTROL . . .
STATION
SHUNT FIELD
¢+ WWWN———
2 " SERIES FIELD
Aq A,
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 R: 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

+ -
L,l le
MAGNETIC SWITCH
CONTACTOR
FUSE FUSE
CONTROL STARTING RESISTANCE

STATION

r-——-l jismm \ il] Ri Rz FA—

| ITRIP _/M/ #) # 3
L&

7

OPERATING COIL

SHUNT FIELD
AA
VWA
SERIES FIELD MOTOR ARMATURE

A, Az

OPERATION. After the magnetic switch is closed and the starting button is
released, Ri1 and Ra: 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 L. through the series field, armature, the whole starting re-
sistance and the coil of contactor #1 to L.. Contactor #1 will close when the cur-
rent reaches a value corresponding to its setting. With the closing of this con-
tactor Ri is shunted out and the current Alows through the series field, armature,
Rs, R: and the coils of contactors #2 and #1 to L. The decrease in current due to
the closing of contactor will cause contactor #9 to be locked out. Contactor #
closes as soon as the current has reached a value to which it is set. This action
again shunts out R: and coil of contactor #3 is brought into the circuit. Contactor
#3 closes when its current setting has been reached, shunting out Rs, 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

L, 3 L
~ Note: Auxiliary Switch "a"is closed
SWITCH :Ib:esne;a.agnehc contactor 1s
CONTROL 5
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. N iy
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| |
V4 al

A B
MAGNETIC 7/ | .
CONTACTOR RELIAYS

> —
R, R, \
b
STARTING RESISTANCE N
ARMATURE INTERLOCK

Az A
F, SHUNTFIELD,
MWW

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 Ry, Rz, 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 R: and pro-
vides a path for the current through R:, 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

SWITCH

FUSES

f—

CONTROL  RES!
STATION .
e
|starr E! E
I

p|/U

-/

OPERATING MAGNETIC
coiL CONTACTOR

STARTING RES.

SHUNT FIELD
AW
SERIESFIELD P2 Fy

VVVVV AZCAI

OPERATION. When the starting button is closed energizing the operating coil
the magnetic contactor closes. The starting current flows from Ls through the
series field, armature, starting resistance, contactor coils Ci and Cu 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, Cu and Ri. This operation provides a current path
through Ca:, Ca 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
-+
Li Ly
SWITCH

STARTING RESISTANCE_

TEMPERATURE R, | Rz | Ry
OVERLOAD RELA
|
l L] r #2 r L r'4ﬁ J{ START
g ‘ —p
! TRIP
i SOLENOI
CoIL
‘ TERMINAL BLOC
! TERMINAL BLOCK
S5 s, ARMATURE
A Ay
RHEOSTAT (when used) WVWV WWV ( )
FIELD ( I ’ F, i FZSHUNT FIELDF
| e MMM

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 R:
In a similar mcnner 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 sefting value of the
relay the relay contacts opens, de-energizing the solenoid coil which trips 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 LIAGRAM AND FRONT VIEW OF
TYPICAL FACE PLATE CONTROLLER

POSITION OF
OPERATING ARM

QPERATING,
HANDLE

CONTROLLER FRONT VIEW

WIRING DIAGRAM

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 revarsed 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
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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
1o 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 L through all the series resistance to Ls, 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 ful!
speed.
196



REVERSING CONTROLLER FOR D.C. MOTOR
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VARIOUS POSITION OF REVERSING CONTROL SWITCH WITH DYNAMIC BRAKE

OPERATION. |n 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, L1 and L: are connected to the

REVERSING CONTROL
SWITCH WITH DYNAMIC
BRAKE

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

and A, are positive, while F and F: are Py

negative. If the handle be turned to for- _’_E'- = l
ward position F, F1 and H, A: exchange ﬁ |

polarities. Suppose that the motor arma- Ln,
tire be connected between A: and Fy, L lE_
the current through it and hence th®

direction of rotation will be reversed as

ARMATURE
the handle is turned from reverse to for- STARTING

ward. Therefore this switch is funda- RESISTANCE
L — AW

mentally a reversing switch and may
FIELD

WIRING DIAGRAM

hence be utilized in connection with any
starter.
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WIRING DIAGRAM OF REVERSING AND
DYNAMIC BREAKING CONTROLLER
FOR D.C. MOTOR
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MOTOR ARMATURE

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 L: to Fi, through all the starting re-
sistance, motor armature to the negative terminal and L.. Contractors #1, #9 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 A: and B together, placing sections R: and Rs of the starting resistance
across the armature. This circuit provides dynamic breaking action causing the
motor fo 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 contro!
are siarting, 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

. 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.

. Motur Starting and Speed Regulation. Basic function of starting and

stopping the motor involving speed regulation or adjustment of motor
speed as by rheostat control.

. Motor Starting Reversing and Speed Regulation. Basic function of

starting, stopping or reversing the motor involving speed regulation as
by rheostat control.

. Motor Starting and Speed Selection. Basic functions of starting and

stopping the motor, involving selection of one of several basic sneeds
as by pole changing.

. 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.

10.

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”".

. Starting Rheostat. Also referred to as the face-panel type. his is a

type of rheostat whose stationary contacts are mounted upon the face of
an insulating panel whose surtace 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).

. 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 magr.etically operated.

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 durir.g acceleration. The device includes the
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MOTOR CONTROL METHODS

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 wirdings 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 controlied by a master switcn
located either within the controller or at any desired distance from the
main controller.

With respect to the operation of the contro! 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-Avutomatic. Where the rate of acceleration after starting by the
operato’, 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 tull auiomatic
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 inay 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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Local Motor Control.  Where the master switch may be combined with
the main control panel.

The service classification of control resistors with reference fo the duty period

are:

23.

24,

25.

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

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

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

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

26.

27.

28.

29.

30.

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

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

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.

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.

Single-Phase Protection or Indication. Where required, shall indicate
and protect the personnel and equipment upon the failure of 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:

s
2.
3.

Overloads.
Short-circuits.
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-
Jetermined 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 reloys must be reset by hand after having
tripped (usually by pressing a button projecting through the enclosing case)
~hereas the automatic reset type resets themselves automatically.

Thermal Overload Relay. The thermal overload relay consists of o 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.

lllustrating @ Two-Pole Temperature Overload Relay with Detachable Heater
and Thermal Unit. NOTE: Heater removed from right hand unit to show thermo-
static metal strip. (Courtesy General Electric Co.)

Because one end is solidly anchored, all of the movement occurs at the free end.
Nhen the metal is cold, its end position prevents a trigger (on which control
idrcuit 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 Ovetload 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 i1 1s
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
is 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
Manvually Operated Squirrel-Cage Induction Motor. |t 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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Fundamental Wiring Diagram Showing Method of Wiring to Obtain Under-
Voltage Release. Under-vollage 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 automaticaily 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 controlied by several methods. They
are:

1. Directly across the iine.
9. 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 Cument-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
soltage starting on the motor, as well as on the power system.

Any method which reduces the starting current to the motor is accomplished
by a reduction in storting torque. Therefore, it is essential to know sometning
about the load torque characteristics in determining it 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 su.cesstul acceleration of its con-
nected load. With all starting methods, the torque of a squirrel cage motor varies
15 the square of the applied voltage at the motor terminals.

Across the Line Method of Starting. 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 S 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 trom 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 ai 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 it 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 Aows 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 @ motor connected to a loaded centrifugal pump, for example, is started
with 809% 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 492.959%,.

On some power systems, it is necessary to meet a restriction on the rate cf
current increase in starting. The rate of increase of current is determined to meei
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-deita 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 (delta-connec-

tion). The starting connection is always star, since the voltage is 1/v/3 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 ;btained with the resistor, reactors or autotransformers as previously out-
lined.
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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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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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Single Speed, Magnetically Qperated Squirrel-Cage Induction Motor.
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Fundamental Wiring Diagram of Typical Across the Line, Reversible, Single
Speed, Manually Operated Squirrel-Cage Induction Motor.
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Fundamental Wiring Diagram of Typical Reduced Voltage, Reversible, Single
Speed, Manually Operated Squirrel-Cage Induction Motor
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Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed t
Reversible, Manually Operated Squirrel-Cage Induction Motor.
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Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed, N
Reversible, Manually Operated Squirrel-Cage Induction Motor.
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‘undamental Wiring Diagram of Typical Across the Line, Two-Speed, Non-
leversible, Magnetically Operated Squirrel-Cage Induction Motor.

221



MOTOR CONTROL METHODS

LiLL;

STARTING
RESISTORS (OR REACTORS)

MECHANICALLY

P8
Qi
r——‘r l ! INTERLOCKED MAGNETIC
] } / CONTACTORS 2[\

a .4 START
condlp n codjp f%

HIGH\ /LQW
. {or
), ——
—C L ey
[+ —

o

o
SPEED SELECTOR
SWITCH

STATOR
WINDING

MOTOR

Fundamental Wiring Diagram of Typical Reduced Voltage, Two-Speed, Non
Reversible, Magnetically 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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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 Squinel-
Cage Induction Motor. The push button circuit consists ot one control station,
with two momentary-contact buitons and one selector switch. The circuit provides
under-voltage protection plus inching. The operation duty is: Start-run, inch-stop.
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MOTOR CONTROL METHODS

b CR[‘il

bilats |_ 1Ot -r-_] |
? | f
INCHING RELAY  [START INCH STOP |
- I | ] L: E* ]
\ i —.
Mt |-\ Ma & om w PUSH BUTTON STATION
|
+
3
oL oL
&
L sr_tw o L
C %er | INGH
Ma CR | STOP  O.L
4 (
HEHH T
__."_j
CR

ELEMENTARY DIAGRAM

STATOR
WINDING

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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MOTOR CONTROL METHODS

Ly Loly
STA_RT STQP
TN

s ¢
} J\Jw ST

DL,

Ly START STOP oL L

ELEMENTARY DIAGRAM

STATOR
WINDING

T2

Vlrmg Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
.age Induction Motor. The push button circuit consists of one control station
/ith two momentary-control buttons, one open and one closed with safety latch.
he circuit provides under-voltage protection. The operating duty is: Start-stop
on inch for latch).
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MOTOR CONTROL METHODS

L LoL;

. el

Ma
M - = M J .ﬁ- -—
Kl/T PUSH BUTTON STATIO!

|
|
oL %L

Ls START i

A4 STOP Oli_,
] n %
Ma

INCH

ELEMENTARY DIAGRAM

STATOR
WINDING

T2

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 of 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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MOTOR CONTROL METHODS

bilzls FORWARD REVERSE
l /" CONTACTOR /" CONTACTOR

FORWARD _REVERSE_STOP

A A
AR o e N “%“_jj“
M‘L\/C :ﬂ_ 7&’ M —\MR‘%\MR PUSH BUTTION STATION

REVERSE FORWARD

MRa  MFa
MR

ELEMENTARY DIAGRAM

STOP

STATOR
WINDING

T

MOTOR

firing Diagram of Typical Remotely Controlied Magnetically Operated Re-
wsible Squirrel-Cage Induction Motor. The push button circuit consists of one
ntrol station, with three momentary contact buttons, two open and one closed.
\e circuit provides under-voltage protection, interlocked through push buttons.
e operating duty is: Forward-reverse-stop.
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MOTOR CONTROL METHODS

Litols FORWARD __ REVERSE
/" CONTACTOR  ~ CONTACTOR

/

{I L] I //’7| FORWARD _REVERSE ST
g é P

jTeS="ii

Mr ]
N\ FPUSH BUTTON STATI

oL f.L
J

REVERSE

L

ELEMENTARY DIAGRAM

STATOR
WINDING

L

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 closes
The circuit provides under-voltage protection with electrical interlocks. Tk
operating duty is: Forward-reverse-stop.
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MOTOR CONTROL METHODS

L Lty
] START STOP LIGHT
T |
e
Mk A=Amad] " PUSH BUTTON STATION
oL oL

L. START sTOP .
2 oL )
T
v { @'_'J
g LIGHT
e
S

ELEMENTARY DIAGRAM

STATOR
WINDING

T
T2

MOTOR

Wiring Diagram of Typical Remotely Controlled Magnetically Operated Squirrel-
Cage Induction Motor. The push button circuit consists of one control station
with two momentary control buttons, one open and one closed, plus an indicating
ight showing operating position of contactor. The circuit provides under-voltage
srotection. The operation duty is: Start-stop.
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MOTOR CONTROL METHODS

LiL,oLy

-

e i

>~ PUSH BUTTON
MAGNETIC
CONTACTOR STATION

X . vemperaTURE
73-_ 7? OVERLOAD RELAY

MOTOR

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

L] L2 L3
STARTING
RESISTORG (OR REACTORS)
DN [, [, ], N—
o= [ U ey
iUUW‘—°—| &
RUNE l }_ BBy, START ge ;]Tm
oL T.C. &
3 [0 | sTop
A PUSH BUTTON
1 1| STATION
\
\magneTic /-
CONTACTORS
S TEMPERATURE
OVERLOAD RELAY
. HAND-RESET

ATOR
WINDING

MOTOR

T
T, y

Wiring Diagram of Typical Reduced Voltage, Single Speed, Non-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

(73, R

A.C.BUS

e
PUSH [ _& | CONTROL
it { STATION

=

FUSES r
' f i T 1 f CONTACTOR
P

SWITCH . L | OPERATING
coiL

. _CONTROL
“~ PANEL

=4

OVERLOAD
| RELAYS

OPERATION

L3 This starter consists of a three pole
knife switch and a three pole magnetic
ally operated contactor and two over-
load relays with a reset button.

In this system of control, the confad
will open on voltage failure and will
remain open after the voltage has
been reestablished, until the start

A.C.MOTOR button is operated.




MANUAL COMPENSATOR WITH MAGNETIC
OVERLOAD RELAYS

SOURCE
3 2 1
OVERLOAD OVERLOAD
RELAY RELAY
-

5“":"—“# B :',RUNNING
RESET E ) T TCONTACTS

¥
BUTTON b b
/V F=f-F- o f1=a| |i.oPERATING
! 1] HANDLE
/ i
OPERATING 1 + b o ,4 STARTING
oL - CONTACTS

l é CONTACTOR PANEL

]

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-
zonnected 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

- SACBUS |
7

y

,g THERMAL
% | RELAY
OPERATING l_l STOPPING

HANDLE T swiTcH

| RUNNING
{coNTACTS

OPERATING
CoIL

— !

STARTING,

CONTACTS
-

X CONTACTOR

AUTO-
TRANFORMER
Y-CONNECTED

———

OPERATION. The starting of the mntor is accomplished as follows: With the
motor_disconnected from the line the operating handle is in off position. First
step. Throw the operating handle to the start position. The motor is now con-
nected to the line at reduced voliage through *he taps of the auto-transformer.

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

A.C.BUS

REVERSE CONTACTOR

f/L

1 CONTROL
] 7Z_=‘| —|___//STATION
i | REVERSE BUTTON

4

3 , FORWARD BUTTON

_J STOP BUTTON

FORWARD
CONTACTOR

OVERLOAD
RELAYS

LUMIT .SWI FCH

g

el

A.C.MOTOR

OPERATION. [n some industrial processes it is
necessary to run the motor alternately at forward
and reverse direction. .

This is accomplished by a control arrangement
which interchanges the connection of two of the
three supply lines to the motor.

In following through the wiring method it will
be observed that when the forward button is oper-
oted the forward contactor coil will be encrgized
closing the contactor, connecting the motor to the
line. If it be desired to reverse the motor, itis nec-
essary merely to press the reverse button, which
opens the circuit of the forward contactor coil and
closes the reverse contactor at the same time inter-
changing two of the line wires. The motor is now

ronning in the reverse direction. This operating method is not common where large
motors are employed due fo 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

1
2 A.C.BUS
3
CONTROL
) _ . STATION
—
~J [START
DASH-POT 2] 1STOP
TIMER [’ ) : Lk5™
i ol ’:f CONTACTOR®1
' STARTING
RESISTORS
— Y
. !

U

é
% n THERMAL

RELAY

OPERATION. With reference to wiring diagran
this type of starter operates in the following
manner:

5 The starting current is limited by means of equa
resistances in each line wire leading to the motor
These resistances are automatically shunted ou
after the motor has gained full speed. When th
starting button is pressed the contactor #1 is ener
gized causing this contactor fo close its contacts
which connects the motor to the line through the

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'
ance 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

CONTROL STATION

~RUNNING
CONTACTS

! CONTACTOR

— | STARTING
CONTACTS

-+ AUTO-
TRANSFORMER

|- THERMAL
RELAY

TIMING RELAY

b 46 b
T T,
OPERATION. This type of contactor operates as follows: L

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 svitable tap of the auto-transformer. A circuit
which operates the timing relay is also completed closing
the contacts which connect terminals 1 and 9 and thus A.C.MOTOR
completes the holding circuit for the relay coil. S

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 CONTROI.
FOR STEEL MILL, MAIN ROLL DRIVE

|

OPERATION. The essential parts of the control for a large induction moto)
are relatively few ard 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 isclated 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 continved)
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INDUCTION MOTOR CONTROL FOR STEEL
MILL, MAIN ROLL DRIVE

he 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 pernit) are
used to short circuit successive portions of the resistance as the motor accelerates.
The energizing current is obiained from a potential transformer in the primary
circuit between the oil switch und 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-
ondary contactors also affords protection against reversing with the resistance all
cut out, since the contactors drop out as the oil switch is opened and noich again

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

A N|
A.B.BUS -
OPERAT
g LOW-SPEED
! [T CONTACTOR
K i in /rzj INTERLOCK T
{LWL Hz o9 CONTROL STATION
{ — 1 e
l_: FIJsrop
f ‘f; 1 &/ WTERLOOK
F IS5 on-seeeo
{ 1 [ fconTractor ¢
1 £ )
Im .J; SCHEMATIC CONNECTION OF
1= = | | i CONTROL ARRANGEMENT
OVERLOAD
DEVICE
o
MOTOR 2*
STATOR
CONNECTIONS
T, AAAALLL |f‘""' Tz

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 fow speed contacts are labeled “‘H’* and
“L" respectively.

With reference to the complete diagram, one button is utilized for each speed.
It 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.
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CONTROLLERS FOR A.C. MULTI-SPEED MOTOR

RELAYS

OPERATING W
COoIL

N~

A.C.BUS

LUMPER (JUMPER
A8) i CONTACTOR
A

HIGH-SPEED

== INTERLOOH

D
PR

rINTERL()..

N

ORERATING
ooIL t

T =
BT

ﬁj\;@

F 33|

y /1Ts r Ts [ 8Tm
T
M '{n T, 19 R aid A

|
CONTROL- STATION

" hﬂ

5Ta3

MOTOR STATOR CONNECTIONS

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

T1-Ta7, T2-Tag, T3-T41,
T4-T30, T5-T31, Te-T32,
600/900 a and ¢ T7-T42, T11-Tag, T12-T3s,
T14-T33, T15-T34, T16-Tzs,
T17-T43

T1-T33-T37, T2-T34-T40,
600/1200 b and o T3-T35-T41, T4-Tag,

Ts-Tg1, Te-Tz2, T7-Tzg-Ts2

;1-;37. gz-;4o. gs-$41.
600/1800 b and o 4-T30, T5-T31, Te-Tsz,

/ T7-T42, T11-T32, T12-Tag,
T13-Tap, T17-Tzg

T1-T33, T2-Tag, T3-Tas,
900/1200 b and o T12-T40, T13-T41, T14-Ts0,

T15-T31, T16-Tz2, T17-T42

T11-T33-T37, T12~T34-T4o,
900/1800 b and o T13-T35-T40, T14-T30

T15-T31, T16-T32, T17-Tzg-T42

T1-T30, T2-T31, Tz~Txp,
1200/1800 b and d T7-T37, T11-T33, T12-Tag,
T13-T35, T17-Tay

OPERATION. In the connection diagram shown on the previous page, tho
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.
120 x 60

8
Again when the high speed button is operated the low speed contacts opens
ond the delta connection is completed connecting the winding to the line through

six poles which gives a synchronous speed of 1906)(—60 or 1200 r.p.m.

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

Method of cannection to obtain 4 speeds is shown in the accompanying table.
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CURRENT D/FFER[NT/AL_]

PROTECT/ON
1
2
A-C Buscs B
——— 1
2
>
. DC Operat- To Alarm
Exciter Buses ing Buses )
+
)8 o
Fuses % _5 )
Circuit J o >4
Breaker B 2 0l P L],
- Circurt —?l { o wxifiary
Breaker - Relay
Shunt
A jammeter]
Equalizer, 1
Bus
Field
Discharge? .f-
Smuhv %1 P *I iE
! Rheostat
- Discharge Resistor, ‘
—| Shaft ' j Current-differ.
ToField? [T T T| [ential Relay
) Current
Excitar Ger\eratnr__&— ig’ U _Transformers
Auriliary Switch Open Lit—t(:
wren Oif Circuit Breaker —L
H Oil =) 1
is Open. Ci"cu;(vﬂi PI Instruments
Bmkeff and Meters

biAuxiliary Switch Closed —Lutral Bus
Wwhen Oil‘t‘rcuit Bresker =
15 Opan,

Complete diagram of connections for current differential
protection of three phase Stariconnected alternating
current generator with grounded neutral and direct
currentexciter. -

Photografic illustration of auxiliary relay and current dif-
ferential relay shown on the following page.
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TRANSFORMERS.
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BALANCED anvo OVER~
CURRENT FROTECTION | ac.Bus

1
2
R | 3
_@LD Fuse
Polarity ~— v Potertial
Marks Trans.
D.C. Operating
YBus i . -
iﬂ)se Fus 5
ol [: H
Circyit Kl ¢ircuit
8reo 1&_ i = Breoker
Trp o jogy rr-"mf
Coit coil
e s
Power -
Short Time Directions!
Over - Relay
Current, 1
Reloys b2
S =
LongTime
QOver - |
Current
Current ¢ § J || Relays :I‘f 8541\
Trons. % {1 I
ng Time
w-Curren
Relays § § H
> Polarit
g“r;';"s"" - Ho: P sv
' @. Augiliary Switch Open when
fuald ol C?rCuiz 20

Bregker is Open

Separate balanced and overcurrent pro -

tection for two paralle] Three phase incoming,
outgoing or tie lines with grounded neutral.




BELLALARM CONNECTIONS

L ocC Kelay s
- —4

Located on rrom
direvrtbreaker

)’ \\slval

SELL f

-]
_l_ = P con.
= LATTERY i
|

I

o—— o

T v T —
= ;ﬁ;r‘:’)' ?‘,:-___’.m-cr
o4 P4
( l KELAY B
l
£ pél gorm Relog B3

OPERATION ' _
cg - jux#/'ory switch closed when main breakeris

When current from fronsformer exceeds current .seﬁ‘/'zya/'
relay B/ e reloy closes 155 confgct energrrzing the
1rip col), also energrzing refay “C* which in, turn
closes fhe Batfery circurt Sendivig a current. thru the
bell giving an alarm fo 1he gpérator, notifying him
that the o/f circurt breaker isouf of service.

Nofte, that reloy C’ 1s usually hand reset; and is
reset for service by the atfendant.

l
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EMERGENCY SWITCHING METHODS

EMERGENCY FEEDER MAIN FEEDER
FROM UNFAILING SOURCE
SWITCH (Normally closed) /| JSWITCH
(hormally closed) TOMATIC SWITCHES FUSES
FUSES AV
Y ~
_ A\ 7\
7\ 7\
TO SERVICE
SWITCHBOARD
TO EMERGENCY SWITCH PANEL
TO GENERATING YO GENERATING
STATION #1 STATION ¥ 2
l/ o ) EMERGENCY SWITCHES I
gswncues (Normally closed) swncuz=
FUSES AUTOMATIC SWITCHES; FUSES
N A
7\ 7\
7\ A\
TO SERVICE 70 EMERGENCY TO SERVICE |
SWITCHBOARD SWITCH PANEL SWITCHBOARD

TO NORMAL SOURCE
EMERGENCY SWITCH
(Normally closed)

A @
SWITCH
{ { AUTOMATIC SWITCHES
FUSES N
Y
N\ -TO STANDB'

- 7N\ Tl BATTERY

[

TO SERVICE SWITCH BOARD TO EMERZEVCY SWITCH PANEL

_OPERATION: The above diagrams represent emergency switching methods gener-
ally utilized in public institutions such as HOSPITALS, SCHOOLS etc. where it is
imperative that an unfailing lighting source be avaiiable.The automatic switches
shown will automatically close themselves when the normal supply fails musingJ

the service to remain uninterrupted.

256




REMOTE CONTROL WIRING FOR OIL CIRCUIT
BREAKER (SOLENOID OPERATED TYPE)

OIL CIRCUIT
BREAKER
0
* O
I ——olol b MOTOR OR
iy _pygla GENERATOR
FEEDER r
CLOSING g —TRIP COIL
coiL I
) . SOLENOID
Norte: Auxiliary switch @ |! HOUSING
denotes switch openwhen ;l—v TERMINAL
oil circuit breaker is open. L+ BOSRD
Auxiliary swifc'h'b' closed i
when oil circuit breaker 15 ¢
open.
CONTROL RELAY I I
{1
I
l |
When this method of remote control 1sused, | !
a visual indicahon of il circunt breaker po - | |
sition 1s obtained from the lamps on the L AT
control panel. t"]
The red lamp energized indicates breaker 5 cuosing
1n closed posihon and the green lamp ener - | l
gized indicates that the ol circuit breaker
15 open T opewing
o SWITCH
The ol circuit breaker 1s convenently oper-
ated (closedor opened ) from the control switches GREEN LAMP —
located on front of the control panel.
T
OPERATING
SOURCE
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VARIOUS SWITCHING METHODS

DOUBLE

DIAGRAM OF CONNECTIONS FOR A ‘
THREE-CONDUCTOR CONVERTIBLE SYSTEM  LOAD

LOAD
FROM CENTRAL .
STATION sskwce[{ O A
3-wm|§ojvSTEM Pl ] O carrying capacity
220 V. g O BRANCH of the outside
DOUBLE THROW _ FUSES SR
SWITCH - *
o_T‘h‘Fusgs BRANCH
ISOLATED PLANT(, FUSES
GEN. 2-WIRE
SYSTEM, IOV. \"———

LOAD

§ FUSES

BRANCH

THROW SW.

=]
==

T FUSES

SOURCE{

CONNECTIONS FOR UTILIZING EITHER
OF TWO FEEDERS ALTERNATELY

FUSES AND
STARTING DEVICE

MOTOR

FUSES

DOUBLE
THROW-
SOURCE { SWITCH

LOAD

BRANCH
O FUSES
3]

LOAD

Q0Q

BRANCH
¢ 3 FUSES
Y

(=

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

DISCONNECTING METHOD FOR SMALL | DISCONNECTING METHOD FOR

STATIONARY MOTOR

r s

/
SOURCE

FUSES

7 switcH

MOTOR !

STATIONARY MOTOR

i

SOURCE

FUSES

rpilsn
! | CONNECTING
44k SWITCH
CONTROLLERGMOTOR L |
RUNNING PROTECTIVE =]
DEVICE T

MOTOR @ |

DISCONNECTING ME THOD FOR SMALL
PORTABLE MOTOR
f—

SOURCE UUSES

¢ 9 CONNECTOR

CONTROLLER & MOTOR
RUNNING PROTECTIVE
DEVICE

|

AIR CIRCUIT BREAKER DISCONNECTING
METHOD INCLUDING OVERLOAD DEVICE

—~==>SQURCE

FUSES

AIR CIRCUIT
BREAKER

OVER~CURRENT
TRIP COILS

?

DISCONNECTING METHOD FOR A-C-MOTOR
INCLUDING OVERCURRENT TRIP COILS

P |
SOURCE =—%- —g
FUSES

OIL CIRCUIT
BREAKER

CURRENT
TRANSFORMERS

SHUNTING QUT METHOD OF PROTECTIVE
DEVICE DURING STARTING PERIOD

OURCE

!

FUSCS

HEAVY DUTY
FUSES
&
DOUBLE THROW STARTING MOTOR
AND RUNNING SWITCH {{ Il RUNNING

NOTE: LoweR PARY
OF SWITCH ENGAGED
DURING STARTING
PERIOD ONLY

MOTOR @

| —
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POWER DISTRIBUTION AND WIRING
METHODS

o SINGLE FEEDER
———]| l“
FUSES ‘Jr‘ SWITCHES
CONTROL aoxs_ﬁ
MAIN AND
FEEDER PROTECTIVE DEVICES
TO MOTOR TO MOTOR
KoTER MULTIPLE FEEDER
e —— ~
FUSES l anmcn FUSES _—9 §
SWITCHES —pm-. G
F'g;gg a CONTROL BOXES .Ed
PROTECTIVE DEVICES
T0 MOTOR To MOTOR
c(—.
MOTOR
LOOP FEEDER
0 ’/—
| co—— v + 11‘1
FUsES a SWITCHES
R
MAIN CONT 2};20":’“
FEEDER PROTECTIVE DEVICES 0 MoTOR TO MOTOR

MOTOR

===

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
sirictly 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

MOTOR
SWITCH
(wirwin siGuT oF moror)
UPPER FLOOR et
W W W Wk W Y S NSNS S AN AN S MRS |
—I- SOURCE
L1
| CONTROLLER
J switew SWITCH
LOWER FLOOR 7
 yaw 4 L L s 22 Z Z Z vt dcddr dli LL 7 4 L)
MOTOR

[ SNAP swiTCH
;{ (WITHIN SIGHT OF MoToR) @
UPPER FLOOR 7

T T T2 77 7T T Z Ll Bendonbnde B Lllenilsloalot i fonid s

MOTOR ey
SOURCE
SWITCH ] MAGNETIC
CONTROLLER
NOTE: SNAP SWITCH MUST BE
CLOSED BEFORE MOTOR CAN
BE STARTED.
LOWER FLOOR 3
= 3 NS SN )

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

| .
(et (=] ]
(fss (g |

A.C.BUS ELEMENTS
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.

£

1 1
SWITCHES?, ) L1l lj ’
Fusssb | ((') @ (3) { | @)
MAIN { < HEATING i
SWITCH ( | FELEMENTS '
3 1. ? "
DISTRIBUTION SYSTEM é

= SWITCHING METHODS FOR
& ELECTRIC HEATING RANGE

When an electric heating range be connected as shown, the heat l
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 (1)or (2) for
HIGH HEAT and as in (3)and (4) for medium and low heat re-

spectively.
_
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DIAGRAM OF CONNECTION FOR
ELECTRIC RANGE

1
2 A.C.BUS

N'/TERMINALS HEATING PLATE

| oven |

<]
| g
-
. ' g
[
(&)
IHEATING o s
ELEMENT 5 o
== 0 Oy I =
' wow g
I S
| :‘S; %
- I\ ' wg | &
| o &
TIN Mol === . 3
RECEPTACLE
| OUTLET
( &
FUSE
)

TIMER RECEPTACLE

In a standard type of electric ranrge 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 o supply the range
at its rated wattage without overhecting. Generally for a range rated at 7500
watls #8 wire is required.
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SWITCHING PANELS AND FEEDER
DISTRIBUTION METHODS

INCOMING LINE

a

—CABINET

&)

Bk

CABLE
;

—HEREEE o
BRANCH | | : | BRrANCH
EEEPER |1 — = BT —FEEDER
[ TERMINAL
G::>J|°E§% :ﬁg O, 4 T S, o () S e |
FUSE ('COPPER BAR
BRANCH FEEDER CABINET #1
PANEL ,/CANNET
BOARD
LOCK NUT FEEDER
CONDUIT 19 1% // TAP
BUSHING)
OUTGOING INCOMING
LINE LINE

PANEL BOARD

SWITCH

+FUSE

BRANCH FEEDER CABINET #2

BRANCH FEEDER

CABINET #3
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992

HIGH TENSION LINES

u

L

GROUND!—“
" une |

2400 V>

WWWW

MWW

1 TRANSFORMER

"

115~

=115

J \ -/TRANSFORMER GROUND

+—VOLTS

*—230—= VOLTS

WATTHOU
©  METER

3-Wire

Schematic wiring diagram showing typical feeder layout and watthour meter connections for a single

phase three wire 115/220 volt a.c. system.
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Automatic Electric Water Heaters

FEEDER
HOUSE
METER | KWH
HOUSE FEEDER 115/230 VOLTS it
TIME WATER
CONTROLLED HEATER
TERMINAL SWITCH METER
B_OX_ [ 1
[ — J
1] o
[ -_.f.:
nsv.—~4J
e
230V,

HEATING
UNIT

r=1
4
b e
SINGLE - THROW
THERMOSTAT
WATER
HEATER

Wiring diagram for limited demand setvice on o 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 heating unit, at specified tempera-
tures according to its setting. The time controlled switch will determine the
hours of the day when the circuit will be opened or closed, thus preventing
unlimited use of hot water during the hours of greatest power load.
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Automatic Electric Water Heaters

FEEDER
HOUSE (L1
METER |\ KWH
HOUSE FEEDER 115/230 VOLTS '-j ﬁ
TIME \WATER
CONTROLLED KWH ) HEATER
SWITCH METER
. g ¥
TERBWNALE 1
[0 It
{4 P
15v. 4.
p=rt
230V,

UPPER
o HEATING
[ UNIT
T

DOUBLE - THROW
THERMOSTAT

LOWER
HEATING
UNIT

WATER
HEATER

SINGLE - THROW| 7=
THERMOSTAT

Wiring diagram for 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

£Br F? P3 py
) ©0 &%
B¢ 057
L]
| B Oy
O
§/a
Fr I s
e r(}d 2 f:g'

L’-—————'

Lz %
Marge
ﬂz@ A/

C

LA
V-4

S F

Typicai wiring diagram showing connection of a compound-wound motor to its face
plate starter. For shunt-wound motors the series field coil 1s omitted. Thls starter is
used for starttng duty only.
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CONNECTION DIAGRAMS FOR D.C.
COMPOUND-WOUND MOTORS

STARTING RES
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R2 R1 RS Ra R3 R0 o0
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r 0 £55
o] é |
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TR el
| |
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Vo a !
* i i #.-._..
R ¢ Q.L.?-. e
- 3
Note: 275
When used on
g MoToR. volts or overtye-
move connection
o @ A2 | ‘from L2 to hold-
e U ing coil’and make
o conn, shown dot-
L2 1 S2 AMAAS ted.
wy *® ) .
SHF, Connections shown
To D.C. r £l in dot dash*—-="
Supply are on rear of
. panel.

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 starting and speed regulating duty by field control only.
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CONNECTION DIAGRAMS FOR D.C.
COMPOUND-WOUND MOTORS

: [

L2

1r70T70L

SECF

£

2 " ope

o —

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 for
speed regulating duty—&§0% speed reduction by armature control.
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CONNECTION DIAGRAMS FOR D.C.
COMPOUND-WOUND MOTORS

/|
Hold.Coi/

700-C |LL]
SU/Jp/y{LZ —

Motor
A2 VA

AN

Typical wiring diagran. 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 regulatir.g duty—50% speed reduction by armature control and 25% increase by field
control. - .
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READ AUDELS MECHANICS GUIDES

A BRIEF SUMMARY OF CONTENTS

(] AUDELS PAINTING & DZCORATING MANUAL. . ... .34

JUST OFF THE PRESS. A RELIABLE GUiut FOR PAINTE

CONTRACTORS. HOME OWNERS, AND ALL PAINT USERS. P, MOURNEYIVY SR
The hook is divided into two sections. Section I, contains information on: basic tools and equip-
ment; selection of proper p?l[lt;. puide to color; techniques of applying paint with brush, roller and
spray gun; wood and floor finishings. Section Il, provides information ahbout cost estima'te; glossary

of painting terms; paint chemistry; a review of the necessary mathemati i i
e ainsss. ry mathematics and information about

585 pages; profusely illustrated.

(] AUDELS GAS ENGINE MANUAL.............. %4

An up-to-date practical book covering the construction, operation and repairs on all types of modern
gas engines. Part |, covers gas engine principles; two and four-stroke cycle engines; engine parts;

auxiliaries; timing methods; ignition systems, Part Il, co ing; ici i
oAl Lk B , covers trouble shooting; servicing and repairs.

[] Audels REFRIGERATION & Air Conditioning Guide 6

4 Books in One; covering basic principles, servicing, operation, repair of:—1. Household Refrigeration.
2. Special Refrigeration Units. 3. Commercial and Industrial Refrigeration. 4. Air Conditioning Systems. A
gold mine of essential important facts for Engineers, Servicemen and Users.

A Good Book is a Good Friendl Here you have at your fingers' ends a Completo Library in ONE VOLUME,
the necessary data you have been looking for on: MODERN UNITS, SYSTEMS & MACHINES, REFRIGER-
ANTS including Freon, Quick Freezing, Lockers, Water Coolers & Air Conditioning Systems.

1360 Pages, 46 Chapters all Fully ustrated & Indexed for Roady Reference with Answers to Your Questions.

[ AUDELS WATER SUPPLY & SEWAGE DISPOSAL GUIDE 54

Just off the Press. A practical fully illustrated book giving detailed data on every phase of rural water supply,
septic tank and sewage systems. A MUST BOOK for plumbers, well drillers, home owners and farmers located
outside of Municipal water and sanitary service areas. CONTAINS PRACTICAL INFORMATION ON:
How to locate and build wells—water pumps and pumping systems-— pump controls—pressure tanks—
hydraulic rams—water tr t hods—how to calculate pumping systemns ge di hod!
septic tank layouts—drainage systems-—drainage pumps—water heaters, gas and electric—instatiation
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 de_ﬁned and _prqfusely illustrated. Its vast scope—from simple picture-taking techniques 1o
e'lementary developing and printing, from lens optics to photo chemistry, from principles of photo posi
tion to techniques of working with color—-an informative volume for all interested in photography. 416 pages.

[] AUDELS OIL BURNER GUIDE . ...........$2.50

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.

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 theor{, 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 engi rings—connecting rods—crank
shafts—valves—valve gear—cams—timing—cooling systems—fue! feed systems—mixture—carburetors—
automatic choke—superchargers—transmissions—clutches—universals, propeller shafis—differentials—rear
axles—running gear—brakes—wheel alignment—knee action—steering gear—tires—Ilubrication—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.......... S5

A Shop Companion for Truck Mechanics & Drivers—Shop Foremen—Garagemen—Maintenance Mon—
Helpers—Owners—Trouble Shooters—Fleet Mai Men—Bus Mechanics & Drivers—Farm Tractor
Operators & Mechanics—Coveringr Gas & Diesel Motor Principl Construction—Operati Mai
—Repair—Service Operations—Trouble Shooting—Engine Tune Up—Carburetor Adjustiny —lgnition
Tuning—Brakes—Service of all Parts-1376 Pages. 78 PRACTICAL FULLY ILLUSTRATED CHAPTERS—
INDEXED—1001 FACTS AT YOUR FINGER ENDS.

(] RUDELS DIESEL ENGINE MANUAL. ..........$3

A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY, PRAC-
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES,

640 pages, fully ilustrated. Explains Diese! principles—starting—starting valves—fuel spray valves—valves
—timing—fuel pumps—fuel injection compressors—starting air compressors—scavenging air compressors
—Dpistons and piston rings—cylinders—lubrication—cooling systems—fuel oil—engine indicator—governors
—engine reversing—semi-Diese! engines—high speed Diesel engi answers on operation—calculations,
including two-cycle Diesel engines.

THIS BOOK IS OF EXTREME VALUE TO ENGINEERS, OPERATORS, STUDENTS.

:

C] AUDELS WELDERS GUIDE . . ..............$3

A CONCISE, PRACTICAL TEXT ON OPERATION AND MAINTENANCE OF ALL WELDING
MACHINES, FOR ALL MECHANICS,

608 pages, fully illustrated 5x 64 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.

CJ 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, T icians and Stud With the revolutionary progress
being made today in all mechanical fields, new words and phrases come into use. Any mochanic who wants
to be up to date must know this new trade language. Audels 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 gi *s shop ion 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 paxes. packed with s::alxl:l-by-step plans,
Iphabetized h y

really

, thousands of photos, helpful charts, Futly indexed and
|, 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 Dormer Kitchen layouts Plywood
Aluminum Dry rot porary app Polishing buffs and
Anatomy for building Electrical hazards modernizing ideas compounds
Asphalt tiles Electric wiring storage cabinets Pools
Attics Finishing wood floors Lacquer finish Radiator covers
Basements Fire hazards Lawn grass guide Room dividers
Book rack Firebrick Lawn mower Safety checklist
Breakfast nook Fireplaces Lighting fixtures Sanding old floors
Built-ins Flagstone tiles Locks Screens
Bunk beds Floor repairs Lumber Shellac finish
Ceilings Foundation drainage Magnetic circuit breaker Spray painting
Cement Furniture finishing Marble tile Stain finishes
Ceramic repairs Masonry Stairs
Closet Garden concrete blocks Miter joint Sticking drawers
Concrete Glass cutting Mortar Storm door
Concrete patching Glazing windows Paint Termite

and repair Guide to painting Painting Upholstering
Copper tubing High Fidelity Pickled pine finish Varnish finish
Cork, floors and walls House, structural parts Pipes Wallpapering
Cornice, window Insulation Plastic tile Wood floors
Doors Jalousie Plumbing Work bench

AND THOUSANDS OF OTHER IMPORTANT SUBJECTS

[] AUDELS HOME APPLIANCE SERVICE GUIDE . . .. $6

864 Pages—500 1llustrations « 1001 Facts. A PRACTICAL “HOW TO DO IT" BOOK.

For Practical Electric & Gas Servicemen, Mechanics & Dealers, Covers Principles, Servicing & Repairing
of Home Appliances. Teils How to Locate Troubles. Make Repairs, Reassemble & Connect. 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. . ... 35

A COMPLETE STEAM ENGINEERS LIBRARY IN ONE BOOK WITH QUESTIONS & ANSWERS.
1568 Pages, over 1700 clear, expertly drawn lllustrations, 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 Calculati Boiler A ies; Feed Pumps; Feed Water Heaters; Economizers;
Feed Water Treatment and Deaeration; Injectors; Safcty 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 lllustrated Chapters—ALL FULLY INDEXED FOR READY REFERENCE.

[J 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 ne-y
concise review explaining in detail the Principles, Facts & Figures of Practical Engineering. 544 Pages & 435
Utustrations of Questions & Answers, fully indexed for ready reference. Pocket size.



(] AUDELS SHEET METAL PATTERN LAYOUTS .. $7.50

10 Sections, 1152 pages, 350 layonts, 1600 illustrations.

A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OF SHEET METAL WORK
INCLUDING PATTERN CUTTING, PATTERN DEVELOPMENT AND SHOP PROCEDURE.

10 Big Sections Covering: Heating & Air Conditioning Duct Patterns—Special Sheet Metal Layouts—Lay-
outs for various sheet metal shapes—Conductors, Leaders and Leader Head Layouts—Gutters and Roof
Outlet Layouts—Sheet Metal Roofing Patterns—Skylights and Louvers Pattern Layouts—Cornice Pattern
Layouts—Sheet Metal Boat Patterns—Geometrical Problems, Mensuration and Sheet Metal Mathematics.
Developed by experts for Sheet Metal Workers—Layout men—Mechanics and Artisans, Apprentices and
Students. A MASTER BOOK FOR ALL THE SHEET METAL TRADES.

(] AUDELS SHEET METAL WORKERS HANDY BOOK $2.50

Containing practical inside information, essential and important facts and fgures. Easy to understand. Fun-
damentals of sheet metal layout work. Clearly written in everyday language covering: Aircraft sheet metal
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, geometrical
problems, mensuration. FULLY ILLUSTRATED. READY REFERENCE INDEX.

448 PAGES—HANDY SIZE,

[J 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 shop practice,
laying out sheets and lettering, important rules for working drawings, three views and isometric simple models,
joints and carpentry work, machine drawing, projections, sections, intersections, warped surfaces, method
of plan of elevation, method of ishing point, shades and shadows, points, lines and planes, prisms and
vyramids, spheres, screw surfaces, shadow perspective. How to use the slide rule,

(] ROGERS DRAWING AND DESIGN............ 53

MECHANICAL DRAWING SELF TAUGHT.

410 pages, 600 illustrations (many full page drawings), flat-opening,

A standard work, with all details so clearly lained that this valuabl training Is sasily obtained without
an instructor, Covers terms and definitions, how to use drawing board—instruments, T square, triangles, how
to do lettering, shade and section lining, ical drawing, devel of surfaces and isometric, cabinet
and orthographic projections, working drawings, explains how to do tracin% and make blue prints, how to
read prints, machine design. How to use the slide rule, A STANDARD STUDY TEXT FOR DRAFTING

[J AUDELS MILLWRIGHTS & MECHANICS GUIDE . . . $5

PRACTIGAL INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE.
1248 pages, completely illustrated, 5 x 6% x 2, flexible covers, fully indexed. 1000 facts at your fingertips,

For millwrights, hanics, erecting t men, riggers, shopmen, service men, foremen, inspectors,
iuperintﬁndents.

2: millwrights andtm.echanlcs tools and their use—3: building

8 | power tr
and construction work—4: plant operation and mai 5: of electrical

an
machinery—8: practical calculation and technical data—how to read blue prints,

(] AUDELS PUMPS, HYDRAULICS comra'isons . . . . $6

A COMPREHENSIVE GUIDE FOR ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH
QUESTIONS AND ANSWERS.

1248 Pages—3 Books in one—fully illustrated. Practical information coverin 8

PUMPS: Centrifugal—Rotary— eciprocating  Pumps—Air and Vacuum ghambers—Power & Air Pumps
—Jet Condensers—Surface Condensers—caleulations. Cooling Ponds—Cooling Towers—Water Supply—
Hydraulic Rams—Special Service Pumps—Automotive Fire Pumps—Dredges.

HYDRAULICS: Physics—Drives—Machine Tool Power—Accumulators—Elevators—Airplane Gontrol—
Automobile Brakes—Shock Absorbers—Presses— Turbines.

AIR COMPRES.SIO#: _Compression—Work—Compressor Classification—Parts, Types—inter and After

Cooters—Regulating Lubrication—Operation Blowers—Superchargers
~—Pneumatic Hand Tools—A Ready Reference.




(] 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 rales
and calculations, for figuring mechanical and electrical engineering probl Th of

calculations and tables, fulty indexed for quick use.

Practical mathematics from the beginning. How to figure correctly. New, easy, correct methods covering 1
complete review of practical arithmetic. lilustrated with les. Includes ation—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 ......................9%

COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE.
Te‘lls 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 612 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, BUILOERS, 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--8uilders mathematics, drawing plans, specifications, estimates—455 pages.

Vol. 3-—House and roof framing, laying out, foundations—255 paues.

Vol. 4—Doors, windows, stalr building. millwork, painting—448 p.

4VOL. 16000 PAGES, 3700 ILLUSTRATIONS. §9.00. EACH VOLUME 'POCKET SIZE. SOLD SEPARATELY
$2.50 A Vi

(] 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.

laining in plain fanguage and by clear illustrations, dlagrams. charts, graphs and pictures the principley
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
$250 A VOL.

[] AUDELS MASONS & BUILDERS GUIDES

A PRACTICAL !LLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK-
LAYERS STONE MASONS—~CEMENT WORKERS—PLASTERERS AND TILE SETTERS.

ing 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 p.
4 VOLS.— (1)100 PAGES—2067 ILLUSTRATIONS—COMPLETE SET, $9 00 EACH VOL. (POCKET SIZE)
$2.50 A VOL




(7 AUDELS HOUSE HEATING GUIDE ........... 55

For Heating, Ventilating and Air Conditioning Engi 8, Plumbers, Mai Men, Contractors, Building
Superintendents and Mechanics seeking practical hentic information on Heating, Ventilating, Air Con-
ditioning. 966 Pages—910 Iilustrations—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 .......... 35

Covers the construction, hook-ups, control, maintenance and trouble shooting of all types of motors including

%malure winding. Explains entire subject in every detail. A Handy Guide for Electricians and all Electrical
orkers.

Over 1000 Pages of Information—31 Instructive, Interesting Chapters—817 Diagrams, hook-ups and draw-

ings. AUl types of motors fully iilustrated and indexed for ready reference.

(J 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 844.

Features: Radio fundamentals and Ohm's Law—physics of sound as related to radio science—electrical

measuring instruments—power supply units—resistors, indi s an d s—radio transformers

and examples on their desig breadcasting { principles of radio telephony—vacuum tubes—

radio receivers—radio circuit diagrams—receiver construction—radio control systems—loud speakers—
yst y (automobile)—phonograph pickups—public address systems—aircraft

radio—marine radio i the radio and principle of operation—radio beacons—automatic

radio alarms—short wave radio—coil calculations—radio tcsting—cathode ray osciliographs—static elimi-

nation and radio trouble pointers—underwriter's standards—units and tables.

AUTHENTIC CLEAR CONCISE.

(7 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 cavering 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 Acrials—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 iltustrations.

A quick, simplified, ready reference book, giving complete instruction and practical information on the rules
ond laws of electricity—maintenance of eiectrical machinery— A.C. and D.C. motors—wiring diagrams—
house lighting-—power wiring—meter and instrument connections—bells and signal wiring—motor wiring
—transformer i fractional horsep: motors—circuit breakers—relay protection—switchgears
—power stati ic substati

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY.

(] AUDELS WIRING DIRGRAMS FOR
LIGHT & POWER. .................. %250

Etectricians, wiremen, li plant superi d 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.

T 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, ph [} tubes, the oscillator, etectron tubes, elec-
trors versus atoms, Ohm's Law, wiring diagrams. 304 pages.
A PRACTICAL BOOK ON ELECTRONICS.




(1 AUBELS NEW ELECTRIC LIBRARY . . .. $2.50 a vol.

FOR ENGINEER, ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS.
Pr ing in simpl ise form the fundamental principles, rules and applications of applied electricity.
Fully illustrated with diagrams & sketches, also calculations & tables for ready referonce. 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, gneti armature winding, repairs—700 illustrations—
480 pages.

Vol. 2—Dynamos, D.C. motors, construction, i llation, mai trouble shooting—573 illustrations
418 pages.

Vol. 3—Elecg;czal testing instruments and tests, storage battery construction and repairs—831 itlustrations
—472 pages.

Vol. 4—Alternating current principles and diagrams, power factor, alternators, transformers—=801 ilius-
trations—484 pages.

Vol. 5—A.C. motors, windings, r ing int converters, switches, fuses, circuit breakers—
1489 iliustrations—498 pages.

Vol. 8—Relays, condensers, regulators, rectifiers, meters, switchboards, power station practice—689 illus-
trations—548 pages.

Vol. 7—Wiring—house, light and power, circuits, high ion tr ission, plans, calculati cods, marine
wiring practice—1218 illustrations—728 pages.
Vol. 8—Railways, signals, clevators, —1078 illustrations—

Vol. 9—Radio, telephone, telegraph, television, motion pictures—783 iltustrations—576 pages.

Vol. IO—Refrisgeration, illumination, welding, x-ray, modern electrical appliances, index—1084 illustrations
—&874 pages.

COMPLETE SET $22.50

[J 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, alphabstical 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 Elgctric Dictionary enables
ou to understand and explain electrical problems so your hearer will thoroughly understand you.
efines more than 9000 words, terms and phrases in plain and istakable 9 piled 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 Nationai Electrical Code, Questions and Answers for Liconse Tests; Ohm's Law: with applied
Examples; Hook-ups for Motors; Lighting and Instruments; 272 Pages. Fully Indexed and lilustrated. Pocket
Size. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS.



MAIL ORDER

THEO.AUDEL&CO.,49W.23St.,NewYork10,N.Y.
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