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SYNCHRONOUS-MOTOR CONTROL

WITH SLIP-CYCLE IMPEDANCE RELAY
AND

CR7069-B1B

GENERAL

Synchronous-motor controllers for aparticu-
lar motor rating can be operated magnetically or
semi-magnetically by any one of five most com-
mon starting methods, the use of each depending
on the requirements of the given installation.
These starting methods and the controller no-
menclature of the General Electric Company are
classified as follows:

S
SEMI-
METHOD MAGNETIC* MAGNETICt

Full voltage CR7065 CR7066
Reduced voltage CR7061 CR7062

(autotransformer)
Reduced voitage CR7063

(resistor)
Reduced voltage CR7073

(reactor)
Part-winding CR70867

* Magnetic control of a-c power with automatic
field control.

¥ Manual control of a-c power with automatic
field control.

For any of the above General Electric start-
ing methods employed to apply a-c power to the
motor stator, a reliable and an accurate means
to control the application and removal of field
-~excitation is provided by use of the slip-cycle
impedance relay.

The system of fieldcontrol, as included here-
in, provides the following features:

1. Accurate speed selection

2. Favorable angle selection

3. Simple adjustment

4, Prompt pull-out(field removal)protection

In conjunction with the automatic field control,
complete motor protection is provided whichcon-
sists of the following:

1. Motor shutdown (or field removal for re-

FIELD PANEL

synchronizing as required) immediately after
pull-out

2. Temperature overload relays (hand-reset)
for individual protection of stator and squirrel-
cage windings. (Because of the widely different
heating characteristics of these windings, indi-
vidual protection assures that full use is made
of the thermal-storage ability of the motor under
all conditions.)

INSTALLATION

Installation of this equipment requires that
the controller be mounted rigidly in the vertical
position. Then REMOVE all packing, bracing,
or blocking from all contacts on each device,
which 1s for transit purposes only. OPERATE
each movable contact device manually to assure
free movement and full-contact action, and RE -
MOVE all traces of any foreign matter from all
contact surfaces.

Where such oil-immersed devices as con-
tactors, oil-circuit breakers, or oil dashpots
(undervoltage or current trip coils) are em-
ployed, remove each oil tank or container and
fill to the indicator level with the oil supplied
with the controller. It is to be noted that no oil
substitutions should be made without first con-
sulting the nearest General Electric Sales Of-
fice.

Inspectall wiring andsee that the connections
are clean and tight, and that there are adequate
clearances for all devices.

All external wiring from the controller must
be madeinstrict accordance with the main con-
nection diagram supplied with the controller
(refer to PURCHASER’S NOTES listed on the
main connection diagram).

Any separate switching means for reversing
the direction of motor rotation mustbe connected
in the circuit between the controller and motor

These nstructions do not purport to cover all details or variations 1n equipment nor to provide for every possible
contingency to be met tn connection with 1nstallation, operation or maintenance. Should further information be de-
sired or should particular problems arise which are not covered suffictently for the purehaser’s purposes, the matter

should be referred to the General Electric Company
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tor correct functioning of the field control relay
(FR).

As indicated on the main connection diagram
supplied with the controller, inspect thewiring
todetermine definitely that the starting and field-
discharge resistor circuit is connected, in paral-
lel with the motor field, through the discharge
(closed) contact of the field-applying contactor
(F) and the squirrel-cage protective relay(SCR).

DO NOT APPLY power to thecontroller or
motor until the instructions under ‘‘Operation
and Adjustment’’ have been studied.

OPERATION

For information concerning the operational
sequence of the a-c power switching to the motor
windings for the particular type of controller in-
volved, reference should be made to the main
connectiondiagram supplied with the controller.

A-C POWER SWITCHING TO THE MOTOR
Magnetic Full-voltage Starting

Pressing the START button will cause the
main line contactor or breaker to close and full
voltage to be applied to the motor terminals.

Magnetic Reduced Voltage

Pressing the START button will causethe
starting contactor or breaker to close and re-
duced voltage to be applied to the motor termi-
nals. After a predetermined time interval, an
adjustable-time transfer relay will operate to
reconnect the motor from the starting connection
to the running- or full-voltage connection. The
time setting of the transfer relay should be set
for the average maximum time required for the
motor to reach maximum speed under operating
conditions. Aninitial trial start should be made,
using a temporary maximum time setting of the
transfer relay to determine the interval required.
The most economical practice is to use the high-
est voltage tap and the shortestaccelerating time
consistent with the limitations imposed by the
line, the load, or the motor.

Magnetic Part-winding Starting

The sequence of operation of the a-c power
switching for part-winding is equivalent to para-
graph 1 (b), when a portion of the motor winding
is first connected to the power source. After a
predetermined time interval, a second portion
of the motor winding is connected in parallel
with the first portion; or, in effect, normal or

full voltage isapplied to all windings of the motor.
Semimagnetic Starting

Tnis method of starting is similar to mag-
netic starting, except that manual operation of
the a-c power switching devices is required,

OVERLOAD PROTECTION

When the motor 1s operating in synchronism,
the squirrel-cage winding will not overheat, and
under such conditions adequate protection tothe
entire motoris provided by the stator tempera-
ture overload relay.

If, however, the motor is pulled out of syn-
chronism, or if the starting period is unusually
long or frequent, the squirrel-cage winding, being
designed for normal starting duty only, will
almostinvariablyreach a dangerous temperature
more quickly than the stator winding. Since the
stator temperature overload relay follows the
heating curve of the stator winding, it cannot
also be made toprotect the squirrel-cage wind-
ing adequately and, at the same time, always
prevent the motor from being shut down unnec-
essarily or prematurely.

In order to prevent unnecessary shutdown,
andat the same time provide adequate protection
to the squirrel-cage winding, all General Elec-
tric controllers are equipped with a temperature
squirrel-cage protective relay. This relay is
independent of the stator temperature overload
relay, and, therefore, permits the design of the
controller to be such that both the stator andthe
squirrel-cage windings are fully protected at no
sacrifice of motor performance.

In detail, the temperature squirrel-cage pro-
tective relay consists of a single-heater element
connectedin the field discharge circuit inparal-
lel with a small reactor. Whenever the motor is
running out of synchronism, induced field cur-
rent flows through the relay heater andreactor.
Near synchronism, the slip frequency is low;
therefore, the impedance of the reactor isalso
low. As a result, only a small portion of the
total current passes through the relay heater,
On the other hand, when the motor is near stand-
still, the slip frequency and the impedance of the
reactor are high, so that most of the current
passes through the relay heater. Thus, the divi-
sion of current between the relay heater and the
reactor depends upon the slip frequency, which
in turn, is inversely proportional to the motor
speed. Since the squirrel cage also heats more



rapidly near standstill and less rapidly near
synchronism, the relay heater and reactor can
be proportioned to follow accurately the heating
curve of the squirrel-cage winding. On all con-
trollers, the relay heater and reactor of the
squirrel-cage protective relay are designed
specifically to suit the motor with which they are
used.

THE FIELD CONTROL RELAY

The CR2820-1745C slip-cycle impedance re-
lay is used automatically to apply and remove
field excitation of a synchronous motor. In order
for the machine to exert its maximum pull-in
torque without torque surges and to reduce line
current pulsations, itisnecessary that excitation
be appliedat the correct speedand ata favorable
angle for synchronizing. Likewise, when the
machine pulls out of step because of abnormal
operating conditions, it is highly essential that
excitation be removed as rapidly as possible.
Both of these functions are performed by use of
the slip-cycle impedance relay.

Construction

The CR2820-1745C relayisan
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core, the cylindrical portion of the cup-like rotor
turns freely.

Synchronous-motor Control

Operation
Field Application

The reaction between the potential coils
(A) and the potential coils (B) causes a torque
in the direction that closes the field-applying
contacts (C1) of the relay. The torque produced
by the reaction between potential coils (A) and
current coils (C) will be in a direction to open
these field-applying contacts.

The phase relation between the current and
potential, together with the magmtudes of curreat
and potential, determine whether the field-apply-
ing contact is open or closed. The capacitor in
series with the coils (B) is for the purpose of
obtaining an internal phase angle to produce
torque from the potential-potential combination.

The current coils (C) carrya current which
is proportional to the current drawn by the motor,

PHASE
SEQUENCE
|

induction cylinder type. The prin- L

ciple onwhich torque is developed 2

oA A A
VA
""cT

- \

is the same as that employed in an
induction disk relay with a watt-

hour meter element, although in 3
arrangement of parts, therelay is  SOURCE
more like a split-phase induction
motor. Therelay(seeFig.9)con-
sists of a shaft upon which is
mounteda cup-type aluminum ro-
tor operating in the air gap of a

POLARITY M & CONTROL

L VVAVVAAAMY
MARKS TRANSFORMER
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INTERLOCKS ON
FIELD
CONTACTOR

FIELD-OFF
POSITION)

magnetic structure which carries
the operafing coils. A setof mov-
able tips mounted on an armat-
tached to the shaft operates be-
tween two stationary tips mounted RAISE
on the molded frame. The relay 2
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is mounted ona molded base. The
|

central magnetic core whichis | =N |
1

element, together withauxiliaries,
—
arrangedsymmetrically arounda a:"br A% . 1
]
c
sets of potential coils and one set

stator has eight laminated mag-

fixed to the stator frame. The Ae TET
|ir%——‘__l
RELAY | COILS

of current coils as indicated in
Fig. 1. Inthe annular air gapbe-
tween the poles and the central

netic poles projecting inward and
poles are fitted with two separate
Fig. 1.

e REsceH

Wiring diagram showing the internal connections
of the CR2820-1745C slip-cycle impedance relay
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while the potential coils (A) and (B) carry cur-
rents proportional to the line voltage. Thus, the
resulting torque produced on the movable element
of the relay isafunction of the impedance (mag-
nitude and phase angle) of the motor to which it
is connected. A slip cycle on the motor repre-
sents two pole pitches,and twice during each slip
cycle the reluctance of the magnetic circuitat
any given point between motor stator and rotor
1s changed by the passage of a salient pole. For
this reason, it will be seen that as synchronous
speed is approached, the resultant relay torque
undergoes a succession of réversals, the fre-
quency of which depends on the shp of the motor
rotor. These reversals alternately open and
close contacts (C1) as shown in Fig. 5. As ac-
celeration continues, contacts (C1) remain closed
for longer and longer periods of time. When
this time interval increases to a predetermined
value (as measuredby a timing means associated
with the field contactor described under ‘‘Field
Application’’), field excitation can be applied at
the desired slip frequency. To permit some ad-
justment for varying conditions, it is necessary
only to adjust the time during which the relay
operating torque predomnates the restraining
torque; in other words, the time during which
contacts (C1) remain closed for any given motor
speed. This is accomplished by means of the

speed-ad)usting rheostat which changes the volt-

age applied to the potential coils (B) of therelay.

The following diagram, Fig. 2, illustrates
graphically the relay-contact actionpreviously
described. In this diagram the complete circle
represents one slip cycle, during which time the
shaded portions represent that period in which
therelay contacts for field applicationare closed.

Fig. 2
Relay-contact=p
action

Slip cycle

AW

The size of the segment indicating the closed
contact position is adjustable by means of the
speed-adjusting rheostat. With this potentiom-
eter setinthe extreme RAISE direction, the s1ze
of the segment is a minimum, as indicated by
‘‘A,”" which means that the machine mustattain a

higher speed before field-applying action is at-
tempted With the potentiometer set in the ex-
treme LOWER position, field-applying action is
begun at a lower speed, since contacts (C1) are
closed for a longer period, as indicated by “B."’

Field Removal

The relay is designed to have two differ-
ent characteristics; one for field application, the
other for field removal. The change from one
characteristic to the other is accomplished by
means of interlocks on the field contactor. The
angular position of the field-application charac-
teristic is determined by the resistor-capacitor
combination in series with coils(A), as indicated
in Fig.1. Short-circuiting this resistor-capaci-
tor combination will shift therelay characteris-
tic from field applying to field removal. The
location of the field-removal characteristic with
respect to the origin is dependent upon the same
potentiometer used to control the field-applica-
tion characteristic, and upon resistor (E) in
Fig. 1.

When operating on the field-removal char-
acteristic, the torque acting on the relay is in
the directiontokeep contacts (C1) closed as long
as the motor remains insynchronism. However ,
should the motor pull outof step for any reason,
the impedance of the motor stator circuit changes
abruptly and the relay torque reverses, opening
contacts (C1)and causing immediate removal of
field excitation, The opening of the field contactor
shifts the relay characteristic back to that re- -
quired for field application.

Adjustment

Just as the inauction motor depends on phase
sequence for its direction of rotation, so does
the slip-cycle impedance relay for its successful
operation. Therefore, it ishighly essential that,
at installation, tests be made to insure proper
connection of the relay for use on the system to
which it is to be assigned. The following vector
diagrams and associated description should
clearly indicate the proper connection for phase
sequence on any power system.

THREE-PHASE SYSTEMS.

Referring to Fig. 3, there are shownthree
vectors 120 degrees apart, representing voltages
Vi, V2, and V3 on a three-phase system. The
direction of phase rotationis 1-2-3 as indicated
by the vectors rotating about the center point in
a counterclockwise directionin the conventional
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While the procedure just outlined may save
time in making correct connections to the relay
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(1) Check the connections to the relay with
Fig. 5 and with the connection print furnished
with the control, making sure that the potential-
coil control wire to terminal (6) of the relay is

connected directly, or through a potential trans-

former, to the power line in which the trans- oy AR qTAcTS [ oso l E

former supplying the current coil of the relay %gf)

through wire(A)1s located, l ”'G ‘el ':TZ '5%‘—%@1
(2) Checktosee that the synchronizing speed

adjustment1s turned to the extreme RAISE posi- CURRENT __ CONNECTIONS

CURRENT RANGE

CT LEADS CONNECT TO
AT 95% SPEED 5 by

RELAY TERMINALS

tion.

(3) Check te see that link (LY 1s on studs

(S1) as in Fig. 6 LESS THANGA | A TO 1 8 103
) ) 6 TO I0 AMP A TO 12 B T0 &
(4) Start the motor and note carefully 0 TO 45 AMP [ & TO I 8 To 12

whether relay contacts (Cl) remain open or
whether they close as the motor starts.

(5) Disconnectall power from the controller

Fig. 5. Connection diagram for slip-cycle impedance
relay. (Each interlock position is shown
with the field excitation removed.)
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Fig. 6. Location of contacts and test studs

andremove link (L) from studs (S1), retaining the
link for later use. Then start the motor and
again note carefully whether relay contacts (C1)
remain open or whether they close as the motor
starts.

(6) The changes in connections (if any) which
arerequired, depend upon whether relay contacts
(C1) remain open or whether they close during
tests 4 and 5 (paragraphs 4 and 5). The possible
action of contacts (C1) during tests 4 and 5, and
the changes that should be made in case the ac-
tion is not correct, are as follows:

TEST4| TESTS CONNECTION CHANGE

Remain|Remain | Connections are correct; no

open open change necessary.

Close |Close |Reversethe current-coil con-
trol wires (A) and (B) atthe
relay terminals.

Close |Remain | Three-phasepower: Make the

open connection change indicated

by Note A in the wiring dia-
gram furnished with the con-
troller. If this change was
made before making tests 4
and 5, now transfer to the
original connection.

Remain |Close
open

Three-phase power: Reverse
the current coil control wires
(A) and (B) at the relayter-
minals. Also,make the con-
nection change indicated by
Note A in the wiring diagram

If this change was made be-
fore making tests 4 and 5,
now transfer to the original
connection.

furnished with the controller.

(7) Repeat tests 4 and 5. If, in both tests,
relay contacts (C1) still do not remain open as
the motor starts, itindicates that the connections
do not coincide with those originally described
in paragraph 1. In this case, recheck the con-
nections and make the necessary change. Then
repeat the procedure outlined in paragraphs 2
to 7 of this section.

(8) When connections are obtained which
result in relay contacts (C1) remaining open in
tests 4 and 5, disconnectall power from the con-
troller and place link (L) on studs (S2).

(9) Startthe motor and waitfor acceleration
to maximum speed. Turn the synchronizing.speed
adjustment slowly in the LOWER direction until
the field ammeter indicates current. This ad-
justment should be made with the highest load
the motor will be required to synchronize. If
the load to be synchronized increases subse-
quently, it may be necessarytoreadjust the relay
by turning the synchronizing-speed adjustment
farther in the LOWER direction.

(10) Stop and restart the motor to make sure
that the adjustment permits successful synchro-
nizing.

TWO-PHASE SYSTEMS.

In systems that have two-phase power supply,
the potential coil and the current coil of the relay
must be supplied with power of the same phase,

(1) Phase sequence does not affect two-phase
systems, It is necessary, therefore, to check the
relay connections only. (See Fig. 5 and the connec-
tion print furnished with the control.) Make sure
thatthe potential-coil control wire torelay terminal
6 is connected (either directly or through a potential
transformer) to the same power line as the trans-
former which supplies the relay current coilthrough
wire A,

(2) Checkto see thatthe synchronizing speed ad-



justment is turned to the extreme RAISE position.

(3) Remove the test link L and retain itfor later
use,

(4) Startthe motor andnote carefully whether re-
lay contacts C1 remain open or whether they close
whenthe motor starts, If they remain open, connec-
tions are correct and no change is necessary, If
they close, reverse the current-coil connections A
and B at the relay terminals,

(5) Proceedas directed in steps (8), (9), and (10)
listed above under ¢ Three-phase Systems,”’

It will be noted from the main connection
diagram included with the controller thatthree
connection (current) studs, terminals No.(11),
(12), and (13), are provided on the slip-cycle
impedancerelay(FR), two of whichare connected
to the secondary circuit of the current trans-
formers, the primary of which is connected in
the motor circuit. These connection studs or
current taps are providedin order that the cor-
rect connection can be made at the factory for
the particular motor involved.

In order to reduce the number of adjustments
of the field relay for the initial operation of the
motor, the current stud-connection taps provided
on relay (FR) assure, for a given motor, the
maximum sensitivity and most accurate means
of controlling field excitation. In extreme cases,
where data is not available for the motor in-
volved, current connections can be made inac-
cordance with those shownin Fig. 5. The values
of current indicated under the above connection
referenceis the currentimpressedon relay (FR)
at approximately 95 per cent of synchronous
speed (less field excitation and 100 per centap-
plied terminal voltage), and does notnecessarily
represent the limitations of the operating range
of the relay. If connections or changes are made
in the current connection studs of relay (FR),
readjustment should be made in strictaccordance
with the adjustment tests previously listed.

Maintenance

If, for any reason, the factory adjustments
have been disturbed, the following points should
be observed in restoring them:

SHAFT END PLAY: Theupper guide bear-
ing can be moved up or downafter loosening the
lock nut, The shaft end play should be between
1/63 inch and 1/32 inch.

THE CONTROL SPRING TENSION should
hold the right-hand contacts (C2) lightly closed
when the relay is de-energized.

Synchronous-mofor\' Control  &EI1-182268

CONTACT GAP: ';iié contact gap can be
changed by screwing the left-hand stationary
contact of (C1) in or outafter partially loosening
the lock nut. The contact gap should be a little
more than 1/32 inch (about 0.04 inch).

STATIONARY CONTACT: Loosen the lock

nut completeiy. The contact assembly can then

2 liftea out of the contact block. On reassem-

bling, be sure that the lug on the contact lead is
in place.

MOVING CONTACTS: These can be re-
moved by taking out the three screws holding the
contact arm on the shaft. On reassembling, be
sure that the contact armis approximately mid-
way between the two moving contacts.

If, for any reason, the relay element is re-
moved from the relay base, be sure to tagthe
leads so that they can be reconnected to the proper
terminals.

THE FIELD CONTACTOR AND TIMING RELAY

In addition to the slip-cycle impedance field
control relay, a field contactor and associated
control devices are provided. Fig. 7 shows a
general type of control scheme as applied to a
low-voltage, magnetic full-voltage controller,

Operation of Field Application

Relay (FR) operates on variation in the im-
pedance of the stator winding, which occurs dur-
ing each slip-cycle out of synchronism, The
contacts of relay(FR)alternately open and close
as synchronous speed 1s approached. As accel-
eration continues, contacts (9-5) remain open
and contacts(9-10) remain closedfor longer and
longer intervals of time. As a measure of the
time that contacts (9-10) of relay(FR) are closed,
timing relay (TR) is provided with acapacitor
(C),which receives a charge from thehalf-wave
rectifier through resistor (2R). This charge is
removed through resistor (1R) each time that
contacts (9-10) of relay (FR) openand (9-5) close.
When contacts (9-10) remain closed for thein-
terval of time requiredfor the voltage across the
coil of timing relay(TR) to build up to the proper
value, relay (TR) picks up and closes its con-
tacts (4-18) and (10-19) and opens (5-17). Thus,
relay (TR) remains closed regardless of subse-
quent action of relay (FR).

The next closure of contacts (9-10) of relay
(FR) will then energize the coil of field contactor
(F), which will pick up and be sealed closed
through contacts (10-19) of timing relay (TR) and
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SCR-SQUIRREL CAGE PROTECTIVE RELAY
(HAND RESET)
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FR- FIELD APPLYING & REMOVING RELAY
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NOTE "E" THIS GONTROLLER IS WIRED FOR MOTOR DISCONNECTION FROM THE LINE

ON PULL- OUT. TO PROVIDE FIELD

REMOVAL ONLY (WHERE THE MOTOR TORQUE

AND LOAD PERMIT RESYNCHRONIZING ON PULL-OUT) PURCHASER SHALL
ADD JUMPER CONNECTIONS ACROSS TERMINAL 32-2 AND 32-26

Fig. 7. Elementary diagram for magnetic full-voltage synchronous-motor controller

contacts (19-4) and (4-18) of field contactor (F).
Contact(20-8) of field contactor (F) opens, re-
moving power from the coil of timing relay (TR);
but this relay is held closed for a time by the
discharge of capacitor (C) through its coil. The
purpose of this time delay is to allow the ma-
chine to stabilize after synchronizing and to per-
mit contacts (10-9) to remain closed. After the
charke from capacitor (C) has been bled off, re-
lay (TR) drops out and the field-contactor coil
receives its energy through contacts (10-9) of
relay (FR), test studs (9-4), and interlock (4-18).
Note that control relay(CR) is picked up through
interlock (2-24) of field contactor (F) at the in-
stant of start, and its contact (7-8) remains
closed until field is applied; thus, relay (FR) is
made to operate on its pull-in characteristic.
When the field contactor closes, relay (CR) opens,
and through its contacts (7-8) and (14-8), re-

lay (FR) is recalibrated to operate on its pull-out
characteristic.

Operation of Field Removal on Pull-out

If the motor pulls out of step for anyreason,
the impedance of the stator circuit changes
abruptly and the torque of relay (FR) reverses,
opening contact (9-10) and removing excitation
from the motor. With the circuit as shown in
Fig. 7, removal of excitation will at the same
time cause disconnection of the motor from the
line. Addition of the jumpers as indicated by
Note ““E’’ on this print will allow the motor to
continue to run as an induction motor;then con-
trol relay (CR) is immediately energized, relay
(FR) isrecalibrated for pull-in, and if conditions
of load and motor torque permit, the machine
and control will resume the sequence as de-
scribed under ‘‘Field Application,”

10



RENEWAL PARTS

Synchronous-motor Control

KON Spo
e

e {00 v

GEI-182268B

When ordering renewal parts other than those
listed by catalog number, describe the partin detail
and give the complete nomenclature as it appears
on thé nameplate and main connection diagram. Re-
newal parts for field control devices are listed below,
Those for other apparatus used to make up specific
and complete equipment can be found inthe instruc-

tions included as a part of such equipment.

& Pivot screw
k

= (upper bearing
o

usting screw)

Adjustable sta-
‘tionary contact
assembly

Moving contact
assembly

ontrol spring

M. .
Jewe! screw
assembly
\ower bearing)
in center of
this surface
Fig. 8. CR2820-1745C slip-cycle impedance relay
No. < No. .
Req Description Cat. No. Req Description Cat. No.
CR2820-1745C RELAY (FR) CR2820-1054QA RELAY (TR) (Cont'd)
2 | Adjustable stationary contact | 6178820G1 3 |Auxiliary movable contact 3667572G1
assembly (right and left) plate with tip
1 | Movable contact assembly 6178820G2 2 |Auxiliary stationary contact 3805671G2
1 |Control spring 6961910 plate with tip
- 1 [Pivot screw (upper bearing) | 6178829G1 1 |Contact screw with tip 2840219G1
wotd | o djusting screw)
1 |Jewel screw assembly 4237850G1 CR2810-1357TAK CONTACTOR (F)

(lower bearing)

CR2820-1097THK RELAY (CR)

Movable contact tip

Stationary contact tip

Main shunt

Compression spring for
normally closed contact

1 |[Shunt

Compression spring for
normally closed contact

3 |Arc chute side (right)

3 |Arc chute side (left)

bo DN oW

-

2890181G1
4379461G2
2840225G3
189703

3840496G3
178313

4915466
4915467

INTERLOCKS FOR CR2810-1357TAK

6 | Movable contact tip 3763767G2

6 |Spring 2413966

5 ] Stationary contact tip, left- 4900573G1
hand, normally open

5 |Stationary contact tip, right- | 4900573G2
hand, normally open

1 }Stationary contact tip, left- 4900573G3
hand, normally closed

1 ]Stationary contact tip, right- | 4900573G4
hand, normally closed
CR2820-1054QA RELAY (TR)

1 |Compression spring for 235184
armature support

3 |Compression spring for 2411917
auxiliary contact plate

4 |Auxiliary stationary contact 3614137G1
plate with tip

5 [Movable contact tip

10 |Stationary contact tip

5 |Compression spring for
interlock

2 |Stationary contact tip

1 |Movable contact tip

1 |Compression spring for
contact plate

3667572G1
3614137G1
2415957

3667572G2
3805658G3
2411917

11
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READY TO ASSIST YOU . ..

When You Have Electrical Problems . . .

SALES OFFICE CODE KEY
* Industrial Equipment (including Agent and
Distributor) Sales
t Electric Utility Equipment Sales
§ Marine and Defense Equipment Sales
{ Component Sales Operation

AI.ABAMA
* Birmingham 35205 2151 Highland Ave.
* Mobile 36502 704 Government St.
ARIZONA
* 1 { Phoenix 85012* 3550 N. Central Ave.
Tucson 85716 151 S. Tucson Blvd.
ARKANSAS
North Little Rock 72204 1900 E Washington
t Pine Buff . O. Box 1033
CAI.IFORNIA

1532 N. West Ave.
212 N. Vignes St.
3325 Wilshire Blvd.
409 Thirteenth St

55 Veferans Blvd.

Fresno 93728 .
*t tos Angeles 90054
t § Los Angeles 90005
* Oakland 94612
* Redwood City 94063. .
*

t Sacramento 95814... "yt St
t San Bernardino .
. 337 N, Riverside Ave Rialfo. Cal,
*t § San Diego 92103 2660 First Ave,
* t § § San Francisca 94106 . 235 Montgomery St.
* San Jose 95112 2155 So. First St.
COLORADO
*{ § § Denver 80206 . 201 University Blvd.
CONNECTICUT
* 1+ Hartford 06105. . ......764 Asplum Ave.
* { New Haven 06510 ... 129 Church St.
DISTRICT OF COLUMBIA
*{ § Washington 20005............. 777—I4th St., N.W.
FLORIDA
§ Cocoa Beach 3293l (Cope Canaveral Office)
5 N. Atlantic Ave,
* 250 Bird Road
t Miami 3313I. /25 S.E. Second Ave.
* ¢ Jacksonvitle 32202 7 1901 Hill St
t Pensacola 32503.. First Bank Bldg.
*tt Tompa 33609. . . ... 2106 South Lois Ave.
GEORGIA
*i Aﬂanfa 30309. 1860 Peachtree Rd., N.W.
* . 682 Cherry St.
* 4 Savannah 31405 ... ...5002 Paulsen St.
1DAHO
* ¢ Boise 83706 . . ... ... 1524 1dako St,
ILLINOIS
* 1 3 § Chicago 40680, ... 840 S, Canal St.
* ¢ Peoria &161f. . ....2008 N.E. Perry Ave.
* Rockford 61108 . 4223 East State St.
t Springfield 62701.............407 E. Adams St.

INDIANA
Evansville 47714 .

...2709 Washington Ave.
*t Fort Wayne 45807

3604 S. Calhoun St.

* 11 Indianapolis 42607...... 3750 N. Meridian St.
* '} South Bend 46601 . .. .. 430 N. Michigan St.
IOWA
* 4 Cedar Rapids 52401 210 Second St., S.E.
*ii{ Davenport 52805.. .
1039 State Sf BeHendorf, lowa
* Des Moines 50310 . 9 Merle Hay Rd.
t Stoux City 51101....... 520 Pierce St.
KANSAS
>} Wichita 67211 820 E. Indianapolis Ave.
KENTUCK
Lexington 40508 ... 628 E. Main St
* 1' $ Louisville 40218 .. 2300 Meadow Dr.

CANADA: Canadian General Electric Company, Ltd., Toronto

WHEN YOU NEED SERVICE .

night, seven days a week,

. These G-E service shops will repair, recondi«
tion, and rebuild your electric appara'us The facilities are available day and
for work in the shops or on your premises. lLatest

GENERAL ELECTRIC SALES OFFICES

Need Further Information

LOUISIANA

t Alexandria .. ... ... 720 Murray St.
* Baton Rouge 70815 633 Oak Yilla Blvd,
* Lake Charles ... ... 422 Seventh St.
* I $ § New Orleans 70112 ... 837 Gravier St.
* Shreveport 71101 206 Beck Bidg.
* West Monroe 71291 .. 500 Natchitoches St.
MAINE

t Avugusta 152 State St.
* Bangor 04402 . . .77 Central St.
MARYLAND
*t 3§ Baltimore 21201 11t Park Ave.

t Hagerstown 49 East Franklin St.
MASSACHUSETTS
* t  § Boston 02117 .31 St. James Ave.
* Springfield 01103.. ... 120 Maple St.
* Worcester 01405 ... 288 Grove St.
MICHIGAN
* + } Detroit 48207........ ... 700 Antoinelte St.
* Flint 48503 3|6'/; W. Court St.
* § Grand Rapids 8 2821 Madison Ave., $.E.
* 1 Jackson 49201 ...........120 W. Michigan 'Ave.
* Kalamazoo . ...927 S. Burdick St.
: t Lansing 48933..... 501 Bonk of Lansing Bldg.

Saglnaw 48607
1008 Second National Bank Bqu

MINNESOTA
* i Dyluth 55802 ... .

.............. 1010 Fidelity Bldg.
1 Fergus Falls

Norby Bidg., Room 4

*+ 4 Minneapolis 55402.......... 12 S, Sixth St
MISSISSIPPI
Gulfport 39502.... P.O. Box 33
*t Jackson 39201 203 W. Capitel St.
MISSOURI
Joplin 64802 ... 212, W, Fifth Sh.
*t§ Kansas City 44105 108 W. Fourteenth St.
* 1§ St Louis 8310l - _8I8 Olive St
MONTANA
* 3 Billings 59101.. 303 N, Broadway
* ¢ Butte 59701 N. Wyoming St.
NEBRA KA _
* 4 Omaha 68102 409 S, Seventeenth St.
NEVADA
t Las Yegas ... ATLE S0 Bth SH
NEW HAMPSHIRE
¢ Manchester 03104............c.coooeenee 1462 Elm St.
NEW JERSEY
* { § Egst Orange 07017..............26 Washington 5t.
NEW MEXICO
* Albuguerque 87108......120 Madeira Dr., N.E
NEW YORK
*t+ § Albany 12201 .. . wir......B Colvin Ave,
t Binghamion 13902 19 Chenango S5t.
* 11 Buffalo 14202 . 625 Delaware Ave.
* 1  § New York 10022 70 Lexington Ave.
* 1} Rochester 14604 ... 89 East Ave,
* i Syracuse 13201 3532 James St.
* Utica 1. 1001 Broad St.
1 Waverly.. P.O. Box 308
NORTH CAROLINA
* 1t Charlotte 28202. 129 W, Trade St
* Greensboro . 801 Summit Ave.
* t Raleigh 27602.... 16 W, Martip St.

NORTH DAKOTA
t Bismarck 58501.
* Fargo 58101

418 Rosser Ave.
...802 S, Park Drive

GENERAL ELECTRIC SERVICE SHOPS

factory methods and genuine G-E renewal parts are used to maintain peak

ALABAMA
Birmingham 35211, P.O. Box 3687 -
JE R . — 18th Sf., S.W.
ARIZONA
(Phoenix) Glendale ... 4911 West Colter St.
CALIFORNIA

Los Angeles 90001
*(Los Angeles} Ontario ..
Ontario
Oakland 94608 ...
Sacramentfo 95814 . ..
San Francisco 94103.....
COLORADO
Denver 80205 ...
CONNECTYICUT
(Southington) Plantsville....... 370 Atwater St.
FLORIDA
Jacksonville 32203 .
P.0. Box 2932 '2020 W. Beaver St.
{Miami} Hialeah.. 1062 E. 28th St.

. 4900 Stanford Ave.

International Alrporf

00 Wood St.
99 North 17th St.
1098 Harrison 5t.

3353 Larimer St.

Tampa 33601.... _.P.O, Box 1245
GEORGIA
(Aflanta) Chamblee ..
. . 5035 Peachtree Industrial Blvd.
ILLINOIS
Chicago .60632........................4380 W. 47th St.
INDIANA
. Ft. Wayne 46803. ... 1731 Edsall Ave.
Indianapalis 22 . .. ..1740 W, Yermont St,
10WA
{Davenport) Bettendorf........... 1025 State St.
KANSAS

*(Strother) Arkansas City.
i &L B, Co., PLO. Box 797

KENTUCKY
Louisville 40209 .. .
LOUISIANA
Mew Orleans 70i17....
MARYLAND
Baltimore 21230............
MASSACHUSETTS
(Bos?on) Medford 02158 . .. ...
...... 3960 Mystic Valley Parkway

3900 Crittenden Drive
2815 N. Robertson St,

920 E, Fort Ave.

MICHIGAN

Detroit 48202.....................5950 Third St.
MINNESOTA

Minneapolis 55430 2025—49th Ave., N.
MISSOURI

Kansas City 64120
St. Louis 83110

3525 Gardner Ave.
1115 East Road

NEW YORK
Albany 12205 .. ..1097 Central Ave.
Buffalo 42I1... 318 Urban St.

en,
1411 W, Elizabeth Ave.
(New York) North Bergen N Jeinieens
......................... 6001 Tonrelle Ave.
Schenecfady (Inslrumentahon Service) 12308
. ... River Road
NORTH CAROI.INA

Charlotte 28208.. ... 2328 Thrift Road

OHIO
Cincinnati 45202..
*Cincinnati 45232
Cleveland 44125...
Columbus 43223

444 W, Third St.
260 W. Mitchell Ave,
4477 East 49th St.

. Require Ordering Instructions

OHI0
* 4 Akron 44303 ... 465 Markef Sf.
* ¢ Canton 44703 515 Thlrd St.,
*% Cincinnoti 45206...... ... 2621 VICIOI‘Y Pkwy
* { }§ Cleveland 44104 4966 Woodland Ave.
* ¢ 3 Columbus 15...... ..395 E. Broad St.
* Dayton 45402 . R MonumenI Bldg.
t  § Dayton 45402 . . 118 W. First St.
1 Mansfield 44902 .. 137 Park Ave., West
* 14 Toledo 43404 420 Madison Ave.
* Youngstown 44507. 272 E. Indianola Ave.
OKLAHOMA
* 3 Oklchoma City 731062119 N. Robinson Ave.
* ¢ Tulsa 74114 Columbic Bldg., 2451 E. 2Ist S%.
OREGON

x ¢ Eugene 97401.. 1170 Pearl St.
* ¢ Medford 107 E. Main St
*t4{ Portland 97210 2929 N W. 29th Ave.
PENNSYLVANIA

* Allentown 18102.......c......... 732 North 1éth St
. Erie 16501 R 1001 State St.
* I Johnstown .. 841 Oak St
*t18§ Phlladelphla 190023 Penn Center Plaza
* { 4§ Pittsburgh 15222

..... The Olwer Bldg. Mellon Sq
§ Plﬂsburgh 18228 ... 733 Washington Rd.
3 York 17403........ . .....56 N. Harrison St.

SOUTH CAIIOI.INA
* Columbia 29201 .
.............. 301 Palmette State Life Bldq
Greenville 29602 . 106 W. Washinajg

NNESSEE

t { § Chattancoga 37402, 832 Georgia Ave.
. 22 Commerce St

% .

t

1301 Hannah Ave., N.W

Kinasagad 37662
il 7721

" “Memphis 38104 ...1420 Union Ave,
4 Nashville 37203 1717 W. End Bldg.
§ Oak Ridge 253 Main St., East
TEXAS
} Abilene 77601 ... 442 Cedar St
* 4 Amarillo 79101, ...303 Polk St.
* } Beaumont 77704... 1385 Calder Ave,
t Corpus Christi 78401 205 N. Chaparral
*14 temmons Freeway
* ¢ 215 N. Stanton St.
t 08 W. Seventh St
* } § § Houston 77027. 219 Richmond Ave,
* Lubbock 79404.. ...3302 Avenue "'A"
* Midland....... .. ilkerson-Foster Bldg.
* San Antonio 78204. . . . 419 S, Main Ave.
UTAH
* 4 § Salt Lake City 84110............200 5. Main 5.
VERMONT .
t Rutland . 18/, Center St.
VIRGINIA

§ Newport News 23601...
P.O. Box I038 311 Main S,
*t Richmond 23230. 500 W, Broad St.
*t Roanoke 24005 920 S. Jefferson St.
WASHINGTON

t § Seaﬁle 9804 .
1 - Spokane 99220..

WEST VIRGINIA

..824 W. Lewis Sf

Bluefield... . 704 Bland St.
* Charleston 25328..306 MacCorkle Ave., S.E.
* ¢ Fotrnant 26555 ...310 Jacobs Bldg.
* Wheeling 40 Fourteenth St.
WISCONSIN
*{ 8 Appl_efon 510 W, College Ave.

40 W. Washington Ave.
940 W. St. Paul Ave.

* I { Milwaukee 532

HAWALN: American Factors, Ltd.,, P.O. Box 3230, Honolulu 96801

performance of your equipment. For full information about these services,
contact your nearest service shop or sales office.

*Denotes Aircraft Service Shops
PO, Box 6‘I198 2128 Eakin Rd.
05

Toledo 43405 Dearborn Ave.

Youngstown 44507 . 272 E. Indianola Ave.
OREGON

Portland 97210................ 2727 N.W, 29th Ave.
PENNSYLVANIA

Allentown 18103.. ..668 E. Highland St

Johnstown ... 841 Oak St.

Philadelphia 19124.. I040 'E. Erie Ave.

(Pittsburgh) Homest 15230

.....Box 308, RD I, Buﬁermllk ‘Hollow Rd.

York 17403 . 4 N. Harrison St
TEXAS

Corpus Christi.... 115 Waco S§t.

Dallas 75235 3202 Manor Way

Houston 77020 5534 Harvey Wilson Drive

Midland ..704 S, Johnston St.
UTAH

Salt Lake City 84104......301 S. 7th West St,
VIRGINIA

I;ichm?nd 23224 ... 1403 Ingram Ave.

P.O. Box 1327, 115 Albermarle Ave., S. E.

WASHINGTON

Seattle 98134 .
*Seattle 98108...
Spokane 99204
WEST VIRGINIA
Charleston 28.................
WISCONSIN
Appleton 54910 . . . Midway Industrial Area
O. Box 83, County Trunk P
940 W. St. Paul Ave.

..3422 First Ave., S.
...220 Dawson St.
E. 4323 Mission St.

.306 MacCorkle Ave.

Milwaukee 3

INDUSTRY CONTROL DEPARTMENT, GENERAL ELECTRIC COMPANY, SALEM, VA.




