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OFFSET MHO DISTANCE RELAY
TYPE CEB12C

INTRODUCTION

The CEB12C is a single phase, single zone
general purpose mho distance relay with provisions
for offsetting the characteristic by a fixed amount.
The mho unit together with its target seal-in unit
are installed in an Ml case. Three CEB12C relays
plus a suitable RPM timing relay are required per
terminal to provide one zone of time delay distance
protection for three phase, phase-to-phase and

- double~phase-~to-ground faults.

APPLICATION
The CEB12C relays may be applied wherever

- one zone of back-up distance protection is required.

These relays are not suitable for first zone appli-
cations because the transient response has not been
controlled to minimize overreach.

Probably the most common application of the
CEB12C relays is in generator back-up protection
schemes where the relays are used to protect the

generator from faults on the adjacent system which
are not cleared by the first line relays. Fig. 3
illustrates the external a-c and d-c connections to
the CEB12C relays for this type of protection, In
this scheme a separate auxiliary tripping relay,
device 94, is used to isolate the d-c supply to ihe
back-up relaymg from the d-c supply to the generator
main breaker. This will make it possible for the
relay to shut the generator down in the event that a
high voltage bus fault occurs during a loss of d-
supply to the main breaker trip circuit. '

The a-c connections to the CEB12C relays will
depend on the location of the CT's and PT's in re-
lation to the main delta-wye power transformer.
All the different possibilities are shown in Fig. 3.

The impedance seen by the CEBlZC relays will
depend on the location of the PT's and CT's that
supply them and these relations are given in Table A.

This table indicates that when there is no power
bank between the fault and the relay supply, the
relay sees the normal expected impedance.

. o TABLE A

PT CONNECTION
FIG. 3

CT CONNECTION
FIG. 3

SECONDARY IMPEDANCE SEEN BY RELAY OHMS

® ®

® ®

@
®
©

®

KZ, ( CTa Ratio )

0866(ZT+KZ (

(Zp+XZy ) ( )
0.866 KZL | ( )

PT1 Ratio
CTB Ratio
PT2 Ratio
cT A Ratio
PT2 Ratio

CTg Ratio
PT; Ratio

‘ Where:

Z1, = Primary Ohms of Line Impedance

K = Ratio of current in Line (Z1,) to current in Line Side of Power Transformer.
This Constant Corrects for Infeed. See Fig. 5.

VL/Vy
ZT=

Low Side to High Side Voltage Ratio of Power Bank on Taps Used.
Power Transformer Impedance in Ohms Referred to the High Side Winding.

be referred to the General Electric Company.

These instructions do not purport to cover all details or variafions in equipment nor to provide for every possible
confingency fo be met in connection with installation, operation or maintenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter should

¥ Denotes change since superseded issue.
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The section on CALCULATION OF SETTINGS
contains an example which illustrates how to cal-
culate a suitable relay setting for a given set of
conditions.

RATINGS

The CEBI2C relay has a rating of 115 volts,
5 ampere, 50 or 60 cycles.

The MHO unit has an adjustable reach of
3.0/30 ohms phase-to-neutral. The adjustment can
be made in one per cent steps by positioning the
autotransformer tap leads. The MHO character-
istic can also be offset 1, 2, 3 or 4 ohms phase-
to-neutral along the line of the relay angle of maxi~
mum torque which is when the current lags the
voltage by 75 degrees.

The contacts between studs 1 and 2 are for
tripping duty and their rating is limited by the rating
of the seal-in unit coll as shown in Table B.

BURDENS
The CEB12C relay burdens are given in m
Table C. N
TABLE C
BURDENS OF CURRENT CIRCUITS
STUDS | CURRENT | WATTS | VARS VA
5-6 5 2.68 1.40 3.0
7-8 5 2.68 1.40 3.0
* Burdens of Potential Circuits
9-10 115 12.8 8.8 15.4

TABLE B
TARGET AND SEAL-IN UNIT
2.0 Amp Tap | 0.2 Amp Tap
pC Resigtance 0.13 Ohms 7.0 Ohms
Min. Operating 2.0 Amps 0.2 Amps
Carry Continuously 3.0 Amps 0.3 Amps
Carry 30 Amps For 4.0 Sec. 0.2 Sec.
CHARACTERISTICS

OPERATING PRINCIPLE

The MHO unit of the CEB12C relay is a four
pole induction cylinder type relay with schematic
connections as shown in Fig. 4. The operating
torque will be proportional to the product of the volt-
age impressed on the polarizing coil and the vector
sum of the currenis in the operating coils times
the cosine of difference between the relay maximum
torque angle and the power factor angle. The re-
straining forque is proportional to the product of
the voltages impressed on the polarizing coil and
the restraint coil plus the control spring torque.
The autotransformer taps permit adjustment of the
restraining voltage in one percent steps to provide
relay settings of 3 to 30 ohms. The transactor
voliage permits the relay characteristic tobe offset,
as illustrated in Fig. 6. Taps are provided on the
trangactor secondary to permit an offset of 0, 1,
2, 3 or 4 ohms.

The minimum 3-phase fault current for which

the MHO unit will operate on a steady state basis
is given in Fig. 7. The three-phase fault current
which will just operate the unit is 1.15 times the
minimum phase-to-phase fault current required to
operate the unit since the relay has the same reach
for both types of faults. The minimum current to
operate relay with 100% restraint, one ohm offset,
zero voltage and a 3¢ fault is 2.5 amperes.
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* Potential circuit burdens may be calculated from (/

the following equation.

2
W+jVARs=(_121El (1% %o )

2y,
Where
Zy, = Secondary offset ochms
Z1, = BSecondary fault or load chms

2
7 = (1720-j300)(520 +j1040) T "z

(4.5+14.5)
(1720-300) + (520+j1040) 100]2
T

T = Restraint fap setting in percent

CALCULATION OF SETTINGS

P %ssume a system such as that fllustrated in
ig. 5.

Assume that the following parameters describe
the system

V1,/Vg = 18.8/132
Zy, = 0.81 [/ 80° ohms per mile
Zrp = 10% on 100,000 KVA base at 86 deg. lagging

Since the CT's and PT's supplying the CEB
relays are both on the generator side of the power
transformer, PT connections@and CT connections
would be used ag shown in Fig. 3. Referring to
Table A we find that

2 . ‘

v CTyp Ratio
Z =0.866(Z .+ KZ, ) L} {-"B B-2
relay T L (VH) (PT Tiatio )| 2

2

It will be noted that three auxiliary PT's will
be required. These should have a winding ratio of
120/69 volts so that when they are connected in
delta-wye, the line-to-line ratio is 1.0.

On the system described above, the PT ratio
would be

PT, = 14,400/120 = 120

R

)



“Assume that the generator CT ratio is 5000/5
_which is a reasonable rating for CT's used ona
(“\00,000 KVA, 13.8 KV unit.

CTR = 5000/5 = 1,000
The primary ohms of the transformer (Z )

referred to the 132 KV side may be obtained from
the following equation ' . S
(KV)

Z1 = Per Unit Impedance A Base

l

o 9
. zgk oo (BT q740n
<l T 100 me
Assume now that it is desired for the CEB to
reach no further than 30 miles out from the high
voltage bus on any of the three circuits under any
condition of infeed from the other two. Thus

Z1,= 30 x 0.81 4300 = 24.3 primary ohms

Assume that a fault study indicates that the
; minimum value of infeed under any reasonable system
! conditions will result in K being no smaller than
1.2, Thus,

K =12

(It should be noted that on a radial system, K will

C)be equal to 1.0. In order to be absoclutely certain
that the relay does not reach beyond the desired
distance under any conditions on any system, K
should be assumed equal to 1.0).

\ From equation B-2, the relay should be set -

! with a forward reach of

2 elay = o.aee( 17.4 86%+ 1.2 (243 4800))

13.3)2 1000
32 120

Zrelay = (40.2 £82.1%) (0.01093) (8.34)
' Zreiay = 3.67 ﬁ_l_o_) secondary ohms

C’ Thus, the relays should be set with a forward
reach of about 3.7 chms at 82 degrees. However, in
applications of this kind some people prefer to set
the relay with offset in order to obtain some addi-
tional back-up protection for faults in the leads
between the generator and the transformer. If this is
the case, it is suggested that the relay be set with
9 ohms offset. Tt is now necessary to determine
the restraint tap setting required with a 2 ohm
offset setting to obtain a forward reach of 3.7 ohms
at 82 degrees. This is most easily done by graphical
. (\u) construction.

!

- Refer to Fig. 6, draw the R-X diagram and

perform the following constructionto scale. Through -

the origin (0) draw line AB at the angle of maximum
torque of the CEB12C relay. Now draw the line OL

Offset MHO Distance Relay Type CEB GEI-98316

equal in length to the desired forward reach of the
relay and at the desired impedance angle (8). Locate
point P on line AB so that OF is equalto the offset.
Now, by trial draw a circle with its center (C) on
line AB and its circumference passing through points
P and L. Measure the line PR andset the restraint
fap to

_ Zmin
T = R % 100

' where Z min is the minimum reach of the relayas

stamped on the nameplate. .
In the case of the above example
8 = 82 degrees
g = 175 degrees
OPF = 2 ohms
OL = 3.7 ohms

From measurement RP = 5.7 ohms. Thus, the
desired tap setting is

7 X 100 = 52.7% or 53%

CONSTRUCTION

The CEB12C relay is mounted in a cradle
assembly which is latched into a drawout case when
the relay is in operation but it can be easily re-
moved when desired. To do this, the relay is first
disconnected by removing the connection plug which

completes the electrical connections between the -

case block and the cradle block. To test the relay
in its case this connection plug can be replaced by
a test plug. The cover, which is attached to the
front of the relay case, contains the target reset
mechanism and an interlock arm which prevenis
the cover from bheing replaced until the connection
plugs have been inserted.

The relay case is suitable for either semi-
flush or surface mounting onall panelsupto 2 inches
thick and appropriate hardware is available. How-
ever, panel thickness must be indicated on the relay

order to insure that proper hardware will be in- -

cluded.

Every circuit in the drawout case has an auxi-
liary brush, as shown in Fig. ¢ to provide adequate
overlap when the comnecting plug is withdrawn or
inserted. By providing this overlap the auxiliary
brushes relieve the main brushes from any arcing
damage. Also on circuits which are equipped with
shorting bars (see Fig. 8) it is especially important
that the auxiliary brush makes positive contact as
indicated in Fig. 9 to prevent the opening of C.T.
secondary circuits or important interlock circuits.

Figs. 1 and 2 show the CEB12C relay with-
drawn from its case and all units are identified.
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RECEIVING, HANDLING AND STORAGE

These relays, when not included as part of a
control panel, will be shipped in cartons designed
to protect them apainst damage. Immediately upon

"receipt of a relay, examine it for any damage sus-
tained in transit. I injury or damage resulting from
rough handling is evident, file a damage claim at
once with the transportation company and promptly
l(l)gﬂfy the nearest General Electric Apparatus Sales

ce.

Reagonable care should be exercised in un-
packing the relay. If the relays are not to be
installed immediately, they should be stored in their
original cartons in a place that is free from mois-
ture, dust, and metallic chips. Foreign maitter
collected on the outside of the case may find its way
inside when the cover is removed and cause trouble
in the operation of the relay.

ACCEPTANCE TESTS

Upon receipt of the relay, an examination and
tests should be made to insure that the relay has
not been damaged in shipment and that the relay
calibrations have not been disturbed.

VISUAL INSPECTION

Remove the relay from its case and check that
there are no broken or cracked components parts and
that all screws are tight. Check the nameplate
stamping to insure that the model number, rating
and calibration range agree with the requisition.

Check that the shorting bars are in the correct
locations as indicated in Fig. 8 and that the auxiliary
brushes are properly adjusted.

MECHANICAL INSPECTION
1. Check the MHO unit to insure the following:-
a. 'That the rotating shaft end play is 5-8 mils.

b. That the contact gap is 1/8 inch approxi-
mately. :

¢. Contact wipe is .005 to .010 inches.

d. That the element moves without binds or
friction.

2. - Target and Seal-In Unit

The target and seal-in unit should be checked
as follows: The armature and seal-in contacts
should move freely when operated by hand. There
should be a screw in only one of the tap positions on
the right stationary contact strip. Operatethearma-
ture by hand -and check that there is at least 1/32"
wipe on the seal-in contacts. Check that the target
latches in the exposed position before the contacts
close.

ELECTRICAL TESTS

Before electrical tests are made on the MHO
unit, the relay voltage coils should be comnnected to

6

power and allowed to warm up for approximately
15 minutes with the auto-transformer tap set at
100 percent. The relay must be in a vertical posi-
tion and carefully leveled for these tests. Connect
the relay as shown inFig. 10and check the following:

1. With the auto-transformer on the 100% tap check
that the relay picks up between 18 and 20 am-~
eres when the phase angle meter reads 285°
Fcurrent lags the voltage by 75° and no offset
voltage is used).

2, With the auto-transformer on the 100% tap,
check that the relay picks up at about 36 am-
peres when the phase angle meter reads 225°
and no offset voltage is used.

3. With the auto-transformer on the 100% tap,
check that the relay picks up at about 36 am-
peres when the phase angle meter reads 345°
and no offset voltage is used. '

4. Connect a variable source of DC voltage to
studs 1 and 2 and check that the target seal-in
unit operates at or below its rating.

INSTALLATION PROCEDURE

If after the ACCEPTANCE TESTS the relay is
held in storage before shipment to the job sit it is
recommended that the visual and mechanical in-
spection described under the section on ACCEPT-
ANCE TESTS be repeated before installation.

ELECTRICAL TESTS

The relay should be mounted in its final loca-
tion and should be allowed to warm up as described
under ACCEPTANCE TESTS.

The MHO unit should be tested for the setting
to be used in its final location, To eliminate the
errors which may result from possible instrument
inaccuracies a test circuit has been selected which
requires no instruments. Such a circuit is shown
in Fig. 11 and in this diagram Rg+ jXg is the
source impedance, Sy is the fault switch and
RL + jXI. is the impedance of the line section for
which the relay is being tested. The auto-trans-
former T A which is across the fault switch and
line impedance is tapped in 10percentand 1 percent
steps so that the line impedance Ry, + X1, maybe
made to appear to the relay very nearly as the
actual line on which the relay is to be used. The
auto-transformer is necessary since it is not
feasible to provide the portable test reactor Xp,
and the test resistor with enough adjustment so
that they can be made to match any line,

For convenience in field testing the fault switch
and tapped auto-transformer of Fig. 11 have been
arranged in a portable test box, Cat. 102L201 which
is particularly suitable for iesting directional and
distance relays. The box is provided with terminals
to which the relay current and potential circuits as
well as the line and source impedances may be
readily connected. For a complete description of
the test box, refer to GEI-38977A. ‘ .

¥
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Check relay pickup with one ohm offset on
zero voltage faull (see CHARACTERISTICS section).

To check the calibration of the MHO unit is is
‘recommended thxzt the unit pick up be checked using
the test reactor Cat. 6054975 alone for the line
reactance, This |8 desirable because for reactance
of this test reacior may be very accurately deter~
mined from its ealibration curve., It shouldbe noted
that due account must be taken of the angular
difference between the line reactance Xj, and the
relay angle of maximum torque. The line reactance
X3, selected should be the test reactor tap nearest
above twice the MHO unit reach with account being
taken of the difference in angle of the test reactor

“tap impedance and the relay angle of maximum
_reach.

From Fig., 6 it is seen that twice the relay
reach at the angle of the test reactor impedance is:

Z,in (ohms)X 100
T, Tap (%)

27 =

cos (9-0)

Where @ is the angle of the test reactor impedance

and 0 is the relay angle of maximum reach. - The
test box auto-transformer percent tap for the MHO
unit pick up is given by

2Zp
% Tap = —— (100)

@ T

To illustrate the above the relay setting given
in the example in section on CALCULATION OF
SETTINGS will be used. 1In this example it was
found that the relay auto-transformer tap setting
should he 53 perceni. Since the MHO unit angle of
maximum reach is 756 degrees and we will assume
that the reactor impedance will be 80 degrees, we
can find the impedance tap as follows:-

2Zp =2 X RP cos(80-75) = 11.4 X .996 = 11.35

therefore the re:ictor 12 ohm tap should be used.

~ Now twice the relay reach at the angle of test re-

. sactor impedance should be recalculated using the

actual angle of the reactor tap impedance . rather
than the agsumed 80°, Table G shows the angle for
each of the reactor taps.

TABLE D

TAP ANGLE (d)
24 87.5
12 87.0

6 86.5

3 84.3

2 83.0

1 80.7

0.5 78.0

Offset MHO Distance Relay Type CEB GEI-98316

From this table it is seen that the angle of the
impedance of the 12 ohm tap is 87.0 degrees.

2ZR = 11.4 cos (87-75) = 11.4 X .,978 = 11.18

It is recommended that a current of about 10
amperes he used for the test. The calibration curve
for the portable test reactor should be referredto in
order to determine exact reactance of the 12 ohm
tap at the current level being used. For the purpose
of this illustration let us assume that this reactance
is 12.2 ohms. The impedance will be

- 12.2 12.2 .
7. == = = 12.2 ohms
L cos 3°

.999
The reactance and the impedance may be
assumed the same for this particular reactor tap.

Actually the difference need only be taken into ac-
count on the reactor taps of 3, 2, 1 or 0.5 ohms.

The angle of impedance of the 12 ohm tap at
10 amperes is 87.0 degrees and the impedance to
just cause the relay to operate will be

22, = 2 (3—22) cos (87.0-75) = 11.1 Ohms

The test box auto-iransformer tap setting re-
quired to close the MHO unit contacts with the
fault switch closed is

11.1
= =—== - 91
% 12.2

The MHO unit 'should pick up between the 90
and 92 percent tap.

I the MHO wunit pick up checks correcily ac-
cording to the above test it may be assumed that
the angle of the characteristic is correct. However,
this angle may be checked very easily by using the
calibrated test resistor in combination with various
reactor taps. The calibrated test resistor taps are
pre-set in such a manner that when used with 12
and 6 ohm taps of the specified test reactor, im-
pedance at 60 degrees and 30 degrees respectively
will be available for checking the MHO unit reach
at the 60 degree and 30 degree positions. The MHO
unit reach may be checked at the zero degree posi-
tion by using the calibrated test resgisior alone as
the line impedance. The MHO unit should just pick
up at approximately the value of Z indicated on the
characteristic circle as shown in Fig. 6. When
checking the MHO unii at angles of more than 30
degrees away from the angle of maximum torque,
any error in the angle of the test impedance will
cause an increasingly larger error in the relay
pickup.

With a variable source of DC power connected
to relay studs 1 and 2 check that the target seal-in
unit operates at or below the tap rating used.
PERIODIC CHECKS AND ROUTINE MAINTENANCE

In view of the vital role of protective relays

in the operation of a power system it is important
that a periodic test program bhe followed. Itis

7
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recognized that the interval between periodic checks
will vary depending upon environment, type of relay
and the user's experience with periodic testing.
Until the user has accumulated enough experience
to select the test interval best suited to his in-
dividual requirements it is suggested that the points
listed under INSTALLATION PROCEDURE be
checked at an interval of from one to two years. '

SERVICING

If it is found that the calibrations do not check
during installation tests or periodic tests, recali-
bration should be made by adjusting as necessary
elements normally called factory adjustments, The
adjustments are listed below. These devices maybe
located from Figs. 1 and 2.

1. Conirol Spring Adjustment

Adjust the control spring so that the contacts
just fully reset when the relay is mounted in its
ultimate location. Check zero voltage fault
pickup with one ohm offset (see CHARACTER-
ISTICS section). »

2. Ohmic Reach Adjustment

Connect relay as shown in Fig, 10 without offset
and with rated voltage and 100% tap. Adjust the
R13 resistor until the relay just closes its

contact at 18.75 - 19.5 amperes when phase
angle meter reads 285 degrees.

3. Angle of Maximum Torque Adju.étment

Connect relay as shown in Fig. 10. Set T A at
50 percent, the phase angle meter at 345° and
check that MHO unit picks up at 16,75 - 18.25
amperes with no offset. Then set phase angle
meter to 225 degrees and check that uniipicks up
at same current. Adjust R43 and/or R33 until
the pickup at the two angles is approximately
equal. Recheck the relay reach at 285 degrees
and adjust if necessary. Then recheck the angle
of maximum torgue and continue with this
sequence until correct values are achieved.

RENEWAL PARTS

It is recommended that sufficient quantities of

renewal parts be carried in stock to enable the
prompt replacement of any that are worn, broken or
damaged.

When ordering renewal parts, address thenear-
est Sales Office of the General Electric Company,
specify quantity required, name of part wanted, and
give complete nameplate data. If possible, give the
G. E. Co. requisition number on which the relay was
furnished. ' - -
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Fig. 4 (0165A7773-0)
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‘Static And Dynemic Accuracy Curves For CEB12C Relay

Fig. 7 (0165ATTT4=0)
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Offset MHO Distance Relay Type CEB GEI-08318
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Fig. 8 (376A962-0)
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Internal Connection Diagrsm For Type CEBL2C Relay (Front View)

RATED FREQUENCY SUPPLY

N

AUXILIARY BRUSH- TERMINAL BLOCK

NOTE: AFlTER ENGAGING AUXILIARY BRUSH, CONNECTING PLUG
TRAVELS 1/ INCH BEFORE ENGAGING THE MAIN BRUSH ON
THE TERMINAL BLOCK.

Fig. 9 (8025039) COross Section of Drawout Case
Showing Position O0f Auxiliary Brush And Shorting
Bar :

Fig. 10 (3764961-0)
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Tegt Connections For Setting
Maximum Torque Angle Of Type CEB12C Relay
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GEI-98316 Offset MHO Distance Relay Type CEB
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Fig. 11 (0L65A7771-0) Field Test Connections Of Type CEBL2C Relay
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Offget MHO Distance Relay Type CEB GEI-98318
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GEZ-2S00R

. GENERAL ELECTRIC INSTALLATION AND SERVICE ENGINEERING OFFICES

1 Marine Service
¥ Transportation

FIELD SERVICE OFFICE CODE KEY

*  Mechanieal & Nuclear Service
T Electrical & El¢ctronic Service

vige Enginaaring oHice.

ALABAMA

t Birmingham 35205 . , ., 2151 Highland Ave.
*1 1 Mobde 36609, .,,.11118, Beltline Highway
ALASKA

1 Anchorage 98501, , .. ... . 115 ‘Whitney Rd,
ARIZONA

*t Phoenix 85012 , , ., .. 3550 N, Central Ave,
t Tucson 85716, .. . . ... 1518, Tucson Blvd,

ARKANSAS

1 Worth Little Reck 72119 ...... 120 Main St.
CAL[FDRNIA

*t I Los Angeles 90054 ... ...Z1Z N.Vignes 5t

Palo Alte 94303 , .. .. 960 San Antonio R4,

1 Sacramente 95808.,,...,..., 2407 J &t
1 San Diego 92103 ,.,..... 2560 First Ave.
* ¥ San Francisec 9411%. ... 55 Hawthorne St.

* Vernon 0088, . . ....... 3038 E. 46th 5t.
COLORADO

* 1 Denver 80206, . 201 Univergity Blvd.
CONNECTICUT

.t Meriden 06450 . .. .... ... 1 Prestige Dr.
FLORIDA

T 1 Jacksonville 32203 ... . 4040 Woodcock Dr.
¥ § Miami 33134 , . . 4100 W. Flagler 5t.
*1 31 Tampa33608,,...,... 21063.Lois Ave.

GEORGIA
=%  Atlanta 30309..... 1860 Peachiree Rd, , NW

1§ Savanmah 81406 ,....... 5002 Paunlsen St.
HAWAI
*t £ THomolulu §6813. ....... + . . 440 Coral St.
ILLINOIS
*f % Chicago 60680 . ......... 840 5. Canal 8t.
INDIANA

T Evansville 47706 ... 2700 Washington Ave.

¥ Fort Wayne 46807 , ., . 3806 S. Calhoun St.
* ¥ Indianapalie 46207 ... 3750 N. Meridian St.
IOWA

1 Davenport 52806

... P.0.Box 630, 103§ State St,, Bettendort

EENTUCKY

i Louisville 40218 ...... 2300 Meadow Dr.

LOUISTANA
Baton Rooge 70B0G . .
“t i TWewQrleans 70125 , . 4747 Earhart Blvd.
=t Shreveport 71104 . .. 2620 Centenary Blvd.
T Monroe 71201 . ..., ... 1028 North Gth S,

.B312 Florida Blvd,

MARYLAND
* 1 f Baltimore 21201........ 1N, Charles St
MASSACHUSETTS .
*1 f Wellesley 02181, , ., .. .,1 Washington St.
M]CHIGAN
*1 1 Detroit48202 ........ 700 Antoinette St.
T Jackson 49201 ., . ., ., ., 210 W. Franklin St.

T Saginaw 48607
v« v« w-., 1008 Second National Bank Bldg.

MINNESO

tf Du.‘:uth 55802 ., ...... 300 W, Superior St
*1 1 Minneapolis 55416 . .. 1500 Lilac Drive So.
MISSOURI

* Kansas City 641686. .. ... ... 911 Main St,
* i St. Lowis 83101 ......... 1015 Locust St.
MONTANA '

T Butte 59701, , . ...... 103 N. Wyoming 5t.
NEBRASKA
* 1 Omaha 88102, ., ........ 409 8. 17th St.
NEW JERSEY
*t Millburn (7041, . .. 25 E.Willow St.
NEW YORK

v & Albany 12205, ... 15 Computer Drive, West
*t i (Buffale 14205 ... .. , . 825 Delaware Ave,
* T T MewYork10022...... 641 Lexington Ave,

Rochester 14604, ,,..,..... 89 East Ave.

* T i Syracuse 13206 .........3032 James S
NORTH CAROLINA

=+ f Charlotte 28207 . ... .. 141 Providence Rd.
* Wilmington

Reigelwend 28456 . ... ... P.0O.Box 188
OHIO

*1 Cincinnati 45206. . .
*1 1 Cleveland 44104 . .
T Columbus 4322% . .
T Toledo 43606, , . ..
T Youngstown 44507, .

. . 2621 Victory Pkwy.
- 1000 Lakeside Ave.

. 1110 Morse Rd.
. 3125 Douglas Rd.
.+ 272 Indianola Ave.

GENERAL ELECTRIC SERVICE SHOPS

FOR YOUR LASTING SATISFACTION . .. with the performance and availability of your Gen-
aral Elecrric eaquipment, GE provides this nationwide netweork of fisld service oHices, serving
uiility, industrial, transportation and marine vsers, Qualified fiald enginwers provide instol-
|otian, start-up, emplayes training, engineering maintanance and other servicasr, throughout
the productive life of the equipment. For full information, call your neorest Inslaliation & 5er-

OKLAHOMA
* 1 Oklahoma City 73106, . , 2000 Classen Blvd.

T Tulsa 74105., P, O, Box 7646, Southside Sta.
OREGON )

T Eugene 97401, ..., ....,. I170 Pear] &t,
* 11 Portland 87210, ,,.... 2929 NW 20th Ave.
PENNSYLVANIA

Allentown 18102 . ... ... 1444 Hamijlton St,

*t 3 Philadelphia 19102, ,, 3 Penn Center Plaza
*f Piftsburgh 15222 . 0, , 300 6th Avenae Bldg.

S0UTH CAROLINA
1t § Columbia 28204 ... .. 2700 Middleburg Dr.
1 Greenville 29507, , 41 No, Pleasanthurg Dr,

TENNESSEE
=t Chattanooga 37411
............ 5800 Bldg, Eastgate Center

t Memphis 38130, , . ..., 3385 Airways Blvd.
TEXAS
- Amarillo 79101 ... ........ 303 Polk St.
*t{ Beaumont 77704........ 1385 Calder Ave
=t Corpus Christi 78401, , 205 N, Chaparral St.
* Dallas 75222 . ... 8101 Stemmone Freeway

Fert Worth 76102 .., .. . 408 W. Seventh St
1 Housten 77027 , ... ., 4219 Richmond Ave.

T
T
T
T El Paso 79845 . .. .. 215 N. Stanton
¥
+
§ Szn Antonto 78204, .......434 5. Main St.

UTAH
* Balt Lake City 84111, , 431 8. Third East St.
VIRGINLA
* f Newport News 23601 ...... 311 Main 8t.
T 1t Richmond 23230. ... 1508 Willow Lawn Dr.
T Roanoke 24015, .. ..., ' 2018 Colonial Ave,
WASHINGTON

*t 1 Seattle 58188
ver... 112 Andover Park East, Tukwila

t  Spokane 88202 ....... E.1805 Trent Ave.
WEST VIRGINIA
=t Charleston 25328 . .306 MacCorkle Ave., SE
WISCONSIN
* Appleton 54911, . 3003 West College Dr.

T 1 Milwaokee 53202 .. ... #15 E. Michigan St.

WHEN YOU NEED SERVICE ... These GE Service Shaops will repair, re- ises, Latest factory methods and genuine GE renewal parts are used to

condition;, and rebuild your electric apparatus.-'The facilities are available
day and night, seven days a week, for work in the shops or on your prem-

ALABAMA
¢ * Birmingham 35211 . . 1500 Mims Ave.,5. W,
# Mchile 38609 . ........ %21 Lakeside Dr.
ARIZONA
s (Pl‘loenlx) Glendale 83019 . 4911 W. Colter 5t.
® Phoenix 85018 .. ... 3840 W. Clarendon St.

® Tucson 85713. ... 2942 So0. Pale Verde Ave.

CALIFORN!A
Los Angeles §0301 . . . . 6800 Stanford Ave.
® (Los Angeles) Anaheim 92805
. ... 30601 E.LaPalma Ave,
b (:L.os A.ngeles) Inglewood 90301
........ vusunaa 228 W, Florence Ave.

® Sacramento $5814...... 99 North 1Tth St
#® * (San Franciseo) Ozkland B4608
e ear e 1650 34th St.
COLORADO
#* Denver 80206......... 3353 Larimer St
CONNECTICUT
® * (Ssuthington) Plantsville 056478
I e 3570 Atwater St.
FLORIDA

® * Jacksonville 32203 . ... 2020 W.Beaver 3t
# (Miami) Hialeah 33010, , . 1062 East 28th St.
® * Tapspa 38601.,....... 1Pth & Grant Sts.

GEQRGLA
® [Atlanta) Chamblee 30341
e ress . 5035 Peachtree Industrial-Blvd,
* Atlanta .. ... .. .. 2379 John Glenn Dr.

ILLINOIE
¢ * Chicago 60638 . . . .08045 S, Nottingham Ave.

g
3

Evansville 47711 ., , 401 N.Congress Ave,
Ft. Wayne 46803, . ..,.. 1731 Edeall Ave.
Hammond 46320 . . ... .. 1138 164th Place
Indianapolis 46222 ... 1740 W. Vermont St.

=P

WA

s (Davenport) Bettendorf 52722 . 1025 State St,

KENTUCKY
&« Loufeville 40208, .., 3900 Crittenden Drive

LOUISIANA
® Baton Rouge 70814 . .. 10955 North Dual St.
® * New Orleans 70114 .. ...1115 DeArmas St.

MARYLAND )
s * Baltimore 21230....... 920 E. Fort Ave,

MASSACHUSETTS
® * 4 (Bostun) Medford 02155
s eaasen... 3960 Mystic Valley Plowy.

MICHIGAN
* * A [Detroit} Riverview. ... 18075 Krause Ave,
& Flint 48505 ....... 1506 E, Carpenter Rd.

MINNESQTA
# Duluth 55807 . . .50th Ave. W & StLouis Bay
® * Minneapolis 55430 ., .. 2025 49th Ave.,N.

MISSOURI
« * Kansas City 54120. ... . 3525 Gardner Avae,
® * St Louis 63110 . .. .. .. .. 1115 East Rd.
NEW JERSEY
# New Brunswick 08802 ... .. 3 Lawrence St
NEW MEXICO
* Albuquergne 87109 , , , 4420 McLeod Rd. NE
NEW YORK

& Albany 12205.........1097 Ceniral Ave,
# * (Buffalo) Tonawandz 14150 . . 175 Milens R4,
e (Long Island) Qld Bethpage 11804
v 4naa . 183 Bethpage-Sweet Hollow Rd.
# (New York City} North Bergen, N.J. 07012
..... 6001 Tonnelle Ave.
- (New York Clty) Clutnn, N.J. 07012
v easaee-. 9Brighton Rd.
* A Sr:henectady 12305 waavraea . LRiver Rd,
& Syracuse 13208, . 1015 E. Hiawatha Blvd.

NORTH CAROLINA
® ¢ Charlotie 28208 ,,,,.... 2328 Thrift Rd.

QHIC
® Akron (Canton) 44720

W et es s e T900 Whipple Ave,N.W.
- Cinclnnatl 43202, ,, .. .. 444 West 3rd St
& Cleveland 44125, ., ... 4477 East 49th 5t.
* Columbus 43228 ., . + BEE0 Huntley Rd.
M
L

Toledo 43605, . . .. + . 408 Dearborn Ave.
Youngstown 44507, , . ,2%2 E.Indianola Ave.

maintain performance of yoar equipment, For [ull informatian about these
services, contact your nearest service shop or sales office,

OKLAHOMA
® Tolsa 74145...... 5220 5. 100th East Ave,
OREGON
® Eugene 57402 ,,,,...... 570 Wilson St.
® * Portland 897210 , ,, ... 2727 NW 25th Ave.
PENNSY'LVANIA
Allentown 18103 ... ... BEB E. Highland St.

* {Delaware Valley) Cherry Hill, N.J., 08034
........11905 Marlton Bike
. Juhnst.own 15802 ..., ... . 841 Oak S
# Philadelphia 19124 ., . 1040 East Erie Ave.

* * [Pittsburgh) West Mifilin 15122
...... 4930 Buttermilk Hollow Rd.
- York 1':'4[!3 veveeer. .04 N Harrison 8t

SOUTH CAROLINA
® (Charleston) No. Charleston 29401
. 2490 Debonair St.

TENNESBEE
* Kneoxville 37914
v4aaae s 2621 Governor John Sevier Hwy.
# Memphis 38107. . ,, ... 708 Nerth Main St,

TEXAS
# Beaumont 77705 . . ., . 1480 W, Cardinal Dr.
® Corpus Christi 76401 ...... 115 Waco St.
® * Dallas 79235 ,........,.3202 Manor Way
* Houston 77036 . 5334 Harvey Wilson Dr.
* Houston 77036 ......... 6816 Harwin Dr.,
® Midland 79701, ...... 704 5, Johnston St.
UTAH .
# * Salt Lake City 84110 ... 301 &.7Tth West 5t.
VIRGINIA

# * Richmend 23224 ., ..., . 1403 Ingram Ave.
# Roanoke 24013 . ... .. 1004 River Ave.,5E

WASHINGTON
® * Seattle 98134 .. .., 3422 First Ave., South
& Spokane 89211 ... ..., E.4323 Missfon Et.

WEST VIRGINIA
a * Charleston 25328 . .306 MacCorkle Ave., 52

WISCONSIN
« {Appleton) Menasha 54§10 , . 1725 Racine St.

o Milwaukee 53207 . ., 235 W.Oklahoma Ave.

" ['* Eleotrical/Mechanical Sarvice Shop _* Instrumentation Shop

A Special Mandfacturing Shop

7-70 GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.




