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MHO BLOCKING RELAY 
TYPE CEB13B 

DESCRIPTION 

INTRODUCTION 
The Type CEB13B relay is a three phase, offset 

mho blocking relay, which operates on the induction 
cylinder principle, providing a high steady torque 
acting on low inertia parts. 

APPLICATION 
The Type CEB13B relay may be used as the 

reversed third zone and carrier starting element 
with the Type GCX17A or 17B reaclance distance 
relay to form a directional comparison carrier 
relaying terminal which is especially applicable to 
the protection of three terminal transmission lines. 
The offset mho unit of the Type CEB13B relay 
provides a directional type of carrier starting 
element. On three terminal line flPplications, the 
directional type of carrier starting element pro
vides more latitude in the settings of the distance 
relays and also offers line protection in some cases 
where non-directional carrier starting may not. 

Each of the three mho units is supplied with 
line-to-line voltage and the vector difference of the 
currents in these same two lines, (delta current). 
Consequently, the ohmic reach of a single unit is the 
same for three-phase, phase-to-phase or two-phase
to-ground faults. The ohmic reach is adjusted by 
means of a resistor in the restraint circuit. 

Each of these type relays have phase targets 
and a seal-in unit, the ratings of which depend on 
the relay model. 

The principal problem in making relay settings, 
when applying directional comparison carrier re
laying with non-directional carrier starting to three 
terminal lines, Is the coordination of the carrier 
starting element reach with the carrier stopping or 
tripping element reach. This coordination is com
plicated by infeed from the third line terminal. 
An internal fault close to one terminal of the line 
appears to be at a greater distance from the relay 
at the other line terminal than it actually is due to 
the infeed from the third line terminal. The carrier 
tripping element must have ample reach to see any 
internal fault regardless of the infeed, but also its 
reach must not exceed the carrier starting element, 
otherwise false tripping will result on external 
fault's. 

The directional type of carrier starting element 
with its principal reach being directed away from 
the protected line section or in the reverse direc
tion, simplifies the coordination problem since It Is 
only necessary that It out reach the carrier tripping 
elements at the other two line terminals for all 
external faults. The possibility of the carrier 
tripping elements at the other two terminals out
reacbing the carrier starting element at the third 
terminal is therefore less likely. The carrier 
starting element Is always offset to Insure proper 
operation to start carrier for external faults very 
close to the line terminal. 

The R and X diagram and the elementary 
diagram of Fig. 9 show the recommended carrier
distance relaying protection for three terminal line 
applications where the Type GCX reactance distance 
relay is applicable. 

The Type CEB13B relay may also be used with 
a Type RPM timer to provide back-up protection for 
other line relaying. This application Is shown by 
the elementary diagram of Fig. 11. 

When the application requires a relay to be set 
for less than the minimum ohmic reach of the 
Type CEB13B relay, a secondary current trans
former Is required to step down the current by a 
suitable factor. For Instance, a four ohm ~etting of 
the relay can be made to the equivalent of a 2.0 ohm 
relay by the use of three 5/2.5 ampere C. T. 's for 
each Type CEB relay. It should be remembered in 
this case, that the relay is energized by one-half the 
secondary current of the line C. T. 's, and this fact 
must be used when referring to operating tilne or 
accuracy data recorded as a function of current. 
Data recorded as a function of relay terminal 
vol4:ge is not affected. 

The use of the secondary step down C. T. 's 
reduces the minimum ohmic reach and the offset 
of the -three units by the same factor. 

The remainder of these Instructions cover the 
operation of the relay with no reference to the use 
of auxiliary current transformers. 

These instructions do not purport to cover"oU details or variations in equipment nor to provide for every possible 
contingency fa be met in connection with installation, operation or maintenance. Should further information be de.ired 
or ,hou/d particular problem. arise which are not coverecl,ufficiently for the purchaser', purpo.e" the maHer .hould 
be referred to the General Electric Company. 
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GEI-31086 MHO Blocking Relay Type CEB13B 

OPERATING CHARACTERISTICS 

The offset mho unit Is slclilar to"the basic mho 
unit with the addition of a transactor:'AThe trans
actor Is an air gap reactor with a secondary winding 
for obtaining the desired voltage at a given primary 
current without the attendant high burden. Electrical 
insulation is also obtained. By adding the transactor 
secondary voltage in series with the terminal voltage 
and applying the vector sum to the operating unit, 
the effect is to offset the ohmic characteristic without 
changing its diameter. 

Referring to Fig. 2, the characteristics at 75 
and 60 degrees with zero offset are similar to the 
mba unit characteristic of the Type GCX relay. 
Curves of Fig. 2 show how the characteristic may 
be offset in the Type CEB relay. In the carrier
pilot relaying scheme, the connections to the Type 
CEB relay are reversed so that except for the offset 
portion OA, its zone of operation lies in the direction 
opposite to that of the mba unit. It thus covers the 
line section behind the relay location. Its nor mally
open contacts close to trip the breaker in third zone 
time for faults in this section, while its normally 
closed contacts open to inltlate the transmission of 
carrier. 
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Fi g. 2 Impedance Characteristics Of The 
Type CEBJ3B Relay 
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The characteristic circles may be e:xpanded 
by reducing the effect of the restraint circuit. This 
is accomplished by increasing the setting of the 
adjustable resistor in that circuit. 

When zero offset is used, the characteristic 
circles all pass through the origin. When one ohm 
offset Is used, these circles continue to pass through 
a common point which has moved to point A in Fig. 2. 

The direction of the zero offset characteristic 
can be adjusted from the 75 degree setting, shown 
by the upper heavy circle of ,Fig. 2, to any angle 
down to the 60 degree setting, shown by the dashed 
circle. The variation in minimum ohmic setting 
with this adjustment is indicated in Table I. This 
adjustment is made by decreasing the resistance in 
R31 plus R41 for the M 1-2 unit. If no change is 
made in the setting of R61 and If offset is used, the 
new circle, initially at 60 degrees, for example, will 
be shifted along a 75 degree line. In order to have 
the offset along a 60 degree line, the resistance of 
R61 must be reduced. 

TABLE I 

MINIMUM OHMIC REACH VARIA nON 

Angle Frequency Minimum Ohmic Reach 

75 60 3.92 - 4.08 

60 60 3.18 - 3.68 

No attempt has been made to limit the transient 
overreach of this relay. The directional action with 
1.5 volts, phase-to-phase, is correct from 6 to 60 
amperes, when no offset is used. 

RATINGS 

The Type CEB13 relays are available in one 
rating only -60 cycles, 5 amperes, 115 volts. The 
basic range of ohmic adjustment is 4 to 20 ohms, 
phase-to-neutral, when set with the factory angular 
adjustment. 

Additional ranges of 2-10 ohms and 1.33 to 
6.67 ohms can be obtained by the use of one aux
lllary current transformer per phase, mounting 
externally to the relay. The ohmic setting of each 
unit is continuous throughout the range. 

Type CEB13B relays are available with offset 
ranges of 0-2 and 0-4 ohms. 

The one second thermal rating of the current 
calls is 130 amperes. 

The current closing rating of the normally 
open contacts is 30 amperes for voltages not 
exceeding 250 volts. The contacts will close, 
carry continuously and open 0.3 ampere in circuits 
up to 250 volts. 
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GEI-3108B MHO Blocking Relay Type CEB13B 

TARGET AND SEAL-IN UNIT COILS 

The target and seal-in unit coil ratings are 
given in TABLE IT. These ratings are either 
AC or DC. 

TABLE I! 
TARGET COIL AND SEAL-IN UNIT COIL RATING 

Target Coil Seal-In Unit 
Coil 

0.2 2.0 0.2 2.0 
Amp Amp Amp Amp 

Operating Range 0.2-2.( 2-30 0.2-2.0 2-30 
Resistance 7 0.1 7 0.13 
Carry For Tripping 

Duty 5 30 5 30 
Carry Continuously 0.8 B 0.3 3 

BURDENS 
Because of the presence of the transactor in the 

retay, the ohmic burdens imposed upon the current 
and ptotential transformers are not constant, but vary 
somewhat with the ohmic reach, amount of offset, 
and current. This vartation is of little importance 
to the current transformer, so that a formula for 
calculating only the potential burden will be given. 
CURRENT CIRCUITS 

The maximum current burden imposed on each 
C. T. with a practical setting at 5 amperes, 115 volts 
and 60 cycles is given in Table II!. 

R 

0.31 

TABLE III 
CURRENT CIRCUIT BURDEN 

X Z WATTS VARS 

0.50 0.59 7.8 12.5 

VA 

14.7 

The above burden was measured under phase
to-phase fault conditions which yield higher burden 
readings than three-phase conditions. Also any 
other change caused by dtfferent conditions of offset 
will cause the burden to be less than indicated. 
POTENTIAL COILS 

The maximum potential burden imposed on each 
P.T. with a practical setting at 115 volts, 5 amperes 
and 60 cycles is given in Table IV. 

TABLE IV 
POTENTIAL CIRCUIT BURDEN 

WATTS 

8.9 

VA 

10.1 

The potential burden is altered by changing the 
restraint setting in order to obtain the proper 
reach, as well as by changing the offset adjustment. 
The equations below cover the condition of minimum 
ohmic setting. The burden will be decreased tf the 
ohmic setting is increased. 

W + J V = Volt Ampere Burden on Potential Device 
or Potential Transformer 
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Relay Terminal Voltage (tJ - tJ) 
Relay Current E 
Line-to-Neutral ohms seen by Relay=~ 
Ohmic Offset Setting of Relay I 

Power Factor Angle of Load 
= Angle of Offset 

,---------------n> 
E2 Z Z 2 

W + ) V = - 1 + 2 ~ cos (tJ - 9) +(~) 
Zs ZL ZL 

(1) 

where Zs = 1160 + )614 + Zo 2 (4.5 x )74.5) (2) 

Table V lists the results for Zs when various 
values of Zo are substituted into equation (2). 

Zo 

0.25 
0.5 
1 
2 
3 
4 

MHO UNIT 

TABLE V 

Zs 

1160 + )615 
1161 + j618 
1164 + J628 
1178 + )672 
1200 + )744 
1232 + J844 

CONSTRUCTION AND 
CIRCUITRY 

The relay han 3 units, each unit being an offset 
mho unit; I.e., it has a circular impedance charac
teristic similar to that of the basic mho unit except 
that it is offset so as to encircle the origin of the 
impedance dtagram instead of passing through It. 
The schematic connections for this unit are shown 
in Fig. 4. The two side poles, e'hergized with phase
to-phase voltage, produce the polarizing flux which 
interacts with the flux produced in the back poles 
energized with a percentage of the same voltage to 
produce the restraint torque in the relay. The flux 
produced in the front pole, energized with the two 
line currents associated with the phase-to-phase 
voltage used, interacts with the polarizing flux to 
produce the operating torque. The torque equation 
for zero offset at pickup is therefore: 

2 T = 0 = EI cos (tJ - 9) - KE 

where E is the phase-to-phase voltage 

I is the delta current (I 1 - 12 ) 

9 is the angle of maximum torque of the 
relay. 

tJ is the power factor angle 
K is a design constant 

Dividing through by E2 and transposing reduces the 
equatiofl to: 

y cos (tJ - 9) = K 
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Thus, the relay w!1l pick up at a constant component 
of admittance at a fixed angle depending upon the 
maximum torque angle of the unit, hence the name 
mho unit. 

TRANSACTOR 

The relay has 3 offset mho units. The offset Is 
provided by the voltage drop across a transactor In 
the current circuit In conjunction with an element 
which Is otherwise simply a mho unit. Transactor 
Is the name given to a reactor which has a secondary 
winding with a step-up ratio to provide more re
actance with less burden on the current circuit. 
Taps on the secondary wlnqlng provide a selection 
of offset of 0, 1, 2, 3} and 4 for the 4 ohm transactor 
and 0, 0.5, 1, 1.5 ana 2 ohI,li-s for th!! 2 ohm trans
actl)r. 

CONTACTS 

The contacts of the Type CEB13B relay are 
made of fine silver for low contact resistance and 
are of the Ideal design of two cylinders at right 
angles, which provides a point contact without 
actually using a pointed contact. To protect the 
contacts from damage caused by high operating 
torques under short-circuit conditions, a felt clutch 
Is provided between the shaft and the contact arm. 

INSTALLATION 
RECEIVING 

These relays, when not Included as a part of a 
control panel, w!1l be shipped in cartons designed to 
protect them against damage. Immediately upon 
receipt of the relay, an examination should be made 
for any damage sustained during shipment. U Injury 
or damage resulting from rough handling Is evident, 
a claim should be filed at once with the trans
portation company and the nearest Sales Office of 
the General Electric Company notified promplly. 

Reasonable care should be exercised In un
packing the relay In order that none of the parts are 
Injured or the adjustments disturbed. 

U the relays are not to be Installed immedtately, 
they should be stored In their original cartons In a 
place that Is free from moisture, dust, and metallic 
chips. Foreign matter 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. 

INSPECTION 
Before placing a relay Into service, the follOWing 

mechanical adjustments should be checked and faulty 

conditions corrected according to Instructions given 
under MAINTENANCE. 

There should be no noticeable mechanical 
friction In the rotating structure of the mho units 
and the moving contacts should barely return to the 
right when the relay Is de-energized. 

There should be approximately 1/64 Inch end 
play In the shafts of the rotating structures. The 
lower jewel screw bearing should be screwed firmly 
In place, and the top pivot locked In place by Its 
set screw. 

U there Is reason to believe that the jewel Is 
cracked or dirty the screw assembly can be re
moved from the bottom of the unit and examined 
under a microscope, or the surface of the jewel 
explored with the point of a fine needle. When re
placing a jewel, have the top pivot engaged In the 
shaft while screwing the jewel screw. 

All nuts and screws should be tight, with 
particular attention paid to tap plugs. 

The felt gasket on the cover should be securely 
cemented In place In order to keep out dust. 

All contact surfaces should be clean. 
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GEI-31086 MHO Blocking Relay Type CEB13B 

CA UTION: Every circuit in the drawout case 
has an auxiliary brush; this is the short one in 
the case (not on the cradle) which the connection 
plug or test plug should engage first. On every 
current circuit or other circuit with a shorting 
bar, make sure these auxiliary brushes are bent 
high enough to engage the connection plug or test 
plug before the main brushes In the case do, as 
otherwise the CT secondary circuit may be opened 
(where one brush touches the shorting bar) before 
the circuit is completed from the plug to the 
other main brush. 

SETTINGS 
The ohmic offset of the mho unit may be varied 

from 0-2 or 0-4 (depending on the relay model) by 
changing the tap setting of Ihe offset tap block. 

The setting of each mho unit, defined as the 
diameter of Its ohmic characteritstic, becomes 
equal to the ohmic reach plus the offset. The 
phase-to-neutral setting (with no offset) may be 
calculated from equations (3) and (4) when the 
angular settings of the operating element and the 
transactor are the same. 

Z (setting) ; ZR + Zo 

ZR 
Z 2 

L + Zo ZL cos (9 - 11) 
cos (9 - tlJ 

(3) 

(4) 

Desired ohmic reach at angle 
where ZL; If the angle 9 and 11 are different. 

ZO; Ohmic Offset 

ZR; Ohmic reach at angular setting of unit 

9 ; Angular setting of unit 

11 Angle of the Line 

CHECK TESTS 
CALIBRA TION 

To eliminate the errors which may result from 
possible instrument inaccuracies a test circuit has 
been selected which requires no instruments for 
checking the reach and maximum torque angles. 
Such a circuit is shown in Fig. 5. In Fig. 5 RS + Xs 
is the source impedance, SF is the fault switch and 
RL + XL is the impedance of the line section for 
which the relay is being tested. The autotrans
former, TA, which is across the fault switch and 
line impedance is tapped in 10 per cent and 1 per 
cent steps so that the line impedance RL + XL 
may be made to appear to the relay very nearly as 
the actual line on which the relay is to be used. 
This Is necessary since it is not feasible to provide 
the portable test reactor, XL, and the test resistor 
with enough taps so that tile combination may be 
made to match any line. 
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Fig. 5 Schematic Test Connections for 
Type CEBI38 Relay 

TENTI AL 
RCUITS 

B 

For convenience In field testing the fault switch 
and tapped autotransformer of Fig. 5 have been 
arranged in a portable test bOX, Cat. No. 102L201 
which is particularly adapted for testing dlrectlonai 
and distance relays. The box Is provided with ter
minals to which the relay current and potential 
circuits as well as the line and source impedances 
may be readily connected. For a complete des
cription of the test box, the user Is referred to 
GEI-38977. 

Other equipment required Includes: 
Load Box 
Tapped Test Reac tor , 
Tapped Test Resistor 
Voltmeter 
Ammeter 
Test Plugs 

To check the calibration of the mho units Is Is 
suggested that the test box Cat. 102L201; test 
reactor (Cat. 6054975); and test resistor (Cat. 
615B546) be arranged with the type XLA test plugs 
as shown in Fig. 6. This circuit is similar to that 
shown in Fig. 5, except that the source impedance 
RS + Xs is replaced by the load box which controls 
the level of the fault current and produces the 
source voltage drop. 

Since the reactance of the test reactor may be 
very accurately determined from its calibration 
curve, it Is desirable to check relay pickup with 
the fault reactor alone, due account being taken of 
the angular difference between the line reactance, 
XL, and the relay angle of maximum reach. The 
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Fig. 6 Test Connections for Type CEBI3B Relay 
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line reactance X L' 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 impedance and the relay angle of 
maximum reach. Twice the relay reach at the 
angle of the test reactor Impedance Is: 

2 Z (Relay) = 2 Z (p-n) cos (9 - ¢) (5) 
where ¢ Is the angle of the test reactor Impedance, 
9 Is the relay angle of maximum reach and Z p-n 
is actual relay reach, phase-to-neutral. The test
box autotransformer percent tap for the mho-unit 
pickup is given by:-

Z tap 2Z Relay (100) (6) 
ZL 

To illustrate by an example, let us consider 
the percent tap required on the test box autotrans
former for a unit that has been factory adjusted to 
pick up at 4 ohms (p-n) minimum at a maximum 
torque angle of 75 degrees. In determining the re
actor tap setting to use it may be assumed that the 
angle of the test impedance is 80 degrees. From the 
above, twice the relay reach at the angle of the test
reactor impedance is:-

2Z Relay = 2 ~ cos (80-75) = 7.97 ohms 
1.0 

Therefore, use the reactor 12 ohm tap. Twice 
the relay reach at the angle of test reactor imped
ance should be recalculated using the actual angle 
of the reactor tap impedance rather than the as
sumed 80 degrees. Table VI shows the angles for 
each of the reactor taps. 

MHO Blocking Relay Type CEB13B GEI-31086 

TABLE VI 

TAP ANGLE 0 COS (9-0) 
24 88 0.973 
12 87 0.976 
6 86 0.980 
3 85 0.984 
2 83 0.989 
1 81 0.994 

0.5 78 0.988 

From Table VI it is seen that the angle of the 
impedance of the 12 ohms tap is 87 degrees. 
Therefore: 

2Z relay = 2 4 cos (87-75) = 7.82 ohms 
1.0 

The calibration curve for the portable test 
reactor should again be referred to in order to 
determine the exact reactance of the 12 ohm tap 
at the current level being used. For the purpose 
of this illustration assume that the reactance is 
12.2 ohms. Since the angle of the impedance of the 
12 ohm tap is 87 degrees, the impedance of this tap 
may be calculated as follows:-

Z XL 12.2 12 217 
L = cos 3 = .9986 = • 

From this calculation, it it seen that the re
actance and the impedance may be assumed the 
same for this particular reactor tap. Actually the 
difference need only be taken into account 011 the 
reactor 3, 2, 1 and 0.5 ohm taps. 

The test box autotransformer tap setting re
quired to close the mho-unit contacts with the 
fault switch closed is:-

Z tap = 7.82 
12.2 

X 100 = 64% 

If the ohmic pickup of the mho unit checks 
correctly according to the above, the chances are 
that the angle of the characteristic is correct. The 
angle may however, be very easily checked by using 
the calibrated test resistor in combination with var
ious reactor taps. The calibrated test resistor taps 
are pre-set in such a manner that when used with 12 
or 6 ohm taps of the specified test reactor, imped
ances at 60 degrees and 30 degrees respectlvelywUl 
be available for checking the mho unit reach at the 60 
degree and 30 degree positions. The mho-unit reach 
at the zero-degree position may be checked by using 
the calibrated test resistor alone as the line imped
ance. The calibrated test reactor is supplied with a 
data sheet which gives the exact impedance and 
angle for each of the combinations available. The 
test-box autotransformer per cent tap for pickup at 
a particular angle is given by:-

% tap = 
2 Z (p-n) cos (750 -A) 

ZL 

where "A" is the angle of the test impedance (ZL), 

ZL is the 60 degree, 30 degree or zero degree im

pedance value. As in the case of the previous tests, 
the load box which serves as a source impedance 

9 



GEI-31086 MHO Blocking Relay Type CEB13B 

should be adjusted to allow approximately 10 am
peres to flow in the fault circuit when the fault 
switch is closed. 

When checking the angle of maximum reach of 
the mho unit as indicated above, there are two 
factors to keep in mind which affect the accuracy 
of the results. First, when checking the mho unit 
at angles of more than 30 degrees off the maximum 
reach position, the error becomes relatively large 
with phase angle error. 

Second, the effect of the control spring should 
be considered when testing a mho unit since it can 
only have a perfectly circular characteristic when 
the control-spring torque is negligible. For any 
normal level of polarizing voltage, the control 
spring may be neglected but in testing the mho unit 
as indicated above it may be necessary to reduce 
the test box autotransformer tap setting to a point 
where the voltage supplied to the unit may be 
retatively low. This reduces the torque level since 
the potarizlng as. well as the restraint torque will be 
low, making the control spring torque no longer 
negligible. The result of the control spring at low 
polarizing voltage is to cause the reach of the mho 
unit to be reduced. 

In addition to the above tests on the mho units, 
they may also be checked for directional action with 
the test box circuits as shown in Fig. 6. The fault 
resistor RL may be zero and the test reactor 

should be set on the 0.5 ohm tap. With connections 
made as shown, the unit contacts should close from 
6 to 60 amperes with 1. 5 volts applied. 

CLUTCH 

The clutch on each unit should slip at a torque 
corresponding to approximately 50 grams applied 
at the contact normal to the contact arm. 

CONTACTS 

The relay contact circuits should be given an 
electrical test by closing each of the mho unit 
contacts by hand. 

POLARITY 

Connect as shown in Fig. 7. Put the offset taps 
in zero. Apply rated voltage at rated frequency. 

With the current circuit open (lead removed 
from stud 3, 5 or 7) there should be a strong torque 
holding the contacts open. With the current circuits 
restored and a card placed under the sliders of R 11 , 

Rii, and R 13, the unit should operate to close its 
contacts. (See Fig.!.) 

OVERALL TESTS 

Overall tests on currenttransformer polarities, 
relay connections and wiring can be made on the 
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RATED VOLTAGE 
AND FREQUENCY 

TO TEST 
UNIT 

A 

TOP 13 

MIDDLE 15 

BOTTOM 17 

24 -"'-

C 

D 

CONNECT LEADS 
TO TERM I NALS 

B C D 

14 3 5 

16 5 7 

18 7 3 

NOTE: TEST ONE UNIT AT A TIME. 

A 

B 

JLMPER 
TERM I NALS 

4 & 6 

6 & 8 

8 & 4 

Fig. 7 Test Connections For Checking Polarity 
Of The CEBI3B Relay 

complete installation. Referring to Fig. 8, a check 
of the indicated phase angle meter readings will 
indicate that the relay is receiving the proper 
voltages and currents from the connections to the 
current and potential transformers for the con
ventional connections shown in Fig. 9. 

LOCATION AND MOUNTING 

The location should be clean and dry, free from 
dust and excessive vibration, and well lighted to 
facilitate inspection and testing. 

The relay should be mounted on a vertical 
surface. The outline and panel drilling diagram is 
shown in Fig. 12. 

CONNECTIONS 

The internal connection diagram for the CEB13B 
relay is shown in Fig. 3. Typical wiring diagrams 
are given in Figs. 9 and 11. 

One of the mounting studs or screws should be 
permanently grounded by a conductor not less than 
No. 12 B & S gage copper wire or its equivalent. 

.' 
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B D G 
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TEST PLUG 
(TOP) 

R 

+ 
I 

L-----l--D + 

TEST PLUG 
(BODDM) 

E 

PHASE ANGLE 
METER 

NOTE: 

STATION 
BUS 

+ 0---' 

KW & KYAR 
____ FLOW OUT 

S<XJRCE 

RESISTOR 

E o---___ -.J 

I 

PHASE ANGLE METER READS ZERO 
DEGREES FOR ABOVE CONNECTIONS. 

ADD JUMPERS C TO D AND F TO G \\\lEN 
PHASE ANGLE METER IS CONNECTED TO 

+ 

1 
2 

9 
10 A & B ETC. TO AVOID OPEN CIRCUITING CT'S. 

@ @ 

CAUTION: BEFDRE MAKING THESE TESTS IT IS ESSENTIAL TO ESTABLISH THAT THE KW AND KVAR METERS 
ARE PROPERLY CONNECTED IN THE CT AND PT CIRCUITS. 

POWER FACTOR PROPER REAOING FOR PHASE SE~ ENCE 1 2-
ANGLE .. iOEG.LEADI---.- 0-4S 45-90 90-no j'5-1BO 100 225 225-270 270-'1- 1'15-"0 

KW AND KVAR DIRECTIONS KW OUT> KVAR IN) KVAR IN> KW IN > KW IN> KYAR OU"" KYAR OUT) KW OUT) 
I TH RESPECT TO THE BU KVAR IN KW OUT KW IN KVAR IN KVAR OUT KW IN KW OUT KYAR OUT 

R TO H AND S TO J 
330-15 15-60 60-10S 105-150 150-195 195-240 240-285 285-330 X TO B AND Y TO A 

R TO K AND S TO M 330-15 15-60 60-105 105-150 150-195 195-240 240-285 285-330 "' x TO 0 ANO Y TO C z 
0 

R TO N AND S TO P ;:: 330-15 15-60 60-105 105-150 150-195 195-240 240-285 285-330 u X TO·G AND Y TO F w 
z PROPER READING FOR PHASE SEQUENCE 1-3-2 z 
8 R TO H AND S TO J 

30-75 75-120 120-165 165-210 210-255 255-300 300-345 345-30 
~ X TO BAND Y TO A 
-' R TO K AND S TO M lI! X TO 0 AND Y TO C 30-75 75-120 120-165 165-210 210-255 255-300 300-345 345-30 

R TO N ANO S TO P 30-75 75-120 120-165 165-210 210-255 255-300 300-345 345-30 X TO G AND Y TO F -

THE VOLTAGE CCNNECTIONS TO RAND S OF THE PHASE ANGLE METER ARE FOR THE CONDITION WHEN THE 
CEB13B IS USED TO START CARRIER FOR FAULTS IN THE NON-TRIPPING DIRECTION. \\\lEN THE CEB13B 
IS USED AS A BACKUP RELAY IN THE TRIPPING DIRECTION, THE CONNECTIONS TO R AND S SHOOLO BE 
INTERCHANGED. 

THE ABOVE RANGES OF PHASE ANGLE METER READINGS ARE THE ANGLES BY WHICH THE CURRENT LEADS 
ThE VOLTAGE WITH THE DESCRIBED CONDITIONS OF POWER (KW) AND REACTIVE POWER (KVAR) FLOW 
WITH HIE STATION BUS CONSIDERED AS THE REFERENCE IN ALL CASES. 

CORRECTIONS SHOULD BE MADE FOR METER ERRORS ON LOW CURRENTS, INHERENT IN SOME PHASE ANGLE 
METERS. 

Test Connections For Checking Wiring And Transformer Polarities Of The CE8138 
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MAINTENANCE 

:[h~ TEST ONNECT 
, ~N I T A 
1':: i: 1-2 13 

',I· 2-3 15 

I' 3-1 17 
: 

PHASE 
ANGLE 
MElER 

LEADS TO 

B C 

14 3 
16 5 

18 7 

LOA01 ""J; 

TERMINAL JUMPER 

0 TERM I NALS 

5 4 & 6 
7 6 & 8 

3 8 & 4 

Test Connections For Type CEBI3B Relay 

Angle of Maximum Torque 

If It is necessary to change the maximum torque 
angle of the units, this is done by changing the 
resislance of R 31 plus R 41 for unit M 1-2 etc. An 
increase in this resislance will increase the maxi
mum torque angle. In making this adjustment the 
relay should be connected according to Fig. 13 so the 
maximum torque angle can be checked after each 
adjustment. 

Transactor Adjustment 

The angular setting of the transactor for the 
MI _2 unit can be changed to match any change in 

the angular setting of the operating element by 
means of the resislance R 61" The test circuit of 
Fig. 13 should be used and two ohmic characteristic 
curves similar to Fig. 2 plotted, one with offset, and 
one without offset. Draw the best circle approxi
mating each of the curves and mark the position of 
their centers. A line joining the centers gives the 
angle of the offset. To decrease the angle, turn 
R61 to the left. 

When checking the ohmic characteristic curve 
In the offset direction, apply sufficiently low voltages 
so that excessive currents are not necessary to 
cause the .unit to pick up. High currents not only 
cause the unll to overheat but give erroneous results 
due to transactor saluratlon (saturation ocoures at 
approximately 60 amperes). For example, with the 
one quarter ohmic offset lap, transactor saluratlon 
makes it impossible for the .unlt to operate at the 
angle of maximum offset reach if the vollage is 
greater than approximately 25 volts. 

SERVICING 
INSTALLATION OF RENEWAL PARTS .. 

All 
directly 
screws. 

slationary contact parts can be Installed ' .;, 
in place by removing the appropriate 

The jewel screw can be removed from each 
unit by means of an offset screw driver or an end 
wrench. When turning a jewel screw Into place, 
special precautions should be laken to prevent 
damage to the phosphor bronze bearing surface at 
the top of the shaft, as the shaft Is rals ed by the 
jewel screw. 

To replace a moving conlact arm, control 
spring, or clutch friction washers from the two 
lower units, or the clutch friction washers from 
the top unit, require more time and care. 

By removing the middle unit from the relay, 
the unit becomes accessible, and at the same time 
provides access to the bottom unit. The top unit 
can be made accessible by removing the two screws 
holding the front of the molded Inner block to the 
top of the cradle and tilting up the front of the inner 
block. 



To remove the middle unit: dismount the tap 
block and swing it outside of the cradle. This per
mits access to the four splices of the current leads 
to the unit. Open these splices, tagging all leads 
carefully. Trace each of the four leads from the 
polarizing and restraining coils to their points of 
connections, tagging carefully. Remove the lead 
from the stationary contact block, and the lead from 
stud two. Pull the four potential leads and the 
moving contact lead (to stud two) through to the 
front of the relay. Remove the four screws holding 
the unit's mounting plate to the cradle strap and 
draw the unit from the cradle with R 42 still mounted 
to its top bearing support. 

When removing the shaft structure, the outer 
turn of the spiral spring should first be unsoldered 
from Its slot In the supporting post mounted on the 
adjusting arm. Then after removing the two screws 
holding the top bearing support to the supporting 
posts on either side of the unit, the top bearing 
support (with Its rheostat still mounted on the 
right side) should be pried straight up' off its dowel 
pins, taking the upper pivot and spring adjusting 
arm with it. Exercise caution that the pivot does 
not mar the bearing surface Inside the shaft and 
that the dowel pins are not bent. With the top 
bearing support placed aside, the entire cup and 
shaft with its clutch and contact assembly can be 
withdrawn from the magnetic structure of the unit. 
m order to disengage the moving contact from the 
stationary contact structure, the stationary contact 
structure can be dismounted from the two posts at 
the sides of the unit and worked free of the moving 
contact. 

CAUTION: Ease the cup out very gently to avoid 
scratches in the soft aluminum surface. Protect 
the parts from dust and chips while disassembled. 

Loosen the set screw in the steel collar at 
the top of the shaft and remove the collar. The 
various parts of the clutch and contact structure 
will then slide off the shaft. 

To reassemble, reverse the procedure. Con
siderable care is necessary in soldering the spiral 
springs so that neighboring turns do not touch. Do 
all forming of the spirals near the mounting post 
and do not make any bend sharper than 1/32 inch 
radius. A slamp on the back of the upper contact 
support and one of its supporting posts indicates the 
proper position of the support on the dowels. 

CONTACT CLEANING 
For cleaning fine silver contacts, a flexible 

burnishing tool should be used. This consists of a 
flexible strip of metal with an etched roughened 
surface, resembling> in effect a superfine file. The 
polishing action is so delicate that no scratches are 
left, yet corroded material will be removed rapidly 
and throughly. The flexibility of the tool Insures 
the cleaning of the actual points of contact. 

Fine silver conlacts should not be cleaned with 
knives, files, or abrasive paper or cloth. Knives or 
files may leave scratches which increase arcing 
and deterioration of the contacts. Abrasive paper 

MHO Blocking Relay Type CEB13B 
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I ",'. '11'Fa~31086 MHO Blocking Relay Type CEB13B 
J ,I II : ~ 101,' .,. 
I' I ~ I ,I 1 I' I ~; , 

'I I'~!:ii~' L\j:f\ ~ ADJUSTMENT 
II iJI~ \'1 ,/~::til 
\~:r~{\:/;rh:>1~~e clutch on each unit is adjusted by means 

~} ,;';M,:!' (;~'::;;~<~~H:~,teel collar at the upper end of the rotating 
i,' : ')'''''',','!il:" ,ll"j;l;",,,',~'r'i'The clutch should slip at a torque corres
";':':'i!)I~,,;;rI'~' to approximately 50 grams applied at the 
1:'il:I,[,' ',I,;!:llb!)~H~'normal to the contact arm. To adjust the 
::',: ',',', :",~~ ,,:.::,;:~f,~~~,r~i, ,rloosen the set screw in the collar, rotate 
; ',1 '. I ,,),r;f.,',,!,J:!LH,:,'~, 

j, L:."j'" '1'111-'1''1''',1'''1 ') 

the collar on the shaft through the number of half 
turns (there Is a groove for the set screw on the 
shaft) necessary to obtain the correct pressure. 
Moving the collar down increases the clutch pres
sure. Then lock In place by means of the set 
screw which should be inserted into the hole of 
the collar which Is in front of the groove In the 
shaft. 

:j"; ':~ i;II'!I;,I~ij!::~~,~! RENEWAL PARTS 
t,'1 'cll.,I'iJ.",,:.<,!,:, ':," 
:1.: !<:": ::k>;:.,:~;;.,:IJ~: .. ,,~s recommended that sufficient quantities of 
f" ;I!:,~:;mg:':>l~ parts be carried in stock to enable the 
i',:' '~"'::l>:';),m'l~:replacement of any that are worn, broken, 
I,' f .'" ,':·-"'A',:.!'n,;.,' d 
,:,,)i:"9,r',~age . 
: 'ff >.:,',:"d ;~~(1;:~;,~ /,~:-"~:-i:-~:::,:' . 
, t, ,i'':-,:.,' ." ':" 1:-' :'i;Wnen ordermg renewal parts, address the 

i"1 'i":;l"-I' ,;'''''' 

i:'<li,;;I::.~,<!.ii:?I" 
I .',' 

nearest Sales Office of the General Electric Company. 
specify quantity required, name of part wanted, 
and give complete nameplale data. If possible, 
give the General Electric Company requisition 
number on which the relay was furnished. For a 
listing of renewal parts refer 10 GEF-3936. 



i 1'_ 

';.;:~ ,! i{~ ,'i(-; t~ '~: i;!~lU:,JI~t', 
" ~ 'j' I '.,,' ,I, , ;" ~ ,~' "" 

GEZ·2!"10QL 'ei,: ,::,r::.lI,;:,r,i1.i'!:,:: GENERAL ELECTRIC SALES OFFICES 
I::i,: !jq:,l-i~;L:" tl~r~:1~,:::': READY TO ASSIST YOU .• When You Hov. EI~ctrj(DI Probl"ms N"ed fu,th.r In'o,molion ... Re-quIT. Ordering In.!ructions 

'-;1] iJ' 1"~~!'.'I'l;~ lOUISIANA OKLAHOMA 
'r;:':- ,'" ~:-,::, - I; 1 .• lp'~' ,;_ ,I' SALES OFfiCE CODE KEY r Alexand,ia 71 302 _ 720 MUr<"y 51. • t Oklahoma Cily 73106 2000 Clone" alvd. 
:I'.'~ 'i.~. '~':!. :,:;H.I. 'l,J.y:st~jlJl. Equip""ent (indud;ng Agent Bolon Rouge 708J.5 6JJ Oak Villa Blvd. • t Tulsa 7.01114 _' _'. 
',ill :fr!'Ji,";r, '1'}CII~~",?lIlrl~~loT) SO,Iel Loke Chorle. __ _ 1424 lyon 51. Columbia '8i~ig;'-: 26SI--C'ii-~i St. 
"j ", ~.-"t Ej~iul; Uhl,ty Eqlllpmen' Soles Ne-w O,l"ons 70112 837 G,ovi"r St. 
" i~ II I~ ',) ,""prine ond DefeMe Equipmenl 501.. N"w O,Ie-an~ 70125 4747 Earh .. rt Blvd. OREGON 

t~ J ' ~ ·'I',Cflll't')~n.nl Sallli Operalion • t Shr~veport 71101. 400 Travit St. • t Eugene 97401 ....... _1170 Pearl St. 
I",I( , • ~'~ MAtNE : r t ~o"r~f;~~ :~~b "2929 107 E. Main St. 

:)'1 .,1:1.' ~"~U'A~~t,:.r': " t ~~~~~~004402 7i5t~II~~i ~:: N.W. 29th Ave. 

',}, ;'11' ,,' ~,t>"f'f/tm:~lnghom 35205 21.51 Highland Ave MARYlAND ~ErNSY1X:n~~!n 18102.. 732 North 16th 51. 

;!:~'j;:::,;\.:;\ \i':~'I:~~~~~j~:le 36602.. ..704 Gove-rom"nl 51. • i t ~~~~r;.~~:.~'20' 49 ~~'IN~~~hnk1tnor~el~ : t ;~~nsll~~~--1m2 .. . ... - - I~: ~'k ~:: 
"i', ;,'Ji l 

I":' ~':ili~ , ; iil\o~ni .. 85-012 35.50 N .. Central Ave. MASJACKVSnU • ttl Phitcdel""i. 19102 3 Penn C.nter Plolo 
,"{f.i,{)i> . <:':!'I,don 8.5711 .1.51 S. Tucson IUvd. • I t § "lion 02117 - 3151. Jamet Av". 't t Pithb .. r"h 1Sl'1l Tho. 011 ..... !Iid.t.,M.llon Sq. 
;" ,,',,': .1,;A,~IIi"'~S;SI' . • e::~~::;:!d OV~~~3 120 Mopl" 51. ~ PiHoburgh 15211 7U Washinglon Rd. 
'i: ,~,""':.'~ ,~,~or," little Rock 72114 ...... __ ... " _____ ... ,, ... MICHIOAN _._ ......... 288 Grove 51. t York 1740l .56 N. Han;lon 51. 

;,1. F.f ~,r::i;I~,::~}t'i~'!:~~f,: 81':';1 71602 .. 1900 p.E·0~~~~inr6j3 : t t ?li~rlo~t8~i02 __ ... . 3 f~2 AWI.02~~tr~ ~:: ~~UTH l~~~~~~A29201 .1310 lody 51. 

:., J -,l.iC~L'lfP~I'1IA . t Grand Rapids ~9508 2821 Madiion Ave., 5.E. Gree-nville 29602 ... 101l-W.· Walhington 51. 
';'''''':.,r,,~I.''l!J'~'fr.s"o 93729_.. 1.532 N .. Wul Ave. • t Jackson 49201 210 W. franklin 51. 

'i' .,,:~, :1,,:~~f ,,§: C!t,il"noeles 900.54- 212 N. Vignes 51. Kolomnloo _ 9275. Burdick 51. TENNESSEE 
;-, 1:':1,,1 '~',i"",! ~J L..;,'Angeles 90005 3n5 Wilthire Blvd. lon.ing 4B901 .501 Bonk of Lanting Bldg. • 1't § Chollanoo9a 37401 832 Georgia Ave. 
j"'" "!"';'-I:t:'!(!!" Obkland 94612 - ......... ~09 Thirteenth 51. Saginaw 48607 S"cond National Bonk Bldg.· Kingsporl31662 .. 322 Commeru St. 
'.'!.' ':I:"I"~<·d.'f':,<~j!9wood Cily 9 .. 063,,:: . __ .. 55 Veleran, Blvd. MINNESOTA • t Kno)(vill" 37916. 1301 'iannoh Ave., N.W. 
'J:'! -I';' I, ,- ,t.' ~:: ,tS\:jC~omento 9.5816 ... _ 2407 "J" 51. • 1 Duluth 55802_ .. 14 W. Superior St. • 1 Memphil 38104. . .. 1420 Union Ave. 
1:"'.1. :'1 ::1.. '.'. ti,.l'j" SIn' Oi"I1o 92103 2560 fi .. t Ave. t Fergu, FolI$ 56537 106 E. Wathington 51. MurFr .. esboro . P.o. Bo)( 10~0 
1.;,:'1':",' '::':"~'l:t;, ::S~:'froncilCo 94106' 235 Monlgomery 51. • f t Minn .. opoJil.55402 12 S. Si)(lh 51. t Nathville 37203.. 1717 W. El'ld Bldg. 

; -I .. "'.! l-ll'.·.-·" ,,'.'_i, .... ~:~ote 95128 21.55 So. Finl SI. MISSISSIPPI § 001. Ridge __ 2.53 Main 51., Ead 
!i:I-' 1 /f6(bR:~U;>id:, f Gulfpo,t 39502 . P,O. Bo)( 33 TEXAS 

:'!'" ;1' :"'" .rl;,~:",¢I:e. • .':, ... r 80201...... 201 Univertil~ Blvd. t JatklOn 39201 210 S. lamar 51. t 
: ;'",:, ~ I,,', ".CONt'E(:'t~CUT MISSOURI • t 
~, I'T,r '~,~.:t~I"I';:tlQn\i:l~r. 06518 290.5·2921 Di)(w~1I Ave." Joplin 64802 __ 2121/1 W. Fifth 51. • t 

Ahilene 79601. 442 Cedor SI. 
Amarillo 79101..... 403 Amarillo 8lvd, 

I,,, ,'i! ,!.' ti:#I.I:'1'iprlford 0610.5_..... 764 Atylum Ave. : I ~ ~~n~~~i;i:?3~0411~5 106 W. Fourteenlh 51. t 
=( "':;,:;, liuistRICr,b'f COLUMBIA MONTANA lOIS Locusl St. • ~ t 

8eaumonl 77701. .... 1385 Calder A ..... 

g~;ra~s 7~~~7~,i 7840~i-0'1' S~eO~m~~tC~~:eo;~o: 
'~';"H!,'i t, f.,,:r~I.'Woi~inoton 2000.5___ .777-14lh 51., N.W. • t 8illings .59101 . 303 N. Broadway • t 
~:',:''''(''',:IJ=~ORII",i\~:!: • t Bulle 59701 103 N. Wyoming 51. t 

EI Pa\o 79901 ___. 215 N. Sianton 51. 
Fori Worlh 76102 408 W. Sev"nlh St. 

"il : ,!~, I'! 'I:~ ,1J~~ :<::~C!· a Beach (Cap~ Canaveral Office) ..... . . NEBRASKA • t t § 
it- '!,fi ,I~J,:I,:; :'f1'-{r,"ji:,"- : ___ .......... ____ .. _". ____ 1325 N. Allantic Ave. • t Omaha 68102. 409 S. Seve-nleenlh 51. 
',,',',;' '~'::<'·:'_j:.t"","C'.#fol Gable. 33146. 2.50 Bird Rood NEVADA 

Houuon 77021 4219 Richmond Ave, 
Lubbock 79408.. .500 E . .5(}.h 51. 

'.:~I~i.j ~j.,t·.i.',)~~~ionville 32202 ..... __________ ... 1901 Hill 51. t tot Vegas 89106. 17115. 81h 51. 
ih"t'J' .'1" "t{l( :I""ra..r.i 33134 .... - ..... - Al00 Wesl Flagler 51. NEW HAMPSHIRE 1662 Elm 51. 
I' _."j ,,\"." ,1/' ',',',l,el"uocolo 32.503 ______ ... ___ . __ . Finl Bank Bldg. t Manchester 03104 
.: 'j';J':li~,:,::·~lti,:;·rofnPQ 33609 ___ Henderton Blvd. allo!, Av!. NEW JERSEY 

26 WO$hinglon St. ""j il ~'{"'H. lo",po ,33609..... 2106 S. loIS Ave. ~J";' Mix~'Cgrange 01017 

;~'-':; ,,),,·,:0£0j(,"11:", ':. • t Albuquerque 87108 120 Mod"ira Drive, N.E. :,1 ':",':~!tAi',',Atlo_l'Ita 30309 .. .. 1860 Peachlre~ Rd., N.W. NEW YORK 
1.1 I:~'i"'., ·il.·_~~','Macon 31202 ------. . ... -- 6B2 Cherry St. • t • Albo-, 12203. , (01.,'- A 
,; ,~,:','f ·:t "~~,, Sovonnah 3140.5 __ .5002 Poul'en 51. t 8ingh'amton 13902 ... -. .. ·_-__ -19 Chena~~ S~: 
'·'J'".'~:-'l~At1O<.''' -' • t: Buffolo 14202 625 Delaware Ave. 
rlq'i~'."t; I;',,'~I$I' 83706_ ... __ 1524 Idaho SI. '1 § New York 10022 570 1ll)(ington Ave. 

i' 'r,-l,!, hUNOf$ ~", • t: Rocheller 1-460-4 ... 89 fat! Ave. i ,':', ' .. ,,~ f:·tl·,,':,CtJici;vo ~ - - -.... _ .. _____ 840 S. Canol 51. • t t Syrocule 13206.. . 3.532 lome. 51. 
I' \ I':! ~~.f' "..IPeorla 61603 __ . __ 2009 N.f. Perry Ave.' Ulica lJ~l ...... 1001 Brood 51. 
i ''I.: ,I:."':." :'1':':Rod,.ord 6110.5 .... __ 4223 Ead Sial" 51. t Waverl)' 14892 P.O. Bo .. 308 

"1'. I' ,I.' i.' ).:~' ":.'$~rih9field 6270L. 607 £. Adorn. 51. NORTH CAROLINA 
:' I I 'l~i!'\NDIA~A • t t Charlotte 28202 
I,' " ;:,,~\.t:t:,: ~ f"cirhvme 4nl...... 2709 Washjnglo" Ave.· Green,boro 2740.5 __ 

, .,! , :~.',;I:~ ',Fort WQyn. 46807 ... 16358roadway • t I<aleigh 27602. 
'I: I:"!' t, :'I,:Fo~I,Waynoe 46906 . __ 3606 S. Calhoun 51. NORTH DAKOTA 

129 W. Trode 51. 
801 Sum mi. Ave. 

_ 16 W. Mortin St. 

. ____ .... 418 Ron"r Ave. I':. '.'. I:, l' t.!,,':"t". diP.' napolit 4620i .. __ . 3750 N. Meridian St. t Bismarck 5850'-,.! ~,.;:- \,i,' ¥th Send 46601.. ___ ._430 N. Michigan 51. OHIO 
" :i ':,OW+-,' ,'< • t Akron 44313 2858 W. Morket 51. 

:, "t :,,;,:q~dClr Rapid • .524(1'--- ____ 210 S~ond 51., S.E. • t Conlon 44701 .. ___ -. .. .515 Third St., N.W. 
'" / ,t';::.jiOClvenport .52805 .. '-------.- ... -. __ ........ _____ ....... • f t Cincinnati ~5206 __ ... 2621 Victory Pkwy. 
'.I I':':',:,!"(.:' ..... : ... ,_ .. ___ ... 1039 Siole 51., 8ettendorf, Iowa "I t § Cleveland -44104 .. ____ 4966 W...Qodland Ave. 

" ,I':.;tl_.',! :Ces ~oines .50310 ______ ... _3839 M"rle Hoy Rd. • t Columbus 4321.5 __ ..... _______ 395'""£. Btoad 51. 

• t 
Midlond. _ .... 122 North N St. 
Son Antonio 7820.4. 419 S. Moin Ave. 

UTAH 
• f § SQIt lake City 84110 200 S. Main 51 . 

VERMONT 
j RUllnnd . 38% Cenl<!r St. 

VIRGINIA 
§ Newport New. 23601 

1-038; -iii' -M;;i~ 51. ___ ._ .. _,. P.O. 80 .. 
, t 
, t 

Richmond 23230 
Roonoke 24005. 

WASHINGTON 
f PU'co 9930'-. .. 

• t S"'alile 98104 
Spokane 99220 
Spokane 99220 

WEST VIRGINIA 

· i 
Charle"on 25328 
fairmonl 265.55 
Wf1"e-ling. 

WISCONSIN 
• 1 § Applelon 54910 

t Matli)on .53703. 
• t i Milwaukee 53233 

.5001 W. Brood 51. 
920 S. Jefferion St. 

1124 W. lewis 5i. 
710 S.cond A ..... 

S. 162 Pod 51. 
E. 1805 Trenl 5,-

306 MacCorkle Ave., S.E . 
310 Jacoh. Bldg. 
40 Fourteenth St. 

q",) ;,~t ':;Sio':'", Cily 51101.. .520 PielCe 51. f Columbu, 43212. __ . __ 937 8urrell Ave. 
:':tcANSA,S·,,;I:, t Doylon 45402 II W. Monument Ave. CANADA; Canadion General Electric Company, 'H"'!"' ii;''',Yfitllita 67211.. ._ .... 820 E. Indionapolis Ave. • t § Daylon 45402. _____ 118 W. Fir.1 51. lid., Toronto 

ij1",IcENTuCtn:1 t Mon,Field 44906. .564 Pork Ave., W .. sl 

.510 W. ColI"ge 
3~0 W. Washington 
.. __ 940 W. 51. Paul 

Ave. 
Ave. 
Ave. 

I';' ",~.:t. _;'!,,'Ci!t •• \rigton .ro.503 ._ .... 465 E. High 51. : t t Toledo 43606 _____ ... 3125 Dougla$ Rd. 
:i:,:'::i:~~\:~h:i~:ffJj,~,vHle 40218. .2300 Meadow Dr. You"gslown 44.507 .. 272 E. Indianola Ave. 

HAWAII: Ameriuln Fodo,., ltd .• P.O. Bo:oc 3230, 
Honolulu 96801 

'ij.'1 J, .. ,'i:,'.)!I't::, GENERAL ElECTRIC SERVICE SHOPS 
" ;:1 ,:I"''(fHErt.''I''C''U HEED S[RVCE .. , Th .. e G·E service Ihopt w,lI ,ep"Ir, recond,· petformallc" of your equipment. For f .. 11 informolion aboul these servic ••• 
i !I,;<\ .. ~·:"orr;:,~,t! .. ~'·r._bll'ild your ,1.(lrie apparn.tus. The facilities are availob!e day (lnd COlltoct your neoresl setvite Ihop or sol"l office. 
,.:~ " ':·,'·,.iI:lhM".v .... doy. a week. for wotk In Ihe Ihops ot on your p,emne~. Lnte., 
" "i,II':! :.1fl.q,~~ry; ,tn',,'",dl ond g.nuin. G-E rene-wal porh are u$ed to main loin peok 

, ' il > "I~~AAIA : ' 
" ,"ll/,,l',:JIlitRttltg'hom 3.5211, P.O Ba:oc 3681 

l~·~,I:'.1 _.,.". .. _.... 7-181hSI SW 
}!; ':1 t,'-'; jz~N.A' .. 

1/;1) ~1 ,il:':I!~ql~~~tni:oc) GI~ndale 8.53~~11 ·W~~t--C~-li;;~· St. 

I "" I, l'lI"~~NIA 
",) !II ~ 1"llo.: "'noelel 90001 .. _6900 Stanford Ave. 

:. I; ~. ':I:".'.?":.:.:'.I< 1.,~,.'tl.~{1 ~.~~~~~_~~ _g~I'::,i; ··I-~i~~-~;;ii·~'~-;;r-··Ai~~~rt "::r! .,'~!-I '" ·\',·l.!"Qq5w,,,d 94609 _ 3400 Wood 51. 
,~:jl"" :~:"~i'" 'h~b-~rqp1enln 95814 99 North 171h 51. 
1'\f ll jI1., .. ':.:1'51;111 :francilCo 94103 1098 Horrison SI. 
i t ,"'1 "I t'StSt~~rQ ' 
,~!ll,i": I r ,ltMVe( 80205 .3353 lOrlmer St. 

" .I ,> 1~~til'i~"ltur "I"': ~~ 'I'I, !l~~(:&mlnglan) Plonhville 06-479 -- ........... --- .. . 
'11 '{I ,6' I 1 ~,,"I 370 AtWater SI. 
)/j'~l'i',J:.)IJ:HI ' ,),;, 
'~,lf\'! :, jldf'i .;;1:1!~nvlUe 32203 _ . 

'" I 'II ';!!. "'~\rl ., O. Box 2932, 2020 W. Beav'!r St. 
. \, "'!, :: 11);1::-,:.' ~,,: "iM,oml) H,al.,ah 33010 ... _.. 1062 E. 281h 51. 
:" !);l\','~"_'/f r·'T;9".I~ 33601... ........ _______ .... ". __ P.O. Bo)( 1245 
1 ,~ i!~:" '.$(..EO~l:'-q'\!. il:,I: :,! 'i 'IJj -' \ ; i" ,(AIJanla) Chamblee 30005, .. _ ... ______________ ..... 
, ",,; "'", i;-'r 5035 Peachtree Industrial 8lvd. 
i 1'1\' ULIIIIO) .. 

:!:'; ~i:, I 'i' ~ 1;>i\,.1..:~~I~~,90 60632 ____ -. _ _ 4360 W ... 7th 51. 
'W"I:~fJR\~~A· '.'1', 

I,;: I ;I.-! !,",!:L", iq;,J~>fti- Wayne 46803 __ . . .. _. __ .1731 Edsall Ave. 
: ,I!';' '!li,-:;.:'}i':Ii',~an(>pali, -46222 1740 W. Vermont 51. 

I ,r 1 'I(,!WA, .I:;',,! 
,!,,!:. , ",: 1;1 (O~venporl) Bellend"r' .52722 

KANSAS 
-(5Irolher) Arkon$(n City .. __ _ 

G.E. Co .. 'f'-:6'---e'-;:'-~--i97 
KENTUCKY 

Loui$ville 40209 .. ___ .. 3900 Crille-nden Drive-
lOUISIANA 

New Orleant 70117 __ . 111.5 De Armat 51. 
MARYLANO 

Baltimore 21230_ 
MASSACHUSETTS 

_ __ .. 920 E. Fori Ave. 

(Botton) Medlord 0215~ ... 
_" .. _____ " .... _____ ... 3960 Mit'it -V;;,i;y: -j'-C:;;f,;~:~y 

MICHIGAN 
De-trait 48202 

MINNESOTA 
.5950 Third St. 

Minneapoll$ 55430 ______ 2025-491h Ave., N. 
MISSOURI 

Kansa. Cily 64120 
51. louis 63110 

_352.5 Gardner Ave. 
....... .111.5 Eatl Road 

NEW YORK 
Albony 12205... 1097 Cenlral Ave. 
Ruffolo 14211 .. ____________ .. _ ...... 318 Urban SI. 

'(New Ymk) linden, N. J .......... '0_. _______________ _ 
.. _________ .. _____ 1611 W. E1i:tobelh Ave. 

(New York) Norlh Bergen, N. 1. 07047. 
__________ ........ _ ... _. ___ .. ______ 6001 Tonnello Ave. 

Sd,.,nec!ady (Inslrumenlalion Service) 12305 
_ .. _________ .... _ .. , ...... ____________ . __ . __ .. 1 River Rood 

NORTH CAROLINA 

OHIO 
Chorlolle 28208 

Cincinnati 45202 
'Cincinnati 45232. 
Cleveland 44125 .. 

2329 Thrift Rood 

_______ .. ___ ,444 W. Third SI. 
260 W. Mitchell Ave. 

___ 4-477 ~atl 49th 51. 

Columbus -43223. 
._."' ____ ,. P.O. ·B~-;._-6i·9£i;"·il-iij··E·;;k;~··ii·d. 

Toledo 43605 ___ .. _ 40.5 Dearborn Ave. 
YoungJlown 44507.. 272 f. Indianola Ave. 

OREGON 
Parlland 97210 ___ . ..2727 N.W. 291h Ave. 

PENNSYlVANIA 
Allentown 18103.. . .. 668 E. Highland 51. 
Johnslown 15902...... 841 Oak St. 
Philadelphia 19124 ____ ..... 1040 E. Erie Ave. 
(J'illsburgh) H"nlf'stead 1.5120 .. _. _._ ..... _____ ._ ... _ 

.. .... 4930 Bulletmilk Hollow Rd., RD 11, 
Well Mifflin, Po. 15122 

York 17403.. __ ... 5-4 N. Harrison St. 
TEXAS 

CorpUt Chri,ti 7840'-.. 115 Waco SI. 
Dallul 7523.5 .. , .. ______ ._. ____ .. 3202 Manor Way 

~;dl~~d ~~~~~~~.: '.~~~.~_~70::e!. 'T~~~~o~rist 
UTAH 

SoIl lake- City 84104 __ . __ 301 5. 71h Well 51. 
VIRGINIA 

Richmond 23224_ __ _1403 Ingram A .. e. 

RO(l~~~~ B;:orr27, 'j-ij- Aib;;~;;;i~"A.-~~·'-;·-S}': 
WASHINGTON 

Seottl~ 98134 
• Seattle 98108 
Spokane 99206 .. 

WEST VIRGINIA 
Charleslon 2.5328_ 

WISCONSIN 

__ ......... 3422 first A ...... S, 
.. _. ___ . 220 Dow ton 51. 

_ ... E. 4323 Mi,sion 51. 

306 MaC<:orkle Av •. 

Appleton 54910 _ ... Midway Industrial Ar~a 
..... _______ . ___ .... " .. P.O Bo .. 83 Counly Trunk P 
MilwClukee 5J233 940 W. 51. Paul Av •. I, :f' 'i";:!:'" '. '''r'~' .- -1025 5-I;:'-i~---s-'-: 

. ',< J( GENERAL ElECTRIC COMPANY, PHILADElPHIA,PA, 

--




