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GEK-41922

PHASE "DIRECTIONAL OVERCURRENT RELAY
o TYPE JBC53X

DESCRIPTION

Type JBC53X re]ays‘are.single phésé, directional overcurrent relays used primarily for the protection
of feeders and transmission Tines, They have a very inverse time characteristic. .

As shown by Figure 1, the JBC53X relays consist of three units, an IOC instantaneous overcurrent
unit (top) of the induction~-cup type, a TOC time overcurrent unit (middle} of the induction-disk type,
and an instantaneous power-directional unit D (bottom) of the induction-cup type. ' The directional unit
is potential polarized and, by means of its closing contacts, directionally controls the operation of
goth the time overcurrent and instantaneous overcurrent units. The.three units are mounted in an L2

rawout case.’ ' o - : s ‘

ThelIOC'unit‘of the JBC53X relays has a very strong control ;bring-to minimize the possibility
of.contact closing from mechanical. shock. S EEU ' '

The internal connections for the JBC53X relays are shown by Figure é; The-outline and panel drilling
dimensions are shown in Figure 14. SRR : ‘ S

- APPLICATION

Type JBC relays are generally applied for phase fault protection of a single 1ine, Since fault
currents are usually highly lagging, the quadrature (90 degree) connection, shown in Figure 3, provides
the most reliable potential for the directional unit. At the relay terminals, the current at unity
power-factor load, leads the potential by 90 degrees. Since the relay has an approximate torque angle
characteristic of 45 degrees Tead (phase current leading quadrature polarizivg potential), the directicnal
unit will davelop maximum operating torque when the fault current.lags. 1ts unity power-factor position by
about 45 degrees. S . N

Inverse time relays should be.used on systems where the fault current Flowing through a given relay
is influenced largely by the system generating capacity at the ‘time of the fault, - Very inverse time
and extremely inverse time relays should be used in cases where the fault current magnitude is dependent
mainly upon the Tocation of the fault in relation to the relay, and 'only s1ightly or not at all upen the

. system generating setup. The reason for this is that relays must be set to be'selective with maximum

fault current flowing. For fault currents below this value, the operating. time becomes greater as the
current is decreased. If there is a wide range in generating capacity, togéther with variation in short
circuit current with fault position, the operating time with minimum fault current may be exceedingly
Tong with very inverse time relays and even longer with extremely inverse time relays. For such cases,
the inverse time relay is more applicable.. . Lo - e

The choice between very inverse and extremely inverse time relays is more Timited than between them
and the inverse time relay as they are more nearly alike in their time-current characteristic curves.
For grading with fuses the extremely inverse time relay should be chosen as the time-current curves more
nearly match the fuse curve, Another advantage of the extremely irverse relay is that it is better suited
than both the inverse and very inverse relays for picking up cold load.. For any given cold load pick-up
capability, the resulting settinds will provide faster protection at high fault currents with the extremely

inverse relay than with the less inverse relays.-
 RATINGS
CURRENT CIRCUITS | |

The continuous and short time ratings of the time overcurrent unit operating coil circuit are shown
in Table I. These same ratings are applicable to the directional unit operating coil circuit except

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

be referred fo the General Eleciric Company.
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that its continuous rating is independent of changes jn the time overcurrent unit tap setting. Hence, th ;
information associated with the asterisk under Table I dges hot apply to the directional unit operating ’“3
coil. Table II shows the ratings of the available ranges of the instantaneous overcurrent unit. Since
all operating current circuits are normally connected in series, the operating coil ratings of all three
units should be considered in determining the rating of the entire operating circuit.

TABLE 1
RATINGS OF TIME OVERCURRENT UNIT OPERATING COILS

* Applies to all taps up to and including this value.
The continuous rating of higher current taps is the
same as tap value. .~ ., -

TABLE 11

| RATINGS OF INSTANTANEOUS OVERCURRENT UNIT OPERATING COILS

TPICKUP | CONTINUOUS | ONE SECOND | 7
RANGE RATING |  RATING "
(awes) | (awes) . | (AWPS) - -
1040 . 7.5 | 20
20-80 7.5 220
40-160 ' 7.5 220

SEAL-IN UNIT

The rating and 1mpedahce'of the.sealwin unit for the 0.2 and 2 ampere taps are given in Table III.
The tap setting used will .depend on.the current drawn by the trip coil. The current ratings are either
AC or DC. . ST . ' ' '

The 0.2 ampene tap is for use with trip coils which operate on currents. ranging from 0.2 up to
2.0 amperes, at the minimum control voltage. If this tap 1s used with trip coils requiring more than
2 amperes, there is a possibility that the resistance of 7 ohms will reduce the current to so low a value [ )
' ' : - . \

that the breaker will not be. tripped. . _ _ e

The 2 ampere tap should be used with trip coils that fake two amperes or more at minimum control
voltage, provided the current does not exceed 30 amperes at the maximum control voltage. If the-tripping
current exceeds 30 amperes, the connections should be arranged so that the induction unit contacts will .
operate an zuxiliary relay which in turn energizes the trip ceil or coils. On such an application, it may
be necessary to connect a loading resistor in parallel with the auxiliary relay coil to allow enpugh '
current to operate the target seal-in unit. IR :

we | T lxcowT, ONE SEC.
RANGE - RATINGS RATING RATING |
(AMPS) (AMPS) (AMPS) (AMPS) | ()
T 0.5/2 |0.5,0.6,0.8,1.0,1.2,] 1.5 | 13
_ 1.5,2.0
1-5/6 1-5’232'593:4:556 - 260
4/16|4,5,6,8,10,12,16 10 | . 260
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| TABLE III

SEAL IN UNIT RATINGS -

CONTACTS

2 AMP. G 0.2 AMP L el
TAP Ty TAR. ol
| Carry-Tripping Duty - .30 Amps - | 3 Amps- | x -"
Carry Continuously 3 Amps 0.3 Amps | ol
" | DC Resistance . - 0.13 Ohms ~ } ~ Z.0hms .| oo
' Impedance (60 cyc]es) 0,53 Ohms. . 52 Ohms ;.

. The current—c]os1ng rat1ng of the induction un1t contacts s 30 amperes for vo?tages not exceed1ng
250 volts. Their current—carry1ng rating is 11m1ted by the tap rat1ng of the sea1-1n un1t. S

CHARACTERISTICS

PICKUP

At the maximum torque angle, the d1rect1ona1 un1t will p1ck up at one. percent of rated voltage with :'I'

2 amperes for relays with 0.5/2 and 1.5/6 ampere time overcurrent units, and 4 -amperes for reIays w1th
4/16 ampere time overcurrent uriits. The ang?e of ‘maximum torque is 45 degrees _ .

The maximum operat1ng current required to close the t1me overcurrent un1t contacts, at any twme-d1a1
position, will be within five percent of the tap p]ug setting. )

in Table II,
RESET (TOC UNIT)

The min{musm percentage of minimum c]os1ng current at’ wh1ch the t1me overcurrent unit w111 reset :

is 85%. When the relay is de-energized, the time requ1red for- the d1sk to comp1ete1y reset to the number S -

10 time dial pesition is approximater 60 seconds

OPERATING. TIME

The t1me curves for the d1rect1ona1 un1t are shown 1n F1g 10 and F1g 11

The t1me curves for the time overcurrent unit are shown 1n F1gure 12, For the same. operat1ng .
conditions, the re]ay will operate repeated]y w1th1n one or.two’ per cent of the same t?me oy

The time curves for the 1nstantaneous overcurrent un1t are shown 1n F1g 13‘ .‘wiﬂ"

: BURDENS

The potential. circuit burden of the d1rect1ona1 un1t at’ 60 cyc1es and rated volts 15‘10 vo]t—amperes
at 0.89 power factor. Table IV gives the current circuit’ burden of - the d1rect1ona1 unTt.,e__,:

TABLE 1y

DIRECTIONAL UNIT CURRENT CIRCUIT BURDENS' AT 60 CYCLES AND 5 AMPERES ~ ' = |

WP | IMPED. | VOLT- | POWER wATTs R
RANGE | (OWMS) ‘| AMPERES |  FACTOR | e
0.5/2 159 | 9.8 | o058 ] 23.08 |+ ,
1.5/6 0.46 | 12.0° | 052 | g4 | ol
416 | 0.13 33 | ool |

The pickup of the ‘instantaneous overcurrent unit can be adausted over a four to-one range es 1nd1cated'
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Table V gives the total burden of the time overcurrent unit plus the instantaneous overcurreht unit. -
TABLE V
BURDENS OF QVERCURRENT UNITS (TIME AND INSTANTANEOUS) AT 60 CYCLES

* The impedance values given are those for the minimum tap of each relay. The impedance for other
taps, at pick-up current {tap rating) varies inversely approximately as the square of the current
rating. Fxample: for the 1.5/6 TOC (10-40 10C) the jmpedance of the 1.5 ampere tap is 0.57
ohms. The impedance of the 3 ampere tap, at 3 amperes, is approximately (1.5/3)-2 X 0.57 =-0.14
ohms. : . .

+ SoMe'cdmpanTeé list felay'burdens only . as the Vo1t—ambeve input to operation at minimum pickup.
This column is included so a direct comparison can be made. It should not be used in calculating
volt-ampere burdens in a CT secondary circuit, since the burden at 5 amperes is used for this
RUrpose. ) . :

-~

E

# Calculated from burden at minimum pickup. . o =

CALCULATIONS OF SETTINGS

The operating time of the time overcurrent unit for any given value of current and tap setting-is
determined by the time dial setting. This operating time is inversely proportional to the current magnitude
as illustrated by the time curves in Figure 12. Note that the current values on this curve are given as
multiples of the tap setting. ~That is, for a given time dial setting, the time will be the same for 8
amperes on the 8 ampere tap as for 50 amperes on the 5 ampere tap, since in hoth cases, the current is 10
times tap setting, : ' . o . . S

If selective action of two or more relays is required, determine the maximum possihle short-circuit
current of the line and then choosé a time value for each relay that differs sufficiently to insure the
proper sequence in the operation of the several circuit breakers. Allowance must be made for the time _
involved in opening each breaker after the relay contacts close.  For this reason, unless the circuit time. .
of operation is known with accuracy, there should be a difference of about 0.5 second (at the maximum current! );
between relays whose operation is to be selective. ' . ' St

EXAMPLE OF SETTING

The time and current settings of the time overcurrent unit can be made easily and quickly. Each
time value shown in Figure 12 indicates the time required for the contacts to close with a particular
time-dial setting when the current is a prescribed number of times the current-tap setting. In order
to obtain any particular time-current setting, insert the removable plug in the proper tap receptacle
and adjust the time dial to the proper position. The following example illustrates the procedure in making
a relay setting. ' o Co :

Assume that the relay is beirg used in a c¢ircuit where the circuit breaker should trip on a sustained ;
current of approximately 450 amperes, and that the breaker should trip in one second on a short-circuit = .\ .

current of 3750 amperes. Assume further that current transformers of 60/1 ratio are used.

RANGE T BURDENS AT MINIMUM PICKUP OF TIME UNIT | OHMS IMPEDANCE AT 7 VA
TOC | 106 EFF. RES.JREACT.] *IMPED,[ SVOLT| POWER | 3 TIMES |10 TIMES | AT 5
UNIT | UNIT (OHMS). | (OHMS) | (OHMS) AMPS| FACTOR| MIN. P.U.[MIN. P.U. | AMPS
0.5/2] 10-40 2,11 |4.81 | 5.25 | 1.3 | 0.40 | 4.90 4.20 131
1.5/6 10-40 ‘26 |0.51 | 0.57 | 1.3 | 0.45 | 0.53 0.46 | 14.3 ' L
1.5/6, 20-80 .24 |0.51 | 0.56 | 1.3 | 0.43 | 0.53 0.46 | 14.0 Lo
1.5/6| 40-160 23 |o.51 | 0.56 | 1.3 | 0.41 { 0:53 0.46 | 14.0
4/18} 10-40 0,09 |0.12 | 0.15 | 2,4 | 0.60 | ©0.13 0.11 3.8
4/16/20-80 | 0.07 |0.10 | 0.12 | 1.9 0.57 | 0.11 0,10 3.0
4/16{ 40-160]  ©0.06 [0.10° | 0.12 | 1.2 | 0.51 { 0.1l 0.10 3.0
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The current-tap setting is found by dividing minimum primary tripping current by the current transformer
ratio., In this case, 450 divided by 60 equals 7.5 amperes. Since there is no 7.5 ampere tap, the & ampere
tap is used. To find the proper time-dial setting to give one second time delay at 3750 amperes, divide
3750 by the transformer ratio. This gives 62.5 amperes secondary current which is 7.8 times the 8 ampere
setting. By referring to the time-current curve Figure 12 it will be seen that 7.8 times the minimum
operating current gives a one second time delay for a No. 5.8 time dial setting.

The above results should be checked by means of an accurate timing device. S$light readjustment of
the dial can be made until the desired time is obtained.

Aid in making the proper selection of relay settings may be obtained on application to the nearest
Sales Office of the General Electric. Company. :

INSTANTANEQUS OVERCURRENT UNIT

The instantaneous overcurrent unit is similar in construction to the directional unit differing only
in coil turns and connections. The four corner.coils consist of two windings, an inner winding consisting
of a large number of turns of fine wire, and an outer winding having a few turns of heavy wire. The outer
windings of the corner coils, together with the four side coils, are all connected in series with the
operating coil of the time overcurrent unit. The inner windings of the corner coils are connected in
series, and in turn are connected in series with a.capacitor and a contact of the directional unit. This
circuit thus controis the torque of the instantansous overcurrent unit. When the directional unit contacts
are open, the instantaneous overcurrent unit contacts are closed, the 1nstantaneous overcurrent un1t will
develop torque in porporticn to the square of the current.

The instantaneous overcurrent unit develops 0perat1ng torque in a direction opposite to that of the
directional unit. This makes the relay less suscept1h1e to the effects of shock.

TIME OVERCURRENT UNIT

The time overcurrent unit consists of a tapped current operating coil wound on a U-magnet iron
structure. The tapped operating coil is connected to taps on the tap block. The U-magnet contains |
wound shading coils which are connected in series with a directional unit. When a power flow is in such
a direction as to close the directional unit contacts, the shading coils act to produce a split-phase field -
which, in turn develops torgue on the operating disk.

The disk shaft carries the moving contact wh1ch completes the trip circuit when it touches the
stationary contact or contacts. The shaft is restrained by a spiral spring to give the proper contact-
closing current, and its motion is retarded by a permanent magnet acting.on the disk to produce the
desired time characteristic. The variable retarding force vesulting from the gradient of the spiral spring
is compensated by the spiral shape of the induction disk, which results in an increased driving force
as the spring winds up.

The torque control circuits of both the time overcurrent and instantanecus overcurrent units are
wired to terminals on the relay contact block.: These terminals are shorted together by internally |
connected red Jumper Teads when the relays leave the factory (see F1gure 2). If external torque control |
is desired, thése jumper leads should be removed

DIRECTIONAL UNIT

The directional unit is of the induction-cylinder construction with a laminated stator having eight
poles projecting inward and arranged symmetrically around a stationary central core. The cuplike aluminum
induction rotor is free to operate in the annular air gap between the poles and the core. The poles are
fitted alternately with current operating coils and potential polarizing coils. :

The principle by which torque is developed is the same as that of an induction disk relay with a
wattmetric element, although, in arrangement of parts, the unit is more like a split-phase induction motor.
The induction-cylinder construction provides higher torque and lower rotor inertia than the induction-disk
construction, resulting in a faster and more sensitive relay.

SEAL-IN UNITS

The seal-in units for both the time-overcurrent and instantaneous overcurrent contacts are mounted
on the middie unit, and indicated in Figure 1.
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The left seal-in unit operates in conjunction with the time-overcurrent unit contacts and is labeled
"Th, Its coil is in series and its contacts in parallel with the main contacts of the time overcurrent
unit so that when the main contacts close, the seal-in unit will pick up and seal-in around the main
contact.

The right seal-in unit, labeled "I" operates in conjunction with the instantaneous overcurrent unit.
" Its coil is in series with the instantaneous unit contact and a contact of the directional unit, and its
contacts are connected to seal-in around these two contacts when the unit operates.
Both seal-in units are equipped with targets which are raised into view when the unit operates.
These targets latch and remain exposed until manually released by means of the button projecting below the
Tower-left corner of the cover,
CONTACTS

LOW GRADIENT CONTACT

The directional unit contacts (left.front}, which control the time overcurrent unit are shown in

Figure 4. They are of low gradient type specially constructed to minimize the effects of vibration. Both ~

the stationary and moving contact brushes are made of low gradient material which, when subjected to
vibration, tend to follow one another, hence, they resist contact separation.

The contact dial {A) supports the stationary contact brush (B) on which is mounted a conical contact
tip (C). The moving contact arm (D) supports the moving contact brush (E) on which is mounted a button
contact tip (F). The end of the moving contact brush bears against the inner face of the moving contact
brush retainer {(G). Similarly, the end of the stationary contact brush bears against the inner face of
the statfonary contact brush retainer (H). The stationary contact support (K) and the contact dial are
assembled together by means of a mounting screw (L) and two locknuts (M}.

BARREL CONTACT

The directional unit contacts {right rear), which control the instantaneous overcurrent unit, are
shown in Figure 5. They are specially constructed to suppress bouncing. The stationary contact (G) is

mounted on a flat spiral spring (F) backed up by a thin diaphragm (C). These are both mounted in a slightly

inclined tube (A). A stainless steel ball (B) is placed in the tube before the diaphragm is assembled.
When the moving contact hits the stationary contact, the energy of the former is imparted to the latter
and then to the ball, which is free to roll up the inclined tube. Thus, the moving contact comes to rest
with substantially no rebound or vibration. To change the stationary contact mounting spring, remove the
contdct barrel and sleeve as a complete unit after loosening the screw at the front of the contact block.
Unscrew the cap (E). The contact and its flat spiral mounting spring may then be removed.

RECEIVING, HANDLING AND STORAGE

These relays, when not included as a part of a control panel will be shipped in cartons designed to
protect them against damage. Immediately upon receipt of a relay, examine it for any damgge sutained in
transit. If injury or damage resulting from rough handling is evident, file a damage claim at once with
the transportation company and promptly notify the nearest General Electric Apparatus Sales Office.

Reasonable care should be exercised in unpacking'the relay in order that none of the paris are
injured or the adjustments disturbed.

If the relays are not to be installed immediately, they should be stored in their original cartons
in a place that is free from moisture, dust and metallic chips. Foreign matter coliected 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 inspection and écceptance test should he made to insure that no damage
has been sustained in shipment and that the calibrations have not been disturbed. If the examination
or test indicates readjustment, refer to the section on SERVICING.

VISUAL INSPECTION

Check the nameplate stamping to insure that the model number and rating of the relay agree with the
requisition.

F .;]‘;“‘

\

P
)

C




("\

A

GEK-41922

" Remove the relay from its case and check that there are no broken or cracked molded parts or other
signs of physical damage and that all screws are tight. Check that the short1ng bars are in the proper
Tocation (s) and that they are properly formed (See Figure 6)

MECHANICAL INSPECTION

A. TOP UNET (I0C)

1. The rotating shaft end play should be 0.015 - 0.020 inches.
2. The contact gap should be 0.028 -~ 0.036 inches.
3. There should be ne noticeable friction in the rotating structure.
4, With the relay well leveled and in its upright positien, the contact should be open and resting
against the backstop.
B. MIDDLE UNIT (TOC)

The disk shaft end play should be 0.005 - 0.0L0 inches. '

The disk should be centered in the air gaps of both the eTectro magnet and drag magnet

Both gaps should be free of foréign matter.

The disk should rotate freely.

The moving contact should just touch the stationary contact when the t1me d1a1 1s at the zero
time dial position.

€. BOTTOM UNIT (DIR)

O o
C s e s .

1. The rotating shaft end play should be 0.015 - 0.020 inches.
2. The contact gap should be 0.015 - 0.025% inches on the low grad1ent front contact.
3. The front contact should close approximately 0.005 to 0.010 inches before the rear contacts

D. TARGET SEAL IN UNIT

1. Both contacts should make at approximately the same time.
2. The target should Tatch into view just as the contacts make.
3. The contacts should have approximately .030 inch wipe,

*CAUTION

EVERY CIRCUIT IN THE DRAWOUT CASE HAS AN AUXILIARY BRUSH. IT IS ESPECIALLYIMPORTANT ON CURRENT
CIRCUITS AND OTHER CIRCUITS WITH SHORTING BARS THAT THE AUXILIARY BRUSH BE BENT HIGH ENOUGH TO ENGAGE
THE CONNECTING PLUG OR TEST PLUG BEFORE THE MAIN BRUSHES DO. THIS WILL PREVENT CT SECONDARY CIRCUITS
FROM BEING OPENED..

" ELECTRICAL TESTS

A._ DRAWOUT RELAYS GENERAL

Since all drawout relays in service operate in their case, it is recommended that they be tested
in their case or an equiva1ent‘stee] case. In this way any magnetic effects of the enclosure wiil: be
accurately duplicated during testing. A relay may be tested without removing it from the panel by using
a 12XLAL3A test plug.” This plug makes connections only with the relay and does not disturb any shorting
bars in the case. Of course, the 12XLA12A test plug may also be used. Although this test plug allows
greater testing Flexibility, it also requires C.T. shorting jumpers and the exercise of greater care
since connect1ons are made to both the re]ay and the externa] circuitry.

B. PONER REQUIREMENTS GENERAL

A1l alternating current operated dev1ces are affected by frequency. Since non- sinusoidal waveforms
can be analyzed as a fundamental frequency plus harmonics of the fundamental frequency, 1t follows that
alternating current devices {relays) will be affected by the applied waveform.

Therefore, in order to properly test alternating current relays it is essential td use a sine wave
of current and/or voltage. The purity of the sine wave (i.e. its freedom from harmonics) cannot be
expressed as a finite number for any particular relay, however, any relay using tuned circuits, R-L ar
RC networks, or saturating electromagnets (such as time overcurrent relays} would be especially affected
by non-sinusoidai wave forms.
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Similarly, relays Tequ1r{ng.dc-contro]lpower shoyld be~te$teq using d¢ and not fyll wave rectified - (ﬁﬁ;

power. Unless the vectified supply is well filtered, manyreldys will not operate properly due to the i
dips in the rectified power. Zener diodes, for example, can turn off during these dips. As a general
rule the dc source should ngt contain more than 5% ripple. ;

C. TOP UNIT (I0C)

1. The pickup of the instantaneous overcurrent unit-can be adjusted over @ four-to-one range, as
indicated in Table II, by varying the tension of the spiral control spring. The outside end of
this spring is fastened to a post on the adjusting ring above the moving contact, and the ring
is in turn clamped in position by a hexagonal-head Tocking screw. If this screw is loosened,
the ring can be slipped to vary the spring tension. .

2, The pickup is set at the factory at the minimum point of the pickup current range. ‘ ( T
3. Block the directiongl unit contacts closed. |

4. Apply current through terminals 2 - 3. The ynit should close its contacts within plus or minus
5% of the minimum point of the pickup current range. ' -

5. Apply the maximum pickup current of the unit; it should not be necessary to wind the control
spring more than one turn (360 degrees). o : C

6. Reset the contrel spring for minimum. pickup. "Retighten the control clamping screw and recheck
pickup. - o - ' | -

D. MIDDLE UNIT (TOC)

1. CURRENT SETTING.

. The minimym current at'which time overcurrent unitiw111 close:its contacts is determined by the . -
position of the plug in the tap block. The tap plate on this block 1s marked in amperes, as shown in
Table I. L o o _ S _

When the tap setting is changed with the relay in its case the following procedure must be

followed: (1) remove the cornecting plugs; this de-energizes the relay and shorts the current transfarﬁer S

secondary winding. (2) remove the tap screw and place it in the tap marked for the desived pick-up
current. {3) vyeplace the connecting plug. . o ' A

The minimum current required to rotate the disk slowly and to close the contacts should be within
five percent of the value marked on. the tap plate for any tap setting and time dial position. 1f this
adjustment has been disturbed, it can be restored by means of the spring adjusting ring. The vring can
be turned by inserting a screw driven blade in the nptches around the edge., By turning the ring, the
operating current of. the unit can be brought into agreement with the tap setting employed. This )
adjustment also permits. any: desired setting to he obtained intermediate hetween the available tap settings.f’j”

Test connections for making: pickup and time checks on the time overcurrent unit are shown in Figure
7. Use a source of 120 volts or greater with good wave form and constant frequency. Stepdown trans- . -

Formers or phantom loads should not be employed in testing induction relays since their use may cause a
distorted waveform. R _ R N - A :

2. Connect the re1ay_as shown thFigure 7;

3. Block the directidnai uﬁit qontacts'closed. N -

&, Sat the tap screw.in the Towest tap'and the time dial at the 0.5 time:dial position.' The unit |
should close its contacts within plus or minus 5% of the tap valye. : o

5. In a tike manner, each of the other taps'may bé.checkéd,

10

.K;J{ -..




GEK~41922

(?‘\ 6. To check the time curve, set the tap screw in the minimim tap and the time dial at the 5 time dial

O

(ZZ).

a

position. Apply 5 times pickup current. The operating time should be 1.31 'seconds pilus or minus 5%.

E. BOTTOM UNIT {DIR.)

1. Connect the relay as shown in Figure 9.

2. The directional unit contacts should close when the unit is energ1zed from a source of rated
voltage.

F. TARGET SEAL-IN UNIT

1. The unit should p1ckup between 75 and 100% of the tap value and drop out at 25% or more of
the tap value.

INSTALLATION PROCEDURE

LOCATION

The location should be clean and dry, free from dust and excessive vibration and well 11ghted to
facilitate inspection and testing.

MOUNTING

The relay should be mounted on a vertical surface. The outline and panel drilling -diagram is shown
in Figure 14. ‘ :

o

CONNECT IONS

The internal connection diagram is shown in Figure 2. A typical external connections diagram is
shown in Figure 3. Since phase sequence is important for the correct operation of Type JBC relays, the
rotation specified in Figure 3 must be ddhered to. Unless mounted in a steel panel which adequately
grounds the relay case, it 1s recommended that the case be grounded through a mount1ng stud or screw with
a conductor not less than #12 B&S gauge copper wire or its equivalent.

Terminal 12 of JBC53 relays should be connected fo the negative side of the DC bus.
VISUAL INSPECTION

At the time of installation, the relay should be inspected for tarnished contacts, Toose screWs, and
broken or cracked parts. If any trouble is found, it should be corrected in the manner described under
MAINTENANCE. '

MECHANICAL INSPECTION

Recheck the adjustments mentioned under Mechanical Inspection in the section on ACCEPTANCE TESTS.
ELECTRICAL TESTS

A. _TOP UNIT (I0C)

1. Adjust the control spring for the deSired pickup 1n accordancé with the instructions given under
" Electrical Tests in the section on ACCEPTANCE TESTS.

B. MIDDLE UNIT (TOC)

1. When used with trip coils operating on currents ranging from 0.2 to 2.0 amperes at the minimum
control voltage, the target and seal-in tap screw should be set in the 0.2 ampere tap.' When
the trip-coil current ranges from 2 to 30 amperes at-the minimum control voltage, the tap screw
should be placed in the 2.0 ampere tap.

The seal-in tap screw is the screw holding the right~hand stationary contact of the seal-in unit.
To change the tap setting, first remove the connecting plug. Then take a screw from the left-hand

11



stationary contac¢t and place it in the desired tap.
and place it back in the left-hand contact.

GEK~41922

Next, remove the screw from the other tap
This procedure is necessary to prevent the right-.

hand stationary contact from getting out of adjustment. Tap screws should never be 1eft in both

taps at the same time.

2. The target and seal-in unit should pickup‘between 85 and 100% of the tap value and drop out at

25% or more of tap value.

3. Connect the time overcurrent in accordance with Figure 7.

4. Block the directional unit contacts closed.

5. Set the tap screw in the desired

pickup is within 5% of the selected tap.

tap and the time dial at the 0.5 time dial position. Check that

If it is desired to set pickup for some value other

than tap value, the control spring may be adjusted for any value between taps.

6. Apply the calculated multiples of pickup and set the fime dial for the desired operating time.
Fine adjustment of time may be obtained by moving the permanent magnet (drag magnet) in or out

along the supporting shelf.

C. BOTTOM UNIT (DIR.)

1. The polarity of the external connections to the directional unit may be verified by observing
the direction of contact armature torque when the line is carrying load at unity power factor,
.- Note that in most directional overcurrent relay applications,

or slightly lagging power factor

the desired directions are: contac

for power flow toward the bus.

t-closing for power flow away from the bus, and contact opening

In case of doubt refer to Figure 8 for a more accurate methed
of checking the polarity of the connections.

2. Figure.9 shows the test connections for checking the polarity of the directional unit itself,
With these connections, check that the directional unit contacts close when the unit is

energized from a source of rated

voltage.

3. The target and seal-in unit should pickup between 85 and 100% of the'tap value and drop out at

25% or more of the tap value.

PERIODIC CHECKS AMD ROUTINE MAINTENANCE

In view of the vital role of protective relays in the operation of a power system it is important
It is recognized that the interval between periodic ¢hecks
of relay, and the user's experience with periodic testing.

that a perjodic test program be followed.
will vary depending upon environment, type

Until the user has accumulated enough experience

to select the test interval best suited to his individual

requirements it is suggested that the points listed in INSTALLATION PROCEDURE be checked at an interval

of from one to two years.

CONTACT CLEANING

Check that the contacts are clean and burnish where necessary.

For cleaning fine silver contacts, a
flexible strip of metal with an etched-rou

flexible Burnishing tool should be used. This consists of a
ghened surface resembling in effect a superfine file. The

polishing action is so delicate that no scratches are left, yet
and rapidly. Its flexibility insures.the cleaning of the actual points of contact. Do not use knives,
files, abrasive paper or cloth of any kind to clean relay contacts.

SERVICING

it will clean off any corrosion thoroughly

These relays are adjusted at the factory and it is advisable not to disturb the adjustments. ,If, for
any reason, they have been disturbed, the following points should be observed in restoring them:

A. TOP UNIT (I0C)

BEARINGS

The section BEARINGS, under DIRECTIONAL UNIT, also applies to the bearings of the instantaneous

overcurrent unit.

12
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CUP ‘AND STATOR

The section CUP AND STATOR under DIRECTIONAL UNIT, also applies to the cuh and stator of the

. instantaneous overcurrent unit.

* CONTACT ADJUSTMENTS

The contact gap may be adjusted by loosening slightly the screw at the front of the contact support.
The screw should be only loose enough to allow the contact barrel to rotate in its sieeve.

The backstop screw fastened with a Tocknut should hold the moving contact arm in a neutral position,
j.e., with the arm pointing directly forward. Then, by rotating the barrel, advance the stationary contact
until it just touches the moving contact. Next, back it away 1 turn to obtain a 0.032 inch gap. Last,
tighten the screw which secures the barrel.

The moving contact may be removed by Toosening the screw which secures it to the contact arm and
sTiding it from under the screw head.

TABLE VII
INSTANTANEOUS OVERCURRENT UNIT CLUTCH ADJUSTMENT

PICKUP | CLUTCH MUST | CLUTCH.MUST
RANGE NOT SLIP AT SLIP AT

10 - 40 * *

20 - 80 - * *

40 - 160 % x

* Tighten clutch as much as possible.

B. MIDDLE UNIT (TOC)

DISK_AND BEARINGS

The jewel should be turned up until the disk is centered in the air gaps, after which it should be
Tocked in this position by the set screw provided for this purpose. The upper bearing pin should next be
adjusted so that the disk shaft has 0.005 to 0.010 inch end play. '

CONTACT ADJUSTMENT

The contacts should have about 1/32 inch wipe. That is, the statidnary contact tip should be defected.
about 1/32 inch when the disk compietes its travel. Wipe is adjusted by turning the wipe adjustment screw
thereby adjusting the pesition of the brush relative to the brush stop.

When the time dial is moved to the position where it holds the contacts just closed, it should
indicate zerc on the time-dial scale. If it does not and the brushes are correctly adjusted, shift the
dial by changing the position of the arm. attached to the shaft just below the time dial. Loosen the screw
¢lamping the arm to the shaft and turn the arm relative to the shaft until the contacts just make for zero
time-dial setting. :

CLUTCH ADJUSTMENT

The clutch on the instantaneous overcurrent unit can be adjusted by means of the screw located on
the right-hand side of the moving contact arm. If the locknut is Toosened and the screw turned in, the
current at which the clutch will sTip will be increased. The clutch should be adjusted to slip at the
current values shown in Table VII with the directional unit. contacts held closed. )

13
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. BOTTOM UNIT (DIR.) i , Qm

BEARINGS ' : ' ‘ ' —

The lower jewel bearing should be screwed all the way in until its head engages the end of the
threaded core support. The upper bearing should be adjusted to allow about 1/64 inch play in the shaft.

To check the clearance between the iron core and the inside of the rotor cup. press down on the
contact arm near the shaft thus depressing the spring-mounted jewel until the cup strikes the -iron. The
shaft should move about 1/16 inch.

CUP_AND STATOR

Ve

Should it be necessary to remove the cup-type rotor from the directional unit, the following procedure ( )“
should be followed:

A11 leads to the unit should first be disconnected and tagged for jdentification in reconnecting.
The unit can then be removed from the cradle with its mounting plate still attached.

The upper of the three flat-head screws holding the unit to the plate should now be removed. On
some models, it may be necessary to remove a resistor or capacitor to expose this screw. The four corner
screws clamping the unit together, should next be removed, and the entirve top structure Tifted off. This
gives access to the cup assembly and exposes the stator assembly, which should be protected to keep it
free from dust and metallic particies until the unit is reassembled.

To remove the shaft and rotor from the contact head assembiy, the spring clip at the top of the
shaft must be pulled out and the clutch adjusting screw taken out of the side of the molded contact arm.
The shaft and cup can now be pulled out of the molding. The rotor must be handled very carefully while
it is out of the unit.

CONTACT ADJUSTMENTS _ . o

To facilitate adjustment of contacts, remove the two red jumper leads from terminals 18, 19, and 20
and use a neon indicating lamp in series with an AC voltage supply across terminals 18 and 19 and 19 and
20 to signify all contact closures. Refer to Figure 4 and Figure 5 for identification of Tow gradient
and barrel contact parts respectively and proceed as follows:

Loosen slightly the locknut which secures the backstop screw {located at the right front corner
of the unit) to its support. Unwind the backstop screw so that the moving contact arm is permitted to’
swing freely. Adjust the tension of each low gradient contact brush so that 1-2 grams of pressure are
required at the contact tip in order to cause the end of the brush to separate from the inner face of
its respective brush retainer. Adjust the spiral spring until the moving contact arm is in a neutral
position, i.e., with the arm pointing directly forward. Loosen the locknut which secures the Tow gradient
stationary contact mounting screw to the stationary contact support. Wind the mounting screw inward until
the Tow gradient stationary and moving contact members just begin to touch. Unwind the mounting screw
until the stationary contact brush is vertical with the stationary contact brush retainer down.  Then
tighten the Tocknut which secures the mounting screw to the stationary contact support.

Loosen slightly the screw which secures the barrel contact to its support. This screw should be -

only loose enough to allow the barrel to rotate in its sleeve, but not so loose as to allow the sleeve to <¢fﬂ

move within the support. Wind the backstop screw in until the Tow gradient moving and stationary contact
members just begin to touch. Wind the barrel contact in until the barrel contacts just begin to touch.
Unwind the barrel contact 1/4 turn. Tighten the screw which secures the barrel contact to its support.
Unwind the backstop screw 2/3 turn. Tighten the Tocknut screw which secures the backstop screw to its
support. Finally, adjust the tension on the low gradient stationary contact brush such that, when the
Tow gradient contacts are made and fully wiped in, there is approximately an equal deflection on each
brush. ' '

CAUTION: WHEN THE ABOVE ADJUSTMENTS ARE COMPLETE, BE SURE TO REPLACE THE TWO RED JUMPER LEADS.
TORQUE_ADJUSTMENT

N c o )
The directional unit is provided with a notched core which is used to minimize the torque produced <5,
on the rotor by current alone in the operating coils with the polarizing circuits de-energized. This

adjustment is made at the factory and may be checked as follows:

14
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First, short out the potential polarizing circuit. Adjust the control spring so that the moving
contact structure is balanced between the stationary contact and the stop. This can be done by loosening
the hexagonal-head locking screw, which clamps the spring adjusting ring in position, and turning the ring
to the Teft until the balance point is reached.

Energize the operating circuit with 30 amperes for relays with 0.5/2 and 1.5/6 ampere time evercurrent
units or 60 amperes for relays with 4/16 ampere time overcurrent units, and check that the contact arm
does not move. The core should be turned in small steps until a point is reached where there is no "bias"
torque from current alone. The core can be turned by Toosening the large hexagonal nut on the bottom of
the unit and turning the core by means of the slotted bearing screw. This screw should be held securely
in position when the nut is retightened. :

Keep in mind that currents of these magnitudes will cause the coils to overheat if left on too leng.
Therefore, leave the test current on only for short intervals and allow sufficient time between tests for
the coils to cool. ' :

After the torque adjustment has been made, the spiral spring should be set to have barely enough
tension to swing the moving contact arm against the stop screw when the unit is de-energized. Sufficient
tension will be obtained if the adjusting ring is rotated about 1/2 inch from the neutral potision in the
counterclockwise direction, as measured on the periphery of the ring.

CLUTCH ADJUSTMENT

The connections shown in Figure 9 for the polarity check can also be used in making the clutch
adjustment. The 50 ohm fixed resistor should be replaced with an adjustable resistor capable of providing
the current range listed in Table VI for the relay rating in question, A screw, projecting from the side
of the moving contact arm, controls the clutch pressure, and consequently, the current value which will
cause the clutch to slip. With rated frequency and at rated volts, the clutch should be set to slip at
the current values Tisted in Table VI. 1In all cases the current is in phase with the voltage. HNote that
too Tong application of these currents will overheat the coils. :

TABLE VI
DIRECTIONAL UNIT CLUTCH ADJUSTMENT

TAP RANGE AMPERES FOR

(AMPERES) CLUTCH TO SLIP
0.5/2 11
1.5/6 11
4/16 22

RENEWAL PARTS

It is recommended that sufficient quantities of renewal parts be carried in stock o enable the
prompt replacement of any that are worn, broken, or damaged.

When ordering renewal parts, address the nearest Sales Office of the General Electric Company,

specify quantity required, name of the part wanted, and the complete model number of the relay for
which the part is required. ' ' iy
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FIG. 1B (8023332) Type JBCS3X Relay Rear View, In Cradle
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FIG. 2 (0418A858-1) Internal Connections For Type JBC53X Relay {Front View)
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Stationary Contact Assembly Moving Contact Assembly
(8027689) (8023399)
A - Contact Dial " K - Contact Support D - Contact Arm F - Contact Tip
B - Contact Brush - L - Mounting Screw E - Contact Brush G - Contact Brush Retainer
C - Contact Tip M - Lockout
H - Contact Brush Retainer
Fig. 4 Low Gradient Contact Assembly For The Directional Unit.
:"5‘/\ : I . |
£ ) A - c D E
y | ‘ CA \ //- 4 /7
\:\\\ \\‘ “\\,\\\\\\‘&\\\ \\\\\\‘\\\\\\(\\:\ \\\\N\ &\ ::' F.
1 G
(
o
A-INCLINED TUBE o D-SPACER
B-STAINLESS STEEL BALL E-CAP
- C-DIAPHRAM F-FLAT SPIRAL SPRING
| ' G-CONTACT

FIG.’5 (K-6077069-4) Barrel Contact Assembly For The Directional And Instantaneous Overcurrent Units
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CONNECTING PLUG ~ MAIN BRUSH  CONNECTING BLOCK

TERMINAL BLOCK )
SHORTiNG BAR

AUXILIARY BRUSH

NOTE:AFTER ENGAGING AUXILIARY BRUSH, CONNECTING PLUG
TRAVELS 1/4 INCH BEFORE ENGAGING THE" MAIN BRUSH ON
T’HE TERMINAL BLOCK

Brush

FIG. 6 (8025039) Cross Section Of Drawout Case Showing Position Of Auxiliary

11 13 15 17 19
12 14 18 18 20 0 —
] ® @ ® ® 120v. @
. S . /- RATED
TYPE XLA13 TEST PLUG FREQ.
: _ 5 e
it ]
TO TIMER
"STOP" | _
sror” 71—
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@ o o P
3 5. 71 9

4 6 - B 10
® L 9 ®

TYPE XLA13 TEST PLUG

]

! TO TIMER
i "START"

FIG. 7 (0178A9036-0) Test Connections For Checking TOC Unit
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FLOW “oUT”
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PLUG INTO
RELAY WiTH - 'SOURCE
CONNECT.| ONS . (& o)) |
AS SHOWN \ - : RESISTOR
BELOW. o= 15 i
| £ + +
115V ‘ 'I
‘ PHASE ANGLE METER
ANGLE READS ZERO DEGREES
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TEST PLUG
.(BOTTOM),- . _
r N \
© & ©
2 i 8 8 10
® g)
\. ./
POWER FACTOR ANGLE 0— | 45— 90— 135— 180~ 225-| 270-] 315~
(DEG. LEAD) 45 190 135 [ 180 | 225 | 270 | 315 | 360.
KW & KVAR DIRECTIONS 'm'ou*r>lxvm,' KVAR .| KW IN{KW INy| KVAR. xua_} KW 0T
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1
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CONSIDERED &S THE REFERENCE |N ALL CASES.' > MEANS GREATER THAN.
CAUTTON: MAKE CORRECTIONS FOR METER ERRORS ON LOW CURRENTS,
TNHERENT IN SOME PHASE-ANGLE METERS.

FIG 8 (0377A195- 2) Test Connections For Checking Polarity Of The Exter-na1 Wiring To
The Directional Unit
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'SO_URCE OF RATED KZO‘LT.,AGE

50
OHM H
RESISTOR
POLARIZING
<> COIL:
OFERATING °
oL
‘ 6
e

NOTE: THE DIRECTIONAL UNIT CONTACTS. &IOULD
CLOSE WHEN . THE RELAY 1S ENERGIZED Wl TH
THE ABOVE CONNECT]ONS

FIG. 9 (0148A970 0) Test Connections For Checkmg Po'iamty Of The D1r-ect10na1 Unit Internal
Wiring ‘
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FIG. 10 (K-6154288-2) Directional Unit Time Curve (0.5/2. 1.5/6 Ampere Range) For Voltage Applied
' ' In Phase With Current ' N )
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SPRING ‘SETTING

CURVE A- (-4 AMP MIN, SETTING

CURVE B-1-U AP MAX. SETTING
CURVE C-40-i60 AP MIN. SETTING

CURVE D-UO-160 AMP MAX. SETTING

\
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8 1D 2

MULTIPLES OF P!CKUP CURRENT
OF INSTANTANEOUS OVERCURRENT UNIT

FIG. 13 (257A8300-0 ) Instantaneous Overcurrent Unit Time Curve
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27



GENERAL ELECTRIC INSTALLATION AND SERVICE ENGINEERING OFFICES

' t Marine Service
X Transportation

FIELD SERVICE QFFICE CODE KEY

X * Mechanical & Nuclear Service
' T Electrical & Electronic Service

wral Elaciric wqui

FOR YOUR LASTING SATISFACIION .e wnh |||. ptrbnnqnu and ovailability of your Gen-
, GE e this

k of field rarvice oifices, serving

whility, industsinl, 'rampoﬂuhon and mqrim uEen. Oudlfi-d Feld enginesrs provide instel-

wund othar services, throughaut

lation, stod-up, #mp!

the productiva life of the squipment. For full infs
viea B ing office,

| ALABAMA

¥ Birmingham 35205 , . .. 2151 Highiand Ave.

* T § Moblle 36609, .., ,1111 S, Beltline Highway -

| t Anchorage 90501, , ., ... . 115 Whitney Rd,
ARIZONA .
*t Phoenix 85012 . ., ... 3550 N.Central Ave.
T Tacson 85718, . . .. ... 151 5. Tucson Blvd.
ARKANSAS |
¥ Worth Little Rock 72119. ., ., .,120 Main St,
CALIFORNIA .
*f t Los Angeles 80054 . . .. . .212 N. Vignes St.
T Palo Aleo 94308 . .. .. 960 San Antonio Rd,
b Sacramento 95808, ,...,.,,.,.. 407J St
T San DHego 92103 . ....... 2580 First Ave,
“ f§ San Francisco 4118, ... %55 Hawthorne St.
* Vernon 80058. ,........ 3035 E. 4Bth 8t,
COLORADO :
*t Denver 80206. . ... . . 201 University Blvd.
CONNECTICUT
.y Meriden 06450 . . .. ... .+ . . 1 Preatige Dr.
FLORIDA
t 1 Jacksonville 32203 .. .. 4040 Woodcock Dr.
t Miami 33134 . ....... . 4100 W, Flagler 5t
*+ 1 Tampa 33609, . Z1086 5. Lois Ave.
GEORGIA
* T 1 Atlanta 30308, . .. .1860 Peachtree Rd., W
¥ 1 Savannah 31405 .,...... 5002 Paulsen St.
HAWAIT .
*+t Honolulu 9681%........... 440 Coral St.
ILLINOIS -
*t ¥ % Chicago 60680 ......... .B40 3. Canal 8t.
INDIANA

t Evansville 47705 ... 2703 Washington Ave.
t Fort Wayne 46807 . ... 3808 8. Calhoun St.
* T Indianapolin 48207 , . . 3750 N. Meridian St.

LOUISIANA

T Baton Rouge T0806 . , ., .8312 Florida Blvd,
* v 3 New Orleans 70125 , ., . 4747 Earhart Blvd.
=t . Shreveport 72104 ... 2820 Centenary Blvd,

¥ Monroe 71201 ....... + 1028 Nprth 6th St.
MARYLAND
*t{ Baltimore21201,.,,,... 1 N.Charles St
MASSACHUSETTS
*t 3 Wellesley 02181........]1 Washington 5t.
MICHIGAN
*¥ 3 Detroit43202 ........ 700 Antoinette St.

t  Jackson 49201 .......210 W. Franklin St.

t Saglnzw 486807

B + 1008 Second Nationzl Bank Bldg.

MINNESOTA

t3+ Duluthb580Z........ 300 W, Superior St.
*{ t Minneapolis 55416 ... 1500 Lilac Drive So,
MISSOURT
L Kansas City 64199, . . -+« 811 Main 8t,
*t St. Louis 63101 ... ......1015 Locust St.
MONTANA

+ Butte 59701 ., .. ..... 103 N. Wyoming St.
NEBRASKA
* ¥ Omaha 68102 . .......... 409 5. 17th St
NEW JERSEY
1 Millburn 07041. ... ..... 25 E. Willow 5t.
NEW YORK !

T3 Albany 12205. ., . 15 Computer Drive, West

.+ 825 Delaware Ave,
. 641 Lexington Ave,

* Yt 1 Buffalo 14205 ...
* T I x New York 16022 .

Rochester 14604. .. ....... 8% East Ave,
* 1‘ 1 Syracuse 13208 ,........ 3532 James St.
NORTH CAROLINA .
*{ 31 Charlotie 28207 ...... 141 Providence Rd,
* Wilmington
Reigelwood 26456 . .. ... . P.0. Box 185

OHIO
.1 Cintinnati 46206, , , ., , 2621 Victory Pkwy.
*¥1 Cleveland 44104 , ,; 1000 Lakeside Ave.

+ " - Colnmbus 43228 . .. ... .. 1110 Morse Rd.
T3 Toledod3B0E....... .+« 3125 Douglas Rd.
t+° Youngstown 44507. . ... 272 Indianoia Ave.

GENERAL ELECTRIC SERVICE SHOPS

, eoll your nacrest Instullation & Ser-

OKLAHOMA
-t Oklahoma City 7T3106. . . 2000 Classen Blvd,
1 Tulea M105. . P.O. Bax 1648, Southside Sta,

OREGON :
t Eugene 97401, .. .. .., ,.. 1170 Pedr] St.
*t i Portland §7210,....,. 2529 NW 29th Ave,

pmnsﬂ..vmm ’
Allentown 18102, ... ... 1444 Hamitton 5%,

*+ ¢ Philadelphia 19102 . ., 3 Penn Cedter Plaza

*t Pittsburgh 15222 , ., . 300 8th Avenue Eldg.

SOUTH CAROLINA L :
't ¥ Columbia 29204 . . 2700 Middleburg Dr,
t Greenville 2950'1. . ‘n No, Pleagafitbiarg Dr.

TENNESSEE
-1 Chattanooga 37411
saas s, D800 Bldg,Eanq;ate Center
1 Mernphls 38130. ., ., . .33085 Alrways Blvd,

TEXAS .

* 1 Amarillo 79101 .. .. .. ... ..303 Polk 5t
*t 3% Beaumont 77704 ........1395 Cald¢r Ave
* f Corpus Christi 78401 , 205 N, Chaparral 5t.
* 1t Dallas 76222 , , ., 6101 Gtemmona Freewsy
LR El Paso T9945 .. ..., ..., 215 N, Stanton

t Fort Warth 76102 . . . 408 W. Seventh 5t.
*tf Houston TTORY ...... 421% Hicheaond Ave,
1 Ban Antonic 78204, ., ... .. 434 8. Matn 8t.

UTAH _

1 Salt Lake City 84111 .. 431 . Third East 8t,

VIRGINTA
* t Newport News 23601 ,..,,. 3il Main 5t

4 1 Richmond 23230, ... 1508 Willow Lawn Dr.
+ Hoanoke 24015....... 2018 Colonial Ave.
WASHINGTON

=t 1 Seattle 98188
.12 Andover Park Ezst, Tubtwils
¥ Spokane 99202 . E. 1805 'I‘rent Ave,

WEST VIRGINIA f
* 1 Charléston 25328 . ,306 MacCorkle Ave.,SE

WISCONETN
. Appleton 54811, , .. 3003 West College Dr.

Tt  Milwackee 53202 ..... 615 E. Michigan St,

WHEN YOU ﬂEED SERVICE ... These GE Service Shops will repair, re= ises. Latest factory methods and genvine GE remewa! 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-=

owA
1 Davenport 32805
.. P.O. Box 630, 1039 State St., Bettendor!
KENTUCKY
b Louisville 40218 ...... ; 2300 Meadow Dr,
ALABAMA
* * Pirmingham 35211 . 1500 Mims Ave. 5. W,
® Mobile 36609 ......... 721 l.akeslde pr,
ARIZONA
# (Phoenix) Glendale B5019 ., 4911 W. Colter St.
® Phoenix 8501% ..... 3840, W, Clarendon St,

® Tucson 85713, . . . 2042 So. Palo Verde Ave.

CALIFORNIA
Los Angeles $0301 . . . . 690D Stanford Ave.
* (Los Angeles) Apaheim 92805
........ 3601 E. LaPalma Ave.
* (Los Angelea) Inglewoed 80301
.......... 228 w. Florence Ave.
- Sacﬂmmto 05814, ., ... 99 North 17th St.
* * (San Francisco) Oakland 94608

hasmssssara e 1550 3éth SL
COLORADO
* * Denver 80205, .,....,. 3353 Larimer 5t.
CONNECTICUT
* *+ (Scuthington) Plantsville 06479
........... 4 -eersea,370 Atwater St
FLORIDA

® * Jacksonville 32203 . ... 2020 W.Beaver St.
® [Miami) Hialeah 33010, . . 1062 East 28th St.
& * Tampa 33801......... lBth & Grant 5ts.

GEORGIA
& (Attantn) Chamblee 30341
v s s, 5085 Peachiree Industrial-Blvd.
* Atlanta .......... 2379 John Glens Dr.

ILLINOIZ
& * Chicago 60638 . . .. 6045 S. Nottingham Ave.
INDIANA .
» Evanaville 47711 , .. 401 N.Congress Ave,
& Ft. Wayne 48803, ., .... 1731 Edsall Ave.
® Hammond 46320, .. .., . 1138 184tk Place
& * Jndianapolin 46222 , .. 1740 W. Vermont St.

IOWA
+ (Davenport) Bettendorf 52722 . 1025 State St,

KENTUCKY
® Louisville 40209. . . . 3900 Crittenden Drive

LOUISIANA
. & Baton Rouge 70814 . , . 10855 North Dual 5t.
. @ * NewOrleans 70114 .. ... 1115 DeArmas St.
MARYLAND
# + Haltimore 21230....... 520 E. Fort Ave,
MASSACHUSETTS
# * A [(Boston) Medford 02155
............. 3960 Mystic Valley Piwy.
MICHIGAN )
® * A (Detroit} Riverview., .. 18075 Krause Ave.
® Flint 4850% ....... 1506 E. Carpenter Rd.
MINNESOTA

* Duluth 5580’! . 50th Ave. W & Stlouis Bay
® * Minneapolis 55430 ... 2025 49th Ave, N,

MISSOURI
@ » Kansas City 64120, , ., . 3525 Gardner Ave.
** St Louis 63110 ......... 1115 Eaat Rd.
NEW JERSEY
® New Brunswick 08802 . ... .3 Lawrence 5t,
HEW MEXICO
® Albuquergue 87109 . . . 4420 McLeod Rd. NE
NEW YORK

¢ Albany 12205.........1097 Central Ave.
& * (Buffalo) Tonawanda 14350 , . 175 Milens Rd.
& (Long Island) Old Bethpage 11804 .
. 183 Bethpage-Sweet Hoilow Rd.
. (New York Clt]r) North Bergen, N, J, 07012
..... 6001 Tonnelle Ave,
* (New York Clt]r) c‘ll.tton, N.J. 07012
9 Brighton Rd.
. . 1 River Rd.
1015 E Hmwaﬂu Blvd.

-y Schenechdy 12305 .,
® Syracuse 13208, ,

NORTH CAROLINA
& * Charlotte 28208 ........ 2328 Thrift Rd.

CHIO

Akron (Canton) 44720
L. . 7900 Whipple Ave.N. W.
Clncinnaﬁ 45202 ........ 444 West 3rd St.

G
®* A Cleveland 44125. ... .. 4477 East 48th St,
s Columbug 43229 .. . . 6660 Huntley Rd.

® * Toledo 43605, .... 405 Dearborn Ave.

® Youngstown 44547, , . , 272 E, Indianola Ave.

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

OXLAHOMA )
® Tulsa 74145, ..... 5220 5. 100th East Ave,
OREGON .
# Eugene 87402 .. ...... . . 570 Wilson St.
® * Portland #7210 . .. ... 2727 NW 25th Ave.
PENNSYLVANIA '
® Alleptowh 16103 ...... £68 E. Highland St.

* (Delaware Vanewcherry Hill, N.J., .08034
............ 190 E. Marlion Pike
. JuhnstDWn 15802 . . B4l Oak §t.
. Phl.ladelphla. 19124 ... 1040 East Erie Ave.

* * (Pittsburgh) West Mifﬂ!n 15122 -
........... 4530 Butterrilk Hollow Rd.
¢ York 1'7403 . .54 N. Harrison St,

SOUTH CAROLINA
® (Charleston} No. Charleston 28401

e 2490 Deborair 5t.
TENNESSEE
Knoxville 37914
v ey~ 2621 Governor Jolin Sevier Hwy.
- Memph].s 38107, . . 708 North Madtn St.
TEXAS _
& Beaumont 77705 . .. .. 1490 W, Cardinal Dr.
# Corpus Christi 78401 . ... .. 15 Waco St
® = Dallas 75235 ... ... . v« 3202 Manot Way
# Houston 77036 . , . . 5534 Harvey Wilsoh Dr.
* Houston 77036 . ........ 8916 Harwin Dr.
e Midland 79701 .. ... .+ 'T04 S. Johnaton St,
UTAH ‘
® * Salt Lake Clty 84110 . . . 301 5. Tth West 5t
VIRGINIA
@« * Richmond 23224 ., .. ... 1403 Ingram Ave.
* Roanoke 24013 ...... 1004 River Ave.,SE
WASHINGTON
® * Seattle 96134 .. ... 3422 Firgt Ave,, South

® Spokane 89211 ., . . E,4323 Mission St.

WEST VIRGINIA :
@ * Charleston 25328 . ,306 MacCorkle Ave. ,S5E

WISCONSIN
* (Appleton) Menasha 54910 . . 1725 Racine St.
+ Milwaukee 53207 . .. 285 W.Oklahoma Ave.

L' Electrical/Mechanical Service Shop * Instrumentation Shop & Special Mannfacturing Shop |

12-74 GENERAL ELECTRIC COMPANY, PHILADELPHIA, PA.
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