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GROUND DIRECTIONAL OVERCURRENT RELAY
TYPE JBCG

INTRODUCTION

Type JBCG relays are ground directional over-
current relays used primarily for the protection of
feeders and transmission lines. They are available
with either inverse time or very inverse time
characteristics. :

They consist of three units, an instanianeous
overcurrent unit {top)} of the induction-cup type, a
time overcurrent unit (middle) of the induction-
disk type, and an instantaneous power-directional
unit (bottom) of the induction-cup type. The direc-
tional unit is either potential or current polarized
and; by means of its closing contacts; directionally
controls the operation of both the time overcurrent
and instantaneous overcurrent units.

APPLICATION

Type JBCG relays are used for ground fault
protection of a single line. They have a low-range
operating coil which may be rated 0.5/2 or 1.556
amperes, although the 4/16 ampere rating is also
available. Under normal conditions, no current
flows in either the operating or current polarizing
coilg, nor is there any voltage across the potential
polarizing coils.

Fig. 9 shows the external connections when
the Type JBCG relay is used in conjunction with
phase relays polarized from wye-wye potential
transformers. The polarizing voltage for the
ground relay is obtained by means of an auxiliary
wye-broken-delta potential transformer.

Fig. 10 shows the external connections for the
Type JBCG ground relay when current polarized
from a local source of ground current.

On some applications, system conditions may
at one time be such that potential polarization is
desirable, and at other times be such that current
pelarization would be preierred. The Type JBCG
relay, with its dual polarization feature, is well
suited for such applications. The curves in Fig, 1
compare the performance of the relay when dual
polarized with its performance when either potential
or current polarized alone,

The differences between the various models
covered by this instruction book are shown in Table
I. 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 fauli. Very inverse
time relays should be used in cases where the fault
current magnitude is dependent mainly upon the
location of the fault in relation to the relay, and
only slightly or not at all uponthe 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
operafing time becomes greater as the curreni is
decreased, If there is a wide range in generating
capacity together with variation in short-circuit
current with fault position, the operating time with
minimum fault current may be exceedingly long
with very inverse time relays. For such cases,
the inverse time relay is more applicable.

TABLE 1
Time Circuit -
ﬁgz‘iaéyl Charact- Closing Cg::cf ;' éltalé s

eristic Contacts
JBCGH1E Inverse One Fig. 2
JBCGH2E Inverse Two Fig. 3
JBCGS53E | Very Inverse One Fig. 4
JBCG54E | Very Inverse Two Fig. 5

OPERATING CHARACTERISTICS
PICKUP '

When potential polarized, the directional unit
will operate at 3.6 volt-amperes at the maximum.
torque angle of 60 degrees lag (current lags volt-
age). When current polarized, it will operate at
approximately 0.5 ampere with the operating and
polarizing coils connected in series, The per-
formance of the unit with simultaneous current and
potential polarization is typified in Fig. 1.

be referred to the General Electric Company.

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




GEH-1818 Ground Directional Overcurrent Relay Type JBCG

T T T T
»
_ L POTENTIAL POLARIZE ;
R P <
z GROUND —
X a2 FAULT ‘ \( / -
w El'z - Fre Sl ~ CURRENT 7 ®
Tk Ly = \\ POLARIZED 13 =2
D oW P o
CRSR EN S 3
Ss LA ™ / =
== laaag]
N | \/
= .
= —
5= : |1 oust poLarizen] ] o
- . —
za -0 I sounce BURCE ——— > i u-
-
P2 A B
a -]
oy
2 GROUND SOURCE INPEDENCE FROM a® To "c® =
10 OHMS OH CT SEC. BASIS

.2

0

: AT o AT oM F ne reng & R 2 aAgRgRe

2 & 26 sassAn -

LOCAL GHOUND' SQURCE IMPEDENCE - SEC, OHMS

Fig. |

Type JBCG Directional Unit Pickup For Various VYalues Of Ground Fault Impedance

With Current, Potential, Or Dual Polarization

The maximum operating current required to
close the time overcurrent unit contacis, at any
time-dial position, will be within five per centof the
tap plug setting, The pickup of the instantaneous
overcurrent unit can be adjusted over a four-to-one
range as indicated in Table III.

RESET

The minimum percentage of minimum cloging
current at which the {ime overcurrent until will

" reset is 90% for inverse-time relays and 85% for

very inverse-time relays., When the relay is
de-energized, the time required for the disk to
completely reset to the number 10 time dial posi-
ticn is approximately 8 seconds for inverse time
relays and 60 seconds for very inverse time relays.

OPERATING TIME

The time curve for the directional unit is
shown in Fig. 15,

The time curves of the time overcurrent unit
are shown in Fig, 17 and Fig. 18 respectively for
inverse-time and very inverse-time relays. For
the same operating conditions, the relay will operate
repeatedly within one or two per cent of the same
time.

The time curve for the instantaneous over-
current unit is shown in Fig. 16.

RATINGS
CURRENT CIRCUITS

The continucus and short time ratings of the
time overcurrent unif operating coil circuit are

4

shown in Table II, These same ratingsare applicable
to the directional unit operating coil circuit except
that its continuous rating is independent of changes
in the time overcurrent unit tap setting. Hence,
the information associated with the asterisk under
Table II does not apply to the directional wunit .
operating coil. The directional unit currentpolariz- |
ing coils have a continuous rating of 5 amperes

and a one (1) second rating of 150 amperes. Table
I shows the ratings of the available ranges of the
instantaneous overcurrent unit. Since all operating
current circuits are normally connected in serieg,
the operating coil ratings of all threeunits should be
considered in determining the rating of the entire
operating circuit.

TABLE II

RATINGS OF TIME OVERCURRENT UNI
OPERATING COILS :

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

** Applies to very inverse time relays only. The .
one second rating of inverse time relays is |,
65 amperes.

Tap Tap *Cont. | One Sec.
Range Ratings Rating Rating
(Amps) {Amps) {Amps) | (Amps) ’
0.5/2 0.5, 0.6, 0.8, 1.0, 1.5 100**

1.2, 1.5, 2.0
1.5/6 1.5,2,2.5,3,4,5,6 5 200
4/16 i 4,5, 6, 8, 10, 12, 18 10 220

)
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TABLE IIT

RATINGS OF INSTANTANEOUS
OVERCURRENT UNIT OPERATING COILS

TABLE IV
SEAL-IN UNIT RATINGS
| 2 AMP | 0.2 AMP
TAP TAP
Carry-Tripping D\.:Lty 30 Amps 5 Amps
Carry Continuously 3 Amps | 0.3 Amps
D-C Resistance 0.13 Ohms 7 Ohms
Impedance (60 cycles) | 0.53 Ohms 52 Ohms

Pickup Range [Continuous Rating { One Second Rating
(Amps) {(Amps) (Arps)
2-8 5 150
4-16 B 150
10-40 5 220
20-80 5 220
40-160 5 220
POTENTIAL COILS

The potential polarizing coils will withstand
120 volts for 20 minutes and 360 volis for 10
seconds. ’

SEAL-IN UNIT

The rating and impedance of the seal-in unit
for the 0.2 and 2 ampere taps are given in Table IV,
The tap setting used will depend on the current
drawn by the trip coil. The current ratings are
either a-c or d-c. :

The 0.2 ampere tap is for use with irip coils
which operate on currenis ranging from 0.2 up to
2.0 ampere at the minimum control veoliage, If this
tap is 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 iripped.

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

CONTACTS

The current-closing rating of the induction
unit contacts is 30 amperes for voltage not ex-
ceeding 250 volts. Their current-carrying rating
is limited by the tap rating of the seal-in-unit.

The capacitive burden of the potential polarizing
circuit of the directional unit at 60 cycles and 120
volts is 19,6 volt-amperes at 0,78 power factor.
Table V gives the current circuit burdens of the
directional unit,

Table VI gives the total burden of the time
overcurrent unit plus the instantaneous overcurrent
unit,

Ordinarily, the potential circuit is in the open
corner of broken delta potential transformers and
the current circuits are in the residual circuits of
current transformers. The burden is, therefore,
only imposed for the duration of the ground fauit
and need be considered only for this brief period.

TABLE V

DIRECTIONAL UNIT CURRENT CIRCUIT BURDENS
AT 60 CYCLES AND 5 AMPERES

CIRCUIT |Z(OHMS) | VA [ P.F. | WATTS
Operating 0.46 |[12.0 |0.52 | 6,24
Polarizing | 0.35 8.6 |0.95 8.17

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 damage sus-
tained in transit. ¥ injury or damage resulting
from rough handling is evident, file 2 damage
claim at once with the transportation company and
promptly notify the nearest General Electric Ap-
paratus Sales Office.

Reasonable care should be exercised inunpack-

ing the relay in order that none of the parts are
injured or the adjustments disturbed. .

I the relays are not to be installed imme-
diately, 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.

ot b




GEH-1818 Ground Directional Overcurrent Relay Type JBCG

TABLE VI

BURDENS OF OVERCURRENT UNITS (TIME AND INSTANTANEOUS)
AT 60 CYCLES

RANGE BURDENS AT MINIMUM PICKUP OF TIME UNIT OHMS IMPEDANCE AT | 4 o,
Time -
Character- Time Inst. Eff. Res. | React. | *Imped. +Volt- Power 3 Times 10 Times At 5
istic Unit Unit {Ohms) {Ohms) | (Ohms) Amps Factor Min, P.U, | Min. P.U. | Amps
Inverse 0.5/2 All 7.90 18.7 21.1 5.3 0.37 12.6 7.30 530
. Ranges ; . . . .
Inverse 1.5/6 2-8 .00 -| 2.7 2.9 6.5 0.35 1.70 1.00 73
416
Inverse 1.5/6 10-40 0.96 2.6 2.8 6.3 0.34 170 0.97 0
20-80
Inverse 4/16 | 2-8 0.23 0.41 0.47 7.5 0.49 0.28 0.16 12
Inverse 4/16 | 4-16 0.18 0.38 0.42 8.7 0.42 0.25 0.15 10.5
Inverse - s/18 | 30-30 0.15 0.37 0.40 6.1 0.38 0.24 0.14 100 |
Very  |'ggje | AL 1T 54 T . 4.90 4.20 130
ey 0.5/2 | paizes 2.10 4,80 5.20 1.3 0.40
very / - ; 47 0.64 0.55 1
ey 1.5/6 2-8 0.32 0.60 0.68 1.5 0
Very 1.5/6 .13:«13 0.25 0.51 0.57 1.3 0.44 0.53 0.46 14
Inverse - 20-80 .
Very - Q0 0.73 0,18 0.15 . 4.7
ey, 4/16 2-8 0.14 0.13 0.19 3.0 .
Very - . . .2 0,64 0.13 0.1 3.5
ey 4/16 | 4-16 0.09 D.11 0.14 2
Very 416 | 10-40 0.06 0.10 0.12 1.9 0.50 0.11 0.10 3.0
Inverse 20-80 . *

* 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.
Example: for the Type JBCGS5I1E relay, 0.5/2 amperes the impedance of the 0.5 ampere tap is 21.1 ohms,
The impedance of the 1 ampere tap, at 1 ampere, is approximately (0.5/1)¢ X 21.1 = 5.28 ohms,

+ Some companies list relay burdens only as the volt-ampere input to operate at minimum pickup. This
column is included so a direct comparison can be made. It should noi be used in calculating volt-ampere
burdens in a CT secondary circuit, since the burden at 5 amperes is used for this purpose.

¥ Calculated from burden at minimum pickup.

DESCRIPTION

TIME OVERCURRENT UNIT

The inverse time overcurrent unit consists of
a tapped current operating coil wound ona U-magnet
iron structure. The tapped operating coil is con-
nected to taps on the tap block. The U-magnet
contains wound shading coils which are connected
in series with a directional unit contact. When
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
torque on the operating disk,

The very inverse time overcurrent unit is of
the wattmetric type similar to that used in watthour
meters except as follows: the upper portion of the
iron structure has two concentric windings on the
middle leg of the magnetic circuit, One of these is
a tapped current winding connected to taps on the

6

tap block; the other is a floating winding which is
connected in series with the directional unit con-
tacts, a resistor, and the two coils on the lower
legs of the magnetic circuit. When power flow is in
such a direction as to close a directional unit
contact, the unit develops torque on the operating
digk. '

The disk shaft carries the moving contact
which 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.
retarding force resulting 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 variable ~
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Ground Directional Overcurrent Relay Type JBCG GEH-1818

The torque control circuits of both the time
overcurrent and instantaneous overcurrent unitsare
wired to terminals on the relay contactblock. These
terminals are shorted together by internally con-
nected red jumper leads when the relays leave the
factory (See Fig. 2 through Fig. 5). K external
torque control is desired, these 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 cup-like
aluminum induction rotor is free to operate in the
annular air gap between the poles and the core.
The poles are fitted with current operating, current
polarizing, 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 pro-
vides higher torque and lower rotor inertia than
the induction-disk construction resulting in a faster
and more sensitive relay.

INSTANTANEOUS
OVERCURRENT UNIT

This unit is similar in construction to the
directional unit described above, 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 all
connected in series, and in turn are connected in
series with a capactor anda contact of the directional
unit, This circuit controls the torque of the
instantaneous overcurrent unit. When the directional
unit contacts are open, the instantaneous unit will
develop no torque. When the directional unit con-
tacts are closed, the instantaneous unit will de-
velop torque in proportion to the square of the
current.

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

SEAL-IN UNIT

The seal-in units for both the time-overcurrent
and instantaneous-overcurrent contacts are mounted
on the middle units, as indicated in Fig. 8.

The left seal-in unit operates in conjunction
with the time-overcurrent unit contacts and is
labeled "T". Iis 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
contact is 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 lower-left corner of the cover.

CONTACTS
LOW GRADIENT CONTACT

The directional unit contacts (left front), which
control the time overcurrent unit, are shown in
Fig. 7. They are of the 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 sub-
jected 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) sup-
ports 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 bearsagainst
the inner face of the stationary contact brush re-
tainer (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 Fig. 6. Theyare specially constructedto suppress
bouncing. The stationary contact (G) is mounted on
a flat spiral spring (F)backedupbya thin diaphgram
(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
thence 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 contact 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 gpiral mounting spring may then be
removed.,

i i e
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Ground Directional Overcurrent Relay Type JBCG GEH-1818

CASE

The case is suitable for either surface or
semiflush panel mounting and an assortment of
hardware is provided for either mounting, The
cover attaches to the case ans also carries the
reset mechanism when one is required. Each cover
screw has provision for a sealing wire,

The case has studs or screw connections at
both ends or at the bottom only for the external
connections. The electrical connections between
the relay units and the case studs are made through
spring backed contact fingers mounted in stationary

" molded inner and outer blocks between which nests

a removable comnecting plug which completes the
circuits, The outer blocks, attached to the case,
have the studs for the external connections, and the
inner blocks have the terminals for the internal
connections.

The relay mechanism ‘is ‘mounted in a steel
framework called the cradle and is a complete unit
with all leads being terminated at the inner block. -

This cradle is held firmly in the case with a latch
at the fop and the bottom and by a guide pin at the
back of the case, The cases and cradles are so
constructed that the relay cannot be inserted in the
case upside down. The connecting plug, besides
making the electrical connections between the re-
spective blocks of the cradle and case, also locks
the latch in place. The cover, which is fastened to
the case by thumbscrews, holds the connecting plug
in place.

To draw out the relay unit the cover is first
removed and the plug drawn out., Shorting bars are
provided in the case toshort the current transformer
circuits. The latches are then released, and the
relay unit can be easily drawn out. To replace the
relay unit, the reverse order is followed.

A separafe testing plug can be inserted in place
of the connecting plug to test the relay in place on
the panel either from its own source of current and
voltage, or from other sourtes., Or, the relay unit
can be drawn out and replaced by another which has
been tested in the laboratory.

INSTALLATION

LOCATION

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

MOUNTING

The relay should be mounted on a vertical
surface. The outline and panel drilling diagram is
shown in Fig. 19.

CONNECTIONS

The internal connection diagrams for the various
relays are shown in Figs. 2 through 5. Typical
wiring diagrams are shown in Figs. 9 and 10,

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.

INSPECTION

At the time of installation, the relay should be
ingpected for tarnished contacts, loose screws, or
other imperfections. I any frouble is found, it
should be corrected in the manner described under
MAINTENANCE.

OPERATION

Before the relay is put into service, it should
be given a check to determine that factory ad-
justments have not been disturbed. The fime dial
will be set at zero before the relay leaves the
factory. It is necessary to change this setting in
order to open the time overcurrent unit contacts,

ADJUSTMENTS

TIME OVERCURRENT UNIT

TARGET AND SEAL-IN UNIT {MARKED "T")

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 unit tap screw is the screw holding
the right-hand stationary contact of the seal-in unit,
To change the tap setting, first remove the con-
necting plug. Then take a screw from the left-hand
stationary contact and place it in the desired tap.
Next, remove the screw from the other tap and place
it back in the left-hand contact. This procedure is
necessary to prevent the right-hand stationary
contact from getting out of adjustment. Iftap screws
are left in both taps, the pickup will be less than 2,0
amperes d-c¢, but the seal-in unit will take longer to
close its contacts. :
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GEH-1818 Ground Directional Overcurrent Relay Type JBCG

120 VOLT AC TEST SGURCE
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Fig. Il Test Connections For Checking Pickup
And Operatinc Time Of The Time Overcurrent Unit
Using Current Polarization

CURRENT SETTING

The minimum current at which the time over-
current unit will close its contacts is determined by
the position of the plug in the tap block, The tap
plate on this block is marked in amperes, as shown
in Table II.

When the tap setting is changed withtherelay in
its case, the following procedure must be followed:
(1) remove the connecting plug; this de-energizes
the relay and shorts the current transformer sec-
ondary winding.
it-in the tap marked for the desiredpick-up current.
(3) replace the connecting plug.

The minimum current required to rotate the
disk slowly and to close the contacts should be
within five per cent of the value marked on the
tap plate for any tap setting and time dial position.
I this adjustment has been disturbed, it can be
restored by means of the spring adjusting ring.
The ring can be turned by inserting a screw driver
blade in the notches arcund the edge. By turning the
ring, the operating current of the unitcanbe brought
into agreement with the tap seiting employed. This
adjustment also permits any desired setting to be
obtained intermediate between the available tap
settings.
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(2) remove the tap plug and place
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Fig. 12 Test Connections For Checking Pickup

And Operating Time Of The Time Overcurrent Unit
Using Current Polarization

Test connections for making pickup and time
checks on the time overcurrent unit are shown in
Fig. 11 and Fig. 12, Use a source of 120 volts or
greater with good wave form and constant frequency.
Stepdown transformers or phantom loads should not
be employed in testing induction relays since their
use may cause a distorted wave form.

TIME SETTING

The operating time of the iime 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 magni-
tude as illustrated by the time curves in Fig. 17
and Fig. 18. Note that the current values on these
curves are given as mnultiples of the tap setting.
That is, for a given time dial setting, the time will
be the same for 80 amperes on the 8 ampere tap as
for 50 amperes on the 5 ampere tap, since in both
cases, the current is 10 times tap setting,

If selective action of two or more relays is
required, determine the maximum possible short-
circuit current of the line and then choose 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 timé involved in opening each breaker

(418A976) -

Fig. 11

(4184977)

Fig. 12
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Ground Directional Overcurrent Relay Type JBCG GEH-1818

after the relay contacts close. For this reason,

- unless the circuit time of operation is known with

accuracy, there should be z difference of about 0.5
second (at the maximum current) between relays
whose operation is to be selective.

EXAMPLE OF SETTING

The time and current settings of the time over-
current unit can be made easily and quickly. Each
time value shown in Fig, 17 and Fig. 18 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 curreni~tap setting.
In order to obtain any particular time-current
setting, insert the removable plug in the proper fap
recepiacle and adjust the time dial to the proper
position. The following example illustrates the
procedure in making a relay setting.

Assume that the relay is being used in a circuit
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.

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
iap, the B-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 curves Fig. 17 and Fig, 18, it will
be seen that 7.8 times the minimum operating current
gives a one second time delay for a No, 3.4 time
dial setting on an inverse time relay or a No. 6.0
time dial setting on a very inverse fime relay.

The above results should be checked by means
of an accurate timing device. Slight 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 onapplication tothe nearest
Sales Office of the General Electric Company.

DIRECTIONAL UNIT
POLARITY CHECK

The polarity of the external connections to the
directional unit, when it is potential polarized, may
be checked using load currents, The idea is to
obtain current from one current transformer and
voltage from the same phase. The voltage is
cbtained by removing phase 1 from the primary of
the wye-broken-delta transformer and shorting the
phase-one primary winding, Current is obtained
by - shorting the current transformers in phases’
two and three and opening their circuits to the
relay. This permits the current transformer in
phase one to supply the operating current.

SOURCE OF RATED VOLTAGE

50
2 ]
RES!STOR

POTENT] AL

1o[” POLAR!ZING

coiL
OPERATING 5
colL

A) POTENT!AL POLARIZATION

120 VOLT SOURCE

OPERATING 3
colL o
6 50
H OHM
RES|STOR
CURRENT 7
POLARIZING <.

QIL g

B) CURRENT POLARIZATION

NOTE: THE DIRECTIONAL UNIT CONTACTS SHOULD CLOSE
VHEN THE RELAY 1S ENERGIZED WITH EITHER OF
THE ABOVE CONMECTIONS..
Fig. 13 Test Connections For Checking Polarity

0f The Directional Unit Internal Wiring

Connect a phase angle meter to read the angle
beétween the current and voltage supplied fo the
relay. The relay has maximum torqueat 60 degrees
lag, With power flowing in the proper direction
for operation, the relay should operate for phase
angles within~ plus or minus 60 degrees of the
maximum torque angle,

If the unit is current polarized from a current
transformer in the power transformer neutral,
such a check is not easily made, It is sometimes
practical to introduce a single phase current in one

‘phase of the primary circuits in such a way that

current flows through both the transformer neutral
current transformer and one of the line current
transformers. If this cannot be done, a careful
wiring check must suffice,

Fig. 13 shows the test connections for checking
the polarity of the directional unit itself.
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GEH-1818 Ground Directional Ovércurrent Relay Type JBCG

INSTANTANEOUS OVERCURRENT
UNIT
TARGET AND SEAL-IN UNIT (MARKED 'T")

The target and seal-in unit for the instantaneous
overcurrent unit, is mounted on the right-hand side
of the time overcurrent unit and is identified by a
white "T" engraved on its front. The unit is identical
with the target and seal-in unit of the time over-
current unit, and the same instructions should be
foliowed in adjusting the unit.

PICKUP SETTING

The pickup of the instantaneous overcurrent
unit can be adjusted over a four-to-one range, as

indicated in Table III, 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 locking screw. If this
screw is loosened, the ring can be slipped to vary
the spring tension.

In adjusting pickup, the desired pick-up current
should be passed through the coils, and the control
spring should be adjusted until the contact just
closes, The adjusting ring should then be locked
in position and the pick-up current rechecked.
Note that the directional-unit contacts must be held
closed during this adjustment.

MAINTENANCE

- These relays are adjusted at the factory and it

is advisable not to disturb the adjustments. I, for.

any reason, they have been disturbed, the following

.points should be observed in restoring them:

TIME OVERCURRENT UNIT
DISK AND BEARINGS

The lower jewel may be tested for cracks by
explering its surface with the point of a fine
needle, The jewel should be turned up until the
disk is centered in the air gaps, after which it
should be locked in this position hy the set screw
provided for this purpose. The upper bearing pin
should next be adjusted so that the disk shaft has
about 1/64 inch end play.

CONTACT ADJUSTMENT

The contacts should have about 1/32 inch wipe.
That is, the stationary contact tip should be deflected
about 1/32 inch when the disk completes its travel.
Wipe is adjusted by turning the wipe adjustment
screw thereby adjusting the position of the brush
relative to the brush stop. On two-circuit closing
relays, the two stationary contact tips should be in
the same vertical plane.

When the time dial is moved to the position
where it holds the contacts just closed, it should
indicate zero 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
clamping the arm to the shaft and turn the arm
relative to the shaft until the contacts just make
for zero time-dial setting.

DIRECTIONAL UNIT
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
bga:fa.djusted to allow about 1/64 inch end play to the
shaft,
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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,

The lower jewel can be tested for fractures hy
exploring its surface with a fine needle.

CUP AND STATOR

Should it be necessary to remove the cup-type
rotor from the directional unit, the following pro-
cedure should he followed:

All leads to the unit should first be discon-
nected and fagged for identification 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 ic remove a
resistor or capacitor to expose this screw. The
four corner screws clamping the unit together,
should next be removed, and the entire top structure
lifted 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
particles until the unit is reassembled.

To remove the shaft and rotor from the con-
tact head assembly, 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

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 & 19
and 19 & 20 to signify all contact closures. Refer
to Fig, 6 and Fig. 7 for identification of barrel
and low gradient contact parts respectively and
proceed as follows:

.
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Ground Directional Overcurrent Relay Type JBCG GEH-1818

Loosen slightly the screw which secures the
barrel backstop (located at the right front corner
of the unit) 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 move within the support. Unwind the barrel
backstop so that the moving contact arm is per-
mitted to swing freely. Adjusi the tension of each
low gradient contact brush so that 1-2 grams of
pressure are required at the contact tip in order
1o 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 low gradient stationary contact mounting screw
to the staticnary contact support. Wind the mounting
screw inward until the low 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 locknu{ which
secures the mounting screw to the stationary con-
tact 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

10 move within the support, Wind the barrel backstop -

in until the low gradient moving and stationary
contact members just begin to touch. d {]
barrel contact in untii the barrel contacts just
begin to touch, Unwind the barrel confact 1/4 turn,
Tighten the screw which secures the barrel contact

to its support. Unwind the barrel backstop 2/3 turn.

Tighten the screw which secures the barrel backstop
to its suppori. Make sure that this screw is not so
tight that it prevents the ball from rolling freely
within the barrel. Finally, adjust the tension on the
low gradient stationary contact brush such that,
when the low gradient contacts are made and fully
wiped in, there igs approximately an equal deflection
on each brush.

CAUTION: When the above adjustments are com-
plete, be sure to replace the two red
jumper leads.

TORQUE ADJUSTMENT

Connect the current operating and current
polarizing coils in series by connecting a jumper
across terminals 6 and 7. Apply currentto terminals
5 and 8 and adjust the directional unit spiral spring
so that the unit picks up at 0.5 ampere,

The core of the directional unit has a small.

flat portion, the purpose of which is to minimize the
effect of bias torques produced on the rotor. Such
torques can be produced by any one of the operating
or polarizing quantities acting alone with the other
two circuiis de-energized. Theadjustment of the core
is made at the factory, but may be checked by
observing that the unit responds as outlined below:

Short circuit terminais 9 and 10 and connect
the circuit shown in Fig. 14A., Set I0 for 0.25

ampere and Ip for 30 amperes and check that the
unit does not operate. Higher values of I o may be

Wind the

120 VOLT SOURCE

d]

OPERATING 5§
oIt

=~
8
(10} (1p)
\y N
A, CURRENT POLARIZATION EXTERNAL AUX. BOX
FCR CFRG ONLY.
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e 28
} VARIAC OR
TRANSFORMER
NECESSARY
ONLY IF
HIGHER
-- VOLTAGES
OPERATING 5 ARE REQUIRED.
wiL POTENTIAL
POLARIZING
~ colL
o —3\

B. POTENTIAL POLARIZATION

Test Connections For Checking Prope}
Directional Hnit Core Position

Fig. 14

used if such values of polarizing can be expected
from the system. Open the current polarizing
circuit, adjust 1 o for T amperes, and check that the

unit does not operate.
Unshort terminals 9 and 10 and connect the

circuit shown in Fig, 14B. Set Io for 0.25 ampere
and Vp for 120 volts and check that the unitdoes not

operate. Higher values of V_ may be used if such

values of polarizing voltage can be expected from
the system,

I the unit does not satisiy the above conditions,
rotate the core to a position which causes it to do
s0. The core can be turned by loosening the large
hexagonal nut at the boftom of the unit and turning
the core by means of the siotted bearing screw.
This screw should be held securely in position when
the nut is retightened,

Keep in mind that thirty amperes will cause the
current polarizing coils and thyrite resistor to
overheat if left on too long. Therefore, leave the
test current on only for short intervals and allow
sufficient time between tests for the coils and
thyrite to cool. :
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GEH-1818 Ground Directicnal Overcurrent Relay Type JBCG

CLUTCH ADJUSTMENT

The connections shown in Fig. 13 for thepolarity
check can also be used in making the clutch adjust-
meni, The clutch should be adjusted using either
potential or current polarization, not both. The 50
ohm resistor should be replaced with an adjustable
resistor capabable of providing the current range
listed in Table VII 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 at which ‘the clutch
will slip. With rated frequency (and at rated volts
for potential polarization), the clutch should be set
to slip at the current values listed in Table VII,

TABLE VII
DIRECTIONAL UNIT CLUTCH
ADJUSTMENT
Method of Tap Range Amperes for
Polarization (Amps) Clutch to Slip
Current 0.5/2 10-15
Current 1.5/6 10-15
Current 4/16 20-25
Potential 0.5/2 7-10
Potential 1.5/6 7-10
Potential 4/16 12-15

INSTANTANEOUS OVERCURRENT
UNIT

BEARINGS

The section BEARINGS, under DIRECTIONAL

UNIT, alsoapplies to the bearings of the instantaneous

overcurrent unit.
CUP AND STATOR

The section CUP AND STATOR, under DIREC-
TIONAL UNIT, also applies to the cup 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 sleeve,
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The backstop screw fastened with a locknut
should hold the moving contact arm in a neutral
position, i.e., with the armpointingdirectly forward.
Then, by rotating the barrel, advance the stationary
contact until it just touches the moving contact.
Next, back it away 2/3 turn to obtain approximately
0.020 inch gap. Last, tighten the screw which
secures the barrel.

The moving contact may be removed by loosen-
ing the screw which secures it to the contact arm
and sliding it from under the screw head.

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.
I the locknut is loosened and the screw turned in,

_the current at which the clutch will slip will be

increased. The clutch should be adjusted to slip at
the current values shown in Table VII with the
directional unit contacis held closed.

TABLE VHI

INSTANTANEOUS OVERCURRENT UNIT
CLUTCH ADJUSTMENT

PICKUP CLUTCH MUST CLUTCH MUST
RANGE NOT SLIP AT SLIP AT
2-8 12 16
4 -16 24 32
* 10 - 40 - -
* 30 - 80 - -
x40 - 160 | - _

* Tighten clutch as much as possible.

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 fine. The
polishing action is so delicate that no scraiches are
left, yet corroded material will be removed rapidly
and thoroughly. The flexibility of the tool insures
the cleaning of the actual points of contact,

Fine silver contacts should not be cleaned with
knives, fileg or abrasive paper or cloth. Knives or
files may leave scratches which increase arcing
and deterioration of the contacts. Abrasive paper
or cloth may leave minute particles of insulating
abrasive material in the contacts and thus prevent
contact closing.

The burnishing tool described above can be
obtained from the factory.

)
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Ground Directional Overcurrent Relay Type JBCG GEH-1818

'RENEWAL PARTS

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

When ordering renewal parts, address thenear-
est Sales Office of the General Electric Company,

specify quantity required, name of part wanted, and
give complete nameplate data and the serial number
which may be found stamped on the instantaneous
unit in black ink. K possible, give the General
Electric Company requisition number on which the
relay was furnished.

17
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Ground Directional Overcurrent Relay Type JBCG GEH-1818
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GENERAL ELECTRIC APPARATUS SALES OFFICES

Abilene, Texas. .. ............ 442 Cedar St
Akron 13, Ohio. ..., P.O, Box 5278
665 West Market St

Albany 3, H.Y.. . ... ... ..., 8 Colvin Ave.
Albuquerque, N, Mex....... 323 Third St, 5.W.
Alexandrig, La............... 720 Murray St
Allentown, Pa.............. 1132 Hamilton St
Amorille, Texas. .. ... ....... Amarillo Bldg.
Appleton, Wisc,. . ..., ... 510 W. College Ave.
Aflante 2, Ga,. ... vl .. .P.O. Box 4659
1840 Peachiree Rd., N.W..

Augusta, Me.. . .. ... .......... 152 State 5t
Baltimore 1, Md.. . ............ T11 Park Ave.
Bangor, Me.. ... .. P.O. Box 778, 77 Central 51,
Baton Rouge &, La......... 3170 Floride Blvd,

Battle Creek, Mich,. 607 Security Nat'l Bank Bldg. -

Beaumont, Texas. ............ P.O. Box 2870

1385 Calder Ave.
Billings, Mont... .. . Rm. 816, 303 No. Broadway
Binghamton, N, ¥..............P.O. Box 931

19 Chenango 5t.

Birmingham 2, Ala.. .. ......... P.O. Box 2602

1804 Seventh Ave., N.

Bismarck, N. Dak., ........... 418 Rosser Ave.

Bluefield, W.¥Ya............... P.O. Box 980

704 Bland St., Appalachian Bldg.

Boise, Ideho. . ............... 1524 Idaho St.

Boston 1, Mass.. . ........... 140 Federal St.

Buffalo 2, NLY............ 425 Delaware Ave,
Butte, Mont.. F.O. Box 836, 103 N. Wyoming 5t.

Canton 4, Ohie. ........ 1226 Market Ave., N.

Cedar Rapids, lowa. ... ... 210 Second St, S.E.

Charleston 28, W. Va..........P.O. Box 2313

306 MacCorkle Ave., S.E.’

Charlotte 1, N.C.. ... ........ P.O. Box 1285
112 5. Tryon St

Chatanoogao 2, Tenn.. . ..... 832 Georgia Ave.
Chicago 80, ..., ........ 8405, Canal 5t
Cincinnoti 6, Ohio......... 2621 Victary Pkwy.
Clevelond 4, Ohio. ... ... 4966 Woodiand Ave.
Columbio 1, 5. C.. . P.O. Box 1434, 1224 Buli St.
Columbus 15, Ohio. .. ......... A0 S, Third St.
Corpus Christi, Texas. ., .., .. 205 N, Chaporral
Dallas 2, Texas. . ......... 1801 N. Lamor St,
Davenport-Bettendorf, lowa. .. ... P.Q. Box 630
S 1039 State St.

Dayton 2, Ohia........ 11 W. Monument Bldg.
Dayton 19, Ohio, Avia, & Def., 2600 Far Hills Ave.
Denver 1, Colo.. . ............ P.O. Box 2331
650 Seventeenth St.

Des Moines 12, lowa. .. .. 21146 W. Grand Ave,
Detroit 2. Mich.. . . ........ 700 Antoinette St.
Duluth 2, Minn.. . ......... 14 W. Superior 5t
El Paso, Texas_............. 215 No, Stanton
Erie2, Pa................... 1001 State St.
Eugene, Ore.. ... P.O. Box 352, 1170 Pearl 5t.
Evansville 5, Ind.. . ... ......... P.O, Box 157
312 MW, Seventh 5t

Fairment, W. Va.. . ........... P.O. Box 1626
310 tacobs Bldg.

Fergus Falls, Minn.. .. .. ........ P.O. Box 197

108 M. Court Ave.

Hawaii: American Factors, Ltd,, P.O. Bex 3230, Honoluly 1

Ready to Assist You with Your Problems

Flint 2, Mich,, .. .......... &53 S. Saginaw St
Fort Wayne 6, Ind.. .. ... 35046 So. Calhoun 5t
Fort Worth 2, Tex.. . .. ... 408 W, Seventh 5t

Fort Worth, Tex.. . P.O. Box 9218, Avia. & Def,,
4100 Camp Bowie Blvd,
Fresne 1, Calif.. . . . ......407 Patterson Bldg.

Tulare and Fulten 5t

Grand Rapids 2, Mich.. .. .. 425 Cherry S, S.E
Greenshora, N.C.. ..., ..., ... P.O, Box 1152

301 5. Elm St
Greenville, 5. C.. ..., .. ...... P.0O. Box 1408

108 W. Woashington St
Gulfpart, Miss.. ..., .......207 lo-Fran Bldg.

Hagerstown, Md.. . ............ P.C. Box 477
Professional Arts Bldg.

Hartford 3, Conn, . . . ... ..... 764 Asylum Ave.
Houston 1, Texas. .. ....... 1312 Live Qak 5t.
Indianapolis 8, Ind.. . .. ... 3750 N. Meridian 5t,
Jackson, Mich., . .......120 W. Michigan Ave.
Jackson 1, Miss.. ... .. ....203 W._ Copito] §t.
Jacksonville 2, Fla.. . . ... .. Station G—Box 48
700 E, Union 5t.

Johnstown, Pa.................. 841 Ook St
Joplin, Mo, ............. . P.O. Box 948
220Vz W. Fourth St.

Kalamazoo, Michigan. ... .. ... .. P.O. Box 447

927 South Burdick St
Konsas City 5, Mo.. ... .. 106 W. Fourteenth St,
Knoxville 16, Tenn.....1301 Hannah Ave., N.W
Lake Chatles, la..............P.C, Box 5212
. 422 Seventh 5t.
Lansing 8, Mich, . .814 Michigan National Tower
Lexington, Ky.. . .. 402 First National Bank Blidg.
Lincoln 8, Nebr.. ., Sharpe Bldg.,, 204 5. 13th 5t

Little Rock, Ark........... 103 W. Capitol Ave,
. Los Angeles 54, Calif.. ...... 212 M. Vignes 5t
Los Angeles §, Calif.. _.......... Avia. & Def,
3325 Wilshire Blvd,

Louisville 2, Ky.. ... ........ 455 S. Fourth 5t
" Lubbock, Texas. ... .......... P.O. Bax 1454
3302 Avenuve "A"

Macon, Ga.. ... P.Q. Box 1506, 682 Cherry 5t.
Manchester, M. H.. ............. 14662 Elm 5t.
Medford, Ore...P.O. Box 1349 107 E. Main St
Memphis 3, Tenn.. .. ... ... ... 8 N, Third St.
Miami 32, Fla . oo, 25 S.E. Second Ave.
Midwest City, Ckla............ P.O. Box 5867
Avia. & Def.,, 207 Post Cffice Bldg.

Milwavkee 3, Wisc.. .. ... 940 W. 5t. Paul Ave.
Minneapolis 3, Minn.. ... .. .. ... 12 5 Sixth 5t
Mobile, Ala,. ... ... .. ... 704 Government St
Nashville 3, Tenn.. ... ... 1717 W. End Building
Mewark 2, M. J................ 52C Brood St
Mew Haven &, Conn,. .. .......129 Church St.
New Orleans 12, La.. .. ...... B37 Gravier St-
Newport News, Va. .P.O. Box 238, Warwick 5ta,
311 Main St

New York 22, N. Y..... .. .. 570 Lexington Ave,
New York, ... .......Avia. & Def,, Fed. Bldg,

International Airport, Jamaica 30, N. Y.
Niagara Falls, N, Y., ..P.O. Box 715, 44 Full 5t.

GEZ.2500C
Cakland 12, Calif.. .. ..., .. A09 Thirteenth St.
Cklahoma City 2, Okla.....11? N. Robinson 5t,
Cmaha 2, Nebr.. ... ... 409 5. Seventeenth St.
Pasco, Wash., ., P.O. Box 971, 824 W. Lewis 5t
Peoria 2, Il.............. 309 lefferson Bldg.
Philadelphia 2, Pa........ 3 Penn Center Plaza
Phoenix, Ariz.. . P.O. Box 4037, 220 Luhrs Tower

Pittsburgh 22, Pa.. , The Oliver Bldg., Mellon Sq.
Portland 7, Ore.. ... ... .P.O. Box 909

2929 N. W, 29th Ave.
.Industrial Mat'l Bank Bldg.
.P.O. Box 2507, 16 W. Martin $t,

Providence 3, R. L. .
Raieigh, M. C..

Reading, Po.. . .............. 31 N. Sixth 54
Richmond 17, Va._........... P.Q, Box 2188
700 E. Franklin 5t

Riverside, Calif.. ... .......... 3570 Ninth 5t.
Roanoke 5, Va.. .. ........ ... P.C. Box 871
920 5. Jefferson 5t.

Rochester 4, N. Y. .. ... Lot B89 E. Ave.
Rockford, M., .. ............. 110 S. First 5t
Rutland, V... .............. 3812 Center St.
Socraments 14, Calif......... 626 Forum Bldg.
Saginaw, Mich., ... . 5econd Mational Bank Bidg.
St. Louis 1, Mo e .818 Olive St.
Salt Lake Clty 10, Ufuh ......... P.O. Box 779
200 5, Main 5f.

San Antonio 3, Texas....... 434 So. Main Ave,

San Berncrdino—Rialto, Calif......P.Q, Box 387
337 N. Riverside Ave.

Son Diego 1,Calif. . ........... P.O. Box 1222

1240 Seventh Ave.
San Franciseo 6, Calif.. . . .235 Montgomery St.
Savannah, Ga.., . ............ 40 East Bay St
Seattle 11, Weash,. . .......... P.O. Box 1858

710 Second Ave.
Seaitle 8, Wash.. . Avia. & Def., 220 Dawson 5t.
Shreveport, La.. . ............ 206 Beck Bldg.
Siovx City 13, lowa. . 572 Orpheum Electric Bldg.
South Bend 1, Ind.. ... 112 W. Jefferson Blvd.

Spokane 4, Wash.. . .......... 5. 162 Post 5t
Springfield, ., . ...._...._. 407 E. Adams St.
Springfield 3, Mass.. . ......... 1387 Main St
Stockton, Calif......... 11 So. San Joaquin St.
Syracuse 1, N, Y.. . P.O. Box 1021, 3532 James St.
Tacoma 1, Washe. ... ...oovv s P.O. Box 1485

1216 Washington Bldg.

Tampe 1, Fla.. . P.O. Box 3092, 1206 North A 5t.

Toledo 4, Qhia............ 420 Madison Ave,
Trenton 8, N. J............ 214 E. Hanover St.
Tueson, Ariz,. .. P.0, Box 710, 650 N. Sixth Ave,
Tulsa 3, Okla.. .. ......... 320 5. Boston Ave,
Utica 2, N. Yoo o oo int 258 Genesee St
Washington 5, D. C..... .. 777—14th St., NNW.
Waterloo, lowa.............. 206 W, 4th St
Wenatchee, Wash.. ... ........ P.O. Box 676

328 N. Wenotchee Ave.
Wheeling, W. Va........... 40 Fourteenth St.
Wichita 2, Kan.. . ............ 200 E. First St.
Williamston, N. C., P.Q. Box 748, 115 E. Main 5t.
Worcester 5, Mass.. .. ........ 288 Grove St
York, Pa.. . ..o ool 5& N, Harrison 5t,

Youngstown 7, Ohio......272 E. Indianola Ave.

Canada: Canadian General Electric Company, Ltd., Toronto

GENERAL ELECTRIC SERVICE SHOPS

WHEN YOU NEED SERVICE . . .

Albany, N.Y.. . ... .. ... 1097 Central Ave.
Allentown, Pa............. 448 E. Highland 5t
Appleton, Wise.. .. ..., Midway Industrial Areq,
P.O. Box 83

Atlanta—Chamblee, Ga,. . .. ..5035 Peachtree
Indus. Bivd.

*Arkansas City, Kan.. .. ... ... . P.O. Box 526
Baltimore 30, Md.. . ... ...... 920 E. Fort Ave,
Boston—Medford 55, Moss.. ... ... 3960 Mystic
Valley Pkwy.

Buffale 11, N. Y. . ..ol 318 Urban St.
Charleston 28, W, Va.. . 306 MacCorkle Ave., 5.E,
Charlotte, N. C.. . ... ......... 2328 Thrift Rd.
Chicago 32, .. ........... 4360 W, 47th St.
Cincinnati 2, Chio........... 444 W, Third 5t.
*Cincinnati 3, Ohio. . . ....... 956 E. Court St.
Cleveland 4, Ohio. ... ... 4966 Woodland Ave.
Columbuys 23, Ohie. . ... ...... 2128 Eakin Rd.

GENERAL

12-57

These G-E service sheps will repaiy,
recondition, and rebuild youyr slectric apporatus. The facilities are
uvailoble day and night, seven days o week, for work in the shops
or on your premises. Latest factory methods and genvine G-E renewal

Corpus Christi, Texas. . ... .. ... 115 Busse 5t.
Dallas, Texas. . ........... 3202 Manor Way
Penver, Colo.. .. ........... 3353 Larimer S,
Detroit 2, Mich.. .. .......... 5950 Third Ave,
Ft. Wayne, Ind.. . .., ....606 W. Superior 5t.

Hiagleah, Fla.. .. ............ 1062 E. 28th 51
Howuston 20, Texas, . . .5534 Harvey Wilson Dr.
Indignapolis 22, Ind.. . . .. 1740 W. Vermont St.

Johnstown, Po.. ... . oo 841 Cuak 5t
Kansas City 20, Mo.. ... ... 3525 Gardner Ave,
Los Angeles 1, Calif...... .. 4900 Stonfard Ave.
Lovisville, Ky.. ... .o oo 3900 Critten Dr.
Midland, Tex............3404 Bankhead Hwy.
Milwoukee 3, Wise.. .. ... 940 W. St. Paul Ave.
Mipneupnlis 12, Minn... . . ... 2025 49th Ave., N.
New Orleons, La........ 2815 N. Robertson St;
Mew York—M. Bergen, M. J..6001 Tonnelle Ave.
Quklard, Calif.. . ........... 1525 Peralta 5t.

ELECTRIC COMPANY, PHILADELPHIA, PA.

parts are used to maintain peok performance of your equipmaent. For
full information obout these services, contact your nearest service
shop or sales office.

* Denotes Aircraft Service Shops

*Ontario, Calif.......... C....Ont Int'l Airport
Philadelphia 24, Pa.......... 1040 E. Erie Ave.
Pittsburgh 6, Pa.............6519 Penn Ave,
Portiand 10, Oregon. .. .. 2727 N.'W. 29th Ave,
Richmond 24, Va.., ., ......1403 Ingram Ave,
Roanoke 7, Va.. ... .. 115 Albermarle Ave,, S.E,
Sacramento, Calif., .., ........ 99 N. 17th St,
St lowis 10, Moo ... ... ..ot 1115 East Rd. .

.301 5. Seventh W, St
. 1098 Harrison St

Salt Leke City 4, Utah, .
San Franeiseo 3, Calif.. ... ..

Seattie 4, Wash., . ... ..... 3422 First Ave,, 5.
*Seattle 4, Wash,. . ....... 3422 Firs? Ave., 5.
Southington, Conn.. ......... 45 Railroad Ave.
Spokane 3, Wash.. ........ 5. 155 Sherman St,
Tampa 1, Fla.. ... ou v e e et P.Q. Box 1245
Toledo 4, Ohic. .., ........ 405 Dearborn St.
York, Pae. .. ooovvi oo e 54 N, darvisen St
Youngstown 7, Ohio,..... 272 E. Indicnola Ave.
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