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DIRECTIONAL OVERCURRENT RELAYS

VERY INVERSE TIME CHARACTERISTICS
TYPES JBC, JBCG, AND JBCV

INTRODUCTION

The relays of the JBCV type are directional
overcurrent relaysthat are employed primarily for
the protection of feeders and transmission lines
against faults in applications where single-phase

~—relays, instead of polyphase power-directional re~ """

lays, are desired or required.

The Types JBC, JBCG and JBCYV relays, of the
very inverse time characteristic, consist of three
units, an instantaneous power directional unit

(bottom) of the induction-cup type, a very inverse-

time overcurrent unit (middle) of the induction-
disk type, and an instantaneous overcurrent unit
(top) of the induction-cup type. The directional-
unit contacts control the operation of both the
instantaneous and the time overcurrent units (di-
rectional control). ;

APPLICATION
PHASE FAULTS - JBC

The Type JBC relays are frequently applied for
phase-fault protection of a single line. The quadra-
ture or 90-degree connection is recommended for
this application, as it provides the most reliable
operation during usual fault conditions. External
connections of current and potential transformers
are shown in Fig.2. With this connection, the cur-
rent (at unity-power-factor load) leads the polariz-
ing potential by 90 degrees. Since the directional
unit has a 45-degree characteristic, its maximum
torque will occur when the fault current (balanced
3-phase fault) lags its unity-power -factor position
by 45 degrees. : : .

When phase relaysare usedin conjunction with
a potential-polarized ground relay, it is necessary
for the potential transformer primaries to be con-
nected in wye. Since onlythe quadrature connection
is recommended for the Type JBC relays, an auxi-
liary wye-broken-delta transformer should be used
in conjunction with wye-wye potential transformers,
as typified by the external connections in Fig.3.

PHASE FAULTS - JBCV :
The Type JBCV relay is applied for phase-fault

protection when it is necessary to distinguish be-

tweenfault conditions and overload or power swings.
The voltage restraint feature of the relay makes
this distinction possible. Fig. 6 shows the effect of
voltage restraint on the impedance characteristic
of this relay as compared withthat of the Type JBC
relay.

When the generation at a given station is apt
to vary from time to time, it is possible that the
maximum load current may exceed the minimum
fault current. When this occurs the Type JBC relay
will not distinguish betweena heavy load with maxi-
mum generation and a fault with minimum genera-
tion. This is a typical application for the Type

JBCV relay. When a fault occurs with minimum
generation, the restraint torgue in the directional
unit collapses rapidly as the voltage drops, thus
permitting the relay to trip at the low value of
fault"current. On the other hand, the relay is pre-
vented from tripping on heavy load currents with
maximum generationas the directional unit will not
pick up due tothe system voltage being maintained.

Long or heavily loaded lines, which are operat-
ing near the stability limit, are subject to severe
power swings., These power swings appear to the
relay as traveling faults, Since the voltage is
maintained near normal during a power swing, the
area on the impedance diagram, within which the
fault must remain to cause tripping is somewhat
smaller with the Type JBCV relay than it would be
for a relay without voltage restraint.

Typical connections for the Type JBCV relay’

with voltage restraint are shown in Fig, 4. If volt-
age restraint is removed the relay will be similar
to a Type JBC relay having a quadrature connection.

" GROUND FAULTS - JBCG

The schemes previously described protect
against phase-to-phase and polyphase short cir-
cuits, They alsoprotect against ground faults if the
ground current is not limited to a value too small
to operate the relay. For cases where the ground
current is limited (either by resistance in the sys-
tem ground or by the system characteristics) to
values that will not operate the phase relays, a
ground relay should be provided as shown in Figs.
3 and 5. The relays used for ground fault protec-
tion usually have a low-range operating coil which
may be rated 0,5/2 or 1,5/6 amperes, although the
4/16 ampere rating is also available, They may be
either potential or current polarized, and the Type
JBCG relays covered by these instructions can be

polarized by either means. Normally, no current’

flows in either the operating or current-polarizing
coils of the ground relay, nor is there voltage
across the potential polarizing coils,

Fig. 3 shows the external connections for the
Type JBCG ground relay when used in conjunction
with phaserelays polarizedfrom wye-wye potential
transformers. The polarizing voltage for the ground
relay is obtained by means of an auxiliary wye-
broken-d elta potential transformer. Either Type

JBC or Type JBCV phase relays can be used with .

this scheme,

Fig. 5 shows the typical external connections
for the Type IJBCG 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 of ground .

relays is desirable and at other times be such that
current polarization would be preferred. The Type
JBCG relay with its feature of dual polarization,is

be referred to the General Electric Company.

These instructions do not purport to cover all details or variations in equipment nor to provide for every possible| s
contingency to be met in connection with installation, operation or mainfenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter should
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Fig. 5 Directional Ground Protection of a sin-
gle line using a Type JBCG53N Relay with Current
Polarization

well suited for such applications., The curves in
Fig. 7 compare the performance of the dual polar-
ized relay with that of potential and current-
polarized relays for such an application.

TIME OVERCURRENT UNIT

On systems where the magnitude of fault cur-
rent flowing through a given relay is dependent
anainly upon the location of the fault relative to the
relay, and only slightly or not at all uponthe sys-
tem generating set-up, best results are usually ob-
tained with the very-inverse-time relays covered
by these instructions, In cases wherethe fualt cur-
rent magnitude is influenced largely by system
generating capacity at the time of the fault, best
results will in general be obtained if relays with
inverse time characteristics are used,

The reason for this is that relays must be set

i0 be selective with maximum fault current flowing. -

For currents below this value, the time becomes
greater as the current is decreased. If there is a
wide range in generating capacity, together with
variation in short-circuit current with fault posi-
tion, the operating timewith minimum fault current
may be exceedingly long with very-inverse-time
relays. For such cases the inverse-time relay is
recommended,

OPERATING CHARACTERISTICS

The Type JBC53N relay is a potential-polarized
phase relay having single circuit-closing contacts

Types JBC, JBCG, And JBCV Directional Overcdrrent:Relays GEH-1765
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Fig. 6 Impedance Characteristics of the Type
JBC and JBCV Relays

on both the time and instantaneous overcurrent
units,

The Type JBCV53N relay is also a potential-

polarized phase relay similar to the Type JBC53N

relay except that its directional unit is provided
with a voltage restraint circuit, If the restraint
circuit is disconnected, the relay will be similar

to the Type JBC53N relay with maximum torque at

45 degree lead.
The Type JBCV5H4N relay is similar to the

Type JBC53N relay except that its overcurrent -

units. each have two circuit-closing contacts.

The Type JBCG53N relay is a dual-polarized
ground relay with single circuit-closing contacts
on both the time and instantaneous overcurrent
units. The directional unit is provided with two
sets of polarizing coils whichpermit it to be polar-

--ized from-a-potential source-or-from a local ground

current source, or from both simultaneously.
The Type JBCG54N relay is similar to the

Type JBCG5H3N relay except that its overcurrent
units each have two circuit-closing contacts,

The distinguishing features of all these relays
have been summarized for convenience in Table I.

DIRECTIONAL UNIT

The directionalunit ofthe Type JBC relayswill-

7
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TABLE I

JBC - JBCG - JBCV RELAYS-VERY INVERSE TIME CHARACTERISTIC

! Approx, Angle of max.
Overcurrent Dir, Unit Dir. Unit ! torque (cur. with re-
Functions Unit Contacts Polarized Phase Angle spect to voltage at
‘Relay on (Time &Inst.) by Obtained by relay terminals)
One circuit~ 25/50/60 cycles-
- _ closing - | Initial Res. and | > degree lead
Phase faults o Capacitors' in
JBCV53N | (May operate on Onéel ggg“m Potential combination with
ground faults) g polarizing coils. | 60 cycles - 45
54 ‘Two circuit- ' degree lead
JBCVSAN closing :
JIBCG53N One circuit= Series ca i )
closing Potential | for pot gl 60 degree lag for
Ground Faults and/or F % .Up Y pot. pol. currents
\ " Two circuit- -oating wag. approx. in phase for
IBCG54N : - current . | geap. for 1
' closing cur ‘1501 cur, pol,

operate on one volt and 4 amperes of proper rela-
tive polarity for relays with 4/16 ampere overcur-
rent units and 115 volt rating, and one volt and
2 amperes for 1.5/6 ampere relays,

The Type JBCYV relay is available with direc~
tional-unit pickup of either 9 or 12 amperes at
rated voltage and maximum torque angle. At re-
straint. voltages of less than rating, the operating
current is also less; this relationship is shown by
the curve in Fig. 8.

The Type JBCG directional unit, when potential
polarized, will operate at 3.6 volt-amperes at the
maximum torque angle of 80 degrees lag, When
current polarized, it will operate at approximately
0.5 ampere, with the two coil sets (operating and
polarizing) connected in series. Performance of
the unit with simultaneous current and potential
polarization is typified by Fig. 7.

Timé curves for the directional unit of the
Type JBC. relay are shown in Figs, 9 and 10. In
each case, the polarizing voltage is dropped from
115 volts to the value shown on the curve, The
polarizing circuit of these relays incorporates the
so-called "'memory-action' feature which accounts
for proper operation of the unit when the polarizing

voltage is dropped to zero, These same curves . .

apply also to the Type JBCV directional unit when
the restraint voltage is removed.

Time curves for the directional unit of the
Type JBCG relay are shown in Fig. 13 for potential
and current polarization.

TIME OVERCURRENT UNIT

The unit has been adjusted at the factory to
close its contacts at a current within five per cent
of the tap plug setting for any time dial-position, It

will reset atapproximately 85 per cent of the clos-
ing current on any tap setting, The time curves for
this unit are shown in Fig, 11, .

INSTANTANEOUS UNIT

The time curve for the instantaneous unit of
these relays is shown in Fig, 12,

RATINGS
CURRENT COILS

Table II gives theranges availablefor the time
overcurrent units of the various types as well as
the continuous and short-time ratings of these units.
Since the instantaneous unit coils are also in series
with the time overcurrent unit, the ratings of the
instantaneous unit should also be considered in
determining the rating of the entire operating cir-
cuit, Table III shows available ranges of the in-

stantaneous unit as well as the ratings for the

various ranges.,
TABLE I

RATINGS OF OPERATING COILS
TIME OVERCURRENT UNITS

Relay |Avail, Tap Tap Ratings

1 Sec.|Contin|
*

Type | Range | .. In |Rating]
(Amps.) Amps. Rating
IBC 1.5/6 - {1.5,2.2.5,3.4,5.6 200 5
4/16 [4,5,6,8,10,12,16 220 | 10
2/8 12.2.53,4,56.8 200 5
JBCV 4/16 4,5,6,5,10,12. 16 220 | 10

<D | o

0.8,1.0,1.2, | y00 | 15

4.5
0.5/2 02
JIBCG 15

1.5/6 5% 25 3 44, 1 9 | 5

*Continuous rating is the same as tap rating where
this exceeds the value listed,
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Fig. 12 Typical Time-Current Curves for the
Instantaneous Units of Types JBC, JBCG, and JBCY
Relays

CONTACTS

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

TABLE III

RATINGS OF OPERATING COILS
INSTANTANEOUS OVERCURRENT UNITS

Available Range 1 second
Amps Rating
2-8 150
4-16 150
10-40 220
20-80 220
40-160 220

NOTE: Potential polarizing coil can stand rated

voltage for 20 minutes,

TABLE IV
SE AL -IN UNIT RATINGS
2 Amp 0.2 Amp
Tap Tap
| Carry Tripping Duty | 30 amps 5 amps
Carry Continuously 4 amps 0.8 amps
D-C Resistance 0.13 ohms 7 ohms
Impedance (60 cyc.) | 0.53 ohms 52 ohms

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.

8 : .
> | T T T m
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' MULTIPLES OF PRODUCT PICK=UP = Ejl,cos (8-60) L.
10 \ X
¢ \ . | F_CURRENT POLARIZED
> \ T~ MULTIPLES OF PRODUCT PICK-UP = 1,lpcosd
- - .
z %0 \ ‘ 0.25
] IF DUAL POLARIZED
o 55 \\
7] = cos (H-60 4
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-
< 45 3.6 ' 0.25
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The 0.2-ampere 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 is used with trip coils requiring more than
2 amperes, there isa possibility thatthe resistance
of 7 ohms will reduce the current to so low a value
that the breaker will not be tripped.

The 2-ampere tap should be used with trip
coils which take 2 amperes or more at minimum
control voltage, provided the current does not ex-
ceed 30 amperes at maximum control voltage, If

- the tripping current exceeds 30 amperes,-the con~-

nections should be arranged so that the induction- -

unit contacts operate an auxiliary relay which in
turn energizes the trip coil or coils. On such an
application, it may be necessary to connect a load-
ing resistor in parallel with the auxiliary relay
coil so that enough current will be drawn to operate
the target seal-in unit.

 BURDENS
Tables V, VI and VII give the burdens for the

" current and potential circuits of both phase and
~ground relays:— - T

TABLE V

BURDENS OF OVERCURRENT UNITS (TIME AND INSTANTAN EOQUS)
FOR ALL JBC, JBCG AND JBCV VERY INVERSE RELAYS

Range Burdens at Min. Pickup of Time Unit Burdeﬁs in Ohms
: Impedance at: Volt Amperes
. at 5 Amperes
. (calculated
~ | Eff. Res.| Reactance |Impedance Volt X ] 10X from burden
Time | Inst. (ohms) (ohms) (ohms) (A) | P.F.|Amp.(B) |Pickup Fickup at Min, P.U.)
1 0.5/2 | Al 2.1 4.8 5.2 040 1.3 | 49 | 4.2 130 (C)
Ranges ’ '
1.5/6 2-8 0.32 0.60 4 0.68 0.47 1.5 0.64 0.55 17
4-16
1.5/6 110-40 6.25 0.51 0.57 0.44 1.3 0.53 0.46 14
20-80
2/8 2-8 039 | - 0.50 0.63 0.62 z.5 0.60 0.51 16
4-16 :
2/8 10-48 0.31 0.48 0.57 0.54 2.3 0.54 0.46 14
20-80
4/16 | 2-8 0.14 0.13 0.19 0.73 3.0 0.18 0.15 4.7
4/16 | 4-16 0.09 0.11 0.14 0.64 2.2 0.13 0.11 3.5
4/16 | 33729 | 0.06 0.10 012 [0.50] 1.9 |o011 | 0.10 3.0

NOTE A 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 JBC5IN relay, 4/16 ampere, the impedance of the 4 am-
pere tap is 0.14 ohms. The impedance of the 6 ampere tap, at 6 amperes, is approximately (4/6)2

x 0.14 = 0.06 ohms,

NOTE B 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 not be used in calculating
volt-ampere burdens in a CT secondary circuit, since the burden at 5 amperes is used for this

purpose.

NOTE C These relays are ordinarily used in the residual circuit of current transformers for ground-fault
protection. The burden is, therefore, only imposed for the duration of a ground fault and need be

considered only for this brief period,
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: TABLE VI
BURDENS OF POTENTIAL COILS
(AT 120 VOLTS 60 CYCLES)

Volt-
Relay Watts | Amperes | P.F. |See Note
JBC5H3N 9.35 10 0.89
'}ggggiﬁ 15.4 196 | 078 | (F)
| Bcvssn | 141 15.2 0.93 (G)
JTBCV54N 3.9 5.9 0.66 (H)

(F) Cai)acitive burden of potential polarizing cir-
cuit calculated at 120V,

(G) Polarizing circuit.

(H) Restraint circuit.

TABLE VII
BURDENS OF DIRECTIONAL UNIT
CURRENT COILS AT 5 AMPERES

Oper. Volt-
Relay Range |Impedance {(Amperes| P F.

1.5/6 0.46 12,0 10.52
JBCS3N 17416 | 0.13 33 040

0.5/2 0.46 12.0 |0.52(0)
JBCGS53N [0.5/2 0.35 8.8 [0.95(P)
JBCG54N |1.5/6 0.46 12.0 0.52§0§
N |1.5/6 035 " 8.8 |0.95(P
JBCV53N | 2/8 0.12 3.0 [0.52
JBCV54N | 4/16 0.03 0.88 |0.40

(O) Operating coil Burden.

(P) Current polarizing coil Burden.

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, If injury or damage resulting
from rough handlingis evident, file a damage claim
at oncewith thetransportation company and prompt-
ly notify the nearest General Electric Apparatus
Sales Office, '

Reasonable care should be exercised in un-

packing therelay in order that none of the parts are
injured or the adjustments disturbed.

If the relays are not to be installed immedi-
ately, they should be stored in their original car-
tons 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,

DESCRIPTION

The relays covered by these instructions are
identified by model numbers. These models are
similar in description with the exception of the

number of contacts on the instantaneous and time -

overcurrent units, the angle of maximum torque of
the directional unit, and in the method of polarizing
the directional unit, ’

- DIRECTIONAL UNIT

The directionalunit is of the induction-cylinder
construction consisting of a laminated stator having
eight poles projecting inward and arranged sym-

metrically around a stationary central core. The . ...

cup-like aluminum induction rotor is free to oper-
ate inthe annular air gap between the poles and the
core. The poles are fitted with current operating
coils and with potential or current-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.

14

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 consist-
ing 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 con-
nected inseries, and in turnare connected in series
with' a capacitor and a contact of the directional
unit, This circuit controls the torque of the
instantaneous overcurrent unit, When the direc-
tional unit contacts are open, the instantaneous unit
will develop no torque. When the directional unit
contacts are closed, the instantaneous unit will
develop torque in proportion to the square of the
current,

TIME OVERCURRENT UNIT

The induction-disk time overcurrent unit of
these relays has a wattmetric type of driving ele-
ment similar to that used in watthour meters with

e
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these exceptions: The upper portion of the ele-
ment has two windings on the middle leg of the
magnetic circuit. One of these is a tapped current
winding connectedto the tap block of the relay; the
other is a coil of several hundred turns which is
connected in series withthe directional-unit contact
and the two coils onthe lower branches of the mag-
net. The overcurrent unit is therefore inoperative
except when power flow is in the proper direction
to close the directional-unit contacts.

The disk shaft carries the moving contact
whieh- 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 permanent magnets acting on the disk to produce
the desired time characteristic. The variable re-
tarding force, resulting from the gradient of the
spiral spring, is compensated for by the spiral
shape of the induction disk, which results in in-
creased driving force as the spring winds up.

SEAL-IN UNIT
- The seal-in units for boththe time-overcurrent
and instantaneous-overcurrent contacts are mounted
on the middle units, as indicated in Fig, 15.

The left seal-in unit operates in conjunction

with the time-overcurrent unit contacts and hence -

is labeled "'T". Its coil isin 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 andremain exposeduntil manu-
ally released by means of the button projecting
below the lower -left corner of the cover,

CONTACTS

The contacts Fig. 14, are especially con-
structed tosuppress bouncing, The stationary con-
tact (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 dia-
phragm 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 spiral mount-
ing spring may then be removed.

A R QD
S D S F

N\ | 7 \ :

Fig. I4 Contact Assembly for the Directional
and the [nstantanéous Overcurrent Units

CASE

The caseis suitable for either surface or
semiflush panel mounting and an assortment of
hardware is provided for either mounting. The
cover attaches to the case and also carries the
reset mechanism when one isrequired. 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 casestuds are made through
spring backed contactfingers mounted in stationary
molded inner and outer blocks between which nests
a removable connecting 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 top 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 to short the current transfor-
mer 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 separatetesting plug canbe 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 sources. Or, the relay unit
can be drawn out and replaced by another which has
been tested in the laboratory.

15
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INSTANTANEOQUS
T

TAP SCREW
SEAL~IN UNIT
FOR TIME
OVERCURRENT
UNIT

TIME
QVERCURRENT
UNIT

SEAL—IN UNIT FOR
INSTANTANEOQUS UNIT

DRAG MAGNET
DISK

STATIONARY
CONTACT .

MOVING
CONTACT

DIRECTIONAL
UNIT i

Fig. 15 Type JBCS3N Relay - Unit in Cradle (Front View)

Fig. 16 Type JBCS3N Relay - Unit in Cradle (Rear View)
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Fig. 16 (8013737) = Fig. 15 (8013738)
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INSTALLATION

TIME OVERCURRENT UNIT

nm-"-""""=-1|r “;.——““—'1

POL.CIRCUIT

THIR

¢ 1 |

* =SHORT FINGERS

internal c‘onnections for the Type
JBCYSUN Relay (Front View)

Fig. 21

LOCATION

The location shouldbe cleanand 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 diagrams
are shown 1n Figs, 27 and 28,

CONNECTIONS

" The internal connection diagrams for the various
relays are shown in Figs. 17 to 21. Typical exter-
nal connection diagrams are shown in Figs. 2 to 5.

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
inspected for tarnished contacts, loose screws, or
other imperfections., If any trouble is found, it
should be corrected-in the manner descr1bed under
MAINTENANCE.,

OPERATION

Before the relay is put into service, it should
be given a partial check to determine that factory
adjustments have not been disturbed. The time dial
will be set at zero before the relay leaves the fac-
tory. It isnecessary to changethis setting in order
to open the overcurrent contacts.

-ADJUSTMENTS

Adjustments whichare frequently made follow-
ing installationare listedbelow. Other adjustments
which are made at the factory, and which should be
subsequently changed only if they ar e disturbed,
are listed under MAINTENANCE.

TIME OVERCURRENT UNIT

TARGET AND SEAL-IN UNIT (MARKED "T")
When used with trip coils operating on cur-

rents ranging from 0.2 to 2.0 amperes at minimum

control voltage, the target and seal-in tap plug
should be set in the 0.2-ampere tap. When the trip
coil current ranges from 2 to 30 amperes at mini-
mum control voltage, the tap plug should be placed
in the 2,0-ampere tap.

The seal-in unit tap plug 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 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

18

stationary contact from getting out of adjustment.

If tap plugs are left in both taps, the pickup will be’
less than 2.0 amperes on d-c but the seal-in unit.
will take longer to close its contacts, On a-c, the

unit will not pick up with screws in both taps.

CURRENT SETTING

The minimum current at which the overcufrent
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 with the relay
in its case, the following sequence must be fol-
lowed: (1)’ Remove the connecting plug; this de-
energizes the relay and shorts the current trans-
former secondary winding. (2) Remove the tap
screw and placeit in thetap markedfor the desired
pick-up current. (3) Replace the connecting plug.

The least 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.
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110-120 VOLT A-C TEST. SOURCE

| —POTENTIOMETER
(40 OHMS OR LESS)

*&6 JBC DIR.
UNIT OPER.
Q05 cotlL

&4 JBC TIME
0.C.COIL

115 v
60 CYCLE

(R

POT. POLARIZIN
COIL OF DIRECTIONAL
UNIT

JBC INST.
03 0.C.COIL

A-C
TIMER

JBC
CONTACT]

Fig. 22 Test Connections for Checking Pick-up
and Time of Potential Polarized Relays

If this adjustment has been disturbed it can be re-
stored by means of the spring adjusting ring, which
can be turned by inserting a tool in the notches
around the edge. This adjustment can also be used
in obtaining a current setting between the fixed tap

' values, To accomplish this the tap screw should

be placed in the tap nearest the desired value and
the spring then set to obtain the specific current,

Test connections for making pick-up and time
checks on the overcurrent unit are shown in Figs.
22 and 23. Use a source of 115 volts or greater
with good wave form and constant frequency. Step-

i
i

use may cause a distorted wave form. ,
'M.,/

TIME SETTING
The operating time of the overcurrent unit for

any given value of current and tap setting is de-
termined by the time dial setting. This operating

time “is inversely proportional tothe current mag- -

nitude, as illustrated by the time curves in Fig.13.
Note that the current values on these curves are
given as multiples 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 am~-
peres on the 5-ampere tap, since in both cases the
current is 10 times tap setting.

EXAMPLE OF SETTING
A numerical example will illustrate these

points, Let it be assumed that consideration of
the shape of the time-current curve indicates that

110-120 VOLT A-C TEST SOURCE

&
§

down transformers or phantom loads-should not be
employed in testing induction relays, since their ;

115 vV
60 CYCLE

CURRENT POLARIZING |

COIL OF DIRECTIONAL
UNIT

A-C 7
TIMER
JBC
CONTACTIS
Fig. 23 Test Connections for Checking Pick-up

and Time of Current Polarized Relays

the greatest selectivity between the relay in ques-
tion and other relays will be obtained if the tap
setting corresponds to 450 amperes line current
and the time lever is set toprovide one-second de-
lay for a fault giving 3750 amperes line current.
Also let it be assumedthat the current transformer
ratio is 60 to 1. .

Then 450 _7.5 amperes secondary (use 8-
60 ampere tap) :

372_3 = 62.5 amperes secondary, and

__528-5 = 7.8 times current tap setting.

Referring tothe time-current curvesin Fig, 13
we find that the 7.8 times tap setting will give one-
second delay, if the time dial is set at the 6.2 posi-
tion, It is advisable to check the time setting with
an accurate timing device, Slight readjustments in

thetime dial setting can then be made until the de-

sired setting is obtained.
Further aid in making the proper selection of

relay settings can be obtained by consulting the
nearest Sales Office of the General Electric Com-

pany.
INSTANTANEOUS
OVERCURRENT UNIT

TARGET AND SEAL-IN UNIT (MARKED'"I")

Thetargetand seal-in unit for the instantaneous

19
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SOURCE OF RATED VOLTAGE SOURCE OF RATED VOLTAGE

o
Y

59 . ’
i 2,

RES.

{b) POTENTIAL POLARIZED
GROUND RELAYS (JBCG)

{a} POTENTIAL POLAR!ZED
PHASE RELAYS {JBC)

115V. SOURCE

(c) CURRENT POLAR!ZED
GROUND RELAYS (JBCG)

Connections for Polarity Check of Types
JBC and JBCG Relays

Fig. 24

overcurrent unit, is mounted on the right-hand side
of the time overcurrent unit and is identified by a
white"'I" engravedon itsfront. The unitis identical
with the target and seal-in unit of the time over-
current unit, and the same instructions should be
followed 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 meving 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.

Inadjusting pickup, the desiredpick-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.

DIRECTIONAL UNIT
POLARITY CHECK

The polarity of the directional-unit connections
in phase-to-phase fault applications, may be veri-
fied by observing the direction of contact armature
torque whenthe line is carryingload at unity power
factor, or slightly lagging power factor., Note that
in most directional overcurrent relay applications,
the desired directions are: contact closing for

power flow away from the bus, and contact opening

for power flow toward the bus.

The polarity of the restraint circuit in Type
JBCV relays, is automatically checked when it is
connected, With normal load and rated voltage, the
restraint circuit should always causethe directional
contacts to open regardless of direction of power
flow. )

The ground relay connections are shown in
Figs. 3 and 5. The following tests should be made
on the ground element to insure that the currents,
or current and voltage, go to the proper relay
terminals.

The polarity of the ground directional unit,
when it is potential polarized, may be checked by
using load currents. The idea is to obtain current
from one transformer and voltage from the same
phase. The voltage is obtained by removing phase
one from the primary of the broken-delta trans-
former andshorting thephase-one primary winding
to ground. 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
current,

Connect a phase-angle meter to read the angle
between the current and voltage supplied to the
relay. The relay has maximum torque at 60 de-
grees lag, With power flowing in the proper direc-
tion for operation, the relay should operate for
phase angles within plus or minus 60 degrees of the
maximum torque angle, )

If the unit is polarized from a current trans-

former 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 prima ry circuits in such a way that current
flows through both the transformer neutral current
transformer and one of the line current transfor-
mers, If this cannotbe done, a careful wiring check

must suffice.

The polarity of the directional units in phase
or ground relays can be checked by means of the
circuits shown in Figs, 24 and 25. The connections
shown should close the contacts at rated voltage
and frequency.

MAINTENANCE .

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:

90

DIRECTIONAL UNIT

TORQUE ADJUSTMENT FOR TYPE JBC AND
JBCV RELAYS

The directional unit in these relays is provided

SN
2

Fig. 24 (3624698)
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with a notched core which is used to minimize the.

torque produced on the rotor by current alone in
the operating coils with the polarizing circuits,
current or potential, de-energized. This adjust-
mlelnt is made at the factory and may be checked as
follows:

First, short out the potential polarizing coil
circuits and the voltage restraint circuit when it is
present, Leave the current polarizing coils open-
circuited on ground relays, 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 ad-

justing ring in position, and turning the ring to the

left until the balance point is reached.

Energize the operating circuit with the cur~
rent specified below for type and rating, 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 cur-
rent alone., The core can be turned by loosening
the large hexagonal nut on the bottom of the unit
and by turning the core by means of the slotted
bearing screw. Thisscrew should be held securely
in position when the nut is retightened,

Type Current Rating Test Amps
1.5/6 30
JBC 4/16 60
2/8 30
IBCV 4/16 30

Keep inmind that currents of these magnitudes
will cause the coils 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 to cool, :

After the torque adjustment has been made, the
spiral spring should be set to have barely enough
tension toswing the movingcontact arm against the
stop screw whenthe unit is de~energized. Sufficient
tension will be obtained if the adjusting ring is
rotated about 1/2 inch from the neutral position in
the counterclockwise direction, as measured on the
peripkery of the ring,

CLUTCH ADJUSTMENT -

The connections shown in Figs. 24 and 25 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 curr ent range listed in
Table VII for the relay typeand rating in question.
A screw, projecting from the side of the movable
contact arm, controls the clutch pressure, and con-
sequently, the current value which will cause the
clutch to slip, With rated frequency and at rated
volts for potential-polarized relays, the clutch
should be set to slip at the current values listed in

SOURCE OF RATED 3 PHASE

SOURCE OF RATED
VOLTAGE VOLTAGE!, 1-2-3 SEQUENCE

50 OHM
RESISTOR]

8% 7 1b'9

{B) RESTRAINING POLARITY

5Y%6 7Vs8
{A) OPERATING POLARITY

© 7 THE CONTACTS OF THE DIRECTTONAL UNIT SHOULD CLOSE WHEN RELAY ™
IS ENERGIZED WITH EITHER OF THE ABOVE CONNECTIONS.

Connections for Polarity Check of Type
JBCY Relays

Fig. 25

Table VIII, In all cases the-current is in phase
with the voltage. '

TABLE VIII
Pick-up Amps for
Relay | Polarization Range clutch to
Type (Amps) slip
' ' 4/16 22
JBC Potential 1.5/6 11
' 0.5/2 11
*éurrent or 4/16 12
IBCG ; 1.5/6 7
» potential | 0.5/2 7
: 2/8 6**
.TBCY ‘ Potept;al 4716 8. 5x

*Make clutch adjustment with unit polarized by one
of the two methods only. X

**See Text,

On Type JBCV relays the clutch slip is limited

tbl-approximately 20 degrees by means of a stop pin
in the shaft. It should first be set to slip -in the
counterclockwise direction at the current values

listed in the table with the polarizing circuit ener- -

gized but with the restraint circuit open, Then
check that the clutch will slip to the limit in the
clockwise direction withthe restraint circuit ener-
gized at rated volts and the current circuit open,

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 a}djusted to allow about 1/64 inch end play to the
shaft,

To check the clearance between the iron core A

and the inside of the rotor cup, press down on the
contact arm near the shaft and thus depress the
spring—mounted jeweluntil the cup strikes the iron,
The shaft should move about 1/16 inch.

The lower jewel can be tested for fractures by
exploring its surface with a fine needle.
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CUP AND STATOR

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

All leads to the unit should first be discon-
nected and tagged for identification in rec onnecting,
The unit can then be removed from the cradle with
its mounting plate still attached.

‘The upper of the threeflat-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 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 removethe shaft androtor from the contact
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 care-
fully while it is out of the unit,

CONTACT ADJUSTMENT

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

The stop screw fastened with a locknut should

hold the moving contact arm in a neutral position;
i.e., with it pointing directly forward. Then, bring
the stationary contact up until it just touches the
moving contact by rotatingthe contactbarrel, Next

back it away 2/3 turn to obtain approximately 0,020
inch contact gap. Last, tighten the screw which
secures the barrel.

The moving contact may be removedby loosen-
ing the screw which secures it to the contact arm
and sliding_ it from under the screw head,

INSTANTANEOUS
OVERCURRENT UNIT
TORQUE ADJUSTMENT

The spiral spring on the contact shaft should

have enough tension to return the moving contact
arm to the neutral position where it rests against
the stop screw, when de-energized. Its tension
may be varied by slipping the adjusting ring by
first loosening the hexagonal-head locking screw
which connects the lead to this lead-in spiral
spring, Sufficient tension will be had when this
ring is rotated in the counterclockwise direction,
about 1/2 inch from the neutral position as mea-
sured on the periphery of the ring.

CLUTCH ADJUSTMENT

The clutch on the instantaneous overcurrent
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unit can be adjusted by means of the screw located '

on the right-hand side of the moving contact arm.
If the locknut is loosened and the screw turned in,
the current at which the clutch will slip will be in-
creased, The clutch should be adjusted to slip at
the current values shown below, with the directional
unit contacts held closed.

Inst, Overcurrent Clutch must Clutch must
Unit Rating not slip at slip at
2-8 s 12 .16
4-16 24 32
*10-40
*20-80
*40-160

*Tighten clutch as much as possible.
BEARINGS

The section BEARINGS, under DIRECTIONAL
UNIT, also applies to the bearings of the instan-
taneous overcurrent unit,

CUP AND STATOR

The section CUP AND STATOR under DIREC-
TIONAL UNIT, also applies to the cup and stator of

b

the instantaneous overcurrent unit,

CONTACT ADJUSTMENT

The section CONTACT ADJUSTMENT, under
DIRECTIONAL UNIT, also applies to the contact
adjustments for the instantaneous overcurrent unit,

TIME OVERCURRENT UNIT

DISK AND BEARINGS

The lower jewel may be tested for cracks by
exploring 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 by 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 de-
flected about 1/32 inch when the disk completes its
travel. Wipe is adjusted by turning the screws in
the contact brush thereby adjusting the position of
the brush relative to the brush stop. The tips
should lie in the same vertical plane on two-circuit
closing relays,

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 justbelow thetime dial. Loosenthe screw
clamping the arm to the shaft and turn the arm re-
lative to the shaft until the contacts just make for
zero time-dial setting, :




e

\TVLHT LI

“~v

=,

_/g;\v\w_

e

Types JBC, JBCG, And JBCV Directional Overcurrent Relays GEH-1765

CONTACT CLEANING

For cleaning fine silver contacts, a flexible
burnishing tool should be used. This consists of a
flexible strip of metal with an etched roughened
surface, resembling in effect a superfine file, The
polishing action is so delicate that no scratches
are left, yet corroded material will be removed
rapidly and thoroughly. The flexibility of the tool
insures the cleaning of the actual points of contact,
Sometimes an ordinary file cannot reach the actual

. points_of contact because of some obstruction from

some other part of the relay.

Fine silver contacts should not be cleaned with
knives, files, or abrasive paper or cloth, Knives

or files may leave scratches which increase arcing .

and deterioration of the contacts. Abrasive paper

or cloth may leave minute particles of insulating
abrasive material in the contacts and thus prevent
closing, :

‘ The burnishingtool described is includedin the
standard relay tool kit obtainable from the factory.

PERIODIC TESTING

An operation test and inspection of the relay at
least once every six months are recommended,
Test connections are shown in Figs, 22 and 23.
When testing the Type JBCV relay using single
.phase power use the external capacitor shown in
_Fig, 26, This capacitor should be retained to use
in future tests of this relay so that the values found
originally can be checked, -

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 the

nearest Sales Office of the General Electric Com-
pany, specify quantity required, name of part
wanted, and give completenameplate data, including
serial number, If possible, give the General Elec~
tric Company requisition number on whichthe relay
was furnished.

110 - 120 VOLT A-C TEST SOURCE

POTENT | OMETER
(40  OHMS OR LESS)
10§‘\ ,
: VOLTAGE
POTENTIAL rem—= 99 RESTRAINT
POLARIZING ) ; COrL OF DIR. 6 JBCV DIR.
COIL OF _ped UNIT UNIT OPER.
DIR. UNIT USE
1.5 MUF-60
2.5 MUF-50 TIME
115 VOLTS colt
60 CYCLE NST.
: f .C. COIL
ot
) oo
A-C —__—’—@
TIMER
70 Q Q 04:!

—JBCV

W

CONTACTS

Fig. 26

Test Connection For Checking Pickup And Time
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WHEN YOU NEED SERVICE

IF YOU NEED TO REPAIR, recondition, or rebuild any electric apparatus, a G-E service shop near you is available day
and night, seven days a week, for work in the shops or on your premises. Latest factory methods and genuine G-E renewal
parts are used to maintain the original performance of your G-E equipment. For full information about these services,
confact the nearest service shop or sales office listed below:

APPARATUS SERVICE SHOPS

Allentown, Pa....... 672-676 E. Highland St.
Appleton, Wisc.. .. .. Midway Industrial Area,
County Trunk, “P"

Atlanta—Chamblee, Ga.. .. .. 4639 Peachtree
: Indus. Blvd.
Baltimore 30, Md........... 920 E. Fort Ave.
Boston—Medford 55, Mass. Mystic Valley Pkwy.
Buffalo 11, N. Y.. . .......... 318 Urban St.
Charleston 28, W. Va.. 306 MacCorkle Ave., S.E.
Charlotte, N. C.. . ... .. ... 2328 Thrift Road
Chicago 32, lll............ 4360 W. 47th St.
Cincinnati 2,Ohio. . .. ... .. 444 W. Third St.
Cleveland 4, Ohio. . . .. 4966 Woodland Ave.
Columbus 23, Ohio. . ... ..... 2128 Eckin Rd.
Corpus Christi, Texas. . . ...... 115 Busse St.
Dallas 19, Texas. . . ...... 3202 Manor Way
Davenport—Bettendorf, la.. ... 1039 State St.
Decatur, l.....:.........2225 E. Logan St.
Denver 5, Colo.. . ......... 3353 Larimer St.
Detroit 2, Mich.. ........... 5950 Third Ave.

Houston 20, Texas. . 5534 Harvey Wilson Drive
indianapolis 22, Ind.. . . . 1740 W. Vermont St.

Johnstown, Pa.. . ............. 841 Oak St.-
Kansas City, Mo.. ... ... ' 3525 Gardner Ave. Denver 2, Colo.. . .. .... 650 Seventeenth St. Pittsburgh 22, Pa.. The Oliver Bldg., Mellon Sc_;.‘
Los Angeles 1, Calif.. . . . . 6900 Stanford Ave. Des Moines 9, lowa. ... ... 505 W. Fifth Ave. Portland 7, Ore.. .. ... .. 920 S.W. Sixth Ave.
Louisville, Ky.. .. .. ...... 2014 New Main St. Detroit 2, Mich.. ......... 700 Antoinette St. Providence 3, R. l.. .. ... Industrial Trust Bldg.
Midland, Tex.. . ....... 3404 Bankhead Hwy. Duluth 2, Mian.. . ........ 14 W. Superior St. Raleigh, N. C.. . . Room 401, 16 W. Martin St.
Milwaukee 3, Wisc.. . .. . 940 W. St. Paul Ave. Elmira, N. Y.. ... .. Main and Woodlawn Aves. Reat_iing, Pa... ... 31 N. Sixth St.
Minneapolis 12, Minn.. .. . . 2025 49th Ave., N. El Paso, Texas. .. .. RERRREE 215 No. Stanton . Richmglnd 17, Va..........700 E. Franklin St.
New Orleans, La.. ... ..2815 N. Robertson St. Erie, Pa............ e 1001 State St. ‘-:;'-RiVe":r_'s:id”e, Calif.............. 3570 Ninth St.
New York—N. Bergen, N. J.. .6001 Tonnelle Ave. Eugene, Ore. . . Cascade Bidg., 1170 Pear! St. Roanoke 16, Va.. .. ... .. 920 S. Jefferson St.
Oakland, Calife.. ... ovo. .. 1525 Peralta St. Evansville 19, Ind........123 NW Fourth St. Rochester 4, N. Y. .. ... 89 E. Ave.
Philadelphia 24, Pa.. ... ... 1040 E. Erie Ave. Fairmont, W. Va.. . ....... 310 Jacobs Bidg., Rockford, .. . ............. 110 S. First St.
Pittsburgh 6, Pa.. .o ..o ... 6519 Penn Ave. P.O. Box 1626 Rutland, Vi.. .. ...... ... ... 38'2 Center St.
Portland 10, Oregen. . .2727 N.W. 29th Ave. ‘Fergus Falls, Minn.108 N.Court Av’e.P.O.Box 197 Sacramento 14, (;ulif., ......626 Forum Bldg.
Richmond 24, Va.. . ....... 1403 Ingrom Ave, Flint 3, Michs............ 653 S. Saginaw St. Saginaw, Mich.. . .Second National Bank Bldg.
Roanoke, Va.. .. ........ 115 Albermarle St. Fort Wayne 6, Ind.... ..3606 So. Calhoun St. St. Lovis 1, Mo.. ...l 818 Olive St.
Sacramento, Calif.. .. ........ 99 N. 17th St. Fort Worth 2, Tex.. .. ... 408 W. Seventh St. Salt Lake City 9, Utah. . ... .. 200 S. Main St.
St. Louis 10, Mo~ ..o 1115 East Road Fort Worth, Tex.. . . . Avia. & Def., San Antonio 5, Texas. .. .. 434 So. Main Ave.
Sait Lake City 4, Utah. 301 S. Seventh West St. ' . 6200 Camp Bowie Blvd. San Diego 1, Calif........ 1240 Seventh Ave.
San Francisco 3, Calif.. . . .. 1098 Harrison St.  fresno 1, Calif......... 407 Patterson Bldg.  San Francisco 6, Calif... . 235 Montgomery St.
Seattle 4, Wash.......... 3422 First Ave., S. Tulare and Folton St San Jose 10, Calif.... .. ... ... .460 Park Ave.
Southington, Conn.. . . ... ... 53 Railroad Ave. Grand Rapids 2, Mich.. . .. 425 Cherry St, SE Savannah, Ga.. ... 4 E. Bryan St.
Spokane 3, Wash.. .. .. .. S. 155 Sherman St. Greensboro, N.C.. . ......... 301 S. Elm St. Seattle 4, Wash.. . ... ... .. 710 Second Ave.
Tampa 1, Fla. P.O. Box 1245, Greenville, $. C.. .. .. 108 W. Washington St. Seattle 8, Wash. . Avia. & Def., 220 Dawson St.
Naval Indus. Res. Shipyard Guifport, Miss.. . ...... .. .207 Jo-Fran Bidg. Shreveport, La.. .. ... ... ... 206 Beck Bldg.
Toledo 4, Ohio. . ... ...... 1 So. St. Clair St. Hagerstown, Md... .. .. Professional Arts Bldg. ~ Sioux City 13, lowa. 572 Orpheum Electric Bldg.
Wheeling, W. Va......... 2050 National Rd. Hartford 5, Conn......... .. 764 Asylum Ave. South Bend 1, Ind... .. 112 W. Jefferson Blvd.
York, PQcn v e e eoeeeeanns 54 N. Harrison St. Houston 1, Texas. .. ...... 1312 Live Oak St. Spokane 4, Wash.. .. ....... S. 162 Post St.
Youngstown 5, Ohio. .. .272 E. Indiancla Ave. Indianapolis 4, Ind.. ... .. .. 110 N. lllinois St. Springfield, lll........ “.....607 E. Adams St.
Jackson, Mich.. .. ... .. 120 W. Michigan Ave. Springfield 3, Mass.. . ........ 1387 Main St.
APPARATUS -SALES OFFICES Jackson 1, Miss.. . ....... 203 W. Capitol St. Stockton, Calif.. ... ... 11 So. San Joaquin St.
Abilene, Texas. ............. 442 Cedar St. Jacksonville 2, Fla.. .. ...... 700-E. Union St. Syracuse 6, N. Y. . ...... ... 3532 Jaines St.
Akron 8, Ohio. . ........... 335 S. Main St. Jamestown, N, Y.. .P.O. Box 548, 2 Second St. Tacoma 1, Wash. . . . . 1202 Washington Bldg.
Albany 7, NoYo o 90 State St. Johnstown, Pa.. . ...... ... ... 841 Oak St. Tampa 6, Fla.. . ... ...:...1206 North A St.
Albuquerque, N, Mex:. . .. 323 Third St., S:W. 7 Joplin, Meo.. P.O;“Box 948, 220Y2 W. Fourth-St. - "1/ jedo 4, Ohio s i i - 420 Madison Ave:
Alexandrig, La.......... ... 720 Murray St. Kalamazo.o 3, Mich.. .. .... 112 Parkway Ave. Trenton 8, N. J.. . .. . 214 E. Hanover St.
Allentown, Pa.. . ......... 1132 Harfulfon St. Kansc? City 6, Mo.. . ..106 W. Fourteenth St. Tucson, Ariz.. . P.O. Box 710, 650 N. Sixth Ave.
Amarillo, Texas. . ............ Amarillo Bldg. Knoxville 16, Tenn.. .. .. ..1301 Hannah Ave. )
3 : Tulsa 3, Okla.. .......... 320 S. Boston Ave.
Appleton, Wisc.. .. .. .. 531 W. College Ave. Lakg Charles, La............ 422 Seventh St. Utica 2. N. Y. 258 Genesee St
Atlanta 3, Ga...... 1860 Peachtree Rd., N.W. Lansing 8, Mich..306 Michigan National Tower Sr T e . -
Avgusta, Ga......... Masonic Bldg. Lexington, Ky.. . . .. .First National Bank Bldg. Washington 5, D. C.... ... 777-14th St, N.W.
Avgusta, Me. ..o ooiiaeeennn 152 State St.  Lincoln 8, Nebr..Sharpe Bldg., 206 S. 13th St. Waterloo, lowa. . .«.. ... -..206 W. 4th St.
Baltimore 1, Mdu. . .. oo ovnen. 111 Park Ave. Little Rock, Ark.. . ... ... 103 W. Capitol Ave, Y enotchee, Wash...328 N. Wenatchee Ave.
Bangor, Maine. . ............ 77 Central St. Los Angeles 54, Calif.......212 N. Vignes St. Wheeling, W. Va......... 40 Fourteenth St.
Baton Rouge 6, La.. .. .... 3170 Florida Blvd. Lovisville 2, Ky.. . ......... 455 S. Fourth St. Wichita 2, Kan.............. 200 E. First St.
Battle Creek, Mich.. . ... 25 W. Michigan Ave. Lubbock, Texas. . ......... 3302 Avenue “A” Williamston, N. C.. . ........ 115 E. Main St.
Beaumont, Texas. .. ...... 1385 Colder Ave. Macon, Ga.. ... e -..682 Cherry St. Worcester 5, Mass.. ... FEERES 288 Grove St.
Billings, Mont.. ...Rm. 816, 303 No. Broadway Madison 3, Wise.. ......... 16 N. Carroll St. York, Pa.. . ............. 56 N. Harrison St.
Binghamton, N. Y........... 19 Chenango St. Manchester, NCH.. . ... ... ..., 875 Eim St. Youngstown 5, Ohio..... 272 E. Indianola Ave.
Hawaii: American Factors, Ltd., P. O. Box 3230, Honolulu 1 Canada: Canadian General Electric Company, Lid., Toronte =
 GENERAL ELECTRIC COMPANY, PHILADELPHIA,PA, e

2.55

_Charleston 28, W.

Birmingham 3, Ala.. . ..1804 Seventh Ave., N,
Bismarck, N. Dak.. . ... ..... 418 Rosser Ave.
Bluefield, W. Va.. . .......... 704 Bland St.

' Appalachian Bldg.
Boise, Idaho. . .. ........... 1524 1daho St.
Boston 1, Mass.. . .......... 140 Federal St.
Buffalo 3, N. Y........:.535 Washington St.
Butte, Mont.. P.O. Box 836, 103 N. Wyoming St.
Canton 2, Ohio. ... .. 700 Tuscarawas St., W.
Cedar Rapids, lowa. .. .. 210 Second St., S.E.

rkie Ave,, S.E.

Charlotte 1, N.C.. .. ... ... S. Tryon St.
* Chattanooga 2, Tenn.. . . .. 832 Georgia Ave.
Chicago 80, ll..P.O.Box 5970A,840 $. Canal St.
© Cincinnati 2, Ohio. . . ...... 215 W. Third St.
Cleveland 4, Ohio. . . .. 4966 Woodland Ave.
Columbia 1, $.C., P.O. Box 1434, 1420 Lady St.
Columbus 15, Ohio. . . ... ... 40 S. Third St.
Corpus Christi, Texas. . . . .. 205 N. Chaparral
Dallas 2, Texas. . . ....... 1801 N. Lamar St.
Davenport—Bettendorf, la... .. 1039 State St.
Dayton 2, Ohio. . ... . 11 W, Monument Bldg.

Dayton 9, Ohio.Avia. & Def,,
2600 Far Hills Ave.

HANDBOOK REFERENCES 7246 AND 7247

_New Haven 6, Conn.. . .

Medford, Ore., P.O. Box 1349, 107 E. Main St.

Memphis 3, Tenn.. .. ......... 8 N. Third St.
Miami 32, Fla.. .. ...... 25 S.E. Second Ave.
‘Midwest City, Okla.. ... ....Avia. & Def,,

207 Post Off. Bldg.
Milwavkee 3, Wisc...... 940 W. St. Paul Ave.
Minneapolis 3, Minn.. . . . ..... 12 S. Sixth St.
Mobile 13, Ala.. . .......... 54 St. Joseph St.
Nashville 3, Tenn.......... 234 Third Ave., N.
Newark 2, N. J.. .. ... ....... 744 Broad St.

...129 Church St.
New Orleans 12, La.. ..

New York 22, N. Y.. ... .. 570 Lexington Ave.
New York....... » . .Avia. & Def., Fed. Bldg.,
. N.Y. International Airport, Jamaica 30, N. Y.
Niagara Falls, N. Y.. .. ... ... 253 Second St.
Norfolk 10, Va.. ... ... . ... 229 W. Bute St.
Oakland 12, Calif... .. .. .. 409 Thirteenth St.

Oklahoma City 2, Okla....119 N. Robinson St.
Omaha 2, Nebr.. .. .. .409 S. Seventeenth St.

Pasco, Wash.. . . . ........ 824 W. Lewis St.
Peoria 2, Ill............ 309 Jefferson Bldg.
Philadelphia 2, Pa.. ... ...... 1405 Locust St.

Phoenix, Ariz.. P.O. Box 4037, 303 Luhrs Tower
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