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DIRECTIONAL OVERCURRENT RELAYS
| TYPE IBC

INTRODUCTION

The type IBC relays comprise a groupof relays
that are employed.primarily for protection of feed-
ers and transmission lines in applications where
single-phase relays, instead of polyphase power-
directional relays, are desired or required.

The typeIBC directional overcurrent relays of
the very inverse time characteristic consists of two
units, an instantaneous power directional unit (bot-
tom) of the induction-cup type and a very inverse
time overcurrent unit (top) of the induction disktype.

The directional unit contacts control the operation |

of the overcurrent unit (directional control).

The various relays in this group are identified

by model numbers. The relays differ inthe number

of contacis an%le of maximum torque, and the type -

of polariza{ion potential polarized or current polar -

ized),
OVERCURRENT UNIT
The overcurrent unit of the type IBC relay with

.. very inverse time characteristic has a watthour

meter type of driving element with spring return.
The upper half of the driving elementhas two wind-
ings. One of these is a tapped current winding and

the other is a coil with several hundred turns which.

energized two coils on the lower half of the driving
magnet when the directicnal wnit contacts are closed,
The overcurreni unit is, therefore, inoperative ex-
cept when power flows in the proper direction for
tripping.

Since the retarding force of the spring varies
according to the position of the disk, and since the
driving force is not compensated for this change,
the diskwill beginto operate at the No, 10time lever
setting at a Iower currentthanthat required toclose

the contacts. This change is rather small and should.

be considered only when the load current is high,
relative to the desired minimum operating current.

A curve showing the current necessarytomove
the disk at any time lever settingis given in Fig.2.

DIRECTIONAL UNIT

This it is an induction cylinder device for al-
ternating-current circuits, The principle by which
torque is developed in theseinduction cylinder re-
lays is the same as that employed in an induction
disk relay with a watthour meter element, though in

_ arrangement of parts they are more like split-phase

induction motors,

- - -The stator has eight laminated magnetic poles
projecting inward and arranged symmetrically a -
round a central magnetic core, The poles are fitted
with current and potential coils (on the potential pol-

ally connected forming a single circuit as well as
four current coils similarly connected. Inthe annular
air gap between the poles and central core is the
cylindrical part of the cup-like aluminum rotor which
turns freely inthe air gap, The central core is fixed
to the stator frame, the rotor alone turns,

The current polarized unit differs from the a-
bove unit by using current coils instead of the poten-
{ial coils.

This construction provides higher torque and
lower rotor inertiathanthe induction diskcontruet-
jon, making these relays.faster and more sensitive.

CASE

The case is suitable for either surface or semi-
flush panel mounting and an assortment of hardware
is provided f{or either mounting. ‘The cover atfaches
to the case and also carries the reset mechanism
when one is required. .Each cover screw has pro-
vision for a sealing wire, T '
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Fig. 2  Minimum Current ‘Req'uired to Start Rotation
of Disk of Yery Inverse-Time Qvercurrent
Units of the Type IBC Relay

The case has studs or screw connections at both
ends or at the bottom only for the external connec-
tions. 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 re-
movable connecting plug which completes the cir-
cuits. The outer blocks, attached to the case, have
the studs for the external connections, and the inner
blocks have the terminals for the internal connec-

arized relay); four potential coils whichare intern-.— tiepgr—- ... . -




GEH-1752 Type IBC Directional Overcurrent Relays

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 eradles are so con-
structedthat the relay cannot be inserted in the case
upside down. The connecting plug, besides making
the electrical connections between the respective
blocks of the cradle and case, also locks the latch
in place, The cover, which is fastened to the case
by thumbserews, holds the connecting plug in place.

To draw out the relay unit the cover is first re-
moved, and the plug drawn out. Shorting bars are
provided in the casetoshortthe currenttransform-
er 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 separate testing plug canbe inserted in place
of the connecting plugtotest the relay inplace onthe
panel either from its own source of currentand volt-
age, or from other sources. Or, the relay unit can
be drawn out and replaced by another which has been
tested in the laboratory,

“APPLICATION

For the protection of a single line, Figs, 3 and
4 jltustrate the application of these relays to phase-
fault protection.

The quadréture or 90-degree connection of cur -

rent and potential transformers as shown in Fig, 3
'is recommended as providing the most reliable po-

tential for the directional units during usual fault
conditions. With this connection, the curremt (at
unit-power ~factor load) leads the potential 90 deg.
at the relayterminals, The internal resistor short~
ing link should be opened by disconnecting it from
the top screw to give the 45-degree characteristic.
(The link is located onthe right-handpost at the top
of the cup-type unit). The directional umit will then
have maximum torque when the fault current lags
its unity “power-factor position by about 45 degrees.

When used in' conjunction with a ground relay
which requiresthat the potential-transformer prim-
aries be connected in wye, with secondaries in del-
ta, the quadrature connection cannot. be employed.
For this application the 60-degree connection as
shown in Fig, 4 is recommended. The current at
unity -power —factor load then leads the potential 60
degrees at the relay terminals, and the internal re-
sistor in the potential cireuit should be shorted with
the link, This gives the directional unit a maximum
torque when the fault current lags its unity -power-
factor position by approximately 70 degrees at 50/60
cycles (60 degrees at 25 cycles).

—table on page 9,

The quadrature and 60-degree connections are
used with these relays because fault currents are
usually highly lagging. With these conmections the
directional unit will have substantially maximum
torque under usual fauit conditions, Vector relation-
ships for these two connections are shown in the

The schemes previously described protect a-
gainst phase -to-phase and polyphase short circuits,
They also protect against ground faults if the ground
current isnot limitedto a valuetoosmall to operate

.the relay. For cases where this ground current is

limited (either by resistance in the system ground
or by the system characteristics) to values that will
not operate the phase relays, a ground relay should
be provided as shown inFig, b to 7, The relays used
for ground-fault protection usually have a low cur-
rent coil with taps which may be rated 0.5-2.0, or
1.5-6 amperes, although the 4 - 15 amp rating is
also available. Normally no current flows through
the ground relay. .

Fig. 5 shows the external connections of the type
IBCrelay for directional overcurrent protection on
ground fauits with wye-broken-delta (broken delta
signifies a complete delta with one corner open), po-
tential transformers. If the potential transformers
are connected wye -wye instead of wye ~broken -delta,
auxiliary wye-broken-delta potential transiormers-
(type YT -1557) should be provided. The auxiliary
potential transformer should be connected as the po-
tential transformers shown connected in Fig. 6.

OPERATING CHARACTERISTICS

The type IBC33A is a phase relay, potential pol-
arized, with single circuit closing contacts, and hav-
ing an internal resistor in the directional unit to pro-
vide maximum torque angles of 20 and 45 degrees
lead for 50 and 60 cycle relays, and 30 and 45 deg.
lead for 25 cycle relays.

The type IBC34A relay differs from the IBC33A
only in that the contacts are two circuit closing.

The type IBCP33A is a ground relay, similar to
the IBC33A, potential polarized with single circuit

..cloging contacts but having an internal capacitor in

the directiona) unit to providecmaximum torque in
the directionalunit at lagging fault currents {45 deg.)

" The type IBCP34A relay differs from the
IBCP33Arelay onlyin that the contacts are two cir-

cuit closing,

The type IBCC33 A is a ground relay, current-po=-

larized, with single circuit closing contacts.

The type JBCC34A relay differs from the

IBCC33A in that the contacts are two circuit closing,

The preceding distinguishing {eatures are sum-
marized in the following table: ~ )
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DEVICE FUNCTION NUMBERS FOR USE

WITH EXTERNAL DIAGRAMS

~ Power Circuit Breaker,

87 - Directional Overcurrent Relay, Type IBC

87N - Directional Ground Relay, Type IBC

a

= Auxiliary Contact, Open when Breaker opens

DIR - Directional Unit
HC - Holding Coil

OC - Overcurrent Unit
TC - Trip Coil

A~C- BUS

T0 POTENTIAL

WINDING OF
GROUND RELAY

1 NOTE: "RELAY CONTACTS CLOSE FOR A
FAULT IN DIRECTION OF ARROW.

1 .

“'Fig.§ 60-degree Connection of Three Type IBC33A

" Relays Used for Directional Overcurrent
Protection of a Single Line

Type IBC Directional Overcurrent Relays GEH-1752

A=C. BUS

ik

7

1K DIRECTION OF ARROW

- l HOTE: RELAY CONTACTS CLOSE FOR A FAGLT

Fig. 3 90-degree Connection of Three Type |BC33A
Relays Used for Directional Overcurrent
Protection of a Single Line

A-L BUS

1

T
2 * ’

i
3 3,

TRIP BUS

1 NOTE: RELAY CONTACTS CLOSE FOR FAULT
IN BIRECTION OF ARFOW,

3 2z 1

Fig. 5 Connections of Two Type IBC33A Relays mnd
One Type }BCP33A Relay Used for Direction-
: al Phase and Ground Overcurrent Protection

of a Single Line.

e - - ,'_-——-—-—-'r‘_'———A—A—




GEH-1752 Type IBC Directional Overcurrent Relays

Type IBC Relays -~ Very Inverse Time Characteristics
Overcurrent | Directional Approx. Angle of
Relay Function on Unit Unit © Phase Angle Mzax. Torque (Current
. Contacts Polarized Obtained By with Regpect to Potential
TBC33A Phase 10~ ~ Single Potential Tnfernal resis.|  Internal res. cuf out
- phage and Circuit in series with 50/60 cycles-20 deg, lead
Ground Faults Closing the pot. coils 25 cycles-30 deg, lead
' {Dir. unit) internal resistor in,
25/50/60 cycles-45 deg. lead
IBC34A Phase-to Two Potential Same as Same as
phase and Circuit IBC33A IBC33A
Ground Faults Closing ‘
IBCP33A | Ground Faults Single Potential Internal cap. 45 deg. lag
Circuit in series with .
Closing : ot. eoils
Dir. unit)
IBCP34A | Ground Faults Two Potential Same as 45 deg. lag
: Circuit IBCP3I3A
Closing
IBCC33A | Ground Faults " Bingle Current—|— - — Max. torque when
Circuit currents are
Closing approximately in
phase.
IBCC34A | Ground Faults Two Current
Circuit
Closing

DIRECTIONAL UNIT (115-Volt Rating)

The directional unit, potential polarized, will
operate properly on 1 volt and 4 amperes in relays
with a 4-15 amp coil in the overcurrent unit, The
directional unit of the relays with current coils rated
0.5-2.0 amps or 1.5-6.0 amps will operate properly
at approximately 0,5 amp with the twocoils inseries,
onl volt and2 amps, Current polarized directional
units should operate properly at approximately 0.5
amp with the two coils in series, Figs,10and11show
time curves of these units.

OVERCURRENT UNIT
The least current required.to rotate the disk

very slowly and cloge the contacts should be within .

5 per cent of the values marked on the tap plate. If
this adjustment has been disturbed, it may be re-

stored by changing the return spring tension. The

outer supporting post of the spring being mounted .

on an adjustable arm, :

The above adjusiment for minimum closing cur-
rent is probably best made on the third tap (6 amp
tap of the 4-15 ampere relay, for example) or. if
this is known, on the particular tapto be used in ser-
vice. When made on the third tap, the other taps
should check within 5 per cent of their marked values.

Note that onsome relays, in particular those of
25cycles, there isaresistor inseries with the low-
er operating unit andthe directional unit contacts to
give the proper pick-up values for that particular
frequency ‘ o

RATINGS

Rating of Operating Coils - IBC Overcurrent

Unit
" Tap Tap : 2-sec, |Continuous]
Range Rating Rating Rating
in Amp in amp. in Amps| in Amps.
rn4-15 4,5,6,8,10,12, and 15| 200 10
1.5-6 | 1.5,2,2.5,3,4,5, and 6| 175 41
0.5-2 | 0.5, 0.6,0.8,1,0,1.5 25 1z*
and 2

* Continuous rating is same as tap rating, where
this exceeds the value listed.

CURRENT COILS

The short-time and continuous rating of the oper-
ating coils are in the preceding table:

CONTACTS

The current-closing rating of the contacts is 30
amperes for voltages not exceeding 250 volts., The
current-carrying rating is limited by the two forms
of target and holding coils, Relays with1,0 ampere
target and holding coils have arating of 30amperes
for tripping duty and hence will trip any circuit
breaker with trip-coil current within this rating.
Relays with two-circuit contacts may be used to trip
two breakers provided the sum of the tripping cur-
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conm'rlous FOR MAXIMDM TOROUE m 186 RELAYS usma 900 AND 600 CONNECTIONS

CONNEETION ]

{1 2 3 PHase
SEnuENCE)

PHASE RELATIONSHIP
AT RELAY TERMINALS
FoR CURRENT FLow-
ING IN THE NON-
TRIP DIRECTION AT
UNFTY POWRR FACLTOR
LoAD

PHASE RELATIONSHIP
AT RELAY TERMINALS
FOR CURRENT FLOW-
ING TN THE TRIPP-
ING DYRECTION AT
UNITY POWER FACTOR
LoAD

VOLTAGE AND CURRENT
UBED 1N PHASE 2
RELSY WITH PHASE
RELATIONSHIP OF
UNITY P.F. LoAD
WHEN CURRENT FLOWS
N TR1P DIRECTION

VECTOR RELATION-
sHIP OF EDDY.-

CURREN'TS IN INBU-

€TION CYLINDER TO
FLux SET ur aY
POTENTIAL WINDIKG
AT UNITY P.F. LOAD
SHORTING LINK OFF
{FRE®. - 80 CYCLF2)

CONDITION FOR MaXl«
MuM TORQUE WITH
SHORTING LINK OFF
(FREC. - .60 CYCLES)

COoNDETION FOR MAXI-
oM TEROUE Wi TH
SHORTING LINK oN
(FREO, » 80 CYCLES)

QUADRATURE
{CURRENT LEADS
POTENTIAL 50 DEG-
GREES WHEN' FLOWING]
IN TRIFPING DiREC-
TION AT URETY P.F.
LoAD}

E3:1 AND |2

Ea-l

I,
} LEADS E BY 90
DEGREES

E Ip 9450

-Tood

Max, TORGUE OCCURS
WHEN 1 LAGS LMITY
P.F. POSITION BY 45

MAX. TORQUE OCCURS
WHEK | LAGS UNITY
p.F. POSITION BY 70

" DEGREES

80 DEGREE
{CURRENT LEADS
POTENTEAL 60 DE-
GREES WHEN FLOWING
N TRIPPING DIREC-
TION AT UNITY P.F.|
LoAD)

LG
VAN
L
<]

4
1 LEADS E pY 60
| DEGREES

DEGREES.
2
Ie
4 o
e
="
MAx. TORQUE OCCURS

WHEN | &AGS UNITY
P.F. PostTios BY 15

DEGREES

MAX. TORQUE OCCURS
WHEN ] LAGS UNITY
P.F. POSITION 8Y 40
DEGREES

k)

2 1

F:g. 6 Ccmnections for Directional Ground Pro-

)

N

tection of 2 Single Line Using one [BCP33A
Relay With Auxiliary Wye-broken~delta
Transformer.

' TRIP BUS

NOTES!: IepEnDY-UJnaENT i INDUCTION CuP, SET up By 1 @=ANGLE BETWEEN 1e‘.ll§.D ‘#E
¢F_.-FLux IN POTENTIAL WINDING -Tnnnuzn-xﬁglecos &
A bus
1 A5
. z )\
i
3 2 3
1:?‘[;9‘[:??;; L..A L) L)
TN [ 52 | POWER TRANSFORMER
2 ¥ - BANK, WYE OR DELTA
SECONDARY
' CONS OF RELAYS .
L LA »
: H X
T oTHER NETERS ETC. 1Ej_Ej' E:1 1 OTHER
E;l E:] E:‘ EQUIP- ) L 4 % EQUIPMENT
: 1 JMENT TRIP BUS < I
: - B 5<
1 870 -IG?H
" “HE
81
2
5
* 33
WOTE: RELAY CONTACTS CLOSE FOR Js NOTE
FAULT I DIRECTION OF ARROW. -3 ]
“ NOTE: RELAY CONTACTS CLOSE WHEN
3 2 3 RELATIYE DIRECTION OF GROUND

CURRERT 15 AS SHOWN BY ARROWS.

Fig. 7 Connections for Directional Ground-fault

Protection of a Single Line With Current
Polarized Relay Type 1BCC33A.
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TAP 8LOCK

TAP PLUG

HOLDING COIL

CONTACT BRUSH
AND TIP

TARGET

DIRECTIONAL UNIT .
 STATIONARY CONTACT
ASSEMBLY

-~ —DIRECTIONAL UNIT
MOVING CONTACT

INDUCTION UNIT
UPPER COIL

INDUCTION UNIT
DiSK

POTENTIAL RESISTOR

: Fij. 9 iThe Type ]BC$3A Relay Removed

TOP BEARING STUD.

INDUCTION UNIT
CONTROL SPRING

CONTACT DISK

TIME LEVER

INDUCTION UNIT
HAFT

DRAG MAGNET

SPRING ADJUSTING
RING AND LOCK

DIRECTIONAL UNIT

CONTROL SPRING

POTENTIAL RESISTOR
SHORTING LiINK

CLUTCH ADJUSTING
SCREW

the Case (Front View)

COIL, MAGNET, AND
TAP BLOCK ASSEMBLY

INDUCTION UNIT
LOWER OOH..SV

From the Case (Back View)
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rents for both breakers doesnot exceed 30 amperes.

If more than two circuit breakers are tobe tripped,

or if the total tripping current exceeds 30 amperes,

an auxiliary relay must be used with the type IBC
relays. After tripping occurs, the tripping circuit
must be opened by an auxihary switeh on the cir-
cuit breaker or by other automatic means as the re-
lay contacts are sealed closed when tripping current
is flowing.

TARGET AND HOLDING COILS

There are two ratings of these coils available.
The choice between them depends on the current
taken by the tripping circuit. .

The 0.2-ampere coil is for use with trip coils
that operate on currents ranging from0.2{01.0am-
pere at the minimum control voltage, If thiscoil is
used with trip coils that take 1.0 ampere, or more,
there is a possibility that the 7-ohm resistance will
reduce the tripping current to so low a value that -
the breakers will not be tripped.

The 1.0-ampere coil should be used w1th tnp

coils that take 1.0 ampere or more at the minimum -

control voltage provided the tripping current does
not exceed 30 amperes at the maximum control volt=
age. H the tripping current exceeds 30 amperes an
auxiliary relay must be usedtocontrol the trip-coil
circuit, the connections being such that the tripping
current does not pass through the contacts or the
target and holding ¢oil of the type IBC relays.

Type IBC Directional Overcurrent Relays GEH-1752

When it is desirable to adopt ohé type of relay
ag standard to be used anywhere on a system, re-
" lays withthe 1 “ampere target and holding coil should
be chosen, These relays should alsolbe used where
it is impossible to obtaintrip-coil dita, but attention
is called to the fact that the target may not operate
if used in connection withtirip coils taking léss than
1.0 ampere.

The ratings of the two forms of target and hold-
ing coils are as follows:

. Amperes, AC pr DC |
1 amp 0.2 am
Function (0.25 ohm) (7 ohm
: Coil _ Coil
Carry for Tripping Duty 30 5
1]
Carry Continuougly 4 0.8 |

OPERATION OF TARGET

-The construction of the target “release mecha™
nism assures positive operation of the target when
a current of 2 to 3 times rating flows through the
target and holding coilfor one cycle or longer The
target will also operate when rated current flows
through the coil for a few tenths of a second.

BURDENS

In the followingtabulation the burdens are given

050

-Qud

TIME EH- SESONDS

.020

010

\\
K T—— 5.0 VOLTS
S~ T T35 ToLTs
P ———— H10 VOLTS
0 20 30 m 50 60 70

AMPERES

Fig. 10 Time Curves for Directional Unit of Type IBC Relay for Voltage Applied in Phase With the Current.
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+0b

=08

.03 '\\

.02 -
\ e ——— 5.4 VOLTS .

.0l \"—* , 25 YOLTS

10 YOLTS

TIHE IN SECONDS

10 D 30 " Ho ) @ . 70 80
MIPERES'

Fig. |} Time Curves for Directional Unit of Type IRC Relay for Voltages Applied in Phase With the current.

for both ground and phase relays of groups with very protection. The burden is, therefore, not imposed
inverse-time characteristics, _ except for the duration of the ground fault and need
not be considered except fqr this momentary period

Current Coil Burdens at 5 Amperes and
Rated Frequency EA} Burden of operating current coil,
: B) Burden of polarizing current coil.
Current Volt-
Relay Range Freq | Waits | Amperes — Potential Coil Burdens at 115 Volis and
In Amps Rated Frequency
IBC33A 4-15 60 2.95 4.5 Current
IBC34A 1.5-6 60 15.3 28.7 ' Range | Freq | Watts Volt-
Relay in Amp : Amperes
IBCP33A; 0.5-2.0 | 60 83* 164
IBCP34A 1.5-6.0 60 15.3#* 29.7
. IBC33A 4-15; 60 8.3 21.9 {C
IBCC33A 0.5-2.0 60 83* 164 (A IBC34A) | 1,5-6 60 11.8 16,7 (D
IBCC34A 60 4 775+ 5 (B
IBCP33A 0.5-2.5; 60 7.0 9.9 (E)
1.5-6.0 60 15.3 = 29.7 gA; TBCP34A 1.5-6.0 60
60 - 4.75% 5 (B
C) Burden with internal resistor shorted.
*These relays are ordinarily used in the residual D) Burden with series internal resistor.
circuit of eurrent tramsformers for ground fault E) Capacitive, : T

RECEIVING, HANDLING AND STORAGE

e RECEIVING ' to protect them against damage. Immediately upon
redeipt of the relay, an examination should be mads
These relays, when not included as a part of a {for any damage sustained during shipment, I injury

control panel, will be shipped in cartons designed " or damage resultingfrom rough handling is evideny,

12
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7.0

6.0

5.0

4.0

3.0

5

//

o
TIME IN SECONDS

TIME LEVER SETTINGS

7.0

6.0

5.0

4.0

3.0

2.0

1.0
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N
[
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MULTIPLES OF MINIMUM CLOSING CURRENT

Fig. 12 Time-current Curves for Yery Ifverse Time-gvercurrent Unit of Type IBC Relays.
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a claim should be filed at once with the transporta- -

tion company, and the nearest Sales Office of the
General Electric Company notified promptly.

HANDLING

Reasonable care should be exercised in unpack-
ing the relay, in order that none of the parts are in-
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L
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Fig. {4 .internal Connections for the Type 1BC34A
Relay (Front View)

jured or the adjustments disturbed.

STORAGE
If the relays are not'to be installed immediate -
ly, they should be stored in their original carton in
a place that is free from moisture, dust, and metal-
lic chips.

INSTALLATION

LOCATION

The location shouldbe clean and dry, free from
dust and excessive vibration and well lighted to fa-
cilitate inspection and testing,

MOUNTING

The relay should be mounted on avertical sur-
face. The outline and panel drilling diagram is
shown in Fig, 23,

CONNECTIONS

, Internal connection diagrams for the variousre-
lay types are shown in Figs. 13 to 18 inclusive.

Typical wiring diagrams are given in Figs. 3 to
T inclusive. :
GROUND CONNECTIONS

One of the mounting studs or screws should be
permanently grounded by a. conductor not less than
No. 12 B %8 gage copper wire or its equivalent.

ADJUSTMENTS

OVERCURRENT UNIT
---1.-.CURRENT TAP

The minimum current at which the overcurrent
unit will close its contacts is determinedbythe po~

sition of the plug inthe tap block on the overcurrent
unit. The tap block is marked in amperes

When changing the current setting of the relay
while in the case, remove the connecting plug to
short the current transformer secondary circuit.
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Next, screw the tap plug into tap marked for the de-
sired current and then replace the connecting plug.

The least current required to rotate the disk
very slowly and close the contacts should be within
5 per cent of the values marked on the tap plate, If
this adjustment has been disturbed, it may be re-
stored by changing the return spring tension, The
outer supporting post of the spring being mounted
on an adjustable arm. .

The above adjustment for minimum closing cur-
rent is probably best made on the third tap (6 am-
pere tap of the 4-15 ampere relay, for example)or,
if this is known, on the particular tap to be used in
service, When made on the third tap, the cther taps
should check within 5 per cent of their marked values,

Note that on some relays, in particular those
of 25 cycles, there is a resistor in series with the
lower operating unit andthe directional unit contacts
to give the proper pick-up values for that particu-
lar frequency. ' y

2. TIME SBETTING

The time delay at any given overcurrentis de-
termined by the position of the time lever over tha
graduated scale on the contact mechanism plate,
The time delay isalso inversely proportionalto the
amount of the overcurrent. These relations are
shown by the data on the time data plate onthe front
of the overcurrent unit and on curves in Fig. 12.

Note that the current values are given as mul-
tiples of the current-iap setting. That is, the time
delay iz the same for 80 amperes (secondary) cn
the 8-ampere tap as for 50 amperes on the 5-am-
pere §ap (in both cases, the current is 10 times tap
value). - )

A mimerical example will illustrate these points,
Let it be assumed that consideration of the shape of
the time=current curve indicates that the greatest
selectivity between the relay in question and other
. relays will be obtained if the tap setting corresponds
to450amperes line current and the time lever is set
to provide 1 second delay for a fault giving 3760am-
peres line current, Also let it be assumed that the
current transformer ratio is 60 to 1.

Then 450 = 7.5 amperes secondary (use 8-am-
60 pere tap).

. 31653 = 62.5 amperes secondary, and

623,5 = 7.8 times current tap selting

Referringtothe time ~current curves in Fig. 12,
it will be seen that 7.8 times the minimum opera-
ting current gives 1 second delay when the time lever
is set at the 5.25 position,

It is advisable o check the time seiting with an
--agcurate timing device. Slight readjustments of the
time lever position may then be made until the de-
sired time is obtained.

Aid in makingthe proper selection of relay set-
tings may be obtained by applying tothe nearest Sales
Office of the General Eleciric Company.

DIRECTIONAL UNIT
1. POTENTIAL RESISTOR LINK

* On directional units provided with an internal

. resistor for torque-angle adjustment, a link is lo-

cated on the right-hand molded post which supports
the hearing plate.

The link is used to short out the resistor; and
when so connected, the angle of maximum torque
occurs with the current leading 20 degrees (approx)
on 50/60 cycles and 30-degree leading on25cycles.
For 45-degree lead, the link is disconnected and
turned in a counterclockwise direction from its top
fastening screw. It is left attached by the lower
screw s0 as not to be lost from the relay.

2. POLARITY CHECK.

The polarity of the directionalunit connections

in phase—to-phase fault applications may be verified
by observingthe direction of contact armature torque
when the line is carrying load at unity power factor,
or slightly lagging power factor. Note that in most
directional overcurrent relay applications, the de-
sired directions are: contact closingfor power flow
away from the bus, and contact opening for power
flow toward the bus. : o

The ground relay connectiong are sliowi in Figs.
5 to 7. The following tests should be made on the
ground element to insure that the currents, or cur-

rent and voltage, 'go to the proper relay terminals.

The polarity of the potential polarized, ground
directional unit may be checked by using load cur-
rents, The idea is toobtain currentfrom one trans-
former and voltage from the same phase. The volt-
age is obtained by removing phase one from the
primary of the broken-delta transformer and short-
ing the phase one primary windingio ground. Cur-
rent is obtained by shorting the current transformers
in phases two and three and opening their circuits
to the relay. This permits the currenttransformer
in phase one to supply the current., :

Connect a phase-angle meter to read the angle
bhetween the current and voltage supplied to the re~
lay. The relay has maximum torque at 45 degree
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 polarized from a current trans-

former in the power transformer neutral, such a

check is not easily made, It is sometimes practical
to introduce 2 single phase current in one phase of
the primary circuits in sucha way that current flows
through both the transformer neutral current trans-
former and one of the line current transformers., E
tlllliisf cannot be done, a careful wiring check must
suffice.
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The polarity of the type IBC phase relay direct-
ional units can be checked with the circuifs given in
Fig.21, When connected as shownfor the particular
relay the contacts will close with rated voltage and
Irequency.

3. 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

Type IBC Directional Overcurrent Relays GEH_-1752

be corrected in the manner described under"Main-~
tenance'".

OPERATION

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

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:

DISK AND BEARINGS - OVERCURRENT UNIT

The lower jewel bearing may be tested for
cracks by exploring its surfaces with the point of-a
fine needle. If it is necessary to replace the jewel
bearing, a very small drop of G-E Meter Jewel Oil,
Cat. No. 66X728, should be placed on the new jewei
before it is inserted. A new pivot shouldbe screwed
into the end of the disk shaft at the same time, The
overcurrent unit jewel bearing should be turned up
until the disk is centered in the air gaps, after which
it should be locked in position by the setscrewpro-
vided for the purpose.

110-220 YOLT A-C TESTING SOURCE

The upper bearing pin should be adjusted so that
the disk shaft has about 1/64-in. end play.

CLUTCH ADJUSTMENT - OVERCURRENT UNIT

The current atwhichthe clutchslips may be ad-
justed by screwing the nut on the top of the maln
shaft up or down, thereby decreasing or increasing
the spring tension. The eluich should slip with a
current equal to ten times the tap setting but sheuid—
not slip at five times the tap setting.

TIME CURRENT CURVE - OVERCURRENT UNIT

To readjust the relay to agree with the time
plate values, proceed as follows:

Connect the relay in a test circuit as shown in
Fig, 19 or Fig. 20. Make sure that the timing de-
vice will begin to record at exactly the moment the

. 110-220 YOLT ArC TESTING SGURCE

POTENTIO-
METER,
40 OHWS OF

LOAD
RESISTANCE

POTENTIAL
colL

T ®
T T

Y
TIME

5 6
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CQILS

4 AT
.

. Fig. 19 Testing Connections for Potential-polar-
ized Type |BC Relays
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Fig. 20 Testing Connections for Current-polarized
Type 1BC Relays
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relay current circuit is closed, and will stop as soon

as the relay contacts close. Use source of 115 volts
or greater, and of good wave form and constant fre-
quency. Step-downtransformers, or phantom loads,
should not be employed in testing induction relays
as their use resulis in a distorted wave form. In
relays arranged for directional control, close the
contacts of the directional unit and block the mov-
ing armature,

Adjust the position of the damping magnet on its
shelf until the time delay obtained at No. 12 time~-
lever setting with ten times tap current is the value
shown on the data plate or the curves in Fig. 12,
For example, on relay Model No, 12IBC33A1the time
delay with 60 amperes on the 6-ampere tap should
be 1.5 seconds. .

Next, check the time delay at two times tap cur-~
rent. It should be within 7 per cent of the data plate
value. A slight readjustment at 10 times tap cur-
rent may be necessary to bring the "2 times" value
within limits, :

Other points on the time~current curves may
then be checked as desired. It is always bestto take
time readings at the critical values of short-circuit
current expected in service and with the actual tap
and time -lever settings to be used, '

In adjusting the damping magnet, note that mov-
ing it towardthe disk-shaft decreases the time; mov-
ing it out toward the disk edge increases the time,
The magnet should not be moved farther out than the
point at which the magnet shoe comes in line with
the end of the shelf,

GEAR MESH - OVERCURRENT UNIT

The gear and pinion should be meshed as deeply
as possible without binding in any position when the
disk is rotated, This adjustment is correct when a
slight backlashcan be feltin all diskpositions., The
two screws holding the contact mechanism assem~
bly to the relay frame should be tightened securely
after this adjustment 'is made.

CONTACTS - OVERCURRENT UNIT

With the contacts just closed, there should be
enocugh space between the contact holding armature
and the poles of the target magnet to permit the fixed
contact tips to be deflected about 1/32 inch when the

‘armature is finally pushed against its poles. The
tips should lie in the same vertical plane. These
adjustments are readily secured by moving each con-
tact brush by means of the serews in the front of

the brush block whichpushes against it néar itscen-

ter.

When the time lever is movéd to the position
where it holds the contacts just closed, it should in-
dicate zero on the time-lever scale, If it does not,
and the brushes are correctly adjusted, shift the
scale slightly after loosening the two small screws
holding it to the under side of the contact plate.

CONTACT CLEANING - BOTH UNITS

For cleaning fine silver confacts,a flexible burn-
ishing tool should he used. This consists of a flex-

_outlined ahove.

.ible strip of metal with an etched roughened surfacg

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 thor-
oughly. The flexibility of the tool insures the clean-~
ing of the actual points of contact, Sometimes an
ordinary file cannot reach the actual points of con-
tact because of some obstruction from some other
part of the relay. .

K F:'mé 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 abras-
ive material in the contacts and thus prevent closing.

The burnishing tool described above can be ob-
fained from the factory. : o ‘

CONTACTS - DIRECTIONAL UNIT

The contacts should be cleaned in the inanner

The contacts of the directional unit, ¥ig. 22 are
specially constructed to suppress bouncing. The
stationary contact (G) is mounted -on a flat spiral
spring (F?backed up by a thin diaphragm (C). These
aré both mounted in a slightly inclined tube.(A). A
stainless steel ball (B) is placed in the tube before
the diaphragm is assembled. Whenthe moving con-
tact hits the stationary contact, the energy of the
former is imparted to the laiter and thence to the
ball, whichis free to rollup the inclinedtube, Thus
the moving contact comes to rest with substantially
no rebound or vibration. To change the stationary
contact brush, remove the contactbarrel andsleeve
as a complete unit after loosening the screw at the
front of the contact block. Unscrew the cap (E).
The contact and its flat spiral mounting spring may
then be removed.

The contact gap may be adjusted by loosening
slightly the same secrew at.the front of the contact
block. The screw should be loose enough only to al-
low 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 rotating the contactbarrel., Next,
back if away 2/3 turn to obtain approximately 0.020

. inch contact gap. Last, tighten the screw which se-

cures the barrel.

The moving contact brush may be removed by
loosening the screw which secures it to the contact
arm and sliding it from under the screw head,

CUP AND STATOR - DIRECTIONAL UNIT

Should it be necessary to r:amove the cup type
rotor from the directional unit the foliowing points
should be followed:

{a) Discomnect the two leadsfrom the resistor
and two leads from the secondary of the transformer
at the contact block structure.
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=.\.Fig. 22) (k-6077069) ‘.

(Fig. 21)(K~6154293)
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(a} ;g[f#;lALLY POLARIZED " (8] CLRRENT POLARIZED RELAYS -

NOTE:-CONTACT - SKOULD CLOSE WHEN RELAYS ARE
ENERGIZED AS |NDICATED IN DIAGRANS.

Fig. 21 Polarity Test Connections for Type IBC
Rel ay

{b) Remove unit intact with its mounting plate.

(¢) Avoiding any disturbance tothe top bearing
plate, remove the entire top structure from the sta-
tor assembly by removalof the four corner screws,
This will give access tothe cupand stator assembly.

(d) In this way all parts will again be aligned
by the pins when replaced.

BEARINGS - DIRECTIONAL UNIT

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

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

The lower jewel can be tested for fractures by
exploring its surface with a fine needle. If a jewel
is replaced by a new one, a new pivot should be
screwed into the end of the shaft at the same time
and a drop of General Electric Meter Jewel Qil, Cat.
No. 66X728, should be placed in the new jewel before
it is inserted.

TORQUE ADJUSTMENT - DIRECTIONAL UNIT

The spiral spring on the contact sha.f!: should
have barely enovghtension to returnthe moving con-
tact arm to the neutral position where it rests against
the stop serew when de-energized. Its tension may
be varied by slipping the adjusting ring by first loos -
ening the hexagonal head locking screw which con=

‘nects the lead to thiz lead-in spiral spring. Suffi-

cient tension will be had when this ring is rotated
inthe counterclocikwise direction about 1/2 inchfrom

Type IBC Directional Overcurrent Relays GEH-1752

‘Fig. 22 Contact Assembly for Directional Unit of
IB: Relays

the neutral position 2s measured on the periphery
of the ring.

The polarity of the T'ype IBC relay directional
units can be checked with the circuits given in Fig.
21, When connectedas shown for the particular re-
lay the contacts will close with rated voltage and
frequency.

The torgue adjustmentis only necessary on the
phase fault relays. For in these relays the direct-
ional unit is provided with a notch core, while the
ground relays have unnotched cores.

The current coil of the phase -to-phase faultre-
lays should be energized, with the potential coil
shorted, by the following values of current corres-
ponding to its rating.

Test Amp, |

Current Rating
0,5-2 ; 30
1.5-6.0
4-15 - 60

With the spring tension such as to balance the
moving contact structure hetween the stationary
contact and the stop, the core should be turned to
keep it in this same position when the above test
amps are applied with shorted potential coil. The
core is turned with a screw driver in the bearing
siot after first loosening the locknut holding if in
place.

The above iest should be made with the internal
resistor shortedwiththe link: also, it shouldbe kept
in mind that the coils will overheat withtoofrequent
applications of large currents sothat sufficient time
should be allowed for them to cool between tests.
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CLUTCH ADJUSTMENT - DIRECTIONAL UNIT

Clutch adjustment is made with connections sim~
ilar to those for the polarity check, Fig. 21, except
that the 50-ohm fixed resistor should be repfaced by
an adjustable resistor capable of controlling the cur-
rent in the current coil(s) between 5and 15 amperes.
A screw on the side of the moving arm controls the
cluich pressure, Usingrated frequency (and voltage
for potential polarized relays) the clutch should be
f:élto glip at the proper current from the following

e:

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., . ~

ORDERING DIRECTIONS

When ordering renewal parts, address the near -

[Polarization| Rating

T :
Pick-up Amps| Pogition of |JAmps for

Shorting Link|Cluteh to
Slip

Potential 4-15 Closed - | 12,7

Potential 1.5-6.0 ; Closed 8.5
0.5-2.0
Current 4-15 12
Current 1,5-6.0 (I
‘ 0.5-2.0 :

est Sales QOffice of the General Electric Company
specify quantity required, name of part wanted, and
give complete nameplate data including serial num-
ber. H possible, give the General Electric Com~
p';mg aequisition number on which the relay was fur-
nished. .

20
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IF YOU REQUIRE SERVICE

IF AT ANY TIME you find it necessary to repair, recondition, or rebuild your G-E apparatus, there are 30 G-E service shops
whose facilifies are available day and night for work in the shops or on your premises. Factory methods and genvine G-E
renewal;parts ofe used 6 maintain the original performance of your G-E apparatus. If you need paris only, immediate

shipment of many items can be made from warehouse stock.
The services of our factories, engineering divisions, and sales offices are also available to assist you with engineering 6

problems. For full information about these services, contact the nearest service shop or sales office listed below:
APPARATUS SERVICE SHOPS

Atlanto—--Chamblee, Ga.. .. .. 4439 Peachtree

. Indus, Blvd. l ;:
*Baltimore 30, Md.. ... ..... 920 E. Fort.Ave. e ot
Boston—Medford 55, Mass.. ... ... .. Mystic oy K il

Valley Pkwy. (e A

Buffaio 11, M. Yo, ... . ... 318 Urban S / Portng ! R
Charleston 28, W.Va..306 MacCorkle Ave, S.E. { o e
Chicago 80, M. .......... 849 S. Clinten 5t. i el ‘
Cincinnati 2, Chio, ... .. ... 444 W, Third St £ e
Clevelond 4, Chio. .. ... 49446 Woedland Ave. | wa r:‘:.
Columbys 15, Ohic. .. ......213 Cozzens 5t. sai 1 -
Dallas 9, Texas, ., ........ 3202 Manor Way \ / © Ciy 3
Denver 5, Colo.. . ......... 3353 Larimer St. #5a0 Frangi, ! ;™ Wl
Detroit 2, Mich.. .......... 5930 Third Ave. T i | 8 e
Houston 20, Texas, . 5534 Harvey Wilson Drive e [ o
Johnstown, Pa.. . .............. 841 Ouak 54 to foues -
Kansas City 8, Mo........... 819 E. 19th 5t 0% Angele) | ;
Los Angeles 1, Calif.. .. ... 4900 Stanford Ave, ; : !
Milwaukee 3, Wise. . .. .. 240 W, 5t. Poul Ave. e i Dallas W
Minneapolis 1, Minn. .. .. .. 410 Third Ave., N.
New York 14, N. Y., . ...... 416 W. 13th 5t

Philadelphia 23, Pa
e Riftsbirgh 6, Pa, T

.429 N, Seventh 5t. \f\ Housion e SN 3
- - ~.6519 Penr Ave. . _. - o - TR G
) Portland 18, Oregon. Swan Island T o D T ; TTTETT \2\. T
A Richmend 24, Va,. ... ... 1403 Ingraham Ave. i : ‘:f

" St. Lovis 1, Mo........... 1110 Delmar Bhd. )
Salt Lake City 9, Utah. . . 141 5. Third West S5t. Seattle 4, Wash.. ........ 3422 First Ave., S. York, Pa................ 54 N. Hatrison 5t.
San Francisco 3, Calif.. ... . . . 1098 Harrison St. Toledo 4, Ohio........... 1 So. St. Clair St. Youngstown 5, Ohio_ . . .. 272 E. Indidnola Ave.

*Convenient G-E Renewal Ports Center for-over-the-countar purchasaes of industrial parts, [ocated of same address.

APPARATUS SALES OFFICES

Akron B, Ohio_ . ........_ .. 335 5. Main 5t Fresno 1, Calif.. . ....... Tulare and Fulton 5t. Porfland 3, Malna. ........ 477 Congress 5t
Albany 7, M. Yo ..o Ll 90 State St. Grand Rapids 2, Mich..148 Monroe Ave., N.W. Portland 7, Cre.. .. .. .. 220 S.W. Sixth Ave.
Albuquerque, N, Mex,. ....... 323 S, 3rd 5t Greensboro, N.C........... 301-3 S. Elm St Providence 3, R. L. . Indvstrial Trust Bldg.
Allentown, Pa,. .. ......... 1014 Homilton St. Greenville, 5.C....... 106 W. Washington St. Raleigh, M. C.. . ........336 Fayetteville St. O
Amarillo, Texas. .. ... .. .._. 300 Polle St. Hagerstown, Md.. ., ... Professional Arts Bldg., Reading, Pa._...... .. ..... 31 N. Sixth St d
Atlanta 3, Ga......... 187 Spring Sty NJW. Harrisburg, Pa........... 229 N. Second St Richmond 17, Va.. . ...... 700 E. Franklin St.
Bokersfield, Calif.. . ......... 211 E. 18th S1. Hartford 3, Connee o v v o v v n s - 410 Asylum 5t Riverside, Calif.; . ...oceuv.. .- 3808 Muain' 5t
Baftimore 1, Md.. .. ....... 111 Park Avenue Houston 1, Texas. ........ 1312 Live Oak 5t Roancke 11, Va......... 202 5. Jefferson 5t
Bangor, Maine, . ........... 77 Central St. Indianapolis 4, Ind......... 110 M. Ithinois 51 Rochester 4, NL Y., ..o no 89 E. Ave,’
Beaumont, Texas. . ........... 398 Peart 5t. Jacksen, Mich......... 120 W. Michigun Ave, Rockford, IIl.. .. ... ... 110 5. First St.
Binghomton, N, Y.. ......,. .19 Chenango St Jackson 1, Miss.. ... vv...203 W, Capitol St, Rutland, Vh.. . .............38)2 Center 5t. .
Birmingham 3, Ala......1804 Seventh Ave. N. Jacksonville 2, Fla,. ........ 700 E. Union St. Sacramento 14, Calif.. . . . 4626 Forum Byilding
Bluefield, W.Va.P.O.Box 447, Appalachion Bldg. Jamestown, M. Y. ... ... .. 2 Second St Saginaw, Mich.. . ........ 128 N Frun#ﬁn S5
Boston 1, Mass.. .. ......,.. 140 Federal St, Johnson City, Tean........... 334 E. Main 5. . St.lovis 2, Mo............ 112 N. Fourth St. =
Buffalo 3, N.Y........... 535 Washington 5t. Johastown, Pa................. 841 Oak 5t Sait Lake City 2, Utah.......200 S. Main St
Butte, Mont.. P.O. Box 836 103 N. Wyoming St. Kanzas City 6, Mo.. . ... 106 W. Fourteenth St. San Antonio 5, Texas....310 5. 5f. Mary's St.
Canton 1, Qhio. . ... .. 700 Tuscarawas St., W. Knoxville 08, Tenn. ... ...... 502 5. Gay St San Diego 1, Calif... ... ... " .861 Sixth Ave. |
Cedor Rapids, lowa.....203 Second St., S.E. Lansing 68, Mich....... 215 So. Grand Ave, San Francisco 6, Calif., . .235 Mantgomery 5t.
Charleston 28, W. ¥a..306 MacCorkie Ave., $.E. Lincoin 8, Neb............... 1001 "0 St San Jose, Calif.. . .409 Bank of America Bldg.
Charlotte 1, N. C.. ... ... ... 200 S. Tryon St. Little Rock, Ark........ 103 W. Capitol Ave, Savennah, Ga.. ... ivieaan 4 E, Bryon 5t.
Charlottesville, Va.. ... ...... 123 E. Main 51 Los Angeles 54, Calif.. . ... .. 212 M. Vignes 5t. Seattle 4, Wash..,........ 710 Second Ave.
Chattancoga 2, Tenn.. ... .. 832 Georgia Ave. Lovisville 2, Ky............. 455 5. Fourth 5t, Shreveport 90, la.. .. .... ... 803 Jordan 5t
Chicage B0, lll..P.O. Box 5970A, 8B40 §. Canal St. Madisen 3, Wisc.. .. ....... 16 N. Carroll 5t, Sioux City 13, lowa., ... ... ... 50?‘ Sinth 5t.
Cincinrati 2, Ohio. . .. ...... 215 W. Third S5t Manchester, N. Ho_ ... .. ... 875 Elm 5t. Sioux Falls, 5. D... .. ..321% &, Phillips Ave.
Cleveland 4, Ohio. ... .. 4966 Woodland Ave. Medford, Ore. 205 W. Main St., P.O. Box 1349 South Bend 11, Ind.. ..112 W, jefferson Blvd.

" Columbia 1, S. C.. P.O. Box 324 1420 Lagdy St.~ Memphis 3, Tenn.. . .......... 8 N. Third 5t. Spokane 8, Wash.. ... ......5. 162 Post 5t.
Columbus 15, Chio....... ... 40 S, Third S5t. Miami 32, Fla. ... ...... 25 S.E. Second Ave, Springfleld, ... .......... &07 E. Adams St.
Corpus Christie, Texas. . 1082 N. Chaparral St. Milwoukee 3, Wisc. . ... 940 W. St. Paul Ave. Springfleld 3, Mass, ... ...... Y387 Main 5t. Q:'
Dollas 2, Texas. ......... 1801 N. Lamar St. Minneapolis 3, Minn.. .. ...... 12 3, Sixth 5t, Stockton, Calif. . ... .. 11 So. San Jooquin 5t.
Davenport, lowa. ..., e 511 Pershing Ave. Mobile 13, Ala.. .._....... 54 St Joseph St Syracuse 2, N. Yo. .. ..., 113 S. Salina St
Dayton 2, Ohie,.......... 118 W. First St. MNashville 3, Tenn.. . ...... 234 Third Ave., N. Tacoma 1, Wash., . ....... 1019 Facific Ave.
Denver 2, Colo._........ 650 Seventeenth St. Newark 2, M. J.. ... .....a. 744 Broad St Tampa 6, Fla.. ........... 12C6 North A St
Des Moines, lowa. ... ... 418 W. Sixth Ave. New Haven &, Conn..........120 Church 1, - Toledo 4, Ohio..,....... 420 Madison Ave.
Detroit 2, Mich. ...... ... 700 Antoinette St. New Orleans 12, Lae........ 837 Gravier Si. Trenton 8, N. L. . ....... 214 E. Hanover 5t,
Duluth 2, Minn.. . ..., .., 14 W, Superior 5t. New York 22, N, Y... .. ..570 Lexington Ave, Tulsa 3, Oklge. ..o 3205, Boston Ave.
Elmira, N. Y. ... .. Main and Woodlawn Aves. Miagora Falls, M. Y.. . ....... 253 Second St, Utica 2, N.Y.. . ..o 258 G’g"’eﬁ\s\}

Bl Pasa, Texas........... 109 N. Oregon St.  Norfolk 10, Va.. . . ........ 229 W. Bute St syoonington B DuG.. . -806 Fifteenth o0 L
- . . . aterbury 89, Conn.. ... ..111 W, Main St.
Brie 2, Pa.. .. ... ..l 10 E. Twelfth St. Coakland 12, Calif..,,..... 40% Thirteenth St W
s aterloo, lowa. . .......... 206 W. 4th 51
Eugene, Ore,........... 29 W. Eleventh St. Oklehoma City 2, Okla. ..17? N. Robinson St. Wheeling, W. Ya 40 Fourteenth St.
Evansville 19, Ind. .. .. .. 123 NLW. Fourth §t Omaha 2, Nebr.. . .... 409 S. Seventeenth St. Wichiia 2. Kon. . . « oo 200 E. First St.
fairmont, W.Va.. ......... 511 Jacobs Bldg. Pasco, Wash.. .. ...ocunnn 421 W. Clark 5t. Wi"iumsh‘;n. N.- C: _' _' : : _. _': __________ City Hali
Fergus Falls, Minn.. ... .. 102 W, Lincoln St, Peoria 2, MlL................ 410 Main St Wilmington, Del.. ... .... 1326 N. Market St.
P.O. Box 197 Philadelphic 2, Pa.. . ....... 1405 Locust St Worcesfer 8, Mass.. .......... 507 Main St Q}
Fort Wayne 2, Ind. ....... 127 W. Berry St. Phoenix, Ariz.. . .......... 303 Luhrs Tower York, Pa................56 N, Harrison St ’
Fort Worth 2, Texas. . .... 408 W, Seventh St. Fittsburgh 22, Pa.,..... ~r535-5mithfleld—5t———Youngstown 5, Ohio.. . .272 E. Indiancla Ave.
Hawaii: W, A. Ramsay, Ltd., Honoluly Conada: Canadiun Genoeral Electri¢c Comparny, Ltd., Teronto &
APPARATUS DEPARTMENT, GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y.
T-49 D i
e

e




