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GROUND DIRECTIONAL OVERCURRENT RELAYS

TYPES
IBCG51M IBCG53M IBCGHIM
IBCG51M(-)Y1A IBCG53M(-)Y1A IBCGZ8M
IBCG52M IBCG54M
DESCRIPTION

The Type IBCG relays are ground directional overcurrent ‘relays used primarily for
the protection of feeders and transmission lines. %Jheyfare available with either
inverse, very inverse or extremely inverse time characteristics.

A11 the IBCG relays contain a time overcurreateunit of the induction disk type and
an instantaneous directional unit of the inductien,cup type. The directional unit
can be potential polarized, or current polarized, or both, and it directionally
controls the operation of the time overcurpént umit.

A target seal-in unit is provided in eachtof the relays. The operating coil for
this unit is connected in series with the contacts of the time overcurrent unit so
that it will pick up whenever the4timé. overcurrent unit operates. The contacts of
the seal-in unit are connected in parallel with the contacts of the time overcurrent
unit to provide protection for them amd their associated control springs.

Those relays having the designation Y1A following the model number also contain a
Hi-Seismic instantaneous overcurrent unit of the hinged armature construction.

The IBCG52M, 54M and the, 78M relay models are the two-contact versions of the
IBCG51M, 53M and the 77MmreTay models respectively.

A11 the IBCG relays _arewmounted in standard Ml size drawout cases, the outline and
panel drilling dimensfions for which are given in Figure 26. Internal connections
for the relays, are given in Figure 5, 6, 7, 8 and 9. Typical external connections
are shown by Figuresyl0, 11 and 12.

Table I 1ists“the various models and ranges that are available.

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

. To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards;
but no such assurance is given with respect to local codes and ordinances because they vary greatly.
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TABLE 1
EXTENDED RANGE IBCG RELAYS

Relay Time Inst Pickup Range Int
Model Characteristic Unit Inst. Time Conn,
IBCG51M(-)A Inverse No - 0.5-4, 2416 Fig. 5
IBCG52M(-)A Inverse No - 0.5-4, 2-16 Fig. 7
IBCG51M(-)Y1A Inverse Yes 6-150 0.5-4, 2-16 Fig. 6
IBCG53M(-)A Very Inverse No - 0.5-4,"81.5-12 Fig. 5
IBCG54M(-)A Very Inverse No - 0.5-%, 1.5-12 Fig. 7
IBCG53M(-)Y1A Very Inverse Yes 6-150 04524, “1.5-12 Fig. 6
IBCG77M(-)A Extremely Inverse No - 0.5%4, 1.5-12 Fig. 8
IBCG78M(-)A Extremely Inverse No = 0.5-4, 1.5-12 Fig. 9

APPLICATION

The Type IBCG relays are ground directional®evercurrent relays that may be used as
ground fault detectors in a transmission ljine, protective relaying scheme.

The relays contain a time overcurrent wmit that is torque controlled by an
instantaneous directional overcurrent unit. The directional unit may be polarized
from a source of potential, or curtentiy,or both sources may be used to dual polarize
the unit. It is advantageous to “use”dual polarization because changing system
conditions may cause current polamization to be favored at some times whereas
voltage polarization might be favored at others. Figure 13 illustrates the effect
of using dual polarization asgcompared to polarization from a source of voltage or
current alone.

The differences between the various models covered by this instruction book are
shown in Table I. Inverse “tjime relays should be used on systems where the fault
current flowing throughma giwen relay is influenced largely by the system generating
capacity at the time of the fault. Very inverse time and extremely inverse time
relays should be usedy inw€ases where the fault current magnitude is dependent mainly
upon the location of £he fault in relation to the relay, and only slightly or not at
all upon the systemigenerating setup. The reason for this .is that relays must be
set to be selective,with maximum fault current flowing. For fault currents below
this valuey . thé operating time becomes greater as the current is decreased. If
there is a wide grange in generating capacity, together with variation in short-
circuit-current ‘With fault position, the operating time with minimum fault current-
may be exceedingly long with very inverse time relays and even longer with extremely
inverse time #elays. For such cases, the inverse time relay is more applicable.

The operating time of the time overcurrent unit for any given value of current and
tapasetting is determined by the time-dial setting. The operating time is inversely
proportional to the current magnitude as illustrated by the time curves in Figures
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15, 16 and 17. 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 willmbenthe
same for 80 amperes on the 8 ampere tap as for 50 amperes on the 5 ampere tap, since
in both cases the current is 10 times setting.

If selective action of two or more relays is required, determine the, maximum
possible short-circuit current of the line and then choose a time value for each
relay that differs sufficiently to insure the proper sequence in thegoperation of
the several circuit breakers. Allowance must be made for they time involved in
opening each breaker after the relay contacts close.

The Y1A relays contain a Hi-Seismic instantaneous overcurrent unit: This unit may
be set high to trip directly for faults some distance down the transmission line.
In determining the setting for this unit, it will be neceSsary to consider faults
directly behind the relay as well as at the remote terminal, because the unit is
non-directional. The unit should be set with a suitabléjamouht of margin above the
maximum external fault current. The effects of transi€nt owverreach, as illustrated
in Figure 19, should also be taken into account in_ determining the setting.

RATINGS

The IBCG relays described in this instruction are available in 50 and 60 hertz
models. The TOC (time overcurrent) units™havev extended (8-to-1) range similar to
the 800 series IAC relays. The IOC (instantaneous overcurrent) units, when used
(see Table I), have extended (25-to#1)7)range. Ratings of the operating current
circuits of the TOC, IOC and the directi®onal units are shown individually. However,
since all operating current circuits,_are normally connected in series, the operating
coil ratings of all units should bewconsidered in determining the rating of the
entire operating circuit.

TABLE 11
ONE_SECOND RATING OF TOC UNITS

Relay Range One Second
Model (Amps) Rating (Amps)
IBCG51M 0.5-4.0 70
IBCG51IM(-)Y1A
IBCG52M 2.0-16 260
IBCG53M 0.5-4.0 140
IBCG53M(-) Y3 A
IBCG54M 1.5-12 260
LBCGY7M 0.5-4.0 125
IBCG78M 1.5-12 260
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The 1 second ratings of the TOC units are given in Table II. The continuo@i
for the various taps of each model and current range are given in Tables II

V.

TABLE III

CONTINUOUS RATING OF 0.5-4.0 AMP TOC UNITS \%

0.5-4.0 Amp Range

ngs
and

Model Tap 0.5 0.6 0.7 0.8 1.0 1.2@ 0 2.5 3.0 4.0
IBCG51M
IBCG5IM(-)Y1A | Rating| 1.6 1.8 2.0 2.1 2 CDQ.O 3.5 4.0 4.5 5.0
IBCG52M (Amps )
TBCG53M
IBCG53M(-)Y1A 4.0 4.5 5.5 5. .0 7.5 9.0 10.0 11.0 13.0
IBCG54M
1BCG77M ;i»
IBCG78M 3.5 3.7 5.0 5.5 6.0 7.0 8.0 9.0 10.0
(DTABLE IV
comwuon(,ma OF 1.5-12.0 AMP TOC UNITS

Model

1.5-12.0 Amp Raqieoe\

2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0 10.0 12.0

IBCG53M ing
IBCG53M(-
IBCG54 Amps )

10.0 11.5 13.0 14.5 17.0 19.0 21.0 23.0 23.5 27.5 30.5

IBCG77M
IBCG78M

9.5 10.5 11.5 12.5 14.0 15.5 17.0 18.0 19.0 20.0 20.0
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TABLE V
CONTINUOUS RATING OF 2-16.0 AMP TOC UNITS

2-16.0 Amp Range

Model Tap 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0 1040 12.0 16.0
IBCG51M Rating

IBCG51M(-)Y1A) 8.0 9.0 10.0 12.0 14.0 15.0 16.0 17.5 2040 20.0 20.0
IBCG52M (Amps)

IBCG77M

IBCG78M 9.5 10.5 11.5 12.5 14.0 15.5 17,0 18.0 19.0 20.0 20.0

DIRECTIONAL UNIT

The directional unit current polarizing and operating,coils have a continuous rating
of 5 amperes and a 1 second rating of 150 amperes.

The potential polarizing coils will withstand,120"volts continuously and 360 volts
for 60 seconds.

INSTANTANEOUS UNIT

The instantaneous unit coil is of the, hinged armature construction and is tapped for
operation on either one of two ranges (W or L). Selection of the high or low range
is accomplished by the positioninggof®leads T and E at terminal 6. See Table VI and
the applicable internal connectigns/diagrams referred to in Table I. For the H
range, connect lead T to terminal 6 and lead E to the auxiliary terminal that is
mounted on terminal 6. For range 4, reverse leads T and E.

TABLE VI
CONERLNUQUS AND ONE SECOND RATINGS OF IOC UNIT
One

** Continuous Second

Instantaneod’s Range Rating Rating
Unit «Amps) Range  (Amps) (Amps) (Amps)
6=150 L 6 - 30 10.2 260

H 30 - 150 19.6

** THe range is approximate, which means that 6-30, 30-150 may be 6-29,
28-150. There will always be at least 1 ampere overlap between
the maximum L setting and the minimum H setting. Whenever possible,
be sure to select the higher range, since it has the higher continuous
rating.
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TABLE IX

CURRENT CIRCUIT BURDENS AT 60 CYCLES OF THE TOC UNIT

Tap Burdens at Minimum Pickup Ohms Impedance)at VA

Time Range Eff.Res. React. **Imped +Volt 3 TimesSWN10 dsimes At Fivel
Characteristic  (Amps) (Ohms) (Ohms) (Ohms) Amps P.F. Min Pgl. Min P.U. Amperes

Inverse 0.5/4 5.60 21.0 22.0 5.5 0.25 ,10.86 5.00 555.0

Inverse 2/16 0.37 1.44 1.49 5.8 0.25 "\0.65 0.32 36.3
Very Inverse 0.5/4 1.40 3.90 4.15 1.0 40,33 " 4.20 2.90 104.0
Very Inverse 1.5/12 0.23 0.53 0.58 193%0740 0.58 0.36 14.5
Extr. Inverse 0.5/4 0.80 1.38 1.60 "50.4%50.50 1.60 1.60 40.0
Extr. Inverse 1.5/12 0.005 0.147 0.17 ™ot4 0.50 0.17 0.17 4.25

**The impedance values given aregthose' for the minimum tap of each relay.

The impedance for other taps,
inversely approximately as theWsguare of the current rating.

at) pickup current

(tap rating),

varies
Example:

for the Type IBCG51M relay, 0.5/4 amperes, the impedance of the 0.5 ampere
tap is 22 ohms.
approximately (0.5/1)2 x 22 # 5.%5,0hms.

+ Some companies

The impedancenof the 1 ampere tap,

operate at minimum pickupt

can be made.
a CT secondary circuit,

purpose.

1 Calculated from burden _at minimum pickup.

TABLE X

BURDEN OF THE INSTANTANEOUS UNIT

list relay( burdens only as the volt-ampere

at 1 ampere, is

input to
This column is included so a direct comparison
It shouldy, not be used in calculating volt-ampere burdens in

Siince the burden at 5 amperes is used for this

Inst. Burden at Min Burden Ohms (Z)
Unit Range  Pickup Pickup (Ohms) Times Pickup
Amps  Hz Range Amps Z 3 10 20
6-150 60 L 6-30 0.110 0.078 0.135 0.095 0.081 0.079
H 30-150 0.022 0.005 0.023 { 0.022 0.022 0.222

10
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CONSTRUCTION

The IBCG relays consist of two units, a time overcurrent unit (top) of the ihducgtion
disk type, and an instantaneous power directional unit (bottom) of the induction cup
type. The directional unit is either potential or current polarized or both and, by
means of its closing contacts, directionally controls the operation of the time
overcurrent unit.

The IBCG relays have a target seal-in unit and models with the YlA ([suffix, as shown
by Table I, have a hinged-armature type instantaneous overcurrent uhjit.

The IBCG relays are mounted in the single-ended Ml drawout case.

DIRECTIONAL UNIT

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

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

CONTACTS

The directional unit contacts that{control the time overcurrent unit are shown in
Figure 20. They are of the low gradient type, specially constructed to minimize the
effects of vibration. Both the stationary and moving contact brushes are made of
low gradient material which, when, subjected to vibration, tend to follow one
another, hence, they resist contact/separation.

The contact dial (A) supports the Stationary contact brush (B) on which is mounted a
conical contact tip (C). The“wmeving contact arm (D) supports the moving contact
brush (E) on which is moufited&a button contact tip (F). The end of the moving
contact brush bears agaimst“the inner face of the moving contact brush retainer (G).
Similarly, the end of the“stationary contact brush bears against the inner face of
the stationary contact brush retainer (H). The stop screw (J), mounted on the
contact dial, functionsiyto stop the motion of the contact arm by striking the moving
contact brush retainer_ after the moving and stationary contact members have made
contact. The stationary contact support (K) and the contact dial are assembled
together by means ‘of @ mounting screw (L) and two locknuts (M).

TIME OVERCURRENT UNIT

The 1inverse timeé and very inverse time overcurrent units consist of a tapped
current-operating coil wound on a U-magnet iron structure. The tapped operating
coil is connected to taps on the tap block. The U-magnet contains wound shading
coils which are connected in series with a directional unit contact. When power
flow 4sy,dn such a direction as to close the directional unit contacts, the shading
coiks, act to produce a split-phase field which, in turn, develops torque on the
operating disk.

11
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The extremely inverse time overcurrent unit is of the wattmetric type similar “to
that used in watthour meters except as follows: the upper portion of theWiron
structure has two concentric windings on the middle leg of the magnetic (cireuit.
One of these is a tapped current winding connected to taps on the tap bleck; the
other is a floating winding which is connected in series with the directional unit
contacts, a resistor, a capacitor and the two coils on the lower legs of the
magnetic circuit. When power flow is in such a direction as to close a directional
unit contact, the unit develops torque on the operating disk.

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

TARGET SEAL-IN UNIT

A seal-in unit is mounted on the left side of the time overcurrent unit. This unit
has its coil in series and its contacts in pdradlel with the main contacts of the
overcurrent unit, arranged in such a manner pthatywhen the main contacts close, the
seal-in unit picks up and seals-in around theimain “contacts. When the seal-in unit
operates, it raises a target into view which latches up and remains exposed until
manually released by pressing the button gocated at the lower left corner of the
cover.,

INSTANTANEOUS UNIT

The IOC unit is a small hinged-armature=type instantaneous element and is mounted on
the right side of the TOC unit. J#e, lI0€ element operates over a 25-to-1 total range
obtained by using a tapped coil which¥provides a 5-to-1 low range and a 5-to-1 high
range; this combination provideswthes25-to-1 total range. When the current reaches
a predetermined value, the finstantaneous element operates, closing its contact
circuit and raising its targét nto view. The target latches in the exposed position
until it is released. The same button that releases the target seal-in unit also
releases the target of thé instantaneous unit.

RECEIVING, HANDLING AND STORAGE

These relays, when@notyfincluded as part of a control panel, will be shipped in cartons
designed to protéct them against damage. Immediately upon receipt of a relay, examine
it for any damagegd’sustained in transit. If injury or damage resulting from rough
handling is evident,/file a damage claim at once with the transportation company and
promptly notify theynearest General Electric Sales Office.

Reasonable care ,should be exercised in unpacking the relay in order that none of the
parts are dnjured or the adjustments disturbed.

If the_relays are not to be installed immediately, they should be stored in their
original “eartons in a place that is free from moisture, dust and metallic chips.
Foretignymatter collected on the outside of the case may find its way inside when the
comeryis removed, and cause trouble in the operation of the relay.

12
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ACCEPTANCE TESTS

Immediately upon receipt of the relay an INSPECTION AND ACCEPTANCE TEST should be
made to ensure that no damage has been sustained in shipment and that theyrelay
calibrations have not been disturbed. If the examination or the test indicates that
readjustment is necessary, refer to the section on SERVICING.

Since operating companies use different procedures for acceptance andginstallation
tests, the following section includes all applicable tests that may“be performed on
these relays. These tests may be performed as part of the “Wnstallation or
acceptance tests, at the discretion of the user.

VISUAL INSPECTION

Check the nameplate stamping to ensure that the model numbew, and rating of the relay
agree with the requisition.

Remove the relay from its case and check that there are/nowbroken or cracked molded
parts or other signs of physical damage and that @W, screws are tight. Check that
the shorting bars are in the proper location(s) as shown by the internal connec-
tions diagrams, Figures 5 to 9, inclusive, and™that the main brush is properly
formed to contact the shorting bar.

MECHANICAL INSPECTION

Top Unit (T0C)

1. The disk shaft end play should be 0.005-0.015 inch.

2. The disk should be centered in,  the air gaps of both the electromagnet and drag
magnet.

3. Both air gaps should be free ofyforeign matter.

4, The disk should rotate freely)*and should return by itself to the reset
position.

5. The moving contact should{just touch the stationary contact when the time dial
is at the 0 time dial poSition.

Bottom Unit (DIR)

1. The rotating shaft/ endgplay should be 0.015-0.020 inch.
2. The contact gap should’be 0.015-0.025 inch on the low gradient contact.

Target and Seal-Ta Unit/Instantaneous Unit

The armature and contacts should move freely when operated by hand.

1.
2. Both contacts ghould make at approximately the same time.
3 The target “should latch into view just as the contacts make and should unlatch

when the target release button is operated.
4. The contacts should have approximately 0.030 inch wipe.

13
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DRAWOUT RELAYS, GENERAL

Since all drawout relays in service operate in their cases, it is recommendedfthat
they be tested in their cases or an equivalent steel case. In this ways any
magnetic effects of the enclosure will be accurately duplicated during testing. A
relay may be tested without removing it from the panel by using a 12XLA13A test
plug. This plug makes connections only with the relay and does not disturb any
shorting bars in the case. The 12XLA12A test plug may also be used. 4Although this
test plug allows greater testing flexibility, it requires CT Shorting jumpers and
the exercise of greater care, since connections are made to both “the relay and the
external circuitry.

POWER REQUIREMENTS, GENERAL

A1l alternating-current-operated devices are affected gy, frequency. Since non-
sinusoidal waveforms can be analyzed as a fundamental afrequency plus harmonics of
the fundamental frequency, it follows that alternating=eurnent (AC) devices (relays)
will be affected by the applied waveform.

Therefore, in order to test alternating current relays properly, it is essential to
use a sine wave of current and/or voltage. Thé&wpurity of the sine wave (i.e., its
freedom from harmonics) cannot be expressedpas %a, finite number for any particular
relay; however, any relay using tuned circuitsy R=L or RC networks, or saturating
electromagnets (such as time overcurrent 4relays) is affected by non-sinusoidal
waveforms.

TARGET AND SEAL-IN UNIT

The target and seal-in unit has angopérating coil tapped at 0.2 and 2.0 amperes.

When used with trip coils operating, o currents ranging from 0.2 to 2.0 amperes at
the minimum control voltage, the tanget and seal-in tap screw should be set in the
0.2 ampere tap. When the tpip cedl current ranges from 2 to 30 amperes at the
minimum control voltage, the tap sg¢rew should be placed in the 2.0 ampere tap.

The seal-in tap screw is the sérew 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 Jeftshand stationary contact and place it in the desired tap.
There will now be sCrews, in both taps. Next, remove the screw from the other
(undesired) tap and_place it back in the Tleft-hand contact. This procedure is
necessary to preventq the right-hand stationary contact from getting out of

adjustment. Tap, screws should never be allowed to remain in both taps at the same
time.

Pickup and DvepoutfTest

1. Connect relay studs 1 and 2 (see internal connections diagram) to a DC source,
ammeter gand load box so that the current can be controlled over a range of 0.1
to, 2.0 amperes.

€lose or jumper the contact(s) that parallel the seal-in unit contact.

I'mcrease the current slowly until the seal-in unit picks up. See Table XI.

Open the parallel contact circuit of step 2; the seal-in unit should remain in
the picked up position.

‘N, Decrease the current slowly until the seal-in unit drops out. See Table XI.

14
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TABLE XI
TARGET AND SEAL-IN UNIT OPERATING CURRENTS

PICKUP DROPOUT

| TAP CURRENT CURRENT
0.2 0.115 - 0.195 0.05 OR MORE
2.0 1.15 - 1.95 0.55 OR MORE

TIME OVERCURRENT UNIT

Rotate the time dial slowly and check by means of a lamp%that the contacts just
close at the 0 time-dial setting.

Where the contacts just close can be adjusted by rupning the stationary contact
brush in or out by means of its adjusting screw. This Serew should be held securely
in its support.

With the contacts just closing at No. O “)timesdial setting, there should be
sufficient gap between the stationary contact’ brash and its metal backing strip to
ensure approximately 1/32 inch wipe.

Current Setting

The minimum current at which the time sOvercurrent unit will close its contacts is
determined by the position of the™plugyin the tap block. The tap plate on this
block is marked in amperes, as shown imyTables III, IV and V.

When the tap setting is changed with the relay energized in its case, the following
procedure must be followed: (1) Remove the connecting plug; this de-energizes the
relay and shorts the curréent “transformer secondary winding. (2) Remove the tap
screw and place it in the gapymarked for the desired pickup current. (3) Replace
the connecting plug.

The minimum current required” to rotate the disk slowly and to close the contacts
should be within 5% of, the value marked on the tap plate for any tap setting and
time dial position.g™hf*this adjustment has been disturbed, it can be restored by
means of the spring adjusting ring. The ring can be turned by inserting a screw
driver blade im the“motches around the edge. By turning the ring, the operating
current of the umit%can be brought into agreement with the tap setting employed.
This adjustmentf also permits any desired setting to be obtained intermediately
between the avajlable tap settings.

Pickup adjustment by means of the control spring applies to the IBCG51/52 and
IBCG53/54 relays. A different procedure applies to the IBCG77/78 relays. For the
IBCG77/78 relays, the pickup of the unit for any current tap setting is adjusted by
means ‘Ofythe variable resistor in the phase-shifting circuit. This adjustment also
permits\any desired setting intermediate between the various tap settings to be
obtained. The control spring is prewound approximately 6600 with the contacts just
clesed. Further adjustment of this setting is seldom required; if it is required,

15
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because of the insufficient range of the variable resistor, it should never be

necessary to wind up the control spring adjuster more than 300 (1 notch) o unWind
it more than 900 (3 notches) from the factory setting.

Test connections for making pickup and time checks on the time over-current unit are
shown in Figures 22 and 23. Use a source of 120 volts or greater with good wave
form and constant frequency. Stepdown transformers or phantom loads should not be
employed in testing induction relays since their use may cause (@ gdistorted wave
form. The contact in the wound shading coil circuit marked, D,sSee internal
connection diagram, must be blocked closed or jumpered for bothstheWpickup test and
the time test.

Time Setting

The setting of the time dial determines the length off time the unit requires to
close its contacts when the current reaches a predetermined value. The contacts are
just closed when the dial is set on 0. When the dialnis set on 10, the disk must
travel the maximum amount to close the contacts and therefore this setting gives the
maximum time setting.

The primary adjustment for the time of operation,o0fwthe unit is made by means of the
time dial. However, further adjustment is obtained by moving the permanent magnet
along its supporting shelf; moving the magnet teward the disk shaft decreases the
time, while moving it away increases the timew, Be sure the magnet never extends out
beyond the cutout in the disk.

Pickup Test

Use rated frequency for both theypiekup and time tests. The directional unit
contact must be closed to perform the“pickup and time tests.

Set the relay at the 0.5 time-dia@al/ position and 2.0 ampere tap. Using the test
connection in Figure 22, the fmain, Unit should close its contacts within + 2.0% of
tap value current (1.96-2.04,amps).
Time Test
Set the relay at No.#5 time-dial setting and the 2.0 amp tap. Using the test
connection in Figure 23, apply 5 times tap current (10.0 amp) to the relay. The
relay should operate™within the 1limits given in Table XII.

TABLE XII

TOC UNIT OPERATING TIME LIMITS

Time in Seconds
Relay Type
Min. Midpoint Max
IBCG51-1IBCG52 1.72 1.78 1.83
IBCG53-1BCG54 1.27 1.31 1.35
IBCG77-1BCG78 0.89 0.92 0.95
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DIRECTIONAL UNIT

Current Polarization

a. Connect per Figure 24 test connections.
b. The unit should close its contacts within 5% of 0.5 ampere. The cluteh should

slip between 8-18 amperes.

CAUTION
This level of current can overheat the coil if applied toomfrequently or
for too long a period of time.

Potential Polarization

a. Connect per Figure 25 test connections.
b. With V set for 5 volts at terminals 9 to 10, thegunit should close its contacts

between 0.75-1.75 amps.
INSTANTANEQUS UNIT

Make sure that the instantaneous unit is injthe “eorrect range in which it is to
operate. See the internal connections diagram andyFable VI.

Whenever possible, use the higher range /since the higher range has a higher
continuous rating.

The instantaneous unit has an adjustable core located at the top of the unit. To
set the instantaneous unit to a desired, pickup, loosen the locknut and adjust the
core. Turning the core clockwise, decreases the pickup; turning the core
counterclockwise increases the pic¢kupws, Bring up the current slowly until the unit
picks up. It may be necessary_tofrepeat this operation, until the desired pickup
value is obtained. Once the deSired pickup value is reached, tighten the locknut.

CAUTION
Refer to Table VI (pu7) “for the continuous and 1 second ratings of the
instantaneous unitd  Do"not exceed these ratings when applying current to
the instantaneous unit.

The range of the “instantaneous unit (see Table VI) must be obtained between a core
position of 1/8 of “a turn of "full clockwise", and 20 turns counterclockwise from
the full-cloCkwiSe position.

INSTALLATION

LOCATION

The location should be clean and dry, free from dust and excessive vibration and
well®™highted to facilitate inspection and testing.
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MOUNTING

The relay should be mounted on a vertical surface. The outline and panel drilling
diagram is shown in Figure 26.

CONNECTIONS

The internal connection diagrams for the various relays are shown in EdQures 5 to 9.
Typical external wiring diagrams are shown by Figures 10, 11 and 12

Unless mounted on a steel panel which adequately grounds the /jrelay case, it is
recommended that the case be grounded through a mounting ¢stud or screw with a
conductor not less than #12 B&S gage copper wire or its equiyvalent.

INSPECTION

At the time of installation, the relay should be inspected> for tarnished contacts,
loose screws, or other imperfections. If anygtrouble” is found, it should be
corrected in the manner described in the section onySERVECING.

CAUTION

Every circuit in the drawout case has “an auxiliary brush. It is
especially important on current circuitsjyand other circuits with shorting
bars that the auxiliary brush be bents/ high“enough to engage the conmecting
plug or test plug before the main® brushes do. This will prevent CT
secondary circuits from being opened. ‘Réfer to Figure 21.

OPERATION

Before the relay is put into services it should be given a check to determine that
factory adjustments have not beengdisturbed. The time dial will be set at 0O before
the relay leaves the factony.W, If the setting has not been changed, it will be
necessary to change thisgsetting in order to open the time overcurrent unit
contacts. The following tésts are suggested:

TARGET AND SEAL-IN UNIF

1. Make sure thatgthe tdp screw is in the desired tap.
2. Perform pickup andfdropout tests as outlined in the ACCEPTANCE TEST section.

TIME _OVERCURRENT,UNTE,

1. Set tap ‘serew on desired tap. Using the test circuit in Figure 22, apply
approximately twice tap value current until the contacts just close. Reduce
the current until the light in series with the contacts begins to flicker.
This valte of current should be within 5% of tap value.

2. Check the operating time at some multiple of tap value. This multiple of tap
value may be 5 times tap rating or the maximum fault current for which the
relay must coordinate. The value used is left to the discretion of the user.
Use the test circuit shown in Figure 23.
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DIRECTIONAL UNIT

Current Polarization

a. Connect per Figure 24 test connections.
b. Adjust the control spring for 0.5 ampere pickup if current polarized or dual
polarized.

Potential Polarization

C. If potential polarized, connect per Figure 25 test connections.

d. Adjust the control spring for 7.2 volt amperes (+10%) sin¢e, the” relay is 60°
from the angle of maximum torque. 10 volts and 0.72 ampergs are recommended
values for this test.

INSTANTANEOUS UNIT

1. Select the desired range by making the proper commections at the rear of the
relay (see internal connections diagram). Whenever/possible, be sure to select
the higher range since it has a higher continlious rating.

2. Set the instantaneous unit to pick up at the ‘desired current level. See the
ACCEPTANCE TEST section.

PERIODIC CHECKS AND ROUTINE"MAINTENANCE

In view of the vital role of protective relaysyin the operation of a power system,
it is important that a periodic test program be followed. It is recognized that the
interval between periodic checks wild vary depending upon environment, type of relay
and the user's experience with periodiC testing. Until the user has accumulated
enough experience to select the testW%interval best suited to his individual
requirements, it is suggested thatsthe points listed below be checked at an interval
of from one to two years.

These tests are intended to ensure that the relays have not deviated from their
original settings. If deviations”are encountered, the relay must be retested and
serviced as described in this manual.

TARGET AND SEAL-IN UNIT

1. Check that the unit, picks up at the values shown in Table X.
2. Check that thefunit drops out at 25% or more of tap value.

TIME OVERCURRENT UNILT

1. Performypdckup test for the tap in service, as described in the OPERATION
section.
2. Perform the time tests as described in the OPERATION section.

DIRECTIONAL UNIT

Repeatithe portion of the ACCEPTANCE TEST for the polarity condition for which the
relay=is, connected in service.
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INSTANTANEQOUS UNIT

Check that the instantaneous unit picks up at the desired current level, as({outlined
in the ACCEPTANCE TESTS and the OPERATION sections.

SERVICING

These relays are adjusted at the factory and it is advisable “not™to/disturb the
adjustments. If, for any reason, they have been disturbed or _it%is found during
installation or periodic testing that the relay is out of limitsy the checks and
adjustments outlined in the following paragraphs should be fobserved. It is
suggested that this work be done in the laboratory.

TARGET AND SEAL-IN UNIT

Repeat the visual and mechanical inspections and theypi¥ekup and dropout current
checks as outlined in the ACCEPTANCE TESTS section,

TIME OVERCURRENT UNIT

Disk and Bearings

The Jjewel should be turned up until the disk iS centered in the air gaps, after
which it should be locked in this positien “by the set screw provided for this
purpose. The upper bearing pin should néxt be adjusted so that the disk shaft has
about 1/64 inch end play.

Contact Adjustment

The contacts should have about 1/82pine¢h wipe. That is, the stationary contact tip
should be deflected about 1/32 inch when the disk completes its travel. Wipe is
adjusted by turning the wipegadjustment screw on the stationary contact, thereby
adjusting the position of the brush relative to the brush stop.

When the time dial is moved to “the position where it holds the contacts just closed,
it should indicate O on)theNtime-dial scale. If it does not and the brushes are
correctly adjusted, shift the dial by changing the position of the arm attached to
the shaft just below the time dial. Loosen the screw clamping the arm to the shaft
and turn the arm relativesto the shaft until the contacts just make for 0 zero time-
dial setting.

Characteristigs Chegk and Adjustments

Repeat the 'portigns of the ACCEPTANCE TESTS section that apply to the time
overcurrent unity Also, check reset voltage and time as outlined under RESET in the
CHARACTERISTICS section; low reset voltages or 1long reset times may indicate
excessive frigtion caused by a worn bearing or by mechanical interference.
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On IBCG77/78 relays, set the relay on the 2 amp tap with the time dial set so that
the contacts are just open. Adjust pickup within the limits 1.96 to 2.04 amps,=but
as close as possible to 2.0 amps. Then move the time dial to the No. 10{ position
and check the current required to just move the disk away from the stop armws” This
current should be within the limits 1.88 to 2.12 amps. If the disk moves at the
lower limit, check that movement is not over 1/2 inch, measured along the gperiphery
of the disk. This is called a compensation check. If the current falls outside the
1.88 to 2.12 amp limits, the following steps should be taken: reset, the control
spring until compensation at No. 10 time dial is within limits. “\fhen_restore pickup
by adjusting the resistor. Recheck compensation after the resistor adjustment.

DIRECTIONAL UNIT

Bearings

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

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

Cup and Stator

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

A1l leads to the unit should firs%, beidisconnected and tagged for identification in
reconnecting. The unit can then be “memoved from the cradle with its mounting plate
still attached.

The upper of the three flat-héad seérews holding the unit to the plate should now be
removed. On some models, 4it ‘may be necessary to remove a resistor or capacitor to
expose this screw. The four“eorner 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 thejstator assembly, which should be protected to keep it from
dust and metallic partieleswintil the unit is reassembled.

To remove the shaftgandwrotor 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. Thefrotorymust be handled very carefully while it is out of the unit.

Contact Adjustments

To make contact adjustments, refer to Figure 20 for identification of low gradient
contact partspand proceed as follows:
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Loosen the locknut which secures the moving contact stop (backstop) screw (located
at the front right hand corner of the directional unit) to its support. Unwinid "the
backstop screw so that the moving contact arm is permitted to swing freely.' Adjust
the tension of each low gradient contact brush so that 1-to-2 grams of pressure are
required at the contact tip in order to cause the end of the brush to separate from
the inner face of its respective brush retainer. Adjust the spiral spring with the
windup sprocket until the moving contact arm is in a neutral positien, i.e., with
the arm pointing directly forward. Loosen the locknut which secure§ the stationary
contact mounting screw to the stationary contact support. Wind the mounting screw
inward until the stationary and moving contact members just begimgtoNtouch. Unwind
the mounting screw until the stationary contact stop 1lines fup/Wwith the moving
contact brush vretainer. Wind the backstop screw inward wntil/ the moving and
stationary contact members again just begin to touch. Loosen%the locknut of the
stationary contact stop screw, and advance this screw unti®, it just touches the
moving contact brush retainer. Unwind the screw 1 and’ ayhalf turns to provide
contact wipe. Tighten the locknut. Unwind the backstop“screw 2/3 turn and tighten
the locknut which secures the backstop screw to its gupport. Finally, adjust the
tension on the stationary contact brush such thats, when the contacts are made and
fully wiped in, there is approximately an equal defleeétion”on each brush.

Bias Torque Adjustment

Connect the current operating and current polarizing coils in series by connecting a
jumper across terminals 5 and 8. Apply current to terminals 4 and 7 and adjust the
directional unit spiral spring so that gthe unit picks up at 0.5 ampere with
terminals 9 and 10 jumpered.

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

Short out the potential poYarizing coil (terminals 9 and 10), leaving the current
polarizing coil (terminals@7%and 8) unshorted. Supply 30 amperes through the
operating coil (terminals 4%and 5) and check that the unit does not operate.

If the unit does not satisfy the above conditions, rotate the core to a position
which causes it to do So. ) The core can be turned by loosening the large hexagonal
nut on the undersidemof®™the relay and turning the core by means of the slotted
bearing screw. _ Thisg#'strew should be held securely in position when the nut is
retightened.

Keep in mind{that 30 amperes will cause the current coils to overheat if left on too
long. Therefore; Jeave the test current on only for short intervals and allow
sufficient time between tests for the coils to cool.

Clutch Adjustment

The connections shown in Figure 24 for the polarity check can also be used in making
the 4elutch adjustment. The fixed resistor should be capable of controlling the
current in the range of 5 to 25 amperes. A screw projecting from the side of the
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moving contact arm controls the clutch pressure. Use rated frequency and current n
phase with the voltage. Adjust the clutch so that it will not slip at 10 amperes or
less of suddenly applied current, but will slip at or above 15 amperes. “\ This
setting, 10-15 amperes, is tighter than the 8-18 ampere acceptance test 1imit and is
intended to assure that the acceptance test 1imits will be met in any future,tests.

INSTANTANEQUS UNIT

1. Both contacts should close at the same time.

2. The backing strip should be so formed that the forked end (front) bears against
the molded strip under the armature.

3. With the armature against the pole piece, the cross memberyofwthe "T" spring
should be in a horizontal plane and there should be at least 1764 inch wipe on
the contacts. Check this by inserting a 0.010 inch feelerygage'between the front
half of the shaded pole and the armature with the armature held closed. The
contacts should close with the feeler gage in place.

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 ensures the cleaning of the actual points of contact.

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

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

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 renewalparts, address the nearest Sales Office of the General
Electric Company, specify quantity required, name of part wanted, and give complete

nameplate data. If possible, give the General Electric Company requisition number
on which the relay,was ‘furnished. Refer to renewal parts publication GEF-4083.

Since the last edition, Figure 26 has been changed.
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Figure 1 (8043458) Type IBCG51M(-)Y1A or the IBCG53M(-)Y1A Relay

in its Case (Front View)
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Figure 2 (8043459) Type IBCG5IM(-)Y1A or the IBCG53M(-)Y1A Relay
Removed from nge (Front View)
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Figure 3 (8043460) Type IBCG51M(-)Y1A or the IBCG53M(-)Y1A Relay
Removed from Case (Rear View)
26



GEK-49822
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Figure 4 (8043461) Type IBCG77M or IBCG78M Relay Removed
from Case (Rear View)
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Figure 5 (0269A3061-0) Internal Connections for IBCG51M and
IBCG53M Relays (Front View)
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IBCG53M(-)Y1A Relays (Front View)
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Figure 7 (0273A9194-0) Internal Connections Diagram for the -

IBCG52M(-)A and the IBCG54M(-)A Relays (Front View)
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Figure 10 (0273A9051-0) Typical External Connections Diagram
for Relay Types IBCG51M, 53M or 77M
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PHASE SEQUENCE 1-2-3 OR 3-2-|
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Figure 11 (0273A9052-0) Typical External Connection Diagram
for Relay Type IBCG51M(-)Y1A or 53M(-)Y1A
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Contact Dial
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Stationary Contact Brush Retainer
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Figure 20 (8027688 and 8023399) Low Gradient Contact
Assembly for the Directional Unit
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GROUND DIRECTIONAL OVERCURRENT RELAYS

TYPES
IBCGS51M IBCG53M IBCGZ/M
IBCG51M(-)Y1A IBCG53M(-)Y1A IBCG78M
IBCG52M IBCG54M
DESCRIPTION

The Type IBCG relays are ground directional overcurrgnt “welays used primarily for
the protection of feeders and transmission lines{ % They/are available with either
inverse, very inverse or extremely inverse time characteristics.

A11 the IBCG relays contain a time overcurrent, unit of the induction disk type and
an instantaneous directional unit of the induction “eup type. The directional unit
can be potential polarized, or current polarized, or both, and it directionally
controls the operation of the time overcurrent unit.

A target seal-in unit is provided ing®ach(of the relays. The operating coil for
this unit 1is connected in series with the contacts of the time overcurrent unit so
that it will pick up whenever the ,timefovercurrent unit operates. The contacts of
the seal-in unit are connected in parallel with the contacts of the time overcurrent
unit to provide protection for themmand“their associated control springs.

Those relays having the designation Y1A following the model number also contain a
Hi-Seismic instantaneous overeurvent unit of the hinged armature construction.

The IBCG52M, 54M and the 78M relay models are the two-contact versions of the
IBCG51M, 53M and the 77M_relay, models respectively.

A11 the IBCG relays areymounted in standard Ml size drawout cases, the outline and
panel drilling dimefisions for which are given in Figure 26. Internal connections
for the relays awe 4given in Figure 5, 6, 7, 8 and 9. Typical external connections
are shown by Filgqures, 10, 11 and 12.

Table I listsWthe various models and ranges that are available.

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

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards;
but no such assurance is given with respect to local codes and ordinances because they vary greatly,

3
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TABLE I
EXTENDED RANGE IBCG RELAYS

Relay Time Inst Pickup Range Int
Model Characteristic Unit Inst. Time Conn.
IBCG51M(-)A Inverse No - 0.5-4, 2116 Fig. 5
IBCG52M(-)A Inverse No - 0.5-4, 2-16 Fig. 7
IBCG51IM(-)Y1A Inverse Yes 6-150 0.5-4, £2-16 Fig. 6
IBCG53M(-)A Very Inverse No - 0.5-4,%15-12 Fig. 5
IBCG54M(-)A Very Inverse No - 0.5, 175-12 Fig. 7
IBCG53M(-) Y1A Very Inverse Yes 6-150 0g5=4,%1.5-12 Fig. 6
IBCG77M(-)A Extremely Inverse No - 0.4, 1.5-12 Fig. 8
IBCG78M(-)A Extremely Inverse No - 0%-4, 1.5-12 Fig. 9

APPLICATLON

The Type IBCG relays are ground directionaldovercurrent relays that may be used as
ground fault detectors in a transmission lime pwotective relaying scheme.

The relays contain a time overcurrent ‘unit that is torque controlled by an
instantaneous directional overcurrefit unit. The directional unit may be polarized
from a source of potential, or cunkent§ or both sources may be used to dual polarize
the unit. It is advantageous tousew» dual polarization because changing system
conditions may cause current polarization to be favored at some times whereas
voltage polarization might be favored at others. Figure 13 illustrates the effect
of using dual polarization asg€ompared to polarization from a source of voltage or
current alone.

The differences between the various models covered by this instruction book are
shown in Table I. Invefsewtime relays should be used on systems where the fault
current flowing throughsa “given relay is influenced largely by the system generating
capacity at the time (of the fault. Very inverse time and extremely inverse time
relays should be used “WmCases where the fault current magnitude is dependent mainly
upon the location of s£he fault in relation to the relay, and only slightly or not at
all upon the system’ generating setup. The reason for this .is that relays must be
set to be selectiwe with maximum fault current flowing. For fault currents below
this value,{ thé operating time becomes greater as the current is decreased. If
there 1is a ‘wide grange in generating capacity, together with variation in short-
circuit-current®with fault position, the operating time with minimum fault current-
may be exceedingly long with very inverse time relays and even longer with extremely
inverse time gelays. For such cases, the inverse time relay is more applicable.

The operating time of the time overcurrent unit for any given value of current and
tapy,setting is determined by the time-dial setting. The operating time is inversely
proportional to the current magnitude as illustrated by the time curves in Figures



GEK-49822

15, 16 and 17. 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 e “the
same for 80 amperes on the 8 ampere tap as for 50 amperes on the 5 ampere tap, Since
in both cases the current is 10 times setting.

If selective action of two or more relays is required, determine the _maximum
possible short-circuit current of the line and then choose a time value for each
relay that differs sufficiently to insure the proper sequence in the soperation of
the several circuit breakers. Allowance must be made for théytime Jinvolved in
opening each breaker after the relay contacts close.

The Y1A relays contain a Hi-Seismic instantaneous overcurrent unit. This unit may
be set high to trip directly for faults some distance down the, transmission 1line.
In determining the setting for this unit, it will be necessary)to consider faults
directly behind the relay as well as at the remote termifal, “because the unit is
non-directional. The unit should be set with a suitablet¥amount of margin above the
maximum external fault current. The effects of transient owerreach, as illustrated
in Figure 19, should also be taken into account in determining the setting.

RATINGS

The IBCG relays described in this instruction are available in 50 and 60 hertz
models. The TOC (time overcurrent) unitsghavewextended (8-to-1) range similar to
the 800 series IAC relays. The IOC (instantamneous overcurrent) units, when used
(see Table I), have extended (25-to-1)Wrange. Ratings of the operating current
circuits of the TOC, IOC and the directional units are shown individually. However,
since all operating current circuits,are normally connected in series, the operating
coil ratings of all units should bewconsidered in determining the rating of the
entire operating circuit.

TABLE I1I

ONE, SECOND RATING OF TOC UNITS

Relay Range One Second
Model (Amps) Rating (Amps)
IBCG51M 0.5-4.0 70
IBCG51IM(-)Y1A
IBCG52M 2.0-16 260
IBCG53M 0.5-4.0 140
IBCG53M(-) Y2A
IBCG54M 1.5-12 260
IBCGZ7/M 0.5-4.0 125
IBCG78M 1.5-12 260
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TIME OVERCURRENT UNIT

The 1 second ratings of the TOC units are given in Table II. The continuods ratings
for the various taps of each model and current range are given in Tables I, JV and
V.

TABLE III

CONTINUOUS RATING OF 0.5-4.0 AMP TOC UNITS

0.5-4.0 Amp Range

Model Tap 0.5 0.6 0.7 0.8 1.0 1.24.5%2.0 2.5 3.0 4.0
IBCG51IM

IBCG51M(-)Y1A | Rating | 1.6 1.8 2.0 2.1 2,3 2.7 W3.0 3.5 4.0 4.5 5.0
IBCG52M (Amps)

IBCG53M

IBCG53M(-)Y1A 4.0 4.5 5.5 585, 60 7.0 7.5 9.0 10.0 11.0 13.0
IBCG54M

IBCG77M

IBCG78M 3.5 3.7 4.0 A5 5.0 5.5 6.0 7.0 8.0 9.0 10.0

TABLE IV

CONTLNUOUS RATING OF 1.5-12.0 AMP TOC UNITS

1.5-12.0 Amp Range
Model Tap 1.5 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0 10.0 12.0
IBCG53M Rating
IBCG53M(-J¥1A 10.0 11.5 13.0 14.5 17.0 19.0 21.0 23.0 23.5 27.5 30.5
IBCG54M (Amps)
IBCG77M
IBCG78M 9.5 10.5 11.5 12.5 14.0 15.5 17.0 18.0 19.0 20.0 20.0
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TABLE V
CONTINUOUS RATING OF 2-16.0 AMP TOC UNITS

2-16.0 Amp Range

Model Tap 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0 10,0 12.0 16.0
IBCG51M Rating

IBCG51M(-)Y1A) 8.0 9.0 10.0 12.0 14.0 15.0 16.0 17.5 20.0 20.0 20.0
IBCG52M ‘(Amps)

IBCG77M

IBCG78M 9.5 10.5 11.5 12.5 14.0 15.5 17.0 18.0 19.0 20.0 20.0

DIRECTIONAL UNIT

The directional unit current polarizing and opé€r@ting, coils have a continuous rating
of 5 amperes and a 1 second rating of 150 amperes<

The potential polarizing coils will withstand 120"Wolts continuously and 360 volts
for 60 seconds.

INSTANTANEOUS UNIT

The instantaneous unit coil is of the hinged armature construction and is tapped for
operation on either one of two ranges (H or L). Selection of the high or low range
is accomplished by the positioning ofyleads T and E at terminal 6. See Table VI and
the applicable internal connectiofs;diagrams referred to in Table I. For the H
range, connect lead T to terminal”6 and lead E to the auxiliary terminal that is
mounted on terminal 6. For range L, reverse leads T and E.

TABLE VI
CONIINUQUS AND ONE SECOND RATINGS OF IOC UNIT
One

** Continuous Second

Instantaneous Range Rating Rating
Unit (Amps) Range  (Amps) (Amps) (Amps)
6-150 L 6 - 30 10.2 260

H 30 - 150 19.6

** The range is approximate, which means that 6-30, 30-150 may be 6-29,
28-150. There will always be at least 1 ampere overlap between
the maximum L setting and the minimum H setting. Whenever possible,
be sure to select the higher range, since it has the higher continuous
rating.
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TARGET AND SEAL-IN UNIT

The rating and impedance of the seal-in unit for the 0.2 and 2 ampere taps are given
in Table VII. The tap setting used will depend on the current drawn by the trip
coil.

TABLE VII
SEAL-IN UNIT RATINGS
TAP.

0.2 2.0
DC_RESISTANCE +10% (OHMS) 8.3 0.24
MIN OPERATING (AMPERES) +0-25% 0.2 2.0
CARRY CONT. (AMPERES) 0.37 2.3
CARRY 30 AMPS FOR (SEC.) 0405 2.2
CARRY 10 AMPS FOR (SEC.) 0%45 20
60 Hz IMPEDANCE (OHMS) 50.0 0.65

The 0.2 ampere tap is for use with trip c@ilsywhich operate on currents ranging from
0.2 up to 2.0 amperes, at the minimumgcontrol voltage. If this tap is used with
trip coils requiring more than 2 ampéres, thére is a possibility that the resistance
of 7 ohms will reduce the current te S0 low a value that the breaker will not be
tripped.

The 2.0 ampere tap should be used/with trip coils that take 2 amperes or more at
minimum control voltage, provided( the current does not exceed 30 amperes at the
maximum control voltage. _Ifftheqtripping current exceeds 30 amperes, the connec-
tions should be arranged so that the induction unit contacts will operate an auxili-
ary relay, which in turn efergizes the trip coil or coils. On such an application,
it may be necessary topgonmect a loading resistor in parallel with the auxiliary
relay coil to allow enoughycurrent to operate the target seal-in unit.

CONTACTS

The current-closinggrating of the induction unit is 30 amperes for voltages not
exceeding 2504volts. ™ Their current-carrying rating is limited by the tap rating of
the seal-in gnits

CHARACTERISTICS
PICKUP

When potential polarized, the directional unit will pick up at 3.6 volts-amperes at
the maximum torque angle of 600 lag (current lags voltage). When current polarized,
itewihl)pick up at approximately 0.5 ampere with the operating and polarizing coils
connected in series. The performance of the unit with simultaneous current and
poténtial polarization is typified in Figure 13.

8
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The current required to close the time overcurrent unit contacts will be within 5%
of the tap screw setting.

RESET (TIME OVERCURRENT UNIT)

Inverse time overcurrent units reset at 90% of the minimum pickup curréent, very
inverse time units at 80%, and extremely inverse time units at 85%.

When the relay is de-energized, the time required for the disk toncompletely reset
to the number 10 time dial position is approximately 6 secondS) for inverse time
relays, and 60 seconds for very inverse time and extremely invense’ time relays.

OPERATING TIME

The time curve for the directional unit is shown in Figure 14%

The time curves of the time overcurrent unit are shgwn%in Figures 15, 16 and 17,
respectively for inverse, very inverse and extremely” inverse time relays. For the
same operating conditions, the relay will operate ‘gepeatedly within 1 or 2% of the
same time.

The time-current characteristic of the Hi-Seismic®instantaneous unit is shown by
Figure 18 and its transient overreach characteristic is shown by Figure 19.

BURDENS
The capacitive burden of the potentidl polarizing circuit of the directional unit at
60 cycles and 120 volts is 10 volt amperes at 0.86 power factor. Table VIII gives
the current circuit burdens of the dicectional unit.

TABLE VIIT
DIRECTIONAL UNIT CURRENTSCIRCUIT BURDEN AT 60 CYLES AND 5 AMPERES

Circuit Z (Qhms ) VA P.F Watts
Operating 0.46 12.0 0.52 6.24
PolarizZtng 0.24 6.0 0.95 5.27

Table IX givesythegcurrent circuit burdens of time overcurrent units.

Ordinarily the potential circuit is in the open corner of broken delta potential
transformers .and the current circuits are in the residual circuits of current
transfoemers. The burden is, therefore, only imposed for the duration of the ground
faultgand, need be considered only for this brief period. Table X gives the burden
of theW\instantaneous unit.
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The extremely inverse time overcurrent unit is of the wattmetric type similar to
that used in watthour meters except as follows: the upper portion of ther Tron
structure has two concentric windings on the middle leg of the magnetic cCirc@it.
One of these is a tapped current winding connected to taps on the tap blockgsthe
other is a floating winding which is connected in series with the directional unit
contacts, a resistor, a capacitor and the two coils on the lower legs,of the
magnetic circuit. When power flow is in such a direction as to close_a directional
unit contact, the unit develops torque on the operating disk.

The disk shaft carries the moving contact which completes the trip ‘Gircuit when it
touches the stationary contact or contacts. The shaft is restraimed by a spiral
spring to give the proper contact-closing current, and its motion is retarded by a
permanent magnet acting on the disk to produce the desired time“gharacteristic. The
variable retarding force resulting from the gradient of “the/ spiral spring is
compensated by the spiral shape of the induction disk, whi€hyresults in an increased
driving force as the spring winds up.

TARGET SEAL-IN UNIT

A seal-in unit is mounted on the left side of the time%evercurrent unit. This unit
has its coil in series and its contacts in parall@l,with the main contacts of the
overcurrent unit, arranged in such a manner that when the main contacts close, the
seal-in unit picks up and seals-in around the mainh _contacts. When the seal-in unit
operates, it raises a target into view which%latches up and remains exposed until
manually released by pressing the button J0Gated at the lower left corner of the
cover. :

INSTANTANEOUS UNIT

The IOC unit is a small hinged-armature-type instantaneous element and is mounted on
the right side of the TOC unit. The IOC element operates over a 25-to-1 total range
obtained by using a tapped coil which/provides a 5-to-1 low range and a 5-to-1 high
range; this combination provides the™25-to-1 total range. When the current reaches
a predetermined value, thé” _instantaneous element operates, closing its contact
circuit and raising its target %nto view. The target latches in the exposed position
until it is released. The“same”button that releases the target seal-in unit also
releases the target of thesinstantaneous unit.

RECEIVING, HANDLING AND STORAGE

These relays, when,not included as part of a control panel, will be shipped in cartons
designed to prote€t them, against damage. Immediately upon receipt of a relay, examine
it for any damage 4Sustained in transit. If injury or damage resulting from rough
handling is evident, file a damage claim at once with the transportation company and
promptly notify the nearest General Electric Sales Office.

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

If the elays are not to be installed immediately, they should be stored in their
originaly cartons in a place that is free from moisture, dust and metallic chips.
Foreign™matter collected on the outside of the case may find its way inside when the
covernds, removed, and cause trouble in the operation of the relay.

12
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ACCEPTANCE TESTS

Immediately upon receipt of the relay an INSPECTION AND ACCEPTANCE TEST should be
made to ensure that no damage has been sustained in shipment and that thewfrelay
calibrations have not been disturbed. If the examination or the test indicates that
readjustment is necessary, refer to the section on SERVICING.

Since operating companies use different procedures for acceptance fandWinstallation
tests, the following section includes all applicable tests that ‘may besperformed on
these relays. These tests may be performed as part of the “installation or
acceptance tests, at the discretion of the user.

VISUAL INSPECTION

Check the nameplate stamping to ensure that the model numbewr,and rating of the relay
agree with the requisition.

Remove the relay from its case and check that there @ré né broken or cracked molded
parts or other signs of physical damage and that @l Serews are tight. Check that
the shorting bars are in the proper location(s),as shown by the internal connec-
tions diagrams, Figures 5 to 9, inclusive, and “that the main brush is properly
formed to contact the shorting bar.

MECHANICAL INSPECTION

Top Unit (T0OC)

1. The disk shaft end play should ‘be 0.005-0.015 inch.
2. The disk should be centered in, the air gaps of both the electromagnet and drag

magnet.

3. Both air gaps should be freefof “foreign matter.

4., The disk should rotate freely and should return by itself to the reset
position.

5. The moving contact shouldyjust touch the stationary contact when the time dial
is at the 0 time dial posSttion.

Bottom Unit (DIR)

1. The rotating shaft,end play should be 0.015-0.020 inch.
2. The contact gap™shouTd be 0.015-0.025 inch on the low gradient contact.

Target and Sead-imyUnit/Instantaneous Unit

The armature and contacts should move freely when operated by hand.

1.
2. Both contagts should make at approximately the same time.
3 The target Should latch into view just as the contacts make and should unlatch

when the target release button is operated.
4. The contacts should have approximately 0.030 inch wipe.

13
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MOUNTING

The relay should be mounted on a vertical surface. The outline and panel drillling
diagram is shown in Figure 26.

CONNECTIONS

The internal connection diagrams for the various relays are shown in Figires 5 to 9.
Typical external wiring diagrams are shown by Figures 10, 11 and 127

Unless mounted on a steel panel which adequately grounds thefrelay case, it is
recommended that the case be grounded through a mounting stud{or screw with a
conductor not less than #12 B&S gage copper wire or its equivalents

INSPECTION

At the time of installation, the relay should be inspe€ted for tarnished contacts,
loose screws, or other imperfections. If any gtrouble |is found, it should be
corrected in the manner described in the section on SERVICGING.

CAUTION

Every circuit in the drawout case has’ anauxiliary brush. It is
especially important on current circuits ‘and other circuits with shorting
bars that the auxiliary brush be bent high enough to engage the connecting
plug or test plug before the main brushés do. This will prevent CT
secondary circuits from being opened.) Refer to Figure 21.

ORERATION

Before the relay is put into servicg, /it should be given a check to determine that
factory adjustments have not beén disSturbed. The time dial will be set at 0 before
the relay leaves the factory., G If/the setting has not been changed, it will be
necessary to change this getting in order to open the time overcurrent unit
contacts. The following tests are suggested:

TARGET AND SEAL-IN UNIT

1. Make sure that thegtap*screw is in the desired tap.
2. Perform pickup and dropout tests as outlined in the ACCEPTANCE TEST section.

TIME OVERCURRENT UNIT

1. Set tap s€rewfon desired tap. Using the test circuit in Figure 22, apply
approximately” twice tap value current until the contacts just close. Reduce
the current until the light in series with the contacts begins to flicker.
This value?of current should be within 5% of tap value.

Check, the operating time at some multiple of tap value. This multiple of tap
valuemay be 5 times tap rating or the maximum fault current for which the

relay must coordinate. The value used is left to the discretion of the user.
Use the test circuit shown in Figure 23.

18
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DIRECTIONAL UNIT

Current Polarization

a. Connect per Figure 24 test connections.
b. Adjust the control spring for 0.5 ampere pickup if current polarized or dual
polarized.

Potential Polarization

C. If potential polarized, connect per Figure 25 test connections,.

d. Adjust the control spring for 7.2 volt amperes (+10%) since, the relay is 60°
from the angle of maximum torque. 10 volts and 0.72 ampepesware recommended
values for this test.

INSTANTANEOUS UNIT

1. Select the desired range by making the proper connections at the rear of the
relay (see internal connections diagram). WhenevernpoSsible, be sure to select
the higher range since it has a higher continpuous grating.

2. Set the instantaneous unit to pick up at the, desired current level. See the
ACCEPTANCE TEST section.

PERIODIC CHECKS AND ROUTINE MAINTENANCE

In view of the vital role of protective relays”in the operation of a power system,
it is important that a periodic test program be followed. It is recognized that the
interval between periodic checks wild vary depending upon environment, type of relay
and the user's experience with periodic testing. Until the user has accumulated
enough experience to select theytest interval best suited to his individual
requirements, it is suggested that the points listed below be checked at an interval
of from one to two years.

These tests are intended to fensure that the relays have not deviated from their
original settings. If deviations are encountered, the relay must be retested and
serviced as described in thiswmanual.

TARGET AND SEAL-IN UNIT

1. Check that the unit picks up at the values shown in Table X.
2. Check that thesupit*drops out at 25% or more of tap value.

TIME OVERCURRENT&UNELT,

1. Perform pfickup test for the tap in service, as described in the OPERATION
section.
2. Perform the time tests as described in the OPERATION section.

DIRECTIONAL UNIT

Repedty,the portion of the ACCEPTANCE TEST for the polarity condition for which the
relay %is connected in service.

19
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INSTANTANEQUS UNIT

Check that the instantaneous unit picks up at the desired current level, as outlimned
in the ACCEPTANCE TESTS and the OPERATION sections.

SERVICING

These relays are adjusted at the factory and it is advisable net “t0 disturb the
adjustments. If, for any reason, they have been disturbed or itis“found during
installation or periodic testing that the relay is out of 1limjtsy, the checks and
adjustments outlined in the following paragraphs should be™ gbserved. It s
suggested that this work be done in the laboratory.

TARGET AND SEAL-IN UNIT

Repeat the visual and mechanical inspections and thegpitkup and dropout current
checks as outlined in the ACCEPTANCE TESTS section.

TIME OVERCURRENT UNIT

Disk and Bearings

The Jjewel should be turned up until the disk is*®centered in the air gaps, after
which it should be 1locked in this position by the set screw provided for this
purpose. The upper bearing pin should next peyadjusted so that the disk shaft has
about 1/64 inch end play.

Contact Adjustment

The contacts should have about 1/32%inch wipe. That is, the stationary contact tip
should be deflected about 1/32 inchi when the disk completes its travel. Wipe is
adjusted by turning the wipe adjustment screw on the stationary contact, thereby
adjusting the position of the brushirelative to the brush stop.

When the time dial is moved,to the position where it holds the contacts just closed,
it should indicate 0 on “the “time-dial scale. If it does not and the brushes are
correctly adjusted, shift, the,dial by changing the position of the arm attached to
the shaft just below the time dial. Loosen the screw clamping the arm to the shaft
and turn the arm relative,to the shaft until the contacts just make for 0 zero time-
dial setting.

Characteristicsf’Check and Adjustments

Repeat the portions of the ACCEPTANCE TESTS section that apply to the time
overcurrent unit%Also, check reset voltage and time as outlined under RESET in the
CHARACTERISTICS section; low reset voltages or 1long reset times may indicate
excessive friction caused by a worn bearing or by mechanical interference.
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On IBCG77/78 relays, set the relay on the 2 amp tap with the time dial set so that
the contacts are just open. Adjust pickup within the limits 1.96 to 2.04 ampSywbut
as close as possible to 2.0 amps. Then move the time dial to the No. 10 po$§ition
and check the current required to just move the disk away from the stop arm« This
current should be within the limits 1.88 to 2.12 amps. If the disk moves at the
lower limit, check that movement is not over 1/2 inch, measured along the_periphery
of the disk. This is called a compensation check. If the current falls outside the
1.88 to 2.12 amp limits, the following steps should be taken: freset the control
spring until compensation at No. 10 time dial is within limits. Thén restore pickup
by adjusting the resistor. Recheck compensation after the resistoryadjustment.

DIRECTIONAL UNIT

Bearings

The lower jewel bearing should be screwed all the way 4n until its head engages the
end of the threaded core support. The upper bearipg, should be adjusted to allow
about 1/64 inch end play in the shaft.

To check the clearance between the iron core and theyinside of the rotor cup, press
down on the contact arm near the shaft, thts ™depressing the spring-mounted jewel
until the cup strikes the iron. The shaft shouldymove about 1/16 inch.

Cup and Stator

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

A1l leads to the unit should first Be disconnected and tagged for identification in
reconnecting. The unit can then begremoved from the cradle with its mounting plate
still attached.

The upper of the three flat-b€ad “s€rews holding the unit to the plate should now be
removed. On some models itimay be necessary to remove a resistor or capacitor to
expose this screw. The fouwm,co¥ner screws clamping the unit together should next be
removed, and the entire atop Structure lifted off. This gives access to the cup
assembly and exposes the stator assembly, which should be protected to keep it from
dust and metallic partielesguntil the unit is reassembled.

To remove the shaft_andgrotor 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. Thé rotes must be handled very carefully while it is out of the unit.

Contact Adjustments

To make contact adjustments, refer to Figure 20 for identification of low gradient
contact parts and proceed as follows:
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Loosen the locknut which secures the moving contact stop (backstop) screw (located
at the front right hand corner of the directional unit) to its support. Unwind “the
backstop screw so that the moving contact arm is permitted to swing freely. [Adjust
the tension of each low gradient contact brush so that 1-to-2 grams of pressukre,are
required at the contact tip in order to cause the end of the brush to separate from
the inner face of its respective brush retainer. Adjust the spiral spring with the
windup sprocket until the moving contact arm is in a neutral position, i.e., with
the arm pointing directly forward. Loosen the locknut which securesgthe,stationary
contact mounting screw to the stationary contact support. Wind the “mounting screw
inward until the stationary and moving contact members just begin_tontotuch. Unwind
the mounting screw until the stationary contact stop Tlines up /with the moving
contact brush retainer. Wind the backstop screw inward unti]l the moving and
stationary contact members again Jjust begin to touch. Loosen%the" locknut of the
stationary contact stop screw, and advance this screw until, it)*just touches the
moving contact brush retainer. Unwind the screw 1 and gan,ha¥f turns to provide
contact wipe. Tighten the locknut. Unwind the backstop «screws2/3 turn and tighten
the Tlocknut which secures the backstop screw to its support. Finally, adjust the
tension on the stationary contact brush such that, when/the contacts are made and
fully wiped in, there is approximately an equal defleetion _on each brush.

Bias Torque Adjustment

Connect the current operating and current polarizing “coils in series by connecting a
jumper across terminals 5 and 8. Apply current to ®terminals 4 and 7 and adjust the
directional unit spiral spring so that the “unit picks up at 0.5 ampere with
terminals 9 and 10 jumpered.

The core of the directional unit hasga small flat portion, the purpose of which is
to minimize the effect of bias torquesWproduced on the rotor. Such torques can be
produced by any one of the operating “er pelarizing quantities acting alone with the
other two circuits de-energized. Th&yadjustment of the core is made at the factory,
but may be checked by observing that £he"unit responds as outlined below:

Short out the potential polarizing jcoil (terminals 9 and 10), leaving the current
polarizing coil (terminals 7%and“8) unshorted. Supply 30 amperes through the
operating coil (terminals 4 and 5) and check that the unit does not operate.

If the unit does not satisfysthe above conditions, rotate the core to a position
which causes it to do s@. dIhe core can be turned by loosening the large hexagonal
nut on the underside_ofythe relay and turning the core by means of the slotted
bearing screw. Thi§ screw should be held securely in position when the nut is
retightened.

Keep in mind that/30 amperes will cause the current coils to overheat if left on too

long. Thereforey leave the test current on only for short intervals and allow
sufficient time between tests for the coils to cool.

Clutch Adjustment

The connections shown in Figure 24 for the polarity check can also be used in making
the clutch®adjustment. The fixed resistor should be capable of controlling the
currépt ™n the range of 5 to 25 amperes. A screw projecting from the side of the
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moving contact arm controls the clutch pressure. Use rated frequency and curpent in
phase with the voltage. Adjust the clutch so that it will not s1ip at 10 amperes or
less of suddenly applied current, but will slip at or above 15 amperessz “wThis
setting, 10-15 amperes, is tighter than the 8-18 ampere acceptance test 1imit @and is
intended to assure that the acceptance test 1imits will be met in any futureytests.

INSTANTANEOUS UNIT

1. Both contacts should close at the same time.

2. The backing strip should be so formed that the forked end {front) /bears against
the molded strip under the armature.

3. With the armature against the pole piece, the cross membernof the "T" spring
should be in a horizontal plane and there should be at least,1/64 inch wipe on
the contacts. Check this by inserting a 0.010 inch feelerygage between the front
half of the shaded pole and the armature with the armature held closed. The
contacts should close with the feeler gage in place.

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 ensures the cleaning'of the actual points of contact.

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

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

RENEWAL PARTS

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

When ordering renewal “parts, address the nearest Sales Office of the General
Electric Company, specify quantity required, name of part wanted, and give complete

nameplate data. If“possible, give the General Electric Company requisition number
on which the relay was furnished. Refer to renewal parts publication GEF-4083.

Since the last edition, Figure 26 has been changed.
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@0 ELECTRIC

ECHONAL OVERCURRENT REL

Figure 1 (8043458) Type IBCG51M(-)Y1A or the IBCG53M(-)Y1A Relay

in its Case (Front View)
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Figure 2 (8043459) Type IBCG51M(-)Y1A or the IBCG53M(-)Y1A Relay
Removed from nge (Front View)
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THYRITE
DISK

Figure 3 (8043460) Type IBCG51M(-)Y1A or the IBCG53M(-)Y1A Relay
Removed from Case (Rear View)
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TOC
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THYRITE
DISK

Figure 4 (8043461) Type IBCG77M or IBCG78M Relay Removed
from Case (Rear View)
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Figure 5 (0269A3061-0) Internal Connections for IBCG51M and
IBCG53M Relays (Front View)
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Figure 6 (0269A3062-0) Internal Connections for IBCG5IM(-)Y1A and
IBCG53M(-)Y1A Relays (Front View)
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Figure 7 (0273A9194-0) Internal Connections Diagram for the

IBCG52M(-)A and the IBCG54M(-)A Relays (Front View)
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igure 8 (0269A3063-0) Internal Connections for IBCG77M Relay (Front View)
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Figure 9 (0127A9424-0) Internal Connections Diagram for the
IBCG78M(-)A Relay (Front View)
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PHASE SEQUENCE l-2-3 OR 3-2-1
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Figure 10 (0273A9051-0) Typical External

Connections Diagram

for Relay Types IBCG51M, 53M or 77M
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PHASE SEQUENCE 1-2-3 OR 3-2-|
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Figure 11 (0273A9052-0) Typical External Connection Diagram
for Relay Type IBCG5IM(-)Y1A or 53M(-)Y1A
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Figure 12 (275A4559-0)
and the 78M Relays
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Directional Unit of Type IBCG Relay
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Figure 16 (0888B0270-3) Time-current Characterisitc of Very
Inverse Time Overcurrent Unit
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Figure 18 (0208A8695-1) Time-current Characteristics of the
Hi-Seismic Instantaneous Unit
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Contact Dial
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E - Moving Contact Brush G - Moving Contact Brush Retainer

Figure 20 (8027688 and 8023399) Low Gradient Contact
Assembly for the Directional Unit
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Figure 21 (8025039) Cross Section of Drawout Case Showing

Position of Auxiliary Brush
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Figure 23 (0195A9180-0) Test Connections for Checking
Operating Time of TOC Unit
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Figure 24 (0195A9181-1) Test Connections for Checking Pickup of

Directional Unit using Current Polarization
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Figure 25 (0195A9182-0) Test Connections for Checking Pickup of
Directional Unit using Potential Polarization
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Figure 26 (K-6209273 [5]) Outline and Panel Drilling Dimensions for
Type IBCG Relays
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