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DIRECTIONAL OVERCURRENT RELAYS
INVERSE TIME CHARACTERISTICS
IBCG AND IBCV

TYPES IBC,

INTRODUCTION

The relays of the IBC type are directional
overcurrentrelaysthat are employed primarily for
the protection of feeders and transmission lines in
applications where single-phase relays, instead of
polyphase power-directional relays, are desired
or required.

The Types IBC, IBCG and IBCV relays, of the
inversetime characteristics, consists of two units,
an instantaneous power-directional unit (bottom) of
the induction-cup type, and an inverse time over-
current unit (top) of the induction-disk type, The
directional-unit contacts control the operation of
the overcurrent unit (directional control),

APPLICATION
PHASE FAULT-IBC

The Type IBC relays are frequently applied for
phase-fault protection of a single line. The quad-
rature and 60-degree connections are used with
these relaysbecause the fault currents are usually
highly lagging. With these connections, the di-
rectional unit will have a substantial maximun
torque under the usual fault conditions. The ve
'xl"elgltiolnship of these connections are shoy

able I.

current and potential transformers as
Fig. 3 is recommended as providing the
liable potential for the directional units g
fault conditions. With this connectio U
(at unity-power-factor load) leads thg potehtial 90
degrees at the relay terminals, e nal re-
sistor shorting-link should be ope Nisconnect-
ing it from thetop screw ,to theé”45-degree
characteristic. (The link is'@locatéd on the right-
hand post at the top of th ~type unit). The
directional unit will then hay€ maxi torque when
the fault current lags its unify-powler-factor position
by about 45 degrees.

When the ph r s dre used in conjunction
with a ground rgla quires that the poten-
tial transfor pri jes be connected in Y, with

iesj the
b

adrature connection can-
or {#is application the 60-degree
connection, a owh in Fig. 4, is recommended.
The current at -power-factor load then leads
the potential 60 degrees at the relay terminals. The
internal resistor should be short-circuited by the
link to providédmaximum torque of the directional

not be emplo

unit n the fault current lags its unity-power-
fac ition by approximately 40 degrees.
ULT - IBCV

Type IBCV relays are used for phase-

t protection when it is necessary to distin-
between fault conditions and overload or
wer swings. The voltage restraint feature of the

L 4

relay makes this distinction pos ig. 2 shows
the effect of voltage restra @ on the im-
pedance characteristic of the CV relay, as
compared with the Type e

given station varies

When the generation¥a
e for the maximum

d with maximum gener-

tinguish between
imum generation, This is

ation anda fault
atypical applicati
a fault occur, i inimum generation, the re-
the directional unit collapses
rapidl age drops, thus permitting the
e low value of fault current. On
Ybhe relay is prevented from tripping
on currentswith maximum generation as
onal unit will not pick up due to the
tage being maintained.

Long or overloaded lines, that are operating
edfgthe stability limit, are subject to severe
er swings. These power swings appear to the
y as traveling faults. Since the voltage is
intained near normal during a power swing, the
area on the impedance diagram within which the
fault must remain to cause tripping, is somewhat
smaller when the Type IBCV relay is used, than it
would be if a relay without voltage restraint were
used.

Typical connections for the Type IBCV relay
with voltage restraint areshown in Fig. 5. If voltage
restraint is removed, therelaywouldbesimilartoa
Type IBC relay with a quadrature connection and a
resistor in the circuit. The link on the right-hand
bearing support of the directional unit is for the
purpose of opening the restraint; it is not used for
changing the angle of maximum torque, as in the
case of the Type IBC relay.

GROUND FAULT - IBCG

The schemes previously described protect
against phase-to-phase andpolyphaseshort circuits.
They also protect agains.t ground faults, if the
ground current is not limited to a value that isn't
great enoughtooperatethe relay. For cases where
thegroundcurrent is limited (either by resistance
inthe system groundby the system characteristics)
to a value that will not operate the phase relays, a
groundrelay should be used, as shown in Figs. 6, 7,
and 8. The relays used for ground-fault protection
usually have a low-range operating coil which is
rated either 0.5/2 or1.5/6amperes (4616 rating is
also available). These relays may be either po-
tential or current polarized. The Type IBCG relays
described in these instructions, may be polarized
by either means. Normally no current flows in
either the operating or current-polarizing coils of
the ground relay, nor is there voltage across the
potential polarizing coils.

be referred fo the General Electric Company.

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 maintenance. Should further information be desired
or should particular problems arise which are not covered sufficiently for the purchaser’s purposes, the matter should
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Directional Overcurrent Relays Types IBC, IBCG And IBCV
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Directional Overcurrent Relays Types IBC, IBCG And IBCV

DEVICE FUNCTION NUMBERS FOR USE
WITH EXTERNAL DIAGRAMS
52 - Power Circuit Breaker

67 - Directional Overcurrent Relays, Type IBC
or Type IBCV

67N - Directional Ground Relay, Type IBCG

a - Auxiliary Contact, Open when Breaker Opens
DIR - Directional Unit

SI = Seal-in Unit with Target

OC - Overcurrent Unit

TC - Trip Coil

PC - Polarizing Coil (Dir. Unit)

RC - Restraining Coil (Dir. Unit)

g
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nnections For Directional Ground Pro-
A Single Line Using One Type IBCGS5IA
th An Auxiliary Wye-Broken-Delta Trans-
former

&g.ﬁ Connections Of Two Type 1BC5IA And One
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DIRECTION OF ARROW.
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And Ground Protection 0f A Single Line
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Fig. 8 Connections For Directiﬁonal Ground-Fault
Protection 0Of A Single Line Using Type 1BCG51A
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tional Overcurrent Relays Types IBC, IBCG And IBCV

TABLE I
CONZITIONS FOR MAXIMUM TORYUE [N IBC RELAYS USING 900 AND 600 CONNECTIONS
i
CoONNECTION PHASE RELATIONSHIP | PHASE RELATIONSHIP | VOLTAGE AND CURRENT| VECTOR RELATION- 'CONNTIDN FOR MAXI- f CONOITION FOR MAXI -
(1-2.3 PHASE AT RELAY TERMINALS| AT RELAY TERMINALS [ USED IN PHASE 2 SHiP OF EDDY-. MUm TOROUE w!TH Muw TORQUE WITH
SEQUENCE) FOR CURRENT FLOW. FOR CURRENT FLOW. RELAY WiTH PHASE CURRENTS IN INOU- SHORTING LINK OFF SHORTING LINK ON
ING IN THE NON- ING IN THE TRIPP. RELATIONSHIP OF CTION CYLINDER TO (FrEQ. 60 CvcLes) [{Freo. 60 CYCLES)
TRIP DIRECTION AT ING DIRECTION AT UNITY P.F. LOAD FLux SET UP BY
UNITY POWER FACTOR| UNITY POWER FACTOR | WHEN CURRINT FLOWS | POTENTIAL WINDING
LOAD LoAD IN TRiP DIRECTION AT UNITY P.F. LOAD
SHORTING LINK OFF
(FREO. .60 CycLES)
CUADRATURE /—2\ /—\ E3.| AND 12 ¢
(CURRENT LEADS I 3 | £
POTENTIAL 90 DEG- | Y I E3-l
GREES WHEN FLOWING! | 3 ®
I TRIPPING Dln:c-? d 207, £ Ie 45° !
TION AT UNITY p.r| 2 £ 2 30° ’
LoAD) € ]
I, i MAX. TORQUE OCCURS mMax. Toraue
1 3 | 'LEADS E BY 90 1 WKEN | LAGS UNITY ; WHEN | LAG
| 3 OEGREES
60 DEGREE /2\ ! ,/—\ 13 AND ¢
(X 1 ;o2 k
(CURRENT LEADS I ~ 1 i
PCTENTIAL 60 DE- o
GREES WHEN FLOWING /K \r s°.
IN TRIPPING DIREC.! ! 3
TION AT UNITY P.F 2 2 2 Eant )
Loap) 1,
| € | € . TOROUE OCCURS
{ Leaps E BY 60 HEN | LAGS UNITY {
i DEGREES P.F. POSITION BY 40 !
l‘, 3 3 ‘ DEGREES '

NOTES:  |o-EDOY-CURRENT IN INDUCTION CUP, SET up BY |

°r FLUX IN POTENTIAL WINDING

Fig. 8 shows the external connections for the

IBC phase relays and the Type IBCG ground
's when used for directional overcurrent pro-
»n withwye-broken delta potentialtransformers
:en delta signifies a complete delta with one
ar open). If the potential transformers are
acted wye-wye instead of wye-broken delta,
iary wye-broken delta potential transformers
.dbeusedforthe connection as shown in Fig. 7.
't the Type IBC or Type IBCV phase relays
e used with this scheme.

‘ized from a local source of ground cur
rme applications, system conditions may at'

L 4

© ANGLE BETWEEN |eaND §¢
ToROUE = K¢Ele(‘05 [}

mainly location of the fault in relation to
the relay, only slightly or not at all upon the
system ing setup, best results willin general
be obtai ing relays having a very inverse

istic.

ason for this is that relays must be set
ivewith maximum fault current flowing.
rents below this value, the time becomes
as the current is decreased. If thereis a

eoperating time with minimum fault current may

x range in generating capacity, together with
variation in short-circuit current with fault position,

For such cases the inverse-time relay is recom-
mended.

Fig. 8 shows typical external connections to
when the Type IBCG ground relay is cux@ e exceedingly long with very-inverse-time relays.
nt.
e

be such that potential polarization o
's is desirableand at another be such
polarization would be preferr
irelay, withits feature of dual pola

suited for suchapplications. Fig.
npare the performance of 1-pglarized
'withthat ofthe potential and larized

's for such an application.

RCURRENT UNIT .

ault current flowing
enced largely by the
he time of the fault,
ained with the inverse
these instructions. Incases
t magnitude is dependent

On systems where th

igh a given relay i€
'm generating capac
results are
relays covered
e the fault c

OPERATING CHARACTERISTICS

The Type IBC51A potential-polarized phase
relay consists of atime overcurrent unit with single
circuit-closing contacts. The directional unit is
provided with a resistor in series with the poten-
tial polarizing coils, which can be cut into or out of
the circuit by means of a link to change the angle
of maximum torque (see Table II).

The Type IBC52A relay is similar to the Type
IBC51A relay except that its time overcurrent unit
has two circuit-closing contacts.

The Type IBCV51A relay is a potential-polar-
ized phase relay similar to the Type IBC51A relay
except that its directional unit is provided with volt-

AGD
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Directional Overcurrent Relays Types IBC, IBCG And IBC

TABLE II
Types IBC, IBCG, And IBCV Relays - Inverse Time Characteristics

O

Approx. angle o
Overcurrent Directional Dir. Unit max. torque (Curren
Functions Unit Unit Phase Angle with respect
Relay on Contacts Polarized Obtained by to voltage)
IBC51A one circuit Resistor Cut oul
closing 50/6 c, - 20
gr
. - degree
two circuit lead? 1stor in -
IBC52A Phase faults closing Internal Res. cyc. 45
(May operate Potential in series with lead
| on ground polarizing
] faults) one circuit coils.
|
IBCV51A closing
60 cycles -
two circuit 45 deg. lead
IBCV52A closing
!
IBCG51A one circuit
closing Potential ] 60 degree lag for
Ground Faults . : m émd/m; r; ed. Pot. Pol.; currenfts
- WO circul urren ng approx. in phase for
IBCG52A closing inding & Cap current polarized

age restraint. If the restraint circuit is opened by
means of the link, the relay is similar to the Type
IBC51A relay with maximum torque at 45 deg
lead.

The Type IBCV52A relay is similar to
IBCV51A relay except that its time overctiggen
unit has two circuit-closing contacts.

The Type IBCG51A dual-polarizedgro y
consists of a time overcurrent unifgwith gle
circuit-closing contacts. The directi@nal 1t is

provided with two sets of polari i which
permit ittobe polarized from a p jal"'S6urce or
from a local ground current souyfce, 0% from both
simultaneously.

The Type IBCG52A rel &ar to the Type
thétime overcurrent

IBCG51A relay except th
unit has two circuit-closin@jeontdcts.

es of all these relays

The distinguishin
venience in Table II.

have been summa

The direc it of the Type IBC relays
will operate on volt and 4 amperes of proper
relative polarityforrelays with 4/16 ampere over-
current units and 115 volt rating, and on one volt
and 2 amperesgor 1.5/6 ampere relays.

Thg Type IBCV relay is available with direc-
< pickup of either Y amperes (2/8 ampere
2 amperes (4/16 ampere range) at rated
and maximum torque angle. At restraint
of less than rating, the operating current
so less, as shown in Fig. 10,

Current
& olarized
he Type IBCG directional unit, when po-

ial-polarized, will operate at 3.6 volt- amperes

he maximum torque angle of 60 degrees lag.

encurrent polarized, it will operate at approxi-

mately 0.5 amperewiththe two coil sets (operating

and polarizing) connected in series. The per-

formance of the unitwith simultaneous current and
potential polarization is typified by Fig. 9.

OVERCURRENT UNIT

T he minimum operating current required to
close the contacts of this unit, at any time-dial
position, will be within five percent of the tap-plug
setting. The contacts will reset if they are not
sealed closed when the current decreases to less
than 90 per cent ofthe minimum closing value. The
time for the disk to reset completely to the No. 10
time-dial position, when the relay is deenergized,
is approximately six seconds for inverse-time
relays.

The relaywill operate repeatedly within one or
two percent of the same time. The inverse-time
characteristic of the overcurrent unit is shown in
Fig. 22.

RATINGS

CURRENT COILS

The short time and continuous ratings of the
operating coil circuits are given in Table III.

CONTACTS

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

~ elamiz

§
i



Directional Overcurrent Relays Types IBC, IBCG And IBCV
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Directional Overcurrent Relays Types IBC, IBCG And IB

TABLE III a value that the breaker will not be tripped
Tap Tap 1Sec.[ Continu- The 2-am : :
. ? - _ pere tap should be usedwith trip
mR:g]ges mthlmngss }(Z;tlms 3:1 s"(‘anl}aé:) coils which take 2 amperes or more at ingtim
pS. pS. p g P control voltage. If the tripping current exceeds 30
4/16 |4, 5, 6, 8, 10, 12, 16| 220 10 amperes, the connections should be arranged so
*2/8 2, 2.5, 3, 4, 200 5 that the induction unit contacts operate an guxiliary
1.5/6 15,2, 2.5, 3, 45,6 200 5 relaywhichin turn energized the trip coil or coils.
05 0.5, 0.6, 0.8, 1.0, 100 15 On such an application, it m necessary to
5/2 1.2, 1.5, 2.0 : connect a loading resistor jn p ith the aux-
*2/8 ampere range available in IBCV only. iliary relay coil, to allow rent to be
**Continuous ratingisthesame as tap rating where drawn to operate the target-séaisin unit.
this exceeds the value shown.
The current and potential polarizing coils of the B S
dual-polarized ground relay are rated as follows: .
Potential polarizing coils - 360 volts for 10 Tables V and VI gNgth€ burdens of potential
seconds at rated frequenc}u and current circui res tlvely, for both phase
Current_polarizing coils - continuous rating of and ground relay
5 amps with a one (I) second rating 160 amps, BLE V
SEAL-IN UNIT BURD POTENTIAL COILS
The rating and impedance of the seal-in unit Its 60 cycles)
for the 0.2 and 2 ampere taps are given in Table Volt
IV. The tap setting used will depend on the cur- Rela e Watts| Amperes| P.F.[See Note
rent drawn by the trip coil. The current ratings 8.3 310 0.38 [§»))
are either a-c or d-c. T 0 {11.8 16.7 0.71 (E)
TABLE IV 0
2 amp Tap [0,2 amp Tap | g0 | 154 19.6 | 0.78 (F)
Carry-Tripping Duty 30 amps | 5 amps | 60 |20.5 32 0.64 Gg
Carry continuously 4 amps 0.8 amps V52A} 60 3.9 5.9 0.66 éﬂ
D-C Resistance 0.13 ohms 7 ohms urden with internal resistor shorted (link
Impedance (60 cyc,) | 0,53 ohms | 52 ohms closed).
The 0.2 ampere tap is for use with trip g ) Burden with internal resistor in circuit (link
that operate on currents ranging from 0.; open).

2.0 amperes at the minimum control vol (F) Capacitiveburden of potential polarizingcircuit
calculated at 120V,

this tap is used with trip coils requiring € :
2 amperes, there is a possibility that 8 (G) Polarizing circuit.
sistance of 7 ohms will reduce the current t@.s W (H) Restraint circuit

ABLE VI
OF CURRENT COILS

i Burdens in ohms |Volt Amperes at 5 am-
Burdens um Pickup Impedance at | peres (Calculated from
Tap |Eff. Res Volt 3x 10x |Burden at min. Pickup)
Relay Range | (ohms) P.F. |Amp.(B, Pickup |Pickup :
IBC5IA 1.5/6 1.12 0.35 | 7.20 1.9 1.1 80
IBC52A 4/16| 0.20 0.38 | 8.30 0.31 0.18 13
0.5/2 8.0 22.5 0.36 | 5.6 13.4 7.8 560 (C) (O
IBCG51A | 0.5/2 0.37 0.95 .09 0.37 0.37 9.3 (C §P
IBCG52A | 1.5/6 . 2.90 0.35 | 6.5 1.7 1.0 73 (C) (O
0.12 0.37 0.95 | 0.83 0.37 0.37 9.3 (C) (P
IBCV51A 1.0 1.1 0.41 | 4.4 0.91 0.40 27.5
CV52A 0.40 0.44 0.34 | 7.0 0.36 0.16 11.0

apce values given are those for the minimum tap of each relay, The impedance for

: at pickup current (tap rating), varies inversely approximately as the square of the
curren ing, Example: for the Type IBC51A, relay 4/16 ampere, the impedance of the 4
ampere tap is 0,52 ohms, The impedance of the 6 ampere tap, at 6 ampere is approximately
(4/6)2 x 0.52 = 0,23 ohms.

NOTE B Som® companies list relay burdens only as the volt-ampere input to operate at minimum pickup.
This column is included so a direct comparison can be made. It should not be used in calculating
volt-ampere burdens in a CT secondary circuit, since the burden at 5 amperes is used for this

urpose.

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

TE O Burden of operating coils of directional and overcurrent units.
NOTE P Burden of current-polarizing coil of directional unit. 11
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Directional Overcurrent Relays Types IBC, IBCG And IB

RECEIVING, HANDLING AND STORAGE
packing the relay in order that none of tQts

These relays, when not included as a part of a
control panel will be shipped in cartons designed to
protect them against damage. Immediately upon
receipt of a relay, examine it for any damage su-
stained in transit. If injury or damage resulting
fromroughhandling is evident, file a damage claim
at oncewiththetransportation company and prompt-
ly notify the nearest General Electric Apparatus
Sales Office.

Reasonable care should be exercised in un-

DESCRIPTION

The relays covered by these instructions are
identified by model numbers. These models are
similar in description with the exception of the
number of contacts on the overcurrent unit, the
angle of maximum torque of the directional unit, and
in the method of polarizing the directional unit.

OVERCURRENT UNIT

The inverse time overcurrent unit in these
relaysissimilarto the standard Type IAC51 relay,
except that it has wound shading coils in place of
the punched shading rings. The disk is actuated by
a current operating coil which is assembled on a
laminated U-shaped magnet. The disk shaft cargj
the moving contact which completes the alar,
trip circuit when it touches the stationary cQg
or contacts. The shaft is restrained by a spiél
spring to give the proper contact-closing ¢ nty
and its motion is retarded by permanent mag
acting on the disk to produce the desjifedii
characteristic. The variable retarding & €
sulting from the gradient of the spi SpBing is
produced by the spiral shape of the igductien disk,
which results in increased dxﬁ'&rc as the

spring winds up.

The wound shading coils = shaped magnet
acts to produce a split-phasé€¥ield,which in turn
develops torque on the opepating'@i$k. In the case
of 60 cycle relays, the tw@lead§ from the shading

coils are connected direct crgss the directional
unit contacts. For ot ncies, the shading
coil leads are conneg @ ofan internally mounted
step-up transfor 2 sgfondary of which is
onal contacts. In either
unit contacts are closed,
erative, and when they are
not close its contacts even
eeds 20 times pick up value.
it, therefore, will only operate
when power flows in the desired direction for
tripping. This‘nethod of obtaining directional
descrigination’is known as '"Directional Control".

connected to t
case, whenth

is a seal-in element mounted on the
e left of the shaft. This element has its
eries and its contacts inparallel with the
in contacts such that when the main contacts

frontSto

are injured or the adjustments disturbed.

If the relays are not to be installe’ imme-
diately, they should be store their original
cartons in a place that is freef i
andmetallicchips. Foreign t
outside of thecase may find its
cover isremovedandcaus

of the relay.

close, the sea eléent picks up and seals in.
Whenthe seal_ ent picks up, it raises a tar-
getintoview atches up and remains exposed

until redeas essing a button beneath the
lower- or f the cover.

ECTIONAL UNIT

irectional unit is of the induction-cylinder
c uct¥on with a laminated stator having eight
es ecting inward and arranged symmetrically
d a stationary central core. The cup-lik?
u um induction rotor is free to operate in the
lar air gap between the poles and the core.

e poles are fitted with current operating coils

d with potential or current polarizing coils.

in the operation

The principle by which torque is developed is ik

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

CONTACTS

The contacts of the directional unit, Fig. 13,

X

N R R R T R R R R
\\\\\\‘

NN
NARURNNY
N D

N
N

N

Fig. 13 Contact Assembly Of The Directional Unit
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Internal Connections For The Type IBCV5IA
Relay (Front View)

are specially constructed to suppress baunc
The stationary contact (G) is mounted o 1
spiral spring (F) backed up by a thin digghr

(C). These are both mounted in a slightl e
tube (A). A stainless steel ball (B) is pla
tube before the diaphragm is assembl
moving contact hits the stationary cont@act, the
energy of the former is imparte@ to lagfer and
thence to the ball, which is free the in-
clined tube. Thus the moving tactqgomes to
rest with substantially no r or vibration.
To change the stationary co mounting spring,
removethe contact barrel 1 as acomplete
unit after loosening the §crewgat the front of the
contact block. Unscrew the, cap/(E). The contact

and its flat spiral pring may then be
removed. \

itgble for either- surface or
ounidfig and an assortment of hard-
either mounting. The cover
attaches to the c and also carries the reset
mechanism when one is required. Eachcover screw
has provision Qr a sealing wire.

Fig. 18

Th@case has studs or screw connections at
bot or at the bottom only for the external
C 1 . The electrical connections between
e units and the case studs are made through
ing backed contact fingers mounted in stationary
edinner and outer blocks between which nests
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19 Internal Connections For The Type 1BCV52A
Relay (Front View)

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

The relay mechanism is mounted in a steel
framework called the cradle and is a complete unit
with all leads being terminated at the inner block.
This cradle is held firmly in the case with a latch
at the top and the bottom and by a guide pin at the
back of the case. The cases and cradles are so
constructed that the relay cannot be inserted in
the case upside down. The connecting plug, besides
making the electrical connections between the re-
spective blocks of the cradle and case, also locks
the latch in place. The cover, which is fastened to
the case by thumbscrews, holds the connecting plug
in place. :

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

A separate testing plug canbeinserted in place
of the connecting plug to test the relay in place on
the panel either from its own source of current and
voltage, or from other sources. Or, the relay unit
canbe drawnout and replaced by another which has
been tested in the laboratory.

15
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INSTALLATION

LOCATION

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

MOUNTING

The relay should be mounted on a vertical
surface. The outline and panel drilling diagram is
shown in Fig, 25,

CONNECTIONS

The internal connection diagrams for the
various relays are shown in Figs.14to19. Typical
wiring diagrams are shown in Figs. 3 to 8.

One of the mounting studs or screws should be

permanently grounded by a conductor not less
No. 12 B&S gage copper wire or its equivalent.

INSPECTION .

At the time of installation, thegflay should be

inspected for tarnished contacts, rews, or
other imperfections. If any tTgu found, it
should be corrected in the manne ibed under
MAINTENANCE,

OPER

Before the relay ig put
be given a partial chec
adjustments haveno|
will be set at zemgbefo
factory. It is neges
order to open

service, it should
termine that factory
urbed. The time dial
the relay leaves the
to change this setting in
rrent contacts.

ADJUSTMENT

OVERCURRENT UNIT
TARGET AND SEAL-IN UNIT

When used withtrips coils operating on currents
rangingfrom 0.2t02.0 amperes at minimum control
voltage, the target and seal-in tap plug should
set in the 0.2 ampere tap. When the trip coil c
rent ranges from 2to 30 amperes atmini

control voltage, the tap plug should be placed

2.0 ampere tap. \
The seal-in unit tap plug is the screw

the right-handstationary contact of the seal

To changethe tap setting, first remove thgggon

ing plug. Then take a screw from the lef d

stationary contact and place it inéhe irefd tap.

Next, remove the screw from th and

place it back in the left-hand copfact9Lhis pro-

cedureis necessary topr e right-hand

stationary contact from gettin djustment.

If tap plugs are left in both t jckup will be

less than 2.0 amperes on d-gbut seal-in unit

will take longer to close its\gontaBts. On a-c the
unit will not pick up with both taps.

CURRENT SETTIN
The curren whici¢he contacts operate may
be changed b g position of the tap plug

tap marked for the desired
he unit is not to operate).

current (below whic

When changing the current setting of the unit
remove ghe conflfecting plug to short circuit the
nsformer secondary circuit. Next, screw
into the tap marked for the desired
hen replace the connecting plug.

adj means of a spring adjusting ring. The
rin, beturnedbyinserting a tool in the notches
argund dge. Byturning the ring, the operating

cu t of the unit may be brought into agreement

tap setting employed, if for some reason

t justment has been disturbed. This adjustment

permits any desired setting intermediate

een the various tap settings to be obtained.

The unit is adjusted at the factory to close its con-

tacts from anytime-dial position at a minimum

current within five per cent of the tap plug setting.

The unit reSets at 90 per cent of the minimum
closing value.

TIME SETTING

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

The primaryadjustment for the time of opera-
tion of the 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 in toward the back of the unit
decreases the time, while moving it out increases
the time.

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 relaythat differs sufficiently to
insure the proper sequence in the operation of the
several circuit breakers. Allowance must be made
forthe time involved in opening each breaker after
the relay contacts close. For this reason, unless

O
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TIOMETER
IHMS OR LESS)

[ 110-120 v. A-C TEST SOURCE

|

IF EXTERNAL CAPACITOR
4 IS USED IN SERIES WITH
F=""ONE OF THESE LEADS 115v.60CYCLES
INTERCHANGE "A*
AND. wpn

POTENTIA
POLAR I ZING @ OFERATING
CoIL OF ¢oILS
CIRECTIONAL | | J
< UNIT I
/////,”;];,a o o dﬁ[]
AC 9 -—
TIMER

*ig. 20 Test Connections For Checking Pick-up
And Operating Time Of The Time-Overcurrent Unit

1e circuit time of operation is known with accuracy,
1ere should be a difference of about 0.5 second (at
1e maximum current) between relays whose opera:-
.on is to be selective.

‘XAMPLE OF SETTING

The time and current settings of the overcur -
ent unit can be made easily and quickly. Each
ime value shown in Fig. 22 indicates the time re-
uired for the contacts to close with a particular
ime-dial setting when the current is a prescribed
umber of times the current-tap setting. In order
»secure any of the particular time-current settings
hown in Fig. 22, insert the removable plug in the

he proper position. The following example ill

roper tap receptacle and adjust the time dialt \

ates the procedure in making a relay settix
Assume a Type IBC relay is used in affci i

irrent of approximately 450 amperes;
‘eaker shouldtripin 1.9 seconds on a sff

irrent of 3750 amperes. Assumeqfurtie
'nt transformers of 60/1 ratiogar O¢

y dividing
the current

uals 7.5 amperes. Since there is no 7.5 ampere
o, the 8-~ampere tap is used. To find the proper
ne-dial setting to give 1.9 sgeonds time delay at
50amperes, divide 3R50by the transformer ratio.
iis gives 62.5 ampere§ secondary current which
7.8 timesthe 8-a etting. By referring to
: time-current ig. 22), it will be seen
it 7.8 times th m operating current gives
) seconds ti ywhen therelay is set slightly
yve the No. dial setting.

e

110 ~ 226G VOLT AC TEST SOURCE

LOAD
RESISTANCE

CURRENT ; X
FOLAR:Z (NG COiL 115 VOLT 6C CYCLE

&) _~0F D!RECT:®NAL
UNIT

AC
TiNvER

Fig. 21 Test Con
And Operating Time

The above r t uld be checked by means
of an accurate tifming device. Slight readjustment
of the dial c de until the desired time is

ionShFo® Checking Pick-up
e-0Overcurrent Unit

obtained.
nn ns are shown in Figs.20and 21.
making the proper selection of relay
set S be obtained on application tothe near-
est fice of the General Electric Company.
DIRECTIONAL UNIT
p TIAL RESISTOR LINK

On the directional unit of the phase relays, a
inkis located on the right-hand molded post which
supports thebearing plate. On Type IBCV relays,
this link is in series with the voltage restraint
circuit and can be opened if the voltage restraint
feature is not desired. On Type IBC relays, this
link is in parallel with an internal resistor which
is usedfor torque angle adjustment. Table IT shows
the maximum torque angle which result with the
link in or out. When the link is open it should be
%)eft1 atttached by the lower screw so that it will not

e lost.

POLARITY CHECK

The polarityofthe directional-unit connections
inphase-to-phase fault applications, maybe verified
by observing the direction of contact armature
torque when theline is carrying load at unity power
factor, or slightly lagging power factor. Note that
in most directional overcurrent relay applications,
the desired directions are: contact-closing for
power flow away from the bus, and contact opening
for power flow toward the bus. In case of doubt
refer to Fig, 23 for a more accurate method of
checking the polarity of the connections,

17
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Fig. 23 (377A195)
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Directional Overcurrent Relays Types IBC, IBCG And IBC

INSERT TEST PLUG

S
u
RELAY & BREAKER - +

————

KW OR KVAR @

IN IBC RELAY FLOW “OUT
- <>I¢+\ ‘Zk
ot
E
C I“'
115V.
R HASE ANGLE METER
EHGL READS ZERO DEGREES
N FOR ABOVE CONNECTIONS
TEST PLUG
(BOTTOM) X )
4 ™\
® © & O O
2 3 8 b
8| 1
6356 &8 AN
\
o‘~51 ’
FOWER FACTOR ANGL _ 45~ | 90- | 135-| 180- 225-| 270-| 315~
(DEG. LEAD] 45 90 135 | 180 | 225 | 270 | 315 | 360
KW & KVAR DIRECTQON K¥ OUTS[KYAR>| KVARS| KW [N KW IN5| KVAR 5| KVAR> xwvggb
WITH RESPECT T SIFYAR  IekMoud i el YRR [*BO% | SWTiw lewSOhT!| 80T
METER READ&NG 330- | 15- | 60— | 105- |150- | 195- |240- |285-
PROPER E fgig&§ - 15 |60 105 | 150 [195 | 240 | 285 1330
THE ABOVE RMRGES OF PHASE ANGLE METER READINGS ARE THE ANGLES RY

WHICH TH REBENT LEADS THE VOLTAGE WITH THE DESCRIBED CONDITIONS
OF POWER ( AND REACTIVE POWER (KVAR)

CONSIDERED AS THE

REFERENCE

23

FLOW WITH THE STATION BUS

IN ALL CASES.
CAUTION: MAKE CORRECTIONS FOR METER ERRORS ON LOW CURRENTS,
INHMRENT TN SOME PHASE-ANGLE METERS. ‘ '

Test Connections For External Wiring 0f Type I BC Relay

18
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Inthecase of the Type IBCV relay, the voltage
restraint circuit should be opened by means of the
link while the relative polarity of operating and
polarizing circuits is being checked. The polarity
of the restraint circuit is automatically checked
when it is reconnected. With normal load and rated
voltage, the restraint circuit should always cause
the directional contactstoopen regardless of
direction of power flow.

The ground relay connections are shown in
Figs. 6 to 8. The followingtests should be made on
the ground element to insure that the currents, or
current and voltage, go to the proper relay
terminals.

The polarity of the ground directional unit, when
it is potential polarized, may be checked by using
load currents. The idea is to obtain current from
one transformer and vcltage from the same phase.
The voltage is obtained by removing phase one from
the primary of the broken-delta transformer and
shorting the phase one primary winding to ground.
Current is obtained by shorting the current trans-
formers in phases two and three and opening their
circuits tothe relay. This permits thecurrent
transformer in phase one to supply the current.

Connect a phase-angle meter to read the angle
betweenthecurrent 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 m
imum torque angle.

If the unit is polarized from a current t

former in the power-transformer neutral, h
check is not easily made. It is sometime -
tical to introduce a single-phase curre 0

SOURCE OF RATED VOLTAGE 110 v. AC SOURCE

50 OHM
7 RESISTOR

>

5
CURRENT

POTENT AL CoILs
oIt

(A) POTENTIALLY POLARIZED
PHASE RELAYS

50 OHW
s RESISTOR

SOURCE OF RATED VOLTAGE

R 50 OHM
cOTENTIAL LJRESISTOR
Jfrecit 5
ic
6

(C) POTENTIALLY POLARIZEC
GROUNC RELAYS XO

w

CONTACT SHOULD CLOSE WHER RELAYS ARE
INERGIZEC AS INDICATED IN O1AGRAMS

Fi |@Fity Test Connections For Type IBC
Relays
5&?

S the primary circuits in such a way that
ent flows through both the transformer neutral
¢ t transformer and one of the line current

@ psformers. If this cannot be done, a careful
1

ng check must suffice.

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

TENANCE

L 4

These relays are adjusted
it is advisable not to distuyrb

for any reason, they have b
following points should be
them:

Nmtory and
djustments. If

urbed, the
in restoring

OVERCU
DISK AND BEARIGS

NIT

ring may be tested for
rfaces with the point of a
urrent unit jewel bearing
until the disk is centered in
the air gaps, aftewhich it should be locked in
positionby the set screw provided for the purpose.

The contacts should have about 1/32 inch wipe.

The uppex’nearing pin should be adjusted so

That is, the stationary contact tip(s) should be de-
flected about 1/32 inchwhen the disk completes its
travel. Wipe is adjusted by turning the screwsin
the contact brush(es) thereby adjusting the position
of the brush(es) relative tothe brush stop. The
tips should lie in the same vertical plane on two-
circuit closing relays.

When the time dial is moved tothe position
where it holds the contacts just closed, it should
indicate zero on the time-dial scale. If it does not
andthe brushes ar e correctly adjusted, shift the
dial by changing the position of the arm attached to
the shaft just below the time dial. Loosenthescrew
clamping the arm tothe shaft andturn the arm
relative to the shaft until the contacts just make
for zero time-dial setting.

DIRECTIONAL UNIT
CONTACTS

The contact gap may be adjusted by loosening
slightly the same screw at the front of the contact

AGD

K-6154293

Fig. 24
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block. The screw should be loose enough only to
allow the contact barrel to rotate in its sleeve.

The stop screw fastened with a locknut should
holdthe 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 contact barrel. Next,
back it away 2/3 turn to obtain approximately
0.020inch contact gap. Last, tightenthe screw whicn
secures the barrel.

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

CUP AND STATOR

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

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

The upper of the three flat-head screws hold-
ing the unit to the plate should now be removed.
On some models it may be necessary to remove a
resistor or capacitor to expose this screw. The
four corner screws clamping the unit together
shouldnextbe removed, andthe entire top structure
lifted off. This gives access to the cup assemp
and exposes the stator assembly, which should’b
protectedto keep it free from dust and
particles until the unit is reassembled.

To remove the shaft and rotor from te\
tact head assembly, the spring clip at
the shaft must be pulled out and the clut -
ing screw taken out of the side of the d -

tact arm. The shaft and cup can nowfbe p out
of the molding. The rotor mus$ befhandléd very

carefully while it is out of the uni \

BEARINGS
screwed all

The lower jewel bearing ul
the way inuntil its hea he end of the

g
threaded core support. THe upper bearing should
be adjusted to allow ab 1/68 inch end play to
the shaft.

To check th ea@between the iron core
and the inside of t up, press down on the
contact arm r the aft and thus depress the
spring-mou j luptilthe cup strikes the iron.

ovgpabout 1/16 inch.

The lower je 1 bearing may be tested for
fracture by exploring its surface with the point of
a fine needle.

ADJUSTMENT

irectional unit in these relays is pro-
notched core which is used to minimize
ue produced on the rotor by current alone

in the operating coils with the polarizing circ
current or potential, de-energized. This adj
is made at the factory and may be ché@ckedds
follows:

First, short out the potential polarizing coil
circuits of phase relays and the voltage restraint
circuit when it is present. Leave both the fotential
and current polarizing coils n-circuited on
ground relays. Adjust the co
the moving contact structufig i
the stationary contact and th
donebyloosening the hexag ~
which clamps the spring a]
and turning the ring to th
point is reached.

his can be
locking screw
ring in position,
ntil the balance

ircuit with the current
d rating, and check that
ove. The core should be

Energizethe ope
specified below f
the contact arm
turned in smal
wherethere i

'"torque from current alone.
rned by loosening the large
bottom of the unit andby turn-

ans of the slotted bearing screw.

1d be held securely in position when

ightened
Current Rating Test Amps

1.5/6 30

4/16 60

IBCV 2/8 30
4/16 30

IBCG 0.5/2 30
1,5/6 30

Note that inthe above test, the link on the
molded support of Type IBC and Type IBCV relays
must be closed. Also keep in mind that currents
of these magnitudes will cause the coils to over-
heat if left on toolong. Therefore, leave the test
current on only for short intervals andallow
sufficient time between tests for the coils to cool.

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

CLUTCH ADJUSTMENT

The connections shown in Fig, 24 for the
polarity check can also be used in making the clutch
adjustment. The 50 ohm fixed resistor should be
replaced with an adjustable resistor capable of
providing the current range listed in Table VII for
the relay type and rating in question. A screw
projectingfromthe side of the movable contact arm
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controls the clutch pressure, and consequently the
current value which will cause the clutch to slip.
With rated frequency and at rated volts for po-
tential polarizedrelays, the clutch should be set to
slip at the current values listed in Table VII. In
all cases, the current is in phase with the voltage.

TABLE VI
Pick-up [Position Amps for
[Relay [ Polarization | Range of clutch to
Type (Amps) [ Link slip
4/16 | closed 22
IBC Potential 1.5/6 | closed 11
0.5/2 | closed 11
*current 4/16 - 12
IBCG or 1.5/6 - 7
potential 0.5/2 - 7
2/8
IBCV potential 4/16 | closed 6**
8.5**

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

** See Text.
On TypeIBCV relays, the clutch slip is limited
to approximately 20 degrees by means of a stop

pin in the shaft. It should first be set to slip in the
counterclockwise direction at the current values

or damaged.

o
N

L 4

Q
o>

L 4

. S
v

It is recommended that sufficient quant
of renewal parts be carried in stock to enablg t
prompt replacement of any that are worn, bro.

listed in the table with the polarizing circuj
ergized but with the restraint circuit ope h
check that the clutch will slip to the limit@n t
clockwise direction with the restraint circ -
ergized atrated volts and the current circuit open.

CONTACT CLEANING

For cleaning fine silver c s, a flexible

burnishing tool should be usgd. nsists of a

flexible strip of metal with roughened

surface, resembling in effect a ine file. The
t

polishing actionisso delic scratches are
left, yet corroded material removed rapidly
ana thoroughly. The flexibi f the tool insures
the cleaning of the actualQoi of contact. Some-
times anordinaryfilegannotfideach the actual points
of contact because bstruction from some
other part of the

s should not be cleaned with
ive paper or cloth. Knives or
atches which increase arcing

Fine silv n
knives, files
files m 1

and dete ti f the contacts. Abrasive paper
or cloth eave minute particles of insulating
abr. erial in the contacts and thus prevent

nishing tool described in the preceding
ion can be obtained from the factory.

When ordering renewal parts, address the
nearest Sales Office of the General Electric Com-
pany, specifying the quantity required and describing
the parts by catalogue numbers as shownin Renewal
Parts Bulletin No. GEF-3805.
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Directional Overcurrent Relays Types IBC, IBCG And 1B
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Fig. 26 outline And Panel Drilling Dimensions For Relay Types 1BC5IA, 1BC52A, IBCGSIA,
1BCG52A, 1BCVSIA, And 1BCV52A
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