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GEK - 4982 1 

PHASE DIRECTIONAL OVERCURRENT RELAYS 

IBC51M 

IBC53M 

IBC77M 

TYP::C<; 
IBC51M(-) YlA 

IBC53M{-)YlA 

IBC77M(-)YlA 

DESCRIPTION 

IBC52M 

IBC54M 

IBC78M 

The Type IBC relays are phase directional overcurrent relays that are used primarily for the protection 
of feeders and transmission lines. They are available with inverse, very inverse, or extremely inverse time 
characteristics. 

All the IBC relays contain a time overcurrent unit of the induction disk type and an instantaneous 
directional unit of the induction cup type. The directional unit is quadrature polarized; it directionally 
controls the operation of the time overcurrent unit. 

A target seal-in unit is provided in each of 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 the time over­
current 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 and the associated control spring. 

Those relays having the designation YlA following the model number also contain a Hi-seismic instan­
taneous overcurrent unit of hinged armature construction. This unit has a self-contained hand reset target 
that will show whenever the unit has operated. 

All of the IBC relays are mounted in standard Ml size drawout cases; the outline and panel drilling 
dimensions for which are shown in Fig. 22. Internal connections for the relays are given in Figs. 5, 6, 7, 
a and 9. Typical external connections are shown by Fig. 10 .  

Table I below lists the various models and ranges that are available. 

TABLE I EXTFNI"JFI) RA�IlE IRI. RFL/l.YS 

Pi ck up Ranoe C1rctnt 
Relay T it.1e Inst. Closino Int. 
;.loJel C:1aractcri s tic Unit 

-

Inst. Th1e Contacts Conn. 

IJC:JHi(-)A Inverse �lo - 2-lG One FiCJ. :) 
IJC�lN(-)YlA Inverse Yes - 2-Hi One Fio. 0 
IJC�2i1(-)A Inverse .lo L-150 2-16 T'.10 Fig. 7 
we� 3:·1(-) A Very Inverse rto - 1 • �-12 One Fi o. 5 
IJC53f1(-)Y1A Very Inverse Yes t.i-l5J 1.:i-1L One Fi o. (j 

IGCS4!·1 Very Inverse .lo - 1 . �-1 2  Two Fig. 7 
r :;c 77�·1(- )I\ Extre1nely Inv. .lo - l. �- 1 2  '1ne Fig. u 

r;;C7m(-)1lt1 lxtn·r,�ely lilV. Yes ll-1Sll l. :l-12 One Fig. J 
IBC78M Extremely Inv. No - l. 5-12 Two Fig. 2 3  

-

APPLICATION 

The Type IBC relays are phase directional overcurrent relays that may be used as the phase fault detec­
tors in a transmission line protective relaying scheme. 

These instructions do not purport to cover all details or variations in equipment nor to provide for 
every possible con tingenc.:·y to be met in connection with ins tall a tion, operation or maintenance. Should 
further int-ormation be desired or should particular problems arise which are not covered sufficiently for 
the purchaser's purposes, the matter should be referred to r:he General Electric Company. 

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards; 

but not such assurance is given with respect to local codes and ordinances because they vary greatly. 

* Indicates revision 
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GEK-49821 

Each rel ay contains a t ime overcurrent unit that 'is torque contro l l ed by the instantaneous directional 
overcurrent unit .  The d irectional unit for each phase uses quadrature po l arization; i. e. , the "A" phase 
rel ay uses ''A" phase cu rrent and "B-C" vo l tage, etc. The potentia l po l arizing circuit in each rel ay is 
equ ipped with a l ink that a l l ows the a ng l e  of max imum torque to be set at 45 or 70 degrees . With the 
l ink open , the a ngl e of maxi mum torque wil l be 45 degrees , i . e., max imum torque wil l occur for rel ay cur­
rent l aggi ng the un ity power factor condition by 45 degrees , or conversely , l eading the quadrature vol t­
age by 45 degrees . The a ng l e  of max imum torque can be shifted to 70 degrees by cl os ing the l ink . For 
this condition, max imum torque wil l occur for rel ay current l agging the unity power condition by 70 de­
grees, or conversely, l eading the quadrature vol tage by 20 degrees . Sel ect the l ink pos ition for each 
appl i cation  that wi l l  provide an ang l e  of max imum torque that is compatibl e  with existing system conditions. 

It is someti mes the practi ce to use two phase rel ays of the IBC type and a ground directiona l rel ay 
such as an  IBCG to i mpl ement the protective rel ay scheme . Where s uch practices are fo l l owed , the phase 
from which the phase rel ay i s  el i minated must be the same throughout the system if protection is to be 
provided for a l l fau l t  contingencies/ 

The di fference between the various model s covered by this instruction book �re shown in Tabl e I. 
Inverse time rel ays s ho u l d  be used on  systems where the fau l t  current f lowing through a g iven rel ay is 
i nfl uenced l argely by the sys tem generati ng capacity at the time of the fau lt .  Very inverse time and 
extremely i nverse time rel ays s ho u l d  be used in cases where the fau l t  current magnitude is dependent ma inly 
upon the l ocat i on of the fau l t  in rel ation to the rel ay ,  and only s l ightly or not at a l l upon the system 
generati ng setup . The reason for this is that rel ays must be set to be sel ective with max imum fau l t  cur­
rent fl owi ng . For faul t  currents bel ow this va l ue ,  the operati ng time becomes greater as the current is 
decreased .  If there is a wide range in genera ting capacity ,  together with va riation in short-c ircuit cur­
rent with fau l t  pos ition , the operating time with minimum fau l t  current may be exceeding ly l ong with very 
inverse time rel ays and even l onger with extremely inverse time rel ays. For such cases , the inverse 
time rel ay is more appl i cabl e .  

The choice between very i nverse and extremely  i nverse time rel ays i s  more l imited than between them 
and the inverse time rel ay as they are more nearly a l ike in their time-current characteristic curves . 
For gradi ng with fuses the extremely  inverse ti me rel ay s hou l d  be chosen as the time-current curves more 
nearly match the fuse  curve. Another advantage of the extremely inverse rel ay is tha t it is better s uited 
than both the inverse and very inverse rel ays for pick i ng up co ld  l oad. For any g iven col d  l oad pickup 
capabil ity, the resu lt i ng settings  wil l provide faster protecti on  at high fau l t  currents with the ex­
tremely inverse rel ay than wi th the l es s  inverse rel ays. 
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OOHNECTION 
(1-2-) PHASE 

SEIMNCc • 
AT 60 CYCL[S) 

WADIATURE 
(OJRRENT LOllS 
fiJTENTIAL 90 DEGIEE 
IIHEN FLOWING II 
TRiPPING Dlli£CTIOI 
AT UIIITY P.F. I.OMll 

GEK-49821 

TABLE 2 (010889117-0) 

CONDITIONS FOR MAXIMUM TORQUE USING 90° CONNECTION 

PHASE RELATIONSHIP 
AT RELAY TrRIIINALS 
FOR OJR!lENT FLOIII NG 
IN THE --TRIP 
DIRECTION AT UIIITY 
POII£R FACTOR LOAD. 

2 ,---...._ � 

y 
I 
I 

£i. 3 2 

PHASE RELATIONSHIP 'IOLTAGE ��D OJRRENT VECTOR RELATIONSHIP CONDIT'·'' FOR W.XI- CONDITION FOR IIA1ti-
AT RELAY TE!IIINALS USED IN �'lASE 2 RE- Of EOOY-<:URRENTo IN t.U1 TOR(IJE WITH 101 TORQI£ WI·TH 
FOR CURRENT fLOWING LAY WITH !'HAS[ INWCTION CYLINDER SHORTING LINK OFF. SI()RTING LIIK 01. 
IN THE TRIPPING RELATIONSI<'P AT TO FLUX SET UP BY 
DIRECTION AT UHITY UN In' P.F. LOAQ WHEN fiJTENTIAL WINDING 
flllll:R fACTOR LOAD. CURRENT FLOV.S IN AT Ullin' P f.LOA!>-

TRIPPING DIRECTION. SHORTING LINK OFF. 

"'' Ez.3 AND I1 I 

3�2 
�' 

L I 

36: E-2-> 
I LfADIH· ¢E 
BY 90 I2J£ES 

• • b.; I I 
I �' �¢E 

E 

«AX. TOR� OCOJRS UAJ(. TOPW£ OCQJIIS WHEN I L ITS VhiEN I LAGS ITS UN!n' P.F. POSITION UN! T'l' P.F. I'OSITION BY 45 DEGREES. BY 70 DEGREES. 

NOTisc 10 = EroY-<:URRENT IN INOUCTION Cfl' sir UP 1ft I. 
' • FLUX IN fiJTENTI AL WINDING. 
• • ANGLE BETIIEEN le AIID t[. TOIIQU( • KtLeCOS + 

The operating time of the time overcurrent unit for any given value of current and tap setting is de­
termined by the time dial setting. The operating time is inversely proportional to the current magnitude 
as illustrated by the time curves in Figs. 11, 12 and 13. Note that the current values on these curves 
are given as multiples of the tap setting. That is, for a given time dial setting, the time will be the 
same for 80 amperes on the eight ampere tap as for 50 amperes on the five amp tap, since in both cases, 
the current is ten times tap setting. 

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

The YlA relays contains a Hi-Seismic instantaneous overcurrent unit. This unit may be set high to 
provide direct tripping 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-di rectional. The unit should be set with a suitable margin above the 
maximum external fault current taking into account the effects of transient overreach as i llustrated in 

Fig. 15. 

RATINGS 

The IBC relays described in this instruction are available in 50 and 60 Hz models. The TOC (time 
overcurrent) units have extended (8 to 1) range similar to the 800 series IAC relays. The IOC (instan­
taneous overcurrent) units also have extended (25 to 1) range. 

Ratings of the operating current circuits of the TOC, IOC (when used; see Table I) 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 be considered in determining the rating of the en­
tire operating circuit. 

TIME OVERCURRENT UNIT 

The one second rating of the TOC units are all 260 amperes. The available taps and the continuous 
ratings are shown in Tables 3, 4 and 5. Note that separate tables are given for the IBC51, IBC53 and 
IBC77 models. 
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GEK-49821 

TABLE 3 

CONTINUOUS RATING OF INVERSE TIME OVERCURRENT UNIT 

2 . 0  - 1 6 . 0 AMP RANGE IBC51 

TAP 2 . 0  2 . 5  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  1 0 . 0  1 2 . 0  1 6  

RATING 8 . 0  9 . 0  10 . 0 12 . 0  14 . 0  1 5 . 0  16.0 17. 5 20 . 0  20 . 0  20.0 

TABLE 4 

CONTINUOUS RATING OF VERY INVERSE TIME OVERCURRENT UNIT 

1 . 5  - 1 2 . 0  AMP RANGE IBC53 

TAP 1 . 5  2 . 5  2 . 5  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0. 8. 0 1 0 . 0  1 2 . 0  

RATING 10 1 1 . 5  13 . 0  14 . 5 1 7 . 0  1 9 . 0  2 1 . 0  23 . 0  23 . 5  27 . 5  30 . 5  

TABLE 5 

CONTINUOUS RATING OF EXTREMELY INVERSE TIME OVERCURRENT UNIT 

1 . 5  - 12 . 0  AMP RANGE IBC77 

TAP 1 . 5  2 . 0  2 . 5  3 . 0  4. 0 5 . 0  6.0 7 . 0 8 . 0  10 . 0 12 . 0  

RATING 9 . 5 1 0 . 5  1 1 . 5  12 . 5  1 4 . 0  1 5.5 1 7 . 0  18 . 0  1 9 . 0  20 . 0  20.0 

DIRECTIONAL UNIT 

The directional unit operating circuit, terminal s 4 and 5, has a six-ampere continuous rating and a 
200-ampere one second rating . The potential pol arizing circuit, terminals 7 and 8, is continuously rated . 

INSTANTANEOUS UNIT 

The instantaneous  unit coil is tapped for operation on either one of two ranges ( H  or L } .  Sel ection 
of the high or low range is determined by the position of leads T and E at terminal  6 .  See Table 6 and the 
applicable internal connections referenced in Tabl e 1. For the H range ,  connect lead T to termina l  6 and 
lead E to the auxiliary termina l  that is mounted on termina l  6. For range L, reverse leads T and E. 

TABLE 6 

CONTINUOUS AND ONE SECOND RATINGS OF IOC UNIT 

** Continuous One 
Instantaneous Range Range Rating Second 
Unit (Amps ) Rating (Amps } (Amps ) (Amps} 

6 - 1 50 L 6 - 30 10. 2 260 

H 30 - 150 19.6 

**The range is approximate , which means that 6-30, 30- 150 may be 6-28, 28- 1 50. There wil l  
always be at least  one ampere overl ap between the maximum L setting and the minimum H 
setting . Whenever possibl e, always se lect the higher range ,  since it has the higher 
continuous rating . 

TARGET AND S EAL�IN UNIT 

The rating and impedance of the seal -in unit for the 0.2 and 2 ampere taps are given in Tabl e  7. The 
tap setting u sed will depend on the current drawn by the trip coil . 
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GEK-49821 

The 0.2 ampere tap is for use with trip coils which operate on currents rangeing from 0.2 up to 2.0 
amperes, at the minimum control voltage. If this tap is used with trip coils requiring more than 
two amperes, there is a possibility that the resistanc� of seven ohms will reduce the current to so low 
a value that the breaker will not be tripped. 

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

CONTACTS 

TABLE 7 

SEAL-IN UNIT RATINGS 

DC RESISTANCE � 10% (OHMS) 

MIN. OPERATING (AMPERES) + 0-25% 

CARRY CONT. (AMPERES) 

CARRY 30 AMPS FOR (SEC.) 

CARRY 10 AMPS FOR (SEC.) 

60 HZ IMPEDANCE {OHMS) 

TAP 

0.2 2.0 

7 0.13 

0.2 2.0 

0.3 3.0 

0.03 4.0 

0.25 30.0 

52.0 0.53 

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

OPERATING CHARACTERISTICS 

DIRECTIONAL UNIT 

At the maximum torque angle, the directional unit will pick up at one percent of rated voltage with 
two amperes current. The directional unit has a shorting link connected in parallel with a series resistor 
located in the potential polarizing circuit. With the link open (potential resistor unshorted) , the 
maximum torque angle is 45 degree lead (current leads voltage). With the link closed (potential resistor 
shorted), the maximum torque angle is 20 degree lead (current leads voltage). See Table 2. 

PICKUP (TIME OVERCURRENT UNIT) 

Pickup of the TOG unit is defined as the current required to close the contacts from the 0.5 time 
dial position. The pickup current is within five percent of tap value. 

RESET (TIME OVtRCURRENT UNIT) 

Inverse time overcurrent units reset at 80 percent of the 1ninimum pickup current, very inverse time 
units at 80 percent and ex·:rewely ·i:!Verse time un·its at 85 percent. 

When the relay is de-energized, the time required for the disk to completely reset to the number 10 
time dial position is approximately six seconds for inverse time relays and sixty seconds for very inverse­
time and extremely inverse-time relays. 

OPERATING TIME 

The time curves of the TOC units are shown in Figs. 11, 12 and 13 respectively for inverse-time, very 
inverse-time and extremely inverse-time relays. For the same operating conditions, the relay will operate 
repeatedly within one or two percent of the same time. 
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GEK-49821 

The time-current character i st ic  of the H i-Sei smic  i nstantaneous uni t i s  shown by Fi g. 13 and i ts 
transient overreach characteri s tic i s  s hown by F i g. lG . 

BURDENS 

Table 8 g i ves the burden of the potential ci rcu i t. 

TABLE 8 

POTENTIAL CIRCUIT BURDENS AT 60 CYCLES AND RATED VOLTS 

Potential Res i s tor Volt Power Watts 
Shorti ng L i nk Amperes Factor 

Open 16.7 0. 71 1 1.8 

Closed 2 1.9 0.38 8.3 

Table 9 g i ves the combi ned burdens of the time overcurrent and the di recti onal uni t current ci rcui ts. 

TABLE 9 

CURRENT CIRCUIT BURDENS AT 60 CYCLES (TOC + DIRECTIONAL UNIT) 

Time Tap Burdens At Mi n imum P i ckup Ohms Impedance At # VA 
Charac- Range At F ive 
teri st ic  (Amps ) Eff. Res. React. **Imped. + Volt Power 3 Times 10 Times Amperes 

( Ohms ) (Ohms ) (Ohms ) Amperes Factor Mi n. P .U. M in. P .U. 

Inverse 2-1 6  0.57 1. 92 2.00 8 0.28 1.17 0.84 50 

Very Inverse 1.5-1 2 0.43 1.01 1.09 2.47 0.39 1.09 0.88 27 

Extremely 
Inverse 1. 5-12  0.29 0.63 0.69 1.55 0.41 0.69 0.69 17 

�*The impedance values g i ven are those for the min i mum tap of each relay. The impedance for other taps, 
at pickup current ( tap rati ng ),  vari es i nversely approximately as the square of the current ra ti ng. 
Example: for the Type IBC53 relay, 1.5/12 amperes the impedance of the 1.5 ampere tap i s  2.00 ohms. 
The impedance of the three ampere tap, at three amperes, i s  approximately ( 1 . 5/3 ) 2 X 2.00 = 0.50 ohms. 

+Some compan i es li s t  relay burdens only as the volt-ampere i nput to operate at m in imum pickup. Thi s  
column i s  i ncluded s o  a di rect compari son can be made. It s hould not be used i n  calculat i ng volt­
ampere burdens i n  a CT secondary ci rcui t, s i nce the burden at five amperes i s  used for thi s  purpose. 

#Calculated from burden at mi n imum pickup. 

Table 1 0  gi ves the burden of the i n stantaneous un i t. 

TABLE 10 

BURDEN OF THE INSTANTANEOUS UNIT 

Inst. Uni t  Range M i n. Burdens at Mi n .  Burden Ohms (Z) 
(Amps ) 

Hz Range 
(Amps) P i ckup Pickup (Ohms) Times P ickup 

(Amps ) 
R Jx z 3 10 20 

L 6-30 6 0.1 10  0.078 0.135 0 . 095 0.081 0.079 
6-1 50 60 

H 30- 150 30 0.022 0.005 0.023 0.022 0.022 0.022 
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GEK-49821 

CONSTRUCTION 

The IBC relays consist of two units, a time overcurrent unit (top) of the induction-disk type, and an 
instantaneous power-directional unit (bottom) of the induction-cup type. The directional unit is potential 
polarized and, by means of its closing contacts, directionally controls the operation of the time over­
current unit. The directional unit has a potential resistor shorting link located on the right-hand 
molded post which supports the bearing plate. As explained under OPERATING CHARACTERISTICS, the link 
position, either open or closed, determines the maximum torque angle. When the link is left open, it 
should be attached by the lower screw so that it will not be lost. 

The IBC 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 unit. 

The IBC 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 core. The poles are 
fitted alternately with current operating coils and potential polarizing coils. 

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

Contacts 

The directional unit contacts which control the time overcurrent unit, are shown in Fig. 16. They 
are of the low gradient type specially constructed to minimize the effects of vibration. Both the sta­
tionary 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 moving contact arm (D) supports the moving contact brush (E) on which is mounted a button 
contact tip (F) . The end of the moving contact brush bears against the inner face of the moving contact 
brush retainer (G) . Similarly, the end of the stationary contact brush bears against the inner face of 
the stationary contact brush retainer (H). The stop screw (J), mounted on the contact dial, functions to 
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 a mounting screw (L) and two locknuts (M) . 

TIME OVERCURRENT UNIT 

The inverse time and very inverse time overcurrent units consist of a tapped current operating coil 
wound on a U-maqnet 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 is in such a direction as to close the directional unit contacts, the shading coils act to 
produce a split-phase field which, in turn, develops torque on the operating disk. 

The extremely inverse time overcurrent unit is of the wattmetric type similar to that used in watthour 
meters except as follows: the upper portion of the iron structure has two concentric windings on the 
middle leg of the magnetic circuit. One of these is a tapped current winding connected to taps on the 
tap block; 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 trip circuit when it touches the sta­
tionary 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 of the spiral spring is compen­
sated by the spiral shape of the induction disk, which results in an increased driving force as the spring 
winds up. 
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GEK-49821 

TARGET SEAL- IN UNIT  

A sea l -in unit is  mounted on the l eft side of  the time overcurrent unit . This unit has  its  coil in 
series and its contacts in para l l el with the main contacts of the overcurrent unit, arranged in s uch a 
manner that when the main contacts cl ose, the sea l -in unit picks up and sea l s  in around the main contacts . 
When the seal -in unit operates , it raises a target into view which l a tches up and remains exposed until 
manua l ly rel eased by pressing the button l ocated at the l ower- l eft corner of the cover . 

INSTANTANEOUS UNIT  

The  IOC unit is a sma l l hinged armature type instantaneous el emen t and is  mounted on the right side 
of the TOC unit. The IOC el ement operates over a 25-to-one tota l range obtained by u sing a tapped coil 
which provides a five-to-one l ow range and a five-to-one high range; this combination provides the 25 to 
one tota l range . When the current reaches a predetermined va l ue ,  the instantaneous el ement operates 
cl osing its contact circuit and raising its target into view. The target l atches in the exposed position 
until it is rel eased .  The same button that rel eases the target seal -in unit a l so rel eases the target 
of the instantaneous unit . 

RECEIVING, HANDLING AND STORAGE 

These rel ays , when not incl uded as part of a control panel wil l be shipped in cartons designed to pro­
tect them against  damage.  Immediately upon receipt of a rel ay ,  examine it for any damage sustained in 
transit . I f  injury or damage resul ting from rough handl ing is evident , fil e  a damage cl aim at once with 
the transportation company and promptly notify the neares t General El ectric Apparatus Sa l es Office. 

Reasonabl e  care shou l d  be exercised in unpacking the rel ay in order that none of the parts are injured 
or the adjustments dis turbed . 

I f  the rel ays are not to be ins ta l l ed immediate ly , they s hou l d  be s tored in their origina l cartons in 
a pl ace that is free from mois ture ,  dust and meta l l ic chips . Foreign ma tter co l l ected on the outside of 
the case may find its way inside when the cover is removed and cause troubl e  in the operation of the rel ay .  

ACCEPTANCE TESTS 

Immediately  upon receipt of the rel ay an INSPECTION AND ACCEPTANCE TEST shoul d  be made to ensure that 
no damage has been sustained in s hipment and that the rel ay cal ibrations have not been disturbed . If  
the examina tion or test indicates that readjustment is  necessary, refer to the section on SERVICING .  

These tests may be performed a s  part of the ins ta l l ation or acceptance tests at the discretion of 
the user. 

Since mos t  operating companies use different procedures for acceptance and insta l l ation tests, the 
fol l owing section incl udes a l l appl icabl e tests that may be performed on these rel ays . 

VISUAL INSPECTION 

Check the namepl ate stamping to ensure tha t the model number and rating of the rel ay agree with the 
requisition .  

Remove the rel ay from its case and check that there are no broken or cracked mol ded parts or other 
signs of physical damage and that a l l screws are tight .  Check that the shorting bars are in  the proper 
l ocation ( s) a s  s hown by the internal  connections diagrams , Fig s .  5 to 9 incl usive and that the main 
brush is properly formed to contact the shorting bar. 

MECHAN ICAL INSPECTION 

Top Unit (TOC ) 

1 .  The disk s haft end p l ay shou l d  be 0 . 005-0 . 015 inch . 
2 .  The disk s hou l d  be centered in the air gaps of both the el ectromagnet and drag magnet . 
3. Both air gaps shou l d  be free of foreign matter . 
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GEK-49821 

4. The disk shoul d 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 zero 

time dial position. 

Bottom Unit (DlR) 

1. The rotating shaft end pl ay shoul d be 0.015-0.020 inch. 
2. The contact qap should be 0.015-0.025 inch on the low gradient conta 

Target and Seal -in Unit/Instantaneous Unit 

1. The armature and contacts shoul d move freely when operated by hand. 
2. Both contacts should make at approximately the same time. 
3. The target should latch into view just as the contacts make and shoul d unlatch when the target 

rel ease button is operated. 
4. The contacts should have approximatel y 0. 030 inch wipe. 

ORAWOUT RELAYS GENERAL 

Since al l drawout relays in service operate in their cases, it is recommended that they be tested in 
their cases or an equivalent steel case. In this way, any magnetic effects of the enclosure wil l be 
accurately duplicated during testing. A relay may be tested without removing it from the panel by using 
a 12XLA13A test pl ug. This plug makes connections only with the relay and does not disturb any shorting 
bars in the case. The 12XLA12A test plug may al so be used. Although this test plug allows greater 
testing fl exibility, it requires CT shorting jumpers and the exercise of greater care, since connections 
are made to both the rel ay and the external circuitry. 

POWER REQUIREMENTS GENERAL 

Al l al ternating current operated devices are affected by frequency. Since non-sinusoidal waveforms 
can be anal yzed as a fundamental frequency pl us harmonics of the fundamental frequency, it foll ows that 
alternating current devices (relays) wil l be affected by the applied waveform. 

Therefore, in order to properly test alternating current rel ays, it is essential to use a sine wave 
of current and/or vol tage. The purity of the sine wave (i.e., its freedom from harmonics) cannot be 
expressed as a finite number for any particul ar rel ay; however, any rel ay using tuned circuits, R-L or 
RC networks, or saturating electromagnets (such as time overcurrent relays) is affected by non-sinusoidal 
wave forms. 

TARGET AND SEAL-IN UNIT 

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

When used with trip coils operating on currents ranging from 0.2 to 2.0 amperes at the minimum control 
vol tage, the target and seal -in tap screw should be set in the 0.2 ampere tap. When the trip coil current 
ranges from 2 to 30 amperes at the minimum control yol tage, the tap screw shoul d be pl aced in the 2.0 
ampere tap. 

The seal-in tap screw is the screw holding the right-hand stationary contact of the seal-in unit. 
To change the tap setting, first remove the connecting plug. Then take a screw from the l eft-hand 
stationary contact and place it in the desired tap. Next, remove the screw from the other tap and pl ace 
it back in the left-hand contact. This procedure is necessary to prevent the right-hand stationary 
contact from getting out of adjustment. Tap screws shoul d never be left in both taps at the same time. 

Pickup and Dropout Test 

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

2. Close or jumper the contact(s) that parall el the seal-in unit contact. 
3. Increase the current slowly until the seal-in unit picks up. See Tabl e 11. 
4. Open the parallel contact circuit of step 2; the seal-in unit should remain in the picked up 

position. 
5. Decrease the current sl owly until the seal -in unit drops out. See Table 11. 
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GEK-49821 

TABLE 1 1  

TARGET AND SEAL-IN UNIT OPERATING CURRENTS 

TAP PICKUP DROPOUT 
CURRENT CURRENT 

0. 2 0 . 1 1 5-0. 195 0. 05 OR MORE 

2 . 0  1. 1 5  - 1. 95 0. 55 OR MORE 

TIME OVERCURRENT UNIT 

Rotate the time dia l s l owly and check by means of a l amp that the contacts just cl ose at  the zero 
time dial s etting. 

Where the contacts just cl ose can be adjusted by running the stationary contact brush in or out by 
means of its adjusting screw. This screw shoul d  be hel d securely in its support. 

With the contacts just cl osing at No. 0 time setting , there shou l d  be sufficient gap between the 
s tationary contact brus h  and its metal backing s trip to ensure approximately 1/32 inch wipe. 

Current Setting 

The minimum current at which the time overcurrent unit wil l c l ose its contacts is determined by the 
position of the p l ug in the tap bl ock. The tap pl ate on this bl ock is marked in amperes, as shown in 
Tabl es 3, 4 and 5. 

When the tap setting is changed with the rel ay energized in its case, the fol l owing procedure must 
be fol l owed: ( 1 )  remove the connecting pl ug; this de-energizes the rel ay and shorts the current trans­
former secondary winding; ( 2 )  remove the tap screw and pl ace it in the tap marked for the desired pickup 
current; ( 3 )  repl ace the connecting pl ug. 

The minimum current required to rotate the disk s l owly and to cl ose the contacts s hou l d  be within 
five percent of the val ue marked on the tap p l a te for any tap setting and time dial position . I f  this 
adjus tment has been dis turbed , it can be restored by means  of the spring adjusting ring. The ring can be 
turned by inserting a screw driver bl ade in the notches around the edge.  By turning the ring, the 
operating current of the unit can be brought in to agreement with the tap setting empl oyed . This adjust­
ment a l so permits any desired setting to be obtained intermediately between the avail abl e tap settings. 

Pickup adjustment by means  of the control spring appl ies to the I BC 51  and IBC53 relays. A different 
procedure applies to the IBC77 relays. For the IBC77 rel ays, the pickup of the unit for any current tap 
setting is adjusted by means of the variabl e  resistor in the phase-shifting circuit. This adjustment 
a l so permits any desired setting in termediately between the various tap settings to be obtained. The 
contro l spring is prewound approxima tely 660 degrees with the contacts just cl osed. Further adjustment 
of this setting is sel dom required; if it is required, because of insufficient range of the variabl e 
resistor ,  it shou l d  never be necessary to wind up the control spring adjuster more than 30 degrees (one 
notch) or unwind it more than 90 degrees ( three notches) from the factory setting. 

Tes t  connections for making pickup and time checks on the time overcurrent unit are shown in Figs. 1 8  
and 19. Use a source of 120 vol ts or greater with good wave form and constant frequency. Stepdown trans­
formers or phantom l oads s houl d not be empl oyed in testing induction rel ays since their use may cause a 
distorted wave form. The contact in the wound shading coil circuit marked D ,  see internal connection 
diagram, mus t be bl ocked cl osed or jumpered for both the pickup tes t and the time test. 

Time Setting 

The setting of the time dial determines the l ength of time the unit requires to close its contacts 
when the current reaches a predetermined val ue. The contacts are just  closed when the dia l is set on 
zero. When the dia l is set on 1 0 ,  the disk must travel the maximum amount to cl ose the contacts and 
therefore this setting gives the maximum time setting. 

The primary adjustment for the time of operation of the unit is made by means of the time dia l .  How­
ever, further adjustment is obtained by moving the permanent magnet a l ong its s upporting s hel f; moving the 
magnet toward the disk shaft decreases the time, whil e moving it away increases the time. Be sure the 
magnet never extends out beyond the cutout in the disk .  
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Pickup Test 

Use rated ft·equency for both the pickup and time tests. 

18 
Set the relay at the 0.5 time dial position and 2.0 ampere tap. Using the test connections in Fig. 
the main unit should close its contacts within + 2.0 percent 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 Fi�. 19, 
apply five times tap current (10.0 amp ) to the relay. The relay should operate within the limits given 
in Table 12. 

TABLE 12 

TOC UNIT OPERATING TIME LIMITS 

Time in Seconds 
Relay Type 

Min. Midpoint Max. 

IBC51 - 52 1.72 1. 78 1.83 

IBC53 - 54 1.27 1. 31 1.35 

IBC77 - 78 0.89 0.92 0.95 

DIRECTIONAL UNIT 

Polarity Check 

The polarity of the external connections to the directional unit may be verified by observing the 
direction of contact armature torque when the line is carrying load at unity power factor, or slightly 
lagging power factor. Note that in most directional overcurrent relay applications, the desired direc­
tions 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. 20 for a more accurate method of checking the polarity of the 
connections. 

Fig. 21 shows test connections for checking polarity of the directional unit itself. 

Potential Resistor Shorting Link 

The potential resistor shorting link is located on the right-hand molded post which supports the 
bearing plate and is in parallel with a series resistor located in the potential polarizing circuit. 
With the link open (potential resistor unshorted ), the maximum torque angle is 45 degree lead (current 
leads voltage). With the link closed {potential resistor shorted ) , the maximum torque angle is .20 degree 
lead (current leads voltage ) . When the link is left open, it should be attached by the lower screw so 
that it will not be lost. 

INSTANTANEOUS UNIT 

Make sure that the instantaneous unit is in the correct range in which it is to operate. See the 
internal connections diagram and Table 6. 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 des i red pickup, loosen the locknut and adjust the core. Turning the core clockwise decreases 
the pickup, t u rni ng the core counterclockwise increases the pickup. Bring up the current slowly until 
the unit picks up. It may be necessary to repeat this operation, until the desired pickup value is ob­
tained. Once the desired pickup value is reached, tighten the locknut. 

CAUTION - Refer to Table 6 for the continuous and one second ratings of the instantaneous unit. Do not 
exceed these ratings when applying current to the instantaneous unit. 

The range of the instantaneous unit ( see Table 6 ) must be obtained between a core position of 1/8 
of a tum of full clocbJise and 20 turns counterclockwise from the full clockwise position. 

·• Indicates revision 
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INSTALLATION 

LOCATION 

The l ocati on s hou l d  be c l ean  and dry, free from dust and excess i ve vibration  and wel l  l ighted to 
faci l i ta te i nspecti on and testi ng . 

MOUNT ING 

The rel ay s ho ul d  be mounted on a verti ca l s urface.  The outl i ne  and panel dri l l i ng diagram is shown 
i n  F i g .  22. 

CONNECTIONS 

The i nterna l  connecti on diagrams for the various rel ays are s hown i n  Figs . 5 to 9 .  A typical  w1r1ng 
di agram i s  shown by Fi g . l O. Si nce phase  sequence i s  important for the corre0t operation of Type IBC re­
l ays, the rotation  speci fied i n  Fi g . l O  mus t be adhered to . Unl ess mounted on a s teel panel whi ch 
adequate ly  grounds the rel ay case, i t  i s  recommended that the case be grounded through a mounting stud or 
screw wi th a conductor not l es s  than #12 B&S gage copper wi re or i ts equi va l en t .  

INSPECTION 

At the time of i nsta l l ati on, the rel ay s houl d  be i nspected for tarni shed contacts, l oose screws, or 
other imperfecti ons . I f  any troubl e i s  found, i t  s hou l d  be corrected i n  the manner descri bed i n  the 
section on SERVICING .  

CAUTION 

Every c i rcuit  i n  the drawout case has an  auxi l i ary brush . I t  i s  espec ia l ly  important  on current c i r­
cui ts and other c i rcui ts wi th s horti ng bars that the a uxi l i ary brush  be bent h i gh enough to engage the 
connecting  pl ug or test p l ug before the ma i n  brus hes do . Thi s  wi l l  prevent CT secondary c i rcui ts from 
bei ng opened . Refer to Fi g .  17. 

OPERATION 

Before the rel ay i s  put i nto servi ce, i t  s houl d  be g i ven a check to determine that factory adjustments 
have not been d i sturbed . The time di a l  wi l l  be set at zero before the rel ay l eaves the factory . If the 
setting  has not been changed, i t  wi l l  be necessary to change thi s  setting i n  order to open the time over­
current uni t  contacts . The fol l owi ng tes ts are s uggested: 

TARGET AND SEAL-IN UNIT 

1 .  Make s ure that the tap screw i s  i n  the des i red tap . 
2. Perform p i ckup and dropout tests as  outl i ned i n  the ACCEPTANCE TESTS secti on . 

TIME OVERCURRENT UNIT 

1 .  Set tap screw o n  des i red tap .  Us i ng the test  c i rcui t i n  F ig. 18 apply approximately twi ce tap 
va l ue current unti l the contacts just cl ose.  Reduce the current

'
unti l the l ight in  seri es wi th 

the contacts beg i ns to fl i cker. Thi s  val ue of current s hou l d  be wi thin five percent of tap val ue .  
2 .  Check the operat i ng time at some mul t ipl e of tap va l ue .  Thi s mul tip le  of  tap val ue may be five 

times tap rating or the maximum fau l t current for whi ch the rel ay mus t  coordi nate . The val ue 
u sed i s  l eft to the di scretion of the user.  Use the test c i rcu i t  of F i g .  19 . 

D IRECTIONAL UNIT 

Check the di rectiona l un i t pol ari ty and observe that the s horti ng  li nk is pos i ti oned for the des i red 
maximum torque angl e .  See the ACCEPTANCE TESTS secti on . 

INSTANTANEOUS UNIT 

1. Sel ect the des i red range by mak i ng the proper connections at the rear of thP rel ay ( see i n ternal  
connections diagram ) . Whenever poss ibl e, a l ways se l ect the h igher range s i nce it has a h igher 
conti nuous rating . 

2 .  Set the i n stantaneous uni t to pick u p  at the des i red current l evel . See the ACCEPTANCE TESTS 
section . 
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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 
will 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 test interva' bPst suited to his indiv Jual 
requirements, it is suggested that the points listed below be checked at an ;Gterval of from one to � 
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 11. 
2. Check that the unit drops out at 25 percent or more of tap value. 

TIME OVERCURRENT UNIT 

1. Perform pickup test as described in the INSTALLATION section for the tap in service. 
2. Perform the time tests as described in the INSTALLATION section. 

DIRECTIONAL UNIT 

Check condition and operation of contacts. A polarity check should not be necessary if the relay 
was correctly installed and no subsequent wiring changes were made. 

INSTANTANEOUS UNIT 

Check that the instantaneous unit picks up at the desired current level, as outlined in the ACCEPTANCE 
TESTS and the INSTALLATION TEST 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 limits, the checks and adjustments outlined in the following paragraphs should be ob­
served. It is suggested that this work be done in the laboratory. 

TARGET AND SEAL-IN UNIT 

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

TIME OVERCURRENT UNIT 

Disk and Bearings 

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

Contact Adjustment 

The contacts should have about 1/32 inch wipe. That is, the stationary contact tip should be de­
flected about l/32 inch when the disk completes its travel. Wipe is adjusted by turning the wipe adjust­
ment screw there� 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 
zero on the time-dial scale. If it does not and the brushes are correctly adjusted, shift the dial by 
changing the position of the arm attached to the shaft just below the time dial. Loosen the screw 
clamping the arm to the shaft and turn the arm relative to the shaft until the contacts just make for 
zero time-dial setting. 
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Characteristics Check and Adjustments 

Repeat the portions of the ACCEPTANCE TESTS section that a pp ly  to the time overcurrent unit. Al so, 
check reset vo l tage and time as outl ined under RESET in the CHARACTER ISTICS section; l ow reset vo l tages 
or l ong reset times may indicate excessive friction caused by a worn bearing or by mechanica l interference. 

On I BC77 rel ays, set the rel ay on the two-amp tap with the time dia l  set so that the contacts are 
just open. Adjust pickup within the l imits 1 . 96 to 2.04 amps but as c l o se as possibl e to 2.0 amps. Then 
move the time dia l  to the No. 10 position and check the current required to just move the disk away from 
the stop arm .  This current shou l d  be within the l imits 1 . 88 to 2.12 amps. If the disk moves at the l ower 
l imit, chec k  that movement is not over 1/2 inch measured a l ong the periphery of the disk. This is cal l ed 
a compensation check .  I f  the current fal l s  outside the 1 . 88 to 2 . 12 amp l imits, the fo l l owing steps 
shoul d be taken: reset the control spring until compensation at No . 10 time dial is within l imits. Then 
restore pickup by adjusting the resistor. Recheck  compensation after the resistor adjustment. 

DI RECTIONAL UNI T 

Bearings 

The l ower jewel bearing shou l d  be screwed a l l the way in until its head engages the end of the 
threaded core support . The upper bearing shou ld  be adjusted to a l l ow about 1/64 inch end pl ay in the 
shaft. 

To check  the cl earance between the iron core and the inside of the rotor cup, press down on the 
contact arm near the shaft thus depressing the spring-mounted jewel until the cup strikes the iron. The 
shaft shou l d  move about 1/16 inch .  

Cup a nd Stator 

Shou l d  it be necessary to remove the cup-type rotor from the direc tiona l unit, the fo l l owing procedure 
shou l d  be fol l owed: 

Al l l eads to the unit shou l d first be disconnected and tagged for identification in reconnecting. 
The unit can then be removed from the crad l e  with its mounting p l a te stil l attached. 

The upper of the three fl a t- head screws hol ding the unit to the p l ate shou l d  now be removed. On 
some model s, it may be necessary to remove a resistor or capacitor to expose this screw . The four corner 
screws c l amping the unit together shou l d  next be removed, and the entire top structure l ifted off. This 
gives access to the cup assembly a nd exposes the stator assembly, which shou l d  be protected to keep it 
free from dust and meta l l ic particl es until th e unit is reassembl ed .  

To remove the shaft and rotor from the contact head assembl y, the spring clip a t  the top of the shaft 
must be pulled out and the clutch adjusting screw taken out of the side of the mo l ded contact arm. The 
shaft and cup can now be pu l l ed out of the mol ding . The rotor must be handl ed very carefu l ly whil e it is 
out of the unit. 

Contact  Adjustment 

To make contact adjustments, refer to Fig . 16 for identification of l ow gradient contact parts and 
proceed as fol l ows: 

Loosen the l ocknut which secures the backstop screw (l ocated at the right-hand corner of the unit) 
to its support. Unwind the backstop screw so tha t the moving contact arm is permitted to swing freely. 
Adjust the tension of each l ow gradient contact brush so that one-to-two grams of pressure are required 
at the contact tip in order to ca use the end of the brush to separate from the inner face of its respec­
tive brush retainer . Adjust the spira l spring until the moving contact arm is in a neutra l position, 
i.e., with the arm pointing directly forward. Loosen the l ocknut which secures the stationary contact 
mounting screw to the stationary contact support. Wind the mounting screw inward until the stationary 
and moving contact members just begin to touch. Unwind the mounting screw until the stationary contact 
stop l ines up with the moving contact brush retainer. Wind the backstop screw inward until the moving 
and stationary contact members again just begin to touch. Loosen the l ocknut of the stationary contact 
stop screw, and advance this screw until it just touches the moving contact brush retainer . Unwind the 
screw 1-1/2 turns to provide contact wipe. Tig hten the l ocknut .  Unwind the  backstop screw 2/3 turn and 
tighten the l ocknut which secures the backstop screw to its support . Fina l ly, adjust the tension on the 
stationary contact brush such that, when the contacts are made and ful ly wiped in, there is approximately 
an equal  defl ection on each  brush. 
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Torque Adjustment 

The d i recti onal uni t i s  provi ded wi th a notched cor� whi ch i s  used to m i nimi ze the torque produced 
on the rotor by current a l one i n  the operati ng co i l s  w ith  the pol ari z i ng c ircu i ts de-energ i zed. Thi s 
adj ustment i s  made at the factory and may be chec ked as fol l ows : 

F i rs t, s hort out the potent ia l  pol ari z i ng c i rcu i t. Adjus t  the control S "' t· i ng so that the movi ng r ;n­
tact s tructure i s  bal anced between the stati onary contact and the stop. Thi .  an be done by l ooseni n �  
the hexagona l - head l ocki ng s crew , whi ch cl amps the spri ng adjust ing r ing in pos i ti on and turning the 1 , ng 
to the l eft unt i l  the ba l a nce po i nt i s  reached. 

Energ i ze the operati ng c i rcui t wi th  30 amperes and check  that the contact arm does not move. The core 
shou l d  be turned i n  sma l l  s teps unti l a poi nt i s  reached where there i s  no "bi a s "  torque from current 
al one. The core can be turned by l ooseni ng the l arge hexagonal nut on the bottom of the uni t a .r:! turni ng 
the core by means of the s l otted beari ng s crew. Thi s  s crew s houl d be hel d securely i n  pos i tion  when the 
nut i s  retightened. 

Keep i n  m i nd that currents of these magni tudes wi l l  cause the coi l s  to overheat i f  l eft on too l ong. 
Therefore, l eave the tes t current on only for s hort i nterval s and al l ow suffi c i ent time between tests 
for the coi l s  to coo l .  

After the torque adj us tments have been made, the s p i ral  spri ng shou l d  be set t o  have barely enough 
tens i on to swi ng the movi ng contact arm aga i ns t  the s top s crew when the uni t i s  de-energ i zed. Suffi c i ent 
ten s i on wi l l  be obta i ned i f  the adjus t ing ring i s  rotated about one-ha l f  i nc h  from the neutral pos i ti on 
i n  the countercl ockwi se d i recti on, as mea sured on the peri phery of the ri ng. 

Cl utch Adjus tment 

The connecti ons s hown i n  F i g. 2 1 for the pol ari ty chec k can a l so be used i n  ma k i ng the cl utch adj us t­
ment. The 50-ohm fi xed res i s tor shou l d  be repl aced with  an adjustabl e res i s tor capabl e of control l i ng 
the current wi thi n 5 to 25 amperes. A s crew projecting from the s i de of the movi ng contact arm control s 
the cl utch press ure . Use rated frequency and vol tage wi th the s horting 1 i nk c l osed and current i n  phase 
wi th  the vol tage. Wi th suddenly appl i ed current, the cl utch mus t  not s l i p  at  nine amperes but i t  must 
s l i p  at el even amperes and above. 

INSTANTANEOUS UNIT 

1 .  Both contacts s houl d cl ose a t  the same time. 

2. The back ing stri p s hou l d  be so formed that the forked end (front ) bears aga i ns t  the mol ded stri p 
under the armature. 

3 .  Wi th t he armature aga inst  the pol e p i ece, the cross  member of the "T" s pri ng shou l d  be i n  a hori ­
zontal pl ane and there s ho u l d  be at l ea s t  1 /64 i nch wi pe on the contacts. Check t h i s  by i ns erting 
a 0.010 i nch feel er gage between the front hal f of the s haded pol e wi th  the armature hel d c losed. 
The contacts s hou l d  cl ose wi th the feel er gage i n  p l ace .  

Contact Cl eani ng 

For cl eani ng fi ne s i l ver contacts, a fl exi bl e  burni s h i ng tool shou l d  be used. Thi s cons i sts of a 
fl exi bl e s tri p of meta l wi th an etched roughened s urface, resembl i ng i n  effect a superfi ne fi l e. The 
pol i s h i ng acti on i s  so del i cate that no s cratches are l eft, yet corroded materia l  wi l l  be removed rapidly 
and thoroughly. The fl exi bi l i ty of the tool i ns ures the cl eani ng of the actual  po i nts of contact. 

F i ne s i l ver contacts shou l d  not be cl eaned wi th kni ves, fi l es or abra s i ve paper or cl oth. Knives or 
fi l es may l eave scratches wh i ch i ncrease arc i ng and deterioration of the contacts. Abra s i ve paper or cl oth 
may l eave mi nute parti c l es of i nsul ati ng abra s i ve ma teri a l  i n  the contacts thus preventi ng contact c l os i ng. 

The burni s hi ng tool described above can be  obtai ned from the factory .  

RENEWAL PARTS 

It i s  recommended that suffi c i ent quant i ti es of renewal parts be carri ed i n  stock to enabl e the prompt 
rep l acement of any that are worn, broken, or damaged. 
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GEK-49821 

When order i ng renewa l parts , address the nearest Sal es Office of the General El ectr ic  Company , 
specify quanti ty requi red, name of part wanted , and g i ve compl ete nameplate data . If poss ibl e ,  g ive 
the General El ectr i c  Company requ i s i ti on number on whi ch the rel ay was furn i shed . Refer to Renewal 
Parts Publ i cation GEF-4081 . 
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GEK-49821 

Fig. 1 ( 8043398 ) Type IBC51M(-) Y1A Relay in Case (Front Vi ew) 
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GEK-49821 

Fi g . 2 ( 8043399 ) Type I BC51M ( - ) Y 1A Rel ay Removed tram case (Front V i .. ) 
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GEK-49821 

Fig . 3 ( 8043400 ) Type IBC51M ( - } Y 1A Rel ay Removed from Case ( Rear V iew)  
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GEK-49821 

F i g .  4 ( 8043413 ) Type IBC77M Rel ay Removed from Case ( Rear V i ew) 
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Fig .  5 ( 0269A3057-0)  I nternal  Connecti ons for I BC51M and I BC53M Rel ays ( Front  V iew)  
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S l  
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* =-SHO RT F I NGER 

Fig. 6 ( 0269A3058-0 ) I nterna l Connecti ons for I BC51M ( - ) Y 1A and  I BC53M(- )Y1A Rel ays ( Front V i ew)  
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F i g .  7 ( J2 73A9135-J )  I n te rn a l  Conne ct i ons fo r I 3C�2:1( - ) A  anJ I J C54M( - ) A Re l ays ( Fron t  View )  
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Fi g .  8 ( 0269A3059- 0) I n ternal Connections for t h e  I BC 7 7M Re l ay ( Fron t V i ew) 
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Protecti on of a Si ng l e  L i ne 
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GEK-49821 

Fi g .  16 (8027688 and 8023399) Low Gradient Contact Assembly for the Di recti onal Un i t  

CON N ECTI NG PLUG 

AUX I L IARY BRUSH -...... TE R M I N A L  B LOCK 

S HORT I N G BAR ---

NOT E : A F T E R  E NGAG I NG AUX I L I ARY B R U S H  CO N N ECTIN G  PLUG 

TRAV E LS Y4 I N C H  BE FO R E  E NGAG l NG T H E  M A I N BRUSH ON 

T H E  T E R M I N A L  BLO C K  

Fig .  1 7  (8025039 )  Cross Section of Drawout Case Showi ng Pos i t i on of Auxi l i ary Brush  
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GEK-49821 

�---------------�� i 120V 
ADJ. RES. 

7 
• 
9 

• • 
s 10 

TYPE XLA1.3 TEST PLUG 

· RATED 
0� FR!Q .__ 

F i g .  1 8  ( 01 95A9179-0) Test Connections for Check ing P i ckup of TOC Unit  
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d 8 r 
TO TlMER I 
11Sl'OP11 ADJ. BE. 

� i 
/ 

� • • � � 
1 3 ' 7 9 

. ,; • e 
' 2 4 6 8 10 
I \,..__ __ 

TYPE .n.Al) TEST PLUG 

L--- �---· -

TO TlMER 
"START" 

-·-� RATED 
...-o FREQ . 
! 

F i g .  1 9  ( 01 95A9180-0 )  Test Connecti ons for Checki ng Operat i ng T ime of TOC Uni t 
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S T A T i O N 
R E L A Y  &_�-A-����� B U S  

K w  O R  K V A R  
F L O W  ''O U T '' 

I N SERT TEST 
PLUG I N TO 
RELAY W I TH 
CONN ECTI ONS 

r---------- -·- ··-··· - -·--- ·-· ----�, �l 
r j --, 

:> I ± ) 
!- S O U R C E  
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M E T E R  R E A D I N G W i T H 90-
P R O P E R  E X T . C O N N S . 135 

4 5 -
9 0 
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c 

± 
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I 1 1 5 V . 
I 
I P H A S E  

A N G � E  
M E T E R  

9 0 - 1 1 3 5-
1 3 5 I 1 8 0 K Y A R  I K Y A R  I KW l if)  II(�M n�, I(�M ,=;. K Y CR 

135- 180- 225-
180 225 270 

I 
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P H A S E  A N G L E  M E T E R  
R E A D S  Z E R O  D E G R E E S  
F O R  A B O V E CONN ECT : ON S  
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270- 315-
315 360 
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I 
Ll_h. 

45 90 
T H E  A B O V E R A N G E S  O F  P H A S E  A N G L E  M E T E R  R E A D I N G S  A R E  T H E  A N G L E S  B Y  
W H I C H T H E  C U R R E N T  L E A D S  T H E  V O L T A G E  W i T H T H E  D E S C R i B E D  C O N D I T I O N S  
O F  P OW E R  f K W )  A N D  R E A C T I V E P O W E R  ( K V A R ;  F L O W  W I T H T H E  S T A T I O N B U S  
C O N S  t D E R E .D A S  T H E  R E F E R E N C E  : N A l__ :._ C A S E S . > MEANS GREATER THAN . 

C A U T I O N :  M A K E  C O R R E C T : O N S  F O R  M E T E R  E R R O R S  O N  L OW C U R R E N TS , 
. N H E R E N T  i N  S O M E  P H A S E - A N G L E  M E T E R S . 

F i g .  20 ( 0377A0195- 3 )  Test Connections for External W i ring of Type I BC Rel ay Us i ng the 90 Degree Connecti on 
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50 
OHM 

RES I STOR 

GEK-49821 

SOURCE OF RATED VOLTAGE 

7 POLAR I Z I NG 

OPERAT I NG 
5 

CO I L  
6 

8 

NOTE : TH E  DI REC T I ONAL UN I T  CONTACTS SHOU LD 

C LOSE WHEN TH E  RELAY I S  EN ERG I ZED Wi lli 
THE ABOV E CONNECT I ONS.  

CO I L  

Fi g .  21 ( 0418A0970-0} Test Connections for Chec k i ng Pol ari ty of the Di recti ona l  Uni t I nterna l Wi r ing 
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GEK-4982 1 

PANEL LO C AT I O N  
SEMI-FLUSH SURFA CE 

MTG MT� 

1 4 . 3 7 5  (365 1 , 1  M )  
--� -- I '-. 5 - - IS " 

ST U OS(2 ) FOR 
SURFACE 

7. 4 0 10  

3 10-�2 X S MTG 
SC REWS (G) 

I (1 80MM) 

I I  I 

MT G. 

9 7 S 3 I 
00000 

0 00 00 0 8 6 4 2 
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P A N EL D RLUNG FOR 
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V IEW SH OWING lGMMtJ 
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WA R E  FOR S U R F A CE 5. 2 5  
MTC, ON ST E EL PANELS PANEL D R I LL ING  F J R  SU RFACE MOU NT I N G  (FRONT V l EW} 

F i g .  22 ( K-6209273- 3 )  Outl i ne and Panel Dri l l i ng D imens i ons for I B C  Rel ays 
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PHASE D IRECTIONAL OVERCURRENT RELAYS 

TYPES 

IBC51M 
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IBC77M 
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IBC77M(-) Y1A 

IBC52M 
I BC54M 
I BC78M 

GEK-49821E 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK- 4 98 2 1  

CONTENTS 
P A G E  

D E S CR I PT I ON • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 
APPL I CAT I ON • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 
RAT I N G S  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 

T I ME O V E R C U R R E N T  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 6 
D I R E C T I O N A L  U N I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
I N S TA N T A N E O U S  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 7 
T A R G E T  A N D  S E A L - I N  U N I T S • • • • • • • • • • • • • • • • • • • • • • • • • • • • 7 
C O N TA C T S  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 7 

OP E RAT I NG CHARACTE R I ST I C S . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
D I R E CT I O N A L  UN I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
P I C K U P  ( T I ME OV E R C U R R E N T  UN I T )  • • • • • • • • • • • • • • • • • • • • • •  8 
R E S E T  ( T I ME O V E R C U R R E N T UN I T )  • • • • • • • • • • • • • • • • • • • • • • •  8 
O P E RA T I N G  T I ME • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 8 
B U R D E N S  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 9 

CONSTRUCT I ON • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 0  
D I R E C T I ON A L  UN I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  
T I ME O V E R C U R R E N T  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 1  
TAR G E T  S E A L - I N  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 1  
I N S TA N TA N E O US  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 2  

R E C E I V I NG ,  HANDL I NG AND STORAGE . . . . . . . . . . . . . . . . . . . . . . .  1 2  
ACCE PTAN CE TESTS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 2  

V I S U A L  I N S P E C T I O N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 2  
M E C H A N I CA L  I N S P E C T I O N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 3  
D R A W O U T  R E L A Y S , G E N E R A L  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 3  
P O W E R  R E Q U I R E M E N T S , G E N E RA L  • • • •  • • • • • • • • • • • • • • • • • • • • • 1 3  
TAR G E T  A N D  S E A L - I N  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  1 4  
T I ME O V E R C U R R E NT U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  1 4  
D I R E C T I O N A L  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 6  
I N S TA N TA N E O U S  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 6  

I NSTAL LAT I O N  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 7  
L O C A T I O N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 7  
M O UN T I N G  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 7 
C O N N E C T I O N S  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 7  
I N S P E CT I O N • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 7  

OP E RAT I ON • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 8  
TAR G E T  A N D  S E A L - I N  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  1 8  
T I ME O V E R C U R R E N T  U N I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  
D I R E CT I O N A L  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 8  
I N S T A N TAN E O U S  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 8  

P E R I OD I C  CHECKS AND  ROUT I N E MA I NT E NANCE  . . . . . • . . . • . . . . .  1 9  
T A R G E T  A N D  S E A L - I N  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  
T I ME O V E R C U R R E N T  UN I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  
D I R E C T I O N A L  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  
I N S TA N TA N E O U S U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  

S E R V I C I NG • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  
TAR G E T  A N D  S E A L - I N  UN I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 9  
T I ME O V E R C U R R E N T  U N I T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  
D I R E C T I O N A L  U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 0  
I N S TA N TA N E O U S U N I T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 1  
C L U T C H  A D J U S TME N T  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 2 2  
C O N TA C T  C L E A N I N G • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  2 2  

R E N EWAL PARTS • • • • • • • • • • • • • • • • • • • • • • • • •  
·

• • • • • • • • • • • • • • • • • 2 3 

2 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49821 

PHASE  D I RECTI ONAL OVERCURRENT R E LAYS  

T Y P ES: 
IB C 51 M  
IB C 53 M  
IB C 77 M  

18 C5Dff-)Y 1 A 
IB C 53 M (-)Y 1A 
IB C 77 M (-)Y lA 

IB C 52 M  
IB C 54M 
IB C 78 M  

D E S C RIPTIO N 

The Type I BC re 1 ays are phase d i rect i o n  a 1 overcurrent re 1 ays that are used 
primar i ly  for the protect i on of feeders and transmi s s i on l i nes . They are avai l ab l e  
wi th i nvers e ,  very i nvers e ,  or extreme l y  i nverse t i me char acteri st i cs . 

A l l the IBC  rel ays contai n an i nduct i on d i sk type t ime overcurrent un i t ,  and an 
i nduct i on cup type i nstant aneous  d i rect i onal  un i t .  The d i rect i onal  un i t  i s  
quadrature pol ar i zed;  i t  d i rect i onal ly control s  the operat i on of the t i me 
overcurrent uni t .  

A target seal - i n  un i t  i s  provi ded i n  each of the rel ays . The operat i ng co i l  
for thi s  un i t i s  connected i n  ser i es wi th the contacts of the t i me overcurrent un i t 
so  that i t  wi l l  p i ck  up whenever the t i me overcurrent un i t  operates . The contacts 
of the seal - i n un i t are connected i n  paral l e l  wi th  the contacts of the t i me 
overcurrent uni t  to provi de protect i on for them and the as soci ated control spr i ng .  

Those rel ays hav i ng the des i gnat i on 11 YlA 11 fol l owi ng  
contai n a h i -se i sm i c i nstantaneous overcurrent un i t  
construct i on .  Thi s  u n i t  has  a se l f-cont ai ned hand reset 
whenever the uni t  has operated . 

the model number a l s o  
wi th  h i nged armature 
t arget that wi  1 1  show 

A l l of the IBC  rel ays are mounted i n  standard M1 s i ze drawout cases ;  the 
out l i ne and panel dri l l i ng d i mens i ons for the M1 case are s hown i n  F i gure 22 . 
I nternal connect i ons for the rel ays are shown i n  F i gures 5, 6 ,  7 ,  8 and 9 .  Typ i cal 
external  connect i ons  are s hown i n  F i gure 10 . 

Tab l e 1 bel ow l i sts the var i ous model s  and ranges of I BC rel ays that are 
avai l abl e .  

APPL I CAT ION  

The  Type I BC rel ays are phase d i rect i onal  overcurrent rel ays that may be  used 
as the phase fau l t detectors i n  a transmi s s i on l i ne protect i ve rel ayi ng s cheme . 

E ach rel ay contai ns a t i me overcurrent u n i t  that i s  torque . contro l l ed by the 
i nstantaneous of d i rect i onal  overcurrent un i t .  The d i rect i onal  u n i t  for each phase 
uses quadrature po 1 ari zat i on ;  i . e . , the 11A 1 1  phase re 1 ay uses 11A 11 phase current and 
11 8-C 11 vol tage,  etc . The potent i al po l ar i zi ng c i rcu i t  i n  each rel ay i s  equi pped wi th 
a l i nk that al l ows the ang l e  of maximum torque to be s et at 45  or 70 degrees .  W i t h  

These instructions do not purport to cover a l l  details or variations in equipment nor to provide for 
every possible contingency to be met in connection with installation, operation or main tenan�e

: 
Should 

further informa tion be desired or should particular problems arise whi ch are not covered s uff� c�ently for 
the purchaser ' s  p urposes , the ma t te r  should be referred to the General Electric Comrany . 

To the extent required the products described herein meet applicable ANSI, IEEE and NEHA standards; 

bu t no such assurance is given with respect to local codes and ordinances because they vary greatly . 
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GEK-49821 

TABLE 1 

Rel ay T1me I n s t .  P i ckup Range C i rcu i t  C l o s i ng I nt .  
Model Characteri st i c  Uni t I nst . T ime Contacts Conns 

I BC51M ( - )A I NVERSE NO - 2-16 ONE F I G 5 
I BC51M ( - ) Y lA I NVERSE YES - 2-16 ONE F I G 6 
I BC52M ( - )A I NVERSE NO 6-150 2-16 TWO F I G  7 
I B.C53M { - )A VERY I NVERSE NO - 1 .  5-12  ONE F IG  5 
I BC53M ( - )YlA VERY I NVERSE YES 6-150 1 . 5-12  ONE F I G  7 
I BC54M VERY I NVERSE NO - 1 .  5-12 ONE F I G  6 
I BC77M ( - )A EXTREMELY INV . NO - 1/5-12 ONE F I G  8 
I BC77M ( - ) Y lA EXTREMELY INV . YES 6-150 1 .  5- 12 ONE F I G  9 
I BC 78M EXTREMELY INV . NO - 1 . 5- 12 TWO F I G  23 

the l i nk open , the angl e of maximum torque wi l l  be 45 degrees , i . e . , max i mum torque 
wi l l  occur for rel ay current l aggi ng the u n i ty power factor condi t i on by 45 degrees , 
or conversely,  l ead i ng the quadrature vol tage by 45 degrees . The ang l e of maxi mum 
torque and be s h i fted to 70 degrees by c l os i ng the l i nk . For th i s cond i t i o n ,  
m ax imum torque wi l l  occur for rel ay current l aggi ng the uni ty power cond i t i on by 70 
degrees , or converse ly ,  l eadi ng the quadrature vol t age by 20 degrees . Sel ect the 
l i nk pos i t i on for each appl i cat i on that wi l l  provi de an angl e  of max i mum torque that 
i s  compat i b l e  wi th  exi sti ng system cond i t i on s . 

Someti mes two type I BC phase rel ays and a ground d i rect i onal  rel ay , such  as an 
I BCG , are used to i mpl ement the protect i ve rel ay scheme . Where such  pract i ces are 
fol l owed , the phase from whi ch the phas e  rel ay i s  e l im i n ated must be the s ame 
throughout the system i f  protect i on i s  to be provi ded for al l fau l t  cont i ngenc i es .  

The di fference between the var i ous mode l s  covered by t h i s  i nstruct i on book are 
shown i n  Tab l e 1 .  I n verse t i me rel ays shou l d  be used on systems where the fau l t  
current f l owi ng through a g i ven rel ay i s  i nf l uenced l argely by the system generat i ng 
capac i ty at the t ime of the fau l t .  Very i nverse t ime and extremel y  i nverse t ime 
re l ays shou l d  be u sed i n  appl i cati ons where the fau l t  current magn i tude i s  dependent 
mai n l y  upon the l ocat i on of the fau l t  i n  rel at i on to the rel ay,  and only s l i ght l y  or 
not at a l l upon the system generat i ng setu p .  The reason i s  that rel ays must  be set 
t o  be sel ect i ve wi th  maxi mum fau l t current f l owi ng . For fau l t  currents be l ow th i s  
va lue ,  toe operat i ng t i me becomes greater as the current i s  decreased . I f  there i s  
a wi de range i n  generat i ng capaci ty, together wi th  var i at i on i n  short-c i rcu i t  
current w ith  fau l t  pos i t i on , the operat i ng t i me wi th m i n imum fau l t  current may be 
exceedi ng l y  l ong wi th very i nverse t i me rel ays , and even l onger w i th extremely 
i nverse t i me rel ays . For such cases , the i nverse t i me rel ay i s  more app l i cabl e .  

The cho i ce between very i nverse and extremely i nverse t i me re l ays i s  more 
l im i ted than between them and the i nverse t i me re l ay,  as they are more near ly al i ke 
i n  the i r t i me-current character i st i c curves . For grad i ng wi th  fuses the extremely 
i nverse t i me rel ay s hou l d  be chosen as  the t i me-current curves more nearl y  match the 
fuse  curve . Another advantage of the extreme 1 y i nverse re 1 ay i s  that i t  i s  better 
s u i ted than both the i nverse and very i nverse rel ays for p i ck i ng up col d l oad . For 
any g i ven col d l oad pi ckup capabi l i ty,  the res u l t i ng sett i ngs  wi l l  prov i de faster 
protect i o n  at h i gh fau l t  currents wi th the extremeJy i n verse re l ay than wi th the  
l es s  i nverse rel ays . 
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GEK-49821 

TABLE 2 
CONDITIONS FOR MAXIMUM TORQUE USING goo CONNECTION 

CXIIIIIECTION 

11-2-3 PHAS£ SE�� • 
AT 60 CYCU:Sl 

OJIOIAlUIIE 
lOJRREIT WDS 
POTENTIAL 90 DEGIIE£ 
IIIEN FLOIIIIIG II TRIPPING DIII£CTICII 
AT UIITY P.F. LDADI 

( 0108B9117-0)  

PI4AS[ REV.TIONSHIP 
AT RELAY TERIIINALS 
FOR OJRRENT FLOWING 
IN TilE 11011-TRIP 
D I RECTI ON  AT UI I TY  
I'OIIER F ACTOR  LOAD. 

·y, 
I 
I 

�-3 l 

PHASE RELATIONSHIP �LTAG£ •�D OJRRENT VECTOR REV.TIONSH I P  CONCI TION FUll IIAX I - CONDI TION RR 111.111-
AT REV.Y TEAIINALS USED IN FI!ASE 2 RE- OF EDOI'-aJilREIH� IN 11..11 TOIIQUE W i lli  11..11 TOIIQI.E Wl'lll 
FOR OJRRENT FLOWING V.Y Willi PliASE lllllJCT ION CYLI NDER SHORT I NG  LINK OFF. ShORTING Llll ON. 
IN lliE TRIPPING REV.TION911 P  AT TO FWX S£T UP BY 
DIRECTION AT UN I TY UN I TY  P.F. LO� llliEN POTENTIAL WIIIOIIIG 
POIIER F.CTOR LOAD. OJRREHT FLOWS IN AT UN I TY  P F.U)M)-

,......... 

3�Z 
I 

6[ 3 z 

TRIPPiliG DI RECT ION. SHORTING LINI OfF. 

Ez-3 ANO I1 I 

�· 
L E-z-3 

I LUIIISI £. �E BY 911 lllliiEES 

' • tx;.I I 
I ¥.· E 

�-[ MAX. T� OCOJRS 11AX. ltli!OJ[ IIXUIIS Wllt:N I L I TS 11H£N I �  ITS 
VNITY P.F. POSITION 
B'( <65 DEGREES. 

� � � �ITICII 

The operat i ng t ime of the t ime overcurrent un i t  for any gi ven val ue of current 
and tap sett i ng i s  determi ned by the t ime d i al s ett i ng .  The operat i ng t ime i s  
i nversely proport i onal  to the current magni tude as i l l u strated by the t i me curves i n  
F i gures 1 1 ,  1 2  and 1 3 .  Note that the current val ues on these curves are g i ven as 
mu l t i p l es of the tap sett i ng .  That i s ,  for a gi ven t ime d i al sett i n g ,  the t ime wi l l  
be the s ame for 80 amperes on the ei ght ampere tap as for 50 amperes on the f i ve amp 
t ap ,  s i nce i n  both cases , the current i s  ten t imes tap sett i n g .  

I f  se l ect i ve act i on of two o r  more rel ays i s  requi re d ,  determ i ne the maximum 
poss i b 1 e short-c i rcui t current of the 1 i ne and then choose a t ime va 1 ue for each 
rel ay that d i ffers suff i ci ently to i nsure the proper s equence i n  the operat i on of 
the several  c i rcu i t  breaker s .  A l l owance must be made for the t ime i nvol ved i n  
open i ng each breaker after the re l ay contacts c l os e .  

The YlA rel ays contai ns a h i -sei smi c  i nstantaneous overcurrent un i t .  Thi s u n i t  
may b e  set at h i gh t o  provide  d i rect tri ppi ng for fau l ts some d i stance down the 
transmi s s i on l i ne . I n  determ i n i ng the sett i ng for th i s  un i t ,  fau l ts d i rectl y  beh i nd 
the rel ay must  be cons i dered , as wel l  as at the remote term i nal , because the u n i t  i s  
non-d i rect i onal . The un i t  shou l d  be set wi th a s u i tabl e margi n above the maximum 
external fau l t  current , tak i ng i nto account the effects of tran s i ent overreach as 
i l l u strated i n  F i gure 1 5 .  
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RATINGS 

The IBC  re l ays  descri bed i n  th i s  i nstruction are avai l ab l e i n  50 and 60 hertz 
model s .  The TOC ( t i me overcurrent ) uni ts have extended (8  to 1) ranges  s i mi l ar to 
the 800 ser i e s  lAC re l ays . The roc ( i nstantaneou s overcurrent) un i ts  al so have 
extended (25 to 1 )  ranges . 

Rat i ng s  of the operat i ng current c i rcu i ts of the roc . IOC (when u sed ; see Tabl e 
1 )  and the d i rect i onal uni ts  are shown i nd i v i dual l y .  However , s i nce al l operat i ng 
current c i rcu i ts are normal l y  connected i n  ser i es . the operat i ng coi l rat i ng s  of al l 
u n i ts shou l d  be cons i dered i n  determi n i ng the rat i ng of the ent i re operat i ng 
c i rcu i t .  

T IME OVE RCURRENT UN IT  

The  one  second rat i ng of  the  TOC uni ts are al l 260 ampere s .  
and t h e  cont i nuous rat i ngs are shown i n  Tab l es 3 ,  4 and 5 .  
tab l es are g i ven for the I BC51 , I BC53 and I BC77 model s .  

The avai l ab l e taps 
Note that separate 

TAP 

TABLE 3 
CONTI NUOUS RAT I NG OF I NVERSE TIME OVERCURRENT UN IT  

2 . 0- 16 . 0  Ampere Range I BC51 : 

2 . 0  2 . 5  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  10 . 0  1 2 . 0  16 . 0  

RATI NG 8 . 0  9 . 0  10 . 0  12 .0  1 4 . 0  1 5 . 0  16 .0  1 7 . 5  ,?0 . 0  20 . 0  20 . 0  

* TABLE 4 
CONT I NUOUS RAT I NG OF VERY I NVERSE TIME OVERCURRENT UN IT 

1 . 5- 12 . 0  Ampere Range IBC53 :  

TAP 1 . 5  2 . 0  2 . 5  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  10 . 0  1 2 . 0  

RAT I N G  10 . 0  1 1 . 5  12 . 3  1 3 . 0  14 . 5 1 7 . 0  19 . 0  21 . 0  23 . 0  23 . 5  27 . 5  

TABLE 5 
CONT I NUOUS RAT I NG OF EXTREME LY I NVERSE TIME OVERCURRENT UN IT  

1 . 5- 1 2 . 0  Ampere Range I BC77 : 

TAP 1 . 5  2 . 0  2 . 5  3 . 0  4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  10 . 0  1 2 . 0  

RAT I NG 9 . 5  10 . 5  1 1 . 5  12 . 5  14 . 0  15 . 5  17  . o  18 . 0  19 . 0  20 . 0  20 . 0  

* Rev i sed s i nce l ast i s sue 6 www . 
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GEK-49821 

DI RECTIONAL UN IT 

The d i rect i onal  un i t  operat i ng c i rcu i t ,  term i n al s  4 and 5,  has a s i x- ampere 
cont i nuous rat i ng and a 200- ampere one second rat i n g .  The potenti al pol ari z i ng 
c i rcui t ,  termi nal s 7 and 8 ,  i s  cont i nuou s l y  rated . 

I NSTANTANEOUS UN IT 

The i nstantaneous uni t coi l  i s  tapped for operati on on e i ther one of two ranges 
(H or L ) . Se lect i on of the h i gh or l ow range i s  determ i ned by the pos i t i on of l eads 
T and E at termi nal  6 .  See Tab l e  6 and the appl i cabl e  i nternal connect i ons  
referenced i n  Tab l e  1 .  For the H r ange , connect l ead T to term i nal  6 and  l ead E to 
the auxi l i ary term i nal that is  mounted on termi nal  6.  For range L,  reverse l eads T 
and E .  

6- 150 

TABLE 6 
CONTINUOUS AND ONE SECOND RATINGS OF I OC UN I T  

L 
H 

6 - 30 
30 - 150 

10 . 2  
19 . 6  260 

** e range 1 s  approx 1 ma e ,  w 1 c  means a , . - 150 .  
There wi l l  a l ways be  at l east one  ampere over l ap between the  maxi mum L s ett i ng 
and the mi n i mum H s ett i ng .  Whenever poss i bl e ,  al ways se l ect the h i gher range , 
s i nce i t  h as the h i gher conti nuous rat i ng .  

TARGET AND SEAL- IN  UN IT 

The rat i ng and impedance of the seal - i n  un i t  for the 0 . 2  and 2 ampere taps are 
g i ven i n  Tab l e 7 .  The t ap s ett i ng used wi l l  depend on the current drawn by the tri p  
coi l .  The 0 . 2  ampere tap i s  for use wi th tri p  coi l s  wh i ch operate on currents 
rangi ng from 0 . 2 up  to 2 . 0  amperes , at the m i n i mum contro l vol t age . If th i s  t ap i s  
used wi th tri p  co i l s  requ i r i ng more than two amperes , there i s  a pos s i b i l i ty that 
the res i stance of seven o hms wi 1 1  reduce the current to so  1 ow a va  1 u e  that the 
breaker wi l l  not be tri pped . 

T he two ampere tap shou l d  be u sed wi th tr i p coi l s  that take two amperes or more 
at m i n i mum control vol tage ,  provi ded the current does not exceed 30 amperes at the 
maximum control vol tage . If  the tri ppi ng current exceeds 30 amperes , the 
connect i ons shou 1 d be arranged so that the i nducti on u n i t  contacts wi  1 1  operate an 
auxi l i ary rel ay whi ch i n  turn energi zes  the tri p  co i l  or coi l s .  On s uch an 
appl i cat ion , it may be necess ary to connect a l o ad i ng res i stor i n  paral l e l  w i th the 
auxi l i ary rel ay co i l  to a l l ow enough current to operate the target seal - i n  un i t .  

CONTACTS 

The current-cl os i ng rat i ng of the i nduct i on uni t  contacts i s  30 amperes for 
vol tages not exceed i ng  250 volts . The i r  current-carryi ng rat i ng i s  l i m i ted by the 
t ap rat i ng of the seal - i n  un i t .  
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DC res i stance +10% 
M i n i mum OperatTng 

( +0 ,  -25% )  
C arry cont i nuous ly  
C arry 30  amps for 
C arry 10 amps for 
60 hertz i mpedance 

D IRECTIONAL UNIT 

GEK-49821 

TABLE 7 
SEAL-IN  UN IT RATINGS 

( ohms ) 
( amperes ) 

( amperes ) 
( seconds ) 
( s econds ) 

0 . 2  

7 
0 . 2  

0 . 3  
0 . 03 
0 . 25 

( ohms ) 52 . 0  

OPERAT I N G  CHARACTE R I ST I C S 

Tap 
2 . 0  

0 . 1 3  
2 . 0  

3 . 0  
4 . 0 

30 . 0  
0 . 53 

At the maxi mum torque ang l e ,  the d i rect i onal  un i t  wi l l  p i ck up at one percent 
of rated vol t age w ith two amperes current . The d i rect i onal  u n i t  h as a short i ng l i nk 
connected i n  paral l el with a ser i es res i stor l ocated i n  the potent i al pol ari z i ng 
c i rcu i t .  W i th the l i nk open { potenti al res i stor unshorted ) , the max imum torque 
ang l e  i s  45 degrees l ead ( current l eads vo l t age ) . W i th the l i nk cl osed ( potenti al 
res i stor shorted ) , the max imum torque ang l e  i s  20  degrees l ead ( current l eads 
vol t age ) . See Tab l e  2 .  

P I CKUP (TI ME OVERCURRENT UNI T )  

P i ckup o f  the TOC u n i t  i s  def i ned a s  the current requ i red t o  cl ose t h e  contacts 
from the 0 . 5  t i me d i al  pos i t i o n .  The p i ckup current i s  w i th i n  f i ve percent of t ap 
v al u e .  

RESET (TIME OVERCURRENT UN IT)  

. I nverse t ime overcurrent uni ts reset at 80  percent of the  m 1 n 1 mum p i ckup 
current ;  very i nverse t i me un its  at 80 percent ;  and extremely  i nverse t i me u n i ts at 
85 percent . 

When the rel ay i s  de-energ i zed , the t i me requi red for the d i s k  to compl etely 
reset to the number ten t i me d i al pos i t i on is approximatel y  s i x  s econds for i nverse 
t i me rel ays and 60 seconds for very i nverse t i me and extremel y  i nverse t i me rel ays . 

OPERATING TIME 

The t i me curves of the TOC u n i t s  are s hown i n  F i gures 1 1 ,  12 and 13 ,  
respect i vely for i nverse t i me ,  very i nverse t i me and extremely i nverse t i me re l ays . 
For the s ame operat i ng condi t i ons , the rel ay wi l l  operate repeatedly  wi th i n  one or 
two percent of the s ame t i me .  
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The t ime-current character i st i c  of the h i -sei smi c i nstantaneous  u n i t  i s  shown 
by F i gure 1 3  and i ts tran s i ent overreach character i st i c  i s  shown by F i gure 1 5 .  

BURDENS 

Tab l e  8 g i ves the burden of the potent i al c i rcu i t .  

TABLE 8 
POTENTIAL CIRCUIT  BURDENS AT 60 CYCLES AND RATED VOLTS 

Potent1 al Res 1 stor Vol t Power 
Shorti n g  L i nk Amperes Factor Watts 

Open 16 . 7  0 . 71 1 1 . 8  

C l osed 21 . 9  0 . 38 8 . 3  

Tab l e 9 g i ves the combi ned burdens of the t ime overcurrent and the d i recti onal 
u n i t  current c i rcu i ts . 

TABLE  9 
CURRENT C I RCUIT BURDENS AT 60 CYCLES (TOC + D IRECTIONAL UN IT)  

Tap _B_ur_d_ens  at jV11 n 1 mum P 1 ckup {Ohms)  Ohms Impedance at "IVA 
T ime Range Eft . Vo l t+ 3 t 1 mes  10  t 1 mes  at  5 

Char act . (Amps ) Res . React . Imp . ** Amperes P . F .  Mi n .  PU  Mi n .  PU  Amps 

I nverse 2-16  0 . 57 1 . 92 2 . 00 8 . 0  0 . 28 1 . 17 0 . 84 50 

Very 1 . 5-12  0 . 43 1 . 01 1 . 09 2 . 47 0 . 39 1 . 09 0 . 88 27 I nverse  

Extremel y  1 .  5-12  0 . 29 0 . 6 3  0 . 69 1 . 55 0 . 41 0 . 69 0 . 69 17 I n verse 

**The i mpedance val ues g i ven are those for the m i n i mum tap of each rel ay .  The 
i mpedance for other taps , at p i ckup current ( tap rat i n g ) , var i es i nverse ly  
approxi mately  as  the  square of  the  current rat i n g .  Examp l e :  for the  Type 
I BC53 re l ay, 1 . 5/12  amperes ,  the i mpedance of the 1 . 5  ampere t ap i s  2 . 00 ohms . 
The i mQedance of the three ampere tap ,  at three amperes , i s  approximately 
( 1 . 5/ 3 ) 2 x 2 . 00 = 0 . 50 ohms . 

+Some compan i es l i st rel ay burdens on ly  as the vo l t- ampere i nput to  operate at 
m i n i mum p i ckup . Th i s  col umn i s  i nc l uded so  a d i rect compari son can be made . 
I t  shou l d  not be used i n  cal cu l at i ng vo l t-ampere burdens i n  a CT secondary 
c i rcu i t ,  s i nce the burden at f i ve amperes i s  used for th i s purpose .  

#Cal cu l ated from burden at mi n i mum p i ckup . 
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T ab l e  10 g i ves t h e  b u rden of t h e  i n s t a n t a n e o u s  u n i t .  

TAB L E  1 0  
B U R D E N  O F  THE I N STAN TA N E OUS UN I T  

I N  ST . r�r N mur� BURDEN AT M I N I MUM BURDEN OHMS . �  Z )  
U N I T  RANGE P I CKUP P I CK U P  ( OHMS ) T I ME S  P I CK U P  

. (At�PS ) H Z  RANGE ( AMP S )  (AMP S ) R Jx ' z 3 1 0  20  
6 - 1 50 60 L 6-30 6 0 . 1 10 0 . 078 0 . 1 3 5  0 . 095 0 . 08 1  0 . 079 

H 30- 1 50 30 0 . 022 0 . 00 5  0 . 023  0 . 022 0 . 022 0 . 022 
i 

C O N S T R U C T I ON 

T h e  I BC r e l ays c o n s i s t of two u n i t s , a t i me o ve r c u r r e n t  u n it ( t o p )  of t h e  
i nd u st i o n d i s k  type , a n d  a n  i n s t a n t an e o u s  p ower - d i rect i o n a l  u n i t  ( bo t t om )  o f  t h e  
i n d u c t i on cup typ e .  T h e  d i r e ct i on a l  u n i t  i s  poten t i a l p o l a r i zed a n d  d i rect i o n a l l y  
c o n t ro l s  the operat i o n o f  the t i me overcurrent u n i t  by m e a n s  of i t s  c l o s i n g 
c o n t a ct s . The d i rect i on a l  u n i t  h a s  a pote n t i a l res i s t o r  s h o r t i n g l i n k l oc at e d  o n  
t h e  r i g h t - h a n d  m o l ded p o s t  wh i ch s u pport s the b e ar i n g p l at e .  A s  e xp l a i n e d  u n d e r  
OPERATING CHARACTER I STICS ,  t h e  l i nk p os i t i o n , e i t he r  o p e n  o r  c l o s ed , d e t e rm i n e s  t h e  
m ax i mum t o r q u e  a n g l e .  W h e n  t h e  l i n k i s  l eft o pe n ,  i t  s h ou l d  b e  att a c h ed b y  t h e  
l ower s c rew s o  t h at i t  w i l l  not  be l os t . 

T h e  I BC r e l ays h a ve a t arget s e a l - i n  u n i t ,  a n d  mode l s w i t h the Y lA s i f f i x ,  a s  
s h own by T ab l e  1 ,  h ave a h i n ged armat ure type i n s t a n t a n e o u s  o v e r c u r r e n t  u n i t .  

T h e  I BC r e l ays are mounted i n  t h e  s i ng l e - e n d e d  M l  d r awout c a s e . 

D I R E CT I ONAL U N I T  

T he d i r ec t i o n a l  u n i t  h a s  a n  i n d u ct i o n cyl i n der con s t r u ct i o n  w i t h  a l am i n at e d  
s t at o r  h av i ng e i g h t  po l e s  proj e c t i ng i nward a n d  arranged symmet r i c a l l y  a r o u n d  a 
s t at i o n a ry cen t r a  1 core . T h e  c u p - 1 i k e a 1 u m i  n um i nduct i on rotor i s  free to operate 
i n  t h e  a nn u l a r a i r  g ap betwe e n  t h e  p o l e s a n d  the  c o r e . The po l e s are f i tted 
a l t e r n a t e l y  wi t h  c u r r e n t  operat i ng co i l s  a n d  poten t i a l p o l a r i z i n g c o i l s .  

The pr i nc i p l e  by w h i ch t o rque i s  d e ve l oped i s  the s ame as t h a t of a n  i nd u c t i o n 
d i s k rel ay w i t h  a watt -met r i c e l eme nt , a l t h ou g h , i n  a r r a ng ement of part s , t h e  u n i t  
i s  more l i k e a s p l i t - p h a s e  i nd u ct i on motor . T h e  i nd u c t i on cyl i nd e r  c o n s t ru c t i o n  
prov i de s  h i g h e r  torque a n d  l ower roto r i ne rt i a  t h a n  the i nd u c t i on d i s k  c o n s truct i o n ,  
r e s u l t i n g i n  a f as te r  a n d  more s e n s i t i ve r e l ay .  

C o n t a c t s  

T h e  d i rect i o n a l  u n i t cont acts w h i c h  c o n t r o l  t h e  t i me o v e r c u r r e n t  u n i t , are 
s h own i n  F i gure 1 6 .  T h ey a r e  l ow gr a d i e n t  type , s p ec i a l l y  c o n s t r u ct e d  t o  m i n im i z e  
t h e  effect s of v i b r at i o n .  B o t h  t he s t at i o n ary a n d  mo v i n g  c o n t act b r u s h e s  are made 
:>f l ow g r ad i ent mate r i a l  wh i c h ,  when  s ub j e ct e d  t o  v i br at i o n , tend to fo l l ow o n e  
a n o t h e r ;  h e n c e , t h ey res i s t cont act s e p a r at i o n . 
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GEK-49821 

The contact d i a l (A ) s upports the stat i on ary contact brus h  ( B )  wh i ch has a 
con i cal contact ti p ( C )  mounted on i t .  The mov i ng cont act arm (D ) s upports the 
mov i ng contact brush  ( E ) on wh i ch a button contact t i p  ( F )  i s  mounted . The end of 
the mov i ng cont act brus h  bear s  aga i n st  the i nner face of the mov i ng cont act brush 
ret ai ner (G ) . S im i l ar l y,  the end of the stat i onary contact bru sh  bears agai nst the 
i nner face of the stat i onary cont act brus h  retai ner ( H ) . The stop screw (J ) ,  
mounted on the cont act d i al , funct i on s  to stop the mot i on of the contact arm by 
str i k i ng the movi ng contact bru s h  retai ner after the mov i ng and stat i onary contact 
members h ave made contact . The stat i onary cont act support (K ) and the contact d i a l 
are assemb l ed together by a mounti ng screw (L ) and two l ocknuts  ( M ) . 

T IME OVERCURRENT UN IT 

The i nverse t ime and very i nverse t i me overcurrent un i ts cons i st of a tapped 
current operat i ng coi l wound  on a U-magnet i ron  structure . The tapped oper at i ng 
co i l i s  connected to taps  on the tap b l ock . The U-magnet contai n s  wound s had i ng 
coi l s  wh i ch are connected i n  ser i es wi th  a d i rect i onal  u n i t  contact . When as a 
res u l t  of power f l ow d i rect i on ,  the d i rect i onal  u n i t  contacts c l ose , the shad i ng 
coi l s  act to produce a sp l i t-phase f i e l d  whi c h ,  i n  turn , deve l ops torque on the 
operat i ng d i sk . 

The extreme l y  i nverse t ime overcurrent u n i t i s  of the watt-metr i c  type , s im i l ar 
to watt-hour meters except as fol l ows : the upper port i on of the i ron s tructure h as 
two concentri c wi nd i ngs  on the m i dd l e  l eg of the magnet i c  c i rcu i t .  One of these i s  
a tapped current w i n d i n g  connected to t aps on the t ap b l oc k ;  the other i s  a f l oat i n g  
w i nd i ng wh i ch i s  connected i n  ser i es wi th  the d i rect i onal  u n i t  contact s , a res i stor , 
a capac i tor and the two co i l s  on the l ower l egs of the magnet i c  c i rcu i t .  When power 
f l ow i s  i n  such a d i recti on as to c l ose a d i rect i onal  u n i t contact , the un i t  
deve l ops torque on the operati ng d i s k .  

The d i sk  s haft carr i es the mov i ng contact whi ch comp l etes the tri p  c i rcu i t  when 
i t  touches the stat i on ary contact or contact s . The s haft i s  restrai ned by a sp i ra l  
s pr i ng to gi ve the  proper contact cl os i ng current , and i ts moti on i s  retarded by a 
permanent magnet act i ng on the d i sk  to produ ce the des i red t i me character i st i c .  The 
var i ab l e  retardi ng force resu l t i ng from the grad i ent of the sp i ral  spr i ng i s  
conpens ated by the spi ral  shape of the i ndu ct i on di sk , wh i ch resu lt s  i n  an i ncreased 
d r i v i ng force as the s pr i ng wi nds u p .  

TARGET AND SEAL - I N  UNIT 

A seal - i n  un i t  i s  mounted on  the l eft s i de of the t ime overcurrent un i t .  Thi s  
u n i t  has i ts co i l  i n  seri es and i ts contacts i n  paral l e l  wi th  the mai n contacts of 
the overcurrent un i t ,  arranged i n  such  a manner that when the mai n cont acts c l ose ,  
the  seal - i n  un it  pi cks up  and  seal s in  around the mai n contacts . When the seal - i n  
u n i t  operates , i t  rai ses a target i nto vi ew wh i ch l atches u p  and remai ns exposed 
unt i l manual ly re leased by pres s i ng the button l ocated at the l ower- l eft corner of 
the cover . 
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GEK-49821 

I NSTANTANEOUS UN IT 

The I OC un i t i s  a smal l h i nged armature i nstantaneous  e l ement , mounted on the 
r i ght s i de of the TOC u n i t .  The IOC e l ement operates over a 25 to 1 total range 
that i s  obtai ned by us i ng a tapped coi l that provi des a 5 to 1 l ow range and a 5 to 
1 h i gh range ; th i s  comb i nat i on prov ides the 25 to 1 total range . When the current 
reaches a predeterm i ned val ue ,  the i nstantaneous e l ement operates unt i l it i s  
rel eased . The same button that rel eases the t arget seal - i n  u n i t  a l s o  rel eases the 
target of the i nstantaneous un i t .  

R E C E I V I NG ,  HANDL I NG AND STORAGE 

These re l ays , when not i nc l uded as part of a control panel wi l l  be s h i pped i n  
cartons des i gned to protect them agai nst damage . Immed i ately upon recei pt of a 
rel ay ,  exam i ne i t  for any d amage . sustai ned i n  trans i t .  If d amage res u l t i ng from 
rough handl i ng i s  evi dent , fi l e  a damage c l a im  at once wi th the transpo rt at i on 
company and promptl y  not i fy the nearest General E l ectr i c  Apparatus Sa l es Off i ce .  

Use reasonab l e  care when u npack i ng the rel ay i n  order not to damage any of the 
parts nor d i sturb any of the adjustments . 

If  the rel ays are not to be i nstal l ed immedi ate ly ,  they shou l d  be stored i n  
the i r s h i pp i ng cartons i n  a p l ace th at i s  moi sture-free and where there are nei ther 
dust  nor metal l i c  ch i ps .  I f  forei gn matter col l ects on the outs i de of the cas e ,  i t  
may f i nd i ts way i ns i de when the cover i s  removed , and cause operat i on prob l ems wi th  
t h e  rel ay .  

ACCE PTANCE  T E STS 

Immed i atel y  u pon rece i pt of the rel ay ,  perform an i nspect i on and acceptance 
test to ensure that no damage has been sustai ned i n  s h i pment and the the rel ay 
cal i brat i ons  have not been d i sturbe d .  I f  the exami nat i on o r  test i nd i cates that 
readj ustment i s  necessary ,  refer to the sect i on on SERVICING. 

These tests may be performed as part of the i nstal l at i on or  acceptance tests at 
the d i scret i on of the user . 

S i nce most operat i ng compan i es use  d i fferent procedures for acceptance and 
i nstal l at i on tests , the fol l owi ng sect i on i nc l udes a l l app l i cab l e  tests that may be 
performed on these rel ays . 

V I SUAL I NSPECTION 

Check the namepl ate stampi ng  to ens ure that the model number and rat i ng of the 
rel ay agree wi th the requ i s i t i o n .  

Remove the re 1 ay from i ts case and check that there are n o  broken o r  cracked 
mo l ded parts or other s i gns of phys i c a l  d amage and that al l screws are t i ght . Check 
that the s hort i ng bars are in the proper 1 ocat i on ( s )  as shown by the i nterna 1 
connect i ons  d i agrams , F i gures 5 to 9 i nc l us i ve and that the mai n  brus h  i s  properly 
formed to  contact the  short i ng bar . 
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1 .  The di sk  shaft end pl ay shou l d  be 0 . 005-0 . 015  i nch . 
2 .  The d i sk shou l d  be centered i n  the ai r gaps of both the e l ectromagnet and 

drag magnet . 
3 .  Both ai r gaps shou l d  be free of forei gn matter . 
4 .  The d i sk s hou l d  rotate free l y  and shou l d return by i tsel f t o  the reset 

pos i t  i on .  
5 .  The mov i ng contact shou l d  just touch the stat i onary contact when the t i me 

d i al i s  at the zero t i me d i a l  pos i t i o n .  

Bottom u n i t  (DI R )  

1 .  The rotat i ng shaft end p l ay shou l d be 0 . 015-0 . 020 i nch . 
2 .  The contact gap shou l d be 0 . 015-0 . 025  i nch on the l ow grad i ent contact . 

Target and Seal - i n  Un i t/ I nstantaneous  Uni t  

1 .  The armature and contacts shou l d  move free l y  when operated by hand . 
2 .  Both contacts shou l d  make at approxi mately the same t i me .  
3 .  The target shou l d  l atch i nto v i ew just  as the contacts make and shou l d  

u n l atch when the target rel ease button i s  operated . 
4 .  The contacts shou l d  have approxi mately  0 . 030 i nch wi pe .  

DRAWOUT RELAYS , GENERAL 

S i nce al l drawout rel ays i n  servi ce operate i n  the i r  cases , they shou l d  be 
tested i n  e i ther thei r cases or an equ i va ·l ent steel cas e .  Th i s  way, any magnet i c  
effects of the enc l osure wi l l  be accurate l y  dupl i cated dur i ng test i n g .  A rel ay may 
be tested wi thout removi ng i t  from the panel  by us i ng a 1 2XLA13A test p l ug . Thi s 
p l ug  makes connect i ons on ly wi th  the rel ay and does not d i sturb any short i ng bars i n  
the case . The 12XLA12A test p l ug may al so  be used . A l though th i s  test p l ug al l ows 
greater test i ng f l ex i bi l i ty,  i t  requ i res CT short i ng j umpers and the exerci se of 
greater care , s i nce connect i ons are made to both the re l ay and the externa l  
c i rcu i try .  

POWER REQU I REMENTS , GENERAL 

A l l al ternat i ng current operated devi ces are affected by frequency. S i nce non­
s i nusoi  da 1 waveforms can be analyzed as a fundament a 1 frequency p 1 us h armon i cs of 
the fundamental frequency, i t  fol l ows that al ternat i ng current devi ces ( re l ays ) wi l l  
be affected by the app l i ed waveform . 

Therefore , i n  order to proper l y  test al ternat i n g  current re l ays , i t  i s  
es sent i al to use a s i ne wave of current and/or vol tage . The pur i ty of the s i ne wave 
( i . e . , i ts freedom from harmon i cs )  cannot be expressed as a fi n i te number for any 
part i cu l ar rel ay; however , any rel ay us i ng tuned c i rcu i t s ,  R-L or RC networks ,  or  
s aturat i ng e l ectromagnets ( su ch as  t i me overcurrent rel ays ) i s  affected by non­
s i nuso i dal  wave forms . 
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TARGET AND SEAL- IN  UN IT  

The target and seal - i n  un it  has an  operat i ng coi l tapped at 0 . 2 and 2 . 0  
amperes . 

When used wi th tri p co i l s  operat i ng on currents rang i ng from 0 . 2  to 2 . 0  amperes 
at the m i n i mum contro l vo l tage , the target and seal - i n  tap screw shou l d  be set i n  
the 0 . 2  ampere tap . When the tri p coi l current ranges from 2 to 30 amperes at the 
m i n i mum control vol tage , the tap screw shou l d  be pl aced i n  the 2 . 0  ampere tap .  

The seal - i n  tap screw i s  the screw ho l d i ng the r i ght-hand stat i onary contact of 
the seal - i n  un i t .  To change the tap sett i n g ,  f i rst remove the connect i ng p l ug .  
Then take a screw from the l eft-h and stat i onary contact and p l ace i t  i n  the des i red 
tap . Next , remove the screw from the other tap and pl ace i t  back i n  the l eft-h and 
contact . Th i s  prevents the r i ght-hand stat i on ary contact from gett i n g out of 
adj ustment . Tap screws sho u l d  never be l eft i n  both taps at the same t i me .  

P i ckup and Dropout Test 

1 .  Connect rel ay studs 1 and 2 ( see i nternal  connect i ons di agram )  to a DC 
source , ammeter and l oad box so that the current can be contro l l ed over a 
r ange of 0 . 1  to 2 . 0 amperes . 

2 .  C l ose or j umper the contact ( s )  that paral l e l  the seal - i n  u n i t  contact . 
3 .  I ncrease the current s l owly unt i l the seal - i n  un i t  pi cks up . See 

Tab l e  1 1 .  
4 .  Open the paral l e l  cont act c i rcu i t  of step 2 ;  the seal - i n  un i t shou l d  

remai n i n  the p i cked up pos i t i on .  
5 .  Decrease the current s l ow ly  unt i l the seal - i n  un i t drops out . See 

Tab l e  1 1 . 

TABLE  1 1  
TARGET AND SEAL - I N  UN IT  OPERATI NG CURRENTS 

P I CKUP DROPOUT 
TAP CURRENT CURRENT 

0 . 2  0 . 1 15  - 0 . 195 0 . 05 OR MORE 

2 . 0  1 . 15 - 1 . 95 0 . 55 OR MORE 

T IME OVERCURRENT UN IT  

Rotate the  t ime d i al  s l owly and check by means of a l amp that the  contacts just 
c l ose at the zero t ime d i a l sett i n g .  

Where the contacts just  c l ose can be adj usted by runn i ng the stat i onary contact 
brush i n  or out by means of i t s  adjust i ng screw . Thi s screw s hou l d  be h e l d  securel y  
i n  i ts support . 

W i th the contacts just c l os i ng at No . 0 t i me d i al sett i n g ,  there shou l d  be 
suff i c i ent gap between the stat i onary cont act brush and i ts metal  back i ng str i p  to 
ensure approxi mate l y  1/32 i nch wi pe . 
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Current Sett i ng 

rhe mi n i mum current at wh i ch the t i me overcurrent u n i t  wi l l  c l ose i ts contacts 
i s  determi ned by the pos i t i on of the p l ug  i n  the t ap b l ock . The tap pl ate on thi s 
b l ock i s  marked i n  amperes , as shown i n  Tabl es 3 ,  4 and 5 .  

When the tap sett i ng i s  ch anged wi th the re l ay energi zed i n  i t s  c as e ,  the 
fol l owi ng procedure must  be fol l owed : ( 1 )  remove the connect i ng p l u g ;  th i s  de­
energi zes the rel ay and shorts the current tran sformer secondary w i nd i ng ;  ( 2 )  remove 
the tap screw and pl ace i t  i n  the tap marked for the des i red pi ckup curren t ;  ( 3 ) 
repl ace the connect i ng p l ug .  

The m i n i mum current requ i red t o  rotate the d i sk s l owly  and t o  c l ose  the 
contacts shou l d  be wi t h i n  f i ve percent of the v a l ue marked on the tap p l ate for any 
t ap sett i ng and t i me d i a l  pos i t i on .  If  th i s adj ustment h as been d i sturbed , i t  can 
be restored by means of the s pri ng adjust i ng r i ng .  The r i ng can be turned by 
i nsert i ng a screw dri ver b l ade i n  the notches around the edge . By turn i ng the r i n g ,  
the operat i ng current of the u n i t  can be brought i nto agreement wi th the t ap sett i ng 
emp l oyed .  Th i s  adjustment a l so  perm i ts any des i red sett i ng  to be obtai ned 
i ntermed i ately between the avai l ab l e  t ap sett i ngs . 

P i ckup adj ustment by means of the contro l spr i ng app l i es to the I BC51  and IBC53  
rel ays . The procedure i s  di fferent for IBC77 rel ays ; the pi ckup of the u n i t  for any 
current tap setti ng i s  adju sted by means of the vari ab l e  res i stor i n  the phase­
s h i ft i ng c i rcu i t .  Th i s  adjustment a 1 so perm i t s  any sett i ng l ocated i ntermed i ately 
between the  var i ou s  t ap sett i ngs . The  contro l spr i ng i s  prewound approxi matel y  660 
degrees wi th the contacts just c l osed . Further adj ustment of th i s sett i n g  i s  se l dom 
requ i red ; i f  requi red because of i n suff i c i ent range of the v ar i ab l e  rei s i to r ,  i t  
shou l d  never be necessary to wi nd  up  the control spri ng  adj uster more than 30 
degrees ( one notch ) or unwi nd i t  more than 90 degrees { three notches ) from the 
factory sett i ng .  

Test connect i ons for mak i ng  p i ckup and t i me checks on  the t ime overcurrent un i t  
are shown i n  F i gures 18 and 1 9 .  Use a 120 vo l ts or greater source wi t h  good wave 
form and constant frequency .  Stepdown transformers or phantom l oads shou l d  not be 
empl oyed i n  test i ng i nduct i on rel ays s i nce the i r  use may cause a d i s torted wave 
form .  The contact i n  the wound  s h ad i ng coi l c i rcui t marked D must  be b l ocked c l osed 
or jumpered for both the p i ckup  test and the t i me tes t  ( see i n tern a l  con nect i on 
d i agram ) . 

T i me Sett i ng 

The sett i ng of the t ime d i a l  determi nes the l ength of t i me the un i t  requ i res to 
c l ose i ts contacts when the current reaches a predetermi ned val u e .  The contacts are 
j ust c l osed when the d i a l  i s  set on zero . When the d i a l i s  set on 10 , the d i sk mus t  
travel the maxi mum amount t o  c l ose the contacts and i s  the maximum t i me s ett i ng .  

The primary adjustment for the t i me of operat i on of the un i t  i s  made by means 
of the t i me d i a l . However , further adj ustment i s  obta i ned by movi ng  the permanent 
magnet al ong i ts support i ng she l f ;  mov i ng the magnet toward the d i sk  s h aft decreases 
the t i me , wh i l e  movi ng i t  away i ncreases the t i me .  Be sure the magnet never extends 
out beyond the cutout i n  the d i s k .  
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P i ckup Test 

Use rated frequency for both the p i ckup and t i me tests . 

Set the rel ay at the 0 . 5  t i me d i a l pos i t i on and 2 . 0  ampere tap . W i th  test 
connect i ons as shown in F i gure 18,  the mai n  un i t  shou l d  c l ose i t s  contacts wi th i n  
p l us or m i nu s  two percent of tap val ue current ( 1 . 96-2 . 04 amps ) .  

T i me Test 

Set the re l ay at the N o .  5 t i me d i al sett i ng and the 2 . 0  amp tap . W i th test 
connecti ons as s hown i n  F i gure 19, app ly  f i ve t i mes  tap current ( 10 . 0  amps ) to the 
rel ay .  The rel ay shou l d  operate wi th i n  the l im i ts g i ven i n  Tab l e  1 2 .  

TABLE 1 2  
TOC UN IT OPERATI NG T IME L IMITS 

TIME I N  SECONDS 
Rel ay Type M1 n i mum Mi dpo 1 nt Max1 mum 

I BC51-52 1 . 72 1 . 78 1 . 83  
I BC53- 54 1 . 27 1 . 31 1 . 35 
I BC77-78 0 . 89 0 . 92 0 . 95 

D IRECTIONAL UNI T  

Pol ari ty Check 

The pol ari ty of the externa l  connect i ons to the d i rect i onal  un i t may be 
ver i f i ed by observi ng  the d i rect i on of contact armature torque when the 1 i ne i s  
carryi n g  l oad at uni ty power factor , or  s l i ght ly  l aggi ng power factor .  Note that i n  
most d i rect i onal  overcurrent rel ay appl i cat i ons , the des i red d i rect i ons are : 
contact-c l os i ng for power f l ow away from the bus , and contact open i ng for power f l ow 
toward the bus .  Refer to  F i gure 20 for a more accurate method of check i ng the 
pol ari ty of the connect i ons . 

F i gure 2 1  depi cts the test connect i ons to check the pol ari ty of the d i rect i onal  
unit i tse l f .  

P otent i al Res i stor Short i ng L i nk 

The potent i al res i stor short i ng l i nk i s  l ocated on the r i ght-hand mo l ded post 
wh i ch supports the bear i ng p l ate and i s  i n  paral l e l  wi th a ser i es res i stor l ocated 
i n  the potent i al po l ar i z i ng c i rcui t .  W i th the l i nk open ( potent i al res i stor 
unshorted ) ,  the max i mum torque ang l e  i s  45 degrees l ead ( current l eads vol tage ) . 
W i th the l i nk c l osed ( potent i al res i stor shorted ) ,  the maxi mum torque angl e i s  20 
degrees 1 ead ( current 1 eads vo 1 tage ) . When the 1 i nk i s  1 eft open , i t  shou 1 d be 
attached by the l ower screw so that i t  wi l l  not be l ost . 
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I NSTANTANEOUS UNIT 

Make s ure that the i nstantaneous un i t  i s  i n  the correct range i n  wh i ch it i s  to 
operate ( see i ntern al  connect i on s  d i agr am and Tab l e  6 ) . Whenever pos s i b l e ,  use the 
h i gher range because the h i gher range h as a h i gher conti nuous rat i ng . 

The i nstantaneou s  u n i t has an adj ustab l e  core l ocated at the top of the un i t .  
To set the i nstantaneou s  un i t  to a des i red p i ckup , l oosen the l ocknut and adj ust  the 
core .  Turn i ng the core c l ockwi se decreases the p i ckup , turn i ng it countercl ockwi s e  
i ncreases the p i ckup .  Br ing  the  current up s l owly unt i l t he  uni t p i cks  u p .  I t  may 
be necessary to repeat thi s operat i on ,  unt i l the des i red p i ckup val ue i s  obtai ned . 
Once the des i red p i ckup val ue i s  reached , t i ghten the l ocknut . 

CAUTION 

Refer to Tab l e  6 for the conti nuous and one second r at i ngs of the 
i nstantaneou s  un i t .  Do not exceed these r at i ngs when appl yi ng 
current to the i nstantaneous un i t .  

The range of the i ns tantaneous  u n i t ( s ee Tab l e  6 )  must be obtai ned between a 
core pos i t i on of one-ei ghth of a turn c l ockwi se  turn , and 20 turns counterc l ockwi se  
from the  fu l ly c l ockwi se  pos i t i on .  

I NSTAl lAT I O N  

LOCATION 

The l ocat i on shou l d  be c l ean and dry,  free from dust and excess i ve v i brat i on 
and wel l l i g hted to  faci l i t ate i ns pecti on and tes t i n g .  

MOUNTING 

T he re l ay shou l d  be mou nted on a vert i cal  surface . See the out l i ne and pane l  
dri l l i ng d i agram ,  F i gure 22 .  

CONNECTIONS 

The i nternal connect i on d i agrams for the var i ous  rel ays are shown i n  F i gures 5 
through 9 .  A typi cal  wi r i ng d i agram i s  shown i n  F i gure 1 0 .  S i nce phase s equence i s  
i mportant for the correct operat i on of Type I BC rel ays , the rotati on must be as 
s pec i f i ed i n  F i gure 10 .  Un l ess  the rel ay case i s  mounted on a steel panel whi ch 
adequately grounds i t ,  the case shou l d be grounded through a mount i ng stud or screw 
wi th a conductor not l es s  than # 1 2  B&S gage copper wi re or i ts equ i va l ent . 

I NSPECTION 

At the t ime of i nstal l at i on ,  the rel ay shou l d  be i nspected for tarn i shed 
contact s ,  l oose screws , or other i mperfecti ons . If  any probl ems are encountered , 
they shou l d  be corrected as descr i bed i n  the sect i on on serv i c i n g .  
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CAUTION 

E very c i rcu i t  i n  the drawo ut case has an auxi l i ary brush . I t  i s  
expec i al ly  i mportant on current ci rcu i ts and other c i rcu i ts wi th short i ng 
bars that the auxi l i ary brush be bent h i gh enough to engage the connect i ng 
p l ug or  test p l ug  before the mai n brushes do . Th i s  wi l l  prevent CT 
secondary c i rcu i ts from bei ng opened . Refer t o  F i gure 1 7 .  

OP ERAT I ON 

Before putt i ng the re l ay i nto serv i c e ,  check to ensure th at factory adj ustments 
h ave not been d i sturbed . The t ime d i a l wi l l  be set at zero before the re l ay leaves 
the factory.  If the sett i ng has not been changed , i t  wi 1 1  be necess ary to change 
t h i s  sett i ng i n  order to open the t i me overcurrent u n i t  contacts . The fol l ow i ng 
tests are suggested : 

TARGET AND SEAL - I N  UN IT 

1 .  Make sure that the tap s crew i s  i n  the des i red tap . 
2 .  Perform p i ckup  and dropout tests as out l i ned i n  the ACCEPTANCE TESTS 

sect i on .  

TIME OVERCURRENT UN IT 

1 .  Set tap s crew on des i red t ap .  Us i ng the test c i rcu i t  i n  F i gure 18 ,  app ly 
approximate ly  twi ce tap va l ue current unt i l the cont acts j ust c l ose . 
Reduce the current unti l the l i ght i n  ser i es wi th the contacts begi ns to 
f l i cker .  Th i s  val ue of current shou l d  be w i th i n  f i ve percent of tap 
va l ue .  

2 .  Check the operat i ng t ime at some mul t i pl e  of  tap val ue .  Thi s mu l t i p l e  of 
tap val ue may be f i ve t i mes tap rat i ng or the maxi mum fau l t  current for 
whi ch the rel ay must coordi nate . The val ue used i s  l eft to the d i scret i on 
of the user . Use the test c i rcu i t  of F i gure 1 9 .  

DI RECTIONAL UNI T  

Check the d i rect i onal  un i t pol ari ty and observe that the short i ng l i nk i s  
pos i t i oned for the des i red maxi mum torque ang l e .  See the ACCEPTANCE TESTS sect i on .  

I NSTANTANEOUS UN IT 

1 .  Sel ect the des i red range by mak i ng the proper connect i ons at the rear of 
the rel ay ( see i ntern al  connect i ons d i agram ) . Whenever poss i b l e ,  a lways 
s e l ect the h i gher range s i nce i t  has a h i gher cont i nuous rat i ng .  

2 .  Set the i nstantaneous uni t to p i ck u p  at the des i red current 1 eve 1 .  See 
the ACCEPTANCE TESTS sect i on .  
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P E R I OD I C  C H E CK S  AND ROUT I N E MA I NTENANCE  

I n  v i ew of  the v i tal  ro l e  of  protect i ve rel ays i n  the  operat i on of  a power 
system , a peri od i c test program i s  important . The i nterval between peri od i c  checks 
wi l l  vary dependi ng upon envi ronment , type of rel ay and the user ' s  experi ence wi th 
per i odi c testi ng . Unt i l the user has accumu l ated enough exper i ence to se 1 ect the 
test i nterval best s u i ted to h i s  i nd i v i dua l  requ i rements , the po i nts l i sted bel ow 
s hou l d  be checked at an i nterval of from one to two years . 

These tests are i ntended to ensure th at the rel ays have not devi ated from the i r  
ori g i nal sett i ngs . I f  dev i at i ons are encountered ,  the rel ay must be retested and 
servi ced as descri bed i n  th i s manu al . 

TARGET AND SEAL- IN  UN IT 

1 .  Check that the un i t  pi cks u p  at the val ues shown i n  Tab l e  1 1 . 
2 .  Check that the un i t  drops out at 2 5  percent o r  more of tap val ue . 

T IME OVERCURRENT UN IT 

1 .  Perform pi ckup test as descri bed i n  the INSTALLATION sect i on for the tap 
i n  servi ce . 

2 .  Perform the t ime tests as descri bed i n  the INSTALLATION sect i on .  

D I RECTI ONAL UN IT 

Check condi t i on and operat i on of contact s .  A po l ar i ty check s hou l d  not be 
necess ary i f  the rel ay was correct l y  i nstal l ed and no subsequent wi r i ng changes were 
made . 

I NSTANTANEOUS UN IT 

Check that the i nstantaneous un i t pi cks up at the des i red current 1 eve 1 ,  as 
outl i ned i n  the ACCEPTANCE TESTS and the INSTALLATION sect i ons . 

SERVICING 

The rel ays have been factory adjusted , and shou l d not be d i sturbed . I f ,  for 
any reason , they have been di sturbed or are found to be out of 1 imi ts duri ng 
i nstal l at i on or peri od i c  test i ng ,  then checks and adjustments outl i ned i n  the 
fol l owi ng paragraphs shou l d  be made , preferab ly i n  the l aboratory . 

TARGET AND SEAL-IN  UN IT 

Repeat the vi sual  and mechan i cal i n spect i ons and the pi ckup and dropout current 
checks as outl i ned i n  the ACCEPTANCE TESTS sect i on .  
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T I ME OVERCURRENT UNIT  

D i sk  and  Beari ngs 

The jewel shou l d  be turned up unti l the d i sk i s  centered i n  the ai r gaps , then 
l ocked i n  th i s pos i t i on by the set screw ,  wh i ch i s  provided for thi s purpose .  The 
u pper bear i ng p i n shou l d  be adjusted so that the d i sk sh aft h as about 1/64 i nch end 
p l ay .  

Contact Adjustment 

The contacts shou l d  have about 1/32 i nch wi pe , i . e . , the stat i onary contact t i p  
shou l d  be def l ected about 1/32 i nch when the d i sk comp l etes i ts trave l . Adj ust the 
wi pe by turn i ng the wi pe adjustment screw, thereby adj u s t i n g  the pos i t i on of the 
brush rel at i ve to the brush stop . 

When the t i me d i a l i s  moved to the pos i t i on where i t  ho lds  the contacts just 
c l osed , it  shou l d  i n d i cate zero on the t i me d i a l scal e .  I f  it  does not and the 
brushes are correct ly adjusted , s h i ft the d i al by changi ng the pos i t i on of the arm 
attached to the shaft just  bel ow the t i me d i a l . Loosen the screw c l ampi ng  the arm 
to the shaft and turn the arm re l at i ve to the shaft u nt i l the contacts just  make for 
zero t i me d i al sett i ng .  

Character i st i cs Check and Adjustment 

Repeat the port i ons of the ACCEPTANCE TESTS sect i on that app ly to the t ime 
overcurrent uni t .  A l s o ,  check reset vo l t age and t i me as outl i ned under RESET i n  the 
CHARACTERISTICS s ect i o n .  Low reset vo l tages or long reset t i mes may i nd i cate 
excess i ve fri ct i on caused by a worn bear i ng or by mechan i cal  i nterference .  

On  IBC77  rel ays , s et the re l ay on the two amp tap wi th the t i me d i a l set so 
that the contacts are j ust open . Adj ust p i ckup wi th i n  the l imi ts of 1 . 96 to 2 . 04 
amps , but as c l ose as poss i b l e  to 2 . 0  amps . Then move the t ime d i al to the No . 10  
pos i t i on and  check the  current requi red to  j ust move the d i sk  away from the stop 
arm .  Th i s  current shou l d be wi thi n the l i mi ts o f  1 . 88 t o  2 . 12 amps . I f  the d i sk  
moves at  the  l ower l im i t ,  check that movement is  not  over one-ha lf  i nch measured 
a l ong the peri phery of the d i sk ;  th i s  i s  cal l ed a compensat i on check . I f  the 
c urrent fal l s  outs i de the 1 . 88 to 2 . 1 2  amp l im its , the fol l owi ng steps shou l d  be 
t aken : Reset the contro l spr i ng unt i l compensat i on at No . 10  t ime d i al i s  wi th i n  
l im its , then restore p i ckup  by adj ust i ng the res i stor .  Recheck compensat i on after 
the res i stor adjustment . 

D IRECTIONAL UNIT 

Beari ngs 

The l ower jewe l bear i ng shou l d  be screwed al l the way i n  unti l i ts head engages 
the end of the threaded core support . The u pper bear i ng shou l d  be adj usted to a l l ow 
about 1 /64 i nch end p l ay i n  the shaft . 

To check the c l earance between the i ron core and the i ns i de of the rotor cup,  
press down on the contact arm near the sh aft , depres s i ng the spri ng-mounted jewe 1 
unti l the cup stri kes the i ron . The shaft shou l d  move about 1/16  i nch . 
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Cup and Stator 

If necess ary to remove the cup-type rotor from the d i rect i onal  un i t ,  use the 
• fol l ow i ng procedure :  

1 .  Al l l eads to the  un it  shou l d  f i rst be  d i sconnected and tagged for 
i dent i f i cat i on when reconnected . Then remove the u n i t  from the crad l e  w i th i t s  
mount i ng p l ate st i l l  attached . 

2 .  The upper of the three f l at-head screws ho l d i ng the u n i t  t o  the p l ate shou l d  
now be removed .  On some mode 1 s ,  i t  may be necessary t o  remove a res i stor or 
capaci tor to expose th i s  s crew . The four corner screws c l ampi ng t he un i t  
together shou l d  next be removed ,  and the ent i re top structure l i fted off . Thi s  
provi des access to the cup as sembly and exposes the stator assembl y ,  whi ch 
sho u l d  be protected to keep i t  free from dust and metal l i c part i cl es unt i l the 
u n i t  i s  reassembl ed .  

3 .  To remove the shaft and rotor from the contact head as sembl y ,  the spr i ng c l i p  
at the top of the s haft must be p u l l ed out and the c l uth adj ust i ng screw t aken 
out of the s i de of the mol ded contact arm . The shaft and cup can now be pu l l ed 
out of the mol d i n g . The rotor must be h an d l ed very careful ly  whi l e  i t  i s  out 
of the un i t .  

Contact Adjustment 

To make contact adjustments ,  refer to F i gure 16  for i dent i f i cat i on of l ow 
gradi ent contact parts and proceed as fol l ows : 

Loosen the l ocknut wh i ch secures the backstop s crew ( l ocated at the r i g ht-hand 
corner of the un i t )  to i ts support . Unw i nd the backstop screw so that the mov i ng 
contact arm i s  perm i tted to swi ng freely .  Adj ust  the  ten s i on of  each l ow gradi ent 
contact brush so th at one to two grams of pres sure are requi red at the contact t i p  
i n  order to cause the end of the brush  to separate from the i nner face of i ts 
respecti ve brush retai ner . Adj ust the sp i ral  spr i ng unt i l the mov i ng contact arm i s  
i n  a neutral pos i t i on ,  i . e . , wi th the arm po i nt i ng d i rect ly forward .  Loosen the 
l ocknut that secures the stat i onary contact mount i ng screw to the stat i on ary contact 
s upport . W i nd the mounti ng s crew i nward unt i l the stat i onary and movi ng contact 
members j ust  beg i n  to touch . Unwi nd the mounti ng screw unt i l the stat i on ary contact 
s top l i nes up wi th the mov i ng contact brus h  retai ner . W i nd the backstop screw 
i nward unt i l the mov i ng and stat i onary contact members agai n j ust  beg i n  to touch . 
Loosen the l ocknut of the stat i onary contact stop screw , and advance th i s s crew 
unt i l i t  just  touches the mov i ng contact brush retai ner . Unw i nd the s crew one and a 
h al f  turns to provi de contact wipe .  T i ghten the l ocknut . Unwi nd  the backstop s crew 
two-th i rds of a turn and t i ghten the l ocknut th at secures the backstop screw to i t s  
s upport . F i nal ly,  adj ust the tens i on o n  the stat i onary contact brush  s o  th at when 
the contacts are made and ful ly  wi ped i n ,  there i s  approximate ly an equal  def l ect i on 
on  each brush . 

Torgue Adjustment 

The d i rect i onal u n i t  i s  provi ded wi th a notched core whi ch i s  used to m 1 n 1 m1 ze 
the torque produced on the rotor by current al one in the operati ng coi l s  wi th the 
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po l ar i z i ng c i rcui ts de-energ i zed . Th i s  adj ustment i s  made at the factory and may be 
checked as fo l l ows : 

F i rs t ,  s hort out the potent i a l po l ar i z i ng c i rcu i t .  Adj ust the control  spr i ng 
so  that the mov i ng contract structure i s  ba l anced between the stat i onary contact and 
the stop . Th i s can be done by l oosen i ng the hexagonal - head l ock i ng screw , wh i ch 
c l amps the s pr i ng  adjust i ng ri ng i n  pos i t i on ,  and turn i ng the r i ng to the l eft unt i l 
the ba l ance po i nt i s  reached .  

E nergi ze the  operat i ng c i rcu i t  wi th 30 amperes and check that the  contact arm 
does not move . The core shou l d  be turned i n  sma l l steps unt i l a poi nt i s  reached 
where there i s  no " b i as "  torque from current a l one . The core can be turned by 
l oosen i ng the l arge hexagona l  nut on the bottom of the u n i t  and turn i ng the core 
us i ng the s l otted bear i ng screw . Th i s  screw shou l d  be he l d  secure l y  i n  pos i t i on 
when the  nut i s  ret i ghtened . 

Keep i n  m i nd that currents of these magn i tudes wi l l  cause the coi l s  to overheat 
i f  app l i ed too l ong . Therefore , l eave the test current on o n l y  for short i nterva l s ,  
and a l l ow suff i c i ent t i me between tests for the coi l s  to coo l . 

After the torque adjustments h ave been made , the spi ra l  spr i ng s hou l d  be set to 
h ave bare l y  enough tens i on to swi ng the mov i ng cont act arm agai nst  the stop screw 
when the un i t  i s  de-energ i zed . Suff i c i ent tens i on wi l l  be obt a i ned i f  the adjust i ng 
r i ng i s  rotated about one-ha l f i nch from the neutral  pos i t i on i n  the 
counterc l ockwi se d i recti on , as measured on the per i phery of the r i ng .  

CLUTCH ADJUSTMENT 

The connect i ons shown i n  F i gure 21 for the po l ar i ty check can a l so  be used i n  
mak i ng the c l utch adjustment . The 5 0  ohm f i xed res i stor shou l d  be repl aced wi th  an 
adj ustab l e  res i stor capab l e  of contro l l i ng the current wi th i n  5 to 2 5  amperes . A 
screw project i ng from the s i de of the  movi ng  contact arm contro l s  the c l utch 
pres s ure . Use rated frequency and vo l tage wi th the short i ng l i nk  c l osed and current 
i n  ph ase wi th  the vo l tage . W i t h  suddenly app l i ed current , the c l utch must not s l i p  
at n i ne amperes but i t  must s l i p  at e l even amperes and above . 

I nst antaneous  Un i t 

1 .  Both contacts s hou l d  c l ose at the s ame t i me .  2 .  The back i ng str i p  shou l d  be s o  formed that the forked end (f ront ) bears 
agai nst the mo l ded str i p  under the armat ure . 

3 .  W i th the armature agai nst the po l e  p i ece , the cross  member of the "T "  
spr i ng shou l d  be i n  a hori zont a l  p l ane and  there s hou l d  be at  l east 1/64 
i nch w ipe on the cont acts . Check th i s  by i nsert i ng a 0 . 010 i nch fee l er 
gage between the  front h al f  of the shaded po 1 e wi th  the armature hel d 
c l osed . The contacts shou l d  c l ose wi th the fee l er gage i n  p l ace . 

CONTACT CLEAN I NG 

A f l ex i b l e  burn i s h i ng too l shou l d  be used for c l ean i ng f i ne s i l ver contacts . 
Th i s  tool  i s  a f l ex i b l e  str i p  of meta l  wi th an etched-roughened s urface , resembl i ng 
i n  effect a superf i ne f i l e .  The po l i sh i ng act i on i s  so del i cate that no scratches 
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are l eft , yet corroded mater i a l wi l l  be removed rapi d l y  and thorough ly .  The 
fl exi bi l i ty of the too l i nsures c l ean i ng the actua l  poi nts of contact . 

Never c l ean f i ne s i l ver contact s w ith  kn i ves , f i l es or abras i ve paper or c l oth • 

K n i ves or fi l es may l eave scratches wh i ch i ncrease arc i ng and deter i orat i on of the 
contacts . Abras i ve paper or c l oth  may l eave m i n ute part i c l es of i n su l at i ng abras i ve 
mater i al i n  the contacts , prevent i ng contact c l os i ng .  

The burn i s h i ng too l descr i bed above can be obtai ned from the factory . 

RENEWAL PARTS 

I t  i s  recommended that s uff i c i ent quant i t i es of renew a 1 parts be carr i ed i n  
stock t o  enab l e  the prompt rep l acement of any that are worn , broken , or damaged . 

When order i ng renewal part s ,  address  the nearest Sal es Offi ce of the General  
E l ectr i c  Company, spec i fy qunat i ty requ i red , name of  part wanted , and g i ve comp l ete 
namepl ate dat a .  If pos s i b l e ,  g i ve the General E l ectr i c Company requ i s i t i on number 
on wh i ch the rel ay was furni shed . Refer to Renewal P arts Pub l i cat i on GEF-4081 . 
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F i gure 1 ( 8043398)  Type I BC 5 1M ( - ) YlA Re l ay i n  Case ( Front V i ew)  
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F i gure 2 (8043399 ) Type I BC51M ( - ) Y1A Re l ay Removed from Case ( Front V i ew) 
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F i gure 3 (8043400 ) Type I BC51M ( - ) YlA Re l ay Removed from Case ( Rear V i ew) 
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F i gure 4 (804341 3 )  Type I BC77M Re l ay Removed from Case ( Rear V i ew)  
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TC - TR I P CO I L I a - AUX I L 1  ARY SW I TCH , CLOSED 
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F i gure 10 ( 0418A0931-0)  Quadrature Connect i on of Three S i n gl e  Ph ase IBC  Re l ays for 
D i rect i onal  Phase Fau l t  Protect i on of a S i ng le  L i ne 
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F i gure 11  ( 088880269- 3 )  T i me Current Characteri s t i c  of 
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34 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I 7 .I I I .. . 
·­
-
-
'"' 
-
-

-

-

-

1. • • 
71 
• 
• 
• 
• 

• 

I 
I 
I 
7 
I 
I 

• 

I 

I 

1 .. 
• 
7 
.. 
.. 

.. 

.J 

1 
.. 
... 
.17 
.. 
... 
... 
... 

.II 

1 

RAT I NGS 

T I ME UN I T  

o . 5-q. o 
' ·  5- 1 2 . 0  

2- 1 6  

.., .. .. .  7.1 .. 1 

GEK-49821 

I • I I f I IM • . . . - �� ··· � I I I I I I III � 

-. I I I I 
1 1 I I I I I I I 1 1 T iT 

fXm!DEC P..o\1-'H (800 !':'ffll f� ) 

I JI ST UN I T  T HIE UN I T  TAPS 

o .  5-ij. Q  o . 5, o . 6, o . ?, o . s, t . o, 1 . 2, t . 5, 2 . 0, 2 . 5, a. o, q. o  

2- i 6  1 . 5, 2 . 0, 2 . 5, a. o, 4. o, 5 . o . 6 . o ,  ? . o, a . o  .• 1 0, 1 2  

1 0 -80 2 . 0, 2 . 5, a . o, 4. o, 5 . o, 6 . o , ? . o . a . o, t o . o, 1 2_. 1 6  

20- 1 6 0  

�\ 
�\� 
l\\� 
� � 

\\ 

\ ,\ \\f..\ 
f-

1 \  l\ · - -

\ IV � 
\ i\ ·''['.. 
\ \ \ [\['.. 

\ 1\ \ [\['.. � � i\ 1\ � -- 10 
9 

- 8 1\ ........... - 7 • 1\ ["'-..., ......... � 6 "' 
5 = -

- 4 -• � en ['.... 3 
..._ I- c; 

2 0 
• l'r--. � t-t-t- e 

·-I ..... 

l 

• I • , • •• • • • • •  " ••! I I I I I I I II 
MULT I P L E S  OF RE LAY TAP S E T TING 

·F i gure 12 ( 088880270- 3 )  T ime Current Character i st i c  of 
Very I nverse T i me Overcurrent Un i t  

35  

I I I I I I I II 
I I . I  I 

ADJUSlMENTS 

I N  ST. UN I T  

CONTI HUOUSLY 

AOJUSTASLE 

·­
-
-
,. 
-
-

-

-

-

1. • • " 
• 
• 
• 

.. 

.. 

11 
• 
• 

: i 
!i 

I I 
1 
.. 
.. 

.. 

.. 

.. 

.J 

' 
.. 
• .., 
... 
... 

... 

... 

• 

I I I 1 1 1 111 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



.I .I .7 .I .I I 
�­
-
-"' 
--
-

I I 

RAT I N G S  

- T I M E  UII I T  

-

Ill • • 
" 
• 
.. 

• 

10 

II 

II 
I 
I 
7 

• 

I 

I .. .. 
7 

.. 
.I 
• 

I 

.. 

I ... 
... 
·" 
... ... 
... 
.II 

.. 

.. I 

o. 5-q. o 
1 .  5- 1.2 . 0 

2- 1 5  

.I .I .7 .I .1 I 

�\ 
�\\� 
� 
I \ \  

\ 

1\ \ \ 

I 

� 
\\' 

I • 

I H ST. UN I T  

o. 5-4. 0 
2- 1 6  
1 0-80 
20-160 

t\ �\' �\ �\l\ 

l\ 1\ lU\ 1\ 1\ l\ l\ 1\l\ 
1\ I\ "1\f\ 

1\ 

\ 
1\ 

I 

� 

I 7 I I 

�� 
I\ 

1\ 
f\ 

\ 1\ 

GEK-49821 

II II 10 .. .. .  • -71 •• I I I I I !  nl -
I l 
EXTENDED P.�GE (800 Sf R I ESl 

T I ME UN I T  TAPS 

o. 5, o .  6J o .  7, o . a, 1 . o, 1 . 2, 1 .  s, 2 . 0, 2 .  5, 3 - o, 4. 0 
1 . 5, 2 . o, 2 . s, 3 . o, 4. o, s. o, 6 . o, 7 . o, e . o  .• 1 0 , 1 2  
2 . o, 2 . 5, 3. o, 4 . o, s. o, 6 . 0, 7 . o, e .o, 1 o . o, 1 2, 1 5  

\"\ ,, ""\ ,, "\ 
"' l'-.' I\"" 0 I"' I' 10 r-.'\' lS � ....._ 

' [\\ � ........ ....._ 
....._ 6 .. 

5 00 

4 = " -
" 3 -

• 
" 2 (/) 

0 
" ....... -

i'.. 0 
-...... I • 

1 E 
·-2 1-

u 
I • I • ' . . .. II 10 .. H 10 70 10 10" ! I I ! I ! I ll 

M ULTI PLES O F  R E L AY T AP S E T T I N G  

I I I 1 1 1 1 11 -

I I 

ADJUSll-1EHTS 

I H ST- UN I T  

CON T I NUOUSLY 

ADJUSTABLE 

·­
-
-
710 -
.. 
.. 
-

101 
.. • 
71 
• 
• 

.. 

10 

II 

II 
I 
I 

1 
I 
• 

.J 

1 • ... 
.17 • .. 
... 
• 

I I I I I I I I( 
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GEK-49821 

F i g u r e  16  ( 8027688 and 8023 399 ) L o w  G r a d i e n t  C o n t ac t  A s s emb l y  
f o r  t h e  D i re c t i o n a l  U n i t  

CON N ECTI NG PLUG M A I N  BRU S H  CO N N ECTING BLOCK 

A U X I L I ARY BRUSH ----' 

S HORT I N G BAR ----

NOT E : A F T E R  E N GAG I NG AUX I L I ARY B R U S H  CO N N ECTING PLUG 

TRAV E LS 1,14 I N C H  BE FO R E  E NGAG I NG T H E  M A I N BRUSH ON 

T H E  T E R M I NAL B LO C K  

F i g u re 1 7  ( 8025039 ) C r o s s - Sect i o n of D r awo u t  C a s e  
S h ow i n g  P o s i t i o n of A u x i l i ary B r u s h  
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AJ)J. RES. 

• 
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• 
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8 10 

TIPE ILA13 TEST PLUG 

F i gure 18 (0195A91 79-0 ) Test Connect i ons  for 
Checki ng P i ckup of TOC Un i t  

ADJ. BIB. 
t£-20V 

RATED 
FR!Q • 
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• 
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4 

riP!: lU13 TEST PLUG 

• 
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• 
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• 
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• • 
8 10 

0 '------� 

F i gure 19 ( 0195A9180-0 )  Test Connect i ons  for 
Check i ng Operat i ng T ime of TOC Un i t  
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I NSERT TEST 
PLUG I NTO 
RELAY W i lli 
CONNECT! ONS 
AS SHO'AN 
BELOW. 

T E S T  F L U G  ( B O T TO M) 

@ ® 
1 3 
2 4 

5 
6 

® ® � 

0 
. 7 

0 

F O W ER F A C T O R  A N G L E  
( D E G . L E A D ) 

KW & KV A R  D I R E C T I O NS 

® 
9 

1 0 
@ 

0-
4 5  KW O U T> 

W I T H R E S P E C T  TO THE BUS KHR 
M E T E R  R E A D I N G W I T H 90-
P R O P E R  E X T . C O N N S . 135 

GEK-49821 

R E LAY & B R E A K E R  

: s TA t f O N  
B U S  

4 5-9 0  K YA R .  
IK�N c?u 

135-
180 

o I o +  
+ 

1 1 5V . 

P H A S E  
A N G L E 
M E T E R 

9 0- 13 5-1 3 5  1 80 K Y A R  K W  1M;, 
K�N (;. K ��R 
180- 225-= 
225 270 

+ 

--
KW O R  K V A R  
F LOW ''O U T'' 

S O U R C E  

+ r -
P H AS E A N G LE M E T E R  
R E A D S  Z E R O  D E G R E E S  
F O R  A BOVE  .CONNECT I ONS. 

1 8 0- 2 2 5- 2 7 0- 3 1 5-
2 2 5  2 7 0  3 1 5  36 0 KW  I H>I K YAR K Y AR . KW O U T:l  K ��� I ��T (;. I K\,0&�� ���R 

270- 315-"- 0 

I 
45 

315 360 45 90 
T H E  A B O V E  R A N G E S O F  P H A S E  A N G L E  M E T E R  R E A D I N G S  A R E  T H E  A N G L E S  BY 
W H I C H T H E  C U R R E N T  L E A D S  T H E  V O L T A G E  W I T H T H E ti E S C R I B E D  C O N D I T I O N S  
O F  F OW E R ( K W )  A N D  R E A C T I V E P O W E R  ( K V �R ) F L OW W i T H  T H E S TA T I O N B U S  
C O N S I D E R E D  A S  T H E  R E F E R E N C E  I N  A l l  C A S E S .  > MEANS GREATER THAN . 
C A UT I O N :  M A K E  C O R R E C T I O N S  F O R  M E T E R  E R R O R S  O N  L OW C U R R E N TS , 
I N H E R E N T  I N  S O M E  P H AS E - A N G L E  M E T E R S . 

F i gure 20 ( 0377A0195- 3 )  Test Connect i ons for Externa l  Wi r i ng of 
Type IBC  Re l ay Us i ng the 90 Degree Connect i on 
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GEK-49821 

SOURCE OF RATED VOLTAGE 

50 
OHM 

RESI STOR 

� POLAR I Z I NG 

8 
OPERAT I NG 

5 
CO I L  ;:> 

6 

NOTE: THE DI RECTI ONAL UN I T  CONTACTS 9-IOU LO 
C LOSE WHEN TH E  RELAY I S  EN ERG I ZED WI TH 
THE ABOVE CONNECT I ONS.  

CO I L  

F i gure 21  ( 0418A0970- 0 )  Test Connect i ons for Check i ng Po l ar i ty 
of the D i rect i onal  Un i t  I nternal  Wi r i ng 
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1 68MM 
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1 5 '  1 25 
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PANEL L O C A T I ON 

SEM I -FLUSH SURFACE ( 4 )  5 / 1 6- 1 8  
FOR SURFACE . 1--M T G . MTGl l 

�----------� ' - ------ f 1 
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1 4 . 37 5  
365MM 
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. 7 1 8  
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T Y P I CAL D I M .  
___, 3 . 0 
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1 9MM 

9 7 5 3 1 
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1 1 0  8 6 4 2 
__.__ '-- -----.....1 

BACK V I E'W 

C U T O U T  M A Y  REPLACE 
DR I L L E D  HOLES 

7 . 28 1 

PANEL DR I LL I NG 
FOR SURFACE MOUN T I NG 

F R O N T  V I EW 

5/ 1 6 - 1 8  STUD 

I NC H E S  
MM 

V I EW SHOW I NG ASSEMBLY OF HARDWARE 
FOR SURFACE M T G . O N  STEEL PANEL S 

* F i gure 22 ( K-6209273 [ 5 ] ) Out l i ne and Pane l Dri l l i ng D i mens i ons for IBC Re l ays 
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TOC WOUND r HAD I NG 
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F i g ure 23  ( 0127A9422- 1 )  I nternal Connect i on s  D i agram for I BC78M Re l ay (Front V i ew )  
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MULT I PLES OF RELAY TA P SETTING 

* F i gure 24 (010888938-2) 50 Hertz Time Current Characteri st i c  
of the I nverse T ime Overcurrent Re l ay 
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MULT I PLES OF REL AY TA P SETT I N G  

* F i gure 25 (0108889 39-2) 50  Hertz T ime Current Character i st i c  
of the Very I nverse T ime Overcurrent Re l ay 

Revi sed s i nce l ast i ssue 46 
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MU LTIPLES OF REL AY TA P SETTING 

* F i gure 26 (010888940-3) 50 Hertz T ime Current Characteri st i c  
of the Extremely I nverse T ime Overcurrent 

Re l ay 
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