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GEK-49822 

G R O U N D  DIR E C T I O N AL OVE RCUR R E N T  R ELA Y S  

I B C G 5 1M 
I B C G 5 1M ( - ) Y l A  

I B C G 52 M  

T Y P E S  

I B C G 5 3M 
I B C G 5 3tH - ) Y l A  

I B C G 54 M  

D E S C RIPT I O N 

I B C G 7 7 M  
I B C G 7 8 M 

The Type I BCG re l a ys a re grou nd directional  overcu rren t  rel ays used  primaril y fo r 
the  protection  of  feeders a nd t ra nsmis s ion  l ines . They a re av ail a bl e  with either  
inv ers e ,  v ery inverse or  extremel y inverse time characteristics . 

Al l the I BCG re l ays co n tain a time ove rcu rre n t  unit o f  the indu ctio n dis k  type and 
an in stantaneous directiona l  u n it of  the induction  cup type . The directional  u nit 
ca n be po ten tia l po l a rized , or cu rre n t  po l a rized , or both , a nd it directional l y  
con tro l s t he operation o f  t he time overcu rren t  unit . 

A ta rget seal -in unit is provided in each o f  the rel ays . The  o pera tin g coil fo r 
this u n it is conn ected in serie s  with the con tacts o f  t he time overcu rrent u nit so 
that  it wil l pick u p  wh enev er the  time ov e rcu rre n t  unit opera tes . The  co n tact s  o f  
t he seal -in u nit a re con n ected in pa ra l l e l with t he con tacts o f  t he time ov ercu rren t  
unit to provide pro tection  fo r them a nd th eir a s socia ted co n trol s prings . 

Tho se re l a ys having t he designation Y lA  fo l l owin g the model  numbe r a l so con ta in a 
Hi- Seismic in sta nta neou s ove rcurre n t  unit o f  the  hinged armature con s tru ction . 

The I BCG52M, 54M and the  78M rel ay model s are the two -contact v ersions  o f  the 
I B CG51M , 53M a nd the 77M relay mod els respec t ivel y. 

Al l the I B CG re l a ys a re moun ted in sta nda rd M1 size d rawout ca se s ,  the outl i ne and 
pa nel  dril l ing dimensions  fo r which are given in Figure 26 . I n te rna l  connections  
for the  rel ays a re given  in Figu re 5 ,  6 ,  7 ,  8 and  9 .  Typica l external  connectio n s  
a re s hown by Figures 10 , 11 a nd 12 . 

Ta b l e I l ists t he various  mode l s and  ra nge s that a re avail a bl e .  

These instruct ions do not purport to cover all details or variations in equipment nor to provide for 
every possible contingenc� to be met in connection wit h instal lation, operation or m.intenance. Should 
further information be desired or should particular problems arise which are not covered sufficientl� for 
the purchaser's purposes, the matter should be referred to t he General Electric Coapan�. 

To the extent required the products described herein meet applicable ANSI, IEEE and NEifA standar"' 
but no such assurance is given with respect to local codes and ordinances because t he� vaey greatl!l• 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49822 

TABLE  I 

EXTENDED RANGE  I BCG RELAYS 

Re l ay T ime I n s t  P i c kup  Ra nge I n t  
Model  Cha rac ter i st i c  Un i t  I n  s t .  T ime Conn . 

I BCG5 1M ( - ) A  I nv e rse No 0 . 5- 4 ,  2- 1 6  F i g .  5 
I BCG52M( - ) A  I n v e rse No 0 .5 - 4 , 2- 1 6  Fi g .  7 
I BCG5 1M ( - ) YIA  I nverse Yes 6- 1 5 0  0 . 5 - 4 , 2- 1 6  Fi g .  6 

I BCG5 3M( - ) A  Very I n v e rse No 0 . 5 - 4 , 1 . 5 - 1 2  F i g .  5 
I BCG54M ( - ) A  Very I n v e rse No 0 . 5 - 4 , 1 . 5- 1 2  F i g .  7 
I BCG5 3M( - )  YIA Very I n v e rse Yes 6- 1 5 0  0 .5 - 4 ,  1 . 5 - 1 2  F i g .  6 

I BCG77M ( - ) A Extreme l y  I nv e rse No 0 . 5 - 4 , 1 . 5 - 1 2  F i g .  8 
I BCG78M ( - ) A  Extreme l y  I n v e rse No 0 . 5- 4 ,  1 . 5- 1 2  Fi g .  9 

AP P L I CAT I O N 

The Type I B CG re l ays a re ground  d i rec t i onal  overcu rre n t  re l ays tha t may be u sed a s  
g round fau l t  detec tors  i n  a tra n smi s s i o n  l i ne pro tec t i ve re l ay i n g  scheme . 

The re l ays conta i n  a t i me overcu rrent u n i t  tha t i s  torque contro l l ed by a n  
i n s ta nta neou s d i rec t i o na l  overc u rren t  u n i t .  T h e  d i rec t i onal  u n i t  may b e  po l a ri zed 
from a sou rce o f  potent i a l , or curren t ,  or bot h sou rces may be u s ed to dua l  po l ar i ze 
the  u n i t .  I t  i s  adva ntageou s to u se dua l  po l a ri za t i o n  bec ause c hang i n g system 
cond i t i on s  may caus e  current po l a r i za t i on to be favo red at some t i me s  whereas  
vol ta g e  po l a ri za t i o n  m i ght be favored at  o thers . Fi gure 13  i l l u s t ra te s  t h e  e ffec t  
o f  u s i n g  d u a l  po l a r i za t i on a s  compa red t o  po l a r i za t i on from a sou rce  o f  vo l tage o r  
c u rren t  a l one . 

The d i ffe rences betwe en the  v a r i o u s  mod el s covered by th i s  i n s t ru c t i o n  boo k a re 
s hown i n  Ta b l e I .  I nverse t i me rel ays shou l d  be  u s ed on systems where t he fau l t 
c u rren t  fl owi n g  th rou gh a g i ven re l ay i s  i n fl u enced l a rgel y  by the  sys tem ge nera t i n g  
ca pac i ty a t  the t i me o f  the fau l t .  Very i nverse t i me a nd extreme l y  i nverse  t i me 
re l ays s hou l d  be u sed i n  case s wh ere the  fau l t  current ma gn i tude i s  depend en t ma i n l y  
u pon t he l oca t i on of  the fau l t  i n  re l a t i on to the  re l ay ,  aQd o n l y  s l i ght l y o r  not a t  
a l l upon the system genera t i n g  setu p .  The reason  fo r th i s  . i s that  rel ays mu s t  be 
set  to be se l ect i ve w i th  ma x i mum fau lt cu rrent fl ow i n g .  Fo r fau l t  cu rrents  bel ow 
th i s  va l u e ,  th e o pera t i n g  t i me becomes gre a te r  a s  the cu rrent  i s  dec rea sed . I f  
the re i s  a wi de range i n  genera t i n g  capac i ty ,  together  wi th var i a t i on i n  s hort­
c i rc u i t-curren t  w i t h  fau l t pos i t  i o n ,  the  ope ra ti n g t i me wi th mi n i mum fau l t cu rre n t­
may be  exceed i n g l y  l on g  wi th  very i nverse t i me rel ays and even l onge r wi th  extremel y  
i nv e rse t i me re l ays . Fo r such  c ase s , the  i nv e rse t i me re l ay i s  mo re a ppl i ca bl e .  

The o pera t i n g  t i me o f  the t i me overcu rrent u n i t fo r any gi ven v a l ue  o f  cu rrent a nd 
ta p sett i ng i s  dete rm i ned by the t i me-d i a l  setti n g .  The opera t i n g  t i me i s  i nv e rse l y  
pro port i onal  to t h e  cu rrent magn i tude  a s  i l l u stra ted by t h e  t i me cu rves  i n  Fi gu re s 
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GEK-49822 

15, 16 and 17 . No te tha t the cu rrent v al ues  o n  t hese cu rve s  a re g i v e n  as  mul t i pl es 
of the tap  sett i n g .  That i s ,  fo r a g i ven  t i me- d i a l setti ng , t h e  t i me w i l l  b e  the  
s ame for 80  amperes on the 8 ampere ta p as  for 50 amperes on the 5 ampere tap , s i nce 
i n  bo th cases  the cu rre nt i s  10 t i mes sett i ng .  

I f  se l ect i ve act i on of  two or more rel a ys i s  requ i red , determi ne the maxi mum 
po s s i bl e  s hort- ci rcu i t  cu rre nt of the l i ne a nd then  choo se  a t i me va l ue  for each 
rel ay  that d i ffers s u ffi ci entl y to i ns u re the pro per sequ ence i n  the operat i on of 
the severa l  ci rcu i t  brea ke rs . Al l owa nce mu s t  be made  fo r the  t i me i nvol ved  i n  
open i n g each brea ker a fte r the  rel ay  contacts  cl ose . 

The Y l A  re l ays con ta i n  a H i - Se i smi c i ns ta nta neou s overcurrent un i t .  Th i s u n i t  may 
be  set h i gh  to tri p d i rect l y for faul ts some d i stance down the transmi ss i on l i ne .  
I n  determ i n i ng the sett i ng  fo r t h i s u n i t ,  i t  w i l l  be necessary to cons i der  fau l t s  
d i rect l y beh i nd t h e  rel ay  a s  we l l  a s  a t  the  remo te termi na l , because  the  u n i t i s  
non- d i re ct i onal . The un i t  s hou l d be set  w i th  a s u i tabl e amount  o f  margi n a bove the  
max i mum external  fau l t cu rren t .  The e ffects o f  tran s i en t  overreach , a s  i l l  u s  tra ted 
i n  F i gure 19 , s houl d a l so be t a ken i nto account  i n  determ i n i n g the sett i n g .  

RATINGS 

The I B CG rel ays descri b ed i n  th i s  i n struct i on a re avai l ab l e i n  50 a nd 60 he rtz 
mod el s .  The TOC ( t i me ove rcu rre nt ) un i ts have e xtend ed ( 8- to - 1 ) ra nge s i m i l ar  to 
t he 800 seri es  lAC rel a ys .  The I OC ( i n stantaneous  ov ercu rrent ) u n i ts ,  when u sed 
( see Tabl e I ) , h ave  extend ed ( 25- to-1 ) ra nge . Rat i n gs o f  the o pe ra t i ng cu rrent  
ci rcu i ts o f  the TOC , IOC  and  the  d i rect i onal  u n i ts  a re shown i nd i v i du a l l y . Howev er , 
s i nce a l l  o pera t i ng  cu rre n t  ci rcu i ts a re normal l y  connected  i n  se ri es ,  t he  o pera t i n g  
co i l  rat i ngs  of  a l l  u n i ts shou l d  b e  con s i de red i n  de termi n i ng t h e  rat i ng o f  the 
ent i re o pera t i ng ci rcu i t .  

TABLE  I I  

ONE S ECOND RAT I NG OF TOC U N I TS 

R e l a y  Range One Second 
Mod el (Amps) Rat i ng ( Amps ) 

I BCG51M 0 . 5-4 . 0  7 0  
I B CG 51M ( - ) Y1A 
I BCG52M 2 .  0- 16 260 

I B CG53M 0 . 5-4 . 0  140 
I BCG53M ( - ) Y I A  
I B CG54M 1 .5- 12 260 

I B CG77M 0 . 5- 4 . 0  125 
I B CG78M 1 . 5- 12 260  
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GEK-49822 

T I ME OVERCURRENT UN I T 

The 1 second ra t i ngs o f  the TOC un i t s are given i n  Ta bl e I I. The cont i nuous  ra t i ngs 
for the var i ous  ta ps o f  each model a nd cu rren t range a re g i v en i n  Ta b l es  I I I ,  I V  and 
V. 

TAB LE I I  I 

CONTI NUOUS RATI NG O F  0.5- 4.0 AMP TOC UN I TS 

0.5-4.0 Am� Range 

Mod el Ta p 0.5 0.6 0.7 0.8 1 .0 1 .2 1.5 2.0 2.5 3.0 4.0 

I B CG 5 1M 
IBCG51M ( - ) Y1A  Rat i n g  1.6 1.8 2.0 2.1 2.3 2.7 3.0 3.5 4.0 4.5 5.0 
I BCG52M ( Amps ) 

I B CG53M 
I BCG53M ( - ) YIA  4.0 4.5 5.5 5.5 6.0 7.0 7.5 9.0 1 0.0 1 1 .0 1 3.0 
I B CG54M 

I B CG77M 
I B CG78M 3.5 3.7 4.0 4.5 5.0 5.5 6.0 7.0 8.0 9.0 1 0.0 

TAB LE I V  

CONTI NUOUS RATI NG O F  1 .5- 1 2.0 AMP TOC U N I TS 

1 .5 - 1 2.0 Arne Ra nge 

Mod el Tap 1 .5 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.0 10.0 1 2.0 

I BCG53M Rat i ng 
I BCG53M ( - ) YIA  1 0.0 1 1 .5 1 3.0 14.5 1 7.0 1 9.0 2 1.0 23.0 23.5 2 7.5 3 0.5 
I B CG54M ( Amps ) 

I B CG77M 
I BCG78M 9.5 1 0.5 1 1 .5 1 2.5 14.0 1 5.5 1 7.0 1 8.0 1 9.0 20.0 20.0 
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TABLE  V 

CONTI NUOUS RATI NG OF  2- 1 6 . 0  AMP TOC UN I TS 

2 - 16 . 0  Amp Range 

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

I BCG5 1 M  Rat i ng 
I BCG5 1M( - )  YlA) 8 . 0 9 . 0  10 .0  1 2 . 0  14 . 0  1 5 . 0  16 . 0  17 . 5  20 . 0  20 . 0  20 . 0  
I BCG52M ( Amps ) 

I BCG77M 9 . 5  10 . 5  1 1 . 5 1 2 . 5  14 . 0  15 . 5  1 7 . 0  18 . 0  1 9 . 0  20 . 0  20 . 0  I BCG78M 

DI RECTIONAL U N I T  

The d i rec t i onal  u n i t  c u rren t  po l a r i z i n g a nd o pera t i n g  coi l s  have a cont i nuou s ra t i n g  
o f  5 amperes and a 1 second ra t i n g  o f  1 5 0  ampere s . 

The po tent i a l  po l a ri z i ng c o i l s  w i l l  wi th s ta nd 1 20 vol t s  cont i nuou s l y  a nd 36 0 vol t s  
fo r 6 0  second s .  

I NSTANTAN EOUS U N I T  

Th e i ns ta nta neou s u n i t  co i l  i s  o f  t h e  h i n ged a rmatu re con s tru c t i o n  a nd i s  ta pped fo r 
o pera t i on on  e i ther  one o f  two range s  ( H  or  L ) . Se l ec t i on o f  the h i gh or l ow range 
i s  accompl i s hed by the po s i t i on i ng o f  l eads  T a nd E at  te rm i n a l  6 .  See Ta bl e V I  a nd 
the a ppl i ca b l e i nte rnal  connect i on s  d i agrams re ferred to i n  Tabl e I .  Fo r the H 
ra nge, connect l ead T to te rmi na l  6 a nd l ead E to the au x i l i a ry te rm i n a l  that i s  
moun ted on  termi na l  6 .  Fo r range L, reve rse l eads  T and  E .  

TABLE  V I  
CONTI NUOUS AND ONE SECOND RATI NGS O F  I OC UN I T  

One 
** Con t i nuou s Second 

I n sta n ta neou s Ra nge Rat i n g  Ra t i n g  
Un i t  ( Amps )  Ra nge ( Amps )  ( Amps ) ( Amps ) 

6- 1 5 0  L 6 - 30 10 . 2  260 
H 30 - 1 5 0  1 9 . 6  

** The ra nge i s  appro x i mate,  wh i c h  mea ns that  6- 30, 30- 1 50  may b e  6-29,  
28- 150 . There w i l l  a l ways be  a t  l ea s t  1 ampere over l a p  between 

I 
I 
I 

I 
I 

the  ma x i mum L sett i n g  a nd the  m i n i mum H sett i n g .  Whenev e r  pos s i bl e, 
be sure to se l ec t t he h i g her range, s i nce i t  ha s the  h i gher cont i nu ou s  
ra ti n g .  
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GEK-49822 

TABL E  I X  

CURRENT C I RC U I T  BURDENS AT 6 0  CYCLES OF  TH E TOC UN I T  

Ta p B u rd en s  at  Mi n i mum Pi c kuE Ohms ImEedance  at  :j:VA 
Time Range E ff . Re s . Reac t .  **Imped +Vol t 3 T ime s  1 0  T ime s  At F i v e  
C h a ra c te ri s t i c ( Amps ) ( Ohms ) ( Ohms ) ( Ohms ) Am ps P . F .  Mi n P . U .  Mi n P . U .  Amperes 

I nve rse 0 . 5 / 4  5 . 6 0  2 1 . 0  22 . 0  5 . 5 0 . 25 1 0 .80 5 . 00 555 . 0  

I n v e rse 2/ 16  0 . 37  1 .44 1 . 49  5 . 8 0 . 25 0 . 65  0 . 32  36 . 3  

Very 

Ve ry 

Extr . 

Extr . 

I n v erse 0 . 5/4  1 . 4 0  3 . 90 4 . 15 1 . 0 0 . 3 3  4 .20  2 . 90  104 . 0  

I nv e rse 1 . 5 / 1 2  0 . 23  0 . 5 3  0 . 58 1 . 3 0 . 40  0 . 58 0 . 36 14 . 5  

I nve rse 0 . 5/4  0 . 80 1 . 38 1 . 60  0 .4 0 . 5 0  1 . 6 0  1 . 6 0  40 . 0  

I nve rse 1 . 5 / 1 2  0 . 005 0 . 147 0 . 1 7 0 . 4  0 . 5 0  0 . 17 0 . 17 4 . 25  

**Th e  impedance va l ues  g i ven a re those  fo r the  mi n i mum ta p of  eac h re l ay .  
The imped a nce  for other ta ps , a t  p i c k u p  cu rren t ( ta p  rat i n g ) , var i e s  
i nverse l y  a pprox ima te l y  as  t h e  square o f  t h e  curre n t  ra ti n g .  Exampl e :  
fo r the Type I B CG5 1 M  rel ay , 0 . 5/4 ampere s ,  the  i mped ance o f  the 0 . 5 ampe re 
ta p i s  22 ohms . Th e impedance  o f  the 1 ampe re ta p ,  at 1 am pe re , i s  
a pprox ima tel y  ( 0 . 5/ 1 ) 2 x 2 2  = 5 . 5 ohms . 
+ Some compa n i es l i s t  re l ay burdens o n l y as  the  vo l t-ampere i n put  to 
o pera te a t  m i n i mum pi c k u p . Th i s  co l umn i s  i ncl uded so a d i rect  compa r i son 
can be mad e .  I t  s hou l d  not b e  u sed i n  c a l c u l a t i ng vol t-ampe re burden s  i n  
a CT seconda ry c i rc u i t ,  s i nce the bu rden a t  5 ampere s is used for th is 
purpose . 
+ Ca l c u l a ted from b u rd en at  mi n i mum p i c k u p .  

TABL E  X 

BURDEN O F  TH E I NSTANTAN EOUS UN I T  

I n  s t .  
Un i t  

M i n .  
Range Pi c k u p  

B u rd en at  Mi n 
Pi c kup ( Ohms) 

B u rd en Ohms ( Z )  
T i me s  P i c kup 

A H mQS 

6 -1 5 0  

z Range 

6 0  L 
H 

Amps Amps 

6-30  6 
30- 1 5 0  30 

10 

R Jx z 3 1 0  20 

0 . 1 1 0 0 . 078 0 . 1 35 0 . 095 0 . 08 1  0 . 07 9  
0 . 022 0 . 005 0 . 023  0 . 022 0 . 022 0 . 222 
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G E K-4 9 822 

CONST R UCTION 

The IBCG rel ays cons ist of two units , a t ime ove rcu rrent u nit ( to p )  of the indu ction 
disk type , and an  insta nta neou s powe r directiona l  unit ( bo ttom ) o f  th e indu ctio n cu p 
type . The directiona l unit is eit her po tentia l or  cu rrent po l arized or  both a nd ,  by 
means o f  its cl o sing co ntact s ,  directional l y  control s the  opera tion o f  the time 
overcu rrent unit . 

The IBCG re l ays have a ta rget seal -in unit and mod el s with the  Y l A  su ffix , as  s hown 
by Tabl e I ,  have a hinged -arma tu re type ins tantaneou s  overcu rrent u nit . 

The IBCG re l ays are mou nted in the  sing l e -ended Ml drawou t case . 

DIR ECTIONAL UNIT 

The dire ctio na l unit is o f  the induction-cy l inder constru ction with a l aminated 
sta tor having eight po 1 es projecting inwa rd and a rranged symme trica l l y  around a 
sta tiona ry centra l co re . The cu pl ike a l uminum indu ction roto r  is free to opera te in 
the  a nnu l a r air gap  between the po l e s and the co re . The po l e s a re fitted with 
cu rrent-operating , curre nt- pol a riz ing and pote ntia l - pol a rizing coil s .  

The principl e  by which to rque is dev e l oped is the same a s  that  o f  an  inductio n  disk 
re l ay with a wa ttme tric el ement , a l thou g h ,  in a rra ngement of parts , the unit is mo re 
l ike a spl it-pha se inductio n  moto r . The induction- cyl inder construction provide s 
hig her to rque and l owe r roto r  ine rtia than the  indu ctio n-disk  cons tru ctio n,  
re su l ting in a fa s ter  and more sensitive u nit . 

CONTACTS 

The directional u nit co nta cts that  control the time overcurrent u nit a re s hown in 
Figu re 20 . They are of  the l ow gradient type , specia l l y  constructed to minimize the 
e ffects o f  vibra tion.  Bo th the  s ta tiona ry and moving contact bru shes  are ma de o f  
l ow gradient ma terial which , when subjected to vibra tion,  tend to fo l l ow one 
a no ther , hence , they re sist contact se para tion.  

Th e contact dia l  (A)  su pports the stationary contact bru s h  ( B )  on which is mounted a 
co nical contact tip ( C ) . The moving conta ct a rm ( D )  s upports the  moving contact 
bru s h  ( E ) on which is mou nted a bu tton contact tip ( F ) . The end o f  the moving 
co nta ct bru sh  bears  agains t the inner face o f  the  moving co ntact bru sh  re taine r ( G ) . 
S i mil arl y ,  the end o f  the sta tionary contact bru s h  bears  against t he inne r face o f  
the  s tationa ry co ntact bru s h  re ta ine r (H ) .  The s to p  screw ( J) , mou nted o n  the  
contact dial , fu nctions to s top  the  motion of  t he contact arm  by striking the  mov i ng 
conta ct bru sh re taine r a fte r the  moving and s ta tiona ry co nta ct membe rs have made 
contact . The stationa ry contact su ppo rt (K) and t he contact dia l  a re a ssembl ed 
to geth er  by means of a mounting screw ( L )  and two l ocknu ts  ( M ) .  

TIME OVERCU RRENT UNIT 

The inve rse time and very inve rse time overcu rrent unit s cons is t of a ta pped 
cu r rent-operating coil wou nd on a U-magnet iron s tructu re .  The ta pped operating 
coil is connected to ta ps on the  ta p bl ock .  The U-magnet  contains wou nd shading 
coil s which a re connected in serie s  with a d i rectional u nit contact . W hen power 
fl ow is in such a direction as to cl o se the directio nal  u nit contact s , the s h ading 
coil s act to produce a sp l it- p ha s e  fiel d which , in tu rn ,  dev e l o ps to rqu e on the 
opera ting dis k. 
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GEK-49822 

The extremel y  i nv erse t i me ov ercu rren t  u n i t  i s  o f  the wa ttmetr i c type  s im i l a r to 
that u sed i n  wa ttho u r  meters exce pt a s  fol l ows : the  upper  po rti on  o f  the i ron  
structure  has  two concentr i c  wi nd i n gs on  the m i dd l e 1 eg  of  the  magne t i c c i rc u i t .  
One o f  these  i s  a ta pped cu rrent w i nd i ng connected to taps o n  the ta p b l oc k; the 
other i s  a fl oa t i n g  wi ndi n g  wh i ch i s  connec ted i n  ser i e s  w i t h  the  d i rec t i ona l  u n i t  
contac t s ,  a res i sto r ,  a c a pac i to r  a nd the two c o i l s  o n  the l owe r l egs o f  the 
ma gnet i c  c i rc u i t .  When power fl ow is  i n  such  a d i rect i o n  as  to c l o s e  a d i rect i o nal  
u n i t  contact , the  un i t  devel o ps to rque on  the  o pe ra t i n g  d i s k .  

The d i s k  s ha ft carr i e s  the mo v i n g  contact wh i c h compl ete s  the  tri p c i rc u i t  when i t  
touc hes the stat i onary contact o r  contac t s .  The s ha ft i s  res t ra i ned b y  a s p i ra l  
s pr i n g  to gi ve  t h e  pro per contact- c l o s i ng cu rren t ,  and i ts mot i o n  i s  reta rded b y  a 
perma nent ma gnet act i ng on the d i s k  to prod u ce the  d e s i red t ime characte r i s t i c .  The 
v a r i a b l e reta rd i n g  fo rce res ul t i ng from the g rad i en t  of the s pi ra l  s pr i n g  i s  
compensated b y  the s pi ra l  s h a pe of  the i nduct i on d i s k ,  wh i c h res u l ts  i n  a n  i nc rea sed 
d r i v i n g fo rce as the  s pr i n g  wi nd s  up . 

TARGET SEAL- I N  U N I T  

A seal - i n  un i t  i s  mounted on  t h e  l eft s i de o f  t h e  t i me overc u rre nt u n i t .  Th i s  un i t  
has i t s co i l  i n  s e r i e s  and i ts contacts i n  pa ra l l e l w i t h  the  ma i n  contac ts o f  t he 
overcu rrent  u n i t ,  arra n ged i n  such  a manne r that when the  ma i n  con tac t s  c l o s e , the 
sea l - i n  un i t  p i c ks up and s eal s- i n  a round  t he ma i n  contac ts . When the sea l - i n  u n i t  
o pera tes , i t  ra i s es  a ta rget i nto v i ew wh i c h  l a tc hes u p  and rema i ns ex po sed u nt i l  
manua l l y  rel eas ed by p ress i n g  the  b utton  l oc a ted a t  the l ower l eft corner  o f  the 
cove r .  

I NSTANTANEOUS UN I T  

The I OC u n i t  i s  a sma l l h i nged- armatu re- type i n sta nta neous e l ement a nd i s  mou nted o n  
t he r i gh t  s i de o f  t h e  TOC u n i t .  The I OC e l emen t opera tes  over  a 25- to- 1 to ta l ran ge 
obta i ned by u s i ng a ta pped co i l  wh i c h  pro v i d es a 5 - to - 1  l ow ra nge a nd a 5 - to- 1 h i gh 
range; t h i s  comb i nat i o n  pro v i des  the 25 - to- 1 tota l  range . W hen the c u rrent reaches  
a predeterm i ned va l ue , the  i nsta nta neous el ement o pe ra tes , cl o s i ng i ts contact 
c i rc u i t  and ra i s i n g i ts target  i n to v i ew .  The ta r get  l atches i n  the e x po s ed po s i t i on 
u nt i l  i t  i s  re l ea s ed . The same butto n  that re l eases  t h e  ta rget sea l - i n  u n i t  a l so 
rel eases  the target o f  the i n stantaneo u s  u n i t .  

R EC E I V I NG ,  HANDL I NG AN D STORAG E 

These rel ays , when no t i nc l u ded as  pa rt o f  a con trol panel , wi l l  be s h i p ped i n  ca rtons  
des i gned to pro tec t them a ga i nst  dama ge . Immed i atel y  upon  rece i pt o f  a rel ay ,  exam i ne 
i t  for any dama ge s u sta i ned i n  tran s i t .  I f  i nj u ry o r  dama ge res u l t i n g from rough 
hand l i ng i s  ev i dent , fi l e  a damage c l a i m  at  o nce  w i th  the tra n s po rta t i on compa ny a nd 
promptl y noti fy the nea rest Gene ra l E l ec tri c  Sa l e s  O ffi c e .  

Rea sona bl e c a re s hou l d be exerc i s ed i n  u n pac k i ng the re l ay i n  order  that none  of  the 
pa rts a re i nj u red o r  the adju stmen ts d i stu rbed . 

I f  the  re l ays a re not to be i n s ta l l ed immed i atel y ,  they s hou l d be sto red i n  thei r 
or i gi nal  ca rtons  i n  a pl ace that i s  free from mo i sture , d u st and  me ta l l i c  ch i ps .  
Fo re i gn matter col l ec ted on the out s i d e  o f  the case  may f i nd i ts way i ns i d e  when the  
cover i s  removed , and  cause  tro ub l e i n  t he o pe ra t i o n  of  the rel ay .  
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G E K - 4 9 8 22 

A C C EPTANC E TE STS 

I mmedia tel y upon receipt o f  the re l ay an I NS PECTION  AND ACCEPTANCE TEST sho u l d be 
made  to ensure that no damage has been sustained in s hipme nt a nd that  the  re l ay 
ca l ibrations have not been distu rbed . I f  t he examination or  t he te st  indica te s tha t 
readju stment is necessary ,  re fe r to the  section on  SERV I C I NG .  

Since operating companie s u s e  different procedu re s fo r acce pta nce and ins ta l l a tion 
te s t s , the fo l l owing se ction incl udes a l l a ppl icabl e te sts  that  may be pe rformed on 
these  rel ays . The se te sts  ma y be performed as part o f  the insta l l ation o r  
accepta nce tests , at  the  dis cre tion of  t h e  use r .  

V I SUAL I NSPECT ION  

Check the  name pl a te s tamping to ensu re that the  model  number a nd ra ting of  the re l ay 
ag ree wit h the requis ition.  

Remove  the rel ay  from it s case a nd ch eck that  there a re no bro ken o r  cra cked mo l d ed 
parts or other signs o f  p hys ica l damage a nd that a l l  screws a re tigh t .  Check that 
the shorting bars a re in the  pro per l ocation( s )  as  s hown by the inte rna l connec­
tions d iagrams , Figu re s 5 to 9, incl u s iv e , and tha t t he main bru s h  is pro perl y 
fo rmed to contact the  shorting ba r .  

MECHAN I CAL I NS PECT ION 

Top Unit ( TO C )  

1 .  The dis k shaft end pl ay shou l d  be 0 . 005- 0 . 01 5  inch . 
2 .  The dis k shou l d  be cente red in the air gaps o f  both the  e l ectroma gnet  and drag 

magnet . 
3 .  Bo th air gaps shou l d be free o f  foreign ma tte r .  
4 .  The dis k  shou l d  ro ta te freel y a nd shou l d re tu rn by it sel f to the reset  

po sition. 
5 .  The moving co ntact s hou l d  ju st  tou ch the  s ta tio na ry contact when the time dia l  

is a t  the 0 time dia l  po s ition. 

Bo ttom Unit ( DI R )  

1 .  The  rotating shaft end pl ay shou l d  be 0 . 01 5- 0 . 0 20 inch . 
2 .  The co nta ct gap s hou l d  be 0 . 0 15- 0 . 025 inch on  the l ow gradient contact . 

Ta rget and Seal -in Unit/Ins tanta neou s  Unit 

1 .  The a rma tu re a nd contact s shou l d  move  free l y when o pera ted by hand .  
2 .  Bo th contacts shou l d  ma ke at  a p proxima tel y the same time . 
3 .  The ta rget shou l d l atch into view ju st  as  t h e  contact s ma ke a nd shou l d u nl a tch 

when t he targe t rel ease  bu t ton is ope ra ted . 
4 .  The contact s shou l d  h ave  a pproxima tel y 0 . 030 inch wipe . 
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GEK-49822 

DRAWOUT R ELAYS, GEN ERAL 

S i nce  a l l d rawout  rel ays i n  se rv i c e  o pe ra te i n  th e i r  cases , i t  i s  recomme nd ed that 
they be te s ted i n  t he i r  ca se s o r  an  equ i va l en t  s teel  ca se . I n  th i s  way ,  any 
ma gneti c e ffec ts  o f  the  enc l osure wi l l  be accuratel y d u pl i cated d u r i n g  tes t i n g .  A 
re l ay may be te s ted wi thou t remo v i ng i t  from the panel  by u s i ng a 1 2XLA1 3A te st  
p l u g .  Th i s  p l ug  ma kes connec t i ons  o n l y  wi th  the  rel ay a nd does no t d i s turb  any 
short i n g  bars i n  the  ca se . The 12XLA12A te s t  pl ug may a l so be u s ed . Al though  th i s  
test pl ug  a l l ows g reate r tes t i ng fl ex i b i l i ty ,  i t  requ i res  CT s hort i ng  jumpe rs  and 
the exerc i se o f  g rea ter ca re , s i nce connect i on s  a re made to bot h the  rel ay a nd the 
external c i rc u i t ry .  

POWER REQU I REMENTS , GEN ERAL 

Al l a 1 te rnat i  ng-curren t-ope ra ted d ev i ces  a re a ffec ted by fre quency .  S i n ee non­
s i nu so i da l  wave forms can be anal yzed as  a fu ndamental  frequency pl u s  harmon i c s o f  
t h e  fu nd .ame n ta l  frequency , i t  fo l l ows that  a l te rnat i n g-curre n t  ( AC )  d ev i ces  ( re l ays ) 
wi l l  be a ffec ted by the  a ppl i ed waveform . 

There fore , i n  ord e r  to test  a l te rna t i n g  curren t  re l ays properl y ,  i t  i s  essen ti a l  to 
u s e  a s i ne wave  o f  cu rrent  and/or  vol tage . The pu r i ty o f  t he s i ne wav e ( i . e . ,  i ts 
freedom from harmo n i c s )  cannot be ex pres sed a s  a fi n i te number fo r a ny pa rt i cul a r  
re l ay ;  howeve r ,  any rel ay u s i n g  tu ned c i rcu i ts , R- L o r  R C  netwo rks , o r  s a tu ra t i n g  
el ectroma gnets  ( such  a s  t i me overc u rre n t  re l ays ) i s  a ffec ted by no n - s i nu so i da l  
waveforms . 

TARGET AND SEAL- I N  UN I T  

Th e ta rget a nd seal - i n  u n i t  has a n  o pe ra t i ng  co i l  ta pped a t  0 . 2 a nd 2 . 0 amperes . 

W hen  used  w i t h  tr i p  c o i l s  o perat i n g on cu rrents  ran g i n g  from 0 . 2 to 2 . 0 amperes  a t  
the m i n i mum con tro l  vo l tage , the  ta rget and seal - i n  ta p sc rew s hou l d  be se t i n  the 
0 . 2 ampe re ta p .  When t he tr i p  co i l  cu rre n t  ranges  from 2 to 30 ampe re s at the 
m i n i mum control  vo l tage , the tap  screw shou l d  be pl ac ed i n  the  2 . 0 ampe re ta p .  

The seal - i n  ta p sc rew i s  t he sc rew hol d i n g  the  r i ght-ha nd s ta t i on a ry contact o f  the  
sea l - i n  u n i t .  To change the ta p sett i n g ,  fi rst  remove the  connec t i n g  pl u g .  Then 
take  a sc rew from the l eft- hand s tat i onary c on tac t and  pl ace  i t  i n  the  des i red ta p .  
There wi l l  now be screws i n  bo th ta ps . Nex t ,  remove  t h e  s crew from t h e  o ther  
( u ndes i red )  ta p and pl ace i t  bac k i n  t he l eft- hand contac t .  Th i s  procedu re i s  
necessa ry to prevent  the  r i ght- hand s ta t i o n a ry co n tact  from gett i n g out  o f  
adju stment . Tap screws shoul d never be al l owed to rema i n  i n  both taps at the same 
time. 

P i c kup and Dropou t Tes t  

1 .  

2 .  
3 .  
4 .  

5 .  

Connec t re l ay studs  1 and 2 ( see i n te rnal  connec t i ons  d i agram ) to a DC sourc e ,  
amme te r and l oad box so tha t the  cu rrent can be contro l l ed over  a range o f  0 . 1  
to 2 . 0 ampe re s .  
Cl ose o r  jumpe r the  contac t ( s )  that pa ra l l e l the sea l - i n  u n i t contac t .  
I ncrease the current s l owl y  u n t i l t he  seal - i n  u n i t  p i c ks u p .  See Ta bl e X I . 
Open the pa ra l l e l contact  c i rc u i t  o f  s tep  2 ;  the  seal - i n  u n i t  shou l d  rema i n  i n  
t he p i c ked u p  pos i t i on .  
Dec rease the  cu rre n t  s l owl y u n t i l t he  seal - i n  unit drops ou t .  See Ta bl e X I . 
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TIME OVERCU RRENT U NIT 

GEK-49822 

TABLE XI 

TARGET AND SEAL- IN U N IT OPERATING CURRENTS 

TAP 

0 . 2  

2 . 0 

PICKU P 
CU RRENT 

0 . 1 15 - 0 . 1 95 

1 . 15 - 1 . 95 

DROPOUT 
CU RRENT 

0 . 05 OR MO RE 

0 . 55 OR MORE 

Ro tate the ti me d i a l  slowly and chec k  by mea n s  of a lamp that the  contac t s  ju st  
clo s e  at  t he 0 t i me-d i al s e tt i n g .  

Where the  con tacts  ju st  clo se c a n  be adju s ted by ru n n i ng  the stat i onary contact  
bru s h  i n  or  ou t by means  of  i ts adju st i ng sc rew . Th i s  screw sho uld be held secu rely 
i n  i ts support . 

Wi th  the  contac ts  ju s t  clo s i ng at  No . 0 ti me-d i al s e tt i n g , there s h ould be 
s u ffi c i ent gap between the s ta t i ona ry con tac t bru s h  a nd i ts me tal  bac k i ng  str i p to 
ensure approxi mately 1 /32 i nc h  wi pe . 

Cu rrent Se tt i ng 

The mi n i mum curre n t  at wh i c h  the t i me ove rcurre n t  un i t  wi l l  clo se i t s  con tacts  i s  
de termi ned by the po s i t i on o f  t he pl ug i n  t he ta p bloc k .  The ta p pl a te on th i s  
bl .oc k i s  ma rked i n  amperes , a s  s hown i n  Ta bles Ill , IV a nd V .  

When t he tap sett i n g  i s  changed w i t h  the relay energi zed i n  i ts ca s e ,  the fo l l ow i n g  
procedu re mu s t  be fol lowed: (1 ) Remove  t h e  connec t i n g  plug ; th i s  de-energ i zes the  
relay and s horts t he cu rrent transformer secondary w i nd i n g .  (2 ) Remove t he t a p  
screw a nd plac e i t  i n  the  ta p ma rked fo r t h e  des i red p i c k u p  curre n t .  (3 ) Replac e 
the connec t i n g  pl u g .  

The mi n i mum c u rren t  requ i red to ro ta te the d i s k s l owl y a nd to c l o se the  contacts  
sho uld be wi th i n 5% o f  the  value  ma rked on the ta p pl a te fo r any  tap s e tt i ng and  
t i me d i al pos i t i on .  If t h i s  adjustmen t  has been d i s tu rbed , i t  can  be re s to red by 
mean s o f  the spr i n g  adju st i n g  r i n g . Th e r i n g can be tu rned by i n sert i ng a sc rew 
dr i ver  blade  i n  the  notches  a round the  edge . By tu rn i n g the r i n g , the opera t i n g  
cu rrent of  t h e  u n i t  can b e  brought  i n to ag reement  w i t h  the ta p sett i ng employed . 
Th i s  adju stmen t a lso pe rmi t s  a ny des i red se tt i n g to be o b ta i ned i n te rmed i a tel y  
be tween the avai la ble tap  s e tt i n g s . 

P i c ku p  adjus tme n t  by mea n s  of  the  control s pr i n g  a ppli es  to the  IBCG51/52 and  
IB CG53/54 rel ays . A d i ffe re n t  procedu re a ppli e s  to the  IBCG77/78 relays . For the  
IBCG77/78 relays , the p i c kup  of the u n i t  fo r a ny current  ta p sett i n g i s  adju s ted by 
mean s  o f  the  var i a bl e  re s i s to r  i n  t he phase-s h i ft i n g  c i rcu i t .  Th i s  adju s tmen t  a l so 
permi t s  a ny des i red sett i n g  i nte rmed i a te between the vari o u s  ta p sett i ngs  to be 
obta i ned . The con tro l  s pr i ng i s  prewound  a ppro x i ma te l y  6600 wi th  the  con tacts  ju s t  
clo sed . Fu rther adju s tmen t o f  th i s  se t t i n g  i s  se l dom re qu i red ; i f  i t  i s  requ i red , 
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GEK-49822 

b ecause  o f  the  i n s u ffi c i  ent ran ge o f  t he v a r i  a b  1 e res i s tar , i t  shou l d never  be 
necessary to wi nd u p  the  contro l  s pr i n g  adjuster  more than  30° ( 1  notc h )  o r  unwi nd 
i t  more than  900 ( 3  notches ) from t he fac tory sett i n g. 

Test connec t i on s  for ma k i n g  p i c ku p  a nd t ime c hec ks on the  t i me over- c u rre nt  u n i t are 
s h own i n  F i gures 22  and 23 . Use  a source o f  1 20 val ts o r  greater w i t h  good wave 
form a nd cons ta nt fre quency . Ste pdown tra ns fo rmers o r  phantom 1 oad s  shou l d not  be 
empl oyed i n  test i n g i nduct i on rel ays s i nce  the i r use may cause  a d i s to rted wav e 
fo rm . The contac t i n  the wou nd s had i n g co i l  c i rcu i t  ma rked 0, see i nternal  
connect i on d i ag ram , must be  b l oc ked c l o s ed o r  j umpered fo r bot h  the  p i c k up test and 
the t i me tes t .  

T ime Se tt i ng 

The sett i ng of the  t i me d i a l d eterm i nes  the  l ength  of t i me the  u n i t  re qu i re s  to 
c l o se i ts contacts when t he cu rren t reaches a predetermi ned v a l u e .  The contacts a re 
j u s t  c l osed when the d i a l i s  set  on  0 .  When the  d i a l i s  set  o n  1 0 , the  d i s k  must  
travel  the  ma x i mum amount  to c l o se t h e  con tac ts and therefo re th i s  s e tt i n g  gi ves  the 
max i mum t i me sett i n g .  

T h e  pr imary adj ustment for t h e  t i me o f  o pe ra t i on o f  t h e  un i t  i s  made b y  mea ns  o f  the 
t ime d i a l . Howev e r ,  fu rther adj u stment  is  obta i ned by mov i n g the  permanen t ma gnet 
a l ong  i ts s upporti ng  s hel f ;  mov i n g the  magnet towa rd the  d i s k  s h a ft d ec reases  the  
t i me ,  wh i l e  mov i n g  i t  away i nc rea s e s  t he t ime . Be s u re the  magnet nev e r  extends out  
beyond the c u to u t  i n  the  d i s k .  

P i c k up Test  

Use  rated fre quency fo r bo th the  p i c ku p  a nd t i me tes ts . 
contact must be c l o sed to perform the  p i c k u p  and t i me tes ts . 

The d i rec t i on a l  u n i t  

Set t h e  re l ay at  t h e  0 . 5  t i me- d i a l  pos i t i on a nd 2 . 0  ampe re ta p .  U s i n g  the  test  
connec t i on  i n  F i gu re 22 , the  ma i n  u n i t  s hou l d c l o se i ts contacts  w i t h i n + 2 . 0% of  
ta p v a l ue c u rre nt ( 1 . 96- 2 . 04 amps ) .  

T ime Te st  

Set the  re l ay at  No . 5 t i me- d i a l sett i n g  a nd t h e  2 . 0  amp ta p .  U s i ng the  test  
connec t i on  i n  F i gu re 23 , a pp l y  5 t imes ta p c u rren t ( 1 0 . 0  amp ) to  the  rel ay .  The 
re l ay s hou l d o pe rate  w i th i n the  l i m i t s  g i ven i n  Tabl e X I I . 

TAB LE X I I  

TOC UN I T  O PERAT I NG T IME L I M I TS 

T i me i n  Seconds 
Rel ay Type 

M i n .  M i dpo i nt Max 

I B CG5 1 - I BCG52 1 . 72 1 . 78 1 . 83 

I B CG53- I BCG54 1 .2 7  1 . 3 1  1 . 35  

I BCG77- I BCG78 0 . 89 0 . 92 0 . 95 
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GEK-49822 

D IRECTIONAL UNIT 

Cu rrent Po l ariza tion 

a .  Connect per Figure 24 te s t  connec tions . 
b. The u nit shou l d c l o se it s con tac t s  wit hin 5% o f  0 . 5  ampe re . The c l u tch  shou l d 

s l ip between 8-18  amperes . 

CAUTION 
Thi s  l evel of cur rent can overheat the coil i f  appl i ed too frequentl y or 
for too l ong a peri od of time. 

Potentia l  Po l ariza tion 

a .  Connect pe r Fig ure 25 test connections.  
b. With V set  for 5 vo l t s at te rmina l s 9 to 10 , the  unit shou l d c l o se its contacts  

be tween 0 . 75- 1 . 75 amps . 

INSTANTAN EOUS UNIT 

Ma ke sure that the  in s ta nta neou s unit is in the  co rrect ra nge in which  it is to 
opera te. See t he in ternal  connec tion s diagram and Ta bl e V I .  

Wheneve r po ssibl e ,  u se t h e  higher ra nge since  t h e  hig her ra nge h a s  a higher 
continuou s ra tin g .  

The ins ta n taneou s unit has an  adjusta b l e core l oc ated at  th e to p o f  the unit . To 
set the  in s tanta neou s  unit to a de sired pic k u p , l oosen  t he l oc knut  and adju s t  the 
core. Tu rning  the  core c l ockwise decreases  the pic ku p ;  tu rning  the  core 
cou n terc l o c kwise inc rea ses  t he pic k u p . Brin g  u p  the  cu rrent  s l owl y until the  unit 
pic ks up. It may be neces sa ry to re peat this ope ra tio n , until the desired pic kup 
v a l u e  is obtained. Once the  desired pic k u p  va l ue is reached , tighten the l oc knu t .  

CAUTION 
Refer to Tabl e VI { p.7 } for the conti nuous and 1 second ra ti ngs of the 
i nstantaneous unit. Do not exceed these ratings when applying current to 
the i nstantaneous u n i t. 

The range o f  the  in stan taneous  u nit ( s ee Ta bl e V I )  mu s t  be obtained be tween a core 
po sition  of  1 /8  o f  a turn o f  11fu l l cl oc kwise .. , a nd 20  turns  cou n te rc l oc kwise from 
t he fu l l -c l oc kwise po sition. 

I N STALLAT I O N 
LOCATION  

The l oc ation s hou l d  be c l ean  a nd d ry ,  free from du s t  a nd exc es sive vibra tio n a nd 
we l l  l igh ted to facil ita te in spec tio n  and  testin g. 
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GEK-49822 

MOUNTI NG 

The re l ay s hou l d  be mou n ted on a ve rtica l  surfac e .  The outl ine a nd pa nel  d ril l ing  
diagram is  s hown in  Figu re 26 . 

CONN ECTI ONS 

The in te rna l  connection dia g rams for th e variou s  rel ays a re s hown in Figures 5 to 9 .  
Typical  e xternal  wirin g diagrams a re shown by Figu re s 10 , 1 1  and  12 . 

Un l es s  mou n ted on  a s teel pa nel whic h ad equ atel y grou nds the  re l ay case , it is 
recorrmend ed tha t the  ca se  be g rou nded th rough  a mou ntin g  stud o r  sc rew with a 
conduc to r  not  l es s  t han  # 1 2  B&S gage coppe r  wire o r  it s equiva l en t .  

I NSPECTION 

At the  time of in s ta l l a tio n , the re l ay shou l d be in s pected fo r ta rnis h ed contac t s ,  
l oo se sc rews , o r  other imper fection s .  I f  any tro u bl e is fou nd , it shou l d be 
co rrected in the ma nner  described in the sec tio n on SERV I C I NG .  

CAUTI ON 

Every ci rcu i t  i n  the drawout case has an auxi l i ary brush . I t  i s  
espec i al ly  important on current circui ts and other circui ts wi th shorti ng 
bars that the auxil i ary brush be bent hi gh enough to engage the connecti ng  
pl ug  or test pl ug before the ma i n  brushes do. Thi s  wi l l  prevent CT 
secondary ci rcui ts from bei ng opened . Refer to Fi gure 21. 

O P E RAT I O N  

Be fo re t h e  re l ay is pu t in to service , it sho u l d b e  given  a c heck t o  de termine tha t  
fac to ry adju stments  have not  been disturbed . The time dia l  wil l be s e t  at  0 be fo re 
the  re l ay l eaves  the fac to ry .  I f  t he s e ttin g  ha s not been chan ged, it wil l be 
necessary to c hange this se ttin g in o rder  to o pe n  the time overc ur re n t  unit 
con tac ts . The fo l l owin g tests  a re sugge s ted : 

TARGET AND S EAL- I N  U N I T  

1 .  Make  sure th at  the  ta p screw is in the  d esired ta p .  
2 .  Perform pickup  a nd d ropou t tes t s  a s  outl ined in the  ACC EPTAN C E  T EST sectio n . 

TIME OV ERCURRENT UNI T 

1 .  

2 .  

Set  ta p screw o n  desired ta p .  Using  the te s t  circ uit in Figure 22 , app l y 
a pproxima tel y  twice ta p v a l u e  cu rrent until the  c on tacts j u s t  c l o s e . Reduce 
the curren t  until the l ight in se ries with the conta c t s  begin s  to fl icker .  
This va l u e of  cu rrent  s ho u l d be wit hin 5 %  o f  ta p va l ue . 
Check the o pe ra ting time at  some mul tipl e o f  ta p v a l u e .  This mul tipl e o f  ta p 
va l ue may be 5 times ta p rating or  the  ma ximum fau l t cu rren t fo r whic h the 
re l ay must coordinate . The val ue  u sed is l e ft to the  disc re tio n  o f  the u s e r .  
U se  t he te st  circuit s hown in Figu re 23 . 
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GEK-49822 

D I RECT IONAL U N I T  

Current Polarization 

a. Connect per Figure 24 test connections. 
b. Adjust the control spring for 0 . 5  ampere pickup if current polarized or dual 

polarized. 

Potential Polarization 

c. I f  potentia 1 po 1 ari zed , connect per Figure 25 test conne_ct ions. 
d.  Adjust  the  control spring for 7. 2 volt amperes (±10%) since the relay is 60 ° 

from the angle of maximum torque. 10 volts  and 0. 72 amperes are recommended 
values for this test. 

I NSTANTANEOUS UN IT  

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

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

PERIODIC CHEC KS AND ROUTINE MAINTENANC E 

I n  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 u ser•s experience with periodic testing. Until the u ser has accumulated 
enoug h  experience to select the test interval best suited to his individu al 
requirements , it is suggested that the points listed below be checked at an interval 
of from one to two years. 

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

TARGET AND SEAL-IN UNIT 

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

T IME OVE RCURRENT UN IT  

1 .  Perform pickup test  for the  tap in service , as described in  the OPERATION 
section. 

2 .  Perform the  time tests as  described in the  OPERATION section. 

D I RECTIONAL UN IT  

Repeat the  portion of  the  ACCEPTANCE TEST for the  polarity condition for which the  
relay is  connected in service. 
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I N STANTAN EOUS UNI T 

Chec k that  the  in s ta n ta neous unit pic ks u p  a t  the  d esired curre n t  l evel , a s  out l ined 
in t he ACCEPTANCE TESTS and the  OPERATION s ec tion s .  

S E RV I C I N G 

The s e  re l ays a re adju s ted a t  the  fac to ry a nd it is advisa bl e not  to d istu rb t he 
adju s tments . I f , fo r any rea so n , they have been dis tu rbed or  it is fou nd du ring 
in stal l a tion or  periodic testin g tha t the  re l ay is ou t o f  l imits , t he c hec ks and  
adju stme n ts ou t l ined in the  fol l owin g pa ra g ra phs  shou l d  be  o bse rved . It  is 
s u gge sted tha t t his wo rk be done in the l a bo ra to ry .  

TARGET AND SEAL- I N  U N I T  

Repeat the  visua l  and mec hanica l  ins pec tions  a nd the  pickup  a nd d ro po u t  curre n t  
c hec ks a s  out l ined in t he ACCEPTANCE TESTS s ec tion . 

T I ME OVERC URRENT UN I T  

Dis k a nd B earings 

The jewe l shou l d  be tu rned u p  u n til the dis k is cente red  in the  air gaps, a ft e r  
whic h it shou l d be l oc ked in this position  by t he set  sc rew provided for this 
purpose . The  u ppe r bea ring pin s h ou l d  next  be adjus ted so that the  dis k  s h a ft has 
a bou t 1/64 inc h end pl ay .  

Con ta c t  Adju stme n t  

T h e  co ntacts  shou l d  h ave a bout  1/32 inch  wipe . T h a t  is , the  s ta tiona ry conta c t  tip 
s ho u l d be de fl ec ted a bout  1/32 inch when the dis k  compl e te s  its t ravel . Wipe is 
adju sted by tu rnin g  the wipe adjustmen t  screw on  the s tationary contac t ,  there by 
adju stin g  the position  o f  the brus h  rel ative  to the brus h  s to p .  

When the  time d ia l  is moved to the  pos itio n  wh ere it hol d s  the  contac t s  jus t  c l o sed , 
it s hou l d indica te 0 on t he time-dia l sca l e .  I f  it d oe s  no t a nd the bru s he s  a re 
correc tl y adju s ted , shift the  dia l by c h angin g th e position  o f  the a rm a ttac hed to 
t he s ha ft ju s t  bel ow t he time dia l . Loo sen t he sc rew cl ampin g t he arm to the  s ha ft 
a nd turn the a rm re l a tive to the  s h a ft un til the conta c t s  ju s t  ma ke fo r 0 z e ro time­
dial  settin g .  

Characte ris tics Chec k a nd Adjustments  

Repeat the  portion s  of  the  ACCEPTANCE TESTS sec tio n that  a ppl y to the  time 
overcurrent u nit . Al so , chec k  re set vol tage and time a s  out l ined u nd er RESET in the 
CHARACTERISTI CS sec tion ; l ow re set vo l ta ges o r  l on g  reset times may indicate 
exce ssive friction cau s ed by a worn bearin g  or by mechanica l  in te rference . 

20 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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On  I BCG77 /78 relays , set  the relay on the  2 amp tap  w i th the tjme d i al set so t hat  
the  contac ts  are ju st o pen . Adju s t  p i ckup  w i th i n the li m i t s  1 . 96 to  2 . 04 amps , but  
a s  close  as  po s s i ble to 2 . 0  amps . Then  move the t i me d i al to the No . 10 po s i t i on 
a nd check the cu rre nt requ i red to jus t  move the  d i s k  away from the  sto p  arm .  Th i s  
cu rrent s hould be wi th i n the li mi ts 1 . 88 to 2 . 12 amps . I f  the  d i s k  moves a t  the 
lowe r li mi t ,  check that movement i s  no t over l/2 i nc h , meas u red along  the peri p hery 
of  the d i s k .  Th i s  i s  called a compensat i on chec k .  I f  the cu rrent falls outs i de t he 
1 . 88 to 2 . 1 2  amp li m i t s ,  the  followi ng  steps s hould be ta ken: re set the  con trol 
s pr i n g  u nt i l  compen s a t i o n  at No . 10  t i me d i al i s  wi th i n li mi ts . Then re store p i ckup  
by adju s t i ng the re s i sto r .  Rec hec k compensa t i on a fter the re s i sto r  adju s tment .  

D I RECTIONAL UN IT  

Bea r i n gs 

The  lowe r jewel bea r i n g  s hould be sc rewed all the way i n  u nt i l  i t s  h ead engages the  
end  o f  the  threaded core s up port . The  upper  bea r i n g  sho uld be  adju s ted to  allow 
a bout  1/64  i nc h  end play i n  the  s ha ft .  

To c hec k the clea ra nce between the i ron  core and the i ns i d e  o f  the  ro to r  cup , pre s s  
down on the  contact arm n e a r  t h e  s h a ft , thu s  depre s s i ng t he s pr i n g-moun ted jewel 
u nt i l  the cup  str i kes the i ro n . The s haft s hould move a bout  1 / 1 6  i nc h .  

C u p  and Stator 

S hould it be necessary to remove  the cup-type ro to r  from the d i rect i onal u n i t ,  the 
followi ng procedure should be fo llowed: 

All leads  to the un i t  s hould fi rst be d i sconnected a nd ta gged fo r i denti fi cat ion  i n  
reconnect i n g .  The u n i t  can  then be remov ed from the c radle w i th i ts mou n t i n g  pla te 
s t i ll attached . 

The upper  of  the t h ree flat- head screws hold i ng the  u n i t  to the pla te s hould now be  
remov ed . On some models , i t  may be  nece ssary to  remove a re s i s tor or capaci tor to 
expose t h i s screw . The  fou r  corner  screws clamp i n g  the u n i t  to gether s hould next  be 
removed , and t he ent i re top struc tu re li fted o ff .  Th i s  g i ves  access  to the c up 
a s sembly a nd exposes  the s ta to r  assembly ,  wh i c h s hould be pro tec ted to keep i t  from 
dust  and metalli c pa rt i cle s  u nt i l  the uni t  i s  rea ssembled . 

To remove t he s ha ft and ro to r  from the  contact head assembly ,  the  spri ng  cli p at the  
top of  the  s ha ft must be  pulled out  a nd the clutch  adju st i ng sc rew taken  out  o f  the 
s i d e of  the molded contac t a rm .  The s haft a nd cup c a n  now be pulled out of the 
mold i ng .  The ro tor  must be handled v ery care fu lly wh i le i t  is out of  the u n i t .  

Contact Adjus tment s  

To ma ke contac t adjustment s , re fe r t o  F i gure 20 for i d ent i fi c a t i o n  o f  low gra d i ent 
contact parts and proceed a s  fo llows: 
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Loo sen the loc knu t wh i c h  s ecures the mov i ng contact s top  ( bac ksto p )  sc rew ( loca ted 
at the fro n t  r i ght  hand co rner o f  th e d i rec t i onal u n i t )  to i t s  s u p port. Unwi n d  the  
bac kstop  sc rew so tha t the mov i n g contact arm i s  perm i tted to  sw i n g  freely. Adjust  
the ten s i on o f  eac h  low g ra d i en t  conta c t  bru s h  so  that  1 -to-2 grams o f  pres s u re are 
req u i red a t  t he contact t i p  i n  o rder to cause  t he end o f  t he bru s h  to s epa ra te from 
the  i nner face  of i t s  res pec t i ve bru s h  reta i ner. Adj u s t  the s p i ral  s pr i n g  wi t h  the  
w i ndu p s proc ket u n t i l  t he mov i n g contac t arm i s  i n  a neu tral pos i t i on ,  i . e. ,  w i th  
the a rm po i n ti n g  d i rec tly forwa rd. Loosen the  locknut  wh i c h  sec u res the s ta ti o n a ry 
con tact moun t i n g  sc rew to the s ta t i on a ry contact  s u pport. W i nd the mou nt i ng sc rew 
i nwa rd unt i l the s ta ti o na ry a nd mov i n g contact  members j u s t  beg i n  to to u c h. Unwi nd  
t he mou nt i ng sc rew u n t i l  the sta t i ona ry contact  s top li nes u p  w i th the mov i n g  
contact  bru s h  reta i n er. W i nd th e bac k s to p  sc rew i nwa rd u n ti l t h e  mov i n g and 
s ta t i on a ry con tact members aga i n  jus t  beg i n to touch.  Loosen the loc kn u t  o f  t he 
s ta ti o n a ry conta c t  s to p  sc rew, a nd advanc e  th i s  sc rew unt i l i t  j u s t  touches the 
mov i ng contact bru s h  reta i n er. Unw i nd t he sc rew 1 and a half tu rn s to pro v i de 
co ntact  w i pe. T i g hten the  loc k nu t. Unwi n d  the  bac ksto p  sc rew 2 / 3  tu rn a nd t i g hten 
the loc knut  wh i c h  secu res the bac kstop sc rew to i ts s u pport.  F i nally , ad j u s t  the 
ten s i on on  the s ta t i on a ry contact  bru s h  such  that , wh en the contacts  a re ma de and  
fully w i ped i n ,  t here i s  a pproxi ma tely a n  equal deflec t i on on  each  bru s h. 

B i a s  To rque Adj u s tmen t 

Co nnec t  the c u rrent o pera t i n g  and  cu rren t pola ri z i ng co i ls i n  seri es by connec t i ng a 
j umper ac ro s s  term i nals 5 and  8 .  Apply cu rren t to term i n als 4 and  7 a n d  ad just  the 
d i rec t i o nal  u n i t  s p i ra l  s pr i n g  so that the un i t  p i c k s  up  at  0 . 5  ampere w i t h  
term i nals 9 and  1 0  jumpered. 

The core o f  the d i rec t i o nal u n i t  has  a small fla t port i o n , the purpo se of wh i c h i s  
to m i n i m i ze the effect o f  b i a s  to rques produced o n  the roto r. Such  to rques can  be 
produ c ed by a ny one of the o pera t i ng  or  pola r i z i n g  quanti t i es ac t i n g  alone  w i t h  the 
other two c i rcu i ts de-energi zed .  The ad justment o f  the core i s  ma de at  t he facto ry ,  
but may b e  c h ec ked by observ i ng th at  t h e  u n i t  res pond s a s  outli ned below : 

Short out  the poten t i al pola r i z i n g  co i l ( term i nals 9 and 10), lea vi ng the cu rrent 
pola ri z i ng co i l  (termi nals 7 and 8 )  u n s ho rted. S u pply 30  amperes th rou g h  the 
o perat i n g co i l  ( termi nals 4 and  5 )  and  chec k  tha t the  un i t  d oes not o pera te. 

I f  the u n i t  does not  sat i s fy the a bove cond i t i ons , ro ta te the core to a pos i t i o n  
wh i c h  causes i t  t o  do s o .  The core ca n be tu rned by loos en i ng t he la rge hexagonal 
nut on the  unders i d e  of the relay and tu rn i n g  the core by mea ns  of the  s lotted 
bea r i n g  sc rew. Th i s  sc rew should be held s ecu rely i n  pos i t i on when t he nut i s  
reti ghtened . 

Keep i n  mi nd that 30 amperes w i l l  cause the current coi l s  to overheat i f  l eft on too 
l ong. Therefore , l eave the test current on only for short i n terval s and al l ow 
suffic i ent time between tests for the coi l s  to cool. 

Clu tch  Adj ustment 

The connec t i o n s  s hown i n  Fi gure 24 fo r the pola r i ty c h ec k  can  a lso  be u sed i n  ma k i n g  
the clutc h  adjustment. The f i xed res i s to r s hould b e  capa ble o f  contro lli ng  t he 
c u rren t i n  th e ra nge o f  5 to 25 amperes. A s c rew projec t i n g  from the  s i de o f  th e 
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mov i ng contact arm control s the cl utch pressure . Use rated frequency and current i n  
phase with the vol tage. Adjust the clutch s o  that i t  wi l l  not s l i p  at 1 0  amperes or 
less of suddenly appl i ed current , but wi l l  s l i p  at or above 15 amperes .  Thi s  
setti ng ,  10-15 amperes , i s  tighter than the 8-18 ampere acceptance test l imit and i s  
i ntended to assure that the acceptance test l imits wi l l  be met i n  any future tests . 

I NSTANTANEOUS UN IT 

1 .  Both contacts shou l d  cl ose at the same time .  
2 .  The backi ng stri p shou l d  be  s o  formed that the forked end (front) bears agai nst 

the mol ded strip  under the armature . 
3 .  With the armature agai nst the pol e  piece , the cross member of the 111" spri ng 

shou l d  be i n  a hori zontal pl ane and there shou l d  be at l east 1/64 i nch wipe on 
the contacts . Check thi s by i nserti ng a 0 . 010 i nch fee ler gage between the front 
half of the shaded pol e  and the armature with the armature hel d  cl osed . The 
contacts shou l d  cl ose with the feel er gage i n  pl ace . 

Contact Clean ing 

For cl eani ng fi ne si l ver contacts ,  a f lexi b le  burnish ing tool shou l d  be used . Thi s 
consi sts of a f lexi b le  strip of metal with an etched roughened surface , resembl i ng 
i n  effect a superf i ne fi l e .  The pol i sh i ng action i s  so del i cate that no scratches 
are l eft , yet corroded material wi l l  be removed rapidly and thoroughly. The 
f lex ibi l ity of the tool ensures the cl eani ng of the actual poi nts of contact. 

F i ne s i l ver contacts shou l d  not be cl eaned with knives , fi l es or abrasi ve paper or 
cl oth . Kni ves or fi l es may l eave scratches whi ch i ncrease arci ng and deteri oration 
of the contacts .  Abrasi ve paper or cloth may l eave mi nute particl es of i nsul ati ng 
abrasi ve materi al i n  the contacts ,  thus preventi ng contact cl os i ng .  

The burni shi ng tool descri bed above can be obtai ned from the factory. 

RENEWAL PARTS 

It  i s  recommended that suff ici ent quantities of renewal parts be carried i n  stock to 
enable  the prompt repl acement of any that are worn , broken or damaged . 

When orderi ng renewal parts ,  address the nearest Sal es Offi ce of the General 
E l ectric Company , speci fy quantity requi red , name of part wanted , and g i ve compl ete 
namepl ate data . If possi bl e ,  give the General El ectri c Company requ i s iti on number 
on whi ch the rel ay was furni shed . Refer to renewal parts publ i cation GEF-4083 . 

S i nce the l ast edit ion ,  Fi gure 26 has been changed . 

23 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49822 

F i gure 1 ( 8043458 ) Type IBCG51M ( - ) YIA  o r  the  I BCG53M ( - ) YI A  Rel ay 
i n  i ts Case ( Fron t  V i ew )  
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GEK-49822 

TOC 
TAP 
BLOCK 

TOC MOVING CONTACT 

TOC PICKUP ADJUSTING 
RING 

ADJUSTING 

F i gure 2 ( 8043459 ) Type I BCG51M ( - ) Y1A  o r  the I BCG53M ( - ) Y1 A  Relay 
Removed from Case ( Fron t  V i ew)  
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THYRITE 
DISK -----

F i gure 3 (804346 0 )  Type IBCG 5 1 M (- ) Y1 A or  the  I BCG5 3M (- ) Yl A  Rel ay 
Removed from Case  (Rea r V i ew )  

2 6  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



c .. 
---------� 

TOC 
RESISTOR ___ ___..,. 
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F i gure 4 (804346 1 )  Type I BCG77M or I B CG78M Relay Removed 
from Case ( Rea r V i ew )  
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* = SHORT FINGER 

F i gure 5 ( 0269A306 1 - 0 )  I nterna l  Connec t i on s  fo r I BCG5 1 M  a nd 
I BCG53M Rel ays ( Fron t  V i ew )  
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1 
s 7 

8 IC 
* = SHORT FINGER 

F i gure 6 ( 0269A3062- 0 )  I n terna l  Connec t i ons  for I BCG51M ( - ) Y1 A  a nd 
I BCG53M ( - ) Y1 A  Rel ays ( Fron t  Vi ew )  
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F i gure 7 ( 0273A91 94- 0 )  In terna l  Connec t i on s  D i agram fo r the  
IBCG52M ( - ) A a nd the IBCG54M ( - ) A Rel ays ( Fron t  V i ew )  
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F i gure 8 ( 0269A3 063- 0 )  Internal Connec t i o n s  fo r IBCG77M Relay ( Fron t  V i ew )  
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F i gure 9 ( 01 2 7A9424- 0 )  I n ternal Connec t i on s  D i a g ram for the 
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1 ---
PHASE S�UENCE 1-2-3 OR J-2-1 

2 
______ ��---------------------------------.--------t-

3----��4-----------------------r-------,_-------+-

3 2 1 

-. 

A (p1N B 
IF POTENTIAL POLARIZATION V,7N 'D C IS USED, CONNEcr A TO D D y- � & B TO C. IF POT:mTIAL E------9 . 10 POLARIZATION IS NOT USED7 
001-."NECT C TO D. 

IF CURRENT POLARIZATION IS 
NOT USED , DO NOT CONNECT TO STUD 7 & g. 

- Ml!. 
SI 

LEX:Jnm 
6?N-IBCG51M�JM AND 77M 
TOC-TlME OVEHCURR:mT UNIT 
D-D1RECTIONAL UNIT 
T&SJ.-TARGET AND SEAL-IN-UNIT 

52 

F i gure 10  ( 027 3A905 1 - 0 )  Typi cal Externa l  Con n ectio n s  D i agram 
for Relay Types I B CG 5 1M , 5 3M or 77M  
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P H A S E  S E QU E N C E  1-2-3 OR 3-2-1 

---��-r---------------------------------�--------r-- 2 

�--�-+-----------------------�--------+--- ----�-- 3 

� IJ') 
>-

z ... 
� ....J 

� 
0.. PHAS E a: 
a: R E L AYS � 

IJ') t- ... 1 :r 
(l_ ·  

G7N A 8 0 

� 67N t-
0 ' 67N -0- � 4 5 I E  'V -

SEE NOT E I 
NOTES : 
1. I F  POTENTIAL POLAR I.ZA T I O N  IS USED 

CONNECT A TOO A ND 8 TOC .  I F  POTENT IAL 
POLARI.ZAT ION IS NOT USED CONNECT C TO O 

6 7� 
[) S E E  NOTE 2 

2 .  I F  CURRENT  POLA R I-lAT ION IS NOT USED 
DO  NOT C O N NECT  TO ST UDS 7A ND 8 

6 7N- IBCG 5 1 MC-) Y l A  
IBCG53M(-)Y IA  
0 - 0I R EC T I ONA L UN I T  
I- INSTA NTA NEOUS UNIT 

TOC -T IME  OVER C URR£ NT UN I T  

I 
> f,7 N 

T S I  

_._ 6 7 N l67N 

2
1TOC 2T s1 

T R I P  

t 
F i gure 1 1  ( 0273A9052- 0 )  Typ i c a l  Externa l  Connec t i o n  D i a g ram 

for Rel ay Type I BCG51M ( - ) Y1A  or 53M ( - ) Y1A  
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1 1  A�t:; S�UEl!CE 1-��-3 OR J-2- 1  
-----, 

Cl) 
>t 
< 
tl 
p:: 

� 
.___� � 

J 2 1 

A G>7AI B 
n· lUTkl.l' IAL D 6, 7;./ .D C I PuJ .Aiti/'i.T JCJ�: IS USED ,  t --; J 
COl\N'E. CT I. TO D & B TC C .  � t-( ---'\t 10 
IF POTFJJTIAL POLA R I�'.A T!OH 
rs reT r�:rJJ ccn:r;cT c To D 

IF CURRENT POLARIZATION 
IS NOT USED , DO NOT 

CONNECT TO STUDS 7&8 

0 
i-4 

67N ...Q7N_ 
LEn END 

67N-- ffiCC52M. 53M 7SM 
IOC.. INSTANTANEOUS OVERCURR�T UNIT 

TOC.. TlME OVERCURR�T UNIT 
D.-D IRECT IONAL UN IT 

T&SI-TARGET & SFAL IN UNIT 

52 

I :�c 
S I  r! TOC 

.21!! 
SI 

F i gure 12 ( 27 5A4559- 0 )  External D i agram for the IBCG52M , 54M 
a nd the 7 8M Rel ays 
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Fi gure 14  ( 037 6A0934- 0 )  T ime C haracter i s t i c  o f  Dual  Pol a r i zed 
D i rec t i ona l  Un i t  o f  Type I B CG Rel ay 
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GEK-49822 

K ---

J ----

A - Con tact Di a 1 
B - S ta ti onary Contact Bru s h  

C - Contact T i p  

H - Sta ti on ary Conta c t  Br u s h  Reta i ner 

D - Mov i ng Con�a c t  Arm 

E - Mo v i ng Conta c t  Brush 

J - Stop S crew 

K - S tati onary Co n tact Support 

L - Mounti ng Screw 

M - Locknuts 

0 

'------- F 

'--------- E 

F - Button Contact T i p  

G - Mov i ng Contact Brush Retai ner 

Fi gure 20 (8027 688 a nd 8023399 ) Low Grad i ent  Contac t 
Assembl y  for the  D i rect i ona l  U n i t  
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GEK-49822 

ADJ. RES. 

• 
5 

6 

�--------------�� 
-o�--

• 
7 

• 
9 

• • 
s 10 

TYPE XI.Al.3 TEST PLUG 

Fi gure 22 ( 0 1 95A9179- 0 )  Test Connec t i on s  fo r C h ec k i n g P i ckup  o f  TOC U n i t 
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TO TIMER 
"STOP11 

GEK-49822 

r-sz5----f8)----
ADJ .  :us. 

'--- 0 

TO TJMER 
11START" 

F i gure 23 ( 01 95A9180- 0 )  Test  Connec t i ons  for C h ec k i n g 
Opera t i n g  T ime o f  TOC U n i t  
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GEK-49822 

ADJ. RES • 

• • 
1 3 

• I 

2 4 6 8 10 ) 
TYPE XLA1 3 TEST PLUG 

F i gure 24 ( 01 95A9181- 1 )  Test Connec t i on s  for Chec k i ng P i c kup  of  
D i re c t i ona l  Un i t  u s i n g Curre n t  Pol ar i zati on  
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ADJ. RES • 

• • • 
1 3 5 7 9 

e @ • 
2 4 6 8 10 

TYPE XLAl3 TEST PLUG 

--·----

F i gure 25  ( 01 95A9182- 0 )  Test Connec t i on s  fo r C hec k i n g P i c kup  o f  
D i rec t i onal  Un i t  u s i ng Poten t i a l  Pol a r i z a t i o n  
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Figure 26 (K-6209273 [ 5 ] )  Outl i ne and Panel Dri l l i ng D imensi ons for 
Type IBCG Rel ays 
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G R O U N D  D I R E C T I O N AL O V E R C U R R E N T  R E L A Y S  

I BC G 5 1 M  
I B C G 5 1 M ( - ) Y l A  

I B C G 52 M  

T Y P E S  

I BC G 5 3 M  
I B C G 5 3 M ( - ) Y l A  

I BC G 54 M 

D E S C R I PT I O N 

I B C G 7 7 M  
I BC G 7 8 M 

The Type I BCG relays a re grou nd d i rec t i onal ov ercu rrent  relays us ed pr i mar i ly fo r 
the  protec t i o n  o f  feeders and tra nsmi s s i o n  li nes . They a re ava i la ble wi th  e i ther  
i nvers e ,  v ery i nverse or  extremely i nverse t i me charac ter i st i c s .  

All the I BCG relays conta i n  a t i me ov ercurre n t  u n i t  o f  the i nduct ion  d i s k  type and 
an i n stanta neou s d i rec t i onal un i t  o f  the i nduc t i o n cup  type . The d i rec t i onal u n i t 
can  be po te n ti al  pola r i zed , o r  curre n t  polar i zed , o r  both , a nd i t  d i rec t i o nally 
con trols the opera t i on o f  the t i me ov ercu rrent u n i t .  

A ta rget seal- i n u n i t  i s  prov i ded i n  eac h o f  the  relays . The  opera t i n g  co i l  fo r 
th i s  un i t  i s  connec ted i n  ser i e s  w i th the contacts  o f  the t i me ov ercu rrent u n i t  so 
that i t  wi ll p i c k  u p  wh enever  the t i me overc u rre n t  un i t  opera tes . The contacts  o f  
t he seal- i n  u n i t  a re connec ted i n  pa ra llel w i th  the contacts o f  the t i me overcu rrent 
u n i t  to prov i de pro tec t i o n  fo r them a nd th e i r  a s soc i a ted con trol spri ngs . 

Tho se relays hav i ng  t he de s i gna t i on Y l A  followi n g t he model numbe r also con ta i n  a 
Hi -Se i smi c i n s ta nta neou s overc u rre n t  u n i t  o f  the  h i nged a rma tu re constru ct i o n . 

The I BCG52M, 54M and the 78M relay models are the two-contact vers i on s  o f  the 
I BCG51M ,  53M and the 77M re lay mod els re s pec t i vely . 

All the I BCG  relays a re moun ted i n  s tandard M1 s i z e d rawout ca se s ,  the outli ne and 
pa nel d r i lli ng d i mens ions  fo r wh i c h  a re g i ven i n  Fi gure 26 . In te rnal connec t i o n s  
fo r the relays a re gi ven i n  Fi gu re 5, 6 ,  7 ,  8 a n d  9 .  Typi ca l  external connec t i on s  
a re s hown by Fi gures  1 0, 1 1  and 1 2 .  

Ta ble I li sts  the var ious  models and ra nge s that are ava i la ble .  

These instructions do not purport to cover all details or variations in equipment nor to provide for 
every possible contingency to be met in connection with ins tallation, operation or main tenance

: 
Should 

further information be desired or should particular problems arise which are not covered suffi c�ently for 
the purchaser ' s  purposes, the matter shoul d be referred to the General Electric Conpany . 

To the extent required the products described herein meet applicable ANSI, IEEE and NEMA standards/ 
but no such assurance is given with respect to local codes and ordinances because they vary greatl y .  
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GEK-49822 

TABL E I 

EXTENDED RANGE  I BCG RELAYS 

Re l ay T ime I n st  P i c ku p  Ra nge I n t  
Model  Charac ter i st i c  Un i t  I n st . T ime Co n n . 

I BCG5 1M ( - ) A I n v erse No 0 . 5 - 4 ,  2- 1 6  Fi g .  5 
I BCG52M ( - ) A I n v e rse No 0 . 5- 4 ,  2- 1 6  Fi g .  7 
I BCG5 1M ( - ) Y1A I nverse Yes 6- 1 5 0  0 . 5 - 4 , 2- 1 6  Fi g .  6 

I B CG5 3M ( - ) A Very I n v e rse No 0 . 5- 4 ,  1 . 5 - 1 2  Fi g .  5 
I BCG54M ( - ) A Ve ry I n v e rse No 0 . 5 - 4 ,  1 . 5- 1 2  Fi g .  7 
I BCG5 3M ( - ) YlA Very I n v e rse Yes 6- 1 5 0  0 . 5 - 4 ' 1 . 5- 1 2  F i g .  6 

I BCG77M ( - ) A Extreme l y  I nv e rse No 0 . 5 - 4 ' 1 . 5 - 1 2  Fi g .  8 
I BCG78M ( - ) A Extreme l y  I n v e rse No 0 .5 - 4 ,  1 . 5- 1 2  Fi g .  9 

A P P L I CAT I O N 

The Type I B CG rel ays a re grou nd d i rec t i ona l  overcu rre n t  re l ays that may be u sed a s  
ground fau l t detectors  i n  a t ra nsmi s s i o n  l i ne protec t i ve re l ay i n g  scheme . 

The re l ays conta i n  a t i me ov ercu rrent  un i t  tha t i s  torque c o n tro l l ed by a n  
i n sta n ta neou s d i re c t i o n a l  overc u rre n t  un i t .  T h e  d i re c t i o n a l  u n i t  may b e  po l a ri zed 
from a sou rce o f  potent i a l , or curren t ,  or bot h sou rce s  may be u s ed to dua l  po l a r i ze 
the  u n i t . I t  i s  adva ntageou s to use  dua l  po l a ri zati o n  bec au se c h a ng i n g  system 
cond i t i on s  may cause  cu rrent  po l ar i za t i on to be favo red a t  some t i me s  wherea s 
vol ta ge po l a ri za t i o n  m i ght  be favored a t  o thers . F i gure 1 3  i l l u st ra te s  t h e  e ffec t  
o f  u s i n g  dua l po l ar i za t i on a s  compa red to po l a r i zat i on from a source o f  vol tage o r  
curre n t  a l o n e .  

The d i ffe rences  between  t h e  v a r i o u s  mod el s cove red by th i s  i n s t ru c t i o n  boo k  a re 
s hown i n  Ta bl e I .  I nverse t i me re l ays shou l d  be u s ed on systems where t he fau l t 
c u rren t fl owi n g  th rou gh  a g i ven  re l ay i s  i n fl u enced l a rgel y by the  system gen e ra t i ng  
capac i ty at  the  t i me o f  the  fau l t .  Very i nverse t i me a nd extremel y  i nverse  t i me 
re l ays shou l d  be u sed  i n  cases where the  fau l t  current ma gn i tude  i s  dependen t ma i n l y  
u pon the  l oca t i on o f  the faul t i n  re l a t i on to the  re l ay ,  a �d o n l y  s l i gh t l y  o r  not  a t  
a l l  upon the  sys tem genera t i n g  setu p .  T h e  re ason  fo r th i s  . i s  t h a t  rel ays mu s t  be 
set  to be s e l ect i ve w i th  max i mum faul t cu rrent  fl ow i n g . Fo r fau l t cu rrents  be l ow 
th i s  va l u e ,  the o pera t i ng t i me become s greater  a s  the  curre n t  i s  decreased . I f  
the re i s  a w i de range  i n  genera t i n g  ca pac i ty ,  toget her w i th var i a t i on i n  s hort­
c i rc u i t - c u rrent w i t h  fau l t  pos i t i o n , the  o pe ra t i n g  t i me wi th  mi n i mum fau l t  curre n t ­
may be exceed i n gl y l on g  w i t h  v ery i nv erse t i me rel ays and  even l onger  w i th  extreme l y  
i nv e rse t i me re l ays . Fo r s u c h  c ase s ,  t h e  i nverse t i me re l ay i s  mo re a ppl i c a bl e .  

The o pera t i n g  t i me o f  the t i me overcu rrent  un i t  fo r a ny gi ven  v a l ue  o f  cu rrent and  
ta p sett i n g  is  dete rm i ned  by the t i me-d i a l  sett i n g .  The o pe ra t i n g  t i me is  i nv e rse l y  
proport i onal  t o  t h e  curre nt magn i tude a s  i l l ustra ted by t he t i me cu rves  i n  Fi gu re s 
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1 5 ,  1 6  and 1 7 .  No te tha t the cu rren t v a l ues  on these  curves  a re gi ven  as mul t i pl es 
of  the ta p setti n g .  That i s ,  fo r a g i ven t i me- d i a l  sett i n g ,  t h e  t i me w i l l  b e  the  
same for 80  ampe res on  the 8 ampere ta p a s  for 50 amperes on the 5 ampere ta p ,  s i nce 
i n  bo th cases the cu rre nt i s  10 t i mes sett i n g .  

I f  se l ect i ve act i on o f  two or more rel ays i s  requ i red , determi ne the maxi mum 
pos s  i b 1 e s hort- c i rcu i t  cu rre nt of the 1 i ne a nd then  c hoo se  a t i me va 1 ue fo r eac h 
rel ay that d i ffers s u f fi c i entl y to i n s u re t he pro per sequ ence i n  the  operat i on of  
the  severa l  c i rcu i t  brea ke rs . Al l owa nce mu s t  be made  for the  t i me i nvo l ved i n  
o pen i n g each brea ker a fte r t he rel ay contacts c l o se . 

The V IA  re l ays conta i n  a H i -Se i sm i c  i ns ta nta neou s overcurrent u n i t .  Th i s  u n i t  may 
be set h i gh  to tri p d i rectl y fo r faul ts some d i stance down the transm i ss i on l i ne .  
I n  d eterm i n i ng the sett i ng fo r th i s  u n i t ,  i t  wi l l  be necessary to co n s i der  fau l ts  
d i rectl y beh i nd the re  1 ay a s  we 1 1  as  at  the remo te termi na 1 , because  the u n i t i s  
non- d i rect i onal . The un i t  s hou l d be set wi th a s u i tabl e amount  o f  margi n a bove the  
ma x imum external  fau l t  cu rren t . The  e ffec ts of  tran s i en t  overreach , a s  i l l u stra ted 
i n  F i gu re 1 9 ,  s hou l d a l so be t a ken  i nto account  i n  determ i n i n g the sett i n g .  

RAT I N G S  

The IBCG rel ays descr i b ed i n  t h i s  i n struct i on a re ava i l ab l e i n  5 0  and 6 0  he rtz 
model s .  The TOC ( t i me ove rcurre nt ) un i ts have e xtend ed ( 8- to- 1 ) ra nge s im i l a r to 
the 800 ser i es  IAC re l ays . The IOC ( i n stantaneous  ov ercu rrent ) u n i ts ,  when used 
( see Tabl e I ) , have extend ed ( 25- to - 1 ) ra nge . Rat i ngs o f  the ope ra t i n g  cu rrent 
c i rc u i ts of the TOC , IOC and  the d i rec t i onal  u n i ts a re shown i nd i v i dua l l y .  Howev e r ,  
s i nce a l l  o pera t i ng cu rre nt c i rcu i ts are normal l y  connec ted i n  seri es , t h e  o pe ra t i n g  
co i l  rat i n gs o f  a l l u n i ts shoul d b e  con s i de red i n  de term i n i ng the rat i n g  of  the 
ent i re o pera t i ng c i rc u i t .  

TAB LE  I I  

ONE SECOND RAT I NG OF TOC UN ITS 

Re l ay Range One Second 
Mod el ( Amps ) Rat i n g ( Amps ) 

I BCG5 1M 0 . 5-4 . 0  7 0  
I BCG51M ( - ) VIA  
I BCG52M 2 . 0- 1 6 260 

I B CG53M 0 . 5- 4 . 0  140 
I BCG53M ( - ) VIA  
IBCG54M 1 . 5- 12  260 

I B CG77M 0 . 5- 4 . 0  1 25 
I BCG78M 1 . 5- 1 2  260  
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GEK-49822 

T I ME OVERCU RRENT U N I T  

T h e  1 second ra t i ngs o f  t h e  TOC un i ts are g i ven i n  Tabl e I I . T h e  cont i nuous  ra t i ngs 
for the  var i ous ta ps o f  each model and cu rren t range a re gi v en i n  Ta b l es  I I I ,  I V  a nd v .  

TAB LE I I  I 

CONT I NUOUS RATI NG O F  0 . 5-4 . 0  AMP TOC U N I TS 

0 . 5-4 . 0  Am� Range 

Mod el Ta p 0 . 5  0 . 6  0 . 7  0 . 8  1 . 0 1 . 2 1 . 5 2 . 0 2 . 5 3 . 0  4 . 0  

I BCG51M 
I B CG5 1M ( - ) YlA  Rat i ng 1 . 6 1 . 8 2 . 0  2 . 1  2 . 3  2 . 7  3 . 0  3 . 5  4 . 0  4 . 5  5 . 0 
I BCG52M ( Amps ) 

I B CG5 3M 
I B CG53M ( - ) YlA  4 . 0  4 . 5  5 . 5  5 . 5 6 . 0  7 . 0  7 . 5 9 . 0  10 . 0  1 1 . 0  1 3 . 0  
I B CG54M 

I B CG77M 
I B CG78M 3 . 5  3 . 7  4 . 0  4 . 5  5 . 0 5 . 5  6 . 0  7 . 0  8 . 0  9 . 0  10 . 0  

TAB LE I V  

CONT I NUOUS RAT I NG OF  1 . 5- 1 2 . 0  AMP TOC U N I TS 

1 . 5- 1 2 . 0  Am� Ra nge 

Mod el Tap  1 . 5 2 . 0  2 . 5 3 . 0  4 . 0  5 . 0  6 . 0  7 . 0 8 . 0  1 0 . 0  1 2 . 0  

I BCG53M Rat i ng 
I B CG53M ( - ) Y lA 1 0 . 0  1 1 . 5  1 3 . 0  14 . 5  1 7 . 0  1 9 . 0  2 1 . 0  23 . 0  23 . 5  2 7 . 5  30 . 5  
I BCG54M ( Amps ) 

I B CG77M 
I BCG78M 9 . 5  1 0 . 5  1 1 . 5  1 2 . 5  14 . 0  1 5 . 5  1 7 . 0  1 8 . 0  1 9 . 0  20 . 0  20 . 0  
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TABL E  V 

CONTI NUOUS RATI NG OF  2- 1 6 . 0  AMP TOC U N I TS 

2 - 16 . 0  Amp Range 

Model  Ta p 2 . 0 2 . 5 3 . 0 4 . 0 5 . 0 6 . 0 7 . 0 8 . 0 10 . 0  1 2 . 0  1 6 . 0  

I BCG5 1 M  Rat i ng 
I BCG5 1M ( - ) Y 1A  8 . 0 9 . 0 10 . 0  1 2 . 0  14 . 0  1 5 . 0  1 6 . 0  1 7 . 5  20 . 0  20 . 0  20 . 0  
I BCG52M ( Amps ) 

I BCG77M 
9 . 5 10 .5  1 1 . 5 1 2 . 5  14 . 0  1 5 . 5  1 7 . 0  18 . 0  1 9 . 0  20 . 0  20 . 0  I BCG78M 

D I RECTIONAL U N I T  

T h e  d i rect i ona l  un i t  c u rre n t  po l a r i z i ng a nd opera t i ng c o i l s  h ave  a c o n ti nuou s ra t i n g  
o f  5 amperes a n d  a 1 second rat i n g  o f  150  ampere s . 

The po ten t i a l  pol a r i z i ng c o i l s  w i l l  w i thsta nd 1 20 vol t s  conti nuou s l y  and 36 0 vol ts 
for 60 second s . 

I NSTANTANEOUS U N I T  

T h e  i nsta nta neou s u n i t  co i l  i s  o f  the h i nged a rmatu re con s t ru c t i o n  a nd i s  ta p ped  fo r 
o pera t i on on  e i t her one o f  two ranges ( H  or  L ) . Se l ec t i on o f  the  h i gh or  l ow ra nge 
i s  accompl i s hed by the  po s i t i on i ng of l eads  T a nd E at term i n a l  6 .  See Ta bl e VI  a nd 
t he a ppl i ca b l e i nte rna l  connec t i ons  d i agrams re ferred to i n  Ta bl e I .  Fo r the H 
ra nge , connec t l ead T to te rmi na l  6 and l ead E to th e aux i l i a ry te rm i n a l  that i s  
mou n ted o n  termi na l  6 .  Fo r range L ,  reve rse l eads T and E .  

TABLE  V I  
CONTI NUOUS AND ONE SECOND RATI NGS O F  I OC U N I T  

One 
** Con ti nuou s Second 

I n sta nta neou s Ra nge Rat i ng Ra ti ng  
Un i t  ( Amps ) Ra nge ( Amps ) ( Amps ) ( Amps ) 

6- 1 5 0  L 6 - 30 10 . 2  260 
H 30 - 1 5 0  1 9 . 6  

** The ra nge i s  appro x i mate , wh i ch means  that  6- 30 , 30- 1 5 0  may b e  6-29 , 
28- 150 . There w i l l  a l ways be a t  l ea s t  1 ampere overl a p  between 

I 
I 

I 
I 

the max i mum L sett i ng  a nd the m i n i mum H sett i n g .  Whenever  pos s i bl e ,  
be su re to sel ec t t he h i g her ran ge , s i nce  i t  has  the  h i gher cont i nuous  
ra t i ng . 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49822 

TARG ET AND SEAL- I N  U N I T  

Th e ra t i ng  a nd impeda nce o f  the sea l - i n  u n i t  fo r t h e  0 . 2 a nd 2 ampere ta ps  a re g i ven 
i n  Ta bl e V I I . The ta p sett i n g  u s ed wi l l  depend on the cu rrent  d ra wn by the t r i p 
co i 1 .  

TABLE  V I I 

S EAL- I N  U N I T  RATI NGS 
TAP 

0 2 . 2 0 . 

DC R ES I STANCE + 10% ( OHMS ) 8 . 3  0 . 24 

M I N  O P ERAT I NG ( AMP ERES ) +0- 25 % 0 . 2 2 . 0  

CARRY CONT . ( AMP ERES ) 0 . 37 2 . 3  

CARRY 30 AMPS FOR (S EC . ) 0 . 05 2 . 2  

CARRY 1 0  AM PS FOR ( SEC . ) 0 . 45 20 

60 Hz IMPEDANCE ( OHMS ) 50 . 0  0 . 65 

The 0 . 2  ampere ta p i s  for use w i t h  tr i p  co i l s  wh i ch opera te on cu rren ts ran g i n g  from 
0 . 2  up to 2 . 0 ampe res , at the  mi n i mum contro l  vo l tage . I f  th i s  ta p i s  used w i th 
tr i p co i l s  requi r i ng  mo re than 2 ampere s ,  t here i s  a po ss i bi l i ty that  the res i stance 
of 7 ohms w i l l  reduce the  c u rre n t  to so  l ow a val ue  that  the  breaker  wi l l  n o t  be 
tr i pped . 

The  2 . 0 ampe re ta p s hou l d  be used w i t h  tr i p co i l s  that  ta ke 2 amperes o r  mo re at  
m i n i mum con tro l  vo l tage ,  pro v i d ed t he cu rren t doe s not exceed 30 amperes at  t he 
ma x imum control vo l ta g e .  I f  t h e  tr i pp i n g  curre n t  e xc eeds 30  ampe re s , the  co nnec ­
t i on s  s ho u l d  b e  a rranged so tha t t he i nduct i on u n i t  contac ts w i l l  o pera te an  a u x i l i ­
a ry re l ay ,  wh i c h  i n  tu rn energ i zes  the  tr i p co i l  or co i l s .  On s uch  a n  a ppl i c a t i o n , 
i t  may be  nece ssary to connec t  a l oad i n g res i s tor  i n  pa ra l l el w i th  the  aux i l i a ry 
re l ay co i l  to a l l ow enough  current to operate  th e ta rget seal - i n  un i t .  

CONTACTS 

The c u rre n t-c l o s i n g  ra t i ng  of the i nduct i o n  u n i t  i s  30 ampe res fo r vo l tages not  
exc eed i n g 250 vol ts . The i r  current-ca rryi n g  ra t i n g  i s  l i mi ted by the  ta p rat i n g o f  
the seal - i n un i t .  

CHARACTERISTI CS 

P I CKU P 

When potent i a l  po l a ri zed , the d i rect iona l  un i t  wi l l  p i c k  u p  a t  3 . 6 vo l ts-amperes at  
t he max i mum to rqu e an gl e of  600 l a g ( cu rrent  l a gs vol tage ) . When  cu rrent  po l ar i zed , 
i t  w i l l  p i c k  u p  at a ppro x i matel y 0 . 5 ampere wi th  the  o pe ra t i ng  a nd po l a ri z i n g  co i l s  
co nnec ted i n  ser i e s . The performance o f  the  un i t  w i th  s i mul taneous cu rrent  and  
pote n t i a l  pol a ri za t i o n  is  typ i fi ed in  Fi gure 1 3 .  
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The cu rren t re qu i red to cl o s e  t he t i me overcu rrent  u n i t contacts  wi 1 1  be wi th i n 5% 
,_ of  the  tap  screw sett i n g .  

RESET (T I ME OVERCU RRENT U N I T ) 

I nverse t i me overcu rrent  u n i t s  reset a t  90% o f  the  m 1  n 1 mum p i c ku p  curre n t ,  very 
i nv erse t i me u n i ts at  80% , and extremel y i nverse  t ime u n i ts a t  85% . 

When the  re l ay i s  de-energi zed , the  t i me re qu i red fo r the  d i s k  to compl etel y re set 
to the  number 1 0  t i me d i a l po s i t i on is  a ppro x i matel y 6 s econds  for i nverse t i me 
rel ays , and 60  seconds fo r very i nverse t i me a nd extremel y i nverse t i me re l ays . 

OPERAT I NG T I ME 

The  t i me curve for the  d i rect i onal  u n i t  i s  s hown i n  F i gure 14 . 

The t ime curves of  the t ime ov ercu rrent u n i t  a re shown i n  F i gu re s 1 5 ,  1 6  a nd 1 7 ,  
re s pec t i vel y for i nverse , very i nverse a nd e xtremel y i nverse t i me rel ays . Fo r the  
same o perat i ng condi t i on s ,  the  rel ay w i l l  opera te repea tedl y w i t h i n  1 or 2%  of  the 
same t i me .  

The t i me-cu rrent c harac ter i s t i c  o f  the H i -Se i smi c i nstanta neous u n i t i s  s hown by 
F i gu re 18 and i ts tran s i ent overreach  character i st i c  i s  shown by Fi gu re 1 9 .  

B U R D E NS 

The ca pac i t i v e  bu rden of  the poten t i a l  po l a r i z i ng c i rcu i t o f  the  d i rec t i onal u n i t  at  
60  cycl es a nd 1 20 vol ts  i s  10  vol t ampere s  at  0 . 86  powe r fac to r .  Tabl e V I I I  gi ves 
t he current c i rcu i t  b u rdens o f  the  d i rect i o nal  u n i t .  

TAB LE V I I I  

D IRECTI ONAL UN IT  CURRENT C I RC U I T  BURDEN AT 60  CYLES AND 5 AMP ERES 

C i rc u i t 

O pe rat i ng  

Pol ar i z i ng 

Z (Ohms ) 
0 . 46 

0 . 24 

VA 

1 2 . 0  

6 . 0  

P . F  

0 . 52  

0 . 95 

Tabl e I X  g i ves the  cu rre nt c i rcu i t  bu rdens of  t i me overcurrent un i t s .  

Watts  

6 . 24 

5 . 27 

Ord i nar i l y  the poten t i a l  c i rc u i t  i s  i n  the  o pen corner  of broken del ta poten t i a l  
tra ns fo rmers a nd the cu rre n t  c i rcu i t s are i n  the re s i dual  c i rcu i t s o f  cu rrent  
trans formers . The b u rden i s ,  there fo re , on l y i mpo sed for  the  dura t i o n  of  the grou nd 
fau l t a nd need be con s i dered on l y fo r th i s  br i e f pe ri od . Tabl e X g i ves  the bu rden 
of t he i n s tantaneous u n i t .  
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The extremel y i nv erse t i me ov ercu rren t  u n i t  i s  o f  the  wa ttme tr i c  type s imi l a r  to 
that used i n  wa tthou r meters except a s  fol l ows : t h e  u pper  po r t i o n  o f  t h e  i ro n  
struc tu re ha s two concen tr i c  wi nd i n gs on  the m i ddl e 1 eg  o f  the  ma gne t i c  c i rc u i t .  
One o f  these i s  a ta pped c u rrent w i nd i ng connected to ta ps on  t h e  ta p b l oc k ;  the  
other  i s  a fl oa t i n g w i nd i n g wh i c h i s  connec ted i n  ser ies  wi th  the  d i rec t i o na l  u n i t  
contac t s ,  a res i s to r ,  a c a pac i to r  a nd the two co i l s  o n  the  l owe r l e gs o f  the  
magne t i c  c i rc u i t .  When  power fl ow i s  i n  s uch  a d i rec t i o n  a s  to c l ose  a d i rec t i o nal  
u n i t contac t ,  the un i t  devel o ps to rque o n  the  o pe ra t i n g  d i s k .  

The d i s k  s ha ft carr i es the  mo v i n g  contact  wh i ch com pl etes the  tr i p c i rcu i t  when i t  
tou c hes the  s ta t i onary conta c t  o r  conta c t s .  The s ha ft i s  res tra i ned b y  a s p i ra l  
s pr i n g  to g i ve  t h e  pro per con tact- c l o s i ng c u rren t ,  a nd i ts mot i o n  i s  reta rded b y  a 
perma nent  magnet ac t i ng on the  d i s k  to prod u ce the  d es i red t i me c haracter i s t i c .  The 
var i a b l e re ta rd i ng fo rce resu l t i ng from the g rad i en t  of the  s pi ra l  s pr i n g  i s  
compensa ted b y  the s p i ra l  s ha pe of  t h e  i nduct i o n  d i s k ,  wh i c h  resu l ts  i n  a n  i nc rea sed 
d r i v i n g  fo rce a s  the s pr i n g  w i nds  u p .  

TARGET SEAL- I N  U N I T  

A seal - i n  un i t  i s  mounted on the  l e ft s i d e o f  t h e  t i me overc u rre n t  un i t .  Th i s  un i t  
has i ts co i l  i n  seri es  a nd i ts contacts  i n  pa ra l l e l w i th  the  ma i n  contacts o f  the  
overc u rre nt  u n i t ,  arra nged in  such  a ma nner  that when the  ma i n  contac t s  c l ose , the 
sea l - i n  u n i t p i c ks up  and  s eal s- i n  a rou nd  the  ma i n  contac ts . W hen the  sea l - i n  u n i t  
o perates , i t  ra i s es a ta rget i nto v i ew wh i c h  l a tc hes u p  a nd rema i ns ex posed  u nt i l  
manual l y  rel ea s ed by press i n g the  but to n  l oc a ted a t  the l ower l eft corner  o f  the 
cove r .  

I NSTANTANEOUS U N I T  

T h e  I OC u n i t  i s  a sma l l h i nged - a rmature- type i nsta nta neous e l ement  a nd i s  mounted o n  
t he r i gh t  s i de o f  t h e  TOC un i t .  The IOC  e l emen t o pe rates over  a 25 - to- 1 tota l  ran ge 
obta i ned by u s i ng  a ta pped co i l  wh i c h pro v i d es a 5 - to - 1  l ow ra nge a nd a 5 - to- 1 h i gh 
ran ge ; th i s  combi nat i o n  pro v i des the  25 - to- 1 to ta l  ran ge . W hen the  c u rren t rea c hes  
a pre d eterm i ned va l u e ,  the  i nsta nta neous e l emen t  o pe rates , c l os i ng i ts contact  
c i rc u i t  and  ra i s i n g i ts targe t  i n to v i ew . The  ta rge t l a tches i n  t he expo s ed po s i t i on 
u n t i l  i t  i s  rel e ased . The s ame butto n  that  re l eases the  ta rget seal - i n  un i t  a l so 
rel eases  the  ta rget of the i n stantaneo u s  u n i t .  

R E C E I V I N G ,  H A N DL I N G A N D S T O RAGE  

These rel ays , when no t i nc l uded a s  pa rt o f  a con trol panel , wi l l  be  s h i p ped i n  ca rton s ,, 
d e s i gned to pro tect  them a g a i nst  dama ge . I mmed i atel y upo n rec e i pt o f  a re l ay ,  exam i ne 
i t  fo r any dama ge s u sta i ned i n  tran s i t .  I f  i nj u ry o r  dama ge res ul t i ng from rough  
h a nd l i ng is  e v i dent , fi l e  a dama ge c l a i m  at  o nce  w i th  the  tra n s po rta t i on compa ny a nd 
promptl y not i fy the neare st Gene ra l  E l ectri c  Sal e s  O ffi ce .  

Reasona bl e c are s hou l d be exerc i s ed i n  u n pac k i n g  the re l ay i n  order  that  none  o f  the 
parts a re i nj u red o r  the adj u stmen ts d i stu rbed . 

I f  the  re l ays a re not  to be i ns ta l l ed immed i atel y ,  they s hou l d  be sto red i n  the i r 
o r i gi na l  c a rtons  i n  a pl ace that  i s  free from mo i st u re , dust  and  meta l l i c c h i ps .  
Fo re i gn matte r col l ected on the  outs i d e  o f  the  case  may fi nd i t s way i ns i d e  when  the  
cover  is  removed , and  cause  tro ubl e i n  the  o pe ra t i o n  of  the rel ay .  
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G E K-4 9 822 

A C C EPTANC E T E S T S 

I mmed i a tely upon rece i pt o f  the relay an I NS PECT I O N  AND ACCEPTAN CE TEST should be 
ma de to ensu re that  no damage has been susta i ned i n  s h i pment and that  the  relay 
cali brat i ons have not been d i stu rbed. I f  t he exami nat i on o r  the te st  i nd i c a te s  tha t 
re adjustment i s  nec essary ,  re fe r to the  sec t i on on SERV I C I NG. 

S i nce operat ing compan i e s  u s e  d i ffe rent p roc edu re s fo r acce ptance and ins talla t i on 
tes t s , the followi ng sec t i on i ncludes all a p pli cable te s t s  that  may be pe rforme d on 
the se  relays. These  tests may be performed a s  part o f  t he insta llat i on o r  
acceptance  tes ts , at  the  d i scre t i on o f  t h e  user. 

"-' V I SUAL I NSPECT ION 

C hec k the  name plate s tamping to ensure that the  mod el number and ra t i ng o f  the relay 
ag ree wi th  the requ i s i t i on. 

Remo ve  the relay from i t s case and chec k  that  there a re no bro ken o r  crac ked mo ld ed 
parts  or other s i gns of p hys i cal  damage and tha t a ll sc rews a re t i ght. Chec k tha t 
the shorting bars a re i n  the pro pe r loca t i on ( s )  as  s hown by the  inte rnal connec ­
t i ons d i a g ra ms , Figu re s 5 to 9 ,  i nclu s i v e , and tha t t he ma i n  bru s h  i s  properly 
fo rmed to contact  the  shorting ba r. 

MECHAN I CAL I NSPECT ION 

Top Uni t ( TO C )  

1 .  The d i s k  s haft end play should be 0 . 005- 0 . 0 15  i nc h. 
2 .  The d i s k  should be cente red in the a i r  gaps  o f  both the  electroma gnet and d rag 

magnet. 
3 .  Both a i r  ga ps should be fre e o f  fo re i gn matte r. 
4 .  The d i s k  should ro ta te freely and should re tu rn by i t self to the re set 

po sit i on. 
5 .  The mov i ng contact  s hould ju st  tou c h  the s ta t i ona ry contac t  when th e t i me d i al 

i s  at  the 0 t i me d i al po s i t i on. 

Bottom Uni t  ( D I R )  

1 .  The rota t i ng shaft end play should be 0 . 0 1 5- 0 . 020 i nc h. 
2 .  The contac t  gap s hould be 0. 0 15- 0. 025 i nc h  on the low gra d i ent contac t. 

Ta rget  and Seal- i n  Uni t/Ins tantaneou s  Unit 

1 .  The  a rmatu re and conta c t s  s hould move  freely wh en o pe ra ted by h and . 
2 .  Bo th contacts  s hould ma ke a t  a pprox i mately the same t i me. 
3 .  The ta rget s hould latc h into v i ew ju s t  as  the  contacts  ma ke and shou ld unlatc h 

when t he target relea se  bu tton i s  o pe ra ted. 
4 .  The contacts  s hould h ave  a ppro x i ma tely 0 . 030 i nc h  wi pe. 
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GEK-49822 

MOUNTI NG 

The re l ay s hou l d  be mou n ted on a verti ca l  surfac e .  The outl i ne a nd pa nel  d r i l l i ng 
d i agram i s  shown i n  F i gu re 26 . 

CONNECT! ONS 

The i n te rna l  connec t i o n  d i a grams for the vari ous  rel ays a re s hown i n  Fi gures  5 to 9 .  
Typi ca l  external  wi r i n g  d i a grams a re s hown by Fi gu re s  10 , 1 1  and  12 . 

Un l ess  mou n ted on  a steel pa nel wh i c h adequatel y grou nds the  re l ay case , i t  i s  
recommended tha t the  ca se be g rou nded th rough  a mou nt i n g  stud o r  sc rew w i th  a 
conducto r  not  l es s  than  # 1 2  B&S gage co p pe r  w i re o r  i t s  equ i val en t .  

I NS PECTION 

At the  t i me o f  i nstal l a t i o n , the  re l ay s hou l d  be i n s pected fo r ta rn i s hed contac t s ,  
l oo se sc rews , o r  other i mper fect i ons . I f  any tro u bl e i s  fou nd , i t  shou l d be 
co rrec ted i n  the ma nner desc r i bed i n  the sec t i o n  on  SERV I C I NG .  

CAUTION 

Every c i rcuit  i n  the drawout case has an auxi l i ary brush .  It i s  
espec i al l y  important on current ci rcui ts and other ci rcu i ts wi th shorti ng 
bars that the auxi l i ary brush be bent hi gh enough to engage the connecti ng 
pl ug or test pl ug before the ma i n  brushes do . Thi s  wi l l  prevent CT 
secondary circui ts from bei ng opened . Refer to Fi gure 21 . 

O P E RAT I O N 

Be fo re the rel ay i s  pu t i n to serv i ce , i t  shou l d  be gi ven  a c h eck to de termi ne tha t  
fac to ry adjustme n ts have n o t  been d i s tu rbed . The t i me d i a l  wi l l  be s e t  at  0 be fo re 
the  re l ay l eaves the fac to ry .  I f  t he sett i n g  ha s not been chan ged , i t  w i l l  be 
necessa ry to c h ange t h i s  sett i n g i n  o rder  to o pen  the t i me overcurre n t  un i t  
con tacts . The fo l l ow i n g  te sts a re s u gge sted : 

TARGET AND SEAL- I N  UN I T  

1 .  Ma ke sure that the  ta p screw i s  i n  the  d es i red ta p .  
2 .  Perform p i ckup  a nd d ropout tes ts  a s  outl i ned i n  the  ACC EPTAN C E  T EST sect i o n .  

T I ME OV ERCURRENT UN IT  

1 .  

2 .  

Set ta p screw on  des i red  ta p .  U s i n g the  te s t  c i rc u i t  i n  Fi gure 22 , a ppl y 
a pprox ima tel y twi ce ta p va l u e  cu rren t u nt i l the  contacts  j u s t  c l o s e . Reduce 
the  curren t  unt i l the l i ght i n  se ri es  w i th  the contacts  beg i n s to fl i c ker .  
Th i s  va l u e o f  cu rrent  s ho u l d be  wi t h i n 5 %  o f  ta p v a l ue . 
Chec k the  o pe rat i ng  ti me a t  some mu l t i pl e  o f  ta p va l u e .  Th i s  mul t i pl e  o f  ta p 
va l ue may be 5 t i mes  ta p rat i ng o r  the  ma xi mum fau l t cu rrent fo r wh i c h  the 
re l ay must coord i nate . The va l u e u sed i s  l e ft to the  d i s c re t i o n  o f  the u s e r .  
U s e  t he test c i rcu i t  s h own i n  F i gu re 23 . 
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GEK-49822 

D I RECT IONAL UN IT  

Current Pol ari zat i on 

a .  Connect per F i gure 24 test connecti ons . 
b .  Ad just the control spri ng for 0 . 5  ampere p i ckup i f  current po l ari zed o r  dual  

pol ari zed . 

Potent i al Pol ari zat i on 

c .  I f  potent i al pol ari zed , connect per F i gure 2 5  test conne_ct i ons . 
d .  Ad just the contro l spri ng for 7 . 2  vol t amperes (:±:10%) s i nce the rel ay i s  60° 

from the ang l e  of max imum torque . 10 vol ts  and 0 . 72 amperes are recommended 
val ues for th i s test.  

I NSTANTANEOUS UN IT  

1 .  Se l ect the  des i red range by mak i ng the  proper connect i ons at  the  rear of  the  
re l ay ( see i nternal connect i ons d i agram) . Whenever poss i b l e ,  be  sure to se l ect 
the h i g her range s i nce it has a h i gher cont i nuou s rat i ng .  

2 .  Set the i nstantaneou s uni t to pi ck up at the des i red current l evel . See the 
ACCEPTANCE TEST sect i on.  

PERIODIC CHEC KS AND ROUTINE MAINTENANC E 

I n  v i ew of the v i tal rol e  of protect i ve re l ays i n  the operat i on of a power system , 
i t  i s  i mportant that a peri od i c  test program be fol l owed . I t  i s  recogni zed that the 
i nterval between per i od i c  checks wi l l  vary depend i ng upon env i ronment , type of re l ay 
and the user ' s  exper i ence w ith  per i od i c  test i ng .  Unt i l the u ser has accumu l ated 
enough  experi ence to sel ect the test i nterval best su i ted to h i s i nd i v i dual  
requ i rements ,  it  i s  suggested that the  poi nts l i sted be l ow be checked at  an  i nterval 
of from one to two years . 

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

TARGET AND SEAL- I N  UN IT  

1 .  Check that the  un it  p i cks  up  at the  val ues shown in  Tab l e  X. 
2 .  Check that the uni t drops out at 25% or more of tap val ue . 

T IME OVERCURRENT UN IT  

1. Perform p i ckup test for the tap i n  serv i ce ,  as descr i bed i n  the OPERATION 
sect i on .  

2 .  Perform the t i me tests as descri bed i n  the OPERATION sect i on .  

D I RECT I ONAL U N I T  

Repeat t h e  port i on o f  the ACC EPTANC E TEST for the po l ar i ty cond i t i on for whi ch the 
rel ay i s  connected in  serv i ce .  
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GEK-49822 

I NSTANTAN EOUS UN I T 

Chec k that  t h e  i n sta nta neou s un i t  pi c ks u p  a t  the  d es i red c u r rent  l eve l , a s  out l i n ed 
i n  t he ACCEPTANCE TESTS and the  OPERATION s ec t i on s .  

S E R V I C I N G 

The s e  re l ays a re ad j u s ted a t  t he fac to ry a nd i t  i s  adv i sa bl e not to d i stu rb t he 
adj u stments . I f , fo r a ny re ason , they have been d i s tu rbed o r  i t  i s  fou nd du r i n g  
i n sta l l a t i on or  per i od i c  test i n g  tha t  t h e  re l ay i s  o u t  o f  l i mi ts , t he c hec ks and  
adj ustme n ts out l i ned in  the  fo l l owi n g  para g ra phs  shou l d  be o bserved . It  i s  
su gge sted tha t  t h i s wo rk b e  done i n  the l a bo ra to ry .  

TARGET AND SEAL- I N  UN I T  

Repeat the  v i sua l  and mec han i ca l  i n s pect ions  a nd t h e  p i c kup  a nd d ro pout  curre n t  
c hec ks a s  out l i ned i n  t he ACCEPTANCE TESTS s ec t i o n . 

TIME  OVERCURRENT UN I T  

D i s k  and Beari n gs 

The jewel shou l d  be turned u p  u n t i l the  d i s k  i s  cente red  i n  the  a i r  gaps , a fte r 
wh i c h i t  s hou l d be l o c ked i n  th i s  po s i t i on by the set  sc rew pro v i ded for th i s  
purpose . The u p pe r  bear i ng  p i n  s hou l d  next be adjusted so th at  the  d i s k  s h a ft has 
a bou t l/64 i nc h  end pl ay.  

Con ta c t  Adj u s tmen t  

The contacts  shou l d h ave  a bout  l / 32 i nc h  wi pe . That  i s , t h e  s ta t i ona ry conta c t  t i p 
sho u l d be d e fl ec ted a bout  l/32 i nc h  when the  d i s k  compl e te s  i ts t ravel . W i pe  i s  
adju sted by tu rn i ng the  wi pe adjustmen t  screw o n  the  sta t i ona ry con tac t ,  there by 
adju st i n g  t he pos i t i on o f  t he bru s h  re l at i ve to the bru s h  sto p .  

When t h e  t i me d i a l i s  moved to the  pos i t i o n  where i t  hol ds  the  contac t s  j u s t  c l o sed , 
i t  s hou l d i nd i ca te 0 on the  t i me-d i a l sca l e .  I f  i t  does no t a nd the bru s he s  a re 
co rrec tl y adjusted , s h i ft the  d i a l by c hang i n g  the pos i t i o n  o f  the  a rm a ttac hed to 
the  s ha ft j u s t  bel ow t he t i me d i a l . Loo sen t he sc rew c l amp i n g  the  arm to t he s ha ft 
a nd turn the  a rm re l a t i ve to the  s h a ft u n t i l the  contac ts  j u st  ma ke fo r 0 zero t i me ­
d i a l sett i n g .  

Chara c te ri s t i c s  Chec k and Adj ustments  

Repeat the  port i ons  of  the  ACCEPTANCE TESTS sec t i o n  that app ly  to t h e  t i me 
overcu rrent u n i t .  Al so , c hec k reset  vol tage and t i me a s  outl i ned u nder  RESET i n  the  
CHARACTERISTICS sec t i o n ; l ow re set vo l tages o r  l ong  reset  t i me s  may i nd i c ate 
excess i ve fr i c t i on cau s ed by a worn bear i n g  o r  by mechan i ca l  i n te r fe renc e .  
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GEK-49822 

On I BCG77/78 re l ays, set  the rel ay on the 2 amp ta p w i th  the t i me d i a l set  so that 
the contac ts  are just  o pen . Adjust p i c kup w i th i n the l i mi t s  1 . 96 to 2 . 04 amps, but 
as c l ose as po ss i b l e  to 2 . 0  amps . Then move  the t i me d i a l to the No . 10 po s i t i on 
a nd chec k the  current  re qui red to jus t mo ve the  d i s k  away from the  sto p  arm. Th i s  
cu rrent shoul d be wi th i n t he l i mi ts 1 . 88 to 2 . 1 2  amps . I f  the d i s k moves a t  the 
l owe r l i mi t, check that movement  i s  no t over 1/2  i nc h, meas ured a l ong the peri p hery 
o f  the  d i s k .  Th i s  i s  ca l l ed a compens a t i o n  c h ec k .  I f  the curren t fa l l s  outs i de the 
1 . 88 to 2 . 1 2 amp l i mi t s, the  fol l owi ng  s te ps s houl d be ta ken : re set the con trol  
spr i n g  u nt i l  compen s a t i o n  at No . 1 0  t i me d i a l is  wi t h i n l i mi ts .  Then re store p i c kup 
by adjust i ng the re s i sto r .  Rec hec k compensa t i on after the re s i s to r  adju s tment . 

D I RECTIONAL UN IT  

Bear i ngs 

The l owe r jewe l beari n g s hou l d be sc rewed a l l the  way i n  unti l i t s head engages the  
end of  the  t h readed core s upport . The  uppe r bear i ng  shoul d be adju s ted to  a 1 1  ow 
a bout 1 / 64 i nch  end pl ay i n  the  s haft . 

To c hec k the c l eara nce betwee n the i ron  core a nd the  i n s i d e  of  the  ro to r  cup, pre s s  
down o n  t h e  contact arm nea r t h e  s haft, thus depress i ng t he spr i n g-moun ted jewel 
unt i l  the cup str i kes the i ro n .  The s haft s houl d move  a bout 1 / 1 6  i nc h .  

C up and Sta tor 

S houl d i t  be  necessary to remove  the cup-type ro to r from the d i rec t i onal  un i t, the 
fo l l ow i ng procedu re s hou l d be fo l l owed: 

Al l l eads  to the  u n i t  s houl d fi rst be d i s connec ted a nd tagged fo r i dent i fi cat ion  i n  
reconnec t i n g .  The u n i t can  then be removed from the c rad l e wi th i ts mount i n g pl a te 
s t i l l  attac hed . 

The upper  o f  the t h ree fl at-head sc rews ho l d i n g the un i t  to the  pl ate s hou l d now be 
removed . On some model s,  i t  may be  nece ssary to remove a res i s tor or capaci tor to 
expose th i s  screw . The fou r  co rn e r  screws c l amp i n g  the un i t  to gether s houl d next be 
remov ed, and the enti re top structure l i fted o ff .  Th i s  gi ves  access  to the cup  
a s semb l y a nd exposes  the sta to r  a s sembl y, wh i c h shou l d be  pro tec ted to keep  i t  from 
dust and metal l i c pa rt i cl e s unt i l  the un i t  i s  rea ssembl ed .  

To remove t he s haft and ro to r  from the  contact head a s sembl y, the  spr i n g  c l i p  a t  the 
top of  the s ha ft mu st  be pu l l ed out  a nd the  c l utch adju st i ng sc rew ta ken out  of  the 
s i d e of  the mol ded contac t a rm .  The s haft a nd cup can now be pul l ed out  o f  the 
mol d i n g .  The ro tor must be handl ed v ery ca reful l y  wh i l e  i t  is  out  o f  the un i t .  

Contac t Adju s tments  

To  ma ke contact adju stments,  re fe r to  F i gure 20  for i d ent i fi c ati on of  l ow gra d i ent 
contact parts and proceed as  fo l l ows: 
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Loo sen  the l ocknut  wh i ch secure s  the mov i ng contact stop ( bac ksto p )  sc rew ( l oca ted 
at the  front  r i ght  hand corner of the d i rect i o nal  u n i t )  to i t s su p port .  Unwi n d  the  
bac ks top sc rew so tha t the mov i n g contac t arm i s  permi tted to  sw i n g  free 1 y .  Ad just  
th e te ns i o n  o f  each  l ow gra d i en t  conta c t  bru s h  so  that  1 -to -2 grams of  pre s s u re are 
requ i red a t  the contac t t i p  i n  o rde r to cause  t he end o f  the bru s h  to sepa ra te from 
the i n n e r  face  of i t s  re s pec ti ve  bru s h  reta i ne r .  Adj u s t  the s p i ra l  s p r i n g  w i t h  the  
w i ndup  s proc ke t  u nt i l  t he mov i n g contac t arm  i s  i n  a neutral  po s i t i on ,  i . e . , w i th  
the a rm po i n t i ng d i rect ly  forwa rd . Loosen  the l oc knu t wh i c h  sec u res  the sta t i o n a ry 
con tact mou n t i n g  sc rew to the s ta t i on a ry con tac t s u ppor t .  W i nd the mount i ng screw 
i nwa rd unt i l the  s ta t i o na ry and mov i n g conta c t  members j u s t  beg i n  to tou ch . Unwi nd  
the mou nt i ng  sc rew unt i l the  stat i ona ry contact stop l i ne s  up  w i th the mov i n g 
contact  bru s h  re ta i ne r .  W i nd th e bac ksto p  sc rew i nwa rd unt i l th e mov i n g  and 
s ta t i ona ry con tac t members aga i n  j u s t  beg i n to touc h .  Loo sen  the l oc kn u t  o f  the 
sta t i o n a ry contact  s to p  sc rew , and advanc e  th i s  sc rew unt i l it j u s t  tou c h es the 
mo v i n g  contact  bru sh  re ta i n e r .  Unwi nd t he sc rew 1 and a ha l f tu rn s to prov i d e  
co ntact  w i pe .  T i g hten t h e  l oc knu t .  Unwi nd th e bac kstop sc rew 2/ 3 tu rn a n d  t i g hte n 
the l oc knut  wh i c h  secu re s  the bac ks top sc rew to i ts s u pport . Fi na l l y , adjust  the  
ten s i o n  on  the s ta t i on a ry contact  bru s h  such  that , when the contacts  a re ma de a nd 
fu l l y  w i ped i n ,  t here i s  a pprox i ma tel y an  equa l defl ec t i on on  each bru s h .  

B i a s  To rgue Adj u s tmen t  

Co nnect t h e  c u rrent  o pe ra t i n g  and cu rrent pol a r i z i ng co i l s  i n  se ri es  by connec t i ng a 
j umper ac ro ss termi na l s 5 and  8 .  Appl y cu rren t to term i na l s 4 and  7 and  adjust  t he 
d i rec ti ona l  u n i t  s p i ra l  s pr i n g  so that the u n i t p i c k s  up  a t  0 . 5 ampere w i t h  
term i na l s 9 and  1 0  jumpe red . 

The core o f  the d i rec t iona l  u n i t  has a sma l l fl a t  port i o n , th e pu rpose o f  wh i c h  i s  
to m i n i m i ze the e ffect o f  b i a s  to rques  produced o n  the roto r .  Such  to rques  can  be 
produ c ed by a ny one o f  th e o pera t i n g  or pol a ri z i n g quanti t i es ac t i n g  a l o ne wi t h  the  
other  two c i rcu i ts de-ene rg i zed . The  adjustme nt of  the core i s  made at  t he facto ry ,  
b u t  may b e  c hec ked by obse rv i ng th at  t h e  u n i t  res pond s a s  outl i n ed bel ow : 

Short ou t the potent i a l po l a r i z i n g coi l ( termi nal s 9 and 10 ) ,  l ea v i n g  the cu rrent  
pol a r i z i n g co i l  ( te rmi n a l s 7 a nd 8 )  u n s horted . S u p pl y  30 ampere s  th rou gh  the  
o pera t i n g  co i l  ( term i na l s 4 a n d  5 )  a nd chec k tha t the  un i t  doe s  not opera te .  

I f  the  u n i t  does no t sat i s fy the a bove cond i t i ons , ro ta te the core to a pos i t i o n  
wh i c h  c a u s e s  i t  to d o  so . The core ca n be  tu rned by l oo s en i n g the l a rge hexagona l  
n u t  o n  the und e rs i de  o f  the re l ay and turn i n g the core by mea n s  of  t h e  s l o tted 
bea r i n g  sc rew . Th i s  sc rew shou l d  be he l d  secu rel y  i n  po s i t i on when t he nut  i s  
ret i g htened . 

Keep i n  mi nd that 30 amperes wi l l  cause the current coi l s  to overheat i f  l eft on too 
l ong . Therefore , l eave the test current on only for short i nterval s and al l ow 
suffi ci ent time between tests for the coi l s  to cool . 

C l u tch Ad justment 

The connec t i o n s  s hown i n  Fi gure 24 fo r the po l a r i ty chec k  can a l so be used i n  ma k i n g 
the c l utch ad justmen t .  Th e f i xed re s i s to r  s hou l d  b e  capa bl e  o f  contro l l i ng the 
cu rrent  in  th e ra nge of 5 to 25 ampe res . A s c rew projec t i n g  from the s i d e  of  the 
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movi ng contact arm control s the clutch pressure . Use rated frequency and current i n  
phase with the vol tage. Adjust the clutch s o  that i t  wi l l  not sl ip  at 1 0  amperes or 
l ess of suddenly appl i ed current , but wi l l  sl i p  at or above 15 amperes .  Thi s 
setti ng ,  10-15 amperes ,  i s  tighter than the 8-18 ampere acceptance test l imit and i s  
i ntended to assure that the acceptance test l imi ts wi l l  b e  met i n  any future tests . 

INSTANTANEOUS UNIT 

1. Both contacts shou l d  cl ose at the same time .  
2 .  The backi ng strip shou l d  be so  formed that the forked end (front) bears agai nst 

the mol ded strip under the armature . 
3 .  W ith the armature agai nst the pol e  p iece , the cross member of the " T" spring 

shou l d  be i n  a hori zontal pl ane and there shou l d  be at l east 1/64 i nch wipe on 
the contacts .  Check thi s by i nserti ng a 0 . 010 i nch feel er gage between the front 
hal f of the shaded pol e  and the armature with the armature hel d cl osed . The 
contacts shou l d  cl ose with the feel er gage i n  p lace . 

Contact C leani ng 

For cl eani ng f i ne s i l ver contacts , a f lexi bl e  burni shi ng tool shou l d  be used . Thi s  
cons i sts of a flex ibl e  strip of metal with an etched roughened surface , resembl i ng 
i n  effect a superf ine fi l e .  The pol i sh i ng action i s  s o  del i cate that no scratches 
are l eft , yet corroded materi al wi l l  be removed rapi dly and thoroughly. The 
fl exi bi l i ty of the tool ensures the cleani ng of the actual poi nts of contact . 

Fi ne s i l ver contacts shou l d  not be cleaned with knives, fi l es or abrasi ve paper or 
cloth . Knives or fi l es may l eave scratches whi ch i ncrease arci ng and deterioration 
of the contacts . Abras ive paper or cloth may l eave mi nute partic les of i nsu l ating 
abrasi ve materi al i n  the contacts,  thus preventi ng contact cl osi ng .  

The burnish ing too l descri bed above can be obtai ned from the factory. 

RENEWAL PARTS 

It i s  recommended that suffi ci ent quantities of renewal parts be carried i n  stock to 
enable  the prompt repl acement of any that are worn , broken or damaged . 

When orderi ng renewal parts , address the nearest Sal es Offi ce of the General 
E l ectric Company, specify quantity requ i red , name of part wanted , and g ive complete 
namepl ate data . If poss ib le ,  give the General El ectric  Company requi si tion number 
on wh ich the rel ay was furni shed . Refer to renewal parts publ i cati on GEF-4083 . 

Si nce the l ast ed it ion ,  Fi gure 26 has been changed . 
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F i gure 1 ( 8043458 ) Type I BCG51M ( - ) YIA o r  the I BCG53M ( - ) YIA  Rel ay 
i n  i ts Case ( Front  V i ew )  
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CONTACT ----'llli 

TARGET /SEAL-IN 

TOC 
U-MAGNET--..r 

ADJUSTING RING 

TOC 
TAP 
SCREW 

LOCKING 
SCREW-------

PICKUP ADJUSTING __ _ 

R ING 

LO GRADIENT-----. 

CONTACT 

DIRECTIONAL 
CUP UNIT -----

GEK-49822 

TOC 
TAP 
BLOCK 

TOC MOVING CONTACT 

TOC PICKUP ADJUSTING 
RING 

I NSTANTANEOUS UNIT 

ADJUSTING 

ACT STOP SCREW 

Fi gure 2 ( 8043459 ) Type IBCG51M ( - ) Y1A o r  the  IBCG53M ( - ) Y1A Rel ay 
Removed from Case ( Front  V i ew ) 
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GEK-49822 

c ,  __ _ 

THYRITE 
DISK ____ _ 

Fi gure 3 ( 804346 0 )  Type I BCG 51M ( - ) Y1 A  or  the  I BCG53M ( - ) Y1 A  Rel ay 
Removed from Case  ( Rear  V i ew )  
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TOC 
RESISTOR ---�...., 

THVRITE 
DISK--------

GEK-49822 

Fi gure 4 (804346 1 )  Type I BCG77M or I B CG 78M Rel ay Remo ved 
from Case  ( Rear V i ew )  
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C l  0 
OPER. 

C 2  

G::D. P2 P I  

1 5 

0 
C3 C4 

CU RR. POL . 

THY RITE 
P 3  

r 7 

P4 

I 
B 10 

* = SHORT F I NGER 

C2 

0 
P O T. 
POL. 

F i gure 5 ( 0269A306 1 - 0 ) I n ternal  Connec t i on s  fo r IBCG51M  a nd 
I BCG53M Rel ays ( Fron t  V i ew )  
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C l  
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I =  I NSTANTANEOUS UN IT 
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C U RR ·  POL. 

TH YRI T t:: 
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C 2  
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P4 P O L ·  
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8 I C  

* = S H O RT FI NGER 

F i gure 6 ( 0269A3062- 0 )  I n te rna l  Connec t i on s  fo r I BCG5 1M ( - ) Y lA and 
I BCG53M ( - ) Y1A  Rel ays { Front V i ew )  

2 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49822 

TOC 
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C l  
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(3 C4 I 
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S I - ��E A L  I N L NI T * SHORT Fl NGER = 
TOC- T l  M F  OV E R CL R F\ E N T  L NIT 

D-DIRFCT I C N A. L  JN I� 

Fi gure 7 ( 0273A91 94- 0 )  I n te rna l  Connec t i o n s  D i a gram for the 
I BCG52M ( - ) A  a nd the I BCG54M ( - ) A Rel ays ( Fron t  V i ew )  
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8 � 1 C 2 
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C 3 C 4  C U R R . POL. 
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P4 P OT. 

F O L .  

r 7 
8 10 

* = SHORT F I NGER 

F i gure 8 ( 0269A3063- 0 )  I n ternal  Connec t i on s  fo r I BCG77M Rel ay ( Front V i ew ) 
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F i gure 9 ( 01 27A9424- 0 )  I n terna l Connec t i ons  D i a g ram fo r the  
IBCG78M ( - ) A  Rel ay ( Fron t  V i ew )  
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1 --- PHASE S�UENCE 1-2-3 OR 3-2-1 
2 ------��--------------------------------.--------r-

J ____ �+-4-----------------------.-------,_-------+-

J 2 1 

--
A (p7N B 

IF POTENT IAL POLARIZATION V,7,_N 
____

_ D�C IS USED, CONNECT A TO D D t � 
& B TO C .  IF POTENTIAL � ( 
POlARIZAT ION IS NOT USED/ 

9 10 
CO.NNECT C TO D. 

IF CURRENT POLARIZAT ION IS 
NOT USED , DO NOT CONNECT 
TO STUD 7 & 8 .  

- Mr! 
SI 

LEXitl.'D 
67N-IBCG51M�3M AND 77M 
TOC-TIME OVlliCURRmT UNIT 
D-D IRECTIONAL UN IT  
T&S :t-TARGEI' AND SEAL- rn- UNIT 

52 

F i gure 1 0  ( 0273A905 1 - 0 )  Typ i c a l  Extern a l  Con nec t i o n s  Di agram 
fo r Rel ay Types IBCG5 1 M ,  5 3M or 77M  
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P H A S E  S E QU E N C E  1-2-3 OR 3-2-1 

--��-r------------------------------�--------�-- 2 

�--r--+-----------------------�--------+--- ----�-- 3 

'-' If) 
>-

z < 
....J 
u.J 

PHAS E a: 
R E L AYS  L.t.J 

\I) 
<( 
I 
0.. 

G?N A 8 0 

� 67N  � 

D t 
6 7N -0- � 4 5 I E  'V -
SEE  NOT E  I 

NOTES :  

8 
I. I F  POTENT IAL POLARIZAT I O N  I S  USED 

CONNECT A TO O A NO B TO C .  I F  POTENTIAL 
POLARilAT ION IS NOT USED CONNECT C TO 0 

67� 
7 -0- S E E  NOTE 2 

2 .  I F  CURR ENT POLA R I.ZAT ION IS NOT U SED 

DO NOT C O N NECT  TO ST UDS 7 A NO 8 

6 7 N- I BCG 5 1 MC-) Y l A  

!BCG53MC-)Y IA  
D - D I R E C T I O NA L  UN I T  
I- INS  TA NTA NEOUS UNIT 

TOC - T I M E  O V E R C U R R £ NT UN I T  

� 7 N  
T SI  

_._ 6 7 N 16 7N 2roc JS.I  
T R I P  

t 
F i gure 1 1  ( 0273A9052-0 ) Typ i ca l  Exte rna l  Connec t i o n  D i a gram 

fo r Rel ay Type I BCG51M ( - ) Y1A o r  53M ( - ) Y1A 
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GEK-49822 

PHASE SEQUENCE 1 -2-3 OR 3-2- 1 

J 2 1 

unnm 

L-+--------------------4- 0 
� 

A B 
67 67N 

U' PUTJ:J;T IAL D y D _c • 'PUJ ARli'.AT JOt.: !S USED ,  l--L'\ _ _j COKli!CT A TC D & B TO C .  9 \ -- v--lO 
IF PO'I'El1T JAL PQLA ft !�'.A TirH 
JS }iOT PSFD C0fl\ ECT C TO D 

IF CURRENT POLARIZATION 
IS NOT USEl> , DO liOT 

CONNECT TO ST UDS 7&8 

TO POWER 
TRANSFORMER 
NEUTRAL 

� � 

67N __ IBCG52M.53K, 78M 
Sl flTOC 

IOC... INSTANTA�IDUS OV!llCURR�T UNIT 
TOC..T IME OV!ltCURRnrf UNIT 

D-D!RECT ION.AL UN IT  
T&S l-T.ARG E'l' & SEAL IN UN IT  

.211! 
SJ 

j_�-=--c -
F i gure 1 2  ( 27 5A4559- 0 )  External D i agram for the I BCG52M , 54M 

a nd the 78M Rel ays 
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F i gure 1 3  ( 0362A0684- 1 )  A Typ i cal  Compa r i son  o f  Curre n t ,  Potent i a l  
or  Dual  Pol a r i za t i on S howi n g  E ffect o f  Loca l  Ground 

Impeda nce on D i rec t i ona l  Un i t  of Type I BCG Rel ay 
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F i gure 14 ( 037 6A0934- 0 )  T ime C hara c ter i s t i c  o f  Du al  Pol a r i zed 
D i rect i onal  Un i t  of Type I BCG Rel ay 
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F i gure 1 7  ( 088880274- 5 )  T i me-cu rre nt Charac ter i s t i c  o f  Extremel y 
I nverse T i me Overc u rren t  Un i t  
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GEK-49822 

K ---

J ---

A - Con tact Di a l  

B - S ta ti onary Contact B ru s h  

C - Contact T i p  

H - Stati on ary Conta c t  Br u s h  Reta i ne r  

D - Mov i ng Con.ta ct Arm 

E - Mo v i n g Conta ct Brush 

J - Stop S crew 

K - S ta t i onary Co n tact Support 

L - Moun t i ng Screw 

M - Locknuts  

'------- F 

'-------- E 

F - Bu tton Contact T i p  

G - Mov i ng Contact Brush Re tai ner 

F i gure 20 (8027 688 a nd 8023399 ) Low Grad i ent  Contac t 
Ass embl y  for the D i rect i onal  Un i t  
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F i gure 2 1  ( 8025 039 )  Cross  Sec t i on o f  Drawout  Case  S how i n g  
Pos i t i on o f  Aux i l i ary Brush  
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GEK-49822 

ADJ. RES. 

• 
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6 

�--------------�� -0�--

• • 
7 9 

• • 
s 10 

TYPE XLA13 TEST PLUG 

F i gure 22 ( 01 95A9179- 0 )  Test  Connec t i o n s  for C h ec k i n g P i c kup  o f  TOC Un i t  
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TO TlMER 
"STOP11 

GEK-49822 

r------1c;zl------181------
ADJ . RES. 

,____ 0 

TO TIMER 
"START" 

F i gure 23 ( 01 95A91 80- 0 )  Test  Connec t i on s  for C h ec k i n g  
Opera t i n g  T ime o f  TOC Un i t  
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GEK-49822 

ADJ . RES • 

• • 
1 3 

• I 

2 4 6 8 10 ) 
TYPE XLA13 TEST PLUG 

Fi gure 24 ( 01 95A9181- 1 )  Test Connec t i on s  for Chec k i ng P i c kup of  
D i rect iona l  Un i t  u s i n g  Curre n t  Pol a r i zat ion  
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GEK-49822 

ADJ. RES • 

• • • 
1 3 5 7 9 

e @ • 
2 4 6 8 10 

TYPE XLAlJ TEST PLUG 

- -- �---

F i g u re 25  ( 01 95A9182- 0 )  Test  Connec t i on s  fo r C h ec k i n g  P i c ku p  of 
D i rect i ona l  Un i t  u s i ng  Pote n t i a l  Pol a r i za t i o n  
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Figure 26 (K-6209273 [ 5 ] )  Outl i ne and Panel Dri l l i ng Dimensi ons for 
Type IBCG Rel ays 
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