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PHASE DIRECTIONAL OVERCUBRENT RELAYS WITH VOLTAGE RESTRAINT 

The Type IBCV 
restra int. They 
l ines. They are 
characte r is t ics. 

IBCV51M 
IBCVS lM( -) YlA 
IBCV5 2M 
IBCV5 3M 

TYPES 

DESCRIPTION 

IBCV5 3M( l )Y1A 
IBCV54M 
IBCV7 7M 
IBCV78M 

re lays are phase d irec t iona l ove rcur rent re lays w i th vo ltage 
are used prima r i ly for the protec t ion of feeders and transmiss ion 
ava i l ab le w i th inverse, very-inve rse or ext reme ly-inverse -t ime 

Al l the IBCV re lays con ta in a t ime-overcurrent unit o f  the induc t ion-d isk type and 
an ins tantaneous -d irec t iona l un i t  o f  the induc t ion-cup type. The d irec t iona l  un it 
is quad ra ture polar iz ed and i t  d irec tiona lly contr o ls the operat ion o f  the t ime­
overcurrent un i t. Because the d irec t iona l un i t  is vo l tage res tra ined, the IBCV 
re lays are suitab le for use in those app l i c a t ions where the max imum load current can 
be greater than the min imum ava i l ab le fault  current. 

A target sea l-in unit is provided in each of the relays. The operat ing c o i l  for 
this un i t  is connec ted in ser ies w i th the contac ts of the t ime -ove rcurrent un i t  so 
tha t  it w i l l  p ick up whenever the t ime -overcurrent unit operates. The contacts of 
the sea l - in un i t  are c onnec ted in para l le l  w i th the· contac ts of the t ime -ove rcurrent 
un it to provide prote c t ion for them and the assoc iated contro l spr ing. 

Those re lays having the des igna t ion Y lA fo llowing the model number a lso conta in a 
High -Se ismic instantaneous overcurrent unit o f  h inged-arma tu re construc t ion. Th is 
un i t  has a se l f  c onta ined hand -reset t arge t that w i l l  show whenever the un i t  has 
operated. 

Al l the IBCV re lays are mounted in standard M1-s i z e  drawou t 
pane l -dr i l l ing d imens i ons for wh ich are shown 1.n F igure 24. 
for the re lays are given . in Figures 5, 6, 7, 8, 9, and 
connec t ions are shown by Figure 11. 

cases, the ou t l ine and 
Interna l connect ions 

10. Typ ical externa l 

Tab le I l is ts the var ious models and ranges that are ava i lab le. 

These instructions do not purport to cover all details or variations in equipment nor to provide for 

every possible c9ntingency to be met in connection with installation, operation or maintenance. Should 

further information be desired or should particular problems arise which are not covered sufficiently for 

the purchaser's purposes, the matter should be referred to the General Electric Company. 

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

but no such assurance is given with respect to local codes and ordinances because they vary greatly. www . 
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TABLE I 

EXTEN DED RANGE IBCV RELAYS 

RELAY TIME INSTANTANEOUS PICKUP RANGE INTERNAL 

MODEL CHARACTERISTIC UN IT INSTANTEOUS TIME CONNECTIONS 

IBCV5 1M( -)A Inver se No 2-1 6  F ig. 5 
IBCV5 1M9-) YlA Inverse Yes 6 - 1 5 0  2 - 1 6  F ig. 6 
IBCV 5 2M( -) A  Inverse No 2-16  F ig. 7 
IBCV 5 3M ( - ) A  Very Inverse No 1. 5 - 1 2  F ig. 5 
IBCV53M(-) YlA Very Inverse  Yes 6 - 1 5 0  1. 5 - 1 2 Fig. 6 
IBCV54M( - ) A  Very Inverse No 1. 5 - 1 2  F i g. 8 
IBCV 7 7M( - ) A  Extremely Inv. No 1. 5 - 1 2  F i g. 9 
�BCV78M( -)A Extremely Inv. No 1. 5 - 1 2  Fig. 1 0  

APPLICATION 

The Type IBCV relays are phase direc t i onal overcurrent relays that may be used as 
phase fault de tectors in a transmi s s i on line prote c t ive-relay ing s cheme. 

IBCV relays are u sed for phase fault protect ion when it i s  nece s s ary to d i s t ingui sh 
be tween fault cond i t ions and maximum load. The relay i s  prevented from tr ipping on 
heavy load currents because the direc t i onal uni t  will be re s tra ined due to the 
sys tem voltage be ing maintained. When a fault occurs, the res tra ining torque in the 
direc t i onal uni t  will collapse as the voltage drops, thus permitt ing the relay to 
tr ip, even at fault currents below the maximum load current. 

Each relay contains a t ime-overcurrent uni t  that is torque controlled by the 
ins tantaneou s direc t i onal overcurrent uni t. The direc t i onal unit for each phase 
uses quadrature polarization; i. e. ,  the "A" phase relay uses  "A" phas e  current and 
"B-C" voltage, e tc. The angle o f  maximum torque o f  the direc t i onal uni t  i s  
approxmately 45°, i . e . ,  maximum torque will occur for relay current lagg ing the 
uni ty-power-factor pos i t ion by 450, or conversely, leading the quadrature voltage by 
4 5°. 

The di f ference s  between the var ious models covered by th i s  ins truc t ion book are 
shown in Table I. Inverse-t ime relays should be used on sys tems where the fault 
current flowing through a given relay is in fluenced largely by the sys tem generating 
capac ity at the t ime o f  the fault. Very-inverse-t ime and extremely-inverse-t ime 
relay s should be used in cases where the fault-current magnitude is  dependent ma inly 
upon the location o f  the fault in relat ion to the relay, and only slightly or no t at 
all upon the sys tem generat ing se tup. 
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GEK-49833 

The reason for th is is tha t  relays mus t  be set  to be selec tive with max imum fault 
current flowing. For fault currents below th is value, the opera t ing t ime become s 
grea ter a s  the current is decrea sed I f  the re is a wide range in genera t ing 
capac ity, toge ther with var ia tion in short-c ircuit current with fault position, the 
ope ra ting t ime with minimum fault current may be exceed ingly long with very- inverse­
t ime relay s and even longer with extremely- inve rse - t ime relay s. For such cases the 
inverse t ime relay i s  more applicable. 

The cho ice be tween very-inverse and extremely-inve rse-t ime relay s i s  more limited 
than be tween them and the inve rse-t ime relay, as they are more nearly alike in the ir 
t ime-current charac te r i s t ic curve s. For grad ing with fuses,  the extremely-inve rse­
t ime relay should be chosen, as the t ime-current curve s more nearly ma tch the fuse 
curve. Ano ther advantage of the extremely-inverse relay is tha t  i t  is b e t ter suited 
than both the inverse and very-inverse relays for p ick ing up cold load. For any 
g iven cold-load-p ickup capab ili ty, the result ing sett ing s will prov ide fa s ter 
protec t ion at h igh- fault currents with the extremely-inverse relay than with the 
le s s-inverse relays. 

The opera t ing t ime of the t ime -overcurrent uni t  for any g iven value of current and 
tap s e t ting is de termined by the t ime-d ial s e t t ing. The opera t ing t ime is inve rsely 
proport ional to the current magni tude, a s  illus trated by the t ime curve s in Figure s 
1 3, 14, and 1 S. No te tha t the current value s on the se curve s are g iven a s  mult iple s 
o f  the tap se tt ing. Tha t  is, for a given t ime-d ial s e t t ing, the time will be the 
same for 80 ampere s on the 8 ampere tap as  for SO ampere s on the S amp tap, s ince in 
both cases, the current is 1 0  t ime s the tap se t t ing. 

If sele c t ive ac t ion o f  two or more relays 1.s required, de termine the maximum 
pos s ible shor t-c ircu i t  current o f  the line and then choose a time value for each 
relay tha t  d i f fers suffic iently to ensure the prope r sequence in the operat ion of 
the several c ircuit breakers. Allowance mus t  be made for the t ime involved in 
opening each breaker a fter the relay contac t s  close. 

The Y1A relays conta in a High-Se ismic ins tantaneous ove rcurrent unit. Thi s  un it may 
be set  h igh to provide dire c t  tripp ing for faults  some d is tance down the 
transmis s ion line. In de termining the s e t t ing for th is uni t, it  will be neces sary 
to cons ider faul t s  d irec tly beh ind the relay a s  well as  a t  the remote terminal, 
because the uni t  is non-d ire c t ional. The unit should be set with a suitable marg in 
above the maximum external- fault current, taking into account the e f fects  o f  
trans ient overreach as  illustra ted i n  Figure 17.  

RAT INGS 

The IBCV relays des c r ibed in th i s  ins truc t ion are ava ilable in SO and 6 0  Hz models. 
The TOC ( t ime -overcurrent ) uni t s  have extended ( 8 to 1 )  range s imilar to the 800 
serie s  IAC relays. The IOC (instantaneous-overcurrent )  un its also have extended ( 2 S 
to 1 )  range. 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49833 

Ra t ing s o f  the operat ing-current circu i t s  o f  the TOC, the IOC and the direct ional 
unit are shown individually. However, s ince all opera t ing-current c ircu its  are 
normally connec ted in serie s, the operat ing coil rat ing o f  all uni t s  should be 
cons idered in de termining the rat ing of the ent ire operat ing c ircu i t. 

TIME-OVERCURRENT UNIT 

The one second ( 1  sec. ) rat ings o f  the TOC uni t s  are all 260 ampere s. The ava ilable 
taps and the continuous ratings are shown in Table s I I, III, IV. Note tha t separate 
table s are g iven for the IBCV 5 1, IBCV53 and IBCV models. 

TABLE II 

CONT INUOUS RATING OF INVERSE-TIME OVERCURRENT UNIT 

2. 0 - 16. 0 AMP. RANGE IBGV5 1  
TAP 2. 0 2. 5 3. 0 4. 0 5. 0 6. 0 7 . 0 8. 0 1 0. 0 1 2. 0  1 6  

RATING 8. 0 9. 0 1 0. 0  1 2. 0  14. 0 1 5. 0  1 6. 0 17. 5 2 0. 0  2 0. 0 2 0. c 
TABLE III  

CONTINUOUS RATING OF VERY- INVERSE-T IME OVERCURRENT UNIT 

1. 5 - 1 2. 0  AMP . RANGE IBCV53 
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  

RATING 1 0  1 1. 5  1 3. 0  14. 5 17 . 0  1 9. 0 2 1. 0 23. 0 23. 5 27. 5 3 0. 5  
TABLE IV 

CONT INUOUS RATING OF EXTREMELY-INVERSE-TIME OVERCURRENT UNIT 

1. 5 - 12.0 AMP .  RANGE IBCV77 
'�'AP 1. 5 2. 0 2.5 3. 0 4. 0 5. 0 6. 0 7 . 0 8. 0 1 0. 0  1 2. 0  

RAT ING 9. 5 1 0. 5  1 1. 5  1 2. 5  14. 0 1 5. 5  17. 0 1 8. 0 1 9. 0 2 0. 0 2 0. 0 

DIRECTIONAL UNIT 

The dire c t ional-unit operat ing c ircu i t, terminals 4 and 
ra t ing and a 200-ampere one second ( 1  sec. ) rat ing. 
c ircu i t, te rminals 7 and 8, and the potent ial re s tra int 
are continuou sly rated. 

5, has a 6-ampere cont inuou s 
The potent ial polariz ing 

c ircuit, terminals 9 and 1 0, 
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INSTANTANEOUS UNIT 

The ins tantane ou s un i t  co i l  is tapped for opera tion on e i the r one of two range s (H 
or L ) .  Se lect ion o f  the h igh or low range is determined by the po s i tion o f  leads T 
and E a t  termina l 6. See Tab le V and the app l i cab le inte rna l connect ions re ferenced 
in Tab le I. For the H range, connect  lead T to termina l  6, and lead E to the 
aux i l iary termina l tha t i s  mounted on termina l 6. For range L, reve rse leads T and 
E. 

TABLE V 

CONTINUOUS AND ON E-SECOND RAT INGS OF IOC UNIT 

+ Cont inuou s One 
Ins tantaneous Range Range Rating Sec ond 

Uni t  ( Amp s )  ( Amp s )  (Amp s )  Ra ting 
(Amp s )  

L 6 - 3 0  1 0. 2  
6 - 1 5 0  26 0 

H 3 0  - 1 5 0  1 9. 6  

+ The range i s  app roxima te, wh ich means tha t 6 - 3 0, 3 0- 1 50 may be 6-28, 28- 1 50. 
There w i l l  always be a t  lea s t  one ampere over lap be tween the maxium L s e t t ing and 
the minimum H s e t t i ng. Whenever pos s ib le, be sure to se lect  the h ighe r range, 
s ince i t  ha s the h igher c ont inuous rat ing. 

TARGET AND SEAL- IN UNIT 

The ra t ing and impedance o f  the sea l-in uni t  for the 0. 2 and 2 ampere tap s are given 
in Table V I. The tap s e t t ing used w i l l  depend on the current drawn by the t r ip 
c o i l. 

Tab le VI 

SEAL- IN UNIT RATINGS 

DC RES ISTANCE _ 1 0% (OHMS) 
+ 

MIN IMUM OP ERATING (AMPERES ) G-25% 
CARRY CONT INUOUSLY ( AMPERES )  
CARRY 3 0  AMPS FOR ( SEC. ) 
CARRY 1 0  AMPS FOR (SEC. ) 
6 0  HZ IMPEDANCE ( OHMS) 

7 

0. 2 
7 
0. 2 
0. 3 
0. 03 
0. 25 

52. 0 

TAP 
2. 0 
0. 1 3  
2.0 
3.0 
4. 0 

3 0. 0  
0.53 
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The 0. 2 ampere tap i s  for use w i th the trip co i l s  that ope rate on current s ranging 
from 0.2 up to 2.0 ampe res, at the minimum control vol tage. If this tap is used 
w i th trip c o i l s  requiring more than 2 ampere s, there i s  a pos s ib i l i ty tha t the 
re s i s tance o f  7 ohms w i l l  reduce the current to so low a value that the breaker w i l l  
no t b e  tr ipped. 

The 2-ampere tap should be used with tr ip co i l s  tha t  take 2 ampere s or more at 
minimum contro l vol tage, provided the current doe s no t exceed 30 ampere s at the 
maximum control vol tage. I f  the tr ipp ing current exceeds 3 0  amperes, the 
connections shou ld be arranged so that the induc tion uni t  c ontac ts w i l l  operate an 
auxi lary re lay, wh ich in turn energ izes the trip co i l  or c o i l s .  On such an 
app l icat i on, i t  may be ne ces sary to conne c t  a load ing re s i s tor in para l l e l  w i th the 
auxil iary re lay co i l  to a l low enough current to operate the targe t seal-in un i t. 

CONTACTS 

The current-c los ing rat ing o f  the induc t ion-uni t  contacts  i s  3 0  amperes for vol tage s 
not exceed ing 250  vol t s. The ir current-carry ing ra t ing i s  l imited by the tap rating 
o f  the sea l-in uni t. 

CHARACTERISTICS 

P ICKUP 

At rated vol tage and maximum torque angle, the d irec t i ona l uni t  w i l l  p ick up at 9 
( - 5%, +1 5% )  ampere s. At res tra int vol tage s less  than ra ted, the opera t ing current 
is a l s o  less. Th i s  re la tionsh ip is shown by the curve in Figure 1 2. 

P ickup o f  the TOC uni t s  i s  de fined a s  the current requ ired to c lose  the c ontacts  
from the 0.5 t ime-d ial pos i t i on. The p i ckup value i s  within 5% o f  tap value. 

R ESET ( T IME-OVERCURRENT UN IT) 

Inverse t ime-overcurrent uni t s  re se t at 9 0% o f  the m1n1.mum p i ckup current, very­
inverse-t ime uni t s  at 80% and extreme ly-inverse-t ime-uni t s  a t  8 5%. 

When the re lay i s  de-energized, the t ime requ ired for the d i sk to comp le t e ly re se t 
to the number 1 0  t ime-d ial post ion i s  approxima te ly 6 seconds for inverse-t ime 
re lay s and 6 0  second s for very-inverse-time and extreme ly-inverse-t ime re lay s. 

OPERATING T IME 

The t ime curve s o f  the TOC uni t s  are shown in F igure s 1 3, 14 and 1 5  re spe c t ive ly for 
inverse-t ime, very-inverse-t ime and extreme ly-inverse-t ime re lays. For the same 
operat ing cond i t ions, the relay w i l l  operate repea tedly with in 1 or 2% o f  the same 
t ime. 

The t ime-current chara c ter i s t ic o f  the High-Se i smic IOC uni t  i s  shown by Figure 1 6  
and i t s  trans ient-overreach charac ter i s t ic i s  shown b y  Figure 1 7 .  
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BURDEN S 

Tab le VII g ives the potent ial-c ircu i t  burdens o f  the d irec t iona l unit. 

TABLE VII 

DIRECTIONAL UNIT POTENTIAL-CIRCUIT BURDEN S AT 60 CYCLES AND RATED VOLTS 

CIRCUIT 

Polariz ing 
Re s train t  

VOLT 
AMPERES 

3 2  
5. 9 

POWER 
FACTOR 

0. 64 
0. 66 

WATTS 

20. 5 
3. 9 

Tab le VIII g ives the combined burdens o f  the t ime-overcurrent and the d i rect ional­
uni t  current c ircu i t s. 

Time 
Charac­
ter i s t ic 
Inverse Ivery !Inverse �xtreme ly �nverse 

TABLE VIII 

CURRENT-CIRCUIT BURDEN S AT 60 CYCLES (TOC + DIRECTIONAL UNIT) 
Burdens At Min imum Pickup Ohms Impedanc e At 

Tap 
Range 
(Amp s) 

2- 1 6  

Eff. Re s. Reac t. 
(Ohms) (Ohms) 

0. 42 1.56 

1. 5 - 1 2 0. 28 0. 6 5  

1 . 5 - 1 2  0. 1 3 5  0. 27 

+Imp ed. ++Vo lt Power 3 T ime s 10 Times 
(Ohms) Amperes Fac tor Min. P. U. Min. P. U. 
1. 6 2  6. 46 0. 26 0. 7 8  0. 45 

0.  7 1  1. 5 9  0.40 0. 7 1  0.49 

0. 30 0. 6 7  0.45 0. 30 0. 39 

1f VA 
At 5 

Amperes 
40 

18  

7. 5 

+ The impedance values given are those for the min imum tap of  each re lay. The 
impedance for o ther taps, a t  p i ckup current (tap ra t ing ),  var ies inversely 
approxima te ly as  the square o f  the current rat ing. Examp le: for the Type IBCV53 
re lay, 1 . 5- 1 2  ampere s, the impedance o f  the 1 . 5  ampere tap �s 0. 7 1  ohms. The 
impedance o f  the 3 ampere tap, a t  3 amperes, i s  approxima te ly ( 1 . 5/3 ) 2  x 

0. 7 1 =0 . 18 ohms. 

++ Some companie s 
min imum pickup. 
It shou ld not 
c ircu i t, s ince 
purpose. 

l i s t  re lay burdens only as  the volt -ampere input to operate at 
Th is  co lumn is  inc luded so  that a d irec t compar i son can be made. 

be used in calculat ing vol t-ampere burdens in a CT secondary 
the burden at 5 ampere s (see last  co lumn) is u sed for th i s  

1f Calcula ted from burden a t  minimum pickup. 

Tab le IX g ives the burden o f  the ins tantaneous un i t. 
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TABLE IX 

BURDEN OF THE INSTANTANEOUS UNIT 

·Ls tant- M1.n. Burdens at Minimum Burden Ohms ( Z )  
aneou s Hz Range Range P i ckup Picku2 (Ohms ) Time s P i ckuP.. 

Uni t  (Amp s )  (Amp s )  
(Amps ) R Jx z 3 1 0  20 

L 6-30 6 0. 1 1 0 0. 078 0. 1 3 5 0. 09 5 0. 085 0. 0 7 9  
6 - 1 5 0  6 0  

H 30- 1 5 0  30 0. 220 0. 005 0. 023  0. 0 2 2  0. 0 2 2  0. 022 

CONSTRUCTION 

Type IBCV re l ay s  are s ing le -pha se, d irec t ional -overcurrent relay s  w i th vo l t age 
restraint. They are ava i lab le with inver se, very-inv erse or extreme ly-inverse t ime­
current charac ter i s t ics.  

They cons i s t  o f  two ma in units,  a t ime -overcurrent uni t  (top)  o f  the induc t ion-d i sk 
type, and an ins tantaneous power-d irec t i ona l un i t  (b o t tom) o f  the induc t i on-cup 
type. The d ir ec t iona l  unit is potent i a l  polar ized and, by means of i t s  c l o s ing 
c ontac ts, d irec t iona l ly contro ls the operat ion o f  the t ime -over -curren t un i t. 

The IBCV re lay s have a target  seal-in unit and models w ith the Y 1A suf fix, as shown 
by Tab le I, have a h i nged-armature type ins tantaneous -ove rcurrent un i t. 

The IBCV re lay s are mounted in the s ing le-ended M1 drawou t ca se. 

DIRECTIONAL UNIT 

The d irec t iona l uni t  i s  o f  the induc tion-cyl inder cons truc t ion, w i th a laminated 
stator having e ight poles p rojec t ing inward and arranged symme t r i ca l ly around a 
s ta t ionary central c ore. The cup-l ike aluminum induc t ion rotor i s  free to opera te in 
the annu lar a i r  gap be tween the po les and the core. The poles are f i t ted w i th 
voltage-restraint, current -opera t ing, and potent ial-po lar i z ing c o i ls.  

The princ iple by wh ich torque i s  deve loped i s  the same as  tha t  of  an induc t ion -d i sk 
re lay w i th a wa t tme tric  e lement, although, in arrangement o f  par t s, the uni t  i s  more 
l ike a s p l i t -phase induc t ion mot or. The induc t ion-cy linder con s t ruc t ion p rov i de s  
h igher torque and lower rotor iner t ia than the induc t ion-d i sk c ons truc t ion, 
result ing in a fa s ter and more sens i t ive re lay. 

Contacts 

The d irec tiona l-unit contac ts, wh ich control the t ime overcurrent unit, 
F igure 18. They are o f  the low-grad ient type, spec i a l ly construc ted t o  
e f fec t s  o f  v ibrat ion. Bo th the s t a t i onary and moving contac t  b rushes 
low-grad ient mater ials  tha t, when subjec ted to v ib ra t ion, tend to 
another, hence, they re s i s t  contact separat ion. 

1 0  

are shown in 
minimize the 
are made o f  

fo l l ow one 
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GFX-49833 

The contact d ial  (A) supports the s ta t ionary contact b rush (B)  on wh ich is  mounted a 
conical contac t  t ip ( C ) .  The moving contac t arm (D) suppor ts  the mov ing contact 
bru sh ( E) on wh ich is  mounted a but ton contac t t ip (F) .  The end o f  the moving 
contac t brush bears aga ins t the inner face of the mov ing contac t  b ru sh reta iner ( G) .  
S imi lar ly, the end of  the stat ionary contac t brush bears aga ins t the inne r face o f  
the s ta t ionary contac t  brush re ta iner (H) . The s top s crew (J), mounted on the 
contac t d ial, func t i ons to s top the mo t ion o f  the contac t  arm by s tr ik ing the moving 
contac t  brush re ta iner a fter the mov ing and stat ionary contac t members have made 
contac t. The s tat ionary contac t support (K) and the contac t dial  are as semb led 
toge ther by means o f  a mount ing s c rew (L) and two locknuts ( M) .  

T IME-OVERCURRENT UNIT 

The inver se-t ime and very- inve rse-t ime ove rcurrent uni ts cons i s t  of a tapped 
current-opera ting coil  wound on a U-magne t iron s truc ture. The tapped opera t ing 
c o i l  is connected to tap s on the tap b lock. The U-magne t conta ins wound shad ing 
c o i l s  tha t are connec ted in s e r ie s  w i th a d irec t ional-un i t  contac t. When power flow 
i s  in such a d irec t ion as  to c lose the d irec t iona l uni t  contac ts,  the shad ing co i l s  
act  t o  p roduce a spl i t-phase field that, i n  turn, deve lops torque o n  the operat ing 
d i sk. 

The extreme ly-inverse-t ime overcurrent un i t  is  o f  the wa t tme t r i c  type, s imi lar to 
tha t used in wa t thour me ters except as fo l l ows: the upper port ion of the iron 
s truc ture has two concentr ic wind ing s on the middle leg of the magne t i c  c ircu i t. 
One o f  the se i s  a tapped current w ind ing conne c ted to taps on the tap b l ock; the 
o ther is a float ing w ind ing tha t is conne c ted in se r ie s  w i th the d irect iona l-un i t  
contac ts, a re s is tor, a capa c i tor and the two c o i l s  on the lowe r l e g s  o f  the 
magne t i c  c ircu i t. When powe r flow is in such a direct ion as to c lose a direct iona l­
uni t  contac t, the uni t  deve lops torque on the opera t ing d i sk. 

The d i sk sha ft carries the moving contac t, wh ich comp letes the tr ip c ircu i t  when i t  
touche s the s ta t i onary contac t o r  contac ts. The sha ft i s  re s tra ined b y  a spiral 
spr ing to g ive the proper contac t-c los ing current, and i t s  mo t ion i s  retarded by a 
permanent magne t act ing on the d i sk to produce the de s ired t ime charac ter i s t i c. The 
var iable re tard ing force re sul t ing from the grad ient o f  the spiral spr ing i s  
compensa ted b y  the spira l  shape o f  the induc t ion d i sk, wh ich re sul ts  i n  a n  inc rea sed 
driv ing force as  the spr ing w inds up. 

TARGET SEAL- IN UNIT 

The seal-in uni t  is mounted on the l e ft s ide o f  the t ime-overcurrent uni t. Th i s  
uni t  ha s i t s  coil  i n  series and i t s  contacts  i n  parallel  w i th the ma in contac t s  o f  
the overcurrent uni t, arranged i n  such a manner tha t  when the ma in conta c t s  c l ose, 
the seal-in uni t  p icks up and sea l s  in around the main c ontac t s. When the sea l-in 
uni t  operates, it ra ises  a targe t into view tha t latche s up and rema ins exposed 
unt i l  manua l ly released by pre s s ing the bu tton loca ted at the lowe r-le ft corne r o f  
the cover. 
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IN STANTANEOUS UNIT 

The IOC unit is a sma l l  h inged-armature-type instantaneou s e l ement and i s  mounted on 
the r igh t s ide of the TOC un i t. The IOC e lement operates  over a 2 5 - 1  total range 
ob ta ined by us ing a tapped c o i l  that has a 5- 1 low range and a 5 - 1  h igh range; th i s  
comb inat ion p rov ide s the 25-1  tota l  range. When the current reache s a p rede termined 
value, the instantaneou s e lement operate s, c l o s ing i t s  c onta c t  c ircuit and rai s ing 
i t s  target into view. The targe t la tches in the exposed p o s i t ion unt i l  i t  is  
released. The same button that relea se s the targe t sea l -in uni t  a l s o  release s the 
target of the ins tantaneous un i t. 

RECEIVING, HANDLING AND STORAGE 

The se re l ay s, when no t inc luded as  part o f  a contro l pane l, wil l  b e  sh ipped in 
cartons de signe d to prote c t  them ag ains t damage. Immediate ly upon rece ip t o f  a 
re lay, examine i t  for any damage su s ta ined in trans i t. I f  injury or damage 
result ing from rough hand ling i s  evident, f i le a damage c l a im at once with the 
transportat ion company and prompt ly not i fy the nearest  General E lec tr ic Sa les 
Offi ce. 

Reasonab le care should be exerc ised in unpack ing the re lay, in order that none o f  
the parts are injured, nor the adju s tment s  d is turbed. 

If  the relay s  are no t  to be ins t a l led immed i a te ly, they shou ld be s tored in the ir 
or igina l  cartons in a p lace tha t  is free from mo i s ture, dus t  and me ta l l ic ch ips. 
Fore ign ma tter collected on the ou ts ide o f  the case may find its way ins ide when the 
cover i s  removed and c ause troub le in the operat ion of the re lay. 

ACCEPTANCE TESTS 

Immediate ly upon rece ipt of  the relay an inspect ion and accep tance te s t  should be 
made to make sure tha t  no damage has b een sus ta ined in sh ipment and tha t  the re lay 
ca l ibrat i ons h ave not been d i s turb ed. If the examinat ion or te s t  ind icates tha t 
readjus tment i s  necessary, re fer to the sect ion on SERVICING. 

The se te s t s  may b e  per formed a s  part o f  the ins t a l la t ion or o f  the accep tance te s t s, 
a t  the d i s c re t ion o f  the user. S ince mo st  opera t ing companies u se d i fferent 
procedure s for accep tance and for ins tal lat ion te s t s, the fo llowing sec t ion inc lude s 
a l l  applicab le te s t s  that may be per formed on the se re lay s. 

VI SUAL INSPECTION 

Check the nameplate stamp ing to make sure tha t  the model numb er and rat ing o f  the 
re lay agree with the requ i s i t ion. 

Remove the re lay from i t s  case and check tha t there are no broken or c racked mo lded 
parts or o ther s igns o f  phy s ical damage, and that a l l  screws are t igh t. Che ck tha t  
the short ing bars are i n  the proper location ( s )  as shown b y  the interna l -conne c t ions 
d i agrams, Figure s 5 to 10  inc lu s ive, and that the ma in b ru sh is proper ly formed to 
contact the short ing bar. 
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MECHANICAL INSPECTION 

Top Unit (TOC) 

1 .  The d i sk shaft end play should be 0. 005-0. 0 1 5 inch. 
2. The disk should be centered �n the air gap s of both the e lectromagne t and 

the drag magne t. 
3. Both a ir gap s  sh ould be free of fore ign ma t te r. 
4. The d isk shou ld rota te freely, and shou ld re turn by i t self to th e reset 

pos i t ion. 
5.  The moving conta c t  should ju s t  touch the s t a t ionary contac t  when the t ime 

dial is  at the zero (0 ) t ime -d ial po s i t ion. 

Bot tom Un i t  (DIR ) 

1.  The rota t ing shaft end play should be 0. 0 1 5 -0. 020 inch. 
2. The contac t gap should be 0. 0 1 5-0. 0 25 inch on the low-gradient contac t. 

Targe t and Seal-in Un it/Ins tantaneous Un i t  

1 .  The arma ture and conta cts  shou ld move free ly when opera ted b y  hand. 
2. Both contacts  shou ld make at approxima tely the same t ime. 
3. The target shou ld latch into view ju st  as  the contacts make, and should 

unla tch when the targe t -re lea se bu t ton is  ope ra ted. 
4. The contacts  shou ld have app roxima tely 0. 0 30 inch wipe. 

DRAWOUT RELAYS, GENERAL 

S ince all  drawou t re lay s �n serv1c e operate in the ir cases, i t  is  recommended that 
they be tes ted in the i r  cases or an equ iva lent s tee l ca se. In th i s  way, any 
magne tic effe cts  of the enclo sure will be accura tely dup li ca ted dur ing test ing. A 
relay may be te s ted w i thout remov ing i t  f rom the pane l by us ing a 1 2XLA 1 3A te s t  
plug. Th i s  plug makes conne c t ions on ly with the relay, and doe s  not d i s turb any 
sho r t ing bars in the ca se. The 1 2XLA 1 2A test  p lug may a lso be us ed; al though th i s  
te st  plug allows g reate r test ing flexib li ty, i t  requires CT short ing jumpers and the 
exe rc i se of g reater care, s ince c onnec t ions are made to both the relay and the 
exte rnal c ircuitry. 

POWER REQUIREMENTS, GENERAL 

All a l terna t ing-current-operated dev i c e s  (AC ) are affe c ted by frequency. S ince non­
s inu so idal waveforms can be analyzed as  a fundamental frequency plus harmon ic s of 
the fundamental frequency, it follows th at AC dev ices  (re lays ) will be affe c ted by 
the applied waveform. 
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There fore, in order to te s t  a l ternat ing-current re lays proper ly, i t  i s  e s sent ia l to 
use a s ine wave o f  current and/or vol tage. The pur ity o f  the s ine wave (i.e., i t s  
freedom from harmonic s )  canno t be expre s sed a s  a finite number for any part icular 
re lay; however, any relay us ing tuned c ircu i ts, RL or RC networks, or s a turating 
e lectromagne t s  (such as t ime-ove rcurrent relay s )  i s  a f fected by non-s inuso idal wave 
forms. 

TARGET AND SEAL- IN UNIT 

The targe t and sea l - in uni t  has an operat ing coil  tapped at 0. 2 and 2.0 amperes. 

When used w i th tr ip c o i l s  opera t ing on currents rang ing from 0.2 to 2. 0 ampere s  a t  
the minimum control vol tage, the targe t-and sea l - in tap screw shou ld be s e t  i n  the 
0. 2 ampere tap. When the tr ip-co i l  current ranges from 2 to 3 0  ampere s a t  the 
minimum control vol tage, the tap screw shou ld be p laced in the 2.0 ampere tap. 

The seal-in tap screw is the s c rew hold ing the r igh t-hand s tationary contac t of the 
sea l-in uni t. To change the tap sett ing, first  remove the conne c t ing p lug o f  the 
re lay. Than take a s c rew from the le ft-hand s ta t ionary contact and place i t  in the 
de s ired tap. Next, remove the screw from the o the r (unde s ired ) tap and place i t  
back 1.n the le f t-hand c ontac t. Th i s  p rocedure i s  necessary t o  prevent the r igh t­
hand s ta t ionary conta c t  from ge t ting ou t of adju s tment. Tap s crews shou ld never be 
le f t  in both taps a t  the same t ime. 

P ickup and Dropou t Te s t  

1 .  Connec t  re lay s tuds 1 and 2 (see interna l -conne c t ions d iagram) t o  a DC 
source, amme ter and l oad box, so  tha t the current can be contro l led over a 
range o f  0. 1 to 2.0 amperes. 

2. Cl ose or jumper the contac t (s )  tha t  para l l e l  the sea l - in-uni t  conta c t. 
3. Increa se the current s l owly unt i l  the sea l-in-uni t  p icks up. See Table X. 
4. Open the para l le l  contac t c ircu i t  o f  s tep 2; the sea l - in uni t  should 

rema in in the p icked up post ion. 
5. Dec rea se the current slowly unt i l  the sea l-in-uni t  drops ou t. See Table 

x. 

TABLE X 

TARGET-AND-SEAL- IN-UNIT OPERATING CURRENTS 

TAP 

0. 2 
2. 0 

P ICKUP 
CURRENT 

0. 1 1 5 - 0. 1 9 5  
1. 1 5  - 1.9 5 

14 

DROPOUT 
CURRENT 

0. 0 5  OR MORE 
0. 5 5  OR MORE 
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TIME-OVERCURRENT UNIT 

Rotate the t ime dial  s l owly and check, by means o f  a lamp, that the contac t s  jus t  
close at the zero (O) t ime-d ial setting. 

Where the contac ts  jus t  close 
brush in or ou t, by means of  
s ecurely in i t s  support. 

can 
i t s  

be adjusted by. running the s tationary c ontac t 
adju s t ing sc rew. This sc rew should be he ld 

With the contacts  jus t  clos ing at No. 0 t ime sett ing, there shou ld be sufficient gap 
between the s tat ionary contac t brush and i t s  me tal backing s t r i p  to ensure 
approximately 1/32 inch wipe. 

Current Sett ing 

The minimum current at wh ich the t ime-overcurrent uni t  w i l l  close i t s  c onta c t s  i s  
determined by the po s i t ion o f  the plug i n  the tap b l ock. The tap plate on th i s  
b l ock i s  marked i n  amperes, as shown in Tables  II, III and IV. 

When the tap s e t t ing i s  changed w i th the re lay energized in its  case, the fol l ow ing 
proc edure mus t  be fol lowed: ( 1 ) remove the connect ing plug; th i s  de-energizes the 
relay and shorts  the current-trans former secondary w ind ing; (2) remove the tap s c rew 
and place it in th e tap marked for the des ired pi ckup current; (3) replace the 
c onnec t ing plug. 

The minimum current required to rotate the d i sk s lowly and to close  the contac t s  
should be w i thin 5% of  the va lue marked on the tap plate for any t ap sett ing and 
t ime-d ial pos i t ion. If  th i s  adjus tment has been d i s turbed, i t  can be res tored by 
means of the spring-adju s t ing ring. The ring can be turned by inser t ing a sc rew­
dr iver b lade in the notches around the edge. By turning the ring, the operating 
current of the uni t  can be brough t  into agreement ·wi th the tap s e t t ing employed. 
Th i s  adjus tment also  permi t s  any des ired sett ing, intermediate be tween the avai lab le 
tap sett ings, to be ob tained. 

Pi ckup adju s tments by means of the control spr ing app l i e s  to the JBCV5 1 and JBCV5 3 
re lays. A d i f ferent p roc edure appl ies  to the JBCV 7 7  re l ays. For the JBCV 7 7  relays, 
the pickup of  the uni t  for any current tap s e t t ing i s  adjus ted by means o f  the 
var i ab le resistor in the pha se-shi fting circuit. Th i s  adjus tment a l s o  permits any 
des ired s e t t ing intermediate be tween the var ious tap settings to be ob ta ined. The 
c ontrol spring i s  prewound approximately 660° w i th the c ontac t s  ju s t  closed. 
Fur ther adjus tment of th i s  s e t t ing i s  seldom required; i f  it is requ ired, because of  
insu ffic ient range of  the var iable res is tor, i t  should never be neces sary to wind up 
the control spr ing adjus ter more than 300 (one notch) or unwind it more than 9 0° 
(three notches)  from the fac tory sett ing. 

Te s t  connections for mak ing pi ckup and t ime checks on the t ime-overcurrent unit are 
shown in F igu res 20 and 2 1. Use a s ource o f  1 2 0  vol ts  or greater, w i th good wave 
form and cons tant frequency. Stepdown trans formers or phantom loads should not be 
employed in test ing induc t i on re l ay s, s ince the ir use may cause a d i s tor ted wave 
form. The contact in the wound-shad ing-c o i l  c ircui t marked D (see internal 
connect ion d iagram) mus t  be b l ocked c l osed or jumpered for the pickup te s t  and the 
t ime tes t. 
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Time Se t t ing 

The se t t ing o f  the t ime d ia l  de termine s the leng th o f  t ime the uni t  requires to 
c lose i t s  c ontac ts  when the current reache s a prede termined va lue. The contac t s  are 
jus t  clo sed when the d ia l  is set  on z ero ( 0 ) .  When the d ia l  is s e t  on 1 0, the d i sk 
mu s t  trave l  the maximum amount to c l ose the c ontac ts,  and there fore this sett ing 
gives the max imum t ime sett ing. 

The pr imary adju s tment for the t ime of operat ion o f  the uni t  is made by means of the 
time d ia l. However, fur ther adju s tment is ob ta ined by moving the permanent magne t 
along i t s  suppor t ing she l f; moving the magne t toward the d isk sha ft decreases the 
t ime, wh i le moving i t  away inc rea ses the t ime. Be sure the magne t never extends out 
beyond the cu tou t  in the d isk. 

P ickup Te s t  

U s e  rated frequency for both the p i ckup and the t ime tests. 

Set the re l ay a t  the 0. 5 t ime-d i a l  p o s i t i on and 2. 0 ampere t ap. U s ing the te s t  
conne c t ions in Figure 20, the ma in uni t  shou ld c l o se i t s  contacts w ith in ! 2. 0 % o f  
tap va lue current ( 1. 96-2. 04 amp s ) .  

Time Te s t  

Se t the re lay a t  No. 5 t ime-d ial s e t t ing and the 2. 0 amp t ap. Us ing the test  
c onnec t ion in  F igure 2 1, app ly f ive ( 5 )  t ime s t ap current ( 10. 0 amp) to the re lay. 
The re lay shou ld opera te w ith in the l imi t s shown in Tab le XI. 

Re lay Type 

DIRECTIONAL UNIT 

Polar ity Check 

IBCV5 1 
IBCV53 
IBCV 7 7  

TABLE X I  

TOC UNIT OPERATING LIMITS 

H in. 

1.  7 2  
1. 27 
0. 89 

Time in Second s 

Midpoint 

1 .  7 8  
1.  3 1  
0. 9 2  

Max. 

1. 8 3  
1. 3 5  
0. 9 5  

The polarity o f  the externa l c onne c t ion to the operat ing and polar iz ing c ircu i t s  o f  
the d irec t i ona l un i t  may b e  ver i f ied b y  d i sc onnec t ing the ex terna l c onnec t ions to 
the restraint c ircuit and ob serv ing the d irec t ion o f  c ontac t-arma ture t orque when 
the l ine is carrying load at un i ty power fac tor, or s l igh t ly l agg ing power fac tor. 
Note tha t  in mo s t  d irect ional -overcurrent re lay app l icat ions, the de s ired d irec t ions 
are: contac t -c los ing for power flow away from the bu s, and c ontac t -open ing for 
power flow toward the bus. 
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In case of  doub t, re fer to F igure 2 2  for a more accurate me thod o f  checking the 
polar i ty of the external connec t ions to the operat ing and po lariz ing c ircu i t s. Note 
that, dur ing thi s  tes t, the res traint circui t  is automat ical ly d is connec ted by means 
o f  the test  plug. 

The polar i ty of the res tra int c ircuit  i s  au tomatically checked when i t  is 
reconne ct ed, or when the tes t plug is removed and the connect ion p lug is reinserted. 
With normal load and rated vol tage, the res tra int c ircu i t  should always cause the 
d irec t ional-un i t  contac ts  to open, regardless  of the d i rec t i on o f  power flow. 

F igure 2 3  shows the test  connec t ions for check ing the polarity o f  the d irec t ional 
uni t  i t s e l f. 

Core Adjus tment 

Shor t out the potential c ircu i t s  ( s tuds 7 -8, 9- 1 0 ). Back off  the s tat ionary contact 
and backs top so  that the moving c ontac t can move freely. Adju s t  the control spr ing 
so tha t  the moving contac t w i l l  be parallel  w i th the s ides of the uni t. 

Apply 30 amperes to s tuds 4-5 and check to see tha t  the moving con tac t rema1ns 
s ta t ionary or has a s l igh t  open ing bias. I f  there i s  any s igni f icant torque, adju s t  
the core unt i l  the moving contact rema ins i n  the neutral pos i t i on w i th the current 
on or off. 

Res traint Adjus tment 

With the control spr ing s e t  as above, apply rated voltage to 
in parallel  w i th s tud 7 connec ted to s tud 9. After a 
energizat i on, check to see tha t the moving contac t  rema ins in 
If there is any movement, adju s t  the s l ide wire re s i s tor so 
does not move when poten tial is app l ied. 

Maximum Torque Angle 

c ircu i t s  7 -8 and 9-1 0  
1 5  minute peri od o f  
i t s  neu tral pos i t i on. 
that the contac t arm 

Connec t  the relay per F igure 25. 
rated voltage to s tuds 7 and 8. 
s tuds 5 and 6, check the ang le of 
lead. 

Remove the lead from phase 1 to s tud 1 0. Apply 
Apply 5 amperes to the current c i rcu i t  between 

maximum torque. It shou ld be between 3 50 and 5 5° 

P ickup at Rated Vo l t age 

Se t the contac t gaps to 0.020 inches. Wind the control spring 1/2 inch in the 
contac t-opening d i rect i on, reconne c t  phas e  1 to s tud 10 and apply ra ted vol tage to 
both potent ial c ircu i t s. Adjus t  the phase shi f ter to the maximum torque angle. 
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GEK-49833 

Gradually increase the current unt il the c ontac t closes. 
be tween 8. 6 and 1 0. 4  amperes. 

INSTANTANEOUS UNIT 

The conta c t  should close 

Make sure tha t  the ins tantaneou s  uni t  1s in the correc t range in wh ich it is to 
operate. See the internal connect ions d iagram and Table V. Whenever p o s s ible, use 
the h igher range, s ince the h igher range ha s a h igher cont inuou s rat ing. 

The ins tantaneous uni t  has an adju s table core loca ted at the top o f  the uni t. To 
set  the ins tantaneou s unit to a de s ired pickup, loosen the locknu t  and adju s t  tl:le 
core. Turning the core clockwise decrea ses  the p ickup; turning the core 
counterclockwise increases  the pickup. Br ing up tbe current slowly unt il the uni t  
p icks up. I t  may b e  ne ce ssary t o  repeat th i s  opera t ion, unt il the de s ired p ickup 
value is ob ta ined. Once the de s ired p ickup value is reached, t igh ten the locknu t. 

Refer to Table V 

instantaneous unit. 
the instanteous unit. 

CAUTION 

for the continuous and one-second ratings of the 
Do not exceed these ratings when applying current to 

The range o f  the ins tantaneous uni t  ( see Table V) mus t  be ob ta ined be tween a core 
pos t i on of 1/8 of a turn from full clockwise and 20  turns counterclockwise from the 
full-clockwise pos i t i on. 

INSTALLAT ION 

LOCAT ION 

The loca t ion should be clean and dry, free from du s t  and exce s s ive v ib ra t ion, and 
well l igh ted to fac ili tate inspe c t i on and te s t ing. 

MOUNT ING 

The relay should be mounted on a ver t ical sur face. 
d iagram i s  shown in F igure 24. 

CONNECTIONS 

The outline and panel-dr illing 

The internal-connec t i on diagrams for the var iou s relay s are shown in F igure s 5 to 
· 1 0. A typ ical wir ing d iagram is shown by F igure 1 1. S ince phase s equence i s  
important for the corre c t  opera t ion o f  Type IBCV relays, the rotation spec i fied i n  
F igure 1 1  BlSt b e  adhe red to. Unle s s  mounted o n  a s teel panel tha t adequa tely 
ground s the relay case, i t  is recommended tha t  the case be grounded through a 
mount ing s tud or s crew with a conductor not le s s  than 4/:12 B&S gage copper wire or 
i t s  equivalent. 
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GEK-49833 

INSPECT ION 

At the t ime o f  ins tallat ion, the re lay should be inspected for tarni shed contac t s, 
l oose screws, or o ther imper fe c t i ons. I f  any troub le is  found, i t  should be 
correc ted in the manner de scribed in the sect ion on SERVICING. 

CAUTION 

Every circuit in the drawout case bas an auxiliary brush. It is 
especially important, on current circuits and other circuits with shorting 
bars, that the auxiliary brush be bent high enough to engage the 
connecting plug or test plug before the main brushes do. This will 
prevent CT secondary circuits from being opened. Refer to Figure 19. 

OPERAT ION 

Be fore the re lay i s  put into service, i t  should be g iven a check to de termine tha t  
fac tory adjustment s  have n o t  been d i s turbed. The t ime d ia l  w i l l  b e  se t a t  zero 
be fore the re lay leave s the factory. I f  the s e t t ing has no t been changed, i t  w i l l  
b e  nece s sary t o  change th i s  s e t t ing in order to open the t ime-ove rcurrent uni t  
contacts. The fo l l owing te s t s  are sugge s ted: 

TARGET AND SEAL-IN UNITS 

1. Make sure tha t  the tap screw i s  in the des ired tap. 
2. Per form pickup and dropou t  te s t s  as ou tl ined in the ACCEPTANCE TESTS 

section. 

TIME-OVERCURRENT UNIT 

1. Set tap screw on de s ired tap. Us ing the te s t  c ircu i t  in F igure 20, app ly 
approx ima te ly twice tap va lue current unt i l  the contac t s  jus t  c lose. 
Reduce the current unt i l  the l igh t in series with the contac t s  beg ins to 
fl icker. Th i s  value of current should be within 5% of tap va lue. 

2. Check the opera t ing t ime at some mul t iple of tap va lue. Th i s  mul t iple o f  
tap va lue may b e  f ive ( 5 ) time s tap rat ing o r  the maximum fau l t  current 
for wh ich the re lay mus t  coord ina te. The va lue used is le ft to the 
d i s cre t i on o f  the user. Use the te s t  c ircu i t  o f  F igure 2 1. 

DIRECTIONAL UNIT 

Check d irec ti onal-uni t  polari ty; see ACCEPTANCE TESTS. 

INSTANTANEOUS UNIT 

1 .  Se lect the de s ired range b y  making the proper conne c t ions a t  the rear o f  
the re lay ( see interna l-c onnec t i ons d iagram). Whenever pos s ib le, b e  sure 
to se lect  the h igher range, s ince it has a h igher cont inuou s  rating. 

2. Se t the ins tantaneou s  uni t  to pick up at the de s ired current leve l. See 
the ACCEPTANCE TESTS sect ion. 
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GEK-49833 

PERIODIC CHECKS AND ROUTINE MAINTENANCE 

In view o f  the v i tal  role o f  protec t ive relays in the operat ion o f  a power sys t em, 
i t  i s  imp ortant tha t  a periodic tes t program be fol l owed. I t  i s  recognized tha t  the 
interval between periodic checks wi l l  vary depending upon environment, type o f  rel ay 
and the user's experi ence with periodic test ing. Unt i l  the user has accumulated 
enough experi ence to select the te s t  interva l bes t  su i ted to h i s  individual 
requirements, it is suggested tha t  the points l i s ted below be checked a t  an interval 
of from one to two years. 

These tests  are intended to make sure tha t  the relays have not dev iated from the ir 
original s e t tings. I f  dev i a t i ons are enc ountered, the re l ay mus t  be retes ted and 
serviced as des cribed in thi s  manual. 

TARGET AND SEAL-IN UNIT 

1. Check tha t  the uni t  p icks up at the values shown in Table X. 
2. Check tha t  the uni t  drops out at 25% or more o f  tap value. 

TIME-OVERCURRENT UNIT 

1. Per form the pickup t e s t  for the tap in service, as  described 1n the 
ACCEPTANCE TESTS s ec t i on. 

2. Perform the t ime tes t s  as  des cribed in the ACCEPTANCE TESTS s e c t i on. 

DIRECTIONAL UNIT 

Check cond i t i on and operat ion o f  c ontac ts. A polar i ty check should not be nec e s s ary 
i f  i t  was c orre c t ly ins tal l ed and no subsequent wiring changes were made. 

INSTANTANEOUS UNIT 

Check tha t  the ins tantaneou s  uni t pick s  up a t  the des ired current level, as out l ined 
in the ACCEPTANCE TESTS s ec t ions. 

SERVICING 

These rel ay s  are adju s ted at the fac tory and i t  i s  adv i s able not t o  d i s turb the 
adju s tmen ts. I f, for any reas on, they have been dis turbed or it is found during 
ins tal l a t i on or per i odic tes t i ng tha t  the re lay i s  out of l imi t s, the checks and 
adjus tments out l ined in the fol l owing paragraph s should be observed. I t  i s  
sugges ted that thi s  work be done in the l aboratory. 

TARGET AND SEAL-IN UNIT 

Repeat the vi sual and mechanical  inspec t i ons and the p i ckup and dropout current 
checks, as out l ined in the ACCEPTANCE TESTS sec t ion. 
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GEK-49833 

TIME-OVERCURRENT UNIT 

D i sk and Bear ings 

The jewel should be turned unt i l  the d i sk is centered in the air gaps, after which 
i t  should be l ocked in thi s  p o s i t ion by the set screw provided for th i s  purpose. 
The upper bearing should next b e  adjus ted s o  that the d i sk shaf t  has ab out 1/64 inch 
end play. 

Contact Adjus tment 

The contacts should have ab out l/32 inch wipe. That is,  the s tat ionary contact tip 
should be de flected about 1/32 inch when the d i sk comp l etes i t s  travel. Wipe is  
adjus ted by turning the wipe adjus tment screw, thereby adju s t ing the pos i t ion o f  the 
brush relat ive to the brush s t op. 

When the t ime dial i s  moved to the pos i t i on Where i t  holds  the contacts  jus t  closed, 
i t  should indicate zero ( 0) on the t ime-d ial scal e. I f  i t  doe s not, and the bru shes 
are correct ly adjus ted, sh ift  the dial by changing the pos i t i on o f  the arm at tached 
to the sha ft jus t  below the t ime dial. Loosen the screw clamp ing the arm to the 
shaf t, and turn the arm relat ive to the sha ft unt il  the contacts jus t  make for zero 
t ime-d ial s e t t ing. Ret igh ten the screw. 

Character i s t ics Check and Adjus tment s  

Repeat the port ions o f  the ACCEPTANCE TESTS s ect i on that apply t o  the t ime­
overcurrent uni t. Al so check reset  vo l tage and t ime agains t the values l i s ted under 
RESET in the CHARACTERISTICS section; low reset vol tage s or l ong res e t  t imes may 
ind icate exces s ive fr iction caused by a worn b earing or by mechanical inter ference. 

On IBCV77 relays, s e t  the re lay on the 2 amp tap with the t ime dial set  so that the 
contacts  are jus t  open. Adjus t  p ickup as close as pos s ib l e  to 2. 0 amp s, but at  
least within the l imi t s  1 . 96 t o  2. 04 amp s. Then move the time d ial to the No. 1 0  
p o s i t ion and check the current required to ju s t  move the d i sk away from the t op arm. 
This  current should b e  with in the l imi t s  1 . 88 to 2. 1 2  amp. I f  the d i sk moves at the 
l ower l imi t, check that movement i s  not over 1/2 inch, measured along the per iphery 
o f  the d i sk. Th i s  i s  cal l ed a "compensat ion check". I f  the current fal l s  out s ide 
the 1.88 to 2.1 2  amp l imi t s, the fol l owing s teps should be taken: reset  the control 
spr ing unt i l  compensa t i on at No. 10 t ime dial is with in l imi ts. Then re s t ore pickup 
by adju s t ing the re s i s t or. Recheck compensation a fter the re s i s t or adjus tment. 

DIRECTIONAL UNIT 

Bearings 

The l ower jewe l bearing should be screwed al l the way in unt i l  i t s  head engage s the 
end o f  the threaded core support. The upper bearing should be adju s ted to allow 
about about 1 /64 inch end play in the sha ft. 

To check the clearance be tween 
down on the contact arm near 
unti l  the cup s trikes the iron. 

the iron core and the ins ide of the rotor cup, 
the sha ft, thus depre s s ing the spring-mounted 

The sha ft should move ab ou t 1/16 inch. 

2 1  

pre s s  
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GEK-49833 

Cup And Stator 

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

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

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

To remove the shaft and rotor from the contact-head assembly, the spring clip at 
the top of the shaft must be pulled out and the clutch-adjusting screw taken out of 
the side of the molded contact arm. The shaft and cup can now be pulled out of the 
molding. The rotor must be handled very carefully while it is out of the unit. 

Contact Adjustments 

To make contact adjustments, refer to Figure 18 for identification of low-gradient 
contact parts and proceed as follows: 

* Loosen the locknut that secures the backstop screw (located at the right hand 
corner of the unit) to its support. Unwind the backstop screw so that the moving 
contact arm is permitted to swing freely. Adjust the tension of each low-gradient 
contact brush so that one-to-two grams of pressure are required at the stationary 
contact tip and four-to-five grams of pressure at the moving contact tip in order 
to cause the end of the brush to separate from the inner face of its respective 
brush retainer. Adjust the spiral spring until the moving contact arm is in a 
neutral position, i.e., with the arm pointing directly forward. Loosen the locknut 
that secures the stationary-contact mounting screw to the stationary-contact 
support. Wind the mounting screw inward until the stationary and moving contact 
members just begin to touch. Unwind the mounting screw until the stationary­
contact stop 1 ines up with the moving-contact-brush retainer. Wind the backstop 
screw inward until the moving and stationary contact members again just begin to 
touch. Loosen the locknut of the stationary-contact stop screw, and advance this 
screw until it just touches the moving-contact-brush retainer. Unwind the screw 1-
1/2 turns to provide contact wipe. Tighten the locknut. Unwind the backstop screw 
2/3 turn and tighten the locknut that secures the backstop screw to its support. 

* Indicates rev1s1on 
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Torque Adju s tment 

The d irec t ional unit i s  prov ided with a notched core tha t  is used to m1.n1.m1.ze the 
torque produced on the rotor by current a l one in the operat ing coils with the 
polarizing c ircu i t s  de-ene rg ized. Th i s  adju s tment i s  made at the fac tory and may be 
checked as fo llows: 

F i r s t, short ou t the potent ial-polar iz ing c ircuit. Adju s t  the control spring so 
tha t  the mov ing c ontac t s t ruc ture is ba lanc ed be tween the s tat ionary contac t and the 
s t op. Th i s  can be done by loosening the hexagona l-head lock ing sc rew, wh ich c lamp s 
the spr ing-adju s t ing r ing in pos it ion, and turn ing the r ing to the le ft unt il the 
balanc e point i s  reached. 

Energize the operat ing c ircu i t  with 30 amperes and check tha t  the contact arm doe s 
no t move. The core should b e  turned in sma ll s teps unt i l  a po int is  reached where 
there i s  no "b ia s" t orque from current alone. The core can be turned by loosening 
the large hexagona l nu t on the bot tom o f  the un it and turn ing the core by means o f  
the slo t ted bear ing sc rew. Th i s  sc rew should be held secure ly in pos i tion when the 
nu t is ret igh tened. 

Keep in mind tha t  current s o f  th e se magnitude s will cause the co i l s  to overheat i f  
le ft on too long. There fore, leave the te s t  cu rrent on on ly for short intervals, 
and allow su f fic ient t ime be tween te s t s  for the c o i ls to cool. 

A fter the torque adju s tments have b een made, the sp iral shou ld b e  set to have b arely 
enough tens ion to swing the moving-c ontac t arm aga inst the s top sc rew when the unit 
i s  de-energ ized. Su f f ic ient tens ion wi ll be obta ined if the adju s t ing r ing is 
rota ted in the counterclockwise dire c t ion ab ou t 1/2 inch from the neu tral posit ion, 
�s measured on the per iphery o f  the r ing. 

lu tch Adjus tment 

e conne c t ions shown in Figure 23 for the polar ity check can also be used in mak ing 
he c lu tch adju s tment. The 50 ohm f ixed re s is t or should be replaced w i th an 

adjus tab le re s i s tor capable o f  c ontro ll ing the current up to 10 ampere s. A s c rew 
projec t ing from the s i de o f  the moving c ontac t arm contro ls the c lu tch pre s sure and, 
consequently, the current value that will c au se the c lu tch to s l ip. Wi th rated 
frequency and vo ltage, set  the c lu tch to s l ip in the range 5. 5 to 8 amperes 

The c lu tch s lip is  limi ted to approx ima te ly 200 by me ans of a s top pin in the shaft. 
It should f ir s t  b e  set to s l ip in the contac t -clos ing d irec t ion a t  the current 
values l i s ted in the tab le, with the polar izing c ircu i t  energ ized but with the 
re s traint c ircu i t  open. Then check tha t the clu tch w i l l  s l ip to the l imit in the 
contact-opening d irect ion, with the restraint c ircu it ene rg ized at rated volt s and 
the current c ircu i t  open. 
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IN STANTANEOUS UNIT 

1.  Both contac ts  should close at the same t ime. 
2. The backing s tr ip should be so formed tha t  the forked end ( fron t )  bears 

agains t the molded s tr ip under the armature. 
3. With the arma ture agains t  the pole p iece, the cro s s  memb er of the "T" 

spr ing should be in a hor i zontal plane and there should be at lea s t  1/64 
inch wipe on the contac ts. Check th i s  by insert ing a 0. 0 1 0  inch feeler 
gage be tween the front half of the shaded pole and the armature, with the 
arma ture held closed. The contac ts should close with the feeler gage in 
place. 

CONTACT CLEANING 

For cleaning f ine s ilver contac ts, a flexible burni shing tool should be used. Th i s  
cons i s t s  o f  a flexible s tr i p  o f  me tal with an etched-roughened sur face, resembling 
in e f fe c t  a superfine f ile. The pol i sh ing ac t i on i s  so delicate that no scratche s 
are le f t, ye t corroded ma ter ial w ill be removed rap idly and thoroughly. The 
flexib ili ty o f  the tool ensures the cleaning of the ac tual points o f  contac t. 

Fine s ilver contac t s  should not be cleaned with knive s, f iles or ab ras ive paper or 
cloth. Knive s or f ile s may leave scratches, which increases  arc ing and 
deter iorat i on o f  the c ontac ts. Abra s ive paper or clo th may leave minute part icle s 
o f  insula t ing abr a s ive mater i al in the contac ts, thu s prevent ing contac t clos ing. 

The burni sh ing tool describ ed ab ove can be ob tained from the fac tory. 

RENEWAL PARI'S 

I t  i s  recommended that suffic ient quant i t i e s  o f  renewal par t s  be carr ied �n s tock to 
enable the prompt replacement of any tha t are worn, broken, or damaged. 

When order ing renewal parts, addre s s  the nearest  Sales Off ice of the General 
Electric  Company, spec i fy quanit ity required, name of part wanted, and g1ve complete 
nameplate data. I f  pos s ible, give the General Elec tr ic Company requ i s i t ion number 
on wh ich the relay was furni sh ed. Re fer to renewal parts publicat ion GEF-4085. 
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GEK-4983 3  

F igure 1 ( 804346 2 )  Type IBCV5 1 M ( - ) Y lA Re lay �n C a s e  ( Front V i ew) 
F i gure 2 ( 804346 3 )  Type IBCV5 1 M ( - ) Y lA Re l ay Removed from Case ( Fron t  V iew) 
F igure 3 ( 804 3464 ) Type IBCV5 1 M ( - ) Y l A  Re lay Removed from C a s e  ( Rear V iew) 
F igure 4 ( 8043465 ) Type I BCV7 7M Re l ay Removed from C a s e  ( Rear V iew) 
F igure 5 ( 0 2 5 7A6 1 6 5 )  Int ernal Connec t i ons for IBCV5 1M and IBCV5 3M Re lays ( F ront V i ew) 
F i gure 6 ( 02 5 7 A6 1 6 6 )  Int ernal Conne c t i ons for IBCV5 1 M ( - ) Y 1A and IBCV53M ( - ) Y 1A 
Re lays ( Front V i ew )  
F igure 7 ( 0 2 7 3A9 1 9 5 )  Internal Conne c t i ons f o r  IBCV5 2M Re lays ( Front V i ew) 
F igure 8 ( 0 2 7 3A9 1 9 6 )  I n t e rnal Conne c t i ons for IBCV54M Re lays ( F ront V i ew) 
F igure 9 ( 0 2 5 7A6 1 6 7 )  Internal Connec t i ons for IBCV 7 7M Re l ay ( Front  V i ew )  
F i gure 1 0  ( 0 2 7 3A9 1 9 7 )  Internal Connec t i ons for IBCV 7 8M Re lays ( Front V i ew ) 
F igure 1 1  ( 04 1 9A09 3 3 - l ) Ext ernal Connec t i ons for Three S ing l e -Phase  Type IBCV Re l ays  
for D i r e c t i onal Pha s e  Fau l t  Protec t ion o f  a S ingl e  L ine 
F igure 1 2  (K-6 5 0 7 9 5 8 - 1 )  Direc t i ona l -Un i t-Pickup Ch arac te r i s t ic wi th B a l anced Vol t age 
and at  Maximum Torque Ang l e  
F i gure 1 3  ( 0888B0 26 9 --3 ) T ime- curren t Charac te r i s t ic o f  Inver s e -T ime Overcurrent Un i t  
F igure 1 4  ( 08 88B0 2 7 0 -3 ) T ime-c urrent Charac ter i s t ic s  o f  Very-Inve r s e -T ime 
Overcurrent Un i t  
F igure 1 5  ( 0888B0274-5 ) T ime-current Charac ter i s t i c  o f  Extreme l y - Inve r s e -T ime 
Overcurrent Un i t  
F igure 1 6  ( 0 208A869 5 - 1 )  T ime-current Ch arac t er i s t i c s  o f  the H i gh -S e i smic 
Ins tantaneous Un i t  
F igure 1 7  ( 0 208A8694 -2 ) Trans ient -Overreach Charac te r i s t ic s  o f  the High-S e i smic 
Ins tan taneous Un i t  
F igure 1 8  ( 80 2 7688 and 8 0 2 3 39 9 ) Low--Grad ient Con t ac t As s emb ly f or the Direc t i ona l 
Un i t  
F igure 1 9  ( 80 2 5 0 39 ) Cros s S e c t i on o f  Drawou t Case Showing Pos i t i on o f  Aux i l i ary 
Brush 
F i gure 20 ( 0 1 95A9 1 7 9 )  Te s t  Conne c t i ons for Check ing P ickup of TOC Un i t  
F igure 2 1  ( 0 1 95A9 1 8 0 )  T e s t  Conne c t i ons for Check ing Operat ing T ime o f  TOC Un i t  
F igure 2 2  ( 0 3 7 7A0 1 9 5 - 3 ) Te s t  Conne c t i ons for Checking � o l ar i ty o f  the Ext ernal 
Wir ing to the D i rec t i onal Un i t  Opera t ing and P o l a r i z ing C i r cu i t s  
F igure 23  ( 04 1 8A09 7 1 )  T e s t  Conne c t i ons for Checking P o l a r i t y  o f  th e Direc t i ona l -Un i t  
Internal Wir ing 
F igure 24 (K-6 209 2 7 3-4 ) Ou t l ine and Pane l -Dr i l l ing D imens i ons for IBCV Re l ays  
F igure 25 ( 0 285A5 1 78 )  Te s t  D i agram for Maximum Torque Ang l e  
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Figure 1 ( 8 04346 2 )  Typ e  IBCVS lM( - ) Y lA Re lay in Ca se (Front View) 
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F igure 2 ( 8 04346 3 )  Type IBCV5 1M( -) Y lA Re lay Remo� ed from Ca se (F r ont View) 
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Figure 3 ( 8 043464 ) Type IBCV S lM(-) YlA Re lay Removed from Ca se (Rear View) 
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F i gure 4 ( 8 04 34 6 5 ) Type IBCV7 7M Re lay Removed from Case ( Rear V iew) 
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P 4 REST. 
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* = SHORT F I N G E R  

Figure 9 ( 0 257A6 167) Interna l Conne c t ions for IBCV77M Re lay (Front V iew) 
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Figure 1 0  ( 0 273A9 197)  Interna l Connections for IBCV78M Re lay s  (Front View) 
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Figure 1 1  ( 04 1 8A09 33- 1 )  Externa l Conne c t ions for Three Single-Pha se Type IBCV 
Re lays for Direc tional Phase Fault  Prot e c t ion o f  a S ingle L ine 
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Figure 12 (K-6507958- 1 ) Dire c t iona l-Un it-Pickup Charac ter is t ic with Balanced 
Vo ltage and at Max imum Torque Ang le 
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Figure 1 7  ( 0 208A8694- 2 )  Trans ient -Overreach Charac te r i s t i c s  o f  the High-Se i smic 
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A - Con tac t Di a l  

B - S ta t i on a ry Contact B ru s h  

C - Contact T i p 

H - S t a ti on ary Conta c t  Brush Reta i ner 

D - Mov i ng Conta c t  Arm 

E - Mov i n g Conta ct Bru s h  

J - S t op S crew 

K - S ta t i ona ry Co ntact Support 

L - Moun t i n g  Screw 

M - Locknuts  

F - Bu tton Conta c t  T i p  
G - Mov i ng Con tact B r u s h  Re ta i ner 

Figure 1 8  ( 8027 688 and 8023 39 9 )  Low-Grad ient Conta c t  As semb ly 
for the Direc t ional Un i t  
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C O N N ECT I NG PLUG M A I N B R U S H  CO N N E CTI N G  B LO C K  

A U X I L I AR Y  B RU S H _ ___. T E R M I N A L  B LO C K  

S HORT I N G B A R --� 

l , j ;l 

N OT E : A F T E R  E N G AG I N G AU X I L I A R Y  B R U S H  CO N N E CTI N G  P L U G  

T R AV E L S Y4 I N C H  B E FO R E  E N G A G I NG T H E  M A I N B R U S H O N  

T H E  T E R M I N A L  B LO C K  

F igure 1 9  ( 8025039 ) Cros s  Sec tion o f  Drawou t Case Showing Po s it ion 
o f  Auxi l i ary Brush 
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Figure 20 ( 0 1 9 5A9 1 7 9 )  Te s t  Conne c t ions for Check ing P ickup o f  TOC Un it 
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Figure 2 1  ( 0 1 9 5A9 1 8 0 )  Te s t  Conne c t ions for Check ing Operat ing Time o f  TOC Uni t  
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POLAR I Z l  HG 8 9 RESTRA I NT < 
CO I L  7 10 

B) RESTRA I N I NG POLAR I TY 

· NOTE : TH E 0 I RECT I ONA L UN I T CONTACTS SHOU LD 
C LOSE WH EN TH E  RELAY I S  ENERG I ZED 
W I TH E I TH ER OF THE ABOV E  CONNECT ! ONS . 

CO I L  

G 

1 
2 
.3 

F i gure 2 3  (04 18A09 7 1 )  Te s t  Connec t ions for Check ing Po lar ity o f  the Direc t ional­
Uni t  Interna l Wir ing 
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GEK-49833 

PANEL LOCAT I ON 
SEM I -FLUSH SURFACE ( 4 )  5 / 1 6 - 1 8  STUDS 

FOR SURFACE MTG . . �M T G  o M T G4 1 
�----------� :- 1------�,- ---------

1 4 . 3 7 5  
365MM 

384MM 
( 6 )  1 0-32 X 3/8 

M T G o SCREWS 1 0-32 
S TUDS 

S TU D  
NUMBER I NG 

) 

1 14 DR I LL 
4 HOLES 
6MM� 

5 0 1 87 
1 3 I MM 

1 0 o 37;r 
263MM) T 

J 

-

o 2 1 8j 
5MM 

GLASS 

-

./Q 
1 .  1 25 - _ I 
29MM I 

I 
I 

I 
t 
I 

- ct- -�- - -
C U TbUT 

I 

I 
I 
I 
I 

5 o 68 7  
1 4 4 M M  

PANEL DR I LL I NG 

I _ ,  

9 7 5 3 1 
0 0 0 0 0  

0 0 0 0 0  
1 0  8 6 4 2 

I I lJ__ 
f!- 6 1 87 iJ�M : 1 3 · 0 1----
� 1 5 7MM 76MM 

BACK V I E W  
C U T OU T  M A Y  REPLACE 

D R I LLED HOL E S  

7 
1 

-

. 4 06 
8 0MM 

j_ 

1 4 . 8 1 2  
375MM 

w 

5 / 8  DR I L L 3 0 5 0 0  
8 MM 4 HOLES 1 . 75 r-r-

1 5MM� 4 4 MM I .  
I ...l 4 o 1 56 

- - - - - r-- -w - l 1 05MM I I I • 
-rt- � i i��---t-- -t- · • - I I I 4 

� --t---t---;-T- l 7 o 28 1  T7���t· � 1 85MM :0--(}-�-Q--Q-� l:J
7
t6

M
8 _l_ 

o 7 1 8  
1 8MM 

I . 2 1 8  I I-'- 5MM l 
PANELA 1 

'--""'- �M�o [l_l, 
5 0 0  5 . 25 1 2MM 1 33MM < T YP I CAL ) 

3 1 4  D R I LL 
1 0  HOLES 

1 9M M  PANEL DR I L L I N G  
FOR S E M I -FLUSH MOUN T I NG 

FRON T V I EW 
FOR S URFACE MOUNT I NG 

FRONT V I E W  

T YP I CA L  D I M . 
I NCHES 

MM 

____.., 3 0 0 
I 76MM 

5/ 1 6 - 1 8  S TUD 

V I E W S HOW I NG ASSEMBLY OF H A R D VARE 
FOR SURFACE M T G o ON S TEEL PANELS 

* Figure 24 ( K-62092 73 [ 5 ] ) Outline and Panel Dri lling Dimensi ons for I BCV Relays 

* Indicates revision 
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GEK-49833 

¢-PHASE ANGLE METER 
V-VOLTAGE i ON NECT I O N  
!-CURRENT  CC NNECT I O N 

+-PO LAR I TY  M A R K  

v 

F igure 2 5  ( 0 28 5A5 1 7 8 )  Te s t  Diagram for Maximum Torque Ang le 
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