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GEK-45464 

STATIC BREAKER BACKUP RELAYS 

TYPES SBC23A, SBC23B, SBC23C 

INTRODUCTION 

The type SB C23A, SB C23B, and SB C23C  re l ays a re sta t i c  breaker-fa i l u re rel ays 
d e s i gned to prov i d e  sys tem backup pro tec t i o n  i n  the  event  o f  a c i rcu i t  breaker 
fa i l ure. The se re l ays mee t the majo r requ i rements o f  a breaker-fa i 1 u re backup 
scheme - high  securi ty and capabi l i ty fo r fa st  cl ear i ng  t i mes. These re l ays a re 
appl i cabl e w i th any o f  the sev e ra l  bus/breake r a r ran gements i n  gen e ra l  u se, and over 
a w i de ra nge of fau l t-cu rrent  cond i t i ons wh i c h  may be encou ntered. One type SBC  
rel ay is  requ i red fo r each breaker. 

DESCRIPTION 

The SBC  rel ays cov ered by the s e  i n struct i o n s  a re packaged i n  the M2D d rawout  ca se, 
the o u tl i ne a nd mount i ng  d i men s i ons fo r wh i c h  a re s hown i n  F i gu re 1. The rel ays 
i nc l u de the fo l l ow i n g  bas i c  components and fea tu res: 

1. Inpu t prov i s i ons fo r a conta c t  i n i t i a t i on ( B FI, 6 2X, 62Y)  that  act i vates the  
power s uppl y  and  the rel ay. 

2. A fa st  re set c u rre nt  detector w i th two i nd ependentl y-adju s tabl e pi ckup setti ngs  
fo r phase ( IA, .Is, Ic) a nd ground  ( 3Io) curren ts. 

3. An adjus tabl e t i me r  to prov i de t i me fo r the pr i ma ry breake r to ope ra te 
correctl y. 

4. Three  e l ec tr i ca l l y-sepa ra te conta c t  ou tput c i rcui ts  ( B FT)  fo r tr ipp i n g  the 
backup breakers. Two of these c i rcu i ts have e l ec tromechan i ca l  s e r i e s  targe ts. 

5. An e l ec tr ica l l y-sepa ra te i ns ta nta neous ( IT u n i t )  con ta c t, ope ra ted by th e 
ou tpu t o f  the l eve l  de tec to r. If  sea l -i n  i s  u s ed on  the SB C23B a nd S B C23C  
model s, the  IT  contact  is  not i so l a ted. 

6.  A regu l a ted powe r supp l y. 

7 .  S u rge suppress i on on  a l l A C  a nd DC i nput c i rcu i t s. 

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

every possible contingency to be met in connection with installation, oper.tion or maintenance. Should 

further information be desired or should parti cular problems arise which are not covered sufficiently for 
the purchaser's purposes, the matter should be referred to the General Electric Co�any. 

To the extent required the products described herein meet applicable AISI, IEEE and HE� standards; 

but no such assurance is given with respect to local codes and ordinances because they vary greatly. 
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GEK-45464 

Tabl e I bel ow l i sts  the combi n ed overa l l l o g i c  and external  connect i on s  di a g rams and 
addi t i onal features o f  each rel ay: 

Rel ay Model 

SB C23A 
SBC23B 
SB C2 3 C  

TABLE I 

External  Connec t i ons 
a nd Lo g i c D i a g ram 

F i g u re 2 
F i g u re 3 
F i g ure 4 

Addi t i onal  Featu res 
Seco nd, Non-Isol a ted Contac t 

Con tac t on  IT Un i t  Conve rte r  
X 

Opti ona l  X 
Opt i onal  X 

Note that  the SBC23A i ncl u des the  addi t i ona l  non-i sol a ted conta c t  o n  the  IT un i t  
wh i ch i s  norma l l y  connected to pro v i de a seal -i n a ro u nd the  i n i t i a t i n g con tacts 
( B FI, 62X o r  62Y ).  Th i s  seal - i n contact  i s  opt i onal  i n  the  SB C2 3B and  SBC23C  
model s, and  i f  u s ed, the  norma l l y-i so l a ted IT  contact  i s  no l onger  i sol a ted. 

Under normal cond i t i ons, the  SB C rel ays do no t have DC appl i ed. Thus, the  S B C  i s  
norma l l y  i mmune to any response  to env i ronmenta l e l ectr i cal  trans i en ts. DC i s  
appl i ed v i a  B FI o r  62X funct i ons on l y when a fau l t occ u rs o n  a l i ne a s so c i a ted w i th 
the  breaker be i n g pro tec ted. 

The powe r s uppy i n  these rel ays i s  so des i gned that the  DC vol ta ge mu s t  exceed 6 0% 
o f  the  nomi nal  vol tage rat i ng i n  order for the rel ay to ope ra te. Th i s  fea t u re 
prevents  fa l se t r i ps from capac i ta nce di scha rge o r  from the  vol ta ge-di v i de r  e ffec t 
o f  the grou nd-fau l t l amps on the  DC bus i n  the  event  tha t the  DC i nput  termi na l o f  
t h e  S B C  i s  acc i dental l y  grounded. 

APPLICATION 

The Type S B C  sta t i c breaker-fa i l u re rel ays a re i n tended fo r appl i ca t i on  on a per 
breake r bas i s. That i s, t here i s  one  breake r-fa i l u re re l ay a s soc i a ted w i th  eac h 
breake r i n  a bus  a rray. On th i s  bas i s, the  c u rren t i nputs to a pa rti cu l a r  SB C rel ay 
mus t  come from cu rre nt  tra ns formers ( CT•s ) that  meas u re the c u r re n t  i n  the 
a ssoc i a ted breaker. The t r i p  o u tpu ts must  be routed to i n i t i a te the tr i ppi n g  ( or 
tra ns fe rred tr i pp i n g )  o f  a l l breake rs n ec essary to cl ear  the  fau l t upon  fa i l u re o f  
the  breaker a s soc i a ted wi th the  SB C rel ay. Th i s  rou t i n g  wi l l  depend upon the  bus 
a nd breake r  arra ngemen t. 

The l i s t i n g i n  Tabl e II covers the  bu s a rra ngements  that  a re i n  common use. They ·"""""" 
a re the s i ng l e-bus  s i ngl e-breaker, do ubl e-bus do ubl e-breake r, breaker-a nd-a -ha 1 f, 
a nd r i ng bus a rra ngements, s hown i n  F i gures  5,  6, 7 a nd 8 re spec t i vel y. Eac h 
l i st i ng  i n  Tabl e II i nd i ca tes the  a ss umed fau l t l oca t i on, the  breaker that  i s  
a s s umed to h ave fa i l ed, the  conta c t  i n i t i a t i on that act i vates  the  SBC, a nd wh i c h  
breakers o r  l ock-o u t  rel ays shou l d be tr i pped by the B FT contac ts. For exampl e, i n  
a s i ngl e-bus s i ngl e -breake r a rra ngement, ( Fi g ure 5 ) , i f  breake r #2 i s  to be 
protec ted, the SBC  rel ay rec e i ves  the  current  a s soc i a ted w i th breaker #2. The 
con tac t i n i t i a t i on is from the  pro tect i ve rel ays o f  l i ne B. If breake r #2 fa i l s  for 
a faul t a t  Fl , the  SBC  rel ay opera tes and the B FT contact #1 t r i ps the  bus  l ockout  
re l ay. Fo r a nother  exampl e, cons i de r  the  r i ng bus a r ra ngement  that  i s  s hown i n  
F i g u re 8. If breaker #1 i s  to be protec ted, the  S B C  re l ay rece i ves  the  c u rren ts ·"""� 
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BUS AND 
BREAKER FIG. # 
ARRANGEMENT 

S ingl e Bus­
S i ngl e Bkr. 5 

Doubl e Bus- 6 Doubl e Bkr. 

Doubl e Bus- 6 Doubl e Bkr. 

B reake r-&- 7 a - Ha 1 f 

B reake r-&- 7 a - Ha l f 

B reake r-&- 7 a-Ha l f 

R ing Bus  8 

GEK-45464 

TABLE II 

CURRENT CONTACT B FT B FT B FT 
FAULT FAILED FROM INITIATION CONTACT CONTACT CONTACT 
LOC. B REAKER ASSOC. FROM #1 TRIPS #2 TRIPS #3 TRIPS 

F1 

F1 
o r  
F2 

F1 
o r  
F3 

Fl 
o r  
F3 

F1 
o r  
F2 

F2 
o r  
F4 

F1 
o r  
F2 

2 

3 

4 

4 

5 

6 

1 

B REAKER 

2 

3 

4 

4 

5 

6 

1 

L i ne B 
Bus  
Lockou t  -
Rel ay 

No rth 
L i ne B B u s  
o r  Lockout B rkr 4 
No rth Bus  Rel ay 

South 
L i ne B B u s  
o r  Locko u t  B rkr 3 
Sou th Bus  Rel ay 

No rth 
L i ne A B u s  
o r  Lockou t  B rkr 5 
No rth Bus  Rel ay 

L i ne A 
o r  B rkr 4 B rkr 6 
L i ne B 

South 
L i ne B B u s  
o r  Lockou t  B rkr 5 
Sou th Bus  Rel ay 

Lock-o u t  rel ay 
that trans fe r  
tr ips l i ne B & 
bl ocks recl o s ing 
of B rkr. 4 

Lock-ou t rel ay 
that trans fe r 
tr ips l i ne B & 
bl ocks recl os ing 
of B rkr. 3 

Lock-o u t  re l ay 
that trans fe r  
tr ips B rkr. 10 & 
bl ocks recl os ing 
of B rkr. 5 

Lock-ou t rel ay 
that  trans fe r  � 
tr i ps B rkrs.lO 
11 & bl ocks re­
cl o s i ng of 4 & 6 

Lock-ou t re l ay 
that trans fe r 
t r i ps B rkr. 11 & 
bl ocks recl os ing 
of B rkr. 5 

L i ne A 
o r  
L i ne B 

Lock-out  rel ay 
that  trans fe r 

B rkr 2 Brkr 6 t r i ps B rkrs. 7 
& 8 & bl ocks re­
cl os ing of 2 & 6 

associ a ted wi th bre ake r #1. The contact in i t i a t i on i s  from the  pro tect i ve re l ays o f  
l i ne A for a fau l t a t  Fl . Fo r a fau l t  at  F2, the  pro tecti ve rel ays o f  l i ne B 
prov i de the contact i n i t i a t i on. As suming breake r #1 fa i l s  for a fau l t at  Fl, the 
SBC re l ay ope ra tes and the B FT contact t r i ps the  fo l l owing: B FT #1 tr ips breake r #2 
and B FT #2 tr i ps B reake r #6. B FT #3 tr i ps the  l ockout  rel ay that trans fe r tr i ps 
breake rs #7 and #8 and bl ocks recl o s i ng o f  #2 and #6. 
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GEK-45464 

In the  appl i ca t i on o f  the  SBC  rel ays, probabl y the  mo st i mpo rtan t cons i de ra t i on i s  
the s e tt i ng o f  the  ma i n  t i me r. Fi gure 9 i l l u s tra tes a l l the  t i mes i nvol ved, from 
the  instant the faul t occurs  unti l the  backup c i rcu i t breakers  ope ra te to c l ea r  the 
fau l t. Th i s  to tal t i me mu st  be s hort  enough  to enabl e the sys tem to ma i nta i n  
s tabi l i ty and to l i mi t as  much as  po s s i bl e  t h e  dama ge to t h e  faul ted equ i pment. On 
the  other  hand, i t  must  be l ong enough  to pe rm i t  the  pr i ma ry rel ay i ng and pri ma ry 
breake r to opera te and cl ea r the  faul t, w i th ma rg in. In genera l ,  i t  i s  a good 
prac t i ce to set the SBC  t imer  so  that  the overa l l t i me of ope ra t i on ( incl u d i ng the  
pi ckup t i me of  the current de tec tor and the  ope ra t ing t i me of  the  B FT o u tpu t rel ay) 
prov i des fo r ampl e ma r g i n  wi thout i nfr i ng i ng on stabi l i ty l i mi t  i n  t h e  event o f  a 
breaker fa i l u re. The IEEE Rel ay Commi ttee recommends a t  l ea st th ree cyc l e s  o f  
mar g i n. 

It i s  appa rent from F i gure 9 that  for any g i ven to tal ope ra t ing t i me o f  the SBC, 
red uc ing  the  d ropout t i me o f  the current de tec tor wi l l  i nc rea se  the  ma r g i n. Thus i t  
i s  recommended, for appl i ca t i ons where ma r g i ns o f  l es s  than th ree cyc l es  a re 
contempl a ted, that d ropo u t  t i mes be reduced by reduc ing  the  setting  o f  the  fi l l - in 
t i mer  o f  the current d etec to r. The redu c t i on i n  d ropo u t  t i me mus t  be compa t i bl e 
w i th  the  acceptabl e m in imum pi ckup o f  the c u r rent de tec tor. ( See  F i gu re 10.)  

The pi ckup of  the  cu rrent d etec to r s houl d be set  fo r 67%  or  l es s  of  the  m in i mum 
fau l t current for wh i ch  the breaker- fa i l u re protect i on mu st  opera te. It shou l d be 
reco gn i zed that the func ti on o f  the current detecto r  is to es tabl i s h  whether  or no t 
c u r rent i s  fl owi ng i n  the a ssoc i a ted c i rcu i t  breake r. In th i s  sense, th e mo st  
sens i t i ve sett ing i s  des i rabl e. However, i f  the  sett ings a re such  that the  current 
detec tor  i s  p i cked up on l oad, the s ecur i ty of the scheme i s  reduced, s i nc e  any """"' 
e rro r i n  tes t i ng that appl i ed DC to the  re l ay coul d resu l t i n  an undes i red tr i p. 
Th i s  s ubjec t i s  d i scu ssed i n  a l a ter  pa ra g raph des c r i b i ng the uses  o f  the  i so l a ted 
contact  ope ra ted from the o u tpu t of the l evel d etec to r. 

Anothe r fac tor in  the  sel ect i on o f  a pi ckup setting  for the  c u r rent de tec tor i s  the 
type o f  c i rcu i t  breake r i nvol ved. Some c i rcu i t  breake rs i nsert  res i s to rs i nto the  
c i rcu i t  when cl ear ing a faul t. Th i s  res i s tor  current i s  ma i nta i ned fo r a 
s i gni fi cant t i me, and may h ave a substant i a l ma gn i tude. The va l ue  o f  th i s  res i s to r  
c u rrent and i ts d u ra t i on mus t  be cons i de red when de term i n i ng the  sett i ngs  o f  the  
l evel detector and ma i n  t i me r in  the  SBC. If the  l evel  d etec to r i s  set  bel ow the  
res i s tor  current, i t  w i l l  rema in  pi cked up unt i l  the  res i s to r  c u r rent i s  
i nte rrupted, and hence the  ma i n  SBC  t i me r  setting  mus t  be set  propo rt i onate l y 
l onger. If, on the other hand, the l eve l  de tec tor s e tt i ng i s  above the  res i s to r  
current, i t  w i l l re set when t h e  ma i n  breake r contacts  open, thereby perm i tt ing  a 
s horter t i me sett ing on the  ma i n  SBC  t i mer. 

The non- i s ol ated IT2 conta c t  o u tpu t o f  the IT uni t  i n  the  SB C23A, wh i c h connec ts  to 
s tud 9, i s  i ntended for use  as a seal - i n  funct i on, a s  sh own on the  external 
connec t i on d i a g ram in F i gure 2. Th i s seal - in h as a s l i gh t  t i me d el ay to prov i d e  
add i t i onal s ecu r i ty aga inst  seal - i n  opera t i ons resu l t i ng from s u c h  causes  a s  s u rges, 
etc. The pu rpose o f  s uch  a func t i on i s  to r i de over  contac t bounce i n  the  62X 
contac ts ( i f  such  bounce ex i s ts ) and to  ma i nta i n  the  DC  i nput to  the  SB C i n  the  
event of a ze ro-vol ta ge fau l t that  coul d re su l t in  resetting of  the  i n i t i a t i ng 
pro tec t i ve  rel ays be fo re the  SB C can t i me o u t. Th i s  sea l - in shou l d be used 
adv i sed l y, i na smuc h  as  i t  can reduce the  secur i ty of the  scheme d u r ing  te s t i ng i f  -" 
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GEK-45464 

the  current de tectors a re set  to p i ck up bel ow l oad  current ma gn i tudes. Note that 
most, i f  not  al l ,  stati c l i ne re l ayi ng  sys tems i ncl ude  the i r  own seal - i n  functi ons. 
Thus, the B FI fu ncti on i l l u s t ra ted on the sta t i c  l i ne rel ay l o g i c  d i a grams wi l l  
prov i de a cont i nuous  i npu t. 

The el ectr i cal l y-sepa ra te ( ITI ) con tact prov i des a n  o u tput a s  soon a s  the  SBC  
rece i ves an i nput from the  i n i t i a t i n g  contacts ( B FI, 6 2X, 62Y)  and the  l evel 
d etecto r ope ra tes. Th i s  outpu t con tact ca n be used to appl y a sepa ra te, i nd epend ent 
trip s i gnal  to the  breaker wi th wh i ch the SB C is  a ssoci a ted, thereby i ncreas i ng the 
overa l l secu r i ty o f  the  sch eme. Und e r  usua l  ope ra t i ng  co nd i t i ons  o f  the  SBC, the 
a s soci a ted breaker wou l d a l ready have rece i ved a tr i p  s i gnal  from the protect i ve 
rel ayi ng. Thus the  sepa ra te t r i p  s i gnal  prov i des a n  a l te rnate chance to t r i p  the 
breaker correctl y, i n  the even t of some fa i l u re i n  the protecti ve rel ay tri pp i ng 
ci rcu i ts, thereby avo i d i ng unnecessary t r i pp i ng  o f  the  backup breake rs. 

Furthermore, th i s  fea ture i ncreases  s ecu r i ty du r i n g test i n g, s i nce a m i stake i n  test  
procedu res that  resul ts i n  i n i t i a t i ng the  SBC  ope ra t i on w i l l  cau se the  tr i pp i n g  of  
onl y the  one  breaker a ssoci a ted w i th the  SBC. Th i s  i s  so  because  when the 
a s soci a ted breake r i s  tr i pped by th i s  add i t i ona l  con tact o u tput, the  cu rre nt  
de tectors wi l l  reset, thus  preven t i n g  the S B C  from t i mi n g  o u t. 

In the SBC23B a nd SBC23C  rel ays, the  non- i so l a ted IT2 con tact i s  connected 
i n terna l l y  to stud l l A, i n stead o f  stud 9 as i n  the SBC23A. I f  the seal - i n  fu nct i o n  
i s  requ i red, stud l l A  mus t  b e  i nterna l l y  jumpe red to s tu d  11, a nd s t u d  11 exte rnal l y  
connected to ( + ) DC. The IT! con tact be tween s tuds 11 a nd 12 can s t i l l  be u sed for 
i nstantaneous tr i pp i ng, w i th the re s tr i ct i on that  s tu d  11 i s  connected to ( + ) DC. 

OPERATION - GENERAL 

There a re fou r  curre n t  i npu ts to the SBC2 3  rel ays. They a re th e th ree phase 
cu rren ts ( IA, Is, Ic) and g ro u nd current ( 3Io ) .  The  co ntact i n i t i a t i on and the 
appl i ca t i on of the B FT con tacts d epend upon the  bus and  breake r a rra ngeme n t, as  
prev i ousl y expl a i ned. The  ope ra t i on beg i n s  when  the  contact i n i t i a t i on ( B FI, 6 2X, 
6 2Y )  act i va tes  the  powe r s uppl y. The B FI con tacts woul d come from the s ta t i c  rel ays 
on the a s soci a ted l i ne. The s e  contacts w i l l  cl ose  when the sta t i c  rel ays see a 
fau l t a nd a re produci ng  a t r i p  output. The B FI con tacts w i l l  s tay cl osed  u n t i l the 
faul t d i sappea rs and the rel ays reset. The 6 2X and  62Y con tacts come from 
e l ectromecha n i cal l i ne rel ays, and these co ntacts w i l l  cl ose  wheneve r the  
e l ectromechan i ca l  rel ays produce a tr i p  s i gna l to  tr i p  the  a s soci a ted breaker. 

When the  powe r s uppl y  i s  acti vated, the  cu rrent- l evel detecto r wi l l  produce a n  
ou tpu t i f  the cu r rent i n  th e a s soci ated breake r i s  above  the l evel - de tector sett i ng. 
The output o f  the  l evel detecto r energ i zes  the  A/0 t i me r  a nd the IT u n i t, i f  
sel ected by pl aci ng  the l o g i c  tap i n  11LD11 ( Level  Detecto r )  pos i t i on. The opera t i ng 
t i me ( A) of the  A/0 t i mer, a s  prev i ou s l y  descr i bed, wou l d be set  l ong enoug h to g i ve 
the  pr i ma ry breake r a chance to tr i p  correctl y, but s hort enough  to ensure sys tem 
stabi l i ty i n  the event that  the  pr i ma ry breake r s houl d fa i l  to t r i p. 

Wh en t i mer A/0 t i mes  out, i t  energ i ze s  tran s i s tor  sw i tch ( TS ) ,  wh i ch i n  tu rn pi cks 
up the B FT un i t, the contact s o f  wh i ch i n i t i a te t r i pp i ng  of the n ecessa ry backup 
breakers. If the pri ma ry breaker cl ears  the faul t correctl y, e i ther  the  i n i t i a t i ng  
con tact ( B FI, 6 2X or  62Y)  o r  the  l evel detecto r wi l l  have reset  be fore the  A/0 t i mer  
t i mes out, a nd no  tr i ppi n g  of  the  backup breaker wi l l  occur. 
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GEK-45464 

SB C23A 

The IT u n i t i n  the  SBC23A has  two output contacts. One co ntact has  a common po i n t 
w i th the  power s uppl y and i s  used as  a seal - i n  fu nct i on, a s  prev i o u sl y no ted. The 
othe r con tact i s  e l ectr i cal l y  separa te, a nd ca n be used  to prov i d e an i ns ta nta neo u s  
ou tpu t from t h e  l evel  de tector. Th i s  l a tter contact, a s  prev i ou sl y  descri bed, can 
be used to app l y  a n  add i t i onal  t r i p  s i gnal  to the  a s soci a ted pr i ma ry breake r. 

SB C23B 

The SB C23B  rel ay i s  s i m i l a r to the  SBC23A except that  the  IT un i t  has  o n l y  a s i n gl e, 
el ectr i ca l l y  sepa ra te, output con tact, and a co n tact conve rter ( CCl ) ha s been 
i ncl u d ed. The functi on of the con tact conve rte r  i s  to convert a con tact ope ra t i on 
i n to a s i gnal  that i s  compa t i bl e  wi th the l o g i c c i rcu i t  o f  the  S B C  rel ay. By 
cl o s i ng  a n  exte rna l  con tact, DC  i s  s uppl i ed to the  con tact conve rte r  a nd a n  o u tput 
s i gnal  i s  produced from CCl  once the power s uppl y is  act i va ted by the  contact 
i n i t i a t i on ( B FI, 6 2X, 62Y ).  The  s i gnal  from CCl s upe rv i ses  the  A/0 t i me r  i n  one  of  
two ways; the  cho i ce depends on the  po s i t i on of  the tap tha t precedes the  A/0 t i mer. 
I f  the tap i s  pl aced i n  the  OR pos i t i on, the  A/0 t i me r  i s  con t rol l ed by a n  o u tput 
from the 1 evel  de tector OR an o u tput  from CCL The t i mer wi l l  res e t  on l y i f  both 
the  l evel d etecto r and CTI re set or the contact i n i t i a t i on resets. I f  the  l i nk i s  
pl aced i n  the  AND po s i t i on, the A/0 t i mer  i s  con tro l l ed by an o u tput  from the l eve l  
d etecto r AND an  o u tput from CCl  v i a  the  AND2 l o g i c  fu ncti on. Fo r th i s  case, the  A/0 
t i me r  w i l l  reset  i f  e i ther the  l evel  de tector or  CCl resets  or  th e con tact 
i n i t i a t i on re sets. 

The IT un i t  ca n be opera ted d i rectl y from e i ther  the  l evel  detecto r o r  the  con tact 
converter, depe nd i n g  on the  l i nk sett i ng. 

The ITI con tacts a re n o rmal l y  compl e te l y  i so l a ted. The IT2 con tacts a re connected 
from the ( B FI, 6 2X, 6 2Y )  i npu t termi n a l  to an  i n ternal  l u g ( l l A) .  By connect i ng 
( l l A) to term i nal  ( li )  i nte rnal l y, a nd connect i ng ( li )  to +DC exte rnal l y, a seal - i n  
feature can be obta i ned. However, IT1 w i l l  no l onger  by i sol a ted. 

SB C2 3 C  

The SBC23C  rel ay i s  s i m i l a r  to t h e  SBC23A  except that o n e  mo re t i me r  ( B/0 ) a n d  a 
con tact converter have been ad ded. The B/0 t i mer  i s  i ndependentl y adju stabl e over  
the same ra nge a s  the  ( A/0 ) t i me r. W i th the  IN/OUT l i nk i n  the  IN  pos i t i on, the  B/0 
t i mer requ i res  ( 1 )  the  B FI con tacts mus t  be cl o s ed, ( 2 )  i npu t current m u s t  be above  
p i ckup l evel , a nd ( 3 )  the  con tact converte r  CCI must  be  energ i zed. 

Wi th the IN/OUT rel ay i n  the OUT po s i t i on, the B/0 t i me r  onl y requ i re s  ( 1) the B FI 
contacts must  be cl o sed a nd ( 2 )  the  con tact Converte r  CCI mu s t  be energ i zed. 

The output  B FT rel ay w i l l  be opera ted by e i ther  the  ( A/0 ) o r  the ( B/0) t i mer, 
d epend i ng on the  t i me sett i n gs o f  the re specti ve  t i me rs a nd whether  the  ( B/0 ) t i me r  
i s  ene r g i zed by the  con tact conv erter ( CCI ) .  

The IT u n i t  has a n  i so l a ted  no rmal l y-open con tact ( ITI ) a nd a no th e r  non- i s ol a ted 
norma l l y-open contact ( IT2 ) con nected from the i nput  ( B FI 6 2X, 62Y )  termi na l to an .-, 
i nternal  l u g ( l l A ) .  By i n ternal l y  connect i n g ( liA) to te rm i na l  ( 11 )  and  exte rna l l y  
connect i n g  termi na l ( li)  to +DC, a seal - i n  fea t u re can be obta i n ed. However, ITI 
w i l l  no l onger  be i s o l a te d. 
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RANGES 

PHASE CURRENTS 

Pi ckup current i s  cont i nuous l y adjus tabl e from 1 to 10 ampe res on any phase by means 
o f  tap adju stments and a rheo stat. 

Tap Ranges: 

GROUND CURRENT 

l A  - 2 A  
2A  - 4A 
4A - lOA 

See F i g u res  11, 12 and 13 for tap sel ect i ons 

P i ckup cu rrent i s  continuous l y  adjus tabl e from 0.5 to 5 ampe res by means o f  a tap 
adju stment and a rheo sta t. 

Tap Ranges: 

TIMERS 

0.5 A - l .OA 
l .OA - 2 .OA 
2.0A - 5.0A 

See F i g ure s 11, 12 and 13 fo r tap se l ect i on 

A/0 and B/0 t i me rs 5 0-500 m i l l i second s. See F i g ure s 14, 15 and 16 for rheostat 
l oca t i on. 

RATINGS 

The SB C cu rrent ci rcu i ts a re ra ted a t  10 amps cont inuous l y, and have 1 second 
thermal ra t i ngs o f  210 amps. 

CAUTION 

When hipotting the SBC, remove all external w1r1ng from terminal 10. Do 
not hipot terminal 10. The reason is that capacitors Cl -Cl 2 are rated for 
600 VDC and the hipot voltage may damage the capacitors. 

The breake r- fa i l u re t r i pp i ng tel ephone rel ay, B FT, i s  cont i nuou s l y  ra ted a t  
namepl a te - ra ted D C  s uppl y  vol ta ge. Tabl e III l i s ts the ra t i ngs o f  the th ree 
el ectr i cal l y- separa te B FT contacts. 

TABLE I II 

TRIP INTERRUPTI ON I RAT! NG CONTINUOUS DUTY CURRENT ( AMPS ) NON-INDUCTIVE 
CURRENT AMPS AMPS INDUCTIVE** 

125 VDC 3 30 0.5 0 1.5 
25 0 VDC 3 30  0.25 1.0 
115V 6 0  Hz 3 30  0.7 5  2.0 
2 30V 6 0  Hz 3 30 0.5 0 1.5 

** The 1 nduct 1 ve ra t 1 ng 1 s  ba sed on the 1 ndu ctance o f  an ave ra ge t r 1 p  co 1 l .  
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GEK-45464 

Tabl e IV l i sts the ra t i ngs o f  the el ectromechan i ca l  ta rge ts ( T1 a nd T2 ) o n  bo th the 
0. 2 a nd 2 . 0  amp taps that a re ava i l abl e. 

TAP 
SETTING 

2 . 0  
0.2  

OPERATING RANGE ( AMPS ) 
2 - 30 
0. 2 - 3 

SURGE WITHSTAND CAPABILITY 

TABLE IV 

TRIP DUTY ( AMPS ) 
30  

3 

DC RESISTANCE ( OHMS ) 
0. 13 
7 . 0  

The S B C  rel ay wi l l  w i thsta nd the test vol ta ge wav e fo rm d escri bed  bel ow w i thou t 
i nco rrect ope ra t i on or  dama ge to any component. 

The test vol ta ge wa v e fo rm cons i s ts  o f  a h i gh- fre quency damped osci l l a t i o n  wi th a 
frequ ency o f  1. 5 MHz. The sou rce has a n  i n ternal  i mpedance o f  150 o hms. The 
i n i t i a l va l ue  (ze ro to peak ) i s  2 5 00 vol ts, a nd the damp i ng  i s  s uch that  the  
envel ope o f  the  wave form decays to ha l f the  i n i t i al va l u e  ( 1250 vol ts ) i n  6 . 0  
m i croseconds. The te st  vol ta ge i s  appl i ed be tween  rel ay s u rge ground a nd each o f  
the other  rel ay termi nal s. 

CAPACITANCE CHARGING CAPABILITY 

Sta t i c  rel ays w i th contact outputs o fte n have capaci to rs pl aced i n  pa ra l l e l w i th the  �' 
co n tacts. The pu rpo se o f  the s e  capaci tors i s  to pro tect the sta t i c  rel ays from 
s u rges that may be coupl ed to the w i re s connected on the contact o u tpu ts. The  B FI 
con tacts a s soci a ted w i th  sta t i c  l i ne rel ays may h ave the se capaci tors. If any 
sw i tches a re pl aced i n  s e r i es w i th the  B FI con tacts ( DC powe r sw i tches, a s  a n  
exampl e ) t h e  cl o s i n g  o f  these sw i tches w i l l  cause  prev i ou s l y  u ncharged capaci tor s  to 
charge, thro u gh the  breake r- fa i l u re re l ay i nput ci rcu i t. Th i s  cou l d  re su l t i n  a n  
i ncorrect ope ra t i on i n  some breaker- fa i l u re sch emes, i f  a seal - i n  c i rcu i t i s  
employed and the cu rre n t  detecto rs a re set below full loa d  curre n t. 

The SBC  rel ay, h owever, i s  des i gned s uch tha t the seal - i n  c i rcu i t, a nd thus  the S B C  
o u tpu t co ntacts, w i l l  not  ope ra te i f  two fu l l y- d i scharged capaci to rs o f  equal  va l ue  
a re cha rged i n to th e con tact i n i t i a t i on i npu t a t  s tud 17. Tha t i s, w i th  m i n u s  
ba ttery connected to s t u d  18, and two capaci to rs connected i n  s e r i es w i th t h e i r 
cen te r  po i n t  g rou nded to rel ay s u rge g rou nd, and wi th one  e nd o f  the  capaci tors  
co nnected to  stud 17  a nd the  o th e r  end of  the capaci to rs connecte d th rou gh  a sw i tch 
to pl us  ba ttery, the i n stanta n eo u s  tri p  u n i t  o f  the S B C  re l ay wi l l  not  ope rate when 
the sw i tch i s  cl osed. The l i m i t i ng val ues  of the capaci to rs depend on the vol ta ge  
ra t i n g  of  the  power s uppl y, and  a re l i sted i n  Tabl e V. 

TABLE V 

POWER SUPPLY VOLTAGE RATING 
48V 

125 V  
250V 

10 

CAPACITOR 
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GEK-45464 

BURDENS 

The AC burden for each of the current transformer circuits is tabulated in Table 
VI for 5 amperes of 50 and 60 Hz current through each basic current setting range, 
minimum and maximum respectively. 

TABLE VI 
BURDENS FOR 5 AMP 50 Hz RELAYS 

TRANSACTOR TAP SETTING {AMPS) IMPEDANCE (OHMS) POWER FACTOR (DEG. LAG) 
Phase 1 - 2 0.0123 28.5 
Phase 2 - 4 0.0052 16.5 
Phase 4 -10 0.0024 8.9 
Residual 0.5- 1 0.0347 43.0 
Residual 1 - 2 0.0123 28.5 
Residual 2 - 5 0.0052 16.5 

BURDENS FOR 5 AMP 60 Hz RELAYS 

TRANSACTOR TAP SETTING (AMPS) IMPEDANCE (OHMS) POWER FACTOR (DEG. LAG) 
Phase 1 - 2 0.0127 24.0 
Phase 2 - 4 0.0053 14.0 
Phase 4 -10 0.0024 7.7 
Residual 0.5- 1 0.0351 36.0 
Residual 1 - 2 0.0127 24.0 
Residual 2 - 5 0.0053 14.0 

The overall battery drain at relay terminals #17 and #18 is itemized in Table VII 
for the three possible relay DC ratings under three possible operating conditions. 

RATED DC 
125 

48 

250 

TABLE VII 

CONDITION 
Dropped out (No Fault) 
Timing: Electronics 

IT Unit 
Tripping: BFT Unit 
Total All Circuits 
Dropped out (No Fault) 
Timing: Electronics 

IT Unit 
Tripping: BFT Unit 
Total All Circuits 
Dropped out (No Fault) 
Timing: Electronics 

IT Unit 
Tripping: BFT Unit 
Total, All Circuits 

NOMINAL MILLIAMPERE DC DRAIN 
No Drain 
131 

63 
63 

257 
No Drain 
138 

48 
48 

234 
No Drain 
115 

63 
63 

241 

NOTE: The use of the optional contact converter circuit adds an additional 15 
milliampere drain. 
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CHARACTERISTICS 

As i de from the l o g i c  func t i o n s  there a re four ( 4) bas i c  un i ts, the  cha racter i st i cs 
o f  wh i ch a re i mpo rta n t  to the  appl i ca t i on o f  a l l the  SBC  rel ays. These a re noted 
bel ow. 

POWER SUPPLY 

Al l th e SBC  rel ays covered  by th i s  book con ta i n  a regul a ted powe r suppl y. Th i s  
power suppl y re gul a tes  the vol ta ge to t he l og i c  funct i on s  so tha t they per form 
prope rl y ove r  a ra nge o f  appl i ed DC vol tage from 80% to 110% o f  ra ted vol ta ge. -

The power suppl y ca rd a l so pro v i des defense  a ga i n s t  ope ra t i on for ground i n g o f  rel ay 
term i nal  17. The powe r supp l y  card mus t  see g reate r than  6 0% o f  ba tte ry vol ta ge 
be fore the power suppl y w i l l  be sw i tched on. 

OUTPUT RELAYS (B FT AND IT ) 
The t r i p  output o f  a l l the SBC  rel ays cons i s ts o f  a h i gh-speed tel ephone rel ay wi th  
severa l  con tacts. The  co n tacts of  th i s  te l ephone rel ay wi l l  cl ose  w i th i n  1/4 cycl e 
o f  the  i nstant  that the  co i l  ci rcui t i s  energ i zed  from the  l o g i c. Howe v e r, a 
sho rte r  pul se  o f  ener g i za t i on  may a l so cause t he output rel ay to cl o s e  i ts con tacts. 
Th i s  i s  i n  e ffect 11ove rtra vel 11• The ove rtra vel o f  the output rel ay i s  l e ss  than  2 
m i l l i s econds. The d ropout t i me o f  the  output rel ay i s  somewha t l onger  than  2 
cycl es. 

TIMER 

The t i me rs i n  a l l the  SBC  rel ays a re extremel y accura te a nd repeatabl e i n  
per formance. The resul uti on o f  the  sett i ng mechan i sm i s  such tha t these t i me r s  may 
be set  as s hown on the  cal i bra t i on pl a te. At a ny g i ven  tempe ra ture a nd sett i n g, the  
t i mer  w i l l  repeat i ts t i mi n g  opera t i on to  w i th i n  .:!: 2 %  o f  i ts sett i ng. Ov er  the  
ent i re ra nge of appl i ed DC vol tage from 80% to  110% o f  ra ted, or  tempe ra ture from 
-20 to +600C, the t imer w i l l  ho l d i ts sett i n g to w i th i n.:!: 5 %  o f  s e tt i ng. 

The t i mers i n  a l l the  SBC  rel ays have a very qui ck reset. I f  the i nput to the  t i me r  
i s  removed for a t i me i n  the order o f  0.2 m i l l i s econds o r  l onger, i t  w i l l  reset  
compl e tel y. Thus, i n  o rd e r  fo r the t i me r  to  t i me out, i t  requi re s a con t i nuous 
unbroken i nput for the  compl e te t i mi n g cycl e. 

CURRENT DETECTOR 

The curren t d etecto r i n  a l l the SBC  rel ays i s  compr i sed o f  magnet i c  i nput c i rcui ts  
for  each phase  current and  3Io, p i ckup sett i ng  pote n t i ome ters, one  1 eve l -sens  i ng  
c i rcui t, a nd a fi l l - i n  t i mer. ( See F i gure 18.) The  l evel -sens i ng c i rcui t produces 
an  output when the  i n stantan eous magn i tude o f  the  i nput exceeds i ts fi xed pi ckup 
sens i t i v i ty. The output wi l l  go away as soon a s  the  i ns ta ntaneous ma g n i tude o f  the 
i nput g e ts bel ow i ts fi xed d ropout l eve l , wh i ch i s  g reater  than 95% of the  p i ckup 
l evel . The fi l l - i n  t i me r  wi l l  produce a n  output a s  soon as  a s i gnal  appears  a t  i ts 
i nput. Th i s  output wi l l  pers i s t  un ti l the i nput from the l ev e l -sens i ng ci rcui t goes 
away a nd the adjus tabl e t i me-del ay d ropout s e tt i ng  on  the  fi l l - i n  t i me r  exp i res. 
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GEK-45464 

As wi l l  be noted from Fi gure 18, the i nput to the l eve l - s ens i n g ci rcui t  i s  pro v i ded 
wi th four tra nsacto r c i rcuits. The vol tage  outputs from each tra nsacto r a re 
propo rti onal  to the respecti ve current i nputs. The outputs o f  the trans actors a re 
i nd i v i dual l y  recti fi ed  a nd the phase c i rcuits  a re sepa rated from th e ground  ( 3Io) 
ci rcui t. A porti on o f  each o f  the two ci rcui ts i s  suppl i ed to the l ev e l -sen s i ng 
ci rcuit  v i a  potenti omete rs. S i nce th e sen s i t i v i ty of the l evel -sens i ng c i rcu i t  i s  
fi xed by des i gn, the pi ckup setti n gs for phase  and ground cur rents a re made 
i nd ependentl y, by means  of th e two potenti omete rs i n  conjuncti on w i th the current 
tap sel ecti on. Note that, s i nce the outputs o f  a l l th ree phase br i dge recti fi er  
ci rcuits  a re i n  paral l e l ,  the l evel d etecto r responds to th e h i g hest of  the  three  
phase currents. 

Fo r a phase -to-phase or phase-to - ground faul t o r  a s i ngl e-phase te st s i mul ati on, the 
vol tage appl i ed to the i nput of the l evel - s ens i ng ci rcui t wi l l  be a ful l -wave 
recti fi ed s i gnal . Th i s  s i gnal  sta rts at ze ro magn i tude, bui l d s up to a maxi mum on a 
s i ne-wave curve, and then d rops o ff on  a s i ne-wave curve to zero ma gn i tude. Th i s  i s  
repeated a s  l ong  a s  the curre nt i nput cond i ti ons exi st. It i s  obv i ous th at the 
output of the l evel -sen s i n g  ci rcuit  cannot be conti nuous under the se  cond i t i ons  
s i nce it  w i l l ,  rega rdl ess  o f  th e magn i tude o f  th e i nput, d rop out tw i ce each cycl e, 
every t ime the recti fi ed output approaches and pa sses  through zero. It i s  fo r th i s  
reason that the fi l l - i n  t i mer  i s  empl oyed to 11r i de over11 these gaps i n  output from 
the l eve l - s en s i ng ci rcuit. The amount o f  fi l l - i n  t i me requi red wi l l  depend on the 
magn i tude o f  the i nput to the l evel -sens i ng ci rcui t. The ra nge o f  pi ckup 
adjustment, a s  g i ven  i n  the s ecti on  on  RATINGS, i s  ba sed on the assumpti on that the 
fi l l - i n ti mer w i l l  be set for someth i n g l onger  than a ha l f cycl e d ropout, so that a 
conti nuous output from th i s  t i mer wi l l  be obta i ned when the peak val ue o f  the i nput 
s i gnal  to the l evel -sens i ng ci rcuit  i s  just equal to th e sens i ti v i ty o f  that 
ci rcuit. Th i s  i s  the norma l factory setti n g  of the fi l l - i n  t i mer, and i t  re sul ts i n  
a 11dropout11 ti me o f  the current d etecto r that i s  about 10 m i l l i seconds. ( See F i gure 
18.) The dropout t i me i s  somewhat l onger  than the fi l l - i n  t i me because of the 
sto re d  ene rgy i n  the magnet i c  c i rcuits  a fte r the curre nt d i sappea rs. 

As was noted above, the ma i n  t i rners  requi re conti nuous i nput for the durati on o f  
the i r  setti ngs i n  ord e r  to t i me out. Thus, a conti nuous output i s  requ i red from the 
fi l l - i n  t i mer. If  fa ste r o v e ra l l  d ropout t i me o f  the current detector i s  requi red, 
it i s  nece ssary to reduce the fi l l - i n  ti me r  setti n g. W i th th i s  reduced fi l l - i n  
t i mer  setting and no other  chan ge, a h i gher  i nput cu rrent into the cu r rent detector 
ci rcuits  wi l l  be requi red i n  order  to produce a conti nuous output from the fil l - i n  
t i mer. ( See  F i gure 10. )  It i s  i mpo rtant to note that p i ckup o f  the current 
d etecto r i s  def i ned  a s  the RMS s i ne-wave curre nt appl i ed at the i nput o f  the re l ay 
that produces a conti nuous output from th i s  detecto r for the g i ven  fi l l - i n t i mer  
setti ng. It  s houl d be  reco gn i zed th at i n  maki ng  th e pi ckup setti ng, o n l y  s i n gl e 
phase cur rent i nputs s houl d be us ed. Th ree-phase  cur rent i nputs tend to fi l l  i n  the 
gaps so that the i nput to the l evel -sens i n g c i rcu i t  neve r goes to ze ro ( see Fi gure 
21) .  

I n  summati on, the normal facto ry setti ng  o n  the fi l l - i n ti me r  i s  fo r approxi mate l y  9 
m i l l i seconds. W ith th i s  setti n g, the d ropout t i me o f  the current detector wi l l  be 
about 10 m i l l i seconds. The ra nge o f  p i ckup adjustment wi l l  be a s  g i ven  und e r  the 
secti on on RATINGS. If fa ster d ropout t i mes a re des i red, the fi l l - i n  t i mer  must be 
set for a shorte r ti me, a nd th i s i n  e f fect ra i se s  the pi ckup of the re l ay. Th i s  
rel ati o n s h i p  i s  i l l ustrated i n  Fi gure 10. P i ckup cur rent i s  defi ned a s  the RMS 
s i ne-wave curre nt requi red to produce a conti nuous output from the current detecto r. 
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S i nce a l l the SB C rel ays have no DC vol tage appl i ed unt i l  a fte r the a s soc i a ted l i ne 
re l ays ope ra te ( see Fi gures 2,  3 a nd 4 ) ,  there \'J i l l  be some s l i ght  ope ra t i n g  del ay 
i n  the pi ckup o f  the  cur rent  de tector. F i gure 2 2  i nd i ca te s  the  max i mum and mi n i mum 
ope ra t i ng t i mes a s  a funct i on o f  curre nt  a s  a mul t i pl e o f  pi ckup sett i ng. The 
va r i a t i o n  i n  t i me is  a resul t o f  the i n sta n t  i n  the current cycl e at whi ch the DC i s  
appl i ed. No te that  these curves appl y fo r s i ngl e -phase faul t o r  s i ng l e-phase tes t  
curren ts. For th ree-pha se  faul ts or  th ree-phase te st  curren ts, t h e  m i n i mum t i me 
curve w i l l  app l y, re gardl ess  o f  the i nci d ent  angl e o f  the  curre n t  a t  the i n sta n t  the  
DC is  appl i ed. 

SETTINGS 

The fo l l ow i ng  sett i n gs mus t be made i n  a l l the SBC  rel ays cove red by th i s  book. The 
sett i ngs s houl d be mad e i n  the  ord e r  i n  wh i ch they a re l i s ted be l ow. 

1. Curre nt  detecto r fi l l - i n t i me r  sett i n g 

2. Ma i n  t i me-del ay sett i ng  ( A/0 ) 
3. Secondary t i me-del ay sett i n g  ( B/0 ) 
4. Phase  curre nt  pi ckup sett i n g  

5 .  Ground curre nt pi ckup sett i n g  

6.  L i nk pos i t i on sett i ngs 

The sect i on und e r  APPLICATION i temi zes  the  cons i d era t i o n s  i n vol ved in  the sel ect i on 
o f  setti n gs for i terns 1-5 above. The po s i t i ons  o f  the  1 i nks depend o n  the 
pa rt i cul a r  mod el a nd the use r's pre fe re nce. These h ave bee n  d escr i bed i n  the 
s ect i o n s  under OPERATION - GENERAL. 

The re a re reasons  for the  order  l i s ted above i n  wh i ch the  sett i ngs shoul d be mad e. 
These rea sons and  other  cons i dera t i on s  a re noted bel ow. 

It i s  i mpo rta n t  that  the  fi l l - i n  t i me r  sett i ng  be mad e  fi rst becau se, a s  expl a i ned 
i n  the  s ect i on under CHARACTERISTICS, the pi ckup range of the  current  detector wi l l  
va ry, d epend i n g on th i s  setti ng. The sect i on und e r  ACCEPTANCE TESTS d escri bes  
exactl y how th i s  sett i ng shoul d be  ma de o r  checked. 

The next setti ng to be made i s  the t i me d el ay of the ma i n  t i me r. S i nce, i n  the  
fi e l d, the  S B C  re l ays do not norma l l y  have  DC  vol tage appl i ed, the  cur rent  de tectors  
a re no t ope ra t i ng, regardl ess  of  ma g n i tude of  curre nt, un t i l B FI or  6 2X con tacts 
cl ose  to appl y DC. Th i s  means that  be fo re the t i mer  can sta rt t i mi ng  i t  i s  
necessary fo r the faul t d etecto rs to pi ck up. Fo r th i s  reason, i t  i s  necessary to 
set  the ma i n  t i mer so tha t the  overa l l t i me, from the i n stant  the  DC vol ta ge appl i ed 
to the re l ay unt i l  a n  output i s  obta i ned from the  B FT co ntacts, i s  equal to the 
des i red t i me del ay. Th i s  tes t  mus t be per formed wi th current i n to the  re l ay pr i o r  
to appl yi ng  the  DC. 

The ma g n i tude of th i s  curre nt  i s  an  i mpo rta nt cons i de ra t i on at th i s  sett i ng. S i nce �, 

the cu r rent de tector cannot p i ck up u nt i l  the  i n s tan tan eous magn i tude o f  the  i nput 
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GEK-45464 

curren t  exceeds i ts sens i t i v i ty, the re can be some v a r i a t i on i n  t i mi ng on a 
stat i s t i cal  bas i s, d epend i n g on what i n sta nt i n  the  current  cycl e the  DC vol ta ge i s  
appl i ed. I n  order to l i mi t th i s  va r i at i on, i t  i s  recommended tha t the i nput current 
to the re l ay be sel ected i n  the  ra nge of 5 to 10 t i mes the pi ckup sett i ng. Thus, 
for sett i ng th i s  t i me r  i t  i s  sugges ted that  s i ngl e-pha se  cur ren t be fed i n to the 
g round ci rcui t w i th the ground pi ckup sett i n g  on the m i n i mum pos s i bl e  sett i n g. Th i s  
i nput curren t  s houl d then be sel ected to be about 5 to 10 t i mes  the  RMS va lue 
re qui red to get a con t i nuous output from the  curren t  detecto r. Th i s  a rra ngement  
wi l l  l i mi t the  sta t i st i ca l  var i a t i on to  some fract i o n  of  a mi l l i s econd. The ci rcui t 
a nd the i nstruct i ons  to make these sett i ngs  a re g i ven  i n  the  sect i o n  und e r  
ACCEPTANCE TESTS. 

It s houl d be noted that wi th the  above sett i ngs  the  re l ay w i l l , fo r seve re faul ts, 
ope rate i n  the se t t i me. For l ow-current faul ts, i t  may ge t a few mi l l i seconds  
s l owe r, wh i ch i s  i n  the d i rect i on to  prov i de s l i ght ly  mo re ma rg i n for these faul ts 
whe re s tabi l i ty and damage con s i dera t i on s  a re cons i de rabl y l e ss onerous. 

The second a ry ( B/0)  t i me del ay i s  set  w i th the  AND2 l i nk i n  the  OUT pos i t i on a nd 
w i th no i nput cur rent. The con tact conve rter ( CCI ) must be energ i zed a t  the same 
t i me a s  the  powe r suppl y. Te rm i nal s 9 a nd 17 can be connected to gether a nd then  
sw i tched to  +DC for i n i t i a t i on of  the  B /0 t i mer. 

After sett i ng the t i me del ay, the  pi ckup sett i ngs  on  phase a nd ground currents  
shoul d be ma de, a s  i nd i ca ted i n  the s ect i o n  under ACCEPTANCE TESTS. The 
co n s i d e ra t i ons  re l a ted to the actua l sett i ngs  to sel ect have been  d i scussed i n  the 
s ect i o n  under APPLICATION. 

OPERATING PRINCIPLES 

INTRODUCTION 

The ope ra t i n g  sequence o f  l og i c  s i gnal s for each o f  the  SBCs can be fol l owed  wi th 
the a i d  o f  the proper i n te rna l  connect i on s  d i agram, as s hown bel ow: 

RELAY TYPE 
SBC23A 
SBC23B 
SBC2 3 C  

FIGURE 
2 3  
24 
25 

Al l the SBCs  con ta i n  funct i onal  e l ements as de scr i bed  bel ow: 

A) +10.2V, -10.2V DC zene r- regul a ted  powe r suppl y wi th RF surge suppres s i on 
(Pr i n ted  C i rcui t Ca rd i dent i fi ed a s  11Y11 ) 

B )  Powe r suppl y l evel -sens i n g ci rcui t, to prevent  pi ckup i f  te rm i na l  #17 i s  
grounded 

C )  A C  ci rcu i t surge suppres s i on ( Cl through C8) 

D) Tr i pl e ra nge p r i ma ry tapped tra nsacto rs a nd tap bl ocks fo r PhaseA, Phases, 
Phasec, 3Io current ci rcui ts ( TRA, TRB, TRC, TRD; TBl, TB2, TB3, TB4 )  
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E )  Quad fu l l -wave br i d ge fo r fu l l -wa ve recti fi ca t i o n  o f  �A, �B, �C, a nd 3Io 
transactor outpu ts ( Pr i n ted C i rcu i t  Ca rd i dent i fi ed a s  nxn ) 

F )  Rel ay-mounted components  necessary fo r ve rn i e r  tra nsacto r vol ta ge contro l ,  
ov ervol ta ge protecti on  a n d  s i gnal  noRn ( R1, R3, P1; R2, R4, P2; Z1, Z2; D1, D2 ) 

G )  Level -detecto r c i r7 ca n be connected to geth er  a nd then swi tched to +DC for 
i n i t i a t i on o f  the B/0 t i mer.cu i try n ecessary to de tect AC l eve l  and convert  
nFILL-IN" to  DC l o g i c  l evel s ( Pr i n ted C i rcu i t Card  i d enti fi ed as  nAn ) 

H )  B reake r- fa i l u re t i me r  w i th con t i nuous  adju stmen t from 5 0  to  5 00 m i l l i s econds  
w i th reed rel ay d r i ve ( Pr i n ted C i rcu i t  Ca rd i dent i fi ed as  nBn and  extern a l l y­
moun ted rheosta t  P3, A/0; P4, B/0 ) 

I. B reake r- fa i l u re tr i pp i ng  re l ay ( B FT) i s  a type-J tel ephone rel ay wi th su rge 
s uppre s s i on ( D3 )  and  cu rrent  l i mi t ( R5 )  hav i n g  th ree ( 3 )  norma l l y-open co n tacts 
a nd two ( 2 )  e l ectromechan i cal ta rgets ( T1, T2 ) .  

PRINTED CIRCUIT CARDS 

The fo l l owi ng  sect i ons  descr i be the  ope ra t i on o f  the pr i n ted c i rcu i t  cards. Tabl e 
VIII s h ows the  pri n ted ci rcu i t  ca rd i n ternal  i ncl uded i n  each SB C mode l .  

A 
2 6  
2 6  
2 6  

TABLE VII I 

PRINTED CIR CUIT CARD FIGURES 
B C X Y 
27  29  31 32 
27  30 31 32 
28 30 31  3 2  

nAn CARD ( Level  Detecto r wi th Adjustabl e nFILL-INn 

z 

33  
33  

SBC  MODEL 

12SBC23A - D 
12SBC2 3 B ( - ) D  
12SB C2 3 C ( - ) D  

The power s uppl y  vol tages a re con n ected to the fo l l ow i ng  pi n s: 

+10.2 VDC 
Re fe re nce 
-10.2 VDC 

P i n #10 
P i ns  #1 a nd #20 
P i n #11 

( Red Tes t  Po i n t )  
( B l ack Te st  Po i n t )  

Fo r t h e  nAn ca rd, the i nput i n fo rma t i on i s  s uppl i ed to P i n  #12. T h e  o u tput  
i n forma t i on ( l o g i c  l eve l ) i s  obta i ned a t  the respecti ve ca rd p i n s  12, 14, 16, 18 and 
19. 

The MC17 09L ope ra t i onal  ampl i fi e r•s  i nverti ng  i nput ( 4 )  i s  b i a sed at approxi ma te l y  
+2.4 VDC, by R1 and R24. Wh i l e  the i nput a t  TP2 i s  bel ow th i s  l evel , TP3 h a s  a 
nega t i ve vol ta ge l evel  present. As the  TP2 ( Non- i nvert i ng  i npu t )  s i gnal  becomes 
mo re po s i t i ve than the 2.4 VDC, the Op-Amp sw i n gs pos i t i ve ( TP3 ) and d r i ves  Q1 On. 

In a qu i escent  d ropped-ou t  s ta te, then, TP3 i s  a nega t i ve s i gnal ; Q1 i s  Off, Q2 i s  
Off, the  u n i -ju nct i on osci l l a to r  ( P1, C3 and Q3 ) i s  osci l l a t i ng; Q6 i s  On and the 
s i gnal  at TP4 i s  non. When TP3 comes h i gh, Q1 goes On, the  un i ju nct i o n  osci l l a to r  
s tops o sci l l a t i n g a nd capaci tor C3 i s  fu l l y d i scha rged; Q2 comes On, Q4 stays non­
conduct i ng, Q5 comes On, Q6 goes O ff, a nd th e o u tput at  TP4 come s h i gh. 

16 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-45464 

Now, as  the TP3 s i gnal  goes nega ti ve aga i n, Q1 goes O ff, Q2 rema i n s  conduct i n g by 
v i rtue o f  the prev i ous l y  conducti ng Q5 a nd feed-back l oop CR3, CR4 a nd R14. The C3 
capaci tor beg i ns  to cha rge w i th the ( R10+P1) X ( C ) t i me con stant, and the output 
s i gnal  rema i ns ON. 

When the C3 capaci to r  vol ta ge reaches the fi r i n g  l evel o f  the un i juncti on a pul se i s  
genera ted, thus turn i n g o n  the S C R  Q4, wh i ch turns O ff Q5, resets the feed-back 
ci rcui t, d r i ves Q6 On a nd yi el ds a "0" output vol ta ge. In effect, the c i rcui try 
a fter the Op-Amp pro v i des the adjustabl e "F i l l - i n" t i me ( t i me-del ay d ropout ) 
descri bed el sewhere i n  th i s  text. 

In practi ce, the RC t i me co nsta n t  i s  facto ry set such that the t i me del ay on the 
ca rd ( P1 adjustment )  is s l i gh t l y  g rea ter than 1/2 cycl e on  a 60 Hz ba s i s  ( i . e. 
approxi matel y 8. 7 m i l l i second s ) .  

S i nce the A/0 t i mer resets i n  l ess  than  1/4 m i l l i second, th i s  11 Fi l l - i n 11 t i me, pl us 
energy decay t i me i n  the ma gneti cs, both contr ibute to the to tal d ropout t i me shown 
i n  F i gure 19. 

"B 11 CARD ( Adjus tabl e Ti mer a nd Reed Dr i ver)  

The card has  i ts reed rel ay ( RD )  output connected to P i ns  #12 a nd #14, a nd the power 
suppl y vol tages a re a t  the fo l l ow i ng  pi ns: 

+10. 2 VDC 
Reference 
-10. 2 VDC 

P i n #10 
P i ns  #1 a nd #20 
Pi n #11 

( Red Test  Po i n t )  
( B l ack Tes t Po i n t )  

The 018384149 G5 cons i s ts o f  a n  A/0 t i mer w i th i nput at  P i ns  #2 a nd #5 a nd i ts t i mer 
rheo sta t (externa l ) acro s s  P i n s #3 a nd #4. Poth the SBC23A  and the SBC2 3 B  use th i s  
card. 

The 018384149 G6 ca rd conta i ns two sepa ra te t i mers, wh i ch a re OR 1 ed to gether so that 
the fa stest t i mer con tro l s the cl os i ng of the output con tacts. The A/0 t i mer i nput 
i s  on P i n #2 a nd the B/0 t i mer i nput i s  on P i n #6. The external t i mer rheostat for 
B/0 i s  acros s  Pi ns  #7 a nd #8. Al l other connect i on s  a re the same a s  the G5 boa rd. 
The G6 boa rd i s  only used on the SBC23C. 

A/0 Ti mer: In the quescen t o ff state ( no t  t i m i n g )  Q1 i s  Off, Q2 i s  On, C3 i s  ful l y  
d i scha rged, Q4 i s  O ff, Q5 i s  O ff, and  the reed rel ay rema i n s de-energi zed; therefore 
the con tact between P i ns  #12 a nd #14 s tays open. 

In the t i mi ng state, Q1 i s  turned On by a pos i t i ve i nput s i gna l .  Q2 i s  O ff and C3 
i s  cha rg i ng  th rough R7 a nd the external  rheostat. At p i ckup, C3 i s  cha rged to 
approxi ma tel y 6. 5 vol ts and  Q4 base i s  pos i t i ve, turn i n g Q4 On. Wi th Q4 On, Q5 
turns On, wh i ch i n  turn prov i des current for the reed rel ay, a nd the con tact between 
P i n s  #12 and #14 cl oses. Th i s  contact output w i l l  rema i n  cl osed unt i l  Q1 sw i tches 
Off, Q2 turns On, a nd C3 d i sch a rges. When C3 d i scha rges, Q4 turns Off, Q5 turns 
O ff, and  the reed rel ay i s  de-ener g i zed. 

The t i m i n g ra nge for the A/0 t i mer i s  from 5 0  to 5 00 m i l l i seconds, a nd i s  adjus ted 
by a 0. 75 megohm non- l i nea r rheo s tat  externa l  to the pri n ted ci rcui t ca rd. 
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The B/0 t i mer ope ra tes i n  the same mann er  a s  the A/0 t i mer, but the co l l ector o f  Q8 
i s  t i ed to the col l ecto r o f  Q4 ( A/0 ) to form a n  OR gate functi on to d r i v e  Q5 a nd the 
output reed rel ay. 

11 C 11 CARD ( M i s cel l a neous Functi on Card ) 

0165B4686 G1 ( SB C2 3 A): The Insta nta neous Tr i p  (IT)  funct i on on  th e 11 C11 card i s  
pro v i ded by a reed rel ay. ( See Fi gure 29.) The i nput for t h e  11lT funct i on i s  at  
P i n  #2.  The  output i s  a reed rel ay no rma l l y-open contact acro ss  P i n s  #12 a nd #13. 

Wi th zero s i gnal  a t  TP5, Q3 i s  O ff, Q5 i s  O ff, and  Q6 i s  O ff, thus keepi ng  11lT11 de­
energ i zed. When TP5 goes po s i t i ve, Q3, Q5 a nd Q6 wi l l  turn On a nd 11lT11 beg i n s to 
conduct current. Wi th i n  1. 0 mi l l i s econd, 11 IT" wi l l  be ful l y  energ i zed  and the 
a ssoci a ted contacts w i l l  be cl osed. 

0165B4686 G3 ( SB C23B  a nd SBC2 3 C): AND, OR Contact Converte r, 11lT11 ( See F i gure 30. ) 

The i nputs for the AND ci rcui t a re P i n s  #5 and  #6. The output i s  P i n #15. For zero 
s i gna l  at e i ther  P i n #5 or #6, Q1 o r  Q2 i s  Off, thus hol d i n g Q4 On, w i th TP3 or Pi n 
#15 l ow. I f  o n l y  one o f  the t ran s i s tors  ( Q1or Q2 ) i s  d r i ven  On, Q4 rema i n s On. I f  
both Q1 a nd Q2 a re d r i ven  On, Q4 w i l l  drop out o f  sa tura t i on, a l l ow i n g  TP3 or Pi n 
#15 s i gn a l  to appear, th rough R18. 

The OR c i rcui t i nputs a re p i n s  #3 a nd #4. Pi n #14 o r  TP4 i s  the a s soci a te d  output. 
S i gnal  presence a t  P i ns  #3 or #4 i s  transmi tted th rough  D1 or  D2 respect i vel y to 
yi el d output at TP4. 

The con tact conve rte r i nput i s  P i n #8. When the  CC1 contact i s  open ( CC1 i s  a reed  
con tact o n  the  SB C nzn card ) ,  TP7 a nd output P i ns  #17 and  #18 a re t i ed to  re fe rence 
by re s i s to r  R16. When the CC1 co n tact i s  cl o s ed, TP7 and  the  output po i n ts yi e l d 
output vol tage i n  acco rda nce w i th re s i s to r  d i v i d e r  R15, R16, a nd l oad  res i s ta nce. 

The 11IT11 funct i o n  ope ra tes the  same a s  i n  the G1 ca rd. 

11 X11 CARD ( Quad Ful l -Wa ve B r i dge) 

0165B47 96 G1 ( Fi gure 31 ) :  

This card 
tran sactor 

functi ons as a ful l -wave br i d ge fo r the 
s econdary c i rcui ts. The i nputs and outputs a re 

Phase Input 
� #1, #2 
IB #3, #4 
IC  #5, #6 
3Io #7, #8 

Re fe rence i s  P i n #11 

th ree-phase  a nd 
noted bel ow: 

Output 
PIN #9 
PIN #9 
PIN #9 
PIN #10 

res i dua l 

No te tha t the th ree ( 3 )  phase  outputs a re l o g i ca l l y  11 0R'ed11 o n  th i s  boa rd a t  output 
Pi n #9. In sho rt, th i s  means  that the  phase vol ta ge o f  greatest  ma gn i tude i n  t i me 
w i l l  preva i l  a t  output P i n #9. 
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nyu CARD (Zener Regul a ted Power S uppl y) 

Vol tage 
48 

125 
2 5 0  

GE Assembl y 
0183B8058G1 
0183B8058G2 
P183B8058G3 

F i gure 
3 2  
32  
32  

Th i s  ca rd fu nct i ons  as  a s i ng l e - ra ted zener- regu l a ted +10. 2 VDC, -10. 2 VDC power 
s uppl y. The ohm i c  val ue  o f  R6 ( exte rnal to ca rd ) changes to prov i d e s i n gl e ba tte ry 
vol tage ra t i n gs o f  48V, 125V, 250V. 

No te that for i npu t connecti ons, ( + ) ra ted DC a nd ( - )  DC a re connected to P i n s  #10 
and  #6 respect i ve l y. Exercise caution if testing while relay is energized. 

R6 i s  the  d roppi ng  re s i s to r  that cha nges ohm i c  va l ue  a s  the  DC ra t i n g changes. 

The c i rcu i try a ssoc i a ted w i th Q1 a nd Q2 s upports the l evel  sen se swi tch i ng fu nct i o n. 
Q1 i s  the i nput to sw i tch Q2. Q1 se rves as the l evel detector. R1, R2 a re vol ta ge 
d i v i d ers acro ss fu l l  ba ttery vol tage. ZD1 is  a 6. 2 vol t zen e r  d i ode who se 
tempera ture cha racte r i s ti c  i s  compensated by the  base em i tte r junct i on on  Ql. Th i s  
en s u re s  tempera tu re stabi l i ty. 

When the  vol tage  a t  the  ba se o f  Q1 exceeds 6 .8  vol ts, Q1 turns on a nd pu l l s  down the  
base of  Q2.  Th i s  a l l ows cu r rent  to  fl ow through  Q2  and charge C2  to  the zen er­
re gul a ted 20. 4 vol ts at  Pi n #3. 

Zener  d i od es ZD4 a nd ZD5 a re the +10 . 2  vol t regul a to rs, a nd ZD6 a nd ZD7 a re the -
10. 2 vol t regu l a tors. The ca th ode o f  ZD4 suppl i e s 10. 2  vol ts to the rel ay ci rcu i ts. 
The a nod e of ZD5, common wi th  the ca thod e of ZD6, pro v i des  rel ay ci rcu i t  re fe re nce. 
The anode o f  ZD7 s uppl i es -10 . 2  vol ts to the rel ay c i rcu i ts. Capaci tor C2 i s  the 
regu l a ted DC r i ppl e f i l te r. 

Res i s to r  R6 ensu res  powe r supp l y  l oad bal a nce d u r i n g  th e tra ns i en t  energ i za t i on o f  
the  power s uppl y. 

uzu CARD ( Co n tact Converte r  Ca rd) 

Th i s  ca rd funct i ons  as a s i n gl e - ra ted con tact converter  card. In practi ce, cl osu re 
o f  the con tact exte rnal  to the S B C  prov i des for cl o s u re o f  the e l ectri ca l l y- i sol a ted 
CC1 con tact w i th i n the re l ay. CCl contact s ta te is s ubsequent ly  tra nsl a ted to a 
vol tage l ev e l  for compa t i bl e  l og i c  sta te. 

A jumper on the  card mu s t  be i nse rted on the  co rrect pos t  co rre spond i n g to the DC 
ra t i ng  o f  the rel ay. The GE a ssembl y, 0183B2 304G4, shown i n  F i gu re 33 has a ra t i ng 
o f  48/125/25 0 VDC. The d i od e  DZ1 and re s i s to r  RZ4 comb i nat i on functi ons as  a su rge 
s uppre ssor  to the tran s i ents deve l oped upo n de-ener g i z i ng  the CC1 ca rd. 

The re l ay shou l d be tes ted u s i ng pu re DC, a nd not me re l y  ful l -wave  rect i fi ed powe r. 
Un l ess  the rect i fi ed s uppl y i s  wel l fi l tered, the rel ay may not  ope ra te properl y due  
to  the  d i ps i n  the  rect i fi ed powe r. Zener  d i od es, fo r exampl e, can  turn o ff d u r i n g  
these d i ps. As a gene ral ru l e, the DC source shoul d n o t  con ta i n  more than 5 %  
r i ppl e. 
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GEK-45464 

CURRENT DETECTORS 

The fol l owi ng  d i scu ss i on appl i es to a l l mod el s o f  the SBC  re l ays. 

The th ree pha se el ements ( IA, Is, rc, the  outpu ts of wh i ch a re combi n ed i n  l og i ca l  
110R 11) a nd the re s i dua l  e l ement  ( 3Io) a re i nd epend ent ly  adjus tabl e from the  fro n t  o f  
the rel ay i n  con t i nuous  i nc rements a s  fol l ows: 

Phase Res i dual  
1- 2A  0.5 - 1A 
2 - 4A 1 - 2A 
4-10A 2 - 5A 

Note that these p i ckup ca l i bra t i o n  ma rks appl y to the facto ry con v ent i o n  o f  sett i ng 
the cu rre n t  d etecto r w i th 8. 7 m i l l i second ••fi l l -i n11 t i me. 

The fo l l ow i n g  two exampl es demo n s tra te the cu rren t de tecto r  sett i n g ca l cu l a t i on 
u s i ng  the cal i bra t i on ma rks. The a s sumpt i on i s, o f  cou rse, that  the  cu rre n t  
de tector ha s an u nd i s tu rbed factory ca l i bra t i on. 

1. The lA tap bl ock screw i s  i n  the mi ddl e po s i t i on ( 2 A  base) ( See F i g ure s 11, 12, 
and 13 fo r the  deta i l s, a nd 14-16 for the l a rger v i ew). The pha se rheo s ta t  
knob i s  po i nt i n g a t  the fou rth ma rk from the  l e ft ( 1.6X ra nge ba se). S i nce the  
re l ay i s  i n  the range  2 -4A, the  range ba se equal s 2A. Mu l t i pl y i n g  the  range 
ba se by the  cal i bra t i on ma rk mul t i pl e, we have: P i ckup: 1.6 x 2 = 3.2 A  

Approx i ma te l y  3 .2A RMS th rough  t h e  lA cu rren t c i rcu i t  i s  the l eve l  o f  cu r rent  
n ecessa ry to  p i ck up  the  cu rre nt  d etecto r. S i m i l a rl y, the  above  appl i es fo r B 
and C phase  cu rrent. 

2. The re s i dual  ( 3Io) tap bl ock screw i s  i n  the r i ght-hand pos i t i on ( 2 A  ba se). 
The 3Io r heo sta t  knob i s  po i n t i n g a t  the  s eco nd ca l i bra t i o n  ma rk from the l e ft 
( 1.2 X ba se range). S i nce the  re l ay i s  i n  the  ra nge 2-5A, the  3Io ra nge base  
equal s 2A. 

Mul t i p l y i n g  the ra nge base by the cal i bra t i on ma rk mul t i pl e, we have: Pi ckup: 
1.2 X 2 = 2.4A. So, approxi ma te l y  2.4A RMS th rough  the 3Io cu r rent  c i rcu i t  
l evel  o f  re s i dua l  cu rre nt  i s  nedessa ry to p i ck up the  cu rre n t  detecto r. 

RECEIVING, HANDLING AND STORAGE 

These  rel ays, when not i ncl uded a s  pa rt o f  a con tro l pan e l ,  w i l l  be s h i pped i n  
ca rtons  d e s i gned to pro tect them aga i nst  damage. Immed i a te l y  upo n rece i pt o f  a 
rel ay, exami ne i t  for any damage susta i ned i n  tran s i t. I f  i nju ry o r  damage 
res ul t i n g from rou gh  handl i ng i s  ev i dent, fi l e  a dama ge cl a i m  a t  once wi th the 
tra n spo rta t i on company a nd promptl y not i fy the nea re s t  Gen eral El ectri c  Sa l es 
Offi ce. 

Reasonabl e care shoul d be exe rci sed i n  unpacki ng  the re l ay i n  o rd e r  that none  o f  the 
pa rts a re i nju red o r  the adju stments  d i s tu rbed. 

If the re l ays a re n o t  to be i n sta l l ed i mmed i a te l y, they s hou l d be sto red  i n  the i r  """""'· 
o r i g i na l  ca rtons i n  a pl ace tha t i s  free from mo i s tu re, dust  and  me ta l l i c  ch i ps. 
Fo re i gn  ma tte r col l ected on the ou ts i d e  o f  the case may fi nd i ts way i n s i d e when the  
cove r i s  removed, and cause  tro ubl e i n  the ope ra t i on  of  the rel ay. 
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GEK-45464 

ACCEPTANCE TESTS 

Immed i a te l y  upo n rece i pt o f  the  rel ay, an INSPECTION AND ACCEPTANCE TEST shoul d be 
made  to make s u re that no  damage has  been  s u s ta i ned i n  s h i pment a nd that  the  re l ay 
ca l i bra t i ons  have not  been d i s tu rbed. If  the exami na t i o n  or  te st i nd i cate that 
readjustment i s  necessa ry, re fe r to the  secti on on  SERVICING. 

CAUTION 

When Hipotting the SBC, remove all external w1r1ng from Tenninal 10. Do 
not Hipot Terminal 10. The reason is that Capacitors C1-C12 are rated for 
600 VDC and the hipot voltage may damage the capacitors. 

These tests may be pe r formed a s  part o f  e i ther  the  i n sta l l a t i o n  o r  the accepta nce 
tes ts, at the d i scre t i o n  o f  the u s er. S i nce mo st  ope ra t i n g  compa n i e s  use d i ffe rent  
procedu re s for accepta nce a nd i ns ta l l a t i on tes ts, the fol l owi ng  sect i on i ncl u des a l l 
apppl i cabl e te sts tha t may be performed on  these rel ays. 

Sett i n g or checki ng  a l l SBC  r.el ays cons i s ts o f  the  fo l l owi ng  tes ts, a nd these tests 
mu st  be per formed in  the fol l ow i n g  o rder. 

FILL-IN TIMER SETTING 

The fi l l - i n  t i mer  i s  essen t i a l l y  a n  adju s tabl e d ropo u t  t i me r  wh i ch i s  facto ry set  to 
8.7 mi l l i seconds. Other fi l l - i n t i mes, l e ss  than 8.7 mi l l i s econds, a re obta i n abl e, 
bu t l owe r i ng the fi l l - i n  t i me ra i s es  the  p i ckup l evel as s hown on the  g raph o f  
F i gu re 10. As a n  exampl e, i f  the fi l l - i n  t i me o f  5 mi l l i seco nds i s  requ i red and 
set, then the 5 m i l l i second fi l l - i n p i ckup l evel  i s  approx i ma te l y  1. 24  t i mes the 8.7 
mi l l i second sett i n g. ( See F i gure 10 and the CU RRENT DETECTOR pa rt o f  the 
CHARACTERISTICS secti on fo r other  pa ramete rs.) 

The t imer and i ts a s soci a ted adju stment  potent i ometer a re l oca ted on the 11 A11 ca rd 
( l e ft-hand ca rd, see F i g u res  14, 15, 16 ) .  Set up th e tes t  ci rcu i t  shown on Fi gu re 
34 and per form the fo l l ow i ng  i n s truct i ons: 

I. Appl y  ra ted DC to rel ay te rmi na l s  17 (+ ) a nd 18(-) .  

2.  Make s u re that t h e  rel ay c i rcu i t  cu rrents  a re ze ro, by remo v i n g  the l owe r 
connect i on bl ock. 

3. Make the osci l l oscope a nd con tact c i rcu i ts descr i bed on Fi gure 34, be i n g 
certa i n  to observe  the caut i on tha t the  scope power cord must be ungrounded. 

Open i n g the norma l l y-open con tact i n  the ci rcu i t  removes s i gnal  from the t i me r  
i npu t, and thereby a l l ows for fi l l - i n t i mer measu rement. 

Pl ace the scope i n  a n  exte rna l  t r i gge r i n g mod e w i th nega t i ve s l ope a nd no te that  
upon open i ng the depre ssed norma l l y-open contact, a po s i t i ve s i gnal  goe s to  about  
non vol ts i n  about  8.5 - 9. 00 m i l l i second s. If  the mea s u rement  i s  l e ss  than  o r  
g rea ter than th i s  range, correct ly  set the t i me to preci s e l y  8.7 mi l l i s econds by 
adjust i ng  the  po tent i ometer l oca ted i n  the  l owe r co rne r  o f  the  nAn ca rd. 
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GEK-45464 

CURRENT DETE CTOR PICKUP TEST 

Hav i ng checked o r  adjus ted the fi l l - i n  t i me sett i n g pe r above, set  up the tes t 
current ci rcui t o f  F i gure 35.  

Conn ect a n  osci l l oscope such that the  vert ical i nput is  connected to TP4 of the  "A" 
ca rd and  re ference i s  connected to TP1 o f  the "A" ca rd. The oscilloscope power cord 
should be ungrounded. The fol l owi ng  tes t  i s  fo r a fi l l - i n  t i me setti ng  o f  8. 7 
m i l l i s eco nds: 

1. Set a l l curre n t  tap bl ocks a s  fol l ows: 

1 
1 
1 
0. 5 

2. Set bo th curre n t  rheostat po i nte rs to the 1X ra nge ba se ( fi rst  cal i bra t i o n  l i ne 
go i n g cl ockw i se ) .  

3. App l y  current  to the IA te rmi nal  per F i gure 35 un ti l the osci l l o scope i nd i cates 
a co n t i nuous DC output. The i nput curren t  must  be approxi ma te l y  one ( 1 )  
ampe re. 

4. Repeat S tep 3. above for phase B a nd phase C. 

5. Apply  current  to the 3Io term i nal s pe r Fi gure 35 un t i l the  osci l l o scope 
i nd i ca tes  a co nt i nuous DC output. The i nput current mus t  be approxi ma te l y  0. 5 
amps. 

6.  Us i n g th e procedure above, check the other  taps and mul t i pl es  o f  cur re n t  
s e tt i n gs. 

To te st  the  curre n t  d etecto r p i ckup fo r fi l l - i n  
use the  above procedure except tha t the p i ckup 
approx i ma te val ues  pe r F i gure 10. Al so, 
CHARACTERISTICS s ect i on, for othe r pa rameters. 

CURRENT DETECTOR PICKUP SETTINGS 

t i mes 1 ess  than  8. 7 m i l l i seconds, 
currents  w i  1 1  be h i gher  and have 

see CURRENT DETECTOR, i n  the 

Use the  procedure o f  the  pre v i ous sect i on, except set the  current  rheosta t s  to the 
des i red cur ren t  pi ckup; then secure the rheosta ts. 

TRIPPING TIMERS 

The rheosta t  on the  fron t  o f  the  re l ay a ssoci a ted wi th the  tr i p  t i me r  i s  i d ent i fi ed  
a s  A/0. The  seven ( 7 )  ca l i bra t i o n  ma rks wh i ch a re scr i bed repre sen t the fol l ow i ng 
overa l l tr i p  t i mes, read i n g cl ockw i se: 5 0, 7 5, 100, 200, 300, 400, 5 00 
( mi l l i s econd s ) .  

The "A" s i gn i fi es a con t i nuous l y  adjus tabl e p i ckup t i me del ay i n  t h e  ra nge o f  50  to """"'· 
500 mi l l i seconds. The " 0" s i gn i fi e s  tha t the t i me r  res e ts " i n stantaneous l y" ( i n 
re al i ty, i n  l e ss than  200 m i l l i seco nd s ) .  
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GEK-45464 

Set up the AC, DC and osci l l o scope connect i ons  s h own i n  F i gu re 36. 
cu rre nt to the g round ci rcu i t  on the 0. 5 tap at XI ba se pi ckup. 
fo l l owi ng  two cau t i ons : 

t;AU I 1 UNS 

Appl y the 
Obs e rve the 

1 .  The system side circuits of the BFT contacts must her removed before 
the test connections are made ( use of an XLA test plug is 
recommended} . 

2.  The oscil l oscope must not be grounded. Use a three-to-two-prong power 
cord adapter . The reason for this latter caution is that rel ay 
reference is near ( - }  DC potential and ground potential is generally 
about l/2 DC potential. 

To ch eck or set  the t i me r, use  the  fo l l ow i ng  procedu re : 

Set the test cu rre nt  i n to the  re l ay at  5X  p i ckup. Upon cl o s i n g  the B FI contact o f  
F i gure 36, the scope trace i s  i n i t i a ted. No te tha t s i nce ra ted DC vol ta ge i s  
tr i gge r i n g  the scope, the  t r i gger  feature shoul d be ope ra ted i n  the  a ttenua ted mod e. 
After the t i mer u nder te st has t i med out  and the B FT rel ay ha s ope ra ted, the B FT 
con tacts cl ose a nd th e scope trace goes to " 0 "  vol ts. The t i me from trace 
i n i t i a t i on un t i l the s i gnal  goes to zero i s  the breaker- fa i l u re tr i pp i ng  t i me. 

Fo r speci fi c re l ay t i mer  sett i ngs, fol l ow the  subse quent  i n struct i on. 

Note that the A/0 t i mer rheo s tat  i s  i dent i fi ed as such, and cl ockw i s e  rota t i o n 
i ncreases  the t r i pp i ng  t i me. 

1. SBC23A  (A/0) In i t i a te t i m i ng o f  the re l ay a s  expl a i ned above, by cl o s i n g  the 
B FI con tact. Set the l ength  o f  tr i pp i n g  t i me by adju s t i n g  the A/0 rheosta t. 
Lock the rheosta t  pos i t i on a nd ch eck severa l  t i mes that  the  t r i pp i ng  t i me i s  
con s i s tent. 

2.  S B C23B  (A/0) Pl ace the  " t i me r  l i nk" i n  the "OR"  mod e and  use  the same test 
appli ed to the SB C23A. 

3.  SBC23C  ( A/0) Set "IN/OUT" 1 i nk i n  the  OUT" pos i t i on a nd u se the same te st 
appl i ed to the S B C2 3A. 

LOGIC FUNCTIONS, SETTINGS AND TESTS 

Hav i ng set  the  current detecto rs and the  A/0 t i me r, pe rfo rm t h e  fol l owi ng  tes ts 
u s i n g the F i gure 35 te s t  c i rcu i t  fo r the IA con fi gu ra t i on. Let the te st cu rrent be 
1. 5X curre n t  detecto r p i ckup. 

SBC23A  Pl ace the  "IT" l i nk i n  the  "OUT" pos i t i o n  a nd app l y  te s t  cu rrent to the 
rel ay. Wi th an ohmme ter acro s s  rel ay termi nal s #11 and #12, cl ose  and open sw i tch 
( Sl )  and check that  the  o hmme ter con t i nues  to read i n fi n i te ohms. 
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GEK-45464 

Pl ace the n i T n  l i nk i n  the  nLo n  (Level Detector ) pos i t i o n  a nd appl y te st  curren t to 
the rel ay. Upon momenta r i l y  cl os i n g the swi tch ( S1) , check that  the  ohmme ter 
mea sures no n ohms whi l e  the  sw i tch i s  cl o s ed and i n fi n i te ohms wh i l e  the  sw i tch i s  
open. 

Pl ace th e "IT" l i nk i n  the  mod e o f  ope ra t i on that i s  requi red i n  the sys tem 
opera t i on. 

SBC23B 

1.  Wi th a n  o hmme te r across  re l ay te rm i n a l s #11 a nd #12, hol d the  sw i tch ( S1 ) 
cl o s ed. Pl ace the  n i Tn l i nk i n  the nLon  po s i t i on; check tha t the  ohmmeter goes 
to nze ro n when the tes t  curre n t  i s  appl i ed a nd goes to i n fi n i ty wh en  the te s t  
current i s  removed. 

Pl ace the n i Tn  l i nk i n  the  n c c n  pos i t i on. Ch eck that th e ohmme te r goes to non 
ohms when the n Aux n con tact i s  cl os ed and  goes to i n fi n i ty when the n Auxn 
co ntact i s  opened. 

Pl ace the  n i Tn  l i nk i n  the nourn pos i t i on a nd ch eck that  the  ohmmeter  s tays a t  
i n fi n i te ohms, whe ther the te st current i s  appl i ed or  the n Aux n con tact i s  
cl osed. 

Pl ace the  1 1 ! T n  l i nk i n  the  mod e  that  the  system scheme requi res. 

2.  Keep sw i tch ( S1 ) closed. 

Pl ace the n t i me r  l i nk "  i n  the "OR" pos i t i on. Ch eck th at  by e i th e r  appl yi n g  
te s t  current a l one  or  cl o s i n g the "AU X "  co ntact a l one o r  by do i n g bo th, t h e  B FT 
re 1 ay ope ra tes. 

Pl ace the  " t i me r  l i nk "  i n  the "ANon  pos i t i on. Ch eck that  the  B FT rel ay 
ope ra tes on l y  when the te s t  cur ren t  i s  appl i ed and  the " AUX "  con tact i s  cl osed  
s i mul ta neous l y. 

Pl ace the  " t i me r  l i nk "  i n  the  requi red mod e  o f  opera t i on. 

S B C2 3 C  

1 .  W i th a n  ohmmeter across  rel ay te rm i na l s #11 a nd #12, hol d the  swi tch ( Sl ) 
cl osed. Pl ace the  "IT" l i nk i n  the  "LD"  po s i t i on; check tha t the ohmme ter goes 
to "ze ro " when the test curre nt  i s  appl i ed a nd goes to i n fi n i ty when  the tes t  
current i s  remov ed. 

Pl ace the "IT" l i nk i n  the " C C "  po s i t i on. Ch eck tha t the o hmme te r goes to " 0 "  
ohms when t h e  "AUX"  con tact i s · cl osed  a nd goe s to i n fi n i ty when the n Aux n 
con tact i s  opened. 

Pl ace th e n i Tn  l i nk i n  the  n auru po s i t i on a nd ch eck that  the  ohmme te r s tays a t  
i n fi n i te o hms, whether the te st cur rent  i s  appl i ed o r  the n AUX "  con tact i s  
cl osed. 

Pl ace the "ITn  l i nk i n  the mod e  that  the system scheme requi res. 
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2. Keep sw i tch ( S1 )  cl osed. 

GEK-45464 

Tu rn th e A/0 po te nti omete r ful l y  cl ockw i se a nd the  B/0 po tent i omete r fu l l y  
cou n tercl ockw i se. Pl ace the 11AND2 11 l i nk i n  the 11IN 11 pos i t i on. Check tha t the 
B FT rel ay ope ra tes a fte r about  one-ha l f second del ay when te s t  curre n t  a l one  i s  
appl i ed. Cl o se the 11AUX 11 contact and check tha t the B FT rel ay ope ra tes 
i mmed i a te l y  wh en the te st  cu rre nt  i s  appl i ed. 

Pl ace the 11AND2 11 l i nk i n  the 11 0UT 11 po s i t i on and check tha t the B FT rel ay 
opera te s w i th about  1/2 second del ay wh en the  tes t  cu rre nt  i s  appl i ed a nd the  
11AUX 11 contact i s  open. 

Set the  A/0 a nd B/0 t i me d el ays as requ i red  fo r the system ope ra t i on. 

Pl ace the 11AND2 11 l i nk i n  the requ i red mode of opera t i on. 

I NSTALLATION PROCEDURE 

INTRODUCTION 

The l ocat i on s houl d be cl ean  a nd d ry, free from dust  a nd excess i v e  v i bra t i on a nd 
we l l  l i g h ted to faci l i ta te i n spect i o n  and te st i ng. 

The rel ay shou l d  be moun ted on a ve rti cal s urface. The outl i ne a nd pa nel d i a g ram i s  
shown i n  F i gure 1 .  

The i nte rnal connecti on d i a grams for the re l ays a re s hown i n  Fi g u res 2 3, 24 a nd 25. 
Typi ca l  w i r i ng d i agrams a re g i ven  i n  F i gures 2, 3, and  4, 

One o f  the mou n t i ng studs o r  screws s hou l d  be pe rmanently  connected to su rge ground 
by a conductor not l ess  than No. 12 B & S gage copper w i re or i ts equ i val ent. 

The rel ay may be tes ted w i thou t remov i n g i t  from the  panel  by u s i n g a 12XLA13A test 
pl u g. Th i s  pl ug make s connect i on s  o n l y  w i th the rel ay, and  does not d i s tu rb any 
s ho rti ng ba rs i n  the case. Of  cou rse the  12XLA12A test pl u g  may al so  be u sed; 
a l thou gh th i s  te st pl ug a l l ows g reater te st i ng fl exi b i l i ty, i t  a l so requ i res  CT 
short i ng  j umpe rs a nd the  exe rci se o f  gre a te r  care, s i nce connect ions  a re mad e  to 
both the rel ay and the external  ci rcu i try. Add i t i on a l  i n forma t i on on the XLA tes t  
pl ugs  may b e  obta i ned from GEI - 25 372. 

Al l a l terna t i ng-cu rren t-ope ra ted dev i ces a re a ffected by freque ncy. S i nce non­
s i nuso i da l  wave forms can be ana l yzed as a fundamenta l frequ ency pl u s  harmo n i cs of 
the  fundamen tal frequency, i t  fol l ows that a l te rn a t i ng  cu rrent  dev i ces  ( re l ays ) w i l l  
be a ffected by the appl i ed wave form. The re fore, i n  order to te st  a l terna t i ng 
cu rrent  re l ays prope rl y i t  i s  essen t i a l  to use  a s i ne wave o f  current  a nd/o r 
vol tage. 

CAUTI ON 

When Hipotti ng the SBC , remove all external w1r1ng from Tenninal 10. Do 
not Hi pot Termi nal 10. The reason is that capaci tors Cl -Cl 2 are rated for 
600 VDC and the hipot voltage may damage the capacitors. 
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S i nce mo st opera t i n g  compan i e s use d i fferent procedures fo r i n s ta l l a t i o n tes ts, the 
secti on und r  ACCEPTANCE TESTS conta i n s a l l n ecessary tes ts wh i ch may be pe r fo rmed as 
pa rt of the i n s tal l a t i on procedure at the d i scre t i on of the user. The mi n i mum 
suggested tes ts a re a s  fol l ows : 

TIMER  TEST 

Test  per t i m i n g test  a s  expl a i ned i n  secti on t i t l ed ACCEPTANCE TESTS . 

CU RRENT DETECTOR P I CKUP SETTING 

Set up the te st  curren t ci rcui t of F i gure 35. 

Pl ace an osci l l oscope on the  " A" card TP4 as  an i nd i ca t i o n  of curre n t  detecto r 
pi ckup. No te that a " 0 "  vol t s i gnal  denotes  d ropout, and  a po s i t i v e  DC s i gnal  
repre sents  curre n t  detecto r p i ckup. 

As a qui ck ch eck on each o f  the re l ay cal i bra t i on ma rks, pe rfo rm the fol l owi ng : 

Pl ace a l l cur rent  tap bl ock screws i n  the m i ddl e po s i t i on. 

I A 
Is  
I c 
3 Io 

2A  
2A  
2A 
lA 

Pl ace bo th curre n t  rheostat po i n te rs to the fi rst  cal i bra t i on l i n e ( i.e., lX ra nge 
ba se ) . 

Appl y te st  current to each o f  the four curre nt  ci rcu i t s  per Fi gure 35 a nd adjus t the  
cur ren t l evel  un t i l  the "A"  ca rd TP4 i nd i ca tes  tha t the  cur rent  de tector has  jus t 
p i cked up. The curre nt  l evel s shoul d be as  fol l ows fo r the four ci rcui ts : 1.9-2.1A 
RMS fo r the pha se ci rcui ts, and 0.95-1.05A  RMS for the re s i dua l ci rcui t. 

Hav i n g sel ected the  phase a nd re s i dua l curre nt  detecto r sett i ngs  to be used on the 
sys tem ( 1-lOA for pha se  and 0.5 - 5 A  for res i dual ) set  the tap pl ugs to the 
appropr i a te ra nge sel ect i on : as an exampl e, a 6A  phase set t i n g s houl d use the th i rd 
tap bl ock ra nge ( 4-lOA) . Set up the  I A cur ren t  ci rcui t o f  F i gure 35, a nd set  the  
RMS val ue of  curren t  to  the des i red  curre nt-d etector p i ckup l evel  exactl y. Sl owl y 
adjust  the  phase rheo sta t unt i l  th e curren t de tector jus t  p i cks up. Check tha t the 
curre nt  detecto r p i ckup l evel on the  rema i n i ng two phases i s  +5 % of the  o r i g i na l  
s e tt i ng. Lock the  phase  rheostat and  be  sure tha t the  cur rent-de tector sett i ng has 
not  d r i fted i n  the i n ter im. Arra nge the  3 Io curren t  c i rcui t o f  F i gure 35  a nd 
ca l i bra te the re s i dua l current de tecto r by sett i n g the te st  cur ren t to the  des i red 
3 Io ope ra te l evel , wh i l e  adjus t i ng the re s i dual rheostat un t i l the curren t d etector 
just pi cks up. Lock the res i dua l rheo s ta t, and check tha t the  ope ra te l eve l  has not 
changed. 
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PERIODIC CHECKS AND ROUTINE MAINTENANCE 

In v i ew o f  the v i tal  rol e o f  pro tect i ve rel ays i n  the  opera t i on o f  a power sys tem, 
i t  i s  i mpo rta n t  that  a pe r i od i c  test program be fol l owed. The i n te rval  be tween 
per i od i c  checks w i l l  v a ry depend i n g upon e n v i ronment, type o f  rel ay and  the user ' s  
expe r i ence wi th pe r i od i c  te s t i ng. Un t i l the use r  has  accumul a ted enoug h expe r i ence 
to sel ect the te st i n terval  be st sui ted to h i s  i nd i v i dual requi remen ts, i t  i s  
suggested that the po i n ts l i s ted und e r  INSTALLATION PROCEDURE be checked a t  a n  
i n terval  o f  from one to two years. 

CONTACT CLEANING 

A fl exibl e burn i s h i n g too l  s houl d be used for cl ea n i n g re l ay con tacts . Th i s  i s  a 
fl exi bl e s tr i p  o f  metal w i th an e tched -roughened sur face, wh i ch i n  e ffect resembl es  
a supe r fi ne fi l e. The  pol i s h i ng act i o n  of  th i s  fi l e  i s  so  del i ca te that  no  
scra tches a re l e ft on the  co n tacts, yet i t  cl eans o ff any corro s i o n thoroughl y and 
rapi d l y. The fl exibi l i ty o f  the too l  e n sures the  cl ea n i n g o f  the actua l po i n ts o f  
con tact. 

F i ne s i l ve r  co ntacts s houl d no t be cl e a ned wi th kn i ves, fi l es, o r  abra s i v e pape r o r  
cl oth. Kn i ves or  fi l es may l eave scra tche s  wh i ch i ncrease  a rci ng  and de te r i o ra t i on 
o f  the con tacts. Abra s i ve pape r o r  cl o th may l eave mi nute pa rt icl es  o f  i nsul a t i ng 
abra s i ve ma ter i al in  the con tacts and thus prevent  cl o s i ng. 

The burn i s h i n g too l d escr i bed above ca n be obta i ned from the  facto ry. 

SERVICING 

Shoul d serv 1 c1 ng of  the  rel ay become necessa ry, fo l l ow the test  procedures as  
expl a i ned in  the  secti on t i tl ed ACCEPTANCE TESTS fo r cal i bra t i on a nd te st  o f  the 
rel ay, and the tel ephone re l ay con tact cl ea n i ng l oca ted i n  the sect i o n  t i tl ed 
PERIODIC CHECKS AND ROUTINE MAINTENANCE . Al so, see the  sect ion  on  se rv i ci n g pr i nted 
ci rcui t ca rd s under RENEWAL PARTS . 

RENEWAL PARTS 

Suffi ci ent  quant i t i es o f  renewa l pa rts s houl d be kept i n  s tock for the prompt 
repl acemen t  o f  a ny that a re worn, broken o r  dama ged. 

Shoul d a pr i n ted c i rcui t ca rd become i nope ra t i ve, i t  i s  recommended tha t th i s  ca rd 
be repl aced w i th a spa re. In mos t  i nsta nces, the  use r w i l l  be a nxi ous to return the 
equ i pment to serv i ce as  soon as po s s i bl e, and the i n sert i on o f  a spa re ca rd 
represents  the most  exped i t i ous mea ns o f  accompl i s h i n g th i s. The faul ty ca rd can 
then be returned to the facto ry for repa i r  or repl acement. 

Al though i t  i s  no t gene ra l l y  recommend ed, i t  i s  pos s i bl e  w i th th e prope r equipmen t  
a n d  tra i ned personnel  to repa i r  ca rds i n  t h e  fi e l d. Th i s  means  t h a t  a troubl e­
shoo t i n g  pro gram must i s o l a te the speci fi e compo nent o n  the ca rd that  has  fa i l ed. 
By re ferr i n g  to the i n ternal connect i o n  d i ag ram fo r the ca rd, i t  ·i s po ss i bl e  to 
trace th rough the ca rd ci rcui t by s i gnal  check i n g, a nd h ence dete rm i ne  wh i ch 
component  has fa i l ed. Th i s, however, may be t i me con sum i n g, and i f  the  ca rd i s  
be i ng checked i n  pl ace i n  i ts un i t, a s  i s  recommend ed, w i l l  extend the outa ge t i me 
o f  the equ i pmen t. 
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CAUTION 

Great care 111.1st be taken in repl aci ng components on the cards .  Speci al 
sol dering equipment suitabl e for use on the del i cate sol i d-state 
components must be used and , even then , care must be taken not to cause 
thenna 1 duage to the components ,  and not to duage or bridge over the 
printed circu i t  busses. The repaired area must be covered with a sui table 
high d i -el ectri cal pl astic coating to prevent possi bl e  breakdowns across 
the pri nted circui t  busses due to moi sture or dust. 

ADDITIONAL CAUTION 

Dual i n-l i ne i ntegrated circui ts are especial ly difficu l t  to remove and 
repl ace without speci al ized equipment. Furthermore , many of these 
components are used on pri nted circuit cards whi ch have bus runs on both 
sides. These additional compl i cations requi re very speci al sol deri ng 
equipment and removal tool s ,  as wel l as additi onal ski l l s  and trai ni ng ,  
whi ch must be consi dered before field repairs are attempted . 

When orderi ng renewal parts , address the nearest Sales Offi ce of the General 
Electri c  Company . Speci fy the name of the part wanted , quanti ty required , and 
complete namep l ate data , including the seri al number, of the rel ay for whi ch the 
part i s  requi red . 

Since the l ast edi t i on ,  Fi gures 1 ,  26 and 35 have been changed , and several 
typographi cal errors corrected . 
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2 3 

L INE i"A .. L INE  "C " 

F i gure 5 ( 0246 A227 9-1 )  Rel ay Appl i ca t i o n , S i n g l e Bus , S i n g l e B reake r 
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F i gure 6 ( 0246A2277 - 2 ) Rel ay Appl i ca t i on , Doubl e Bus , Doubl e B reake r 
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F i gure 14 ( 8043385 ) SBC23A Rel ay 
Removed from Ca se ( 3/4 Fro n t  Vi ew) 

F i gure 16 ( 8043387 ) SBC2 3 C  Re l ay 
Removed from Ca se  ( 3/4 Fron t  V i ew) 
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Fi gure 15 ( 8043386 ) SBC23B  Rel ay 
Removed from Ca se ( Front  V i ew) 

Fi gure 17 ( 8043404) SB C2 3 C  Rel ay 
Removed from Ca se ( S i de V i ew) 
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F i gu re 18 ( 0246A227 2-0 ) Cu rre n t  Detecto r C i rcu i t  Il l u s t ra t i o n for the SBC  Rel ay 
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SBC 2 1  CURRENT DETECTOR DROP-OUT T I ME 

OVERALL CURRENT DETECTOR DROP-OUT T I ME AS 
A FUNCT I ON OF MULT I PLES OF P I CK-UP SETT I NG.  
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F I LL- I N  T I MER 
OUTPUT 

GEK-45464 

HtLF CYCL E 
F I LL- I N  
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Fi gure 20 ( 0246A227 3 - 0 )  SB C Curre nt  Detecto r P i ckup Curren t  fo r Reduced F i l l - i n  T i mes  

LEVa DETECTOR 
I NPUTS PRO[lJCED BY 

S I NG...E PHASE 
aJRRENT 

THREE PHASE 
QJRRENTS 

T 

-------------------------- T 

F i gure 21  ( 0246A2274- 0 )  Current De tector Level  De tector Inputs Produced  by S i ngl e­
Phase and  Th ree-Phase Curren ts for the  SB C Rel ay 

43 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



"'T1 ..... 
tQ 
c 
-s 
C1) 

I'\) 
I'\) 

-
0 
I'\) 
� � 
I'\) 
I'\) 
0 
0"1 

V'l 
:T 
C1) 
C1) 
rt 

w 

� 

0 
-
-

("") 
::O c  
ro -s 
--' -s  � � 

� rt 
� 

0 
C1) 
rt 
C1) (') 
rt 
0 
-s 

0 
"C 
C1) 
-s 
PI 
rt ..... 
:::s 

tQ 

-I ..... 
3 
C1) 

-i) 
0 
-s 

rt 
:T 
C1) 

V'l 
CD ("") 

frl (/J :a: 
UJ :a: 
I­
ll.. :::> 

I 
0 
ll.. 

6 

:mt:-muffitm:�c>++H+ :fi,"i :-:.:-1!-:: . ..- ... HI ''1Wlltti 

SBC CURRENT DETECTOR OPERAT I NG T I ME 

1::: : I : : :  :1: : : : 1 : :  -J· " ·  :J: : ':1: : : 'lilriji�I :I"' 'I:: ; H;t·· 
CURRENT DETECTOR OPERAT I NG T I ME AS A FUNCT I ON 
OF STEADY STATE S I NGLE PHASE CURRENT. 

• · t ·  · , . . . .  ��_.: :_:_:_:.l...! .. �:· �Jl .:.1!..r �I.n ��c: :i1..:. :tt� " '  

' I " . '  I ' I " I : : : :  t : : : :  I : : : :  I : : : ;  I : : !  I! :' : Il l Lil1l i'r! �1:'!ilJ !l: r' I ! :1 I flrltll tMHI-Hljfl1 tlU.Hllfffflr''MfittttttJtmt . .  -· · + · · . '  . . . • . • " · ! : · : · • H •  �· · · ' ' " I  11 ' ! i  . . . t · � ·  • + t  I t �- � t+tt:tt-llt Ht.t.ttt t t1 H 
COND I TI ONS 

I ·  D . C .  POWER SUPPLY SU DDENLY ENERG I ZED. 

llf[2 _,". 
. 

..• 

fl11 
rW · ... fflffi � 

5 tmttttMtt:tmtitttiTftmtt�� 

4 84��������--

2 .  STEADY STATE CURRENT FLOW I NG P REV I OUSLY� 

tf!llffil 

: ; ;.; ! · � ; : ; : :IM'!\ _ :T: , rm r:1 : 1r"�' . ltf• lt!:t! , ,  · rv  1fHI' fl1 :: :r u IH+I+tlj' Ifl it nm:mu!f!Hptl' ttr 'hti � -- · ·  . !. . . . . .  [[: : . , . . .  n : ;  1 : ' •  ltij .t  l !�tt I tTH n+HTP .lU ,t t�ti*i-i l:Hn t�U • t  � i l  ; \ : < · ' i  ! ' :  11! : :  :n � r l ·  • i l l  ! ! :l  P. H 111 � jl : • r r . 1 ! J ! I�! tttU :lj l jj!! i p �1 :t;:; !rli Tf:: l j i ·  f i 1mmumJ 
3 

Hj:i:: _� · · , : , ; : � • ; : : ! : ! !  i;� !;:i ii! 1iit t. i !  rr � :Iff . . · .  l r  . r  rh . 1 li1 : i r !: ;1 :1 1 ! :1 ;  lll� rH: iH� ;· , i 'Mll . l;!,! .l l . iidnlr;m�1 -· · 
: : ; :  • ; : :  • '  : : : _ 1\: :  " : :  1:1: :  : ; : F' :_ !_F_! r 1 1· l i ; litj ; i_J 1· 1r.1· 1 J 1· :_ : 1r 1 1 1 1  1 1jj" l !  1 1 1· : I H  1 1 ·  1 1 1_1 I 1 1· P Hij l!!ij t. t 1• ll!tii 1 ·_1 , 'tJfliri :_· 1 : :  n1 : .I jlli lt�l .:.:. �· . : " ll!.· • .J. , J.! t . , : . j , . J+ i ltt t c  lf l tf!. ! . 11 I 1 "11 l!t " I Jli • Li .  l l l tl �.J l .JlliJ ,TJI .:.JJlliJ t r!lll. lll1 ill , . . '1 . .  · ' I" · ·  1 . . · 't' '' I · " · I ' ' ;  iA"ji • · , . ... t· 1 '' !' ·' 'JP 1 1 JJ1tltf"+!ttW:lj' ii l:llijii:Wiii 'ljittlllllll' j' iHj�tj!JiiiJI"J'IjlJUltlf!t.U• 'IJtlj'·j i Jlj1 j Jt1H.J' tj' ttl' ljlti-jjti IJJjj" i'jrti(11jJJ!'Jl !:If" 1 '1-r'! I 1 1  r ; : ;  : ; : : : :  r : : : l ; ':\1 : ;, : :ill , : ; i 1 1 r  i i f i  ih : H : 11 t m IJttt . hilm 1Tt11tilll l t i l tt tml+lt1t h I  Itt tlf �1 ! llt lftJHih,J l r i. !Ll h !  l It  PI fllt lit! rlt.k ' lll 1i hi ! I f !  
· · '  · 1 . . . . , · - -

· , . .  : ., . " ·\:.�: 1:1: �I'·" I'" 'I" ti!Wij! 1j 1'1itjtl "Itt till 'ltifill'IPitJ·�'·!tllrtmf�mumHPnminTm:fflm�wurl'nTFm:m:IT:lTIT·1mm1pla' t!Hll ,�� ,, trtl· Jl'"'l' 1 i'tr' 1 t r;w1 "''lttt 
:;: : ; : :  : : : :  :; : ' i i i r:oi.L! 1 ' !  t:i: ;; ! H .• u-'-1 ti,1 f ;.  .,!! t!t it11 t i ,t- 1l ,  htH mmtt tlt! r t lttr+:l 111!Lt ht!tfwt:Ji:t : : i\irltit:l itt! ttf! !l,]J. ,  I tl+i i :;fHhthd H :i q ,: 

• ; • ;  : :  : L �· , : : : t :  : r 1 1  r :u i : : i t ! i  ! ti l l ' I 1 1 1n1 '1 i iJ I  ti r ttil :11 1111 t' , I • • • ,.. • • , • • • • . . • • • 

H: · , , 1 • :;"�&.;:�: : : :� • : : :  ·:m;! : :�nHH , r: :  HJ; mr�w w mflrHl 11 1 r·; 1 mmt!Hiffl rli :rrr nn i i i  'tll Jn · !iHtrii iH t !I i i  lfll ntiHHifiH · J ! : i!IH • ·  , . , : : : 1�,......, : ! :  • · • · · l • · • f t • •  1 . , , 1 , , t r , , . t , • + J ;  1 t t  1 • . t j + t  I I  
" '  . . ' ' I • 

: : ; ' ' ' '  . .,.,....:c ,,..,., ' ' " I t ! '  " I I ' I I :  ' ' I I  ' l ' '  l j l l' l  ' . .  . I 1ji i ! H  ' i I j i l l " ' II '  U l' ' I " ' I '  I I ' 1 :  • ' ' I '  ' ' I '  I " I I I  ' " "  , .  ' l j l ' ' I I '  • " ' 1 ' 1  . . . .  I I  ' fiW : : : :  i i  1 :  : : : : ! I ' ' ; ; : ;  "':��w_: • ii i rl. i l l ' l i  l i : ! : !ill. f j : i l  i b ft 1 1 14 J il i  !i I 1 i H !  l td i l l  !q ]  i H !  I : i l l .  I i t t l ! i ' i 1  1 1 :  . ! l • . ! i i H! i i i • li i l  1 IlL • ;; : : ,  : ; ; :  ;;;• •H :  ! lrJ Ei! t i 1 i  ' iit . • :. 'i!'!i'��� '+ ri: .  p ·  I j !i . · r;m : d :  1 : ; tl F. t j1 ;! :jti l .I t fbi ffjf i i I 'j ! Jd !"! !il 'Hil!ii! ii i f lf l fi  ,;;:; : :;; :;:: :::: :�;: ;;I; ;;;; •;;� :·:; ;:;: •; :: ,:; , , ;itt �Lt- t J ' I • J t, ' ' ' ' '  : 'ilJ : ' : ' 1 ' 1 '  ·. j ' 
1' ;J ' " ·; ' ' ' j • ; ' : 

m>� ; c ;  'I1 !!;1  ; · : ;  'i:! lift j.r; :  ttl : i� ;•! I!! ; !�: tlii1 lifT �I I : Hi J p:j�  ' . Hi • . .., • 
lin ii i ��� Hi ! PI It l 

.. ;; t : :  : ; ; : :::i i r1 :  : : : , . : . :  , ft j'l t : t r , ln I l l  "II lli t : tt • lli I , '  i t  l H: t l t!i I + . r t ,  tU 'tl l :, tt ! t i t' m lHJ' I '1  I I : I  mt 111 r t l' l t l i l ) ' , !  1 1  4' 
Q �tr: ! 1 :  � : �� :t; . I++.J ! t ! '  : •  .... ' ! L �t�t-;H l � - t i l  t-l t't h-' : 1  i :t! ! n : :-t L l�-1 i l. ' l i '  Ht l !H [ j :  ·:fi IH 1�1 � � · 

· lttt �tl ' I  H I '  • . ! ;  H + �  

2 3 4 5 6 7 8 9 10  I I  12 13 14 15 16 17 18  1 9  20 
!Ffif'Wt::r.-: : :1�1}: 1. I 1tffi' ' '�l+l " ' lllt@'tl1 H-�:rdlifh; H�!;HHiril h;i m 1 rHhlffiHliitUH lHIHlu . t4JL T l  PLES OF P I CK-UP SETI I NG fffflffitttillt!H!l!HH!Hifl!lltl!HflllliH!mlllflllfQfmfim,dtll-illlll-llll 

) ) ) _} 

Ci) f'T1 
,.; 
I Jlo Ul 

f 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-4546 4 

A CARD 
tNT CONNS 0 1 8 4 8 570 5 

POWER SUPPLY CONNECTIONS 

tiO VOLTS TO P I NS 

AIOJ B IOJ C IO.,. Y 3  
R E F ERENCE T O  P I NS 

A I J A 20J B IJ B20J C tJ C20 
X I I  Y l  

-1 0 VOLTS T O  PINS 

A I I.,. BI IJ CI I_,Y4 

¢ = POWE R  SUPPLY REFERENCE 
* : SHORT F I NGER 

T I : LEFT HAND TARGE T 
T2= RI 6HT HAND TARGET 
I T = I NSTA N TA N EOU S T R I P  

B F T= BREAKER FAILURE TR I P  
TB = TAP Q...OCK 
T R = TRANSACTOR 

l = SURGE GROUND TERM I NAL 1 0  

V. D.C. 
4 e  
1 2 5  
l! SO 

R S. 7 VALUE 

500 .n 12W 
1 500 .n IZW 
3 SO O ..n  t2W 

1 3  12 
C CARD 

I NT.CONNS. 
0208A S S87 

2 

�· t 
1 0  

v.o.c. R6 VALUE 

48 zso .n zsw 
1 25 I OOO.n25W 

250 lOOOn SON 

F i gure 2 3  ( 0257A9626-2 S h e e t  1 and  025 7 A9626-0 Shee t  2 )  
Type SBC23A  In te rna l  Connect i o n s  D i a g ram 
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GEK-45464 

POWER SUPPLY CONNECTIONS. 

+10 VOLTS. TO P I NS. 

AIO_, 8 10_, C IO_, Y 3  

RE F ERENCE T O  P I NS 

A I _. A 20_, Bl_, 820_, C t_, C 20 

X I I  Y l  

-10 V O LTS T O  PINS. 

A l l_. 81 1_, Cl l_. Y4 

� = POWER SUPPLY REFERENCE 
* = SHORT F I NGER 

T l :  LE F T  HAND TARGE T  
T2= R I GHT HAND TARG E T  
I T = I NSTA N TA N EOU S T R I P  

8 F T= BREAKER FA ILURE TR I P  

TB = TAP a..OCK 
T R  = T RAN5ACTOR 

-. l = SURGE GROU N D  TERM I NAL 1 0  

C C  = CONTACT C O N V ERTER 

V. D.C. 

4 S  
1 2 5  
2 50 

R 5. 7 VALUE 

500 r\ 12W 

1 500 .n 12W 

3 50 0 .t\. 12W 

10 

v.D�. R6 VALUE 

48 250 .n. 2SW 

125 I OOO.n25W 

250 2 000n50W 

F i gure 24 ( 025 7 A9632-2  Sheet  1 and 0257A9632-0  Sheet  2 ) 
Type SB C23B  Internal Connect i ons D i agram 
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GEK-45464 

POWER SUPPLY CONN EC TIONS 

+ 10 VOLTS TO P I N S  
A fO� 8 10� C IO� Y 3  

R E F ERENCE T O  P I N S  

A I -'  A 20� B l., 820-' C I_, C20 
X I I  Y l  

-1 0 VO LTS T O  PI�JS 

A 1 1_, 81 1., C I I _,Y4 

� = POWE R SUP P LY REFERENCE 
* = SHORT F I N GER 
Tl = LE F T  HAND TARGE T 
T2: R I GHT HAN D  TARGE T  
I T = I NSTA N TA N EO U S  T R I P  

8 F T= B R EAKER FA ILURE TR I P  

T B  = TAP B...OCK 
TR = TRA NSACTOR 

......,. l :  SURGE GROUN D  TERM I NAL 1 0  

V. D.C. 
4 8  
1 2 5  
2 50 

R 5i 7 VALUE 
500 .t\ 12W 

1 500 ..n. 12W 
3 50 0 -n  1 2 W  

V. D.C. R6 VALUE 

48 2 50 .n 2SW 
1 25 I OOOn25VI 

250 2000.n5CM' 

figure 25 (0275A2056 Sheet 1 [ 1 ]  and 0275A2056 Sheet 2)  
Type SBC23C Internal Connections D i agram 
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F i g u re 31  ( 0227A7 096- 0 )  Fu l l  Wave B r i d ges fo r the  SB C Rel ay ( 11 X 11 Ca rd ) 
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GEK-45 464 

I NSTRUCT I ON S :  

BTJ I 

G TS2 

0 133 
G IJ" 4 
RIJ"5 

P I  

I .  APP LY RATED DC TO RELAY TERvl i N ALS 1 7  ( + ) AN D 1 8  ( - ) . 
2 .  CH ECK TH AT TH E CT CU RRENTS I NTO TH E RELAY C I RCU I TS EQU AL 

ZERO . ( PULL L0\1/ER CONN ECT I ON P LUG) . 

3 .  SET UP OSC I LLOSCOP E AND CONTACT C I RCU I TS AS SHOwN BELOW . 

4 .  BE SU RE THAT THE OSC I LLOSCOP E POWER CORD I S  UNGROUN DED . 

POT 

22K 
I /2W 
NO 

T CONTACT 

T I M I NG PROCEDURE 

0 
I -=: CH ANNEL 
I -, REF . I EXTERNAL 

1 TR I GGER 

PLACE TH E SCOP E I N  A N EGAT I VE SLOP E EXTERN AL 
TR I GGER I NG MODE. 

DEP RESS TH E N . 0 .  CONTACT AND NOTE TH AT UPON 
RELEAS I NG TH E CONTACT TH E SCOPE TRACE I N I T I ATES . 

FROM FACTORY CAL I BRAT I ON ,  A POS I T I VE S I GN AL AT 
TP4 SHOULD GO N EGAT I VE I N  8 . 5 - 9 M I LL I SECONDS 
AFTER TRACE I N I T I AT I ON 

"A" CARD 

TO ALTER OR READJU ST TH I S  SETT I NG TURN TH E POT . 
AT TH E BOTTOM OF THE "A"  CARD CW TO I NCREASE 
F I LL- I N  T I ME OR CCW TO DECREASE TH E T I ME .  

F i g u re 3 4  ( 0246A2203- l )  F i l l - i n  T imer  Setti ng  Te st C i rcui t for the SBC  Re l ay 
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X 
0 .  

CAUT I ON :  U SE XLA I 3  TEST PLUG 

S l  
0 n 

----

T 

0 0 
I I  1 3 1 5  

0 0 
1 2  1 4  16 

0 
1 7  1 9  

0 
1 8  20 

I 0 30 5 0 70 9 

2 0 40 6 0 so 1 00 
5 8( 2 3  R E L AY 

A 

( - )  RATED DC B 

I .  NOTE TH E DC POLAR I TY ON 
TE�� I N AL # 1 7 ( -l)  & # 1 8 ( - ) . 

2 .  PLACE AN OSC I LLOSCOP E I NPUT 
AT "A" CARD TP4 W I TH REF . AT 
"A" CARD TP I .  

AMv1ETER 

A 

} BFT 

CONTACTS 

RELAY CONN ECT I ON S  
N AL NO . }  ( TE� I 

A B 

0A I 2 

0 8  3 

0C 5 6 

3 1 0 7 8 

REACTOR 

60 HZ  ...__-r?�-----�� Vfl.1S 

LOAD BOX 

Figure 35 (0246A2204 Sh . l  [ 3 ] ) Current Detector Test C ircu i t  for the SBC Rel ay 
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GEK-45464 

rAUTION : SYSTEM CIRCUITS AT CONTACT TERMINALS # 1 3  AND # 1 4  
MUST BE REMOVED FOR TEST (USE AN XLA I 3 'l tST PLUG ) 

L....r---1-
1 5K 
1 /2W 

1 5K 

a .  SET AMMETER CURRENT ( A ) TO 5 T I MES THE P I CK-UP 
CURRENT L EVEL . 

b .  I N I T I ATE T I M I NG SEQU ENCE BY CLOS I NG TH E BF I CONTACT. 

. A CARD TP 5 ( + )  RATED DC 

SCOPE OIANNEL A + BF I 
... 

A CARD TP I ( SOOPE REF. ) 

I 
I /2W 

0 6 0 0 SCOPE 

I I  1 3 1 5 

0 0 
1 2  14 16  >----

1 0 3 0  

20 lJ O  

1 7  

18  

19  

0 
20 

LOAD 
oox 

L EXTERN A 
TR I GGER 

( - )  RATED DC 

1 20  v�s 
60 HZ 

Figure 36 (0246A2202 Sheet 1 [ 3 ] )  Overall Timing Test Circuit for the SBC Relay 

58 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



(3/94) (200) 

Protection and Control 
GE Technology Center 
205 Great Valley Parkway 
Malvern, Pennsylvania 1 9355-1 337 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 




