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INSTRUCTIONS 

STATIC PILOT WIRE RELAY 

TYPE SPDllA 

These instructions do not purport to cover all details or variations in equipment nor provide f'or every possible 

contingency to be met in connection with installation. operation or maintenance. Should /iLrther inf(>nnation be 
desired or should particular problems arise which are not covered sufficiently for the purchaser's purposes. the matter 

should be ref'erred to the General Electric CompanJ'. 
To the extent required the products described herein meet applicable ANSI. IEEE and NEMA standards: but 

nn such assurance is given tl'ith respect to lout! codf!s anti orduwnces because they vary greatly. 
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GEK-49794 

STATIC PILOT WIRE RELAY 

TYPE SPOliA 

DESCRIPTION 

The Type S PD rel ay i s  a h i g h- s peed stati c  pi l o t wi re rel ay that  prov i des both phase­
a nd ground- faul t protect i on for a l l three  phas es of  two- o r  three- term i na l  
t ra n sm i s s i on l i nes . As  s hown i n  the bl ock  di a g ram of  F i g u re 24 , the  rel ay i ncl udes 
t he fol l owi ng : a cu rre nt- sequence netwo rk t hat comb i nes the curre nts from the three 
l i ne- c u r rent transfo rmers i n to a s i n gl e  qu an ti ty ,  a vol ta ge- l i mi ti n g  u n i t  to l i mi t  
t he magn i tude o f  s i gnal s i mpre s sed o n  the pi l ot w i res , a powe r  s uppl y ,  a n  i sol at i on 
t ran sformer , an el ectromechani c a  1 output  rel ay ,  a ta r ge t/s ea l - i n u n i t ,  a nd a 
pr i nted- c i rcu i t card . 

The pr i nted-c i rcu i t 
s ummi ng functi on ,  a 
d r i v i ng  functi on . 

card i ncl udes 
1 evel - detecti  ng 

vol ta ge- a nd 
funct i on , a 

cu rre nt-meas ur i ng funct i ons , a 
t i mi ng functi on  a nd an  output-

The rel ay i s  pac ka ged i n  the med i um- s i ze ,  doubl e- end ed (M2 ) d rawout  case . 

APPliCATION 

The Type S PO rel ays pro v i  de h i g h- s peed protecti on for two-or  t h ree- te rmi nal 1 i nes . 
A typi cal i nstal l at i on a s  s hown i n  F i gure 33 for a two- term i na l  l i ne cons i sts  of  two 
SPD  rel ays , one a t  each l i ne te rmi nal , pl u s  an  i n terconnec ti n g  two-conductor 
metal l i c pi l ot-wi re ci rcui t ,  t hree cu rre nt transformers ( CTs ) (one pe r phase ) a nd DC  
power  sources  at each end .  An AC  pi l o t-wi re c u rren t-meas u ri ng set  cons i sti n g  of  an 
AC  m i l l i ammete r ,  sw i tch a nd meter tra nsformer i s  s uppl i ed wi th the re l ay . It may be 
i n stal l ed to pe rmi t mo ni tori n g  o f  the  pi l o t-wi re c u rren ts on a pe ri od i c bas i s .  

For a three- term i na l  l i ne a typi cal i nstal l at i on cons i s t s  o f  three S PD  rel ays (one  
a t  eac h termi nal ) ,  pl u s  an i nterconnecti n g  wye-connected pi l o t- wi re ci rcu i t ,  padded 
i f  necessary,  so t hat eac h bra nch h as t he same ser i es re s i s ta nce . 

I f  the 1 i ne to be protected i s  impedance gro u nded , the  gro u nd- faul t c u rrent may be 
rel at i vel y smal l , bel ow the l evel o f  the most- sens i t i ve ground- curre nt ta p .  Fo r 
s uch  i n stal l a ti ons , a gro u nd-c u rren t  sensor  of pro pe r  rat i o  may be connected to 
term i na l s 13 a nd 14 of  the S PD  rel ay , prov i d i n g  greatl y- improved sens i t i v i ty to 
gro u nd- faul t c u rren ts . 

The maximum vol ta ge for sw i tc hboa rd w1r1ng  i s  l i m i ted to 600 vol ts . The i ns ul at i ng  
tran sformer that  i s  i ncl u ded i n  the  S PD  rel ay i s  des i gned to wi t hstand vol ta ges-to­
g round up  to 600 v ol ts rms at term i na l s 18  a nd 19 . I f  vol tages due to 
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GEK-49794 

grou nd- poten ti al  r i se or  other causes  e xceed t h i s  v al ue ,  meas u res s houl d be ta ken  as  
descri bed i n  the  Append i x  ( P i l ot- W i re Pro tect i on ) to  reduce the vol tage at  the  rel ay 
termi nal s .  

Add i t i onal appl i cat i on i nformati on i s  ava i l a bl e i n  p ubl i cat i on GET-646 2 . 

RATINGS 

TEMPE RATURE 

These re l ays h ave been des i gned for cont i nuous  o pe ra ti on i n  ambi ent temperature s  
between - 20oc a nd +550C  per ANS I Standa rd C37 .90 . I n  add i t i on , these  rel ays wi l l  
not  mal functi on nor  be damaged i f  o pe ra ted i n  a n  ambi ent tem perature u p  to 650C . 

D I EL E CTR I C STRENGTH  (AC H I GH - P OTENT I AL T EST) 

For t he purpo s es o f  di  el ec tri c tests , the  SPD  rel ay i s  rated 600 vol ts . Pe r 
ANS I/ I EEE  C37 .90- 1978 , t he h i gh- po te nt i al test vol tage i s  2200 vo l ts for one  ( 1 )  
mi n ute . As desc ri bed i n  the  standa rd , rel ays oth e r  t han  new s h o ul d be tested at  7 5% 
o f  th i s vol tage . The s urge- protec t i ve capac i to rs u s ed i n  t he SP D rel ay h ave  limited 
AC- vol ta ge rati n gs a nd the procedures  descr i bed i n  ACCEPTANCE TESTS s h o ul d be 
fol l owed to avo i d  damagi ng  t hem .  

SUR GE-W ITHSTAND CAPAB I L ITY 

The SP D rel ay pa s s es the s urge-wi thstand c a pabi l i ty o f  ANS I/I EEE  C37 .90- 1978 . 

CURRENT C IRCU ITS 

The cu rrent  c i rcu i ts of  the type-SP D  rel ay a re d es i gned to carry 10  ampe res  a t  rated 
f re qu ency conti n uo u sl y .  

The phase-cu rre nt c i rcu i ts wi l l  w i t hs ta nd 250  amperes for one  ( 1 )  s econd . The 
g rou nd-c u r ren t c i rcu i ts ( studs  3 ,  13 a nd 14 ) wi l l  wi t h sta nd 1 25 amperes for one ( 1 )  
s econd . These  l i m i ta t i on s  a re due to h ea t i ng  i n  the netwo r k  re s i s to rs . 

DC C IRCU ITS 

The type-SP D  rel ay has  a dual - rated powe r s u ppl y des i gned to o pe ra te at  e i ther  of  
two DC control vol ta ges . Model s a re av a i l a bl e  wi t h  rati n gs of  48/1 25  v ol ts a nd 
48/110 vo l ts . The vol tage ra nge i s  s el ec ted by the DC-vol  tage tap  1 ocated at  t he 
l eft of  the upper ta p bl ock . The rel ay wi l l  o pe ra te pro pe rl y  wi t h  8 0% to 1 1 2%  of  
rated D C  vol ta ge . The 250  V DC rel ays u s e  a n  e xternal pre- regul a to r to reduce t he 
vol ta ge from 2 5 0  to 1 25 vol ts . The  rel ay , t herefore , m u st be set  o n  the 1 2 5  vol t DC 
1 i nks . 

OUT P UT CONTACTS 

The type-S P D  rel ay has  two el ec tr i cal l y- sepa ra te n ormal l y- o pe n  o ut put  c i rcui t s . The 
o utput ci rcu i t  con nected to studs  1 a nd 1 1  has a h i g h- s e i smi c ta r ge t/sea l - i n  
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GEK-49794 

u n i t .  The output ci rcu i t  con nected to studs 2 a nd 1 2  has  no ta r get/s ea l- i n u n i t .  
Eac h o utput  c i rcu i t has  contac t s  that wi l l  make a nd ca rry 30 ampe res  for tr i ppi ng 
duty and 3 ampe res conti nuousl y .  The i n terrupt i n g  rati n gs a re g i ven  i n  the 
fol l owi ng ta bl e :  

AC V OLTS 

1 1 5  
230 

DC V OLTS 

48 
1 2 5  
250 

TAB LE I 
I NTERRUP T ING RAT I NGS 

AMPS 
I N DUCT I V E** 

0 . 7 5 
0 . 5  

1 .0 
0 . 5  
0 . 2 5  

NON- IN DUCT I VE 

2 . 0 
1 . 5  

3 . 0 
1 . 5 
1 . 0 

** The i nd u ct i ve ra t i ng i s  bas ed on a n  L/ R rat i o  of  0 . 1  second . 

The ci rc u i t w i t h  the ta rge t/seal - i n  u n i t  wi l l  not a ttem pt to i n terrupt i f  the 
cu rrent i s  s uff i c i ent to kee p the target/sea l - i n  pi cked up . In some cases t he 
cha racte r i sti cs  of  the ta rget/sea l - i n  u n i t wi l l  l i mi t the c u rrent rati n g  of  the 
c i rcu i t i n  whi ch it i s  connected . The rati ngs a nd c haracteri s t i cs of  the 
target/seal - i n  u n i t a re g i v en i n  Ta bl e I I .  

TAB LE I I 
RAT I NGS AND CHARACTERIST I CS OF TARGET/SEAL- I N  UN I T  

TAP 
0 . 2 2 

DC Res i s ta nce� 10% ( O hms ) 7 0 . 1 3  
M i n imum Opera t i ng (Ampe res) 0 .2 2 . 0  
Carry Cont i nuous l y  ( Amperes ) 0 . 3  3 . 0 
Carry 30 Amps for ( Second s )  0 . 03  4 
Carry 10 Amps for ( Seconds) 0 . 2 5 30 
60 Hz I mpeda nce ( Ohms ) 52  0 . 5 3 
M i n imum Dro pout ( Ampe res ) 0 . 05 0 . 5  

SE ISMI C CAPAB I L ITY 

T he Sei smi c Fra gi l i ty Level e xceeds 3 . 5g ZPA when tested us i ng a bi axi al mul ti­
fre qu ency i n put  moti on to produce  a Requi red Res ponse  Spectrum i n  accordance wi th  
ANS I/I EEE C37 .98- 1978 , Sta nd ard for Sei smi c  Test i ng of  Rel ays . 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-49794 

CURRENT TAPS 

These taps determ i ne phase-cu rrent p i c ku p .  The cu rrent  taps  a re 1 ocated on  t he 
ri g ht of  the u pper ta p bl ock . The ta ps a re l a bel ed i n  te rms of  the bal anc ed th ree­
phase  ampe re s  re qu i red  to pi c k  u p  t he re l ay ( o n  ta p C ,  w i th the p i l o t  wi re 
d i sconnec ted ) .  The  ta ps a re 4 ,  5 ,  6 ,  7 ,  8 ,  1 0  and 12  ampe res . 

P HASE TAPS 

T hese  taps determ i ne sequence m i x .  Unl ess  u n us ual ci rcums tances exi s t , t he C ta p 
shoul d be u s ed .  The phase ta ps a re l ocated at  t he l eft o f  t he l ower ta p bl oc k .  
They control the sens i t i v i ty to po s i ti ve- seq uence three- phase curre nt w i th  onl y a 
smal l effect on the phase- to- phase sens i t i v i ty .  The C tap prov i des the l owest  
three -phase  pi c ku p , tap  B pro v i  des  twi ce as  much , a nd tap A ma kes  the re l ay 
i nsens i t i v e to bal anc ed t h ree- phase c urrent . 

GROUND  TAPS 

These t aps determ i ne ground - current pi c ku p .  The ground taps a re l o cated at  the 
r i g ht of the l ower tap bl ock . Tap H prov i des  gro u nd -c u r ren t p i ckup  of  a p prox i matel y 
one  e i ghth { 1 /8 )  the sett i n g  of  the cu rrent  ta p .  Ta p G provi des g ro und- cu rre nt 
p i ckup  of appro x imatel y one fo u rth ( 1 /4 ) the setti n g  of the  c urren t tap . The rati o 
o f  ground- current  sens i t i v i ty to cu rre nt- tap s ett i n g  i s  s l i ghtl y i nfl uenced by the 
phase- to- phase  tap . Ta p F ma kes t he rel ay i nsens i t i ve to zero- s equ ence c u rren t . 

DC-CONTROL-V OLTAGE TAPS 

The DC -control - vol tage taps a re l ocated at t he l eft of the upper tap bl oc k .  The two 
taps a re l a bel ed accord i ng  to the rel ay rati ng . A mova bl e dual l i n k  i s  u s ed to set  
t he rel ay for e i ther  o f  the two ra ted vol tage s .  Both screws must be  t i ghtened i n  
o rder to a ss u re correct o pe rat i on . 

TARGET/SEAL- I N  UN I T  P I C KUP-C URRENT TAPS 

The target/seal - i n  u n i t ta ps a re l ocated on the r i ght s i de o f  the tar get/sea l - i n  
un i t  a nd a l l ow the sel ecti on of  e i ther  o f  two tri p- ci rc u i t pi c k u p- c u r ren t v al ues . 
By u s i ng  the procedu re descri bed i n  ACCEPTANCE TESTS the tap s etti ng  c a n  be c hanged 
wi thout d i sturbi ng  the mechani cal a dj u stmen t o f  the contacts . 

RESTRA I NT TAPS 

The  re s tra i nt taps , H I  a nd LO ,  a re l ocated i n  t he middl e of  t he l owe r ta p bl oc k .  
The normal setti n g  i s  the  H I  pos i t i on ,  whi ch i s  to the l eft . 

P IL OT WI RE 

Gene ral 

The pi l ot- wi re l oo p  re s i stance a nd s hu nt  capac i ta nce s ho ul d be as l ow as po ss i bl e  
and may not e xceed the l i mi ts gi ven  bel ow . 
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Two-Termi nal  L i nes  

T he maximum p i l ot-w i re l oo p  re s i s ta nce i s  2000 o hms . 

The ma ximum pi l o t-wi re s hu n t  ca paci tance i s  1 . 5  mi crofa rads . 

For h i gher val ues con s ul t the fac to ry . 

Th ree-Te rmi na l Li nes 

The maxi mum pi l ot-wi re l oo p  re s i s ta nce pe r l eg i s  500 o hms . The three l eg l oo p  
res i stances s ho ul d be matched a s  cl o sel y a s  po ss i bl e .  One  percent ( 1 % )  o r  l es s  i s  
recommended . Any m i smatch wi l l  i ncrease  t he tendency o f  the sc heme to tr i p  fal sel y 
on  e xternal faul ts . For e xampl e ,  a m i smatch of  5% c a n  produce a s i gnal i n  one or  
more re l ays t hat is  one qua rter (�) o f  that requ i red to cau se  a m i sopera t i o n . The 
l ower res i stance l egs may be padded i f  n ecessa ry wi th  seri es res i s tors . Equ al  
re s i s tance s ho ul d be put i n  eac h wi re of  a pa i r .  The sum of  t he re s i sta nces of  both 
wi res between two l ocat i ons  i s  the l oo p  res i stance . The ma ximum total s hunt  
ca pac i tance i s  1 . 8 m i cro farads . 

S i gna l Level 

T he s i gnal suppl i ed by t he re l ay to t he pi l ot w i re i s  l i m i ted to 60 vol ts by the 
vol tage-1 i mi ti ng component .  The p i l o t-wi re c u rren t produc ed by the S PO rel ay wi l l  
be bel ow 100 m i l l i ampere s . Th i s  al l ows a tel ephone l i ne to be u s ed as  the pi l ot 
wi re .  

CHARACTERISTICS 

OPERATING PRINCIPL ES 

P i l ot-wi re rel ayi ng i s  a form of c u rre nt- di fferent i al rel ayi ng . I n  curre nt­
di fferenti a l  rel ayi n g  the c urren ts ente ri n g  a nd 1 eavi  n g  the protected secti o n  a re 
c ompa red . Any di ffere nce i nd i cates that some cu rre nt i s  enteri ng or  l eav i ng the 
protected s ecti on by an u ndes i red path , t ha t  i s ,  a faul t .  The c u r ren ts a re usual l y  
compared o n  a pe r- phase ba s i s ,  w i th a separate rel ay for eac h phase . Curre nt­
d i fferenti al  rel ayi ng  can  be h i g hl y  s el ecti ve , sens i t i ve ,  a nd fa s t  i n  o perati on . 

P i l ot- wi re rel ayi ng  was deve l o ped to e xtend the concept of  c urre nt-di fferent i al 
rel ayi n g  to a ppl i cati o n s  whe re the di stance between the ends of  the protected 
s ect i on i s  too great to al l ow cu rre nt- tra nsformer ( CT ) 1 eads to run to a common 
l oca t i on .  To reduce the n umber of  l eads , al l the c u r ren ts at  each l ocati o n  a re 
combi ned i nto a s i ngl e s i gnal . Th i s  s i gnal i s· cond i t i o ned so that i t  i s  s u i ta bl e  
for a p pl i cat i on to a tel ephone- s erv i c e- type wi re pa i r  ( the pi l ot wi re ) . The l oca l  
s i gnal i s  compa red to the s i gnal on  the pi l ot wi re ,  wh i ch  i s  the resu l t of  the 
s i gnal s appl i ed by both l ocal a nd remote rel ays , to dete rmi ne i f  there i s  a fa ul t i n  
t he protec ted sect i on . 

In  the  S PD  rel ay the i nput cu rre nts a re combi ned by a netwo rk  to produ ce a s i ngl e­
phase  vol tage t ha t  i s  appl i ed to th e pi l ot wi re . The stat i c ci rc u i try meas u res  the 
vol tage a nd c u rre nt i n  the p i l ot-wi re c i rcu i t at the re l ay term i na l s .  
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When  an e xternal faul t occurs , the vol ta ges produced by both  rel ays a re e qu al i n  
magn i tude but o ppo s i te i n  pol ar i ty ( re fer to F i gure 23a ) . The vol tages add a round 
the pi l ot-wi re l oop , a nd a rel a ti vel y l a rge c u r ren t fl ows . The vol tage at  the rel ay 
i l o t-wi re term i nal s i s  l ow s i nce the other  re l ay o pposes i t .  The stat i c  c i rcu i try 
i s  des i gned to restra i n  u nde r these condi t i ons  of l ow pi l o t-wi re vol ta ge a nd h i g h  
p i l ot-wi re curre nt . Thi s i s  al so t h e  cond i t i on t hat occ urs  du r i ng normal l oad  fl ow , 
e xcept t hat  both  the vol ta ge a nd c u r ren t ma gn i tudes a re l ower .  

W hen a n  i nterna l fau l t occ u rs , t he vol tage a t  one  end i ncreases  i n  magn i tude , wh i l e  
a t  the othe r end the ma gni tude i nc reases but the pol a r i ty rever ses , ( refer to Fi g u re 
23b ) . The two vol ta ges now o ppo se cu rrent  fl ow, a nd at  eac h re l ay's pi l o t- wi re 
termi nal s there i s  a l a rge vol ta ge a nd a smal l c u r ren t .  The sta t i c  c i rc u i try i s  
des i gned to o pe rate for th i s cond i t i on .  

I n  the S PD  rel ays t he three- phase cu rre nts  a nd ground cu rre nts a re combi ned i nto a 
s i n gl e  s i gnal by a network whose  coeffi c i en ts can  be va ri ed to s u i t  the  a p pl i cat i on . 
I t  i s  des i ra bl e to be a bl e to vary the re l ay ' s sens i t i v i ty to bal a nced th ree- phase 
( po s i t i v e- se qu ence ) c urren t for two reasons . 

F i rst , l oad  cu rre nt tends to re stra i n  the re l ay for l ow- curre nt fau l ts . Th i s  
tendency can  be reduc ed by dec reas i n g the rel ay's s e ns i t i v i ty to t h ree- phase 
( po s i t i ve- sequence ) cu rre nt . Of  course , thi s al so dec rea ses the  re l ay's sens i t i v i ty 
to t h ree- phase faul ts , but i f  t h ree- p hase faul ts a re detected by another rel ay , o r  
i f  t he  three- phase fau l t  cu rre nt i s  al ways h i gh ,  s ome redu ct i on i n  t hree- phase 
sens i t i v i ty may be acce pta bl e .  

S econd , i n  a ppl i cati ons where t he u ser  i s  co ncerned a bout  the pi l ot- wi re be i n g 
acci dental l y  o pened ,  wh i ch coul d c ause  a fal se tri p ,  the rel ay th ree- phase- c u r ren t 
p i ckup  may be pl aced a bove maxi mum ful l - 1 oad c urrent . The phase taps al l ow the 
th ree- pha se- c urrent sens i t i v i ty to be hal v ed or reduc ed to zero wi t h  o nl y a moderate 
e ffec t on  the phase-to- phase- a nd phase- to- ground- curre nt sens i ti v i ty .  

The effect o f  pa ral l el ( l ea kage ) res i stanc e between the  wi res o f  th e pi l o t-wi re pa i r  
i s  to i nc rease  the cu rre nt requ i red to cau s e  the  re l ays to o pe rate . In t he extreme 
ca se  of a s ho rt c i rc u i t ,  none of the rel ays can be ex pected to tr i p ;  a ser i es 
re s i st ance i n  the pi l ot wi re l owe rs the cu rrent  re qu i red to p i c k  up  the rel ay . An 
o pen c i rcu i t  wi l l  c au se  t he rel ays to o pera te as ov ercu rren t rel ays . 

The tabl es on the fol l owi ng pa ge gi ve t he pi ckup  of  the rel ay for eac h type o f  fau l t 
wi th  each phase- ta p a nd grou nd- tap setti ng  i n  perc en t  of  the pi c ku p  for a t h ree­
phase  fau l t wi th ta p C .  The t ap  po s i ti ons  ava i l abl e on the  t hree- phase pi c k up­
amperes ta p bl oc k a re 4 ,  5 ,  6 ,  7 ,  8 ,  10 a nd 1 2  t h ree- phase amperes . 
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GEK-49794 

TABLE I II 
PHASE FAULTS 

The value in the table is the pickup in percent of the pickup for a three-phase 
fault with tap C. 

TYPE OF PHASE TAP POSITION 
FAULT A B c 

A-B 100 90 86 

B-C 100 65 53 

C-A 100 90 86 

3� t 200 100 

t The relay will not respond to balanced three-phase current in this tap. 

TABLE IV 
GROUND FAULTS 

For all single-phase-to-ground faults, pickup on tap G is approximately 25% of 
ground tap, pickup on tap H is approximately 12.5% of ground tap. 

On the F tap the relay is insensitive to zero-sequence current, but will respond to 
positive- and negative-sequence currents of ground faults. 

The value in the table is the pickup in percent of the pickup for a three-phase 
fault with tap C. 

TYPE 
A B c + PHASE TAP POSITION OF 

FAULT G H G H G H + GROUND TAP POSITION 

A-G 23.4 12.5 23.4 12.5 23.4 12.5 

B-G 27.1 13.5 27 13.5 26.3 13.4 

C-G 27.1 13.5 27 13.5 26.3 13.4 

PRINTED-CIRCUIT CARD 

Refer to Figures 5 and 25. The voltage across the primary of the isolation trans­
former, which is proportional to the voltage at the pilot-wire terminals, is 
connected to printed-circuit-card pins 1 and 4. IC1A rectifies this voltage and one 
half of IC3A filters it. The restraint current is connected to pins 1 and 6. It is 
converted by R43 and R44 to a voltage that IC2A rectifies and one half of IC3A 
filters. The restraint and operate signals combine at the input of IC4A, along with 
a bias from P2. The second half of IC4A detects the polarity of the result. The 
output of IC4 goes to timer IC5. 
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The pi c k up- time  del ay i s  adj u sted by P3 and the dro pou t- t ime  del ay i s  adj u sted by 
P4 . These  are pre set  at the fac to ry . The p i c kup- a nd dropo ut- t i me del ays a re both 
5 mi l l i s eco nds for the 60 hertz model s ,  a nd 6 mi l l i s econds for 50 hertz model s .  The 
output  o f  the t i mer appears at the ba se of Q3 . Q5 a nd Q4 form a second t i mer , wh i c h  
i nhi  bi ts any outpu t for 5 0  to 1 0 0  mi 1 1  i s eco nds a fter DC con trol powe r i s  a p pl i ed .  
Th i s c i rcu i t  prevents mi s o perat i on du r i ng  tra ns i to ry removal o f  the DC control 
power . T h i s  i n h i b i t  t ime i s  not pa rt o f  the  pi c k up t i me o f  t he rel ay . After t h i s  
i nh i b i t  t i me el a ps es , Q4 recei ves ba s e  dr i ve a nd Q3 c a n  pas s  c u rre nt to Q6 , wh i ch  
pi c ks u p  t he output  tel ephone rel ay . 

P I CKUP T I ME 

The p i ckup-t i me- ve rsus-mul ti pl e-of- pi ckup  i s  s hown i n  F i gure 1 .  On h eavy faul ts the 
o perati ng t i me a p proaches 1 6  mi l l i s eco nds . 

DROPOUT T I ME 

The dro pout- t i me- versus-mu l ti pl e-of- pi c kup  i s  s hown i n  F i g ure 2. The dropout t i me 
i s  al ways bel ow 25  mi l l i s eco nds . 

P I CKUP  CURRENT VERS US P I L OT-WI RE LENGTH 

The var i at i on of pi ckup  curre nt as a functi on of pi l ot- wi re l ength  i s  s hown i n  
F i g u re 3 .  Th i s  c ha racte r i s ti c  i s  ba s ed on n umber 19  wi re for the  pi l o t-wi re pa i r  
a nd on  faul t- curre nt i nfeed from one end onl y .  I f  there i s  a contri but i on from more 
than  one e nd feedi n g  an i n te rnal  faul t ,  F i g u re 3 wi l l  g i ve an  e st ima te of  pi c k up  
c u rre nt t h at  i s  s l i ghtl y greater t h a n  the actual  va l ue . 

BURDENS 

T he bu rdens g i ven  i n  t he fol l owi ng ta bl es are mea s ured wi th the pi l ot wi re o pen  or  
s horted , whi c hever gi v es the h i gher v al u e .  Bu rdens a t  al l i n te rmedi ate c u rrent taps  
a re bel ow the bu rden s hown for that phase a nd grou nd ta p. Bu rdens a re i n ohms . 
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P HASE A 
TAPS R X z 9 

AF 0 . 1  0 . 0  0 . 1  0 
AG 0 . 14 0 . 0  0 . 14 0 
AH 0 . 14 0 . 0  0 . 14 0 
B F  0 . 1  0 . 0  0 . 1  0 
B G  0 . 1 8  0 . 0  0 . 1 8  0 
B H  0 . 2 2  0 . 0  0 . 22  0 
CF  0 . 1  0 . 0  0 . 1  0 
CG 0 . 2  0 . 0  0 . 2 0 
CH 0 . 2 6  0 . 0  0 . 2 6  0 

PHASE A TO P HASE B 
R X z 9 

A 1 1  0 . 1 5  0 .  01 0 . 1 5  0 to 
Taps 

P HASE A TO GROUND 
TAPS R X z 9 

AF 0 . 1 0 . 003  0 . 1  2 
AG 0 . 5  0 . 08 0 . 5  1 0  
AH 0 . 2 3  0 . 3  0 . 35 5 0  
B F  0 . 1  0 . 004 0 . 1  5 
B G  0 . 6  0 . 2  0 . 6  20 
B H  0 . 5 0 . 6  0 . 7 5 0  
C F  0 . 1  0 . 04 0 . 1  5 
CG 0 . 7  0 . 2  0 . 7  20 
CH 0 . 8 0 . 8  1 .2 45 

STUDS 1 3 - 14 : 
TAPS 

A F ,  AG , 
B G ,  B G ,  
CF , CG , 

GEK-49794 

TAB LE V(a) : 60 HERTZ 
THREE-PHASE FAULTS OR LOADS 

PHASE B 
R X z 9 

0 . 02 0 . 0  0 . 02 0 
0 . 00 0 . 04 0 . 04 90 
0 . 00 0 . 02 0 . 02 90 
0 . 025 0 . 0  0 . 025 0 
0 . 0  0 . 08 0 . 08 90 
0 . 0  0 .  06 0 . 06 90 
0 . 04 -0 . 01 0 . 04 - 1 5  
0 . 03 0 . 1  0 .  01 7 5  
0 .  06 0 . 1 5  0 . 1 6 7 0  

P HASE-TO-PHASE FAULTS 

P HASE B TO P HASE C 
R X z 9 

1 0  0 . 1  0 . 1  0 . 1 1  1 5  to 40 

PHASE-TO- GROUN D  FAULTS 

PHASE B TO GROUND 
R X z 9 

0 .  07 0 . 03 0 . 08 20 
0 . 6  0 . 1 6  0 . 6  1 5  
0 . 4 0 . 4 0 . 6  45 
0.  08 0 . 02 0 . 08 1 5  
0 . 7  0 . 2 0 . 8  20 
0 . 6  0 . 8 1 .0 5 0  
0 . 08 0 . 01 0 . 08 1 0  
0 . 8  0 . 3 0 . 9  20 
1 . 1 0 . 9  1 . 4 40  

PHASE A TO GRO UN D 
R X z 9 

AH 0 . 5  0 . 3  0 . 6  30 
BH 0 . 7  0 . 4  0 . 8  30 
CH 1 . 0 0 . 6 1 . 1 30 

1 1  

PHASE C 
R X z 9 

0 . 06 0 .  08 0 . 1  5 0  
0 . 04 0 . 05 0 .  06 50  
0 . 04 0 . 05 0 . 06 5 0  
0 .  06 0 .  08 0 . 01 5 0  
0 . 1 0 0 . 20 0 . 22 65  

-0 . 3  0 . 0  0 . 3  180 
0 .  07 0 . 07 0 . 1  45 

-0 . 1 6  0 . 1 2  0 . 2 145 
-0 . 08 0 . 00 0 . 08 180 

P HASE C TO P HASE A 
R X z 9 

0 . 1 8  0 . 04 0 . 1 8  1 5  

PHASE C TO GROUND 
R X z 9 

0 . 6  0 . 05 0 . 6  5 
0 . 5  0 . 3 0 . 6  30 
0 . 1  0 . 02 0 . 1  1 5  
0 . 6  0 . 1  0 . 6  10  
0 . 7  0 . 3  0 . 7  20 
0 . 5  0 . 6 0 . 7  5 0  
0 . 1  0 . 004 0 . 1  5 
0 . 7  0 . 2 0 . 7  1 5  
0 . 8  0 . 4  0 . 9  30 
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TAPS 

AF  
AG 
AH  
B F  
BG 
BH 
CF  
CG  
CH 

Al l 
Ta ps 

TAPS 

AF  
AG 
AH  
B F  
BG 
BH 
CF 
CG 
CH 

P HASE P.. 
R X z 

0. 089 0 0. 089 
0. 1 4 3  0. 006 0. 1 4 3  
0. 1 4 2  0. 003 0. 1 4 2  
0. 093 0. 003 0. 09 
0. 1 75 0. 023 0. 1 77 
0.205  0. 036 0.208 
0. 095 0. 005 0. 095 
0 . 1  94 0. 045 0 . 1  99 
0.2 38 0. 087  0. 2 5 3  

GEK-49794 

TAB LE V(b): 5 0  HERTZ 
THREE- PHASE FAULTS OR LOADS 

P HASE B 
Q R X z 

1 o 0. 02 6 0. 002 0. 02 6 
2 . 50 0. 002 0. 044 0. 044 
10 0. 0008 0. 044 0. 044 
20 0. 031  
7. 50 0. 003 

100 0 
30 0. 039 

130 0. 02 1 
200 0. 289 

0. 004 0. 031  
0.  07 5 0.  07  5 
0. 1 07 0. 1 07 
0. 003 0. 039 
0. 096 0. 099 
0. 1 53 0. 1 56 

PHASE-TO-PHASE FAULTS 

Q 

4o 
87o 
890 

6. 70 
8 70 
900 
50 

77. 50 
79. 30 

P HASE A TO P HASE B P HASE B TO P HASE C 
R X z Q R X z Q 

0. 1 60 0. 01 5 0. 1 6 1  5. 50 0. 074 0. 01 0 0. 1 26 540 

P HASE-TO- GROUN D FAULTS 

P HASE A TO GRO UND P HASE B TO GROUND 
R X z Q R X z Q 

0. 1 036 0 0. 1 0 36 oo 0. 092 0. 024 0. 095 14 . 8o 
0. 522 0. 046 0. 524 50 0. 542 0. 1 1 5  0. 554 1 2o 
0. 241 0. 1 98 0. 3 12 39. 50 0. 379  0. 3 1 6  0. 494 40o 
0. 1 034 0 0. 1 0 34 oo 0. 094 0. 02 1 0. 096 1 2 .40 
0. 564 0. 1 1 5  0. 576  1 1 . 50 0. 598 0. 1 91 0. 628 1 7. 7o 
0. 41 9 0. 45 7 0. 620 47. 50 0. 58 7 0. 597  0. 838 45. 50 
0. 1 04 0 0. 1 04 0. 30 0. 096 0. 01 6 0. 097 go 
0. 66 0 0. 1 65 0. 680 14° 0. 705 0. 2 2 5  0. 74 1 7. 70 
0. 772 0. 648 1 . 008 400 0. 996 0. 7 52 1.224 3 7. 90 

STUDS 1 3 - 14: 
P HASE A TO GROUN D 

TAPS R X z Q 

A F ,  AG , AH 0. 3 24 0. 1 66 0. 364 27.20  
BG ,  BG , BH 0. 474 0. 3 78 0. 606 38. 60 
C F , CG , CH 0. 7 69 0. 537  0. 938 34. go 

1 2  

P HASE C 
R X z Q 

0. 07 3 0. 087 0. 1 14 5 0o 
0. 043 0. 045 0. 062 460 
0. 044 0. 045 0. 062 45. 70 
0. 080 0. 07 5 0. 1 1 0  430 
0. 005 0. 1 0 1  0. 01 1 1 1 50 
0. 007 0. 005 0. 008 1470 
0. 07 9  0. 07 6 0. 1 1 0  440 
0. 004 0. 1 0 1  0. 01 1 1 1 20 
0. 054 0. 014 0. 056 1 940 

P HASE C TO  P HASE A 
R X z Q 

0. 182 0. 038 0. 1 86 120 

P HASE C TO GROUN D 
R X z Q 

0. 104  0. 032 0. 1 09 1 7. 1o 
0. 536 0 0. 536 Oo 
0. 524 0. 1 1 3  0. 536 12.2o  
0. 104  0. 031  0. 1 0 9  i6. 7o 
0. 534 0. 1 5 0 0. 535 1 . 60 
0. 435 0. 2 1 7 0. 486 2 6. 50 
0. 01 9 0. 2 68 0. 1 1 2  13. 80 
0. 567 0. 039  0. 568 400 
0. 66 1 0. 359  0. 7 52 2 8. 50 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



,-" ' 
'-

,' 

GEK-49794 

ONE-SECOND RATINGS 

Three-phase 250 amperes  for 1 

Phase-to-phase  250  ampere s  for 1 

Phase-to -ground 125 ampe res for 1 

Ground ci rc u i t  
studs 13 a nd 14 125 ampe res  for 1 

DC CONTROL B URDEN 

48- vol t tap at ra ted votage 

Normal ( tel ephone re l ay dropped out ) 

Opera ted ( tel ephone re l ay p i c ked up ) 

110- vol t tap a t  rated vol tage 

Normal ( tel ephone re l ay dropp ed o u t )  

Ope rated ( tel ephone rel ay p i cked up ) 

s econd 

s econd 

s econd 

s econd 

120 mi l l i ampe res 6 watts 

220 m i l l i ampe re s 11 watts  

8 5  mil l i ampe res  10  watts  

180 m i l l i ampe res 20  watts 

'-· 125- vol t tap at rated vol tage 

Normal ( te l ephone  rel ay dropped out ) 

Opera ted ( te l ephone re l ay p i c k ed up ) 

8 5  mil l i ampe res  11 wa tts  

180 m i l l i ampere s 23  wa tts 

CALCULATION OF SETTINGS 

The re a re s i x  setti n gs t ha t  can be made on the rel a y .  These  a re :  

1) Three-phase  p i c kup ampere s - 4, 5 ,  6, 7 ,  8 ,  10 o r  12 

2) Phase-to -phase tap - A ,  B ,  o r  C 

3) Ground tap - F, G ,  o r  H 

4) 

5) 

Hl.gh  or  l ow ( normal l y  set on  h i gh ) 
Restra i nt tap -

DC control  vol tage - 48  o r  125 V 
48  or llOV 

_ 0 . 2 o r  2 . 0 ampe res . 
. u n i t  pi c kup -cu rre nt tap 

6) Tar get/s ea1-ln 
"bl e but  i n  some cases i t  

· t · e a s  po s s 1 ' · 
. s ho ul d be a s  s ensl 1V 

hat an open pil ot  wne 

1. The three-phas e plc�u: 
tap setti n g  a bove fu� l l oad ,  �o t 

Sel ec t  the des i red tap 

may be des i rabl e  to se� ·�1 not create a n  u ndeslra bl e trlp . 

, t�e �r��ence of  l oa
to
;�,derations .  See  Figure 35 . 
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MECHANI CAL CHECK 

Ma nual l y  o pera te the target  u n i t by ra1s1ng the a rmature unt i l i t  s ea t s , i n  contact 

wi th  the pol e pi ece .  The o range ta rget s ho ul d a p pea r .  W hen  the a rmatu re i s  

re l ea s ed , t he target s ho ul d rema i n i n  v i ew .  Pu s h  i n  o n  the re s et a rm . The target 

s hou l d dro p f rom v i ew .  

H ol d u p  the a rmature by h a nd .  The ta rget shoul d not  be a t  the  e nd o f  i ts travel . 

Ver i fy t h i s  by reach i n g  i n  one of  the wi ndows o f  the ta rget wi th  a s ha r p  i ns tr ument , 

s uc h  as  a scri be o r  k n i fe , a nd pus h i ng upwa rd . The target  s ho ul d move defi n i tel y 

u pwa rd at l east  0 . 0 1 5  i nch . Remove the  s harp  i n strumen t . O bs erve the  ta rge t  wh i l e  0 
rel ea s i ng the a rmature . I t  s ho ul d fal l v i s i bl y  downwa rd a t  l ea st  0 . 01 0  i nc h  before 

bei n g  caug ht by the  l a tch . 

Mechan i cal adj ustment of  these un i ts  re qu i re s  the correct tool s a nd some experi ence 

for best res ul ts . The fol l owi n g  po i n ts s houl d be h el pful . W i th an  0 . 0 1 5  i nch  s h i m  

u nder the pol e  pi ece , both  contac t s  s ho ul d j u s t  make . W i th cu rre nt g ra du al l y  

a p pl i ed ,  t he  annature s houl d pi c k  up  a nd seat  i tse l f on  the  pol e pi ece before rated 

c u rre nt for that tap  i s  reached . Thi s s ho ul d occ u r  i n  a s i ngl e  moti on , w i t hout  two­

s te ppi ng . W hen the c u rren t i s  reduc ed to rated d ro pou t v al ue , the contacts s h o ul d 

move to the  ful l y- o pen  po s i t i on . 

ELECTRI CAL TESTS - GENERAL 

Al l 
.
a l ter

.
n at i n g-cu rre nt-o pe ra ted ( AC )  dev i ces a re a ffected by f re quency of the 

a ppl 1ed s1gn�l s .  Si nc e non- s i nusoi da l  wavefo rms  can be a nal yzed a s  a f undamental  • 
pl us  h a�mo�1cs of  t he 

. 
fu ndamental fre que ncy , i t  fol l ows t hat  o pe ra t i n g  

c�a rac�e r1st1cs 
.
o f  al terna t1n g-c urrent  dev i ces  ( rel ays ) wi l l  be a ffected by a no n-

51 nuso1 dal
. 

a p�l 1ed wav�form . The re fore , i n  o rder to test al te rnati ng-current  rel ays 
pro pe rl y ,  1t 1s e ssent1al to u s e  s i ne-wave c urren ts a nd vol tages . 

S im i l a rl y ,  �e l ays re qu i r i ng  DC control po we r s ho ul d be tes ted us i ng wel l - fi ltered  DC ��� ��� a�n�l
a
l
y
te��f ���;� i!e�

r
����;y

. 
Un�

5
e s! ���

e
�:rt��� �d 

t
s
h
�PPJ[ : s wel l 

h
fi l

l
t
d
e red ,  

conta1n more than  5%  pea k ri p pl e .  
o u rce s a u  not  

D I ELECT RI C TESTS 

I n troduct i on  

��\ s urge c
.
a pac i to rs u s ed i n  th i s rel ay do  not  19 - potent1a l - test  vol ta ge· th f 
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that  have been s u i ta bl y  sto red to prevent deter i o ra ti on. The durat ion  of  
a ppl i cati on of  the test vol tage s ho ul d be  60 seconds. Refer to  the RATINGS sec t i on. 

Po i n ts of Appl i c ati on o f  V ol tage 

Common-mode tests  ( al l term i nal s to case ).  Remove the surge-ground connect i ons to 
te rmi nal s 7 a nd 1 7 .  Tem pora ry connecti ons  s houl d be made to ti e al l rel ay 
term i na l s ,  i ncl udi ng term i na l s 7 a nd 17 , to gether. H i po t  vol tage can  t hen  be 
a p pl i ed between th i s  common con nect i o n  a nd t he case  o f  the rel ay. 

Tra nsvers e-mode tests ( between  c i rcu i ts ) .  For h i gh- po tent i al tes ts between ci rcu i ts 
of  the rel ay , t he i nternal s urge ca paci tor s  m u st be tempora ri l y di sconnected 
from thei r s u rge- ground bu ses i ns i de the rel ay. Tempo rary i nsul  at i  on s ho ul d be 
i n stal l ed whe re needed to i sol ate s u r ge-ca paci tor 1 eads from each other a nd 
from the bu s.  The rel ay-case  termi nal s s ho ul d be j umpe red to make up  the 
grou ps of  studs as  s h own i n  Ta bl e VI. Hi  pot vol tage may then be appl i ed 
between a ny pai r of  groups. 

TAB LE VI 
CIRCUIT GROUPS FOR TRANSVERSE-MODE HIPOT TESTS 

CIRCUIT GROUP 

Outpu t  Contac t s  

A C  Curre nt 

P i l ot W i re 

DC Control Powe r  

JUMPER BETWEEN TERMINALS N UMBERED 

1 , 2 , 1 1  a nd 1 2  

3 ,  4 ,  5 , 6 ,  1 3  a nd 14 

8 , 9 , 15  , 1 6 , 18  a nd 1 9 

1 0  a nd 20 

As an al te rnate to the transvers e�ode h i pot  test , a 500 v ol t DC 
i nsul at i on re s i s tance test (Megger  R) can be performed between  t he 
ci rcu i t  gro ups o f  Ta bl e VI wi thou di sconnecti n g  the i n ternal s urge 
capaci to rs. W h i l e  thi s method does not test the rel ay to i t s ful l 
di el ectri c rati ng , i t  wi l l  detect some cases of degra ded ins ulation. The 
po ss i bi l i ty of i ncorrect rea s sembl y may make th i s the pre ferred test 
method. 

Resto ri ng  Rel ay to Serv i ce 

After the di el ec tr i c test i ng i s  compl eted , t he s urge c a pac i to rs s houl d be 
reconnected to the s urge- ca pac i to r  b uses a nd al l e xternal wi r i n g  reco nnected ,  
i ncl udi ng  the w i res  to studs 7 a nd 17 . The el ectri cal tests i n  ACCEPTANCE TESTS ­
ELECTRI CAL shoul d be performed aga i n .  

TESTS TO  VERI FY SETTINGS 

1 .  Veri fy that al l sett i ngs h ave  bee n  made. These  s ho ul d be i n  accordance w i th 
the s ecti on  CALCULATION OF SETTINGS. The setti ngs  a re :  
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a .  Target/sea l - i n- un i t  pi c kup-cu rrent tap l ocated on  the r i ght- hand s i de o f  
the u n i t  that i s  mounted at  the upper l e ft o f  the rel ay ( front v i ew ) . 

b .  DC-contro l -vol tage ta p l ocated o n  the upper tap bl oc k o n  the l e ft s i de 
( front v i ew ) . 

c .  Three- pha se p i c ku p-amperes tap (cu rrent tap )  l ocated at  the r i ght o f  the 
u pper tap bl ock . 

d .  Phase-to-pha se tap l ocated a t  the l e ft o f  the l ower ta p b l oc k .  

e .  Restra i nt ta p l ocated a t  the center o f  the l ower ta p bl oc k .  

f .  Ground tap l ocated at the r i ght o f  the l ower tap bl oc k .  

2 .  Target/sea l - i n  u n i t  

Cl ose  the output tel ephone rel ay by hand and appl y tap v a  1 ue  o f  D C  cu rrent to 
studs 1 and 11 . The target s hou ld  pi c k  u p , s howi n g i ts o range  target a nd 
c l o s i ng i ts contacts . Al l ow the output tel ephone rel ay to dro p out . The 
target s hou l d rema i n  pi  eked u p . P i c k  up  the o utput rel ay a ga i n  and reduce the 
DC cu rrent to 25% of the tap val ue . The un i t  shoul d dro p out , open i ng  i ts 
co ntacts , but the target s hou ld  rema i n  v i s i bl e .  Al l ow the output rel ay to dro p 
out .  The DC cu rrent  shoul d go to zero ( 0 ) . Note the tel ephone rel ays have  De­
control power across  them . 

3 .  DC-control vol tage 

Chec k that both screws i n  the ta p bl ock  are t i ghtened . Remove the rel ay 
namepl ate . Appl y rated DC-control vol tage through  a m i l l i ammeter to studs 10 
a nd 20 . Mea sure the DC vol tage from pi n 2 ( negat i v e )  to pi n 1 (po s i t i v e )  o f  
the pri nted-c i rc u i t-card connector ( pi n  1 i s  o n  the l eft , front  v i ew ) . Read 
+15 vol ts � 1 vol t .  Mea sure the DC vol tage from pi n 1 ( negat i ve )  to p i n 10 
( po s i t i ve ) . Read +15 vol ts� 1 vol t .  Meas u re the vol tage from pi n 2 to pi n 
10 . Read +30 vo l ts � 2 vol ts . The DC cu rrent drawn by the rel ay s houl d be 
wi t h i n  the l i m i ts s hown i n  Ta bl e V I I .  

Tap 

48 
110 
125 
125 

Appl i ed DC 
Vol ta ge 

48 
110 
125 
250** 

TABLE V I I  

DC CURRENT 

DC Cu rrent - Mi l l i amperes 
Mi n i mum Nomi nal  Max i mum 

105 
7 0  
7 0  
7 0  

120 
85 
85 
85 

135 
100 
100 
100 

**The 250-VDC rat i ng i s  accompl i sh ed wi th  the use of an e xternal pre-regu l ator , 
0138B7 511G- 3 .  The regul ator  steps the DC vol tage from 250  to 125  vol ts , wh i c h i s  
the ba s i c  rat i ng o f  the rel ay . The reg u l a tor  i s  des i gned to be mounted o n  the rea r 
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o f  the SPD rel ay on t he fo ur mounti n g  studs that  a re normal l y  u s ed to s u rface-mount  
the re l ay .  The el ec tri cal connect i ons are made as  fol l ows : 

I NP UT 250 V OLTS DC : 

OUTP UT 125 V OLTS D C :  

4 .  Restra i nt Ta p 

( +) to termi nal 11A11 
( - )  to term i nal 11C 11 

( +) from termi nal 11B11 to stud 10  o f  S PD  rel ay 
( - ) from term i na l  11C 11 to stud 20 o f  S P D  rel ay 

For thi s test i t  i s  necessary to connect a 10 llfd capac i to r  betwee n  studs 15  
a nd 16 . If t he mon i to r  rel ay ( type SPA) i s  av a i l a bl e , t he 10 llfd capac i to r  i n  
i t  s houl d be u s ed by rna k i ng  the con necti ons  between i t  a nd the  SPD rel ay . It 
i s  not necessary to energi ze the mon i to r  w i th AC or  DC control powe r ;  however , 
i f  i t  i s  energi zed i t  need not be de- energ i zed . 

To reduce t he test curre nt re qu i re d ,  a nd to avo i d  the po s s i bi l i ty of  
overheati n g  t he  network  res i stors , tempora ri l y move t he  ta ps as fol l ows : 
Curre nt ta p-4 , Phase tap-C , Ground ta p- H , Restra i nt ta p- HI . 

The test l i mi ts g i ven  bel ow a re for the HI restra i nt tap . S i nc e  the restra i n t  
i s  cont i nuous l y  adj ustabl e o n  t he LO  pos i ti on ,  t he person s peci fyi ng  the L O  
restra i nt ta p shou l d al so  gi ve  the test l i mi ts .  

W i th the pi l ot wi re di s connec ted , connect a 0 . 7 5 llfd capac i to r  between  re l ay 
termi nal s 18  a nd 1 9 .  In pa ral l el wi th i t ,  connect a no n- i nducti ve  res i s tor of  
1400 o hms . 

Suddenl y a ppl y 30 amperes to studs 4 a nd 3 to s i mu l ate a n  A- to-ground fau l t .  
The rel ay s ho ul d  o pe rate . C ha nge the res i s tar to 8 0 0  o hms a nd re peat . The 
rel ay s ho ul d not  o perate . 

Return the ta ps to thei r s pec i fi ed pos i ti o ns . 

Thi s test veri fi es the tra ns i ent o pera t i on of  the re l ay for h i gh-curre nt 
i nternal a nd e xternal faul ts . 

5 .  C urre nt Test , Ph ase  Ta p a nd G round Ta p 

Refer to Tabl es I I I a nd IV and c al cul ate t he o pe n- pi l ot-wi re pi ckup  of  the 
rel ay for each type of  faul t .  

Exampl e - Assume the ta p s ett i ngs a re 7 ,  B ,  G 

For a phase-A-B faul t and wi th  t he phase ta p on  B ,  the  pi c k up i s  90% of  tap 

90 
Ipu = Ita p x 100 

= 90 7 X 100 
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I pu = 6. 3 amperes ( for A- B fau l t ) 
I n  the same manner , the pi c ku p  c u rrent for a B-C  fau l t i s  4 . 6  amperes and  for a 
C-A fa ul t i s  6 . 3  amperes. 

For a pha se-to-ground fau l t wi th  the rel ay on  tap G ,  the pi c kup  i s  g i ven by 
Tabl e I I I  a s  25%  o f  tap. 

25 
= I tap x TOO 
= 1 . 7 5  amperes 

Appl y DC control vol tage to the rel ay. Now a ppl y AC cu rrent to studs 4 a nd 5 
for phase A and phase B a nd c heck that the rel ay pi c k up  a grees w i th the 
ca l cu l ated va l ue � 10% . On phase C a nd A the to l erance i s  a l so 1 0% .  As  the 
rel ay i s  ca l i b rated on  phases  B a nd C ,  the tol era nce for th i s phase pa i r  i s  5 % .  
For pha se-to- ground fau l ts t h e  tol erance i s  1 0% .  T h e  three - pha se test need not 
be performed , but i f  the tester el ects to do so , both the magn i tude and a n gle 
of each cu rrent , a nd al so the pha se sequence , must be correct for the tes t  to 
be val i d. 

SYSTEM TESTS 

P i l o t W i re 

NOTE: These tests requ i re a test crew at  eac h stat i on.  

The  c ha racteri st i cs  of  the pi l ot wi re s hou l d be  veri f i ed at  i n i t i a l i nstal l at i on and 
per i od i cal l y  therea fter. 

The fol l owi ng  tests are s uggested: Loo p res i stance , Res i st i ve bal ance  between the 
two w i re s , I nterw i re c a pac i tance , Capac i tance to ground of each  wi re , DC i n s u l at i ng  
tests between  wi res and from each  wi re to  ground; for three-termi na l  l i ne s ,  Loop 
re sistance to the common po i nt. 

WARNING 
WHEN TESTING PILOT WIRES, TAKE PRECAUTIONS TO AVOID EXPOSING PERSONNEL TO 
THE HIGH VOLTAGES THAT MAY APPEAR ON THE PILOT WIRES AT ANY TIME. THE 
PILOT -WIRE PROTECTIVE SYSTEM PROTECTS EQUIPMENT AGAINST OVERVOLTAGES, BUT 
IT IS NOT DESIGNED TO LIMIT VOLTAGES TO A LEVEL THAT IS NON-HAZARDOUS TO 
PERSONNEL. FURTHERMORE, PART OR ALL OF THE PROTECTIVE SYSTEM MAY BE 
BYPASSED AND BECOME INEFFECTIVE DURING SOME OF THE TESTING. 

LEASED PILOT WIRES CAN CHANGE RESISTANCE OR CAPACITANCE ABRUPTLY DUE TO 
REROUTING BY THE LESSOR. 

Rel ay 

THE PILOT-WIRE PROTECTIVE SYSTEM SHOULD BE TESTED TO VERIFY THAT IT IS IN 
WORKING ORDER. 

Chec k each rel ay by a ppl y i n g  B-C  a nd A-G cu rrent wi th  the pi l ot wi re di sconnected , 
to see that i t  i s  i n  worki ng o rder. 
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Connect a l l rel ays to the  pi l ot wi re a nd d i s connect the fa r rel ays from thei r 
cu rre nt c i rcu i ts .  Measure a nd record pi c ku p  cu rre nt for eac h re l ay w i th B- C a nd A- G 
c u rren t i n  t he near rel ay . Repea t for each rel ay . Record these v al ues i n  a 
permanent test reco rd . 

C urrent-Transformer Phas i ng 

For t he p i l o t-wi re system to wo rk co rrectl y ,  t he phase cu rre nt s uppl i ed to s tud  4 
( p hase  A) must be de ri v ed from the s ame pr imary conductor at al l stati ons . The 
phases s uppl i ed to the other s tuds must al so be the same at  eac h stat i on . The 
fol l owi ng test procedure i s  des i gned to c heck t h i s  by fi rst  chec k i n g  t hat  the phase  
sequence at  t he two end s  i s  correct , a nd then  chec ki ng that phase A cu rre nt i s  i n  
phase  at both ends . Al l ta ps must be set i n  the s ame pos i ti on s  i n  rel ays at  al l 
stat i ons . 

These tests  wi l l  yi el d bes t  re s ul ts when t he l oa d  i s  a bo ve 5 0% o f  tap , bal a nced , a nd 
i s  steady . I t  i s  conveni en t to run  these tests us i n g  Type- 1 2 XLA12A  test pl u gs , a nd 
test pl ug  connect i on di agrams a re shown i n  F i gures 1 2  through 1 7 .  The 1 2 XLA1 2A  test 
pl u g  i s  further descri bed i n  i n stru cti o n  boo k GEI - 25372 . The rel ay's tri p ci rc u i ts 
s ho ul d ,  o f  course ,  be o pen  du r i ng  these tests , a s  s hown i n  the d i agrams . 

Test Swi tch 

A test sw i tch and m i l l i ameter a re provi ded wi th eac h rel ay a nd may be i nstal l ed for 
conveni ence i n  readi n g  the pi l o t-wi re c u r rents . The test swi tch h a s  fou r  pos i ti on s : 
l ocal ( LOC ) ,  n o rmal ( NOR ) , c i rcul a t i ng ( C I R ) , a nd remote ( REM ) . I n  addi ti on , t he 
me ter sens i t i v i ty i n  any po s i t i on  may be i nc reased fi ve  t i mes ( from 25  mi l l i amperes 
ful l seal e to 5 m i l l i ampere s ful l seal e )  by pul l i ng the sw i tc h  h a ndl e out . The 
normal ( NOR ) pos i t i on connects the l oca l  rel ay to the pi l ot wi re a nd removes  the 
meter from the ci rcui t .  In the  l ocal ( LOC ) pos i t i on ,  t he pi l ot w i re i s  s horted a nd 
the l ocal rel ay i s  sepa ra ted from the  pi l ot wi re a nd sh orted through  the 
m i l l i ammeter .  In the ci rcul ati ng (C I R )  po s i ti on t he l ocal rel ay i s  connected to the 
pi l ot wi re wi t h  the  mi l l i ammeter i n  seri es . Th e meter reads the c u rren t i n  the 
pi l ot wi re produ ced by the combi ned effec t  of  bo th  the 1 ocal a nd remote rel ays . I n  
the remote ( REM ) pos i t i on the l oca l  rel ay i s  s ho rted a nd sepa rated from the pi l ot 
w i re .  The pi l o t w i re i s  s ho rted through  t he m i l l i ammeter ,  wh i ch  reads the cu rre nt 
pro duced by t he remote rel ay . The meter i s  coupl ed to the ci rcu i t  through  a 
tra nsformer .  There fore the meter i s  not affected by t he DC mon i to ri ng curre nt .  

The test swi tch i s  d es i gned to s h o rt both  the l oca l  rel ay a nd the pi l o t wi re when 
movi ng between po s i t i ons , to prevent i nco rrect tr i ppi ng . Al l the tes t  pl ug  
d rawi n gs , Fi gu1·es 12  through  1 7 ,  s how the tri p c i rcu i t  o pen a s  an  added precaut i on 
a nd becau s e  tr i ppi ng of  one o r  bo th end s  i s  expected i n  some of  the tes ts . A l amp  
( no t  sh own i n  the test pl ug  d rawi n gs ) may  be u s ed to i nd i c ate tha t t he  rel ay 
contacts  a re cl osed . 

Th ree-Te rmi na l  L i nes 

T hree- term i na l  i nstal l at i ons  a re tes ted  by taki ng the stat i ons  i n  pa i rs , as t hough 
the re were th ree two- te rmi nal pi l ot wi res . I n  d o i n g  t h i s  the fi rst  pa i r  o f  rel ays 
s houl d be c hec ked a nd c u rre nt tra nsformer connect i ons cha nged , i f  neces sary ,  
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befo re goi n g  to the  s econd pa i r .  When c hecki ng  the  seco nd pa i r ,  on l y the  c u rrent 
tra ns former connec t i ons  at  the thi rd stati on sho ul d be cha nged , i f  need ed . Duri ng  a 
test of  a pa i r  o f  rel ays the th i rd rel ay s ho ul d be d i sconnected from the  pi l o t  wi re 
a nd the pi l ot- wi re term i nal s o pe n  c i rcu i ted . The bre a ke r  at the thi rd te rm i nal  must 
al so be o pened . 

The rel ay taps at al l stat i on s  must be a t  4 ,  C ,  H a nd H I  throughout t hese test s .  

Fi r st  Test - see  Fi g u re 1 2  

Th i s test a ppl i es no rmal cu rre nt to bo th rel ays . Nei ther  rel ay s ho ul d tri p wi th  the 
me te r  test swi tch i n  the normal ( NOR ) po s i t i on .  Read a nd record the rel ay i nput  
cu rrent as  s hown on the test ammeter i n  t he f i gure . Al so read a nd reco rd the AC 
pi l o t-wi re c u rrents as i nd i cated by the panel ammeter wi t h  the test swi tch i n  the 
l ocal ( LOC ) , remote ( REM ) , n o rmal ( NOR ) a nd c i rcul at i ng ( C I R ) po s i t i ons . Ta ke 
read i ngs  at both  te rmi nal s .  

Second Test - see Fi gure 13  

Th i s test  a ppl i es revers e- phase sequ e nce to  both  re l ays by i ntercha ngi n g  ph ases B 
a nd C .  Ne i ther  rel ay s houl d tri p wi t h  the mete r test swi tch i n  the n ormal ( NOR ) 
po s i t i on .  The l ocal , remote a nd c i rcul at i ng  pi l ot- wi re c u rre nts s ho ul d be 
a pprox ima tel y twi c e  the v al u e  mea s u red i n  t he fi rst  test . 

I f  the l ocal cu rre nt i n  thi s test i s  one- hal f ,  i nstead o f  twi ce , the  l ocal cu rre nt 
i n  the fi r st test , then the phase  sequ ence of the cu rren ts at the rel ay is reversed . 

Thi rd Test - see F i gure 14 

Thi s test s i mul ates a s i ngl e- phase- to- ground , s i ngl e- end- fed faul t on  ph ase  A of  the 
l ocal  rel ay . The remote rel ay rec ei ves no c u rren t from i t s  c u rrent tra n s fo rmers . 
I f  the l oad  cu rre nt i s  s u ffi c i ent , both  rel ays s ho ul d tri p .  When t he mete r test 
swi tch is pl aced i n  the remote ( REM ) po s i ti on ,  bot h  rel ays s ho ul d reset  a nd the 
meter sho uld read  ze ro ( 0) curre nt .  In the l ocal ( LOC ) po s i t i on ,  bo th  re l ays s ho ul d 
reset  a nd the meter s ho ul d read a c u r ren t as gi ven by Fi g u re 1 8 .  

Fou rth Test - see F i gure 1 5  

Thi s test s imul ates a phase-A- to- ground , s i ngl e- end- fed fau l t ,  fed f rom the remote 
stat i on .  The near rel ay recei ves no cu rren t from i t s c u rrent t ra ns formers . I f  the 
l oad cu rre nt i s  s uffi ci ent , bo th  re l ays s ho ul d tr i p . W hen t he mete r test swi tch i s  
pl ac ed i n  t he l ocal ( LOC ) pos i t i on , both  rel ays wi l l  reset a nd the meter wi l l  read 
zero ( 0 ) . I n  the remote ( REM ) po s i t i on ,  t he meter wi l l  read  a cu rre nt l ower than  
that  g i v en by  Fi g u re 1 8 .  

F i fth Test - see F i gure 1 6  

Thi s test s i mul ates a n  e xternal  phase-A- to- ground fau l t .  Nei ther rel ay s ho ul d tri p .  
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T h i s  test s i mu l ates a pha se-A-to-ground  i nterna l  fau l t fed from both stat i on s . The 
l ocal  rel ay sees pha se-A  l oad current as thou g h  i t  were A-to- ground  c urrent , wh i l e  
the far rel ay sees the same cu rrent reversed i n  d i recti on .  I f  the l oad cu rrent i s  
s u ffi c i ent , both rel ays s houl d tr i p .  

When the aux i l i ary ground-current trans former i s  u sed , the pol ar i ty s houl d be as 
s hown on the externa l -connecti on d rawi ng . Th i s  shou l d be veri f i ed by test . 

PERIODIC TESTING AND ROUTINE MAINTENANCE 

---WARNING:- HIG�VOLTAGES MAY APPEAR ON PILOT WIRES UNEXPECTEDLY-AT ANY�fME�-J USE APPROPRIATE CARE WHEN MAKING CONTACT WITH PILOT WIRES OR 
EQUIPMENT CONNECTED TO THEM. �----------------

The pi l ot-wi re protect i ve  equ i pment , i f  i nstal l ed ,  i s  des i gned to l i m i t the pi l ot­
wi re vol tages to a l evel  that wi l l  not damage the wi res or e qu i pment  connected to 
them .  I t  does not l i mi t the vol tages to a l evel that i s  safe for u nprotecte9 
personnel contact i ng the p i l ot w i res or connec ted equ i pment . THEREFORE , USE 
APPROPR IATE CARE WHEN MAKI NG CONTACT W ITH P I LOT W I RES , EVEN WHEN THE P I LOT W I RE 
PROTECT I VE EQU I PMENT I S  I N  PLACE . 

I n  v i ew of the v i tal rol e of protecti ve  rel ays i n  the operat i on of a power system , 
i t  i s  i mportant tha t  a per i od i c  test program be fol l owed .  I t  i s  recogn i zed that the 
i nterval between per i od i c  c hecks  wi l l  vary depend i ng u pon env i ronment , type of rel ay 
and the u ser's experi ence wi th per i od i c  tes ti ng . Unt i l the user  has  accumu l ated 
enough  exper i ence to sel ect the test i nterval best  s u i ted to h i s  i nd i v i dual  
requ i rements , it  i s  s uggested that the poi nts l i sted bel ow be checked at  an i nterval 
of from one to two years . 

Check the i tems descr i bed u nder ACCEPTANCE TESTS - V I SUAL I NSPECT I ON AND MECHAN I CAL 
I NSPECT I ON .  Exam i ne each component for s i gn s  of overhea t i ng , dete r i orat i on or other 
damage . Chec k that a l l connec t i ons  are t i ght  by observ i ng that the l oc kwa s hers are 
ful l y  col l apsed . 

CONTACTS 

Exam i ne the contacts for pi ts , arc or burn marks , corros i on ,  and i n sul at i ng fi l ms .  
For c l ean i ng contacts , a fl e x i bl e  burn i s h i ng  tool s houl d be u sed . Th i s  cons i sts of 
a fl ex ibl e str i p of metal wi th  an etched-roughened surface , resembl i ng i n  e ffec t , a 
s u perfi ne fi l e .  The pol i s h i ng act i on i s  so del i cate that no scratches are l e ft , yet 
any corros ion i s  t horough l y and  rap i d ly  c l eaned . The fl exi bi l i ty of the tool 
ensures the c l eani ng of the actual  poi nts of contact . Do not use  k n i ves , fi l es ,  
abra s i ve paper or c l oth of any k i nd to c l ean rel ay contacts . 

ELECTRI CAL TESTS 

Mea s ure the pi c ku p  of the rel ay , wi th the pi l ot wi re open , for phase-A- to- ground  and 
phase-8-to- pha se- C  cu rrent . See Fi gure 1 9 . Record t hese val ues  i n  the test record . 
I t  i s  not necessary to move the taps  from the serv i ce pos i t i on s  for these tests . 
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The measured value may be slightly different from that measured at a previous time. 
This is not necessarily an indication that the relay should be readjusted. The 
errors of a 1 1  the test equipment are often additive and the tot a 1 error of the 
present setup may be of opposite sign from the error of the previous periodic test. 
Instead of readjusting the relay, it is recommended that if the apparent error is 
acceptab 1 e, no adjustment be made, and that the error be noted on the re 1 ay test 
record. After sufficient test data has been accumulated, it will become apparent 
whether the measured errors in the setting are due to random variations in the test 
conditions or are due to a drift in the characteristics of the relay. 

PILOT WIRE 

The test switch may be used to verify the integrity of the pilot wire without a test 
crew at the other station and without opening the trip circuits. In this procedure 
the line current is used to provide the signals. At the time of installation, 
measure and record the local, circulating and remote pi lot-wire currents and the 
line current. At any desired later time these four currents may be read again. 
While the values will in general be different, the ratios between line current and 
each of the pilot-wire readings should be the same. 

In particular, if the ratio of the local pilot-wire current to the line current is 
the same as at installation, but the ratio of remote pilot-wire current to line 
current is lower than it was at installation, the pilot wire may be either shorted 
or open. If the ratio of circulating pilot-wire current to line current is the same 
as or higher than at installation, a short circuit is indicated; if lower, an open 
circuit is indicated. When pilot-wire-monitoring relays are not used, this test may 
be used at regular frequent intervals to perform somewhat the same function 
manually. 

SERVICING 

CAUTION 

Remove ALL power from the relay before removing or inserting any of the printed­
circuit boards. Failure to observe this caution may result in damage to and/or 
misoperation of the relay. 

GENERAL 

The factory offers a repair and recalibration service, as do many GE Service Shops. 
For further information contact your General Electric representative. 

Should a printed-circuit card become inoperative, it is recommended that this card 
be replaced with a spare. In most instances, the user will be anxious to return the 
equipment to service as soon as possible and the insertion of a spare card 
represents the most expeditious means of accomplishing this. The faulty card can 
then be returned to the factory for repair or replacement. 

Although it is not generally recommended, it is possible, with the proper equipment 
and trained personnel, to repair cards in the field. This means that a 
troubleshooting program must isolate the specific component on the card that has 
failed. By referring to the internal-connection diagram for the card, it is 
possible to trace through the card circuit by signal checking, and hence determine 
which component has failed. This, however, may be time consuming and if the card is 
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being checked in place in its unit, as is recommended, will extend the outage time 
of the equipment. 

CAUTION: 

Great care must be taken in replacing components on the cards. Special 
soldering equipment suitable for use on the delicate solid-state 
components must be used and, even then, care must be taken not to cause 
therma 1 damage to the components, and not to damage or bridge over the 
printed-circuit buses. The repaired area must be coated with a suitable 
high-di-electric plastic coating to prevent possible breakdowns across the 
printed-circuit buses due to moisture or dust. 

ADDITIONAl CAIJTION: 

Dual in-1 ine integrated circuits are especially difficult to remove and 
replace without specialized equipment. Furthermore, many of these 
components are used on printed-circuit cards that have bus runs on both 
sides. These additional complications require very special soldering 
equipment and removal tools, as well as additional skills and training, 
which must be considered before field repairs are attempted. 

RECALIBRATION OF MIXING NETWORK 

1. Connect a jumper between terminals 15 and 16 and connect a low-voltage AC 
voltmeter to 18 and 19. Set phase tap at position A and ground tap at position 
F. 

2. Apply 10 amperes rated frequency-balanced three-phase positive-sequence to 
terminals 4 (�A), 5 (�B) and 6 (�C). Adjust the upper of the two movable taps 
on the phase resistor until the voltage measured is a minimum. Use caution, as 
this resistor may be hot. 

If there is a significant harmonic content in the applied currents the null 
will be indistinct and broad. The harmonic-current content can be lowered by 
using reactance instead of resistance to limit the current. The GE test 
reactor 6054975G1, a part of the distance-relay test set, may be used. Three 
reactors are required, one per phase. 

Alternatively the null can be observed with a tuned voltmeter that will ignore 
the harmonic portions of the voltage. An oscilloscope can also be used to 
judge when the fundamental-frequency component is at a minimum. 

3. With the ground tap at position F, and the phase tap at position C, apply three 
equal currents of 3 amperes, all in phase, to the three terminals, 4, 5 and 6. 
All currents return through terminal 3. Adjust the lower movable tap of the 
phase resistor for a minimum reading on the voltmeter. 

Verification of Calibration 

1. Lift the slider from the current-tap block. Connect an AC voltmeter from the 
lifted tap to terminal 13. 

2. Apply 10 amperes AC to terminals 5 and 6. 
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3 .  Meas ure vol tage across  the l i fted sl i der a nd tap l i s ted bel ow.  The po s i t i on o f  
the  ph ase  tap wi l l  not a ffect the read i ng . 

TAP 

A 
B 
c 

TAB LE V I I I 
TRANSACTOR-OUTPUT VOLTAGE VS . TAP 

AC V OLTS 

1 . 45 - 1 . 65  } 
2 . 54 - 2 . 8 
3 . 7  - 4 . I  

Record thi s 
mea s ured 
val ue  

I f  the vol ta ges a re outs i de thes e l i mi ts , the  tran sa ctor i s  defecti ve . 

4 .  Appl y IO  ampe re s  AC to term i nal s I4 a nd I3 . Mea s ure the  vol tage from the 
l i fted s l i der  to the ta p l i sted bel ow . 

TAB LE I X  
V OLTAGE ACROSS GROUND  RES ISTOR 

TAP 

G 
H 

Ca l i brat i on  o f  P ri nted-C i rc u i t Card 

AC V OLTS 

7 . 2 - 8 . 4 
13 . 7  - I 6 . 0  

I .  Appl y ra ted DC to rel ay a nd mea s u re DC vol ta ge from pri nted- c i rcu i t- card 
connector pi n I to pi n 2 ( pi n  I po s i t i ve ) .  The mea s u red vol tage s h o ul d be I 5  
vol ts + 2 vol ts . Note : P i n I i s  on t he 1 eft , front v i ew .  Mea s u re t he DC 
vol ta ge from pi n IO to pi n I ( pi n  IO pos i ti ve ) . The vol ta ge s ho ul d be I 5  vol ts 
..: 2 val ts . I f  these val tages a re i nc:o rrect , u n pl u g  the ca rd a nd meas ure the 
vol ta ges at  the  connector aga i n .  I f  they a re sti l l  i ncorrect , there is  a 
pro bl em i n  the powe r s uppl y ;  i f  they are co rrect , t here i s  a pro bl em on  t he 
ca rd . 

2 .  Offset adj ust  PI ( s ee F i gure 25  for 1 oca t i on ) .  Connect a n  os ci  l l  osco pe to the 
bottom of Dl l wi th  refe rence conn ected to pi n I .  Set ta ps for 4 ,  C a nd H a nd 
a ppl y a pprox i matel y 0 . 5  ampere AC to term i nal s 3 a nd 4 .  Appl y DC a nd i ncrease  
t he appl i ed AC  c urrent unt i  1 a waveform a ppea r s  on  the  s c reen . Reduce the 
cu rre nt u nt i l  the waveform h as rounded pea ks wi thout fl at  to ps . The d es i red  
wav eform has a pea k every h a l f cycl e ( 8  mi l l i s econds  for  6 0  h ertz , IO 
m i l l i s econd s for 50  hertz ) , but i n  gene ral the waveform that a ppears w i l l  have 
a pea k every ful l cycl e .  Adj ust  PI a nd the c urrent al te rnatel y u n t i l  both sets 
of pea ks ( a t  the hal f a nd the ful l cycl e )  a ppea r  a nd a re of equal he i ght . 

3 .  P i ckup  Adj ust  P2 

W i th rel ay ta ps set at 4 ,  C a nd H ,  a ppl y 2 . I 2  ampe re s  AC to studs 5 a nd 6 .  
Appl y DC and adj u st P2 unt i l the tel ephone rel ay j u st pi c ks up . 
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4 .  P i c kup-De l ay-T ime Adjust  

Set a pu l s e generator to p roduce 4-vol t negat i ve pul ses  6 mi l l i s econds l ong  ( 60 
hertz model s )  o r  7 m i l l i seconds l ong ( 5 0  hertz model s ) , repeati ng every 50  
mi l l i second s .  Turn generator o ff and connect reference to p i n 1 and  output 
through a 1 000 o hm res i stor  to top of  R29 ( Dl l  and  R29 Juncti o n ) . Connect a 
dual -channel  o sc i l l osco pe wi th  re ference on p i n  1 ,  c hannel  1 on  bottom o f  D 1 2 , 
a nd c hannel 2 on l eft o f  R39 . App ly  rated DC to rel ay and  turn pul se generator 
o n . U s i ng the exte rnal pul se-generator contro l , s l owl y decrea se  pul se  wi dth 
from 6 to 4 m i l l i seconds ( 6 0 hertz model s )  or  from 7 to 5 m i l l i seconds  ( 5 0 
hertz model s ) . 

The c ha nnel 2 pul se s houl d d i sa ppear as  the i n put pul se wi dth passes  through 5 
m i l l i seconds ( 60 hertz model s )  or  6 m i l l i seconds ( 5 0  hertz model s ) . Adjust  P3 
as  needed to make pul ses d i sa ppear at 5 mi l l i seconds .  

5 .  Dro pout-Ti me-Del ay Adj ust  P4 

U s i ng the same setups as  i n  prev i ou s  ste p , set pul se wi dth aga i n  to 6 
m i l l i seconds ( 6 0  hertz model s )  or  7 mi l l i second s  ( 5 0  hertz model s ) . Adjust  
P4  so that  the  channe l  2 pul se stays up  for 5 m i l l i seconds  ( 60 hertz  model s )  or  
6 mi l l i seconds ( 5 0  hertz  model s )  a fter the  c hannel  1 pul se ends . 

6 .  DC Superv i s i o n T ime ( not adj ustabl e )  

Connect a doubl e - po l e swi tch so that one pol e a ppl i es DC  to the rel ay and the 
other appl i e s 2 amperes AC to term i nal s 4 and  3 .  Set taps o n  4 ,  C and H .  
Connect a dua 1 -channel  o s c i  1 1  osco pe wi th reference to pi n 1 ,  channe l  1 on  pi n 
1 0  and channel  2 on  l e ft o f  R39 . Sudden ly  c l o se  swi tch and  mea sure t i me unt i l 
c hannel 2 goes u p .  T i me s houl d be 40 to 1 00 mi l l i second s .  

7 .  Restra i nt Chec k 

Connect pi n 6 to pi n 1 and  mea sure p i c kup  a s  descr i bed a bove i n  step 3 .  P i c kup  
Adjust  P2 , u nder Cal i brat i on o f  Pri nted-Ci rcu i t  Card . The  pi c kup  shoul d be 93% 
� 2% of the pi c kup  i n  step 3 .  

RENEWAL PARTS 

I t  i s  recommended that s uffi c i ent quant i t i es o f  renewal parts be carr i ed i n  stock  to 
enabl e the prompt repl acement o f  any that are worn , bro ken or damaged . 

When order i ng renewal parts , address the nearest Sa l es Offi ce o f  the General  
E l ectr i c  Company , s pec i fy quanti ty requ i red , name of the part wanted , a nd the 
compl ete model  number of  the rel ay for wh i ch the part i s  requ i red . 

An order for a pri nted-c i rcu i t  card s hou l d i nc l ude the number on  the front o f  the 
card . 
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APPENDIX 

PILOT-WIRE PROTECTION 

P i l ot- wi re protec t i on i s  a compl ex  a nd ac t i ve s ubj ect . The I nst i tute of  E l ectr i cal 
a nd El ectron i c Eng i neers  has p ubl i s hed a con t i nu i ng  se ri es of  pa pers , gu i des a nd 
stand ards o n  t he s ubj ec t . The fol l owi ng four are es pec i al l y  recommend ed : 

I EEE  8 1 - 1 962 Recommend ed Gu i de  for Measur i ng  Ground Res i stance  a nd 
Poten ti al  Grad i ents  i n  the  Ea rth . 

I EEE  80 - 1 976 Gu i de for Safety i n  AC S u bs tat i on Ground i ng 

I E EE 367- 1 979 Gu i de for Dete rm i n i n g the Maxi mum E l ectr i c Powe r S tat i on 
Gro u nd Potent i al R i s e a nd I nduced Vol tage from a Power Fa ul t 

A Gui de fo r the Protecti on of  Wi re L i ne Communi cat i ons  Fac i l i t i es Servi ng 
El ectri c Powe r Sta t i ons . 79-48 7 .  Pu bl i s h ed 1 97 9 .  

I n  many cases  the commun i cat i ons u t i l i ty s u ppl yi ng  the pi l ot w i re wi l l  s u ppl y the 
protecti ve equ i pment a nd i ts engi neeri ng . The power system en gi neer s ho ul d 
care ful l y  rev i ew the protect i ve sys tem s uppl i ed ,  to see that i t  meets  h i s  obj ec t i ves 
as  wel l a s  t hose  of the  commu n i c at i o n s  u t i l i ty .  

A s  t he pi l ot-wi re pro tec t i on i s  a pa rt o f  the rel ay system , i t s i nco rrect  
i n stal l a t i on or  mai n te nance can reduce the  rel ay system ' s a b i l i ty to  protect the  
powe r  system . For thi s reason  the  pi l o t-wi re protect i ve system s houl d be 
peri odi cal l y  i ns pected a nd tested . When the pi l ot wi re i s  prov i ded by a 
commun i cat i on s  u t i l i ty ,  a j o i nt pe r i od i c i ns pect i on a nd test procedure s houl d be 
a g reed u pon . 

As a n  e xampl e ,  when i sol at i on or neutral i za t i on i s  u s ed , t he s h i el d  o f  the 
commu n i ca ti on ca bl e must  not be gro u nded at any poi n t  wi th i n the zone o f  i n fl u enc e 
( a ny po i nt subj ect to ground - po tenti al ri s e  due to the fl ow o f  ground- faul t 
current ) .  The ca bl e may be i n stal l ed correctl y ,  but as  i t  i s  normal  ( commu n i c at i ons  
u t i l i ty )  prac t i ce to  ground the  s h i el d  whenever it  a ppears , a s u bs equent  i ns pect i on 
a nd test wi l l  o ften fi nd  the  s h i el d  gro u nd ed at  some poi n t .  

Cons i dera t i on must  be g i ven  to t he safety o f  the pe rsonnel i nvol ved i n  t he tes ti n g ,  
a s  h i gh potent i al  may a ppea r o n  t he  pi l ot wi re whi l e  th e protecti ve  equ i pmen t i s  
u nd er go i ng test . 

The S PD  rel ay wi l l  wi thstand vol tages  u p  to 600 vol ts rms on the pi l ot-wi re studs . 
I f  the ex pected max imum common-mode vol tage at the  pi l ot-wi re te rmi nal s produced by 
ground- potent i al r i s e ,  l on gi tudi nal i nd u ct i on , o r  other cau s es exceeds th i s va l ue , 
then e xternal dev i c es m u st be u s ed to preven t t h i s  vol tage from appea ri ng  a t  the 
re l ay term i na l s .  Often the pi l ot w i re i tsel f cannot  w i thsta nd the  vol tage a nd al so 
requ i res protect i on .  Protecti on may al so be re qui red due to hazards to per sonnel . 
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Mutu a l - Dra i nage Reactors 

Mutua l - dra i na ge reac to rs are pr i mar i l y  u s ed for protect i on a ga i nst l ongi tudi nal 
i nducti on . For the reasons  descri bed bel ow thei r u s age i s  gene ral l y  l i m i ted to 
i nstal l at i ons  where the maxi mum i nd u ced vol tage i s  l es s  than 1 5 00 vol ts rms . 

Neutra l i z i ng Reactors 

Neutra l i z i ng reac to rs are recommend ed where stat i on ground can d i ffer from remo te 
ground by more than 600 vol ts rms du ri n g  powe r-system grou nd fa ul ts . 

Mutual - dra i na ge reactors a nd neutral i z i ng reac to rs may be u s ed to gether  o r  
sepa ratel y as  requ i red . 

MUTUAL - DRAI NAGE REACTOR ( s ee F i gure 20 ) 

Mutual - dra i na ge reacto rs cau se  a cu rre nt to fl ow over  the pi l ot-wi re cond u cto rs to 
produce  a vol tage d ro p  that wi l l  l ower the vol tage at  the rel ay to a n  acce pta bl e  
l evel . Mutual - dra i na ge reacto rs are ava i l a bl e  to connect the w i res to l ocal ground 
wi thout shorti ng out the des i red pi l o t-wi re s i gnal . Gas tubes a re used wi th the 
mutual -dra i na ge reacto rs to prevent dra i na ge cu rre nt from fl owi ng  conti nuous l y a nd 
al so so the moni tori ng  rel ays a re not shorted out . The current i n  the pi l o t wi re 
s ho ul d be compa red w i t h  the s hort- time ra t i ng of  the w i re to ma ke sure that i t  wi l l  
not be damaged . The mutual  reactor forces e qu al c u rren t fl ow through  eac h  wi re .  I f  
the wi re re s i stances a re not perfectl y bal a nced , s ome of  the l on gi tudi nal vol tage 
wi l l  be conve rted to transverse vol ta ge , wh i ch can  cause  the S PD rel ay to 
m i soperate . A care ful a nal ys i s  of  al l sources of  u nbal a nce mus t be mad e to ensure 
t hat  the ma ximum transverse vol ta ge produc ed wi l l  not a ffect the rel ay . M utu a l ­
dra i na ge reacto rs must be i nstal l ed at  more than  one  l ocati on to al l ow current to 
fl ow . 

Mutual -dra i na ge reactors are not i ntend ed fo r protec t i on a ga i nst ground- po tent i a l 
r i se . To a voi d the effects of  gro u nd- potent i a l  r i se , the mutu a l - d ra i nage reactor 
gas- tube ground term i nal s ho ul d al ways be connected to a remote ground po i nt out s i de 
the zone of  i n fl uence . 

N EUTRAL I Z I NG REACTOR ( s ee F i gure 2 1 )  
The neutral i z i ng reac to r  (o ften cal l ed a tra ns former )  i nserts a h i gh i mpedance i n  
seri es wi t h  the common-mode vol tage by means o f  a two-wi ndi ng  reactor . The rel ay 
vol tage i s  d i ffere nti al mod e a nd pa s s es through the reacto r l argel y una ffected . A 
sma l l amount of  common-mode current i s  requi red to e xc i te the reactor , a nd i s  
provi ded by exc i t i ng capac i to rs on the stati on s i de o f  the re ac to r .  Everyth i ng  
connected to the pi l ot wi re s on the  l i ne s i de of  the reacto r  i s  a t  h i gh poten t i al 
d u r i ng  a d i sturba nce , a nd must be care ful l y  i nsul ated from l ocal ground . 

The impedance to gro u nd from the pi l o t-wi re s i de of  the neu tral i z i n g reactor 
con s i s t s  of a netwo rk  t hat i ncl udes 1) the d i stri buted pi l o t-wi re seri es re s i s ta nce , 
2 )  t he d i s tri buted s hunt  ca paci tance from the pi l o t wi re s to ground , a nd 3 )  the 
neutral i z i ng reacto r {s ) a nd exc i ti ng pac ka ge {s ) ( i f  a ny )  a t  t he other termi nal ( s ) .  
I t  shou l d be dete rmi ned whether o r  not t h i s  i m pedance i s  l ow enough  to a l l ow ampl e 
c urre nt fl ow du ri ng a g round - potent i al ri s e ;  ampl e curre nt be i n g the cu rre nt needed 
to exc i te the core o f  the neu tral i z i n g reactor  wi thout caus i ng e xc ess i ve vol tage 
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ri se  on the p i l ot wi re . I f  the i m pedance  i s  not l ow enoug h , add i t i o nal ca paci to rs 
may be added to br i ng  the to tal capac i ta nce of eac h pi l ot-wi re- to- ground a bove 1 
mi crofa rad . A 1 mi crofa rad e xternal ca paci to r i s  av ai l a bl e ( see  Fi g u re 28) . 
External capac i to rs must be ground ed to remote ground a nd are be st  connected at  t he 
mi d po i n t  of  t he pi l ot wi re . I f  i t  i s  deci ded tha t protect i o n a ga i n st  grou nd­
potent i al r i se i s  not need ed at a l l te rm i nal s ,  a neutra l i z i ng reacto r need be 
i n stal l ed o nl y where protect i on i s  needed . 

The vol tage ra t i ng  of  the neutra l i z i ng  reacto r must be h i gh e nough so t hat i t  wi l l  
not satu rate . I f  i t  satu rates , i ts vol tage- bl oc ki n g  a bi l i ty wi l l  be reduced and  t he 
vol tage at  the re l ay termi nal s may ri s e  to e xce s s i ve l evel s .  

The common-mode vol ta ge may have  DC offset . Th i s  i s  common  when the vol ta ge i s  
prod u ced by ground - po tent i al r i se  due  to a l ocal ground faul t .  The neutral i z i n g 
reac tor must  have  s u ffi c i en t  vol tage rat i ng so that i t  wi l l  no t s atura te u nder the 
wo rst cond i t i ons  of  DC offset a nd re s i dua l  fl u x  i n  i ts core . A ga s tube s ho ul d be 
connected acro s s  the  1 i ne termi nal s o f  the reacto r  to protect aga i n st e xcess i v e 
vol tage i f  one of  the pi l ot w i res  s ho rts to ground . The ga s tube ' s ground termi nal  
must not be grou nded i n  t h i s  a p pl i cat i on . 

CON DUCTOR S H I EL DI NG  

A s h i el d  wi l l  protect a ga i nst el ectrostat i c  coupl i ng i n  a z o ne  i f  i t  i s  grounded at  
l ea st at  one  poi nt . To avoi d co upl i ng grou nd- poten ti a l  ri se to the co nductors , t he 
s h i el d  s houl d be ground ed at  a po i nt wi th negl i g i bl e  ground- po tent i al ri s e .  

A s h i el d  wi l l  protect a ga i n st  ma gneti c coupl i n g i n  a zone i f  i t  i s  gro u nded a t  both 
e nd s  of the zone so t hat cu rre nt can fl ow through  the s h i el d .  S h i el d i n g c a n  be u s ed 
to good advanta ge when the  pi l ot wi res are  pa ral l e l to powe r co nductors , to mi n i mi ze 
effec ts of  l ongi tud i na l i nduct i on . Howeve r ,  i f  the s h i el d  i s  conti nued to the powe r  
stati o n  and grou nded to the gro u nd mat , i t  wi l l  be s u bj ected to heavy c urren ts 
cau sed by ground- pote nt i al r i s e  d u r i ng ground faul ts . The s h i el d  c a n  be s i zed to 
wi thstand these  c urrents o r  i t  ca n be ended a nd grounded outs i de t h e  zone of 
i nfl uence of ground - potent i al r i s e . I n  t hi s case t he sect i on f rom the l as t  ground 
poi n t  i n to the stati on must be i ns ul ated for the gro u nd- potent i a l - r i se vol ta ge . The 
s h i el d  beyond the l as t  ground po i nt provi des no sh i el d i n g a ga i nst magnet i c  
i nducti on . Decreas i n g s h i el d  res i stance wi l l  produce a l es s-tha n- pro po rti onal  
i ncrease  i n  s h i el d  cu rre nt due to i ndu cta nce . Al l s h i el d  sect i ons , even  a n  
i ns u l ated one  ente ri ng  a stati on , s ho ul d be grou nded a t  s ome poi nt to pro v i d e  
el ectrostat i c  s h i el d i n g .  I t  i s  u s ual l y  be s t  to ground a t  a l ocat i on wi th m i ni mum 
gro u nd- poten ti al r i se . 

G E Compa ny offers a mutual -dra i na ge reac to r ,  a neutra l i z i ng  reacto r ,  a nd a ga s tube 
that a re s u i ta bl e  for many a ppl i cat i ons . Thei r cha racte r i sti c s  are l i sted i n  ta bl es 
X ,  XI  a nd X I I .  The i r outl i nes and mount i n g i nformat i on a re s hown i n  F i gures 22 a nd 
2 7 .  
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GE K-4 9794 

TAB LE X 

Mutu a l - D ra i nage Reacto r - O rder as 0257A9787G4 ( 60  he rtz ) or G9 ( 50  hertz ) 

DC-Wi nd i ng Res i stance 

each  wi ndi ng  

Lea ka ge I nductance at  ra ted fre quency 

One-Second Rat i ng 

each  wi ndi n g  

Satura t i on Vol tage 

each  wi ndi n g  at rated frequ ency 

Exc i t i ng I mpedance 

wi ndi ngs  i n  s e ri es  a t  1 20 vol ts , 
rated fre quency 

H i gh- Potent i al Test 

rated f requency between wi ndi n gs 
a nd eac h wi nd i ng to frame 

Suppl i ed wi th  a Gas  Protector Tube 

Wei ght Approxi mate ( 60  Hz Model ) ( 50  Hz Model ) 

35 

8 . 0  Ohms 

0 . 004 H 

90 Ampe res AC 

5 00 Vol ts 

24 , 000 to 48 , 000 Ohms 

4 , 000 vol ts AC 

40 Pounds ( 20 Ki l o grams ) 
48 Pound s ( 22  Ki l ograms ) 
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GEK-4 9794 

TAB LE XI 

Neu t ral i zi ng Rea c tor - O rder  as  0257 A9787G3 ( 60 H z ) or G8 ( 50  H z ) 

DC -W i nd i ng Res i s tance 

each  wi ndi ng 

L ea ka ge I ndu ctance at  rated fre quency 

each  wi nd i ng 

Total I mpedance at  rated fre quency 

both  wi nd i n gs i n  se ri es oppos i n g 

V ol tage Rat i ng  

Ma ximum Vol tage Acros s  W i nd i ngs 

wi ndi n gs i n  pa ral l el ,  rated frequ ency 

Exc i t i n g Curre nt 

4 , 000  vol ts rated frequ ency , 
w i nd i ngs i n  paral l el 

One-S econd Rat i n g 

Cont i nuous -Curre nt Rati ng  

H i gh- Potent i al Test 

wi ndi n gs to frame for 1 mi nute 

I nd u ced - V ol tage Test 

wi ndi ngs  i n  pa ral l el for 1 mi nute 

Su ppl i ed wi th  a Gas P rotecto r Tu be 

Wei ght  Approx i mate ( 60  Hz Model ) ( 50  Hz Mod el ) 

36 

88 Ohms 

0 . 1 72 H 

220 Ohms 

5 00 Vol ts DC or Pea k AC 

4 , 000  Vol ts AC 

0 . 01 5  to 0 . 030 Ampe res AC 

10 Ampe res AC 

0 . 5 Ampe re AC 

1 0 , 000  vol ts AC 

1 0 , 000 vol ts AC 

80 Pound s  ( 36 K i l ograms ) 
96 Pound s  (44 K i l ograms ) 
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GEK-49794 

TABLE X I I 

Gas Protector Tube (Supplied with neutralizing transformer and mutual-drainage 
reactor) Available separately - order 0257A9787 G005 

AC rms Breakdown Voltage 

One-Second Current Rating 

Two-Second Current Rating 

300-500 Volts 

90 Amperes 

40 Amperes 

Si nce the last edit ion, the CAUTION has been added at the beginning of the 
SERVIC ING section. 
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L I ST OF I LL USTRAT I ONS 

F i gure 

1 Typ i ca l  P i c ku p  T ime Versus  Mu l t i pl e  o f  P i ckup  39 
2 Typ i ca l  Dro pout  T ime Vers us  Mul t i pl e  of P i ckup  39  
3 Typ i cal  P i c ku p  Versus  P i l ot Wi re Length 40 
4 Crad l e Bl ock  and Termi nal  B l oc k  Cro s s  Sect i o n  40 
5 Pri nted - C i rcu i t  Card I nternal Connecti ons D i a gram 4 1  
6A I nterna l Connect i o n s  D i agram for t he  Type SPDl l A  Rel ay 42 
6B I nternal Connect ions  D i a gram for the Type SPDl l A  Rev . A  Rel ay 43 
7 Outl i ne Drawi ng  and Panel - Dr i l l i ng D i mens i ons  44 
8 Front  V i ew of Type SPDl l A  Rel ay 45 
9 Rear V i ew of Type SPDl l A  Rel ay 46 

1 0  Method of  Connecti ng Su rge Ground to Case 47 
l l A  El ementary D i a gram o f  I nternal Connecti ons 48 
l l B  El ementary D i agram o f  I nternal Connecti ons 49 
12 Test Connecti ons  D i agram for Test 1 50  
13  Test  Connect i o ns  D i agram for Test  2 5 0  
1 4  Test Connect ions  D i a gram for Test 3 5 1  
1 5  Test Connect i ons  D i a gram for Test 4 5 1  
1 6  Test  Connect i ons  D i agram for Test 5 52  
17  Test Connecti ons  D i agram for Test  6 52  
18  P i l ot-Wi re- S hort-C i rcu i t  Cu rrent Vers u s  I n put  Cu rrent 53 
19 Fi el d Test Connect ions  for Per i od i c  Test i ng 54 
20 External Connect i ons  D i agram for Mutual -Dra i nage Reactor 55  
2 1  Externa l  Connecti ons  D i agram for Neutral i z i ng Reactor 55  
22A Outl i ne and Mo unt i ng D i mens i ons  for 60 Hertz Neutra l i z i ng Reacto r  5 6  
22B  Outl i ne a nd  Mount i ng D i men s i ons for 50 Hertz Neutra l i z i ng Reacto r 5 6  
23 S i mpl i fi ed External Connecti on D i a gram Show i ng Rel ay Po l ar i t i es 57 
24 Pri nted- C i rcu i t  Card 57 
25 Functi ona l  B l oc k D i agram 58 
26 Connect i ons of Externa l P i l ot-Wi re Protect i on  Equ i pment 59 
27A Outl i ne and  Mounti ng  D i men s i ons  for 60 Hertz Mutual - Dra i nage Reactor 60  
27B  Outl i ne and Mount i ng  D i men s i ons  for 5 0  Hertz  Mutua l -Dra i nage Reactor 61  
28 Outl i ne and Mount i ng D i men s i ons for External  Exc i t i ng Capac i to r  62 
29  Outl i ne ,  Panel - Dr i l l i ng D i men s i ons  and El ectr i ca l  Connect i on s  D i agram 

for External  AC Mi l l i ammeter Auxi l i ary Trans former 63 
30  Outl i ne ,  Panel -Dr i l l i ng D i men s i ons  and E l ectr i ca l  Co nnect i ons D i agram 

for External AC Mi l l i ammeter Swi tch 64 
31 Outl i ne ,  Pa ne l -Dr i l l i ng D i men s i ons  and El ectr i cal Connecti ons  D i agram 

for Externa l Neutra l i z i ng Transformer Exc i t i ng Pac kage 65  
32 Outl i ne and Panel -Dr i l l i ng D i mens i ons  for External AC  Mi l l i ammeters 66  
33A Typi ca l E l ementary D i agram o f  External Connecti ons  67 
33B Typ i cal  El ementary D i agram o f  Externa l Connec ti ons 68 
34A Typ i cal  E l ementary D i agram of External Connecti ons  

for  Three- termi nal  L i nes 69 
34B Typi cal  El ementary D i agram of Externa l Connecti ons 

for Three-termi nal L i nes 70 
35  P i c ku p  Vers us  P i l ot-Wi re Length wi th  Far End of P i l ot Wi re Open 7 1  
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F i gure 1 ( 0275A2036 - 1 ) Typi cal P i ckup  Time Versus  Mul ti pl e  o f  P i ckup 

5 0  I 
I 

4 0  

<J) 
0 
z 3 0  
0 
u 
w 
<J) -
_J 
_J -
� 2 0  
w 
::::!: -
t-

� � 
...... --

t- ./ 
/ 

::) / 
0 
Cl. 
0 
a:: 
0 

1 0  
1 . 5 2 3 4 5 6 7 8 9 1 0  

C U R R E N T  P E R  U N IT O F  P I C K U P  

F i gure 2 ( 02 7 5A20 37- 1 )  Typi cal D ro po ut T ime  Versus  Mul ti pl e  o f  P i ckup  
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P I C K U P  V S  P I L O T  W I R E  L E N G T H 
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F i gure 3 ( 0273A9054-3 ) Typi cal P i c ku p  Versus P i l ot W i re Length  
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T H E  T E R M I N A L B LO C K  

F i g ure 4 ( 80 25 039)  C ra dl e Bl ock  a nd Term i nal  B l ock  C ross  Sec t i on 
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F i gure 6A ( 02 69A3024 -5 ) I nte rnal Connec t i ons D i a gram for the Type S POl i A  Rel ay 

4 2  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



R E S T R A I N T 

T&S t 

G RD. 
S E  L. 
TA.PS 

H 

GEK-49794 

I 4 
L_ _  - - - - -

PHASE TO PHASE S E N S I T I V I TY 

s 

,..,..,...,...,..... XB TA P R 2  

1 5 0  
_()_ 

V 2  
V I  

R l  
SE E 
TABLE 

I 
I 

*¢ * r 9-r-�- � �\L� x-§�B�� : :  
2 4 SURGE i I 1 0  I I A N A B C G RD '\ '- ,  \ (+.)DC 

+ ""  \ �- ----_j_j 
� \7 0.0 5 M F  E/JOV 

\_ - -==-= =-�-:::_j 
C B .::t: O.OOSMF 3000 -*" S H O RT F INGER 

V I  V2 R l  R2 
4 8  125 IOOOn 800.n 
4 8  1 1 0 SOOn 750n. 

0 O.OOO IMF S OOV 

F i gure 6B ( 0285A9904 ) I nterna l Connect i ons  D i a gram for the Type S POl i A  Rel ay , Rev i s i on A 
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( K-6209274 [ 6 ] ) Outline Drawing and Panel-Dri lling Di mensi ons 
for the S ize M2 Case Used for Type SPD Rel ays 
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GEK-49794 

F i g ure 8 ( 8043289 a nd 8043333 ) Front V i ew o f  Type S POl i A  Rel ay 
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F i gure 9 ( 8043290 ) Rear V i ew of  Type S P Dl l A  Rel ay 
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F i gure 10  ( 0273A9053 )  Method of  Connecti ng  Surge Ground to Case  
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Connec t i ons D i a gram for External AC M i l l i ammeter  Auxi l i a ry Tra nsformer 
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I I 
I�.... 2 6 � T O R E M O V E 

4 C O V E R  
S 1 D E  V I E W 

N OT E - B  N O TE -A N OT E - C 

6C �acf ' o c 
...___..,__---! 

5 C  

5 

N OTE·A T O  L O C A L  S P D R E LAY S T U D  1 8  

' 

r 

I - D H  4 

PA N E L D R I L L I N G  
( F R O N T  V I E W ) 

s 

M E T E R  

0 
4 

0 
2 

-, 
I 
I T R A N S F O R M E R  I A S S E M B L Y 

1 0 1 0 8 8 9 1 2 2 I 
I I 
I I 
L _ _ _ _ _ _  _j 

N OT E- s f T O  L O CA L S P D R E LA Y S T U D  1 9  A N D V IA P I LOT 
1 W I R E T O  R E M O T E  S P D  R E LA Y S T U D 1 9  

N O T E · C  V I A P I L OT W I R E T O  R E M O T E R ELA Y S T U D  1 8  

F i g ure 30 ( 0273A9070- 1 } Outl i ne ,  Pa nel - Dri l l i ng D i men s i on s  a nd E l ect r i c al 
Connect i ons  D i a gram for External AC M i l l i ammeter Swi tch 
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4+ 8 -3 6 M O U N T I N G  H A R D WA R E 
S C R 1 W 1 L W 1 N U T  

7 

2� MA�I 
F R O N T  V I E W S I D E V I E W  

.... I I 0 
h 

I � D I A  H O L E S  6 

\ 

tuf -
-l �f 6 4 K fl 4 KO. 

\. 

D R I L L I N G P L A N  

Fi gure 31 (0273A9067 [ 1 ] } Outline, Panel-Drilling Di mensi ons and Electri cal 
Connecti ons Di agram for External Neutralizing Transformer Exciting Package 
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\ 

± 0 1 0 
2 . 1 70 O I A 

+ . 0 1 0 
2 . 1 1 2 

. 1 4 0  D I A ·  
( ;t 2 8 D R }  

( 3  H O L E S ) 

P A N E L  D R I L L I N G  

P A N E L  

41�7·-===-�- , � 
1 . 8 5  t t -# 4- 4 0  N C- 2 A  

1 . G ?  ( 3  ST U D S )  
J M A X .  -

� ± o oa l 
1 . 3 1 8., 

BO T TO M V I E W 

I 4 - 2 8  N F - 2 A T H D. 

F i g ure 32  ( 0273A908 3 )  Outl i ne a nd Pa nel - Dr i l l i ng D i mens i ons  
fo r External AC M i l l i ammeters 
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S U R G E  GROUfi D 87 
71 l:l (SE E 

R E L A Y
-
H OU S E  SRS Li N l:  

8 7  SEE NOTE 5 N" 
1 3  

85 T 
SEE NOTE 3 

TO-R ELAY HOU S E  GROU N D  

N OTE i lHESE CAPA C I TORS A N D  R E S I STO RS 
-- R EQ U I R E D O N LY I F  NEUTRA L I Z I N G  

R EACTORS A R E  U S E D . 

T H E S E  R ES I STO RS A N D  CAPA C ITO R S  
A R E  S U P P L I E D  O N  E X C I T I N G PLAT E 
S U P P L I E D W I T H  N E UTRA L I � I N G  R E A C T O R  
0 2 5 7A 9 7 8 7  G 0 0 3  

NOTE 2 CONTA CTS I A N D  2 A R E  C LOSEO WHEN SW ITCH 
-- H A N D L E  IS IN T H E  I N  P:JS I T I O N ·  C O NTA C T :S  3 

A 'I D  4 A R E  O P E N  W H n, :.w i T C H HAN D L E  I S  
I t! TrlE IN  POS I T  ION. CON7A CTS I AND 2 OPE N 
;. �- E R  C O NTA C T S  3 A 11l C  4 C LJ S E  W H E N  

H A N D L E  I S  PU LL E D O U T. S II I 7 C H SP R I N f. 

R E- u R N S  70 TH E N O R M A L  F O S I T I O N  
A N D T O  T H E 1 11l  P O S i T  I O N .  

NOTE 3 WHEN MONITORING RELAYS A RE NOT USED, 

-- CJNNECT 67 STUD 15 TO 87 STUD 16 

9t SST 

o c  

� �SeT 

10 S�T 
S E E  NOTE 6 

NOTE 'I C LO S E  LINK FOR I W O  TE RM INA L LIN ES 

�5 RES ID UA L G R O U N D  C.T. -WHEN U S ED - FOR I N C R E A S E G  
GROUND CURR E N T  S E N S I T I V I TY 

NOTE 6 LOC KOUT C I R C U I T  FOR S P D R E LAY - W H E N  US ED - TO 
B E  C O N N ECTED I N  S EP IES WITH 8 7  TR I P  C I RC U I T  

N O T E  7 CONNECT S T U ::J  8 TO 1 8  A N D  9 TO 19 OF S P D  R E L A Y  
E X T E R NA L TO T H E  R E L A Y  C A S E  

'NOTE 8 E .A C H  R ELA Y C A SE S H O U L D  BE C ONN EC TED  T� T H E  

R E L A Y  H O U S E  GROUND W I T H  A S EPA R AT E *' 1 2 OR 
L A R G E R  COPP E R  C O N D U C T O R  O F  M IN I M U M  L E N G T H  

C ONNECT S TUD 7 TO 1 7  OF SPD A N D  ST U D 6 T O  16  
OF S PA EXTERNAL TO THE C A S E  A N D  T O  R E L A Y  

H O U S E  G ROUND W IT H  M I N I M U M  L E N G T H  # 1 2  OR  
L A R G E R  C OPPER C O N D U C TOR 

Fi gure 33A (013802454 [ 4 ] ) Typi cal Elementary Di agram of External Connecti ons 
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3 1  1 4  t_ _ _  ..J 
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1 I IC 
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S U B S TAT I O N  
BOU N DA R Y  

Figure 338 

8 7 TS 
LOC 

GEK-49794 

87TS 
IN 

SEE NoTE 6 
1 3  

87 
N 

3 

-= 

87 
""'N 

& 
8 7  
Iii 

5 
87  
""'N 

4 SURGE GR OUND 87 B S  R 
1 3  8 7 T5 

1 3C- R E M  
7LEJ 6\ 16\ 

8 5 R  
S E E  NOTES 4 AND 5 

< + l---r----------------------�------.----,----
1 2  9l ssR 8 7  

Tii(Sl  
ili_j� 1 1  5 2  � 

5 2  

1 0  

8 7  
Ps 

uc lOT TIC 
TO ALA R M  C I R C U I T S  

S E E  N O T E  7 

( - l ---L�T�C ______________________ ���--------------------

8 7 T S  0 2 73 A 8 4 3 7 G I  5 8 1 0  
T E S T  S W ITC H  A C  C H EC K  

C O  NT. N O. R E M * C I R  "ljt: NOR * LO C 

S E E  NOT E 2 
-n- --t �  3 
3 3C 4C 4 4 S E E  NO T E  2 

5' '5c ,(' "  6 X X 
-1 1":  -tt- 7 

1 1c ec 8 · 8 )( X X 

11' ljj c 12-ct IJz I� ._..,x,-+-,,..:-+-+--+--lf-'x"-+�Xy 
-It-- I X X 13 1 3 C  

D EV I C E  I N T E R N A L 
CO N N ECT I O N S  

S P D  I I A 0 2 6 9 A .3 0 2 '1  

S PA l l A  0 1..7 5"A 3 2. 4C'  
SPA 1 2 A o 2./ SA YZ.41.. 
M E T E R  -
T E S T  SW 0 2 7 3 A 9 0 7 0 

M E T E R  0 2 7 3 A 9 0 6  8 T R A N S  

O U T L I N E  

0 0 6 2 0 9 274 
0 0 (&, 2. 0  9 2. 1 1.  
OOC."2.0 9 2. 1 2  
0 2 7 .3 A 9 0 8 .3 
0 2 7 3 A 9 0 7 0  

0 2 7 3 A 9 0 6 8  

L E Ci E II O 

O�� E TYPE 
E

I
L
N
E
'M D E SC R I P T I O N  

8 7  SPOliA P I L O T  W I R E  R E lAY 
N N E TWO RK 
0 O P'ERATE F U NC T I O N  
R REST R A I NT F U NC T I O N  

I T  I NS U LATI NG T R A N S F  
T &.ST TA R G E T  A N D  S E A L  I N  

P S  POW£ R S U P PLY 
87 TS' AC CONNS. TEST SW 

@7M AC CO NNS M E T E R  
87 W T IVIN S  T R A N S F  F OR M E T E R  

8ST S P A l l A "'ON I TOR R E L  T RA NSMIT END 

uc U N DE R  C U R R E I H  U N IT 

o c  OV E R  C U R R E II T  U N I T  

G &ROUND D E T E C T O R  UNIT 

PS POWER S UPPLY 

8 S R  S P A 1 2 A  MON ITOR RELAY RECEIVE END 

uc U NDE R CU R R E N T U NI T  

PS POWER S U P F LY 

87 P R  PADDING  l'.ES1 5TOR (HE NOTE 3 )  

.!. .!. R ELAY H OUSE 
G R O U N D  

(013802454 [ 4 ] ) Typical E l ementary Diagram of External Connections 
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� SEE. 1-l oTE � 14�13 
C I R C U I T  I I : \  : P R O T E C T E D  
B R E A K E R  I I : I I L l  N E 

sr 8 7  8 7 TS P i LOT W I R E  PROTECT I O N  
AS N E E D E D  I S EE 

8 7  R I T  8 (S E E  N OT E 8) N O R  N O T E  3 N" � 87 
E) -

67 � N 3 ® 

16 scf TIC e c  CiR 
;� 

7

1 :::>:!: 6 7 T S  8 .L 87TS 1 0  

7 8 7 T S  8 7 T S  31 1.LS7TS 
I O C 9�� 

9 C I R  

1 2  

I 1; - -,  S 7 P R  2 � � --
I 

5 
87 81 "N = 

0 
4 "¥'" 

" "" i f:1 
" � 2 3C IC 

- S7M 5 87M 16 --� "AA" 
I � 

1 2C 
67TS 41 3 
REM L _ ...J 

I I  87TS : [I[  LOC 87PR 

I I C J S E E  I N O T E  I 

P I L O T 
W I R E 

S U R G E  GROUND 6C.J._ 8 7 TS IJ�T 8 7TS 
3 

I 8 7  · �  7! 1 71 6T LOC 
(SE E NOT E 8) 9 

J- S E E  NOTE 1 1  2 S E E  N O T E  i 
RELAY

-
HO U S E  •11-:--CJ-----t t!;J r "r---c:J---:-i I .  GR OU N D 4 4000!\. IJ.J.f IUf 40001L 4 

" 85T 

SST 
B� 1-: 7 

,.,�'��� RECT 

DC I N V  

�ECT � 
(- ) 5  �� 

SURG E { II I STATIC CIRC U ITS I GROUND 8ST 16i o<T REACTOR ®® ® 
"'"- 6 uc oc G 

TO -R ELAY H O U S E  GROU N O 

8 7  
T lk  S l  

IRJ 87 

' l s 2 c.:­
S 2 

85T --SEE NOTE 4 

1 0 

8 7  
PS 

13G REM 

8 5 T  
""""(; 

I 
S U B STAT I O N  

B O U N D A R Y  

-

91 ��T l SST 
r ue 

S A M E 

CO N NE CT I O N 
A S  

R I GHT H AN D  
T ERM I NAL 

( -l �-T�C�------------------�2�0�------------------
# SST 

T 
1 0  

NOTE i T H E S E  CAPAC ITORS AN D R E S i STO RS 
R EQUI R E D  ONLY I F  N EUTRAL I Z I NG 
R EA C TOR S  A R E  U S E D . 

NOTE 2 

NOTE 3 

NOT!:: 4 

T H E S E  R E S I STO RS A N D  C A PA C  I T O R S  
A R E  S U P P L I E D O N  E X C I T I N G P LAT E 
S U P P L I E D  W I TH N E U T R A L I Z I N G R EACTO R 

0 2 57A97 8 7  G 0 0 3  

C O N TACTS I A N D  2 A R E  C LOSED W I-l E N  SWITCH HANDLE 
I S IN TH E  I N F O S r T I C N .  CO N TA CTS 3 AN D 4 A R E O P E N  
W H e N  S N I T C H H A N C) L E  I S  I N  TH E I N  POS I TI O N" 
C C N TA C T S  I A N D 2  C P E N A F- E R C C N TA C TS 3 A N D " 
C L O S E  W H E N  H A N DL E  IS P U L L ED O U T. 
S .v i T C f' S F P I N G  R E T U R N S  TO h < E N CJ R .'>< A L  
P ccS I T I Q N  AND T O  T H E  I f.  P O S IT I O N  
F O R T H R E E  T E R M I N A L  L l  N E S  T H E  P i LO T W I R E  
M U ST B E  PA D D E D  S O  THAT A L L  TH R E E  S ECTI O N S  C F  P I L O T  W I R E  F R O M  R E LA Y  T O  M I D P O I NT H AV E  
T H E  SA M E  S E R I E S  R E S I S TA N C E 

WH E N  WiNITO R ING R EL AY S  A R E  N O T  US ED 

C O N N o C T  87 S T u D  1 5  TO 87 S � U O  16 

SEE NOTE 7 

NOTE 5 O PE H  L I NK FOR T H R E E  T E R M I N A L  LINES 

NOTE G R ESID U A l.  G R O U N D  C.T. W H E N  US ED· F O R  
INCREASED IOROUNO CUPRENT S E N S I T I V IT Y  

� LOC KOUT C I RCUIT F O R  S P D R E LAY W H E N  
USED T O  B E  CONNECTED  I N  S E R I E S  W I T H  

8 7  T ll lf'  C I RC U I T  

N OTE 8 C ONNECT S T U D  8 T O  1 8  A N D 9 T O  1 9  O F  S P D  
R E L A Y  E X T E P,NAL T O  T H E RELAY C A S E  

E A C H  R E LAY C A S E  S H O U L D  B E  C ON N EC T E D 
TO T H E  R E LA Y  HOU S E  G R O UN D  W I T H  A 
S EptA RATE l=t 1 2  OR L A R G E R  C 0 P P E R  
C O N D U C:T.O R O F  M IN IM UM L E N G T H .  

C O N NECT S T UD 7 T O 1 7  O F  S P C  AN D S T U D  

6 T O  1 6  O F  S PA E XTER NA L TO T H E  C A S E  
A N D  T O  R E L A Y  H O U S E  G R OUN C W I T H  

M IN I MUM L E N GT H # 1 2  O R  L A R G E R  
C OPPER CO N D U CTOR 

Figure 34A (013802455 [ 4 ] ) Typical Elementary Diagram of External Connections 
for Three-terminal Lines 
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3 1  1 4  
L.... _ _  _J 
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I 
I 
I 
I 
I 

I I � 
LOC I IC 

13  8 7 TS 
13C - R E M  

GEK-49794 
S E E  N oTE S 

13 

87 
87 '"N"" 

N t-'lr.6.--_. 
87 
N" 

5 87 
T 

4 SURGE GROU ND 
87 8 5 R  

71 fl 61 :{'1 
S U B S TAT I O N  
B O U N DA R Y  

R E L AY H OU S E  
G R O U N D  

Figure 348 

I I  8 7  

85R 
S E E  NOTE S 3 AND 4 

10 

Ti,:S l 

T g_z � i� e 7  

e �R Uc 
9l 8 5R lOT IT 

TO ALA R M  C I R C U I T S 
S E E.  NOT E 6 � 2  

2 01 P S  f�� (-1 --�-��--------------------��--------------------

8 7 T S  0 2 73 A 8 4 3 7 G  I S B I O  
T E S T  SW ITCH A C  C H EC K  

CO N T. N O. R E M * C I R  .. NOR * LO C 

S E E  N O T E  2 

S E E  N O T E  2 

1 1c e c e e x )( 
9' '9c • oct t'jo ,6 
lj1 toe 1ict lj"2 11� X X 
,;-t tt;c 1 3  x -� 

D E V I C E I N T E R N A L 
CON N ECT I O N S  

S P O l i A 0 2 6 9 A 3  0 2 4  

S PA l l A O Z 7 5A :> Z 4 0  
S PA 1 2 A  0"2.75A :> Z 4 Z  
M E T E R  -
T E S T  5W 0 2 73 A S 0 7 C  

M ETE R 
0 2 7 3 A 9 0 6 8  T R A  N 5  

X X X 

O U T L I N E  

0 0 6 2 0 9 274 

00 ... 20 9 2 7 2  
O OC. 'l O  9 Z 7 2  
0 2 7 3 A 9 0 8 3 

0 2 73 A 9 0 7 0  

0 2 7 3 A 9 0 6 8  

L E C. E N O 

D�� E TYPE 
E

I
L
N
£
� DESC R I P  T I 0 N 

8 7  S P O l iA P I L O T W I R £ R E LAY 
N N E T WO R K  
0 O P E RA T E  F U N C T I O N  
R R E ST R A I N T  FUNC T I O N  
I T I N SULATI NG T R A N S �  

T S.Sl T A R G E T  A N D  SEAL I N  
P S  POW E R  SUP PLY 

87TS AC CONNS. T EST SW 
8 7 M  A C  C O H NS· M E T E R  
87"4 TRANS f R A N S F  F OR M E T E R  
85T SPA l l A  M O N I TO R  R E L  T R A NSMIT END 

uc U N DE R CU R R E NT U N IT 

o c  OV E R  C U R R E N T  U N I T  
G GROUND DETECTOR UNIT 
PS POWER SUPPLY 

85 R SPA12A N O N ITOR REL. R E C E I VE END 
uc U N DE R CU R R E NT U NI T  
PS POW[R S U PPLY 

(013802455 [ 4 ] ) Typical Elementary Diagram of External Connections 
for Three-terminal Lines 
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P I C K  U P  2 
P E R U N I T  

* # 
B A S E D  O N  1 9  
P I L O T W I R E  PA I R  

F i gure 35 

GEK-49794 

P I C K U P  V S  P I L O T  W I R E  L E N G T H  
F O R A P I L O T  W I R E  O P E N  A r  F A R E N D 

T Y P E  S P D 

/ 
/ 

v 
v 

/ 

[7 

./ 

I 
I c S H U N T = 0 . 0 0 0 7 5 U F D ·  R *l 

I ' 

0 2 5 0  5 0 0  7 5 0  1 00 0  1 2 5 0 1 5 0 0  1 7 5 0 2 0 0 0  

P I L O T  W I R E  L O O P  R E S I S TA N C E  
O H M S  

( 0273A9 1 2 7- 1 )  P i ckup  Versus  P i l o t- Wi re Length  
w i th  F a r  End o f  P i l o t  W i re Open  
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