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G E K-4981 3 

STATIC, TH R E E -PHASE DI R ECTIONAL GROUND-DISTANCE R E LAY 

TY PE SLYG81A 

D ESCRIPTION 

The Type SLYG81A rel ay is a three-phase, fi rst- or second zone static g ro u nd-d i stance, re lay .  
I t  i s  ava i l ab le  with rat ings of 60 hertz, 5 amperes; 50 hertz, 5 a m peres; or  50 hertz, 1 
ampere. F ive-ampere-rated relays are ava i lab le  with conti n uous ly adjustab le  o h m i c- reach 
ranges of 0 .1 to 4 ohms or  0.75 to 30 oh ms. One-ampere rated re lays a re ava i lab l e  with 
cont in uously adjustab le ohm ic-reach ra nges of 0 .5  to 20 ohms or  3 .75 to 150 o h ms. DC 
power-su pp ly  voltages ava i l ab le  are 48, 110, or  125. A 250 vo lt rati ng  is  ava i l ab le  with a n  
external  pre-reg u lator. Contact outputs are provided for tri pp ing  {two contacts, each with 
target) and there is contact con nected to positive for aux i l i a ry fu nct ions. The re lay  i s  
mou nted i n  a deep, large-size, double-ended d rawout { L2D) case . 

The Type SLYG81A re lay may be used i n  a "stepped d i stance" protection as the fi rst, second 
or th i rd zone of g round  p rotect ion . It may a l so be used as an u n d e rre ach i n g  o r  
overreach i n g  tri pp ing  re lay i n  any of the d i rectiona l -compa rison scheme.  I f  the d i rect iona l­
compari son scheme uses g round-d istance b l ock ing  re lays, the Type SL  YG82A b lock i n g  re lay  
{described in  i nstruction book G EK-49814) shou ld be used i n  the  sch eme to coord i nate with 
the SLYG81A tri pp ing  rel ay.  

T h e  SLYG81A h as a "variab l e  m h o" cha ra cte r i st i c, w h i c h p ro v i d e s  a n  o pt i m u m  
accommodation of fau lt resi stance. 

The fu nctiona l  b lock d iagram i s  shown i n  F ig u re 1. The i nterna l  con nections a re shown i n  
F i g u re 2 and the extern a l  connections are sh own in  F ig u re 3 .  

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

possible contingency to be met in connection with installation, operation or maintenance. Should further 

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

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

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

standards; but no such assurance is given with respect to local codes and ordinances because they vary greatly. 
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G E K-4981 3 

APPLICATION 

The  S LY G 81 A  ut i l i zes a fo u r- i n p ut  p h ase-a n g l e  co m pa rato r fo r g ro u n d -d i sta n ce 
measu rement for each phase . The fou r  i nputs for the phase-A-to-g roun� measu rement 
a re: 

(a) ( lA - lo) ZR1 + Kolo ZRo - T VAG . . . . .  O perati ng Quantity 

(b) �L90° .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . #1 Po lar iz ing  Qua ntity_ 
v'3 

(c) c KoloZRo - Vo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  #2 Po lari z ing  Qua ntity 

(d) loZRQ . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Overcu rrent Su pervis ion 

where: 

lA i s  the fa u lted phase cu rrent 
lo is the zero-sequence component 

ZR1 is the phase (positive- and negative-sequence) base reach ta p w ith  a n  
i m pedance ang le  85° 

ZRo is the neutra l (zero-sequence) base reach with an i m pedance a n g l e  of 7 5° 

T VAG i s  the "adjustab le" phase-to-ground restra i nt voltage 

�L90° i s  the "quad ratu re" voltage sh ifted 90 lead i ng_ 
v'3 

Ko i s  a ratio tap compensate for the mag n itude ratio between the zero- and 
positive-sequence l i nes i m pedance 

c i s  a design  consta nt (0 .5  per u n it) 

Vo is  the zero-sequence vo ltage at the re lay 

The u se of a fou r-i n put compa rator prod uces many advantages over prev ious  desi g n s  i n  
sim p lify i ng  the app l i cation of a g rou nd-d ista nce relay for eith er f i rst- o r  second-zone  
app l i cations.  

The fi rst and second i n puts (a and b) to the com pa rato r p rod u ce the we l l  k n ow n  
q uad ratu re-po larized g rou nd-d istance u n it with a "var iab l e  m h o" cha racter i st ic .  The  
"var iab l e  mho" characteristic i n creases i n  s ize as  the  so u rce i m ped a n ce i n creases, to 
accom modate i ncreasi ng  fau lt resistance. 

The use of the second polar iz ing qua ntity (c) restr icts the d ista nce measu rement to the 
fa u lted p h ase, thereby elim i nati ng the need for check ing  the u nfa u lted ph ase u n it for 
i n correct d i recti o n a l  sen s i n g  on  u n usu a l -seq u e n ce c u r re nt-d i str ib ut i o n  fa cto rs, o r  
overreach i n g  on  heavy- load tra nsfer. 

The second polar i z ing  qua ntity (c) a l so p rec ludes the possib i l ity of the d i sta nce u n it 
overreaching  on a doub le-l i ne-to-g rou nd fa u lt  with h i g h  zero-sequence fa u lt res ista nce.  
The h i g h  zero-sequence fa u lt  res ista nce can ca use a fa u lt beyond the reach of a re lay to 
a ppear with i n  the operat ing cha racteristic of a re lay when on ly  the (a) and (b) i n puts above 
a re used . 
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G E K-4981 3  

The fou rth i n put (d) p rovides overcu rrent supervis ion to p revent operation o n  potential 
fa i l u re o r  on the l i ne de-energ iz ing  transients that a re associated with l i nes with sh u nt 
reactors. The l i ne  de-energ iz in g transients present a problem if a relay  operates on  the 
tra nsient voltages just pr ior to a h igh -speed reclosu re. 

In add ition, the th i rd and fou rth i n p uts (c and d)  act as a zero-sequence d i rectiona l  u n it 
that p rovides excel lent d i rect iona l  i nteg rity. 

The SLYG81 A has an adjustable characteristic that is adjusted by means of the t imer setti n g  
o n  the characteristic ti mer. For short l i nes a ci rcu la r  character ist ic i s  recommended, but, for 
longer  l i n es, l i nes with u n usu a l ly heavy-load tra nsfer, or  th ree-term ina l  l i nes where very 
l a rge  reach setti ngs  a re app l ied, a lens-shaped characteristic i s  recommended . 

RATINGS 
G E N ERAL 

The Type SLYG81A re lay is designed for conti n uous operation  i n  a mb ient tem peratu res 
between -20°C and + 55°C per ANSI standard C37.90-1978. In add it ion, these re l ays wi l l  n ot 
malfu nct ion nor  be da maged if operated i n  an  ambient u p  to 65°C.  

The cu rrent ci rcu its of the relays that are rated 5 am peres rms wi l l  carry 10 a m peres rms 
conti n uo usly and wi l l  ca rry 2 50 amperes rms for 1 second . The cu rrent ci rcu its of the rel ays 
that a re rated 1 ampere rms wi ll carry 2 amperes rms co nti n uo usly a n d  wi l l  ca rry 5 0  
a m peres rms for 1 second .  T h e  potentia l  ci rcu its are rated 6 9  volts rms l i n e-to-neutra l a n d  
can withstand 110 %  of th is val ue conti nuously .  

These re lays a re ava ilable  with eith er short or  long i m ped ance ranges as shown in  Tab l e  I .  

TABLE I 

AVAILAB LE REAC H ES 

CURR E NT 
TRANSFORM ER ZR1 BASE REACH TAP I N  ZR I M P E DANCE RAN G E  I N  

RATING TYPE POSITIVE-SEQU ENCE OHMS POSITIVE-SEQU ENCE  O H M S  
0 .1 0 .1 to 1 .0 

S AM P  SHORT 0 .2  0 .2  to 2 .0 
0 .4 0.4 to 4.0 
0 .75 0 .75  to 7. 5 

S AM P  LONG 1 . 5  1. 5 to 1 5  
3.0 3 to 30 
0 .5  0 . 5  to 5.0 

1 AM P  SHORT 1.0 1 .0  to 10.0  
2 .0 2 .0  to 2 0.0  
3 .75  3.75 to 37 .5  

1AM P LONG 7 .5  7 . 5  to  75 .0  
15 .0 15 .0  to 1 50.0 
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G E K-4981 3  

Selection  of the desi red base-reach ta p {ZR1) is made by means of the fo u r  tap screws at the 
lower rea r  of the re lay {see F ig u re 4). All four tap screws {0A, 0B,  0C, and neutral) m u st be 
in  equa l  ohm ic-ta p positions. 

The re lay reach {ZR) of the relay is  conti n uously adjustable, with in  the range  shown i n  
Tab le  I for a particu l a r  tap, b y  means of a three-gang precis ion potentiometer at the lower 
f ront of the relay (see Figu re 5). The 1 0-tu rn d ia l  of th is potentiometer is cal ibrated i n  
percent restra i nt sett ing (T) and is adjustable f rom 10% (fu lly co u nterclockwise) to 1 10 %  
(fu l ly clockwise). The maximum recommended setti ng  i s  1 00 % . A n  enlarged p icture of the 
d i a l  i s  shown i n  F ig u re 1 5 . 

The re lay reach i s  g iven by equation ( 1 ): 

Relay Reach = ZR = 1 00 x ZR1 ( 1 )  

where 

T 

T = Restra i nt sett ing i n  percent 

ZR = Relay reach i n  ohms 

ZR1 = Base reach tap in position-sequence ohms 

The relay sho u ld be with i n  5% of the va l u e  g i ven by eq u ati o n  ( 1 )  if the a mb i e n t  
temperatu re i s  with i n  the rated range of - 20°C to + ssoc. 

SURG E-WITHSTAND CAPABI LITY 

These relays w i l l  withstand ANSI C37.90A- 1 974 su rge test without i n correct o perat ion or  
damage to any  com ponent. 

POW E R  SUPPLY 

Models  a re ava i l able with rati ngs of 48 volts DC (38 to 56 volts), 110 vo lts DC (88 to 1 20 
vo lts), o r  1 2 5 vo lts DC ( 1 00 to 1 40 volts) . The power su pply conta ins  a DC-to-DC con verter 
to p rovide i so lation  between the DC input control power and the solid-state ci rc u itry of the 
re lay .  O n  re lays with DC control voltage i n  excess of 1 2 5 vo lts, an  externa l  p re-reg ulato r is 
used. Th i s  red u ces the contro l voltage to 1 2 5 vo lts, su itable for i n put to the relay termin a ls. 

CONTACTS 

A l l  th ree of the output contacts of the Type SLYG8 1 A  will. make and ca rry 30 a m peres for  
tri p p i n g  d uty, but the i r  conti nuous-cu rrent rati ngs a re l i m ited by the target rati ngs  as l i sted 
i n  Tabl e  I l l .  The i nterru pting rati ngs a re g iven in Tab le II. 
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G E K-4981 3 

TABLE II 

I NTERRU PTING RATINGS OF OUTPUT CONTACTS 

AMPS 
AC VOLTS INDUCTIVEtt NON-I NDUCTI VE 

1 1 5 0 .75 2 .0 
230 0 .5  1.0 

DC VO LTS 
48 1.0 3 .0 
1 2 5 0 .5  1. 5 
2 50 0.25 0 .75 

ttThe i nductive rati n g is  based on an UR ratio of 0 .04 second 

TARG ET 

Targets havi n g 0.6 and 2 ampere taps are provided for the output contacts between studs 
11  and 1 2  and  between studs 13 and 1 4. The rati ngs of each of these ta rgets a re g i ven in  
Table I l l. 

M i n imum Operati ng 
Ca rry Conti n uously 
Carry 30 Amps for 
Carry 10 Amps for 
DC Resista nce 
60 Hertz lm ed ance 

O PE RATI NG PR INC IPLES 

TABLE Ill 

TARGET RATINGS 

0.6 Amp Ta p 

0.6 amps 
1.2 amps 
0. 5 sec. 
5 sees. 
0.78 ohm 
6.2 ohms 

CHARACTERISTICS 

2 .0 Amp Ta p 

2 .0 amps 
2 .6 amps 
3 . 5  sees. 

30 sees. 
0 . 1 8  ohm 
0 .65  ohm 

The mho cha racteristic i n  the SLYG81  is  obta i ned by convert ing re l ay currents i nto voltage 
sig n als ( IZ), comb i n i ng these IZ  s igna ls  with s ignals proport ional to the l i n e voltage  (V), and 
measu r i ng  the a n gle between the appropr iate comb i n at ions  to obta i n  the d es i red 
characteristic.  

Cu rrents a re converted i nto IZ s igna ls  by means of tra nsactors (XA, XB, Xc, and Xo) that are 
a i r  gap  reactors with secondary wind i ngs. The transactors a re tap ped on the pr imary to 
provide the basic ohmic  tap selection of 0 . 1 ,  0.2 or 0.4 ohms for the 5 ampere sho rt-reach 
relay or  0 .75, 1 .5  or 3 ohms for the 5 ampere long-reach re lay.  The 1 -ampere-rated re l ay 
ta ps a re 0 .5, 1 .0, or  2 .0 ohms for the short-reach relay and 3 .75, 7 . 5  and 15  ohms for the 
long-reach relay. 
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GE K-4981 3  

The Z of the I Z  quant ity i s  the transfer impedance of the transactor and i s  eq ua l  t o  VouTIIIN­
The t ransactor seconda ries have load i ng resistors across them.  These resistors p rovide the 
des i red ang le  between VouT and I 1N- Th is  ang le  determines the base reach of the  rel ay. 

Two add it iona l  q uant it ies (" loZRo" and  "cKo loZRo-Vo ") a re a l so com p a red to p rov ide  
secu r ity for  fau lts other  than  s ing le- l i ne-to-g rou nd. 

The p hase ang le  between the four s igna ls  i s  compared in  a "Coi nc idence Log ic" (CL) c i rcu it 
t h at p uts o ut a recta n g u lar  voltage pu lse when these sig na ls  are co i n cident. The width of 
t h i s  b lock of voltage is  measu red by an  " I nteg rat ing  Timer" ( IT) ci rcu it which p rovides a 
tr i p-si g n a l  output when the pu l se width exceeds a preset d u rat ion .  If the t imer is set for goo 
(th at is, 4. 1 6  m i l l iseconds i n  a 60 hertz system or 5 m i l l i seconds i n  a 50 hertz system), a 
c i rcu la r  R-X cha racter ist ic  is obta i ned.  If the t imer is  set for less than  goo, a n  exp a nded 
(tomato sha ped) cha racter ist i c  i s  obta i ned .  If t h e  t imer i s  set for  more tha n  goo, a 
contracted c i rcle ( lens shaped) is  obtai ned .  Relays are sh i pped f rom the factory with the 
t imer set for  goo. 

The t im i n g  d iagram for a typ ica l co ndit ion is  shown i n  F ig u re 8. 

If the 1 00 %  rest ra i nt sett ing is  used and Ko is  set eq ua l  to the rat io  of Zo'/Z1', phase-to­
n e utra l  reach of the relay at the ang le  0 i s  eq ua l  to the IZ  base-reach tap chosen .  If a 
voltage tap other than  1 00% is chosen, reach is  i ncreased i n  i nverse proport ion  to the 
vo ltage tap .  For example, if the 50 % voltage tap is used, re lay operat ion st i l l  occu rs fo r the 
same voltage app l ied to the measu r ing  ci rcu it, but s ince the actua l  l i ne voltage is  twice t h i s  
amo u nt, the  relay reach is  twice a s  g reat . 

Re lay reach at the ang le  of maximum reach can be ca lcu lated from the exp ressio n: 

where: 

ZR = illx 1 00 
T 

T = rest ra int sett i ng i n  percent 

ZR1 = base-reach tap sett i ng  i n  posit ive-seq uence o hms 

ZR = relay-reach in posit i ve-seq uence ohms 

To set the  re lay for the  des i red reach, it is necessa ry f i rst to se lect the  proper "Base Reach 
Ta p".  This tap shou ld be the h i ghest "Base Reach Ta p" that is  sma l ler  than  the desi red 
ohmic  reach . The setting  of t he "Base Reach Tap" is exp la i ned u nder  the  sect ion  t it led 
CONSTRUCTION i n  t h is book. After the "Base Reach Tap" is  selected , the "Percent Rest ra i nt 
Sett i ng" may now be chosen to prod uce the req u i red relay reach . 

OPERATI N G  TI M E  

O perat i n g  t ime i s  a funct ion of the length of l i ne bei ng protected, the sou rce imped a n ce 
and the locat ion  of the fa u lt. F ig u re g shows the average operat i n g  t ime for  a Type­
SL Y G8 1  A relay when set for f i rst zone protect ion of a typ ical  1 00 m i le  rad ia l  tra n sm issio n  
l i ne  with a sou rce impedance eq u iva lent t o  a 25  m i l e  l i ne .  F ig u re 1 0  shows the  average 
operat ing  time for  the same l i ne  when the re lay is set for  second-zone p rotect ion .  
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GE K-498 1 3  

S E NSITIVITY 

Sensitiv ity is def ined as the steady-state rms voltage or  cu rrent (at the relay termina ls) 
req u i red for a particula r qua ntity to pick u p  the relay if all quantities a re in  the o ptim um 
phase relationsh ip. The nominal sensitivities for the sign  i n  the SLYG81A relay a re as 
follows: 

1 .  Pola r iz ing# 1 Sensitivity (Quad ratu re Pola rizing) 
Sensitivity is 10% of rated voltage 

2 .  Polar iz ing #2 Sensitivity 
Sensiti vity i s  1 . 2 5  volts ( - Vo + cKo loZRo) 

3 .  Overcu rrent Su pervis ion Sensitivity loZRo 
310� 0 .2  z

3 amperes For ZR1 = 3 ohms, 31o = 0 .2  
R1 

4. Operate C i rcu it Sensitivity 

See F ig u re 1 1  for sensitiv ity i n  terms of VLN ( %  T) 
100 

To determ i ne cu rrent sensitivity, the ratio of lo to I� must be known or  assumed , a nd the 
ratio of ZoL to Z 1 L must be known. The cu rrent sensitivity ca n then be determi ned f rom the 
form ula: 

( ISIS - lo) ZR 1 + loKoZRo = 0. 1 6  
1 -X 

where 

actual reach X = nominal reach 

For exa mple, if ISIS = 31o and KoZRo = 3ZR1 

then 2/3 1SIS ZR1 + ISISZR1 = 0 . 1 6  
1 -X 

ifX = 0.8, 

BURDENS 

5/3 ISISZR1 = 0. 1 6  = 0.8 
1 - .8 

For ZR1 = 3 ohms, ISIS = 0 . 1 6  am peres 

The potential-ci rcu it b u rden per phase at 69 volts rms l i ne-to-neutral voltage is as follows: 

0 .2  volt-amperes 
0 . 1 7  watts 
0 . 1 0  vars 
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G E K-4981 3  

The i m pedance of each current c i rcu it, measu red at its rated cu rrent, i s  shown i n  Table IV 
below. The values a re g iven i n  oh ms. 

TABLE IV 

5 AMPERE RATED R E LAY 1 AMPERE  RATED R E LAY 

PHASE GROUND PHASE G ROU N D  

z 0.030 0 .0 1 8  0 .2 10  0 . 1 60 

R 0 .027 0 .0 1 8  0 .200 0 . 1 50 

X 0 .0 1 3  0.002 0 .065 0 .050 

The overall cu rrent d ra i ns of the DC control-power i n put (Studs 1 9  and 20) a re as follows: 

RATE D VO LTAG E I N  DC VOLTS 

48 
48 

1 10 
1 10 
1 2 5 
1 25 
2 50 
2 50 

R E LAY K2 

Dropped Out 
Picked up 
Dropped Out 
Picked Up 
Dropped Out 
Picked Up 
Dropped Out 
Picked Out 

INPUT CURR E NT IN M I LL IAM P E R ES 

200 
3 1 5  

90 
1 7 5 
80 

1 5 5 
2 60t 
260t 

t I n put to studs A and C of external pre- reg ulator. 

C I RCUIT D ESCR I PTION 

The i nternal con nections for the Type-SL YG8 1 A  relay are shown in F ig u re 2. The termi nal 
n u m bers at the top and bottom of th is  d iagram represent the external con nect ions to the 
relay .  The external con nections can be g rou ped as shown i n  Table V . 

TERMINAL NUM B E RS 
1 th rough  8 
9 
1 0  
1 1  th rough  1 4  
1 5  through  1 8  
1 9  th rough  20 

TABLE V 

EXTERNAL CONN ECTIONS 

DESCR IPTIONS 
AC Cu rrent I n p uts 
Contact (Other End Connected to # 1 9) 
Surge Ground 
Contacts with Ta rgets 
AC Potential I n p uts 
DC Control Power I n p ut 

10  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



G E K-4981 3  

The phase-to-neutra l input vo ltages a re connected to the p rimar ies of 10: 1  step-d own 
transformers (TA, TB and TC) . One secondary of these potentia l  transformers is connected 
to the s igna l  processing (SP) ca rd as wel l  as to a three-gang p recision potentiometer. The 
voltages on the s l iders of the potentiometer are a l so connected as inputs to the SP card. 

A second set of seconda ries on these potentia l  transformers is connected in broken de lta to 
der ive the Vo s igna l  req u i red as an input to the SP ca rd. 

The inp ut phase currents pass through the pr ima ries of transactors (XA, XB  and XC). These 
transacto rs p rod u ce second a ry voltages p ro p o rt ion a l  to the i r  p r ima ry c u r rents in 
magn itude; however, the secondary voltages lead the i r  respective pr ima ry cu rrents by a 
phase ang le of 85° .  The inp ut zero-seq uence current passes through the prima ry of a 
transactor (XO) sim i l a r  to XA, XB and XC except that the secondary voltage of XO leads its 
p rima ry cu rrent by 75°. The secondary vo ltages of a l l  fou r  transactors a re connected to the 
SP ca rd. 

The SP card combines the above mentioned quantit ies to prod u ce va r ious output s igna ls  
that a re then fed as  inputs to other ca rds.  Tab le VI ind icates the types of  output s igna ls  
prod uced by the SP ca rd , and which other ca rd are fed by each s igna l. 

TABLE VI 

OUTPUTS FROM SP CARD 

OUTPUT S IGNAL FROM SP CARD 

VAN, VsN, VcN, - VAN, - VsN, - VcN 

cKo loZRo - Vo 

( lA - lo) ZR 1 + KoloZRo - TVAN 
( Is - lo) ZR1 + KoloZRo - TVsN 

( lc - lo) ZR1 + KoloZRo - TVcN 

I N PUT TO CAR D  
Quad ratu re Po lar iz ing (QP) 

Coincidence Log ic (CL) 

Operate S igna l (OS) 

The "Quad ratu re Po lariz ing" (QP) card prod uces a vo ltage Vsc L90° (j Vsc) by a lgeb ra i c  
summations of  VaN and VcN- This j VBC is then fi ltered in an active band-pass fi lter with a 
natu ra l freq uency (fo) eq ua l  to system freq uency . Sim i l a rly-fi ltered jVcA and jVAB voltages 
a re p rod uced in the QP ca rd and al l  three outputs are fed to the CL ca rd as the ma in ( 1 )  
pol a riz ing voltages. 

The "Operate S ignal" (OS) ca rd fi lters its s ignals from the SP ca rd in active band-pass f i lters 
with natu ra l freq uencies eq ua l  to system freq uency. C i rcu itry is a lso provided to bypass th is  
fi lter ing for ( IZ-TV) s igna ls of  la rge magnitudes .  The o utp uts of  the OS ca rd are fed to the 
CL  ca rd as operating s igna ls. 

Each phase of the CL  ca rd has fou r  in put signals  and prod uces a h igh log ic  ( + 1 5  volts DC) 
o utput s ignal  whenever these signals have the proper instantaneous p hase re lationsh i p. 
Tab le  V I I  shows the va rious input signals  for one phase and where the s igna ls  a re obta ined . 
In order for the output of CL  to be h i gh, inputs 1 ,  3 and 4 must have the same pola rity and 
inp ut 2 must have an opposite polarity. 
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G EK-49813 

TABLE VII  

INPUTS TO CL CARD 

INPUT NO.  I N PUT SIGNAL D E RIVED FROM 
1 Quad ratu re Polar iz ing Q P Card 

2 Operate S igna l  OS Card 

3 cKoloZRo - Vo SP Card 

4 loZRo Xo Transactor 

The output of the CL card has a h igh log ic va l ue if  any one, or more, of its phases has the 
p roper p hase rel ationsh i p  between its i n put s igna ls .  

The C L  card output is  fed to the integ rati ng-ti mer (IT) card,  which measu res the ti me that 
the CL output s ig na l  i s  h igh .  If the in put s igna l  to the IT card is  h igh for 4. 1 6  m i l l iseconds o n  
a repetitive basis (50 hertz re lay - 5 .0 m i l l i seconds} (or 5 . 5  m i l l iseconds on  a si n g le-shot 
basis} (50 h e rtz relay - 6.0 m i l l iseco nds}, the output of the IT card w i l l  g o  to a h igh log ic 
va l u e, wh ic h  p icks u p  a reed relay (K 1 }  mounted on the power-supp ly  (PS} card. A norma l ly­
o pen contact on K 1  energ i zes a te lephone re lay (K2} mou nted on the f ront pane l . Two 
normal ly-open contacts of K2 are connected i n  series with the coi l s  of ta rgets to p rovide 
the m a i n  tri pp ing  contacts (term ina l n u mbers 1 1  to 1 2  and 1 3  to 1 4} .  In  add ition ,  a th i rd 
norma l ly-open contact of K2 is connected between term ina ls  1 9  and 9, without a ta rg et, 
for a ux i l i a ry fu nctions. 

The i n p ut D C  control power (48, 1 10, or 1 2 5 volts} is con nected to the power su pp ly  (PS} 
card ,  w h ic h  conta i ns a DC-to-DC converter. The outputs of the DC-to-DC converter a re + 1 5  
and  - 1 5 volts D C  reg u lated, which su pply the necessa ry control power to the other cards .  
The transformer in  the DC-to-DC converter provides isolat ion  between the so l i d -state 
c i rc u itry of the re lay and the in put DC control power ( i .e .  station battery} .  A yel low L E D  
mon itors t h e  output voltage from this  i nternal  power supply .  

The interna l  con nections and card layouts for each pr i nted-c i rc u it card a re l i sted in Tab le  
V I II .  The pr inted-c i rc u it cards have test poi nts access ib le f rom the f ront of the cards.  Each 
test poi nt, except the reference connection "OV" on the PS card ,  is buffered by a resistor to 
p revent a d istu rbance to the c i rcu itry if a test poi nt is accidenta l ly short-c i rc u ited . The test 
points a re l abeled fu nctional ly ;  i .e . ,  the A phase i n put to the i nteg rati n g  t imer  i s  l a be led 
"A I N". The i nterna l  connection  d rawings  show the test poi nts with the same la bel. 
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DESIGNATION 

SP 
QP 
OS 
CL 
IT 
PS 
PS 
PS 

G E K-4981 3 

TABLE VIII 

I NTERNAL CON N ECTIONS FOR CARDS 

CARD FUNCTION 

Signal Processing 
Quadrature Polarizing 
Operate Signal 
Coincidence Logic 
Integrating Timer 
Power Supply (125 Volts DC) 
Power Supply (48 Volts DC) 
Power Supply (110 Volts DC) 

FIGURE NUMBER OF 
INTERNAL CONNECTIONS 

1 6 A  
17A orB 
1 8A orB 
19 A 
20 A 
21A 
21B 
21( 

CALCULATION OF S ETTI NGS 

FIGURE NUMBER 
OF CARD LAYOUT 

16B 
17C 
18C 
19B 
20B 
22 
22 
22 

Assume that the l i ne  to be protected is approxi mately 70 m i les long and  has p r i m a ry 
i m pedances as fo l lows: 

Z = 42 L83° Z = 130 L78o 1 ' 0 

Assu me CT ratio is 1 000/5 and PT ratio is 2000/ 1 .  

F I RST ZONE  R E LAY SETTING 

( 1000 )' ( 1 ) Z1sec = 42 -- -- = 4.2 L83° . 5 2000 

( 1000 )( 1 ) Z0sec = 130 
-5- 2000 = 13L78° 

The f i rst-zone relay can be set u p  to 85% of the l i ne impedance for  positive-sequence 
i mpedance ang les above 75° and 80 % for positive-sequence i m pedance ang les above 70° . 
For l i ne  ang les lower than  70°, refer to the loca l G E  Sales Off ice .  Hence the reach Z R  = 0 .85 
(4.2)  = 3 . 57 ohms. 

(a) Select ZR1 (phase base-reach tap) .  The highest tap shou ld be se lected that 
is less than  ZR, which, in this case, is the 3 ohm ta p on the long-reach re lay .  

(b) Select ZRo (neutra l base-reach tap) and the KO m u lti p l ie r  such that: 

KOZRO ZRl 
--<--

zo sec - zl sec 
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G E K-4981 3  

I n  genera l ,  ZRo wi l l  equa l  ZRl, and hence the Ko tap (2.5, 3 .5, 4, 4.5) w i l l  b e  selected to be 
equa l  to or s l ightly less than Zo sec/Z 1 sec, or, in  th is case, 1 3/4.2 = 3.09; select Ko = 3 .  

(c) Select restra int setting ( 1 0% to 1 00%) .  The restra int sett ing is obta ined 
from the formu la: 

NOTE: 

ZRl 3.0 T = - (100%) = -- (100) = 84.0% ZR 3.57 

SEE THE CONSTRUCTION SECTION OF THIS BOOK FOR DETAI LS ON HOW TO 
OBTAIN THE BASE REACH TAP AND RESTRAINT SETIING CALCULATED IN 
THIS SECTION. 

SECOND -ZONE RE LAY SETIING 

The second-zone rel ay is set in the same manner as the fi rst-zone relay except that a 
d ifferent reach is requ i red . Assu me that the second-zone un it is used i n  a d i rect iona l­
comparison scheme and a reach of 1 75% is desi red, ZR= 1 .75 (4.2) = 7.35 ohms. 

(a) Select ZR1· Use 3 ohm base tap. 

( b) Select ZRo and Ko. Use ZRo = 3 ohms and Ko = 3, the same as the fi rst-zone 
relay.  

(c) Restra int Setti ng 

NOTE: 

ZRl 3 - 100 =- (100) = 40.8% 
z1 7.35 

THE KoZRo SETIING SHOULD NOT BE GREATER THAN TWICE THE ZERO­
SEQUENCE IMPEDANCE OF THE LINE . 

CONSTRUCTION 

The type-S LYG8 1 A  relay is assembled i n  a deep, large-sized, doub le-ended ( L2D) d rawout 
case having studs at both ends in the rea r for externa l  con nections .  The e l ectr ica l  
connections between the relay un it and the case studs are through stationary molded in ner  
and outer b locks, between which nests a removable connecti ng p lug  that completes the 
ci rcu its .  The outer b locks attached to the case have the studs for the external  connections, 
and the i n ner b locks have the terminals for the interna l  connections. 

Every c i rcuit i n  the d rawout case has an auxi l i a ry brush, as shown in  F igure 12,  to provide 
adeq uate over lap when the connecti ng plug is withd rawn or inserted . Some ci rcu its a re 
equ i p ped with shorting bars (see interna l  connections i n  Fig u re 2), and on these ci rcu its it is  
especia l ly i mportant that the auxi l i a ry brush make contact, as ind icated in F igure 1 2, with 
adequate pressu re to prevent the opening of important i nterlock ing ci rcuits. 
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G E K-4981 3 

The rel ay is mou nted i n  a steel  framework ca l led the crad le and is  a complete u n it, with a l l  
leads term inated at the i n ner b locks. This crad le  i s  held fi rmly  i n  the case with a latch at 
both top and bottom and by a g u ide p in  at the back of the case . The con necti ng p l u g, 
besides mak ing the e lectrical connections between the respective b locks of the crad le  and 
case, a l so locks the l atch in  p lace. The cover, which is d rawn to the case by thu mbscrews, 
holds the connecti ng p l ugs in p lace.  The target reset mechan ism is a part of the cover 
assembly .  

The relay  case is su itab le  for either semifl ush or  su rface mou nti ng on a l l  pane ls  u p  to two 
i nches (2") thick and appropriate hardware is ava i l able .  However, panel  thickness must be 
i nd i cated on the relay order to make su re that p roper hardwa re is ava i lab le .  O utl i n e  and 
pane l  d ri l l i n g  i s  shown i n  Fig u re 1 3 . For  DC supp ly  vo ltages g reater than 1 25 vo lts i t  is  
necessary to use a n  external  pre-reg u lator. 

The p re-reg u lator i s  packaged in a box made from compound p lates and perforated steel  
s id i n g .  It can be mou nted on the rea r  of the relay or at a conven ient location near  the 
relay.  The outl i ne a nd mounti ng d i mensions for the pre-reg u lator a re shown in  F ig u re 28. 

A separate test ing p lug  can be i nserted i n  p lace of the con necti ng p l ug  to test the relay  i n  
p lace o n  the panel ,  e ither from its own sou rce of cu rrent a n d  voltage, o r  fro m other  
sou rces. Or  the relay can be  d rawn out and rep laced by  another that has been tested i n  the 
l aboratory. 

The potentia l  transformers (TA, T8 and TC) and the transactors (XA, X8 ,  XC and XO) a re 
mou nted at the rear  of the crad le  as shown i n  F ig u re 4. The tap b l ock b e l ow the 
transactors is used to set the base reach to the va l ue determ ined i n  the CALCULATION OF 
S ETTINGS section of th is book. The fou r  leads tagged A, 8,  C a nd N shou ld be con nected to 
the desi red ohmic  va l ue labeled 0A, 08, 0C and NEUT respectively. For exa m p le, F ig u re 4 
shows a base reach (ZR1) setti ng of 0 .4 ohms and the leads a re con nected as fo l lows: 

lead C -----------+ position 1 
lead 8 -----------+ posit ion 4 
lead A -----------+ posit ion 7 
lead N -----------+ position 1 0  

A base-tap ind icator is p rovided on the nameplate. The knob shou ld be rotated u nti l the 
n u mber correspond ing  to the base-reach setti ng i s  exposed . 

F ig u re 1 4  shows a front view of the re lay with the nameplate removed . Thi s  v iew shows 
the targets, the te lephone re lay  and a l l  adjustments other tha n  the base-rea ch ta p 
described above. 

The d ia l  of the restra int-setti ng potentiometer (T) is  ca l ibrated d i rectly in percent with the 
n u mber i n  the wi ndow ind icating the 1 0's d i g it and two d i g its on the d ia l  i nd i cati n g  the 
u n its and deci ma l  d ig its. An exa mple is shown in  F igure 15 with a setti ng of 84% .  The d i a l  
can b e  adjusted from 1 0 % to 1 1 0 % . The l ock must de d isengaged (by turn i ng the lever 
cou nterclockwise) in order to change the restra int setti ng ,  but sho u ld be engaged aga in  
after the desi red sett ing is made. 

The va l u e  of "Ko" se lected in  the CALCULATION OF S ETTING S section is set by means of the 
KO p l u g  ind icated in  F ig u re 1 4. This p lug  shou ld  con nect the horizonta l jacks l abeled "2.5", 
"3 .0", "3 .5", "4.0" or  "4.5" on the SP ca rd to obta i n  a Ko va l ue of 2 .5, 3 .0, 4.0 o r  4.5 
respective ly .  
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G E K-4981 3 

The other adjustments i nd icated i n  Fig u re 1 4  are tri m potentiometers l ocated on p rinted­
ci rcu it cards. These adjustments are set in the factory and shou ld not norma l ly  req u i re 
readjustment. See the ACCEPTANCE TESTS section of th is book for the reco m mended 
p roced u res i f  readjustment i s  requ i red . 

RECEIVING, HAN DLING AN D STORAG E 

These rel ays, when not inc luded as a pa rt of a contro l panel ,  w i l l  be sh ipped i n  ca rtons 
d esig ned to protect them aga i nst damage.  I mmed iately  u pon rece ipt of a re l ay, exa m i n e  it 
for any d amage susta i ned in transit. I f  i nj u ry or d amage resu lti ng from roug h  hand l i n g  is 
evident, fi l e  a d amage cla i m  at once with the transportation com pany and notify the  
nearest General  E lectr ic Sales Office. 

Reasonab l e  care shou ld be exercised in u n pack ing the relay in order that none of the parts 
a re i nj u red nor  the adjustments d isturbed. 

If the relays a re not to be insta l led immed iate ly, they shou ld be stored i n  the i r  o ri g i na l  
cartons i n  a p lace that i s  free from moistu re, d ust and meta l l i c ch i ps. Fore ign  m atte r 
co l lected on the outside of the case may find its way i nside when the cover i s  removed and 
cause trouble i n  the operation of  the relay. 

ACCEPTANCE TESTS 

Immediate ly u pon rece ipt of the re lay an INSPECTION AND ACCEPTANCE TEST shou ld  be 
made to make sure that no damage has been susta i ned i n  shi p ment and that the re lay  
ca l i b rations have not been d i stu rbed . 

These tests may be performed as part of the insta l l ation or  of the acceptance tests, at the 
d iscret ion of the user. S ince operati ng companies use many d ifferent p roced u res fo r 
acceptan ce and i nsta l l ation tests, the fo l lowing  section incl udes app l i cab le  tests that may 
be performed on these relays. 

VISUAL INSPECTION 

Check  the namep late stamping to make sure that the model n u mber and rati n g  of the 
rel ay ag ree with the name requ isition .  

Remove the relay from its case and that there a re no broken or  cracked molded parts o r  
other  s i g n s  o f  physica l  damage, a n d  that a l l  screws a re t ig ht-

MECH AN ICAL INSPECTION 

Case and Crad le  B locks 

Check that the fi ngers on the cradle and the case ag ree with the internal -co n n ecti o n  
d i a g ram.  Each crad le  f inger shou ld b e  fl ush or project above the barr ier between fi ngers .  
Check that there is a coi l  spr ing under each finger. The case fingers, i f  not held d own by a 
short i n g  bar, shou ld come with i n  one-s ixteenth of an i nch ( 1 / 1 6") of touch i n g  a stra i g ht­
edge brid g i n g  the case b lock from side to s ide. I f  held down by a shorten ing  ba r, it shou ld  
req u i re at  least one  pound force (450 g ra ms) to open the e lectr ica l ci rcu it between the 
fi nger  and the shorten ing  bar.  See F ig ure 12. Check that each a u xi l i a ry brush extends 
above the barr ier fi ngers. 
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GE K-4981 3 

Target Un it 

The target u n it has an  operat ing co i l  tapped at 0 .6  and 2.0 a m peres. The re l ay is ship ped 
from the factory with the tap screw in the hig her ampere position .  The tap screw is the 
screw hold i n g  the right-hand tap p late . To change the tap setting, fi rst remove one screw 
from the left-hand p late and p lace it in the desi red tap on the right-hand p late . Next 
remove the screw from the u ndesi red ta p (on the r ig ht-hand p l ate) and p lace it on  the left­
hand p late where the first screw was removed . Fol l owi ng th is  proced u re ma i nta i ns the 
contact adjustments. See Fi gu re 1 4. Screws should never be l eft in both taps at the same 
t ime.  

TAP 

0 .6  
0 .2 

TABLE IX 

TARGET PICKUP CUR RENTS 

PICKUP CURRENT IN AM PERES 

0 .35-0.6 
1 . 1 5-2.0 

The back ing  stri p shou ld be so formed that the forked end (front) bears against the molded 
stri p u nder  the a rmatu re. Since mechanical adjustments may affect the Seismic Fragility 
Level, it is advised that no mechanical adjustments be made if seismic capability is of 
concern. 

Telephone Relay 

W ith tel ephone re lays i n  the de-energ ized position a l l  ci rcu it-closi ng  contacts shou l d  have a 
g a p  of at least 0 .0 1 5  inch and a l l  ci rcu it-open ing  contacts shou ld  have a w ipe of 0 .005 inch. 
Gap  may be checked by inserti ng a fee ler  gage between the contacts, and wipe can be 
checked by observing the amount of deflection on the stationary co ntact before parti n g  
the contacts. The a rmature should then b e  operated b y  hand a n d  the g a p  a n d  w i pe aga in  
checked as  d escribed above (0.0 15" gap, 0 .005" wipe) . 

E LECTRICAL TESTS, GENERAL 

Al l  a lternati ng-cu rrent-ope rated dev i ces (AC) a re affected by freq u e n cy. Si nce n o n­
s i n uso i d a l  wavefo rms can be  ana lyzed as a f undament a l  p l us h a rm o nics  of  th e 
funda menta l  frequency, it fo l lows that a lternating-cu rrent devices ( re lays) wil l  be affected 
by the app l ied waveform. Therefore, in order to test a lternati ng-cu rrent re lays p ro per ly it 
is essentia l  to use a s ine-wave sou rce of cu rrent and vo ltage.  

DIELECTRIC TESTS 

1 ·  I ntrod uction 

The su rge ca pacitors used in the type SL YG re lay do not have voltage rati n g s  to 
withsta nd AC h i pot voltage; therefore, caution m ust be exercised when hi pott ing  to 
avoid damag i n g  these capacitors. 

It is  recommended that hi pot tests be performed on a bench with the re lay in its case . 
I f  the re lay i s  to be h i  pot tested together with other apparatus i n  a n  equip ment, all 
externa l  con nections to termina l 1 0  (su rge g rou nd) must be removed. 
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G E K-49813 

The hi pot test vo ltage should be 1 500 vo lts rms, 50 or 60 hertz for new relays, o r  1 1 2 5  
vo lts rms, 5 0  or  60 hertz for other re lays. New re lays a re def ined as those that have 
not been i n  service, that a re not more than  one yea r o ld from the d ate of sh ipment, 
a n d  that have been su itab l y  stored to p reve nt deter iorati on . The d u rat i o n  of  
a p p l i cation  of  the test vo ltage should be  60  seconds. 

2 .  H i  pot Tests 

(a) Common-Mode H i  pot Tests (Al l term ina l s  to case): 

Tem pora ry connections shou ld be made to tie together a l l  re l ay term i n a ls, i n cl ud i n g  
term i na l  1 0  together. H i pot voltage can then be app l ied between th i s  co m mo n  
con nection and the re lay case . 

(b) Transverse-Mode H i  pot Tests (Between c i rcuits): 

For h i  pot tests bet'!Veen ci rcu its of the relay, the surge capacitors m ust be tem po ra ri l y  
d isco n nected from the su rge capacitor buses i nside the re l ay .  The relay  term i n a l s 
shou ld be j u mpered to provide the fou r  g roups 
of ci rcu its shown i n  Table X .  H i pot voltage can then be app l ied between any  two 
g roups of ci rcu its-

TABLE X 

C I RCUIT GROUPING FOR TRANSVE RSE-MODE H I  POT TESTS 

C I RCUIT G ROUP 

AC Cu rrent 
AC Potentia l  
DC Control Power 
Output Contacts 

JUMPER  B ETW E EN TERM INAL NUM B E RS 

1 ,  2, 3 ,  4, 5, 6, 7 and 8 
1 5, 1 6, 1 7  and 1 8  
9, 1 9  and 20 
1 1 , 1 2, 1 3, and 1 4  

A n  a lternate test using  a 500 vo lt DC Megger"' can be performed between the ci rcu it 
gro u ps of Tabl e  X with the surge capacitors con nected in the i r  norma l m a n n er .  
Whi le  this  method does not test the relay to its fu l l  d ie lectr ic rati ng, it wi l l  d etect 
some cases of degraded i nsu lation . 

3 .  Restor ing Re lay to Service 

After the h i pot or  megger"' testi ng is completed, the surge  ca pacitors sho u l d  be 
recon nected to the surge  capacitor buses, and a l l  extern a l  wi r ing  to te rm i n a l  1 0  
shou ld  be reconnected . The reach tests described u nder  the ACCE PTANCE T E STS 
section of this  book shou ld  then be repeated . 

D ETA I LE D  TESTING INSTRUCTIONS 

1. Req u i red Setti ngs 

M ake certa i n  a l l  the re lay sett ings have been made.  These sho u ld be i n  accord a n ce 
with the sett ing ca lcu l ations.  The setti ngs a re: 

(a) Base reach (ZR1) is set on the tap b lock at the rea r  of the re l ay .  A l l  three 
phase setti ngs shou ld be the same.  The II  Neutra l II  reach wi l l  norma l ly be 
the same as the phase reach.  
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G E K-4981 3  

(b) Percent restra i nt (T) is set on the precis ion potentiometer on th e front of the 
rel ay.  

(c) Zero-sequence cu rrent compensation (Ko) is set by mea ns of the Ko p l u g  on  
pri nted-ci rcu it ca rd "SP". 

2 .  Rel ay Base-Reach Angle and Reach Check 

The fo l lowi ng proced u re is recom mended to check the base-reach ang le  (0) and  the 
rel ay reach setti ng  (ZR) .  

a )  Make the test con nections shown i n  F ig u re 23 for the  pa rticu l a r  phase bei ng 
tested . 

b) Adjust the load box u nti l the ammeter i nd i cates the desi red test cu rrent C lr) .  See 
Tab le XI for the recom mended test current for a desi red reach.  

TABLE XI  

RECOM MENDED TEST CURRENT 

5 A M PERE RATED RELAY 1 AMPERE RATED RELAY 

BASE REACH TAP RECOM MENDED 
M INI MUM 

TEST CURRENT 

BASE REACH TAP RECOM MENDE D  
M IN I MUM 

TEST CUR RENT 

0 . 1  20tt 0 .5 4tt 
0 .2 20tt 1 .0 4tt 
0.4 1 0tt 2 .0  2 
0 .75  8 3 .75  1 .6  
1 . 5 4 7 .5  0 .8  
3 2 1 5  0 .4 

tt The re lay is not rated to carry this cu rrent conti n uously. It sho u ld not be app l ied longer  
tha n  five (5 )  m i n utes, with an  off ti me of  at  least five (5)  m i n utes. 

c) Adjust the phase for the nomina l  base-reach ang le  of 80°. 

d )  Observe the  wavefo rm at  the fo l l owi n g  test po i nt (on O S  ca rd )  with an  
osci l loscope. 

1 )  "AOUT" for phase A 
2) " BOUT" for phase B 
3) "COUT" for phase C 

e) Lower the voltage VT to the va l u e  g iven i n  equation (2) below: 

V =r2 + K ( ZRO ) ] [ JINZRl l 
T l 0 Z 3T/100 Rl (2) 
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where 

f) 

NOTE: 

g )  

GEK-4981 3  

IN = operati ng cu rrent 

Ko = zero-sequence cu rrent compensation tap sett ing  (p l u g  on  SP ca rd) 

T = restrai nt voltage sett ing i n  percent 

Vr = pickup voltage at the base-reach ang le i n  volts rms 

ZR1 = base-reach tap i n  ohms 

As the voltage is lowered, observe the waveform at the test poi nt desig n ated i n  
step d )  above. At the point where the telephone re lay (K2) p icks u p, a s l i g h t  
adjustment of the phase ang le a n d  i n put voltage w i l l  ca use t h e  waveform t o  b e  
red uced to a n u l l  consist ing of o n l y  th i rd a n d  fifth harmon ics. At t h i s  n u l l  po int  
(2 )  the ang le  on the  phase-ang le  meter i s  the  base-reach ang le, 0,  and s h o u ld be 
with i n  two degrees (2°) of the nomina l  va lue  of 80° . The voltage Vr at th is n u l l  
cond it ion should be with i n  five percent ( 5%)  of the va lue  ca lcu lated b y  equ at ion 
(2). 

TH E M EASURE D  P ICKUP SHOU LD AGR E E  WITH TH E CALCU LATED VALU E  
WITH I N  ± 5%.1F THE  VALUES DO NOT AGR E E  WITH I N  THESE  L IM ITS, I T  I S  
RECO M M ENDED THAT TH E TEST SETUP AND M ETER CALI B RATIONS B E  
C H ECK E D  B EFOR E  TH E FACTORY SETTINGS O N  TH E R E LAY AR E D ISTU R B E D .  
O N E  GOOD M ETHOD OF CH ECK I NG T H E  TEST SETUP A N D  PROCE DUR E I S  TO 
R E PEAT TH E TESTS ON A DUPLICATE R E LAY. 

If  it is des i red to readjust the reach so that measu red p ick u p  occurs at a va l ue 
c loser to the calcu lated va l ue, th is  may be accomp l ished by means of the tri m 
potentiometers on the SP card. The potentiometer to be adjusted for each 
phase i s  shown in Table X I I .  These potentiometers sho u ld be turned clockwise to 
increase the reach. 

TABLE XII  

R EACH ADJUSTM E NTS LOCATIONS 

PHASE UNDER TEST 

A 
B 
c 

POTENTIOM ETER 
DESI GNATION 

P 1  
P2 
P3 

20 

POTENTIOM ET E R  
LOCATION 

Top 
M id d le 
Bottom 
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G E K-4981 3  

3 .  Testing M h o  Characteristics 

The comp lete mho characteristic (see Fig u re 6) ca n be measu red by the sa me test 
circuit ( Fig u re 23) as used for the preceding Reach Tests. The p roced u re is simi la r  
except that the  phase shifter i s  adjusted u nti l the phase-a ng le  meter indicates the  
a n g le of  interest. Red uce the voltage out  of  the va riab le  a utotransformer u nti l the 
re lay picks u p; va lue  of V1N at this point should be: 

tVIN = 12 + Ko( ZRO )j I IINZRl ]cos(a-�) 
ZRI 3T/100 

(3) 

t V shou ld not be more than 10% above the relay rated vo ltage.  I f  V is g reater, 
red uce I u ntil V is correct. 

where a = ang le read by phase-ang le  meter in deg rees. 
¢ = 80° = ang le of maximum reach in deg rees. 

A l l  other parameters a re as defined u nder equation (2) .  

4. A lternate Test Method for Reach Tests 

An a lternate method of testing the re lay cha racteristic is shown in  Fig u re 24, where 
the R-X test combination is employed. The ci rcuit uses the test box (102 L201),  test 
reactor (6054975) and test resistor (6158546) described i n  GE I -44236.  Since a limited 
n u mber of resistor-reactor fau lt impedances a re avai lab le, on ly  a few points on the 
re lay characteristic ca n be checked . 

5 .  I ntegrating-Timer Tests 

The integ rating timer (IT) card h as th ree adjustments as indicated in  Tab le  X I I I .  

POTENTIO M ETER 
DESIGNATION 

P1 

P2 

P3 

TABLE XII I  

TI M ER ADJUSTM ENT LOCATIONS 

POTENTIOM ETER 
LOCATION 

Bottom 

Top 

Middle 

FUNCTION 

Tra nsient Picku p 
Time 
Steady State 
Picku p  Time 
Dropout Time 

60Hz R E LAY 
FACTORY 
SETI ING 

M I LL ISECONDS 

5 .5  ms 

4.16  ms 

5.0 ms 

50 Hz R E LAY 
FACTORY 
S ETI I N G  

M I LL ISECO NDS 

6 .6  ms 

5 .0 ms 

6 .0  ms 

These potentiometers have been factory set and sho u ld not be adj usted u n less a p lot of the 
mho characteristic indicates an  improper picku p-time setting .  Th e timer h as a 5 .5 ,4/5 (50 
Hz-6.6,5/6) time setting .  The P1 potentiometer, used for tra nsient operation,  h as been set 
in coordination with the P2 potentiometer at the factory and sea led .  Potentiometer P1 
must not be readj usted . Potentiometer P2 is set for a 4 .26  mi l lisecon d s  (50 Hz-5 . 0  
mi l liseconds) picku p  time. The 4.16 mi l liseconds (50 Hz-5.0 mi l liseconds) time i s  im porta nt 
in  making th e 90° measu rement and affects the shape of the mho cha racteristic; times 
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G E K-4981 3  

characterist ic .  Tu rn ing  the P2 potentio meter clockwise w i l l  i ncrease the p ick u p  t ime de lay. 
Potentiometer P3 is set for 5 mi l l isecond (50 Hz-6.0 m i l l i seconds) d ropo ut-tim e  d e l ay .  
Turn i n g  the P 3  potentiometer clockwise wi l l  increase the d ropout-time de lay .  

The test ci rcu it of F igure 23 may be used to check the steady-state picku p  t ime setti n g .  A 
d u a l -trace osci l l oscope sho u ld be used, with channe l  "A" con nected to test po int  "A1N" o n  
the IT ca rd and chan nel "B" o n  test point "OUT" o n  the IT card . Connect u n used i n p uts 
"AI N"," B I N" or "CI N" on IT ca rd to "OV" test poi nt on PS card . I n  order  to observe the 
p i ck u p -t i m e  d e l ay ,  the d r o p o u t -t i m e  d e l ay m u st b e  red u c ed b y  t u r n i n g  P 3  
counterclockwise so that the output resets each ha l f  cycle.  Red uce "V1N" u nt i l  the relay  
p icks u p; t h e  o u t p u t  (ch a n n e l  B )  sho u l d go p os i t i ve 4 . 1 6  m i l l i seco n d s  (SO H z - 5 .0 
m i l l i seconds) after the input (chan nel  A) goes positive . After the p ick u p  t ime i s  checked , P3 
sho u ld be tu rned clockwise u nti l the output (channe l  B) prod uces a conti n uous  posit ive 
s ig n a l .  P3 sho u ld then be turned clockwise for one addit iona l  tu rn . 

As a fi n a l  check on the accu racy of the 4. 1 6  m i l l iseconds (SO H z-5.0 m i l l i seconds) ,  the m h o  
character istic may b e  rechecked and compa red with the desi red characteristic.  

To check the transient picku p-time setti ng ,  the fo l lowi ng proced u re shou ld  be used: 

(a) Remove the CL  ca rd . 
(b) Con nect the test ci rcu it of F ig u re 25 .  
(c) W ith the osci l l oscope tr igger on positive s lope, open the norma l ly-closed 

contact. The Channe l  Two trace sho u ld step positive 5 . 5  m i l l iseconds  ( 50 
H z-6.6 m i l l iseconds) ( ± 0 . 1  m i l l isecond) after the Chan nel  One trace steps 
positive. 

I NSTAllATION PROCE DURE 

I NTRO DUCTION 

The relay  sho u ld be mounted on a vertica l surface . The outl ine  and pane l -d ri l l i n g  d i ag ra m  
i s  shown i n  F ig u re 1 3 . 

The l ocation  sho u ld be clean,  d ry, free from d ust or excessive vib rat ion and wel l l ig hted to 
fac i l itate inspect ion a nd testing .  

T h e  i nterna l -connection d iagram for the relay i s  shown i n  F ig u re 2 and typ ica l  externa l  
con n ections a re shown i n  F ig u re 3 .  

NOTE: PHASE S EQU E NCE  IS  CR ITICA L FOR T H E  PROPER OPE RATION OF TH E TYP E  
SLYG8 1 A  R E LAY. PHASE SEQUENCE  SHOU LD B E  CH ECK E D  AT T H E  R E LAY 
STUDS TO MAK E  SUR E T H AT IT  IS  1 -2 -3  AT R E LAY STU DS 1 5 - 1 6- 1 7  
R ESPECTIVELY.  

SUR G E  G ROUND AND RE LAY CASE GROUND CONN ECTIONS 

One of the mount ing studs or  screws should be permanently con nected to g round  by a 
cond u ctor not less than No.  1 2  AWG copper wire or  its equ iva lent.  Th is  con nect ion i s  made 
to g round  the relay  case. I n  add ition,  the termi na l  designated as "surge g ro u nd" on  the 
i nterna l -connections d iagram must be tied to g round for the su rge-suppress ion networks 
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G E K-4981 3 

i n  the re lay to perform p roperly .  Th is su rge-g round lead sho u ld be as sh ort as possible to 
ensu re maxi m u m  protection from su rges {preferabl y  10 i nches or  less to reach  a sol id  
g round con nection) .  

With Term ina l  10 con nected to g round,  "su rge g rou nd" is con nected e lectrica l l y  to the 
re lay  case . Th e p u rpose of  th is  con nection is to prevent h ig h -frequency tra nsient p otent ia l  
d ifferences from enteri ng the sol id-state ci rcu itry. Therefore, with Te rmi na l  10 con n ected 
to g ro u nd,  the surge ca pacitors a re con nected between the i n put term i na ls  a nd the case. 
W h e n  h i p ott i n g  the  re l ay ,  the  p roced u re g i ve n  i n  D I E L E CTR I C  T ESTS u n d e r  t h e  
ACCEPTANCE TE STS section of th is  book must be fol lowed. 

TEST PLUGS 

The re lay may be tested without remov ing it  from the panel  by  usi n g  a 12XLA 13A test p l u g .  
Th is  p l u g  makes con nections o n l y  with the relay and does not d istu rb a n y  shorti ng  bars i n  
the case . O f  cou rse, t h e  12XLA 12A test p l ug may a lso b e  used . Although  th i s  test p l u g  
a l l ows g reater test ing flexib i l ity, i t  a lso req u i res cu rrent transformer shorti ng  j u m pers and  
the exercise of  g reater care, s ince connections a re made to both the relay  and th e external 
ci rcu itry. Add it iona l  i nformation on the X LA test p l u gs may be obta ined from i nstruct ion 
book G E I -25372 .  

I N STALLATION TESTS 

S i n ce operati ng  com pa n ies use many d i fferent p roced u res fo r a cce pta nce a n d  fo r 
i nsta l l at ion tests, the section u nder ACCEPTANCE TE STS conta i ns a l l  necessary tests that 
may be performed as part of the installation proced u re, at the d i scretion of the user. 

The m i n i m u m  suggested tests a re as fo l lows: 

1. VISUA L I NSPECTION 

Repeat the items described u nder ACCE PTANCE TESTS- VISUA L INSPECTION .  

2 .  M ECHANICAL I NSPECTION AND ADJUSTM E NTS 

Repeat the items described u nder ACCE PTANCE TESTS- M ECHANICA L  I NSPECTION.  

3. TARGET UN IT 

Set the target unit tap screw in the desi red position . The adjustment wi l l  n ot be 
d istu rbed if a screw is fi rst transferred from the left p late to the desi red ta p position  
on the r ight  tap p late and then the  screw i n  the  u ndes i red ta p i s  re moved a nd 
transferred to the left p late. Screws shou ld never be l eft i n  both ta p positions  o n  the 
r ig ht tap p late . 

4.  R EACH TESTS 

a) Usi ng the va l u es selected i n  the CALCULATION OF SETTINGS sect ion  of th i s  
book, set: 

Base reach (ZRl) on the back of the relay 

Percent restra i nt (T) on the front panel  potentiometer 

Zero-seq uence cu rrent compensation (Ko) on pr inted- ci rcu it card "SP", th e 
l ower r ight-hand ca rd 
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G E K-4981 3 

b) Measu re the relay reach at 80° as described in the ACCE PTANCE TESTS sect ion of 
this book. 

PE RIODIC TE STING AN D ROUTIN E  MAINTENANCE 

I n  v iew of the vital ro le of protective re lays in the operation  of a power system it i s  
i m portant that a period ic  test prog ram b e  fol lowed. I t  is  recog n ized that t h e  i nterva l 
between per iodic checks wi l l  vary depend ing u pon environ ment, type of re lay and  the 
u ser's experience with period ic test ing. Unti l the user  has accu m u l ated enough experience 
to select the test i nterva l best su ited to h is i nd ivid ua l  req u i rements it is suggested that the 
poi nts l i sted u nder I NSTALLATION PROC E DURE be checked at an i nterva l of from one to 
two yea rs. 

C h eck  t h e  i tems  d escr ibed u n d e r  ACC E PTANC E  T E ST S  - V I SU A L  I N S P E CT I O N  a n d 
M E C H A N I CA L  I N S P E CT I O N .  Exa m i n e each co m po n e n t  fo r s i g n s  of ove rh e a t i n g ,  
deter ioration ,  o r  other damage. Check that a l l  connections a re t ight by observi n g  that the  
l oc k  washers a re fu l ly col lapsed . 

CONTACTS 

Exa m i n e  the contacts for p its, arc or burn ma rks, corros ion, and i nsu l at i n g  fi l ms .  For  
c lea n i n g  contacts, a flex ib le burn ish ing too l  should be  used . Th is consists of a f lex ib l e  str ip  
of meta l with a n  etch-roug hened su rface, resembl i n g  in  effect a superfi n e  f i l e. T h e  
po l ish i ng act ion is  so de l icate that no scratches a re left, yet it wi l l  c lean off any  corros ion 
thoro u g hly  and  ra p id ly .  Its flex ib i l ity ensu res the clea n i ng of the actua l  poi nts of contact. 
Do n ot use kn ives, fi les, abrasive paper or  cloth of any k ind to clean relay contacts. 

E LECTRICAL TESTS 

The reach tests described u nder the ACCEPTANCE TESTS section shou ld be repeated a nd 
the resu lts compared against the desi red setti ng. If the measu red va lue  i s  s l i g ht ly d ifferent 
the from that measu red at a previous t ime, th is is  not necessa ri ly a n  i n d i catio n  that the 
re lay shou ld be readjusted. The errors of a l l  the test equ i pment a re often add it ive and the 
tota l error of the p resent setup may be of opposite s ign from the error at the p rev ious  
per iod ic  test. I nstead of  readjust ing the  relay i t  is  recommended that, i f  the apparent error 
i s  acceptable, no  adjustment be made and that the error be noted on the re lay test record. 
After suffic ient test data has accu mu lated, it w i l l  become apparent whether the measu red 
erro rs i n  the sett ing  are d ue to random variations i n  the test cond itions or a re d u e  to a one­
t ime d ri ft i n  the characteristics of the re lay .  

S E RVICING 

CAUTION 

Remove ALL power from the relay before •emoving or insertin9 any of the 
printed-circuit boards. Failure to observe this caution may result m damage to 
and/or misoperation of the relay. 

A recommended troub leshoot ing proced u re is shown i n  Table  X IV .  
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PROBLEM 
I. Relay picks up  when 

it should n ot. 

II . Relay wi l l  not pick 
u p  when it should 
on any of the 
th ree phases. 

G E K-4981 3  

TABLE XIV 

TROUB LESHOOTI NG PROCE DU R E  

PROBAB LE CAUSE 
1 .  Voltage missi ng  or  

wrong phase seq uence .  

2 .  Defect ive CL card . 

3 .  Defective reed 
relay ( K 1 ) .  

1 .  + 1 5  and/or - 1 5 VDC 
is missi n g .  

2 .  Defect ive telephone 
re lay (K2)  or target (T1 ) .  

3 .  Defective reed relay( K 1 ) .  

4 .  Defective IT card . 

2 5  

TROUBLESHOOTING SEQUENCE 
1 .  Set ba lance i n put volta g e : 

VAN = 69 
VaN = 69 L - 1 20 
VcN = 69 L + 1 20 
Check voltages at - VAN, 
- VaN and - VcN o n  the QP 

card test poi nts, wh ich shou ld  
be ba lanced at  6.9 volts, 
a n d  phase seq uence VAN, 
VaN,VcN .  

2 .  C h a n g e  CL  card . 

3 .  Change PS ca rd . 

1 .  Check + 1 5V a nd - 1 5V test 
po ints o n  PS ca rd . 
I f  e ither  of both vo ltages 
are not between 1 4 a n d  1 6  
volts,check the fo l l owi ng : 

a .  Check that rated DC 
vo ltage (48 or 1 25 VDC) 
is  on PS ca rd p i n  40(  + ) to p i n  
24(-} . If  n ot, check i n put 
term i na ls 1 9( + ) to 20(-) . 

2 .  Remove PS card and jumper  
pins  17  and 40  of the PS card . 
I f  the relay does not pick u p  
when power i s  restored, 
then K2 o r  T 1  is defect ive .  

3 .  I f  th e re lay p icks up  with t h e  
j u mper i n  t h e  preced i n g  ste p  
(2} ,  t h e n  remove t h e  j u m pe r  
a n d  rei n sert PS card . Remove 
the CL card and the re lay 
should pick up. lf  n ot, K 1  
rel ay i s  possi b ly  defective.  
Change the PS ca rd . 

4. If replaci ng  the PS card i n  the 
preced i n g  step (3) does n ot 
cause pick u p  (with the CL card 
sti l l  removed), the IT card 
is possib ly  d efective.  
Change the IT card . 
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PROBLEM 

I l l .  Relay wi l l  not p ick 
u p  when it  sho u ld 
o n  one p hase, but 
p icks up correct ly  
on  another phase . 

IV. O ut of s pecification  
i n  maxim u m  reach 
+ 30° tests. 

G E K-4981 3  

TABLE XIV 

TROU B LESHOOTING PROCE DU R E  (Conti n ued) 

PROBABLE CAUSE 

1 .  Defective card. 

2.  I ncorrect wir ing 
and/or defectiveca rd . 

1 .  Incorrect steady­
state pickup .  

2 .  Defective Card . 

26 

TROU B LESHOOTING SEQU E NC E  

1 .  Change p ri nted-ci rcu it  ca rds, 
one at a t ime, i n  the 
fo l lowi ngorder; IT, C L, 
SP, QP, OS. 

2. Check wi r ing  between a l l  
magnetics and the S P  ca rd . 
Check wi r ing  between a l l  
P C  cards .  I f  a n  error i n  
wir ing i s  fou n d  a n d  co rrected 
and the relay sti l l  d oes n ot 
p ick u p, return to p reced i n g  
step (1) to fi nd  d efective 
PC card . 

1 .  Set steady-state 
p ickup-ti me pot 
and t ime on  IT card recheck 
other  p hases 

2. Change p ri nted-ci rcu it cards, 
one at a ti me, i n  the 
fol lowi n g  o rder ;  SP, Q P, 
IT, C L, OS. 
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G E K-498 1 3  

REN EWAL PARTS 

It is recommended that sufficient q ua ntities of renewa l pa rts be ca rried i n  stock to enab le  
the  p rompt rep lacement of  any that a re worn, broken or  damaged .  

Shou ld a pri nted-ci rcu it card become i noperative, it i s  recom mended th at th i s  ca rd be 
rep laced with a spare. A spec ia l  too l  (see F ig u re 26) is  ava i l ab le  for removi ng  the p rinted­
ci rcu it cards from thei r sockets and th is  too l  shou ld a lways be used for re m ova l (See 
Caution  in S ERVICING sect ion) .  In most i nstances, the user wi l l  be a nx ious  to retu rn the 
equ i pment to service as soon as possible  and the i nsertion of  a spare card rep resents the 
most exped itious  means of  accom pl ish ing  th i s .  The fa u lty ca rd can then be retu rned to the 
factory for repa i r  or  rep lacement. 

Although  it i s  not genera l ly recommended, it i s  possib le with the p roper eq u i p ment and 
tra i ned person ne l  to  repa i r  cards i n  the field . Th is  means that a trouble-shooti n g  p rog ra m 
must isolate the specific com ponent on the card that has fa i led . B y  referr i n g  to t h e  
i nterna l -con nection d ia g ram for the card, i t  i s  possib le to trace th ro u g h  t h e  card ci rcu it b y  
sig n a l  check ing ,  a n d  hence determine wh ich component has fa i l ed. This, h owever, may be 
time consu ming ,  and if the card is bei ng checked in p lace in its u n it, as is  recommended ,  
wi l l  extend the o utage t ime of the equ i pment. 

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 thermal damage to the 
components, and not to damage or bridge over the printed-circuit buses. The 
repaired area must be recoated with a suitable high-dielectric plastic coating to 
prevent possible breakdowns across the printed-circuit buses due to moisture or 
dust. 

ADDITIONAL CAUTION 

Dual in-line 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. 

When o rdering  renewa l parts, add ress the nearest Sa les Office of the Genera l E lectr ic  
Company, specify q uantity requ i red, name of the part wanted, a nd the com plete mode l  
n u mber of  the  re lay  for wh ich the part is req u i red. 
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APPE N DIX I 
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G E K-49813 

DEF IN ITION OF SYM BO LS 

tota l phase A cu rrent i n  rel ay i n  amperes rms 

tota l p hase B cu rrent in rel ay in amperes rms 

tota l phase C cu rrent in rel ay in amperes rms 

total  zero-sequence cu rrent in re l ay in amperes rms 

re lay cu rrent d u ring  test in amperes rms 

re l ay voltage restra i nt sett ing in percent 

p hase-A-to-phase-B voltage in volts rms 

p hase-B-to-phase-C voltage in volts rms 

p hase-C-to-phase-A voltage in volts rms 

p hase-A-to-g rou nd voltage in volts rms 

p hase-B-to-g rou nd voltage in volts rms 

p h ase-C-to-g round voltage i n  volts rms 

positive sequence of VAs voltage in vo lts rms 

pos itive sequence of Vsc voltage in volts rms 

positive sequence of VCA vo ltage in volts rms 

rel ay voltage d u ring  test in volts rms 

system positive-sequence phase-to-neutra l i m pedance in o h ms 

l i ne  positive-sequence p hase-to-neutral i m pedance i n  o h ms 

sou rce positive-sequence phase-to-neutra l i mpedance i n  o h ms 

l ine  negative-sequence p hase-to-neutra l i m pedance i n  o h ms 

sou rce negative-sequence phase-to-neutra l i m pedance i n  ohms 

system i m pedance between re lay location and fa u lt locat ion i n  o h ms 

rel ay reach i n  ohms 

base-reach tap i n  positive-sequence ohms 

base-reach tap i n  zero-sequence ohms 

phase-a ng le  meter read i ng d u ring  test i n  deg rees 

re l ay base-reach ang le  i n  degrees 

28 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



G E K-4981 3 

LIST OF F IGURES 

F IGU R E  PAG E 

1 SLYG81A Funct ional  B l ock Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 0  
2 SLYG81A I nternal  Con nections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
3 SLYG81A Externa l  Con nections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2  
4 Rea r View of SLYG81A Short-Reach Model  Out of Case . . . . . . . . . . . . . . . . . 3 3  
5 Front View of SL YG81A Relay Out of Case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
6 Typica l  M HO Characteristic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 5  
7 M HO Characteristic by Phase-Ang le  Measu rement . . . . . . . . . . . . . . . . . . . . . 3 5  
8 Measu rement Pri nci p le . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6  
9A Typ ica l  Operati ng  Ti me for a 60 Hertz F i rst-Zone Relay . . . . . . . . . . . . . . . . . 37  
9 B  Typica l  O perati ng  Time for a 5 0  Hertz Fi rst-Zone Relay . . . . . . . . . . . . . . . . . 37  

10A Typica l  Operati ng Ti me for a 60 Hertz Second-Zone Relay . . . . . . . . . . . . . . 38  
10B Typ ica l  Operati ng  T ime for a 50 Hertz Second-Zone Re lay  . . . . . . . . . . . . . . 38  
11 Reach Versus Fa u lted-Phase Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 9  
1 2  Crad l e  B l ock a nd Term i na l  B lock Cross Section . . . . . . . . . . . . . . . . . . . . . . . . . 40 
13 Outl i ne  and Pane l  Dri l l i n g  for  Type SL YG81A Relay . . . . . . . . . . . . . . . . . . . . 41 
14 Front View of Relay Out of Case with Nameplate Removed . . . . . . . . . . . . . 42 
15 Restra i nt Setti ng Dia i (Set for 84%)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43  
16A I nterna l  Con nections for S igna l -Process ing Ca rd (SP) . . . . . . . . . . . . . . . . . . . 44 
16B Card Layout for Signa l-Processi ng Ca rd (SP) . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
17A I nterna l  Con nections for a 60 Hertz Quad ratu re-Po la riz i ng  Card (QP) . . . . 46 
17B I nterna l  Con nections for a 50 Hertz Quadratu re-Po la ri z i ng  Card (QP) . . . . 46 
17C Card Layout for Quadrature-Polar iz ing Card (QP) . . . . . . . . . . . . . . . . . . . . . . 47 
18A I nterna l  Connections for a 60 Hertz Operate-S igna l  Ca rd (OS) . . . . . . . . . . . 48 
18B I nterna l  Con nections for a 50 Hertz Operate-S igna l  Card (OS) . . . . . . . . . . . 48 
18C Ca rd Layout for Operate S ig na l  Card (OS) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0• 49 
19A I nterna l  Connections for Coi ncidence-Logic Card (CL) . . . . . . . . . . . . . . . . . . 50  
19B Card Layout for Co i ncidence-Log ic Card (CL) . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
20A I nternal Connections for I ntegrati ng-Ti mer Card ( IT) . . . . . . . . . . . . . . . . . . . 5 2  
2 0 B  Ca rd Layout for I nteg rating-Ti mer Card ( IT) . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 3  
21A I nterna l  Con nections for 125 VDC Rated I n put Power-Su pp ly  Ca rd (PS) . . . 54 
21 B I nterna l  Con nections for 48 VDC Rated I n put Power-Supp ly Card (PS) . . . . 54 
21C I nterna l  Con nections for 110 VDC Rated I n put Power-Supp ly  Card (PS) . . . 5 5  
2 2  Card Layout for Power-Supp ly  Card (PS) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5  
2 3  Test C i rcu it for Reach Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56  
24 Cha racteristic Test C i rcu it Usi n g  Test Box, Reactor and Resistor . . . . . . . . . . 57 
25 Ti mer-Card Test C i rcu it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
2 6  Pr i nted-Ci rcu it  Card Extract ing Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59  
2 7  I nterna l -Con nections D iagram for External  Pre-Reg u lator . . . . . . . . . . . . . . 60 
28 Outl i ne  and Mou nti ng  Di mensions for External  Pre-Reg u lator . . . . . . . . . . 61 

29 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



"T1 �· 
c 
..... (!) 
� 

-
0 N 
U1 
-...J ):> 
"' 
� 
-...J 
I.D 

I w 
-

VI 
r--< 

w G"' 
0 (X) 

� 

):> 
"T1 
c 
:J 
,.., 
.-+ (5' 
:J 
Q) 
to 
0 
,.., 
'A 
0 
Q) 

1.0 
..... Q) 
3 

SEE 
NOTE I 

+ 

BASE REACH TA P(� R I) 

II Il B :::o !B � I ... Tof�RI+Ko!olRo BYR OPERATE IA CD >j I l A r-(')_0_(./\____, 

� � II Ilc 2 � � - rv,.,N FILTE R S I G NA L  
IJ ::r:: )> (/) 
rn 

-::: lo ---i � r 
IB >�II � �  

® >>_311 
Ic ::�r 3Io0;sll � ZRO I I ® �  -L-

VAN @) >>----- ...,-
VAN 

V,BN ® »-+--, /� 
I VBNj 

VcN@ >> 1 OJ �  
J

VcN
I I 

cKololRo 

I&Ro 

'n' l>  o z 
Z C'l  n r - rn � (')  

I POLARii!ING � � 
S I GNAL rn � 

r #'2 POLAR li! I N� g � 
- �  n O  

CU R R E NT '-"' ::lJ 

SU PERV I S I O N '& l> 
P HA S E  
ANG L E  
C O M P. ¢ B  

® ®- 1  
P HASE 
ANGLE 
COMP. 

0 C 
M I K 2 v 

T I M E R  

+ ...LK I  tK2 
K l  

�>([j) T K2 
.. 7>@ 

:E!>@ 2 
T K2 

>>® 

l ® >�� 
t'®>: - I POW E R  I - @  > SUPPLY 

� ( �  

0 I N D I C AT E S  STUD N O.ON R E L AY 

NOTE ! : PRE-REGUL AT OR USED FOR R ATED 
I N PUTS EXC E EDING 125 V DC 

rr\ _j !iQ' · 
S U RG E  �-- - dvJ >> G ROU ND 

( - ) 

" 
m 
" 
I 

� "" 
00 ... 
\N 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



.....:.YQ. 7 
VAN I I  
VBN 2 3  
VCN 3 5  

S P  

HI��PA�--�---+---=S�VA�N� 1 4 0 

SVBN 2 6  

SVCN 3 9  

I AZ I  1 9  
I BZ I  2 2  
I CZ I  4 5  

CD 
• 
Cl 
'" 
• 
"' ..... 

- I� 4 4 3  l 

NOTE I 
�EGULATO� USE D FOR RATED 

i N PUTS EXCEEDING 125VDC 

*= SHORT F" I NGER 

l 

1 3 1vAN
[

�23 
-v 

44  

G E K-4981 3 

1 7rt 28  

2 1 � �� Q P  I L 1 1 4 - JVBC 3 
2 5 , -VB[ 8 o r- 4 

3 7 �  �
5 : 22f: . .J.YCA 

I .. -.L- 2 6  � ..---+-�2 0  
4 1 � 2 5  • 4 0 � B 

I . · - L 1 3  ::: 
1 5 � 1 6  t-t- 1 9  
2 7 � 3 2  

1 8 1-- 1 2  

I T  4 0  

I+J 
A 

c 

s 

1 - J  
EXTERNAL 

PRE-REGULATOR 
SEE NOTE I 

.--
VR I1[ :K2 

R I DS 
I �  

2 4  
40  .L£L 49  

43  1 9 I I  +- 6 P S  1 7t----' 
SP l I I t- 2 2  

0 5 I I I o 

43 1 9�1-1-1- 3 2  CD CD 

1 8([: 1 1  O S l o  1-r-1- 3 1  
� 3 D f- 2 3  � 

1 6  0 � � 
2 0 �  2 4  ;;; 2 3  '--1- 3 6  '" "' l _h- 28 m ._ 3 7  
3

t l cL 3 9
� 

3 7  4 8  
4 1  "' r--- 47  4 5f- 3 6  9 43  WI  9 

I• I 5V 1 1 43 I 9 4 3  I 9 I I I I 

0 1 8 485609 1 50 
3 2  

9 I 43  

REF" 

'--­
'--

- I SV 

� K2 8 

F ig u re 2 (0 1 7 1 (8426-4) SLYG8 1 A  I nternal  Connect ions 

3 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



G E K-4981 3 

x �  
P H A S E S E Q U E N C E  1 - 2 - 3  1 ------������-------------.-----------------3 2 

2------------�-----�-----------------�------.-------------
3 -----�------+-----4-----------------�-------r------�----

TR I P P I N G  
D I R E CT I O N  

� 

C I RC U I T 
B RE A K E R  

3 2 

1 7  

1 0  
1._ S U R G E 
-= G R O U  N O  

\ +)---:----�----r---1 9  I I  
N O T E  I r- - - -< --
C T  & PT G ROUNDS 

S H O U L D  B E  B 
MADE AT T H E  

SW ITC H BOA R D. 

1 1-----, 
I 

_j P O W E R  

s u P""T'P
_

L_Y_. T
9 

20 

K 2  

T� 
T R I P  c 

(-) 
EX TE R N A L  

PRE-REGU LATOR 
SE E N OT E  2 

t-)�-----------------------

*"- R E L AY H O U S E  G R O U N  0 

NOTE 2 
PRE - REGUL ATO R USED F O �  RATE D IN P U T S  EXCEED I NG t 2 5 V D C  

F ig u re 3 (0257A617 5-2) SLYG81A External  Connections 

32 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TC ---.... 

TA ---. 

XB ---.... 

XC ---

G E K-498 1 3 

.----TB 

BASE R EA C H  
--TAPS TB 

F ig u re 4 (8043554) Rea r View of SLYG81A Short-Reach Model ,  O ut of Case 
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F igu re 5 (8043 552) Front View of S LYG8 1 A  Relay, Out of Case www . 
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F igure 8 (0257 A6 1 84- 1 )  Measu rement Princ ip le  
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* Revised s ince l ast issue 
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GE K-4981 3 

Fig u re 1 5  (8042986} Restra i nt-Sett ing D ia l  (Set for 84% }  
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� 0 8 W S d  � @ 

Fig u re 1 68 (0 1 52C8438 Sh . 1  3) Card Layout for S igna l -Process ing Ca rd (SP) 
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G E K-4981 3 

F ig u re 1 7C (0 1 52C8439 Sh . 1  3) Ca rd Layout for Quadratu re-Po lar iz ing Ca rd (QP) 
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F igu re 1 8C (0 1 52C8440 Sh . 1  3) Card Layout for Operate-S igna l  Ca rd (OS) 
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Fig u re 1 98 (0 1 52C8436 Sh . 1  4) Card Layout for Co i ncidence-Log ic Ca rd (CL) 
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* Fi g u re 208 (0 1 52(8437 Sh . 1  [6]) Card Layout for I nteg rati ng-Ti mer Card ( IT) 

* Revised si nce last issue 

53 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



4 0  < 

3 2  < 

C7 
O.':lS Mm 

R l  
S I n 

2W 

C l  
IMF"O 
2 0 0 V  

I C 1 • 1 C 2 • 0 2 <4 6 A. 9 3 J II  P - U  
0 1 •0 2 • 0 2 4 6 A U I 2  P - 3 4 3 9  
0 3 • 0 2 46 A 9 2 0 1  P - 2 2 2 2  
Q o h 0 2 4 6 A 9 2 0 2  P - 2 9 0 7  
QS • 0 2 4 & A 9 2 2 0  P - 4 2 2 1  

R 2  

I O O n  
2 W  

G E K-4981 3 

R J  
1 80K C 2  R 4  
I O n  

R S  
3 . 9K 

TEST POINT 
0 

Rl S 
I.ZK 

LED I 

R l 2  
I M  I / <4W 

PCB 0 1 7 1 C 8 7 0 9  
ASH 0 1 11 48 5 6 0 9  G- 1 

CR I J 
h�*---->> '  

I N 7 5 8 A  
R 9  

�> I S 
1 K l 

1._____,, I 7 

*F ig u re 2 1  A (0 1 52C8465 Sh . 1 [4)) I ntern a l  Con nections  for 1 2 5 VDC Rated 
I n put Power-Supp ly  Card (PS) 

C7 
O.JS MF"O 

C I 
I HFD  
2 0 0 V  

0 1  
C R I  

. ,  
! O n  

R J  
5 9 K  

R 4  
i O n  

R 5  
J , 9K 

CR2 

TEST PO I NT 

0 

CR4 

24 <:�----------�--�--_j __ l _1 2_w __ L_ ____________ �--_u�� 

I C  I • I C 2  • 0 2 4 6 A 9 J J 8  P - I 5 
Q I  .. Q 2 • 0 2 4 6 A 9 2 ! 2  P - 3 4 3 9  
O J · 0 2 4 6 A 9 2 0  I P - 2 2 2 2  
0 4 • 0 2  4 6 A 9 2 0 2  P - 2 9 0  7 
as .. o 2 4 6 A 9 2 2 0  P - 4 2 2 1  

PCB 0 1 7 1 C 8 7 0 9  
ASM 0 1 8 48 5 6 0 9  G - �  

+ I  SV  R I O  

c-��,----,�----��--��,---,-���I O�> 9 < • I SVOLTSl 

ill IH 
! . 2 K 

LED \ 
C R I  3 

R9 
J ,  9K 

T C
5 

L.�----------L--�---->> I • 5 I 

L.--------.J'--0 , 0 6 8MF"D 
----------->> 4 3  

�> I S 

1 K l 

1._____,, I 7 

F ig u re 2 1  B (0 1 52C8465 Sh .2  2)  I nterna l  Con nections for 48 VDC Rated 
I n put Power-Supp ly  Card (PS) 

*Revised s ince l ast issue 
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* Fi g u re 22  (0 1 7 1 C8709 Sh . 1  [8]) Card Layout for Power-Su pp ly Card (PS) 

* Revised s ince last i ssue 
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4 WIRE 1 3  60 HZ 

l N  

I A M P E R E 
VA R I A BL E  A U TO T RA N SFO RM E R  

I PHASE SHI F T ER 
----41 1 tl \ ( 

2 2 ��---� 

3 

N . N  

� PHASE ) 
SEQUE NCE 

I ,  2 , 3 

�� 
I 

Gll�OR I y �  ! NP� � � 
J 2 

PHASE 
Ur-a:R 
T E ST 

-

A 
B 
c 

LOAD BOX 

RE L AY S T UD NO. 
CONNECTED 10 POI N T  
W X Y Z 

- - - -

1 6  1 7  1 5  ' 
1 7  1 5  1 6  3 
1 5  16 1 7  5 

SE E N OTE I 
* CO N N ECTED TO R E A D  ANGLE T H AT CU R R ENT LAGS VOLTA G E 

N OT E  ! : P R E - R E G U L ATO R USE D FO R R AT E D  I N P U TS E X C E E D I N G 1 2 5 V D C  

J 

+ 

D.C. 
POWE R 
'S UP PLY 
0 � 250 V 
0 . 5A 

RATED I N P U T  
VO LTAG E 
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..., f'l c: 
r+ 
c 
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6sYro \OLTS 1 2 ----------------1 
3 PHASE 

4 W IRE 
60 H2 

( PHASE ) 
SEQUENCE 

1 , 2 ,3 

3J---,r=r - - - -i± -, 
I I s w I T C H 9 0 � + I 

N I �� 
I 
I 
I 

1 0 2 L 2 0 1  

T E S T 
B O X  

A" � C A L I B R �T E D R E A C T O R 
R E S I S TO R  CO M B I N AT I O N  

J 2 
PHASE 
UNDER 
T E ST 

A 
B 
c 

REL AY S TUD NO. 
CONNECT�D TO POI NT 
W X Y Z - - - -
1 6  1 7  1 5  1 
1 7  1 5  1 6  3 
1 5  16 1 7  5 

N OTE I :  PRE- R E G UL ATO R USE D  FO R RATED I N P U TS E X C E E DI N G  1 2 5 VDC 

CONTINUITY 
TESTER 

D.C. 
POWE R SU PPLY 
0- 250V 

0. 5A 

I � 1:. 1:. 1'\I V I I:.  I I I RAT E D  
IN PU T  
VOLTAGE 
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G E K-4981 3 

* TH E '+ 1 5 V."TEST P O INT HAS A lOOK OHM CURRENT L IM I T ING 
RES I STO R MOU N TED O N  THE '' PS'' C ARD. 

,, 

*''+ 1 5  
TEST 
ON "p 

v. ' 

I 

NC 
CONTAC f 

PO I NT 
S'' CARD 

:; � 

� 
110 V" T E ST POI NT 

O N  "p s" CARD 

PHASE 
U N DER 
T EST 

A 
8 
c 

� SC OPE CHANNEL 1 AND SCOPE T R IGGER 

I T  C A RD 

I N PUT I 

;- I N PUT JI. 1 1  - SC O P E  CHAN N EL 2 

f-- I N P U T  ill 

SCOPE GROUND 

P I N  N o. O F  C A R D  

tNPU T  I 
1 2  

I NP�T II I NPUT ill 
2 3  3 6  

2 3  
3G 

1 2  36 
1 2  2 3  

Fig u re 2 5  (0257 A6185) Ti mer-Ca rd Test C i rcu it 
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G E K-498 1 3  

.lr-\ j I l . \ 

. I I 

Fig u re 26  (80430 1 6) Pri nted-Ci rcu it-Card Extracti ng  Too l  
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D C  
IN P UT 

R l  

R 2  

R3 

R 4  

G E K-4981 3  

E X T E  R 1'-l i\ L W I R E  
1---lB � 

(-1- ) 
G 2 V  

G 2 V 

I 1 9  S LY 
L -o�---1 OR 

I 
I 

20 
( - )  

S LY G 

(-)C 9 I 
L__ - -- -- __ __  _} 

DC I N P U T  H I  R 2  I R 3  R4 
2SO VOLTS 1 5 0JL 1 5 0:i} 1 0 0 ..(\_  I O O.J\.. 

* Fig u re 27 (0275A4336- 1 )  I nterna l -Connections Diagram for Externa l  Pre-Reg u l ator 

* Revised s ince last i ssue 
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- (Jl N 
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� �  l[) 
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�1 � I 
i 

�/� B;� � SEE OU TL I NE � 0 1 7 8 A733 6 J 9 M M) 
.7 5 

L - 3 1 0  3 2  X S 
MTG. SCR EWS (6) 

OUTL I NE 

9 7 5 3 I 
0 0 0 0 0 

Q � � 9 9  I ' ""r ' G 8  M M) L-1 � 0.625 � 
N U M BE R ING O F  S T U D§ & 
M TG. O F  P R E- REG U LATOR 

(BA CK  V IEW) 

Fig u re 28  (027 5A4339) Outl i ne and  Mount ing Di mensions for External  Pre-Reg u l ator 
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