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MHO AND AUXILIARY RELAY 
FOR 

OUT-OF-STEP PROTECTION 

TYPE GSYSIA 

DESCRIPTION 

The Type GS Y5 1 A  rel ay i s  desi gned spec i fi c a l l y  for use i n  conju ncti o n  w i th the 
Type C EX5 7 E  ang l e- i mpedance rel ay to detect a n  o ut- o f-step condi t i on  on  a 
power system . The rel ay i nc l u des a mho-type d i stance u n i t  w i th prov i s i o n  for 
o ffsett i n g  i ts character i st i cs ,  s i x  tel epho ne-type auxi l i a ry u n i ts w i th the 
necessa ry ser i es res i stors , a nd a ta rget sea l - i n  u n i t ,  a l l mou nted in an  L2 
s i ze c ase . The outl i ne a nd panel dr i l l i n g di mens i o ns a re shown i n  F i g u re 9, 
and the i nterna l  connecti ons  i n  F i gu re 3. 

APPLICATION 

The usu a l  a pp l i cat i o n o f  the Type GSY5 1 A  rel ay a nd i ts a sso c i at�d Type C EX 5 7 E  
a n g l e- i mpedance rel ay i s  a t  the term i na l s o f  a generato r to prov i de o ut- o f­
step protecti o n o f  the machi ne . Vlhen a generato r l oses synchron i sm ,  the 
resu l t i ng  h i gh c u r rent peaks a nd o ff- frequency o pe rati o n  may cause w i nd i n g 
stresses , p u l sati on  torques a nd mechan i c a l  reso nances that have the potenti a l 
o f  damag i ng the t u rb i ne- generato r .  Therefo re ,  to mi n i m i ze the possi b i l i ty o f  
damage , i t  i s  genera l l y  accepted that the machi ne sho u l d be tr i pped w i tho ut 
del ay , pre ferabl y du r i ng  the fi rst hal f-sl i p  cyc l e  of the l oss of syn chro n i sm 
c o nd it i on . 

Fo rmerl y the generato r ,  t ra nsfo rmer a nd system i mpeda nce characte r i sti cs were 
such that the el ectr i c a l  center du r i n g l oss- o f-synchron i sm c o ndi t i ons  
genera l l y  occ u rred out i n  the tra nsm i ssi o n  system . Hence the resu l t i n g  sw i n g 
i mpeda nce l o cus i ntersected transmi ssi on  l i nes and wo u l d  be detected by l i ne 
rel ay i ng o r  by out- of- step detecti on schemes l oc ated at l i ne te rmi n a l s ,  a nd i n  
most i n stances the system co u l d  be sepa rated w i tho ut the need for tri p p i n g  
generato rs . 

W i th the advent of  EHV systems , large r  generato rs and the gene ra l expans i o n  o f  
transmi ss i on  systems , the i mpedances i nvo l ved have chan ged s i gn i fi c antl y .  
Generato r a nd step- u p  tra nsfo rmer i mpeda nces have i nc reased i n  ma g n i tude ,  
whi l e  system i mpeda nces have dec reased . As a resul t ,  o n  many systems today 
the el ectr i ca l  center du r i ng  l oss- o f-synchro n i sm cond i t i ons c a n , and 
frequ entl y does , occu r i n  the generato r or i n  the step- u p  transformer . 

In genera l , the protecti o n n o rmal l y  app l i ed i n  the generato r zo ne , such as 
d i fferential  rel ayi n g ,  t i me- del ay system back- u p ,  etc . , w i l l  not protect a 
generato r du r i n g  a l oss o f  syn chron i sm. The l oss o f  exc i tati on  rel ay may 

These instructions do n o t  purport t o  cover a l l  details or variations i n  equipment nor t o  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 standardst 
but no such assurance is given w�th respect to local codes and or dinances because the� vary greatly. 
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pro v ide some deg ree of protect i on ,  but c a n not be re l i ed on to detect generator 
l o ss  of synchron i sm under a l l system cond it i o n s. Therefo re , i f  du r i ng  a l o ss  
of synchron i sm the el ectr i c a l  cente r  i s  l ocated i n  the regi on from the hi gh 
vo l ta ge te rm i na l s of the generato r step- u p  tra nsfo rmer do wn i nto the 
generato r ,  sepa rate o ut-of- step rel ayi n g  sho u l d be con s i dered to p rotect the 
machi ne . 

The combi nat i o n  of the GS Y5 1 A  a nd C E X 5 7 E  re l ays , l oc ated at the generato r 
termi na l s ,  i s  i ntended to detect an  o ut- of- step conditi o n  when the swi n g  
l oc u s  p a s ses through the machi ne o r  step- u p  tra nsfo rme r i mpeda nce . Thi s  
s cheme uti l i zes three i mpedance mea s u r i n g  u n i ts a nd the l o g i c  c i rc u i try 
p ro v i ded by the auxi l i a ry u n i ts i n  the GS Y to eval u ate the p rogres s i ve cha n ge 
i n  impedance du r i n g  a l o ss of syn chro n i sm c o nd it i on , a nd to i n it i ate tr i pp i n g  
when the a n g l e  between generato r a nd system vo l ta ges i s  900 o r  l es s. Thi s 
typ i c a l  a pp l i c at i on of the GS5 1 A  a nd C E X5 7 E  rel ays at the termi na l s of  a 
generato r i s  covered by the exte rnal  con nect i o n di a gram i n  F i g ure lOA .  The 
c ontact c i rc u i t  l o g i c  i s  shown i n  F i gu re lOG. 

A l tho u gh the C EX -GSY  scheme i s  no rma l l y  a pp l i ed at the term i na l s of the 
generator ,  there a re some a p p l i cati on s where i t  wi l l  be mo re adva nta geo u s  to 
a pp l y these rel ays at the hi gh vo l ta ge termi na l s of the step- u p  tra nsfo rmer .  
Th i s  i s  d i s c u s sed fu rther i n  the s ect i on o n  CALCULATION OF SETTINGS. 

The occ u rrence of a s i n g l e- phase-to - g ro u nd fa u l t  that evo l ves i nto a doubl e­
pha se-to - g ro u nd fau l t  may , u nder certa i n  conditi on s ,  a p pea r a s  an  i m pedance 
sw i n g to the C EX-GS Y scheme. To a vo i d  thi s  remote po s s ibi l i ty of a 
m i so perati on du r i n g  the c l ea r i ng  of s uch a fau l t on  the system , i t  i s  
s u ggested that a n  i n sta nta neous  gro u nd overc u rrent rel ay be connected to 
s u per v i se the CEX-GSY  c ontact c i rc u i t ,  a s  shown i n  Fi gure lOB. 

OPE RATION OF THE SCHEME 

The o pe rati ng  pr i nc i p l es of the scheme c a n  be expl a i ned w i th the a i d  of the 
R - X  di a gram a nd contact ci rcuit in Fig ure lOB . Th i s  d i a gram shows the an g l e­
impedance , o r  bl i nder , u n it co ntacts ( 2 1 ST/Al , 2 1 ST/A2 , 2 1 ST/Bl a nd 2 1 S T/B2 ) , 
the offset mho u n i t  co ntacts ( 2 1 M/a and 2ltlt/b ) , a nd the c o ntacts of the s i x  
auxi l i a ry u n i ts ( X ,  Xl , X 2 , X 3 , X4 , a nd X5 ) . The a ng l e impedance u n i t s  a nd 
thei r a s so c i ated auxi l i a ry u n i ts ( Xl , X2 , X4 , a nd X 5 ) o perate i ndependentl y to 
determ i ne a l o ss  of synchro n i sm ,  but thei r tr i p output un i t ,  X3 , i s  s u perv i s ed 
by the 2 1 M/a c ontact v i a  2 1 M/X . Th i s  a ss u res that tri p p i n g  i s  i n i t i ated o n l y  
fo r an  impedance sw i n g that tra verses the mho u n i t  cha ra cte r i sti c ( 2 1M o f  the 
R - X  d i a g ram i n  F i gu re lOB ) . Fi na l  tri pp i n g  i s  permi tted by 2 1 M/b when the 
i mpedance sw i n g l eaves the mho cha racteri sti c ,  c au s i n g  the mho u n i t  to reset. 

The R - X  di a g ram i n  Fi gu re lOB shows the a re of c l o s u re o f  the 2 1 S T/A and 
2 1 ST/B bl i nder u n i t  co ntacts Al , A2 , Bl , a nd B2. Fo r exampl e ,  when a n  
i mpeda nce pha sor  termi nates to the r i ght o f  bl i nder 8, 2 1 ST/A2 a nd 2 1 ST/B2 
\<J i l l  be c l osed .  When the impeda nce i s  between the bl i nders , 2 1 ST/A2 a nd 
2 1 ST/Bl wi l l  be c l os ed , a nd when the impeda nce i s  to the l eft of bl i nder A ,  
2 1S TA1 a nd 2 1 ST/Bl w i l l  be c l o sed . It shou l d  be noted that fo r n o rma l 
steady- state c o ndi t i ons , l oad i mpedance wi l l  fal l somewhere nea r the R ax i s , 
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to the r i ght o f  21ST/B and outs i de the 2lf� mho cha racter i st i c .  Fo r th i s  
co nd i t i o n  21ST/A2 a nd 21ST/B2 w i l l  be cl osed , 21M/Xl w i l l  be p i cked u p , 21M/b 
w i l l  be c losed , and  21M/a w i l l  be o pen . 

Re ferr i n g  to the contact ci rcu itry and the R- X di a g ram  i n  F i g u re lOB , the 
step-by-step operat i o n  o f  the scheme du r i n g an  i mpeda nce sw i n g w i l l  be as 
fo l l ows: 

Step 1 - Assume that a sw i n g  i mpeda nce l ocus t raverses the rel ay 
cha racter i st i cs from C to K. Befo re the sw i n g reaches po i nt D the 
mho u n it ( 21M)  w i l l  be dropped out , the 21ST/A2 and 21ST/B2 contacts 
a re c losed , and the two 21M/Xl co ntacts a re c l o sed . The 21ST/AI and 
21ST/Bl contacts a re both o pen . 

Step 2 - When the sw i ng l ocus ente rs the mho u n it cha racte r i st i c  at po i nt D ,  
the 21M/b co ntact i n  the t r i p  ci rcu i t  o pens and 21M/a cl o ses , 
p i ck i ng u p  u n it 21M/X , whi ch cl oses i ts co ntact i n  the X3 co i l  
c i rcu i t .  

Step 3 - The i mpeda nce sw i ng next enters the a rea , G ,  between the two b l i nder 
cha racter i st ics , c l os i n g  21ST/Bl and open i n g  21ST/B2 , wh i ch i n  tu rn  
de-energ i zes the Xl u n i t .  C l osu re of  the Bl contact p i cks u p  X2 
through the A2 co ntact , whi ch i s  sti l l  c l osed , and the Xl co ntact , 
wh i ch has a 12-cycl e t i me-del ay d ro pout.  Un i t  X2 sea l s  i n  a ro u nd 
the Xl contact . 

Step 4 - When the i mpeda nce l ocus enters reg i o n  H, to the l e ft o f  b l i nder A ,  
21ST/A2 open s ,  21ST/AI c l o ses , and 21ST/Bl rema i ns c l o sed . The 
o pen i n g o f  A2 de-energ i zes the X2 u n i t  and the cl osu re o f  Al p i cks 
u p  u n i t  X4 . The 12 - cycl e dropout t i me o f  the X2 u n i t prov i des t i me 
fo r X3 to p i ck u p  throu gh the X2 and X4 contacts , and  the X u n it 
contact whi ch has p rev i o usl y cl osed . The X3 u n i t  sea l s  i n  a ro u nd 
these contacts , and the X3 contact i n  the tr i p  c i rcu i t  cl oses . 

Step 5 - When the i mpeda nce l ocus enters reg i o n  K, the mho u n it resets , 
open i n g 21M/a a nd cl osi ng  21M/b . The cl osu re o f  21M/b comp l etes the 
trip coi l  circu it  throu gh the 21M/X3 contact wh i ch cl osed i n  Step 4 .  

The p rev i ous descr i ption assumes an  i mpeda nce sw i ng from r i ght to l eft ( C  to 
K ) ,  whi ch w i l l  be the case fo r generato r l oss o f  synchro n i sm .  However , the 
scheme w i l l  per form  co r rectl y for sw i n gs i n  e i ther d i rect i o n , and  hence i s  
a pp l i cabl e  fo r out-o f-step p rotect i o n  out o n  the tra nsmiss i o n  system a s  wel l  
as at the generato r term i n a l s .  

APPLICATION CONSIDERATIONS 

The a p p l i cati o n  of out-o f-step rel ay i n g  schemes at a generato r ,  or o ut i n  the 
system , i s  not a s i mp l e  procedu re . In genera l , the proper  a p p l i cat i o n  o f  such 
schemes requ i res extens ive stab i l i ty stud ies to dete rm i ne the fo l l ow i ng: 

1 .  Loss-o f-synchron ism cha racte r ist ics ( i . e . , i mpeda nce l oci ) .  

2 .  Max i mum  expected generato r sl i p . 
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3 .  Charac teristics of expec t ed stable swings . 

4 .  Expec ted current levels . 

The rela tionship between this information and the a pplication of the C EX- GS Y 
scheme is covered in a technic al pa per . If the user desires further 
information on this subjec t, he should request it from the nearest General 
Elec tric Company Sales Office .  

RATINGS 

Refer to Figures 1 and 2 .  The GSY5 1A relay is rated for 120 volts, 5 amperes, 
and is available for 50 or 60 hertz frequencies . 

The basic minimum reach is 2, 4 ,  6 ohms phase-to-neutral a t  9 00 lead, with the 
restraint leads connec ted a t  100% on the restraint transformer . 

E a ch basic minimum reach c an be selec ted with a link arrangemen t loca ted 
behind the relay . There are two sections of reach on  one t a p  block; each 
section is marked A-B a nd 2,  0, 4 .  By connecting both sec tions as shown in 
Table I, the basic minimum ohmic reach of the relay c an be selec t ed . 

Minimum Reach 
Phase-to-Neutral 

�-------------------
2 . 0 ohms 
4 .  0 ohms 
6 . 0  ohms 

TABLE I 

The basic minimum reach c an be extended up 
reducing the restraint circuit setting on the 

Links 
II All 11 8 11 

2 0 
0 4 
2 4 

to ten times the basic reach by 
restraint transformer . 

The following equa tion c an be used for increasing the basic minimum reach of 
the relay. 

(900 lead) z R 1 100 (%) e ay = 

(%) 
x basic minimum reach 

Transformer setting 

Ohmic reach set tings grea ter than the basic minimum reach c an be set within 1% 
increments by selec ting the pro per ta ps on the restrain t  transformer, which is 
t a p ped in 10% and 1% steps . 

The relay also has a reverse offset transac tor with a phase-to-neutral offset 
reach of 0 to 4 ohms in 0 .5 ohm steps . The ta ps are selec ted with the 11 H" and 
11 L 11 leads on the offset t a p  block, which is loc a ted on the left front side, 
a pproxima tely i n  the c enter of the relay . 

The transa c to r  angle c an be adjusted with the R63  rheosta t, loca ted just  to 
the right of the offset t a p  blo ck .  
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CUR RENT CIRCUIT 

The current c i rcui t i s  cont i nuousl y rated a t  5 am pe res , w i t h  a one- second 
ra t i ng o f  250  amperes . Highe r  magni tudes o f  cur ren t  above 5 amperes c an be 
a pp l i ed fo r sho r te r  per i ods o f  t i me ,  acco rdi ng to t he fo l l owing  equa t i on .  

K = I2T 

where: I = t he a pp l i ed current i n  ampe res 
T = t ime i n  seconds 
K Constant = ( 25 02) = 625 00 

The refo re: t seconds K 
= 

12 

POTENTIAL CIRCUIT 

The po tent i a l c i rcui t i s  continuousl y ra ted a t  120 vo l ts a t  ra ted frequency . 

AMBIENT TEMPE RATURES 

The rel ays a re desi gned to o perate cont i nuousl y a t  ra ted vo l tage ,  cur rent and 
frequency i n  an ambi ent tempe ra ture not to exceed 4 00C .  

DC RATINGS 

The DC vo l ta ge c i rcu i ts a re ava i l abl e a t  48/110-125/220- 25 0  vo l ts DC . The 
c i rcui ts consi st o f  tel ephone rel ays whose con t ac ts ,  when c l osed , c an c a rry 3 0  
am peres fo r one second , w i th a cont i nuous ra t i ng o f  3 ampe res . 

The i nterrupt i ng rat i ng o f  these c ontac ts i s  l i sted i n  Tabl e II . 

TABLE I I 

Vol ts  Interrupt i ng Ra t i ng i n  Amperes 
DC Induct i ve Non-Induct i ve 

125 0 . 5 0 1 . 5  

TARGET/SEAL-IN 

The combina t i on tar get and seal - in uni t  has a dua l  ra t i ng of 0 . 6  o r  2 . 0  
amperes . 

The ta p sett i ng sel ec ted on t he t a r get/seal - i n  uni t i s  determ i ned by the 
cur rent drawn by t he b reaker tr i p c o i l . The 0 . 6  ampere ta p i s  used wi th t r i p 
co i l s  wh i ch o perate on cur rents rang i ng from 0 . 6  am pe re to 2 . 0  ampe res a t  the 
maxi mum con tro l vol t a ge .  The 0 . 6  am pere ta p can be used al so wi t h  t r i p c o i l s  
d raw i ng as muc h as 30  amperes , p rovi ded t h at t he vo l ta ge dro p ac ross t he  co i l  
wi th tr i p curren t  fl owi ng is no t excessive .  The 2 . 0  am pere ta p c an be used 
wi t h  a l l t r i p co i l s  t h a t  draw mo re than 2 . 0 ampe res a t  t he maxi mum control  
vol ta ge .  
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GEK-45441 

The ratin gs of the targe t/seal -in unit are sho wn in TABLE III . 

TABLE II I 
HI- G TARGET/SEAL-IN UNIT 

Minimum o pe rating 
Carry continuousl y 
Carry 30 am ps fo r 
Carry 10 am ps fo r 
DC Resistance 
60 cyc l e impedance 
50  cyc l e impedance 

MHO UNIT CONTACTS 

0 . 6  Amp Tap 
0 . 6  am p 
1 .8 amps 
0 . 5  sec . 
5 sees 
0 . 78 ohm 
6 . 2  ohms 
5 . 1  ohms 

2 . 0 Amp Tap 
2 . 0  am ps 
2 . 6 am ps 
3 . 5  sees . 

30 sees . 
0 . 18 ohm 
0 .  65 ohm 
0 .  5 4  ohm 

The mho unit contac t s, whe n c l osed, wil l carry 30 am pe res mom e n tari l y  u p  to a 
2 50 vo l t DC con trol  vol tage . However, the contac ts do not hav e an in terruptin g 
ratin g; the refo re some o ther suitabl e method m ust be used to o pe n  the t rip 
circ uit after  a trip condition . 

OPERATING PRINCIPLES 

The mho u nit of the GS Y5 1 A  rel ay is of the fo u r- po l e inductio n cyl inder 
construction, whe re the to rque is p rodu ced by the interac tion be twe e n  the 
po l arizin g fl ux and the fl uxes  which are pro po rtio nal to the rest rainin g 
and/o r o pe ratin g quantities . 

The to rque at the bal ance point of the mho u nit can be expressed by the 
fo l l owin g equation . 

To rque = 0 = Ei Cos (.0-8) - KE2 - Ks 
Whe re: E = Phase- to - phase vol tage 

I Delta currents (Il-I2) 
g = An gle of maximum to rqu e 
.0 Powe r fac to r an gl e of  the faul t im pedance 
K Design constant 
Ks = Co n t ro l  sprin g constan t  

T o  prove  that the equation defines a n  mho charac te ristic, divide bo th sides by 
E2 and t ranspo se . The equation reduces to: 

leas (.0-8) = K 
z 

o r  Y Cos (.0-8) = K 

Thus, the u nit wil l pic k u p  at a constant compo nent  of admittance  at a fixed 
an g l e, dependin g on the an g l e of maximum to rqu e . Henc e the name  mho u nit . 

�vhen  the offse t is used, the t ransac to r is energized with l ine  c u rre n t  vlhich 
p roduces a vol tage p ro po rtio nal to the c u r ren t and added to the line- to- l in e  
vo l tage in the unit's po tential circuit . This vol tage wil l offset the 
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GEK-45441 

ci rcu l ar cha racterist i c  o f  the mho u n i t as shown i n  the R-X d iag ram , F i g u re 4 .  
Al tho ugh n o t  shown in Fig ure 4 ,  the offset can be set between 0 and 4 ohms in 
0. 5 ohm ste ps . 

CHARACTERISTICS 

The mho u nit produces  a ci rcul ar  i m pedance cha racterist i c  as shown i n  
Fig u re 4 .  

The diamete r o f  the characte rist i c  can bf' i ncreased as shown i n  Figure  5, by 
reducin g the restrai n t  tap l eads on  the restrai n t  t ransforme r .  It is no t 
recommended that the restrai n t  l eads be set be l ow 10% on  the restraint  
t ransformer . 

BURDENS 

CURRENT CIRCUITS 

The bu rden i m posed on  each cu rre nt  t ransfo rme r  at 5 am pe res by the cu rrent  
ci rcuits o f  the GSY5 1 A  rel ay is l i st ed in  Tabl e IV  for  each bas ic  mi n i m um 
reach tap at 60 hertz .  

TABLE IV 

f Basic Reach Tap , 0-N R X W V . A .  P . F . 
2 .0 0 . 14 2  0 . 05 4 3 . 5 5 3 . 30 0 . 930 

__________ ) : � --�-:-�-� -� ---�-:-�-�-� ---� _: �
-
�
-
5 --� _: � -�-�--�-: �-�-�-_j 

The bu rden at 50 hertz w i l l  be sl ightl y l owe r .  

POTENTIAL CIRCUITS 

The maximum bu rden im posed on each po tent i al trans fo rme r ,  with 1 20 vo l ts 60 
he rtz ap p lied , is shown i n  Tabl e V .  

TABLE V 

-------Off sef-Tap , 0- N  R X w V .  A. P . F . 
--�--------

0 705 45 1 1 2 . 5 3  1 4 .87 0 .840 
0 . 5  7 2 5  4 1 7  1 2 .84 1 4 . 82 0 .866 
1 . 0 7 52 3 7 7  1 3 . 10 14 . 66 0 .893 
2 . 5 785 348 1 3 . 06 14 . 28 0 . 9 1 4  

[ _______ -- ----� --�--------------8 ��---- 2 97 1 2 . 93 1 3 . 67 0 . 945  

The 50 he r tz bu rden w i ll be sl i ghtl y l owe r .  
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CALC�LATION OF SETTINGS 

The determinatio n of relay se ttin gs fo r the CEX-GS Y  scheme need no t be a 
com plic ated proc edu re . Prelimina ry settings of the blinder  a nd mho u nits c a n  
b e  obtained by means o f  a simplified g raphical a pp ro ach o n  an  R-X dia gram , a nd 
then  the validity of these settings c a n  be chec ked with the results of the 
stabi 1 ity study. 

GRAPHICAL PROCEDURE 

In the sim plified gra phic al procedu re , the genera to r is re presented by its 
transient re acta nc e ( X'd) .  This reactanc e , alo n g  with the transfo rme r 
rea c t a nce  ( XT ) a nd the system im peda nce (Zs) is plo tted to scale on  a n  R- X 
dia g ram , the origin of which is a t  the terminals of the ge ne ra tor , as shown in 
Figu re 18 .  If the system impeda nce is va riable , the smallest system impeda nce  
sho uld be  used , sinc e  this will ensu re tha t the subsequ ent  blinde r se ttin gs 
will be able to detect the smalle r swing  impeda nce locus associa ted with low 
system impedanc es . 

The to tal impeda nce line is the n drawn be tween  points C and D .  The a n gle of 
this line  with respec t to the horizontal axis re p resents the system an gle . 
With the system chara c te ristic thus established , settin gs fo r the blinders c a n  
now b e  de termined . 

BLINDER  S ETTINGS 

Refe rring to Figu re 18, the dista nc e , N ,  from the o r1g1n to the blinde r ,  a nd 
an gle B be tween the blinde r and the ho rizontal  axis , c an be  adjusted 
se pa ra tely fo r each blinder . The a n gle , B ,  is n o rmally selec ted so that bo th 
blinde rs a re a pp roxima tely pa rallel to the to tal im peda nc e line , C D .  The 
spacing betwe e n  blinders is gene rally selec ted so that a t  the point in a n  
impedance swin g whe re the blinde rs o pe rate , the an gula r se pa ra tion , S ,  be twe en 
ge n e ra to r a nd system is 1 200 . This angula r  se pa ration c a n  be dete rmin ed by 
drawing construction lines at points C a nd D tha t a re 30° from the to tal 
impedance 1 ine , C D . The blinders a re then plo tted to pass thro ugh the 1 200 
poin ts E and F a t an an gle , B ,  with respect to the R axis , as shown in Figu re 
18. It sho uld be noted that the dashed 1 ine , which is the bisec to r of the 
1 200 an gles , passes thro ugh the impeda nce  c en ter  of the system and wo uld 
re prese nt  the locus of the impeda nce swing  fo r the c ase whe re the ra tio of the 
gen e ra tor  in ternal voltage to the system volta ge equ als one  ( 1 ) . 

MHO  UNIT SETTING 

The mho unit is set so that it will pe rmit trippin g fo r all impeda nce loci 
tha t will a p pea r in the re gion from the high volta ge terminals of the ste p- up 
tra nsfo rmer  down into the genera to r .  To ac com plish this , the mho unit is 
gen e rally c o n n ec ted with its fo rwa rd re ach loo kin g in to the genera to r  a nd with 
its offset adjust ed to encompass the t ra nsfo rme r  reac tance  with some ma rgin . 

The fo rwa rd reach of the u nit sho uld be se t so tha t it will de t ec t  all 
impeda nce loci that c a n  go thro ugh the gen e ra to r but n o t  o pe rate  fo r st able 
transient  swin gs . A fo rwa rd reach se ttin g which is equ al to 2 to 3 times 
genera to r tra nsie nt re ac tance (X'

d ) wo uld meet this c rite rion . 
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GEK-45441 

The offset must be adjusted so that it wil l de tect an impedance l o c us that 
vJil l go thro ugh the high vo l tage te rminal s of the ste p- up  transfo rme r .  A 
se ttin g which is equal to 1 . 5  to 2 times transfo rmer reac tanc e  wil l usual l y  
ac compl ish this pu rpose . With the pro pe r settin g, the offset circ l e sho u l d be 
ou tside the b l inders for swin gs goin g thro ugh the high vol tage te rminal s of  
the transfo rme r, as shown in Fig ure 18 .  This spacing assu res that the re wil l 
be p ro p er c oo rdinatio n be tween the mho unit and the b l inders fo r this ext reme 
s�-Jin g .  It may be diffic ul t to achieve this adjustment where the system 
impedance  is l arge . This wil l  be il l ustrated sho rtl y .  

I t  sho u l d be no ted that, in o rder to detect swin gs at the t ransfo rme r high 
vo l tage terminal s, the offse t settin g reaches o u t  in to the system, and 
the refo re the scheme may detect a swin g which is outside the ge nerato r zone . 
Whil e this is a possibil ity, the probabi l ity of this happenin g is smal l ,  since 
the impedance l ocus  wil l be n ear the bal ance poin t of the re l ay, whe re re l ay 
o pe ratio n is sl ow . The chances are that system rel ayin g wil l o pe rate befo re 
the out- of-st e p  re l aying scheme . If the scheme does o pe rate fo r such svJin gs, 
this is gen e ral l y  acce pted as a desired o ption . 

VERI FICATION OF SETTINGS 

Once  the settings have bee n dete rmined, they sho u l d be chec ked with the ac tual 
impedance l o ci as de termin ed from the stabil ity studies . Figu res 1 9, 20, 2 1  
and 2 2  compare the cal c u l ated settin gs with expected impedance l oci fo r system 
impedances of 0 . 05, 0 . 09, 0 . 2  and 0 . 4 per  u nit on  the gen e rator base . To 
facil itate comparison with the re l ay charac te ristics, the exampl es in these 
figu res are present ed in terms of secondary ohms . 

Figure 1 9  is in te nded to rep resent  the impedanc e l ocus that wo u l d occu r with a 
system impedanc e of 0 . 05 per unit and the vo l tage re gu lato r  o u t  of se rvice. 
Fo r this situation, the impedance l oc us tends to be smal l in diameter  and thus 
mo re diffic ul t to det ec t .  With the b linders se t for 1 200 an g l e se paration 
be twe e n  gen e rato r and system ( so l id l ines in Figu re 1 9 ) , the impedance l ocus 
just ba rel y  c rosses the l eft b linder . To p rovide additio nal o pe ratin g mar gin 
fo r this situation, bo th bl inders can be shifted to the right as indicated by 
the dashed lines . In addition, the fo rward reach of the mho u nit sho u l d be 
held to twice the generator transient reactance (X1

d ), as shown, to assu re 
that the impedanc e  lo cus  wil l l eave the area of the mho charac teristic, 
the reby pe rmitting trippin g .  

Figure 20 typifies an appl ication of the CEX- GSY  scheme whe re the system 
impedance  equal s 0.09 per u nit . In this case, the b linde r and mho se t tin gs as 
previousl y desc ribed woul d be satisfac to ry and wo u l d  n o t  require modification .  
This figu re al so shows that the re is ampl e margin between the assumed stabl e 
impedance l ocus and the fo rward reach of the mho unit, which in this case is 
se t for 3 times the t ransien t reactance ( X1

d ) .  

Figu re 2 1  typifies the appl icatio n of the scheme whe re the system impedance 
equ al s 0 . 2 per u nit . In this exampl e, the se ttin gs based on  the previo us 
cal c u l ations  wo u l d be satisfac to ry and wou l d require no  modification . 
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Figu re 2 2  shows the appl icatio n of  the CEX-GS Y scheme whe re the system 
impedance equal s 0 . 4  per  unit . In this instance , the cal c u l ated settin gs 
wo u l d  be adequate ,  but the spacin g be tween  the mho u nit and the bl inde r for 
swin gs near the high vo l tage te rminal s of the transfo rme r might be co nsidered 
marginal . The mho u nit is at its maximum offse t reach of 4 ohms and the refo re 
cannot  be inc reased fu r the r .  

If additional margin is desired , the rel ays can be shifted to the high vo l tage 
terminal s of the t ransfo rme r ,  as shown in Figu re 2 3 . Now , with a 3-ohm 
offse t ,  the re is mo re mar gin avail abl e betwe n the CEX and mho u nit settin gs . 
This p rob l em of spacin g be tween the b l inders and the mho u nit at the ext reme 
l imits of possibl e swings wil l on l y  arise fo r high system impedances . 

It  was no ted ear l ie r  that when system impedanc e  is variabl e ,  the smal l est 
impedance shou l d  be used to dete rmine the se ttin gs . In general , if the 
resul tin g se ttin gs are adequate with the smal l system impedance , they wil l 
al so be adequate with the highe r system impedanc e .  Fo r examp l e ,  if the system 
im pedanc e can be 0 . 05 and 0 . 2 per  unit , it sho u l d be readil y appa ren t that the 
settin gs fo r the 0 . 05 system wo u l d  be abl e to detec t the l arge r im pedance 
l ocus of the 0 . 2  system . On the other hand , if the rel ays had be en  se t fo r 
the 0 . 2  system im pedance ( Figu re 2 1 ) , these settin gs wo u l d  not  have detected 
the smal l e r impedance l o cus shown in Figu re 1 9 .  

As a final poin t of inte rest , it sho u l d be no ted that whil e the simpl e 
g raphical approach is an approxima te proc edu re , it does give a fairl y good 
indicatio n as to whe re the ac tual im pedance l o cus wil l  go . As no ted ear l ie r ,  
the bisec tor o f  the 1 2 00 an g l e be tween gene rato r and system wil l go thro u gh 
the impedance l ocus fo r EG/Esys = 1 .  As can be see n  in Figures 1 9 ,  20 , 2 1  and 
22 , the actual im pedance l o ci a re o n l y  s lightl y bel ow this impedance c en te r. 

It sho u l d  be em phasized that the guidel ines and data prese nted here are the 
resul ts of genera l ized studies that do no t co nside r the effec ts of al l types 
and designs of gene rato rs and system paramet e rs , o r  the in terac tio n effec t of  
other gen e rators . These effec ts can on l y be  compl e tel y de termined by the 
study of a generato r connec ted to a specific system . The refo re , it is 
recommended that the user de termine  the ac tual l oss- of- synch ronism 
charac te ristic fo r each generato r ,  considerin g the o v e ral l effects of the 
system . 

CONSTRUCTION 

The type GSY5 1 A  rel ay is assembl ed in a l arge  size , do ubl e e nded (L2 ) drawo u t  
case . The re are stud connections a t  bo th ends a t  the rear o f  the case fo r 
exte rnal c o nnections . 

The el ec t rical connections betwee n the rel ay u nits and the case studs are made 
with a remo vabl e c o n nectio n pl ug . 

Every circuit in the drawo u t  case has an auxil iary brush , as shown in Figure 
6 ,  to pro vide adequate ov e r l ap be tween  the auxi l iary brush , rel ay fin gers and 
sho rting bar . 
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GENERAL 

D RAWOUT RELAYS 

S i nc e  a l l d rawo u t  re l ays i n  s e rv i ce o pe rate  i n  the i r c a se s, i t  is recommend ed 
that they be tested i n  the i r c a s e s  or  an  equ i v a l en t  stee l  case. In thi s way, 
a ny magnet i c  e f fec t s  o f  the enc l o s u re w i l l  be acc u ra te l y d u p l i c ated du r i n g 
test i n g. A rel ay may be te sted wi tho u t  remo v i n g  i t  from the panel , by u s i n g  a 
1 2XLA1 3A  te st  p l u g. Thi s pl u g  makes connec t i o ns  o n l y w i th the re l ay, a nd does  
no t d i s t u rb any sho rt i n g  ba rs  i n  the c a s e. O f  co u rse, the 1 2XLA1 2A te st  pl u g  
may aos  be used . Al tho u gh thi s test  pl u g  a l l ows g reater  te s t i ng  fl ex i b i l i ty, 
i t  a l so requ i res  CT  sho rt i n g jumpers  a nd the exerc i s e o f  g reater  ca re, s i nc e  
connec t i ons  a re mad e to bo th the rel ay a nd the externa l  c i rc u i try. Refe r to 
GEI- 25372 fo r fu rther i n forma t i o n  on  the XLA te st  pl u gs.  

POWER REQUIREMENTS 

Al l AC ( a l terna t i n g- c u rre nt )-o pe rated d e v i ces  a re a ffec ted by freque ncy. 
S i nce non- s i n u so i da l  wavefo rms can  be a na l yzed a s  a fu n damen ta l  frequ ency pl u s  
harmo n i cs o f  the fu nd amenta l  frequ e ncy, i t  fo l l ows that A C  dev i ces  ( re l ays ) 
wi l l  be a ffec ted by the a p p l i ed wav e fo rm. 

The re fo re, i n  o rd e r  to test  AC re l ays pro pe rl y  i t  i s  e s s e nt i a l to u s e  a s i ne 
wav e o f  c u rren t a nd/o r vo l tage. The p u r i ty o f  the s i ne wave  ( i .e. i ts freedom 
from harmon i c s ) c a nnot  be expre s s ed a s  a fi n i te n umbe r fo r a ny part i c u l a r  
re l ay; however, a n y  re l ay u s i n g  tu n ed c i rc u i ts, R-L o r  RC n etworks, o r  
s a t u ra t i ng el ec tromagn ets  ( s u ch as  t i me-ove rc u rre nt re l ays ) wou l d be 
essen t i a l l y  a ffec ted by non- s i n u so i d a l  wav e fo rms . 

S i m i l a rl y, re l ays requ i r i n g  DC control  po we r sho u l d be tes ted u s i n g  DC a nd n o t  
ful l - wave rec t i fi ed power. Unl e s s  the rect i fi ed s up pl y i s  we l l  fi l te red many 
re l ays w i l l  not  o pe ra te pro pe rl y, due to the d i ps i n  the re ct i fi ed po we r. 
Zen er  d i odes, for exampl e, can  t u rn o ff du r i n g  the s e  d i ps. As a genera l  ru l e, 
the DC sou rce sho u l d n o t  conta i n  mo re than  5% r i ppl e. 

ACCEPTANCE TESTS 

Imm ed i a tel y u pon rece i pt o f  the re l ay, an  i n s pecti o n  a n d  acce ptance te st  
shou l d be mad e to  i ns u re that no  d amage has bee n  s u s t a i n ed in  sh i pm e n t  a nd 
tha t the rel ay c a l i brat i on wa s not  d i s t u rbed. 

VISUAL INSPECTION 

Check the namepl a te s tam p i ng  to i n s u re that the mod el numbe r a nd ra t i n gs o f  
the re l ay a g ree  w i th the requ i s i t i o n .  

Remove the co ve r, co nnect i on pl u g s  a nd the re l ay from i t s c a s e  a nd check that  
there a re no broken or  c racked mol ded  pa rts o r  othe r i nd i cat i on s  o f  phys i c a l  
d ama ge. 
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MECHANICAL INSPECTION 

1 .  Check the mechanic al  adju s tme nt s a s  l isted in Tabl e VI . 

TABLE VI 

MHO u nit 
----�hanical Parameters  I 

Ro ta ting Shaft End Pl ay 0 . 005 inch to 0 . 008 fnch 

_ _j Con tac t G a p  0 . 05 5  inch to 0 . 065 inch 
Contac t Wipe 0 . 003  inch to 0 . 005 inch 

2 .  Move the mho unit con tac t manua l l y  to d etermine if the ro tating membe r 
ha s any friction . 

3 .  Check that the con t ro l  s prin g is not  d efo rmed a nd that the o the r t u r n  is 
not  hooked b ehind  the s pring so l de rin g po st . 

4. Check the te l e phon e  rel ays manua l l y  to d etermine if  they a re free a nd 
have not been dama ged . 

5 .  Check that the target/sea l -in u nit is not  damaged, a nd that it is fre e o f  
m echanic a l  bind s . 

6. C heck the contact  finge rs and sho rtin g bars  in the c a s e  a nd re l ay a gain s t  
the internal  c o nn ectio n dia g ram fo r the rel ay (Figu re 3) . 

ELECTRICAL TESTS 

Note: A l l e l ec trical  tes t s  m u s t  be perfo rmed with the re l ay in it s own c a s e  
o r  an  equival e n t  s t e e l  t e s t  c a s e . 

Connec t  the re l ay pe r the t e s t  circuit dia gram o f  Figu re 7 a nd Tabl e VII . 

TABLE VII 

Connect  l ead  A to s t u d  1 7 .  
Connect  l ead  B to s t u d  1 8 . 
Connect  l ea d  C to s tu d  7 .  
Connect  l ead  0 to s tu d  10 . 

Jumpe r s tu d  8 to s tu d  9 .  
------------------------

Connect  a contact  light to the n o rmal l y- o pe n  contac t o f  the mho unit . This is 
the c on tact  on  the l eft side o f  the u nit, front  view . 

The re a re two co nditio ns  that exis t which mu s t  be take n in to consid eratio n 
befo re any a ttempt  is made  to check the c a l ibra tio n o f  the mho unit . Either: 

1 .  The rel ay wa s c a l ibrated fo r a stand a rd fac to ry t e s t; o r  

2. The re l ay was  ca l ibra ted pe r the c u s tome r's recomm en d ed settin gs . Do not  
distu rb the se ttin gs if  this wa s the case . 
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MHO UNIT - ACCEPTANC E  T ESTS ( STAN DARD FACTOR Y  CALIBRATIO N) 

The  rel ay sho u l d be l ev e l ed i n  i ts O\'Jn c ase o r  a test c ase, i n  t h e  u pr i g ht  
pos i t i on . Set  t h e  fol l owi n g  cond i t i ons . 

1 .  Restra i nt c i rc u i t  ta ps set at  100% o n  t h e  restra i n t tra nsfo rme r .  

2 .  Set  bo th  re ac h ta ps at  4 o hms 0- N .  

2A 1 i nks to 0 
2B l i nks to 4 

3 .  Set t h e  o ffset  tra nsac to r ta p l eads ( H  a nd L) to 0 o n  t h e  o f fset bl ock . 

Befo re a pplyi n g  power to t h e  c i rc u i t, c h eck t ha t  t he mo v i n g  contact  o f  t h e  mho  
u n i t  i s  c l osed to  t he r i g ht  s i d e, fro n t  v i ew .  

D i rect i o nal Tests 

Apply 120 volts, ra ted freque ncy a nd 5 ampe res  to t h e  re l ay .  

Ad just t h e  phase sh i ft e r  to set t h e  phase an gle meter  for 90o l ead . Reduce  
the  vo l tage  to  3 volts a nd the  c u r re nt to  0 ampe res . Gradua l l y i nc rease t h e  
c u rrent; t he left contact  sho uld close betwe en 1 . 5  a n d  2 . 0  ampe res . 

Inc rease t h e  cu rre nt  from t h e  p i cku p to 60 ampe res v e ry qu i ckly a nd n o te t h a t  
t he l e ft contact  rema i ns c l osed . Do not apply this current for too long a 
period of time, because it will overheat and possibly damage the unit. 

Reduce t he c u r rent  to 0 and  remove  the  volta ge from studs 1 7  a nd 1 8 .  Pl ace  a 
jum pe r ac ross 17  a nd 1 8 .  Note t h a t  le ft contact  o pe ns .  Aga i n, i nc re ase t h e  
c u r ren t from 0 t o  60 ampe res a nd no te t ha t  the  left con tac t  rema i ns o pen . 

Remo ve  t h e  s ho r t  from stu ds 17- 1 8  a nd connect  t h e  po tent i a l to t h ese studs 
a cc o rd i n g to t h e  test c o nn ec t i ons  d i a gram (Fi gu re 7) . 

Re ach 

Apply 1 20 vo l ts and i nc rease the  c u r re nt u n t i l t h e  l e ft c o n tac t c l oses . T h i s  
sho u l d o c c u r  a t  14 . 80 to 1 5 . 1 5  ampe res . Make su re t ha t  t h e  p hase an g l e meter  
is  set  fo r goo l ead  du r i n g t h i s  test . 

Angl e o f  Maximum  Torgue 

In or d e r  to c h eck  the  a n g l e o f  maxi mum to rqu e o f  the  m ho u n i t, t h e  re a c h  
sho u l d be c h ecked at  two an gles w h i c h  a re 30o on  e i t her  s i d e  o f  t h e  a n g l e o f  
maxi mum to rqu e . 

C heck t h e  reac h at  600 a nd at  1 20o by sett i n g the  phase a ng l e meter  fo r t h ese 
an gl es . 
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Appl y 1 20 vol ts; l eft contact  wi l l  o pen. Inc rease the cu rrent  u n t i l the l e ft 
contact  of  the u n i t cl oses. Thi s  sho u l d o c c u r  betwe e n  17.0 to 17.7 am pe res at  
600 and  a t  1200 l ead. 

Add i t i o na l  Reach Taps 

Fo r a check on  the add i t i o nal  two reach ta ps, set the re ach ta ps, phase a ng l e, 
and  voltage  as l i sted i n  Tabl e VIII a n d  check the c u r ren t n ecessa ry to o pera te 
the mho un i t. 

Reach L i nks 
A B 
2 
2 

Offset Test 

0 
4 

Reach 
0 - 0 

4.0 
12.0 

TABLE VII I 

Phase An g l e 
( Lead ) 

900 
900 

Vol tage Ap pl i ed 

60 v 
120V 

Cu rre nt P i cku p 

14.5 5- 1 5.45 
9.7 - 10.3 

The offset i s  i n  the rev e rse d i rec t i on from the u n i t, the re fo re i ts a n gle is  
at  270o lead. 

Table IX i s  a l ist i ng  of  the ohm i c  reach fo r each o ffset  ta p. 

Apply the volta ge, 5 amperes o f  c u r ren t, set the phase an gle 1 i st ed, then  
i nc re ase the  c u r re nt. The un i t  sho u l d o pe rate  betwe en  the  values li sted und e r  
C u r rent  P i cku p. 

TABLE IX 

O f fset Ta p Ohm i c  Reach Phase Angl e Appl i ed Vol tage C u r re nt P i cku p 
0 - N 0 - 0 ( Lead ) 
0.5 Q l.OQ 2700 20 v 1 8  - 22 
l.OQ 2.0 Q 2700 40 v 1 8  -22 
2.5 � 5.0 Q 2700 100 v 1 8  - 2 2  
4.0 Q 8.0 Q 2700 1 20 v 14.5- 1 6.5 

Refe r to the sec t i on on SERVICING i f  a ny of these tests do not  fu nct i o n  
pro per l y w i thi n spec i fi ca t i ons. 

Ta rget/Seal- i n 

Connect  the fo l l owi ng  stu ds to a DC c u r re n t  c i rc u i t  cons ist i n g of  a 125 vo l t 
DC source  w i th a rheostat , amme te r and  ta rget co i l  studs c o nnected i n  se r i es 
ac ross the DC sou rce. The c i rc u i t  shou l d be c a pabl e of  v a ryi n g  the c u r re nt 
o v e  a ra nge  o f  0.03 to 2.0 ampe res. 

Co nnec t one  test c i rc u i t  co i l  l ead  to stud 1 1. Connect  the o ther test c i rc u i t 
co i l  l ea d  to stud 1 9. Pu t an  external  jum p e r  be tween  stu ds 1 9  and  1 .  
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The exte rnal jumper is used to determine if the t a rget/seal-in circ uit is 
functionin g properly. Failure to put the jum pe r  on the pro per  s tu ds will 
res ult in a d ama ged con trol s prin g on  the normally- clo s ed M/b mho u nit 
contact. 

Redu ce the cu rrent  to a pproximately 0. 

Close the Mb ( no rmally- clo sed contac t ) o n  the mho unit; gra du ally inc rease the 
c u r rent u n til the ta r get/seal-in u nit picks u p. O pen the Mb c o n t ac t  a nd no te 
that  the ta rget remains sealed in. With the Mb contact  held o pe n, redu ce the 
DC c u r ren t and  check the d ro po u t  c u rren t o f  the u nit. The values  fo r picku p  
a nd d ro po u t  a re lis ted in Table X. 

E 

TABLE X 

Tar get Ta p DC Picku p C u r rent DC D ro po u t  C u r rent  
0.60 A----------�0�.�36�-�0�.�60�A�-- ----�0�.1� 5�o-r�h� i�g7h-er--------� 

2.00 A 1.20- 2.00 A 0.50 o r  higher 

In o rder to change ta ps witho ut  dis tu rbing  the mechanical a dju s tmen t s  o f  the 
c ontac ts, proceed a s  follows: 

1. Remove o ne o f  the sc rews on the left-hand plate, fro n t  view. 

2.  Place this s c rew into the d esired ta p on  the right-hand plate ( ta p  
plate ), fron t view. 

3. Remove the s c rew from the u nd esired ta p a nd p u t  it in the left-hand 
pla te. 

Rest raint T ra ns fo rmer 

The o ffset tra nsac to r lead  ( H- L )  should be connected to 0 on  the offset block. 

Apply 100 volts, ra ted frequency, to studs  17 a nd 18 a t  0 c u r ren t. 

Read the voltage o n  each ta p on the res traint tra ns fo rmer  with a n  a c c u ra te 
high-in pu t impedance voltmeter. C onnec t  one lead  o f  the voltmeter to 0 on the 
res t raint tra ns fo rmer block a nd the o ther lea d  to each t a p. The rea din g 
sho uld be equ al to ta p value (� 1% ) .  

Telepho ne Relays 

There a re six telephone relays that m u s t  be checked fo r picku p voltage, pickup 
time and  d ro po u t  time. 

Co nnec t the relays pe r the test circuit o f  Figu re 8 a nd re fer to the tes t  
parameters listed i n  Table XI. Always c onnec t  ( - ) DC to terminal 2 for testin g 
o f  telephone relays. 
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Tests 
Re f .  F i g .  8 
Co nnect i o ns 

A - B 

Co nnec t i o ns 
c - D 

O pe ra te 
Manu a l l y  

P i ck u p  
Vol ta ge  

P i ck u p  
T i me 

D ro pou t 
T i me ( Sec . ) 

X 
Studs 
2 - 20 

Studs  
1 3- 14 

Mho N . O .  
Co n ta c t  

80% o r  
l ess o f  

ra ted 
vo l ta g e  

0 .008 
S ec . o r  

1 ess 

0 . 200 
0 . 2 20 

GEK-45441 

TABLE XI 

Tele phone  
xi x2 
S t u ds Studs 
2 - 1 2  2-1 5  

Studs Studs 
4 - 5  4- 5 

X- 5 X 1  
X4 

80% o r  80% o r  
l ess o f  l ess o f  

ra te d  rated 
vo l ta g e  v o l ta ge  

p . 008 0 .008 
Sec . o r  Sec . o r  

l ess l ess 

0 . 200 0 .200 
0 . 2 20 0 . 220 

Re l ays 
x3 -xzr-

X5 

Studs Studs Studs 
2-6 2 - 3  2 - 1 5  I 

I I 
Studs Studs S t u ds I 
1 - 16 4-5 4- 5 I I 

i I 
- - X2 X 1  I 
- - X4 I 
80% o r  80% o r  80% o r  1 
1 ess o f  1 ess o f  l ess o 

ra ted ra ted rated  
vo l ta g e  vo l tage  vo l t a g e  

0 . 009 0 .008 0 .008 
Sec . o r  Sec . o r  Sec . o r  

l ess l ess l ess 

0 . 100 0 . 200 0 . 200 
0 . 1 10 0 . 2 20 0 . 2 20 

Because o f  the fast p i ckup  t i mes i nv o l ved  w i th these te l epho n e  r e l ays , i t  i s  
rec ommend ed tha t the p i ckup  t i mes b e  checked o n  a n  e l e c t ron i c  t i me r  a nd a n  
i n i t i a t i ng sw i tch w i th a m i n i mum o f  t i m i n g erro r be tween the two po l es .  

P i ckup  v o l ta ge  is  def i ned as the DC v o l ta ge , gradu a l l y  a pp l i ed ,  that  causes  
the te l ephone re l ay a rma tu re to p i ck up  a n d  sea l  i n  aga i nst the po l e  p i ec e . 

P i ckup  t i me i s  d e f i n ed as the t i me i n te rv a l  betwe e n  the e n e rg i zat i o n  o f  the 
te l ephon e  r e l ay and  the c l os i ng  o f  an  "a" ( norma l l y  open ) c o n tac t ,  a s  ra ted DC 
v o l tag e  i s  sudd en l y  a p p l i ed .  

Dro pou t t ime  is  d e fi ned  as the t i me i n te rv a l  betwee n  the d e- e n e rg i za t i o n  o f  
the te l ephon e  re l ay and  the o pen i ng o f  an "a" c o n tac t ,  as the DC vo l tage i s  
sudd e n l y  red u c ed from ra ted DC to 0 vo l ts . 

MHO U NIT - ACCE PTANCE TESTS (FACTORY ADJUSTED P ER THE CUS TOMER1S S ETTINGS ) 
If the re l ay was c a l i bra ted a t  the fac to ry per  the customer•s se tt i ngs tha t 
we re l i sted on  the requ i s i t i o n ,  then the fo l l ow i n g  test p ro c ed u re i s  
recommended: 

1 .  V i su a l  i nspec t i o n  - Same as befo re .  

2 .  Mecha n i c a l  i nspec t i o n  - Same as befo re .  
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3 .  E l ec trical  te sts  ( mho u nit ) - Ne�' procedu re; s ee bel ow, be ginnin g \'lith 
Directio n a l  Test . 

4 .  Target/Seal -in - Same a s  befo re . 

5. Rest raint Tra n s fo rmer  - Same as be fo re . 

6 .  Tel e pho ne  rel ays - Same a s  be fo re . 

Rel ays that have bee n set  pe r the requisition wil l be set  by the fac to ry a nd 
shipped with tho s e  se ttin gs . The refo re, do no t disturb any o f  the 
adjus tm en t s . 

Directio na l  Test  

With the re l ay set  fo r a partic u l a r  a pp l ic ation, the direc tiona l  test  can  be  
omitted bec ause  the u nit wil l  be se t fo r bo th a fo rwa rd a nd a reve r s e  reach . 
After the re l ay is l evel ed in it s u pright po sitio n in it s own c as e  o r  in a 
simil a r  tes t  c a s e, note tha t the norma l l y- c l o s ed c o n t act  is  c l o s ed .  

Reach 

Check the requisition fo r the reach settin gs, bo th in the fo rwa rd direc tion 
( 90o l ea d )  and in the reve r s e  directio n ( 270o l ead ) . Thes e  val u e s  a re 
o rdina ril y s tated in ohms- phase- to - neutra l ,  bu t the t e s t  circuit wil l te s t  fo r 
a pha s e- to - phas e  ohmic reach . This wil l be equ a l  to two tim e s  the phas e- to­
ne ut ra l  ohmic reach.  

Connect  the re l ay p e r  the tes t circuit of  Figure 7 a nd Tabl e VII . 

The fo l l owin g equa tion wil l de termin e the c u rrent o pe ra ting picku p . 

I . 
= 

Appl ied Vol tage 
p1cku p ohmic reach s e ttin g (0-0) 

( 900 1 ead)  

App l y enough vo l tage, up  to  the rel ay•s rated vo l ta ge, to  provide a s  much 
o pe ra tin g c u r rent  a s  po ssibl e, up  to a maximum o f  20 ampe re s . 

Angl e o f  Maximum To rgu e 

Set  the phase  a ng l e a t  600 1 ead . The c u rre n t  o pe ra ting  picku p sho u l d be a s  
de termined i n  the fo l l owin g equ ation . 

. _ Appl ied Vo l tage Ip1cku p - ohm1c reach s ett1n g (�-¢) x c o s  300 
( 600 1 ead ) 

Set  the phase  ang l e a t  1 200 l ea d .  The cu r re n t  o pe ra tin g picku p sho u l d be the 
s ame  as de termined a t  60o l ead (� 3% o f  each other ) .  

- 1 9-www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



GEK-45441 

O ther Reach Taps 

The o the r reach ta ps  shou l d  no t be checked, bec au se in o r d e r  to set  the mho 
u nit cha rac teristic per  the c u s tomer's requ e s t  the adju stmen ts were cha nged so 
that  the ba sic minimum reach ta ps  a re no t at  the nomin a l  v a l u es a s  shown o n  
the reach ta p bl ock. 

Offs et  Te sts  

The o ffse t  shou l d  be  checked a t  the o ffse t  tap  se ttin g tha t wa s ma de  per  the 
c u s tome r's r equisition se ttin gs.  

Set  the phase  a n g e  fo r 2700 l e ad. 

Ca l cu l a te the cu rrent  pickup with the fo l l owin g equa tio n. 

I . _ Appl ied Vo l tage 
p1ckup - Qffset  ohmic reach (0-0) 

( 2700 l ead)  

App l y  enou gh vo l tage, u p  to the ra ted vo l ta ge  o f  the u nit, to  p rovid e a s  much 
o p e ratin g c u r rent  as po s sibl e, to a maximum o f  20 ampere s. 

INSTALLATION PROCEDURE 

INSPECT ION 

In s pec t a l l  parts  and  components  o f  the re l ay a s  desc ribed u nd e r  ACCEPTANCE 
TESTS. 

Check the name p l a te in fo rma tio n again s t  the pu rchase o r d e r. 

Check the fin gers  and  sho rtin g ba rs  in rel ay and  rel ay case  again s t  the 
inte rna l  connection dia g ram, Figu re 3 .  

LOCATIO N 

The re l ay shou l d  be in s ta l l ed in a c l ean·a nd d ry l oc a tion, free from d u s t  and  
exce s siv e vibra tion, and  in a we l l  l ighted a rea in o rd e r  to facil ita te 
in s p ec tio n a nd te stin g. 

�10UNTI NG 

The re l ay shou l d  be mou n ted on a v e rtic a l  s u r face  in the u p right po sitio n, and 
as l eve l  as po ssibl e. 

The o u t line  a nd panel  d ril l ing  is shown in Fig u re 9. 

CONN ECTIO NS 

The in te rnal  connectio n s  of the re l ay a re shown in Fig u re 3.  

The exte rna l  c o n nec tion s  a re shown in  Figu re s lOA a nd lOB. 
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Un l e ss  the re l ay i s  mo un ted o n  a steel  panel whi ch a dequ atel y g ro u nd s  the 
re l ay c as e, i t  i s  recommend ed that the c a s e  be ground ed thro u gh a mou n t i n g  
sc rew wi th a co nduc to r  no t l e s s  than #128  and  S ga ge co pper  wi re o r  i ts 
equ i va 1 ent . 

MECHANICAL INSP ECTION 

Check the mecha n i ca l  adju s tme nts  acco rd i n g  to tho s e  1 i s ted i n  TABLE VI i n  the 
ACCEPTANCE TEST s ect i on .  

PERIODIC CHECKS AND ROUTINE MAINTENANCE 

In v i ew o f  the v i tal  ro l e o f  pro t ec t i ve  re l ays i n  the o pe ra t i o n o f  a power 
sys t em, i t  i s  i m po rtant  that a pe r i od i c  test  pro gram be fo l l owe d .  It i s  
rec o gn i zed  tha t the i n te rv a l  between per i o d i c  checks wi l l  v a ry depend i n g  u pon  
e n v i ronment, type o f  re l ay a nd the u s e r•s expe r i ence  w i th pe r i od i c  tes t i n g .  
Un t i  1 the u s e r  ha s a c c um u l a t ed e no u gh exper i ence  to s el e c t  the t e s t  i n terval  
be s t  s u i ted to  hi s i nd i v i du a l  requ i rements,  i t  i s  s u gges ted that  the po i nt s  
l i s ted u nd e r  INSTALLATION PROCEDURE b e  checked a t  a n  i nterv a l  o f  from o n e  to 
two years . 

CONTACT CLEANING 

Fo r c l ea n i n g fi ne  s i l v e r  re l ay con tac t s, a fl ex i bl e bu r n i shi n g  too l  sho u l d be 
u s ed . Thi s cons i st s  o f  an e tched-ro ughe n ed str i p o f  fl exi bl e metal , 
re s embl i n g  a s upe rfi ne  fi l e .  The po l i shi n g  a ct i o n  i s  so  d el i cate  that no 
sc ra t ches a re l eft, ye t i t  wi l l  c l ean  o ff any c o rro s i on tho ro u ghl y a nd 
ra p i d l y .  The fl exi b i l i ty o f  the too l  i ns u res the c l e a n i n g  of  the actua l  
po i n ts o f  contact . Neve r  use  kn i ves, fi l es,  o r  abra s i v e  pa pe r or  c l o th o f  any 
k i nd to c l ea n fi ne  s i l v e r  contac t s . A bu rn i shi n g  too l  a s  d es c r i bed  abo v e  c a n  
b e  obta i n ed from the factory .  

S ERVICING (STANDARD FACTORY CALIBRATION) 

Check the re l ay ,  ( s ee ACCEPTANCE TESTS sect i on ) for the auxi l i a ry c i rc u i ts .  

Connect  the re l ay pe r F i g ure 7 a nd Tabl e VII fo r the mho u n i t ca l i brat i on . 

In the event  tha t  the mho u n i t  mu s t  be rec a l i b ra ted, the fo l l owi n g  pro c e d u re 
c a n  be fol l owed, a l o n g  wi th re fere nce to the i n fo rma t i on und er  ACCEPTANCE 
TESTS, ( S TANDARD FACTOR Y CALIBRATIO N) . 

Di rec t i ona l  Tes t s  

Refer to F i gure 12 fo r a pi c t u re o f  the i nd u ct i o n c up  u n i t u s ed i n  the GS Y51A 
rel ay . See  Fi gure s  1 a nd 2 for c omponent  l oc at i on . 

The co ntrol s pr i ng  i s  adjus ted to obta i n  the p i cku p men t i o ned und e r  ACCEPTANCE 
TESTS whe re the vol ta ge  i s  reduced to 3 vol ts  and  the c u r ren t p i ckup i s  
be twe e n  1 . 5 a nd 2 .0 ampe re s  a t  goo l ead . If the rel ay does  no t o pe ra t e  
be tween these  c u r ren ts, adju s t  the s pr i n g  adjust i n g  r i n g, shown i n  F i g u re 12, 
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wi th a s crevJ dri v e r  i n s e rted i n  the s l o t. Turn i ng  the r i ng  to the r i ght w i l l  
i nc re a s e  the p i cku p a nd to the l e ft wil l dec rea s e  the p i cku p. 

The c o rrect di rect i o n a l  action as expl a i n ed i n  the ACCEPTANCE TESTS i s  
c ontro l l ed by the adjus tment o f  the co re ( i nn e r  stato r ) o f  the un i t. 

The adju stmen t  i s  accom p l i shed by ro ta t i n g  the c o re \'l i th a s pecia l wrench 
( Ca t. No. 0178A9455  PT 1 ) . The w re nch i s  i n s e rted u nderneath the un i t  to 
eng a ge the D wa she r on the c o re l ocki n g  a s s embl y. The core a s s embl y i s  shown 
i n  F i g u re 1 1. Beca u s e  o f  the type o f  l ock i n g dev i ce, the a s s embl y do e s  not 
hav e  to be l oos ened to rotate  the c o re. The adju stmen t i s  c ont i nuo u s  thro u gh 
a 3600 revo l u t i on i n  e i the r  d i rec t i on w i tho u t  di s tu rb i ng  the l ocki n g  
mechan i sm. 

Reach 

The adjustment of the reach i s  accompl i shed with the R 1 1 rheostat, whi ch i s  
the u p per  rheo sta t o n  the mo un t i n g  p l a te, ju st  to the l eft o f  the mho u n i t. 
See  F i g u re s  1 a nd 2 .  

Angl e o f  Maxi mum  To rgu e 

The a ng l e o f  maxi mum to rque i s  adjus ted w i th the R2 1 rheostat  a nd/o r the X2 1 
rea c tor. It i s  p refe rred to adju st  the ang l e w i th the R2 1 rheo stat, but  i t  i s  
n o t  objec t i onabl e to u s e  the X2 1 rea c to r i f  n ec e s s a ry. The R2 1 rheos tat  i s  
the l ower rheo sta t l oca ted o n  the mou n t i n g  p l a te, ju st  to the l eft o f  the mho 
u nit. The X2 1 re ac to r i s  l oc ated abo ve the u n i t  o n  the r i ght s i de o f  the 
mou nt i n g p 1 a te. 

Add i t i ona l  Reach Taps 

There a re no adju s tments  fo r the two addi t i ona l  reach ta ps. The i r a c c u ra cy i s  
de pendent  on  the accu racy o f  the p re v i o u s l y-men t i o n ed rea ch adju stment a nd the 
t ur ns  rat i o  o f  these  two ta ps. Acc u racy o f  .:!: 3% o f  the tap  va l u e  i s  
acce ptabl e. 

O ffset  Taps 

The offset  reach taps  a re not adjus tabl e. The R- 63A  re s i s to r  i s  u s ed to s e t  
the ang l e o f  the o ffs et  tran s ac to r  and  the accu racy i s  de penden t on  the tu rn s  
rat i o  o f  the c o i l .  Acc u racy o f  .:!: 1 0% o f  the t a p  v a l ue  i s  acce ptabl e. The 
R-63 rheo sta t i s  l oca ted abo v e  the mho u n i t, to the l e ft o f  the X- 2 1  re ac to r. 

SE RVICING (RELAY FACTORY-ADJUSTE D  PER  CUSTOMER'S SETTINGS) 

It was recommended that the GS Y 5 1 A  rel ay be c a l i b rated at the fac to ry for the 
c u s tomer's s pec i fi c  a pp l i c a t i on bec a u s e  o f  some characteri s t i c  chan ges that 
o c c u r  from the bas i c  u n i t  s e tt i n g s  a s  the res t ra i n t tran s fo rmer  and/o r o ffset 
ta p i s  v a r i ed. 

The c u s tomer  sho u l d s pec i fy the reach i n  ohms, phase-to - ne u t ra l  a t  goo l ead 
a nd the rea ch i n  ohms, pha s e-to-n eu tral  at 2700 l ead. The rel ay w i l l  be se t 
a t  
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GEK-45441 

t he fac tory and s hipped wit h  the  re l ay c a l ib ra ted fo r t hese  s e ttin gs . 

In the event  that  se rvicing is nec e s s a ry, t h e  fo l l owin g procedu re mu s t  be 
fo l l owed . 

Co nnect  the  re l ay p e r  Fig u re 7 a nd Tabl e VII . 

Direc tio na l  Tes ts 

Wit h t h e  re l ay set  to reac h bo th  in t he forwa rd a nd the  reve rse  direc tion, t h e  
di rectio nal  t e s t  need no t be  c hecked . A vis u a l  c h eck s ho u l d be m a d e  to 
d ete rmine that  t h e  n o rmal l y- c l osed  co ntact  ( right  sid e, front  view ) is c l o s e d  
w h e n  t h e  rel ay i s  l eve l ed i n  i t s  u p right  po sitio n and  in a d e - e n e r gized 
condition . 

T h e  e ffec t o f  c a l ibratin g the  re l ay fo r a s peci fic a ppl ic atio n, t h en c h a n gin g 
the  o ffs et  tap  to another  va l u e, is s h own in Figu re s  1 3,  14, 1 5  a nd 1 6 . 

Fig u re 1 3  s hows t h e  m ho unit c ha ra c te ris tic when  t h e  u ni wa s c a l ibrated fo r 8 Q 
�- N at 900 l ead, a nd fo r 4 �t �-N at  2700 l ead, a s  expl ained und e r  ACCEPTANCE 
TESTS, FACTOR Y ADJUSTED PER CUSTOMER'S S ETTINGS .  

Figu re s  14, 1 5  a nd 16 s how the  e ffec t on t h e  u nit • s c hara c te ris tic o f  mo ving  
t h e  o ffs et ta p from 4 Q to  2 . 5 Q, 1 . 0 Q a nd 0 . 5  D .  

The  ang l e o f  maximum to rqu e v a ried from goo l ea d  to 980 l ead  a s  the  o ffset ta p 
mo ved from 4 �6 down to 0 . 5  �l . The  e ffect  o f  ba l l oonin g of t h e  c h ara c te ris tic 
is s hown in t h e  reverse  direc tio n a s  t h e  o ffs e t  ta ps a re moved  from t h e  
highest  ta p t o  t h e  l owe s t  ta p .  The  diame t e r  o f  the  c ha rac te ris tic ( Fig u re 1 3 )  
is 1 1 . 84 Q p h ase-to- neutra l  wit h  the  o ffs et in t h e  4 Q p h ase- to-n e u t ra l  ta p .  
As the  o ffs e t  ta p wa s reduced, t h e  diamete r o f  th e c ha rac teristic became 
smal l e r, a s  s hown in Tabl e XII . 

Unit Ta p O ffs et Ta p 
0- N �- N 

-------6=--�2
-----=-4 · � 0 St 

6 Sl 2. 5 fG 
6 Q 1 . 0 Q 
6 n o. 5 Sl 

TABLE XII 

Rest raint T ra n s fo rm e r  Setting 

5 0% 
5 0% 
5 0% 
50% 

Diameter  
of  Circ l e  

1 1 . 85 Q 
10 . 9 9  �t 
1 0 . 62 Q 
1 0 . 80 Sl 

Al t ho u g h  t his co nditio n exis t s, t h e  rel ay c a n  be adju s ted fo r any give n  
combination o f  o ffs et  tap, rea c h  ta p and r e s t rain t t ra n s fo rm e r  s e ttin g .  Tabl e 
XIII l is t s  t h e  adjus tments  nec e s s a ry to ca l ibra te t h e  re l ay to a given  
pa ramete r .  
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Reac h and An g l e C h eck 
Fo rwa rd 
Reve rse 
f max . to r. f max. to r. 

GEK-45441 

TABLE X II I 
--- -----------------� 

Reac h An gl e Adju s t  
· goo Cead _____________ Rff·-------

1 
2700 Lead R63 I 

1800 Lea d R2 1/X2 1 
oo Lead R2 1/X2 1 _j 

------------�------ ------- ------ ---

There is no  adju s tment  fo r the  o ffset  reac h. This is determin ed by t h e  t u r n s  
ra tio o f  t he o ffset  tra n s a c tor. 

C ro s s - adju s t  al l compo n e nt s  u n til no fu rther  adju s tme nts  a re nec e s s a ry to meet  
t he c a l ib ration l imits. 

RENEWAL PARTS 
It is recommended  t ha t  s u fficien t qu antities o f  renewal pa rts be c a r ried in  
sto ck to e nabl e the  prompt re pl acement of  a ny that  are  wo rn , broke n o r  
d ama g e d. 

��h e n  o rd e ring  re new a 1 pa rts , a ddre s s  the  nearest  Sa 1 e s  O ffice  o f  the  Genera 1 
E l ec t ric Company , s pecify quantity requi red , name o f  the  pa r t  wa n ted , and  
compl ete mod e l  numbe r of  the  re l ay fo r whic h the  pa rt  is required. If 
po ssibl e, give  t he Ge n e ra l  E l e c t ric requisition numbe r o n  w hich  the  rel ay wa s 
fu rnis h ed. 
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HI-G TARGET 
SEAL -IN -----�--

OFFSET 
TAP BLOCK _____ : 

Rll 

R21 ----------· 

GEK-45441 

RESTRAINT 
-- TRANSFORMER 

MOVING 
, __ CONTACT S  

MHO UNIT 

Fi g u re 1 ( 8043 1 5 2 )  Type GSY5 1 A  Re l ay Ou t o f  the Case, Fro n t  View, Name p l a te Removed  
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GEK-45441 

Rl 

R3 

R 
R 

R 2 
R4 

HI-G 
TARGET 

"''-- SEAL-IN 

OFFSET 
TAP BLOCK 

Rll 

'-- R 21 

REACH 
'-- TAP LINKS 

Fi g u re 2 (8043 1 5 3 ) · Type GSY51A Re l ay Out  o f  th e Ca se , Rear  View ,  Name p l a te Removed 
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MODE L FO R"' N U WB U  

1 2 G.SY 5 1 A(-)A I l 3 
V O L T S  1 20 1 2 0 I Z O  
H E R T Z 60 50 so 

R E S I S T A N C E I N  OH M S  

X X I  XZ X 4  X 5  COi l 1 200 1 20 0  1200 
X3 COI L 800 aoo _800 

R3 2000 200 0 4000 
R. R.l;  R2,R4,R 5 2500 2 500 50()0 

R 6 3 A 2 500 2 500 '2.5o0 
R63 5000 sooc 5000 
R l l  1 000 1000 1000 
R 2 1  2 5 0 0  2500 '2500 

0 D I ODES I N  S 06 1  

C A P AC I TA N C E  V A LU E  

C l l  .7 !nl f  I .Ouf ! .O uf 

Fi g u re 3 ( 025 7A9608- 2, Sh. 1 a nd 2 )  In te rna l  Co n n ec t i o n s  Di a g ram  fo r the GSY 5 1A Re l ay 
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F i g u re 4 (0269A3045-0) Type GSY5 1A  Rel ay Cha ra c te r i s t i c  w i th Offset 
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T Y P E  C E H 1 1 A  R E L A Y  
C H A R A C T E R I S T I C S O F  R E LA Y  W I T H V A R I O U S  T A P  S E T T I N G W H E N  S E T  
F O R  1 O H M  O F F S E T .  
A L L  V A L U E S  A R E  P H A S E - T O  - N E U T R A L  O H W S  

I X 

2 4 6 R 1 0  1 2  
- R  

...... .---.-a ;;?' 2 � �----

I/ v/ Vf( 1 Q O� �\\ I\" � 4 

/ i/ \ / \ '\ \ � v J 
I !\ " 

� / / 1\ �soy 
6o % R 

1/ ""' r--- __..-/ v 
\ \ I 1 0  

I \� 1 2  7 4 0 % 

� --- --/ 
1 4  

1 6  

I\ 1 8 

\ 1 ? 0  
\ � 2 2  / 

� � � 
1 ? ..1  / 

......... � � / 

------- 2 6  L---

- X  

Fig u re 5 (0402A0978-0 )  C h a ra c te ris tic o f  the  GSY5 1A  Rel ay 
a s  t h e  Re s train t Tra n s fo rme r is Reduced  
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CO N N ECT I N G PLUG 

A U X I L I AR Y  B R U S H ---J 

S H ORT I N G B A R --� 

N OT E : A F T E R E N G A G I N G A U X I L I A R Y  B R U S H  C O N N ECTI N G  P L U G  

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

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

Figu re 6 ( 802503 9 ) Cro ss  Sec tio n o f  Drawo u t  Ca se a nd Cra d l e Bl ocks 
Showin g the Auxil ia ry Brush and  Shortin g  B a r  
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¢ 
t----+---+----�•- I �- ----------­- -

�--4--�-�·- 2 -�-------1- .. 

1-------� ... : 3 • 

P H A S E  
S H I F TE R  � t--------. A 

�-----+--------� 8 

•t '' V" 4�.±) 
J---r--t-i._--r_J-r�Amm�-+--•:(:t) P H ASE 

• I '' I" AN G L E  
CUR R ENT j. M ET E R  
CONT ROL 

�--------------�C 

�---�--------------------------------------------� 0 

Figu re 7 (0269A3000-0) Type GSY51A Mho  Unit Test Circuit 
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{ - )  D C  .�' 

RATED c 
VOLTAGE STOP 

AN D  A D 
FRECUENCY T I HFR y s  

START 
\ 

\ 
< + l  D C  \ \ \ '--- - - - _ .:::. 

Figu re 8 (0246A3787- I )  Telephone Relay Tes t  Circ uit 
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( 168M M) 

GEK-45441 

PA N E L  LO C AT I O N 
SE M I-F LU S H  S U RFACE  

-- 6 . G25 ] MTG MTG 
I S7MM N U M B E R IN G  OF ST U D S  

�- --�' 

-,---.-I'O _()\ �I 
G. I S7 1 0 -32 SCREW 1�====4=�=-lh. �, =�r STUD) 

�;.. - � �  

(504M M) 
1 9.875 ' E.MM 

J.3 121 k 
I '1:. -

��Ml� 
----it- jG- I B 

I 
I 

G L ASS 

0 \] 
I � 

OU T L I NE �  10-32 X � 
MTG 

f5M M) ( 144 MM) SC RE WS(6) 
� 1 s

"-+ js.Q87 � 
' 

- - �  t � I (2 52M M) 
19P>M� 9.93 7 
7.781 

� 
I C U T  OU T 

- � (504 t 1 9.8 
MM) 
? S  

s1gRst4) 
SURFACE 

MTG - -:i/ 

(BACK V I EW) 
1 9  17  15 13  I I  I 0 0 0 00 0 000 0 

20 I S  16 14 12 

� 7 5 3 I 
0 0 0 00 

0 0 0 00 
0 8 6 4 2 

(SOZMM) 
---1- ....g;_-+-. 1 9.75 

(44MM) 9 5MM) 
5.562 
I I I (24 1 M  ... t) 1 .75 

9.50 -L....ft+--t----H� ( 1 9  MM) I 

L - � 
C6 M M) � DR ILL -�SO (26 HOL ES 

I DRI LL ... 4 
G HOLES (�MM) 

V I E W  S H O W I N G  
AS:E M B LY O F  
H A RDWA RE FOR SU R FACE M TG ON STEEL PANELS 

----':f-++"-ftt:!-t-'T'tt-T B 0 T H E N D ) (I B M M) t (6MM) 

PA N E L  DRI LLI N G  FOR SEM t -FLU S H  
M OU N T I N G  \F RO NT V I E W) 

"71 802M � )  . 2 SO  
• 500 T Y P I  C �l PANEL DRILLING FOR SU R ­

I="A C E  M O U N T I N G( F R O N I  V IEW) 

Figu re 9 ( K-6209276- 3)  Ou tlin e and  Panel Drillin g fo r the GSY51A Relay Case  
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r-----A 
A .  I N N ER STATOR O R  CORE 
B.  MAGN E T  & CO I LS 
C .  WAV E WASH E R S  
D .  OCTAG ON N U T  FO R CORE A DJ U STM E N T  
E .  F LAT WASH E R  
F .  CORE HOLD D OWN NUT ( H E X AGON ) 

u 

;----C 

1---- D 

�-E 
�--

F · 
Fig u re 1 1  (0208A3583- 0 )  Core Ad ju s tmen t  o f  the Mho Unit in the GSY5 1A  Re l ay 
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S PR I N G 
A DJ UST ! NG R l  N G  
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