
I N S TA L L A TI O N  
Westinghouse I . L. 41-923.sc 

• OPERATI O N  • M A I N TEN A N CE 

INSTRUCTIONS 
TYPE SKA CARRIER AUXILIARY RELAY 

I N STRUCT I O N S  

CAUTION: Before putting relay s  into servi ce,  make 
sure that all moving parts operate freely , inspect the 
contacts to see that they are clean and close pro­
perly, and operate the relay to check the setting s and 
electrical connectio ns .  

A P P L I CA T I O N  

The type SKA relay i s  the static carrier auxiliary 
relay used in the K- Dar distance carri er relaying 
system to block instantaneous tripping for faults 
external to t he line s ection to which it is applied,  
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to resp ond 
to indications of fault power and direction p rovided 
by the phase and ground relays,  t hereby controlling 
the transmission of  the carrier signal s ,  or the initia­
tio n of high- speed tripping for internal faults. 

CO N STRUCT I O N 

The components of the typ e SKA rel ay are mount­
ed in the F'T3 2 Fl exitest case. The static equi val ents 
of  the receiver relay, the carrier stop auxiliary relay 
units,  and the c arrier- start ground o ver-current unit 
lo s are mounted on plug- in p rinted circuit boards. I n  
addition ,  the static component s  for the transient 
blocking and carrier squel ch functions are similarly 
mount ed. Two print ed circuit bo ards are used, one 
mount ed on the front of  the rel ay chassis,  and the 
one at the rear o f  the chassis. 

There is only one electrome chanic al relay unit 
in the SKA relay: a high- speed au xiliary tripping rel ay 
unit (AR) connected to the output of the decision­
making static circuitry. This relay unit operates in 
approximately 3 milliseconds for internal faults cl ear­
ed through the SKA relay .  The tripping has a d-e 
el ectromagnet and an attracted magnetic armature. An 
insulated member fastened to the armature pull s four 
movable contact springs until they touch the stationary 
contacts when the rel ay coil is energized. Only thre e  

SU PERSE DES I . L. 41-923.5B 
*Denotes change from superseded issue. 

of the contacts are used,  but all four must be in ad­
justment for proper operation of the relay .  

The alarm function i s  handled b y  a separat e  type 
TT- l alarm relay mounted in an SC-type semi-flush 
case. The TT- l alarm relay uses a telephone-typ e 
relay unit with a single normally-open contact . The 
coil circuit is shunted by a s mall vitreous resistor 
to give the desired calibration . 

The phase carrier relay tar get or operation indi­
cator is a d- e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuit . 

O P ERA T I O N  

LOGIC E L EMENTS 

The operation of  the SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram. In 
Fig. 3 ,  the l ettered logic blocks serve the following 
functions: 

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is not received. 

Energized from output of car­

rier receiver. 

3 / 20 TIME Integrating time del ay,  ( ad-
D ELAY j u stable) 3 ms. pickup time, 

20 ms .  dropout time ,  ener­
gized from 2 1 P  ( phase) or 
67N ( ground)prote cti ve rel ay. 

2-INPUT Provides an output trip sig-
AND. nal only when 2 1P or 67N 

operates (longer than 3 m s . )  
and carrier is not received. 

3 /0+T. D .  Co-ordinating time delay,  3 
m s .  pickup tim e ,  no inten­
tional dropout delay (0+). 
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TYP E SKA CAR R I E R  AU X I L IARY R ELAY----------------------

2 

l o s  DROPOUT -� 

ADJ. 

lo s  P I CK UP 
ADJ. 

AR T R I P P I N G  
R EL AY 

Fig. 1. Typ e SKA Carrier A uxiliary R elay in FT32 Case (Front Vi ew). 

3 MS. TIM E 
D E L AY ADJ. 

F RONT P RI N T E D  
CI RCUI T  BOARD 
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TYP E SKA CARRI E R  AUXILIARY RELAY ------------- -------�r .
L:..:·.....:4..:...1 ·..:.:92:.:.3.:.:.

s.::..c 

R l  

IN 1832C 
.;:::::111.-11-- ZEN E R  CL I P P E R  

( Z  1 )  

'"" REAR P RI NT E D  
C I R C U I T  BOARD 

Fig. 2.  Type SKA Carrier Auxiliary R elay in FT32 Case (R ear Vi ew). 
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TYP E  SKA CARRI E R  AUXI LIARY R ELAY----------------------

F 

G 

H 

J 

K 

L 

M 

4 

The 3-ms .  pickup del ay al­
lo w s  for mom entary interrup­
tions of  carrier during ex­
ternal faults without incor­
rect tripping. 

FLIP- FLOP Provides po sitive and steady 
tripping output when lo gic 
circuits determine pre sence 
o f  internal fault. 

TRIP AMP 

CARRIER 
STOP (OR) 

2-INPUT 
AND 

los AMP 

D . C .  amplifier energized from 
FLIP- FLOP. Provides ade­
quate energy to AR tripping 
relay.  
Stops carrier transmi s sion 
on signal from 2 1 P ,  67N, 
c arrier squelch, or from 2-
input AND at I .  
Provid es an output to car­
rier-stop OR (H) on operation 
of both Do (in 67N) and car-
rier- start lo s units.  
Includes phase splitter,  rec­
tifier ,  and l evel detector for 
static ground carrier-start 
over- current unit. 

TRANSIENT Allows ( adj ustable) 25 m s .  
BLOCKING 
AND UN­
BLOCKING 
25/25 

SQUELCH 
0+ / 150 

Ios and 
O + T . D .  
3 0-50 

for normal tripping after 
operation of  2 1 P ,  67N, or 
los, then block s flip-flop to 
prevent incorrect tripping 
during clearing of  external 
fault. If internal fault devel­
ops before cl e aring of  ex­
ternal fault, the unblocking 

fe ature allo ws tripping after 
25 ms. delay. 
Energizes carrier-stop cir­
cuit when AR trip relay i s  
energi zed ( no intentional de­
l ay),  and holds carri er o ff 
for abo ut 1 5 0  m s .  to allow 
sequenti al tripping of other 
terminals .  P rovision is m ade 
for external initiation o f  
squelch by applying po sitive 
d-e to relay terminal 6 .  

Switching transi sta r ( ener­
gized from output of los 
A MP) which serves as nor­
mally-closed contact for 
ground c arrier-start function. 
No intentional pickup (0+) 
and 3 0-50 m s .  dropout tim e 
when energized from los 
1\MP . 

R 

T 

I N T ER NAL FAU L T  

Carrier receiver to provide 
blocking signal to logi c  cir­
cuits from remote transmitter. 

Carrier transmitter to send 
blocking signal to remote 
station. 

The operation of 2 1P (phase) or 67N (ground) 
rel ay for an internal fault performs the following: 

1. Energize s  the carrier-stop circuit (H).  
2 .  Starts the 3-ms.  timing circuit (C) .  The longer 

dropout time of 20 m s .  i s  to minimize any ad­
ditional del ay cau sed by co ntact bounce o f  
t h e  electromechanical protective relays. 

3 .  "Arms" the flip-flop ( F ) ,  o r  puts it in a 
"ready" condition by removing a blo cking 
bias voltage. 

4. Energizes the transient blocking circuit (K) .  

In the ab sence of received carrier, the NOT cir­
cuit B h as an output which is fed into the AND cir­
cuit D.  After 3 ms. , the output of time delay C is al so 
fed into D. If both these inputs continue for another 
3 m s . , the output of  E op erates the flip- flop F, and 
in turn the trip amplifier G which energizes the trip­
ping rel ay AR to complete the trip circuit through AR 
relay contacts ARP or ARG. This operation will be 
completed before the transient blocking becomes ef­
fective . 

The function of the CARRIE R- SQUE LCH block L 
is to hold carrier off (fo r  about 1 5 0  milli seconds) 
after the trip circuit i s  completed for an internal 
fault. This is to prevent undesirable blocking where 
sequential relay operation m ay o ccur at the terminal s  
o f  a protected line section for an internal fault with 
widely different fault currents at the two terminal s .  

E XT E RNAL FAU L T  

If carrier i s  received from the remote terminal 
when 2 1P or 67N operates ( as for an external fault) ,  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the conditions will 
not be set up for tripping. The " carrier- stop " block 
H functions (when 2 1P or 67N operates) to stop car­
rier transmission on tho se internal faults for which 
carrier may be started by 2 1 S  phase relay (£}£} or 3 0) 
or los  ( at M). For tho s e  internal ground faults which 
may not op erate the 67N Io contact, operation of  Do 
of  67N and lo s (thru los AMP at J)  energizes a second 
AND circuit ( at I)  to stop c arrier ( at H).  www . 
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TYP E  SKA CARR I E R  AU XI L IARY RELAY --------------------I .-L ._4_1 -_;92:.::.3...:.. s..::._c 

0.1 @ CIRCUIT ELEMENT 
BRACKETED ON 5430111 

762A723 

Fig. 3. Logic Diagram for the Type SKA Relay. 

If tripping does not tak e  place within 25 m s .  after 
the protective relays operat e ,  a TRANSIENT BLOCK­
ING circuit at K i s  energized which de-sen siti zes 
the FLIP-FLOP to prevent possible undesired trip­
ping during transients occurring at the clearing (else­
where) of an external fault. 

SEQU EN TI AL FAUL TS 

Occasionally an external fault will be followed 

by an internal fault before the former is cleared. I n  
order to prevent a long delay i n  cl e aring such a in­
ternal fault, a "transient unbl ocking" feature is in­
cluded a.t K 1• Although transient blocking has been 
set up by the initial external fault, the presence of 
an internal fault will cause an output from the AND 
at D. This output will energize the transient un­
blocking circuit which , after 25 ms. , will allow the 
flip-flop to operate ,  and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R ELAY CI RCUI TRY 

The connections of  the logic elements to the re­
l ay terminal s are shown on the internal schemati c ,  
Fig. 4 .  This diagram al so indicates t h e  major exter­
nal circuit connections to the relay terminal s .  The 

complete detailed relay circuit is shown in Fig. 5.  

The co mponents enclosed by the heavy broken lines 
in thi s di agram are mounted on the two printed cir­
cuit bo ards of the SKA rel ay .  The op eratio n  of the 
individual circuit components is explained in the fol­
lowing p aragraphs.  The l etters identifying the l ogic 
elements in Fig. 3 are also used to identify the cor­
re sponding portion of the circuit in Fig. 5. 

B - NOT circuit 

In the absence of received carrier, transistor Q51 

is normally conducting. Under this condition,  tran­
sistor Q51 has a tripping output. When carrier is re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of  SKA relay terminal 12 

to appro ximately +45 volts .  Thi s raises the base of 
Q51 above its emitter pote ntial ( +22V. ) ,  thus cutting 
off collector current. Thu s ,  w hen carrier is received, 
there is no positive tripping output from the NOT cir­
cuit B. 
C-3/20 MS (ADJUSTABL E) TI M E  DELAY: 
D· TWO- I N PU T  AN D 
Under normal conditions ,  transistor Q52 is not con-
ducting; thus the po sitive potential of the colle ctor 
of  transistor Q52 is not a tripping conditio n. When 
relay terminal 4 or 20 is made po sitive by the opera-
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TYP E  SKA CARR I E R  AUXI L IARY R ELAY _____________________ _ 
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IStOMt U 

111,111 
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..... , .... 

762A752 
Fig. 4. I nternal Schematic for the Type SKA R elay in 

the F T32 Case. 

tion of a protective relay,  this po sitive potential i s  
applied thru Zener diode Z 5 3  or Z 5 4  and diode D 5 1  
t o  the time delay circuit C .  When thi s  occurs, c ap a­
citor C50 starts to charge thru resistors R5 2 ,  R103  
and R54 .  After a time delay of  approximately 3 milli­
seconds ( adj ustable) , the volt age on C50 is suffi­
cient to cause Zener di ode Z52 to conduct, thus 
making the base of Q52 po sitive.  U nder thi s  condi­
tion,  transi stor Q52 is switched on and its collector 
potenti al drops to a very low valu e .  Thu s ,  for an 
operation of 2 1 P  or 67N and with no carrier received, 
tran si stors Q52 and Q53 of the 2-input AND at D will 
both be in a conducting condition. This combination 
will remove the positive potential from the base of 
transistor Q54 , thus cutting off its collector current, 
and represents a tripping c ondition. If, however, 
carrier i s  recei ved at the s am e  time that 2 1 P  or 67N 
operates , the reception of  carri er will cau s e  Q5 1 
and Q53 to turn off, raising the potential of Q53 
collector and Q54 base, thus k eeping Q54 conduct­
ing. The output of Q54 under this condition repre­
sents a blocking or non-tripping condition. 

E - 3/0 m s  TIME D E LAY. Under normal co ndi­
tio ns,  Q54 i s  in a conducting state.  This provide s a 
path for current to flow from the emitter to the base 
of  transistor Q55 and then thru the collector circuit 
of Q54, keeping Q55 turned on.  Under this co ndi ti on,  
transistor Q55 short circuits or bypasses capacitor 
C5 1 ,  preventing it from charging up. Under the condi-

6 

tion for tripping explai ned in the previous sectio n ,  
tran sistor Q 5 5  is turned off, allowi ng C5 1 t o  charge 
thru resistors R70 and R69. After a calibrated tim� 
delay of  3 milliseconds, the voltage acro s s  capaci­
tor C5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit, is sufficient 
to cause op eration of  the flip-flop . The time delay 
circuit E has no intentio nal re set time delay .  If a 
tripping condition is indicated for 1 or 2 millis econds 
such as during a reversal of  fault power flow,  as 
soon as transistor Q55 again conducts. The capaci­
tor C 5 1  is rapidly discharged thru Q55,  diode D 5 2 ,  
and resistor R70 . T h e  rapid re setting of  t h e  time de­
l ay circuit E prevents pos sible notching up of the 
charge on capacitor C5 1 during momentary inter­
mittent interruptions of  the carrier blo cking signal . 
Thi s time delay in conjunction with that provided in 
circuit C are ampl e to provide coordination of the 
carrier- start and tripping prot ective rel ays at the 
two ends of a line circuit during fault conditions . 

F • F L I P - FLOP CI RCUIT.  The flip-flop circuit 
consists of transi stors Q58 and Q59 and associated 
components .  Under norm al co nditions ,  transistor Q58 
is in a non-conducting, and transistor 59 is fully con­
ducting. The base of transi stor Q59 is held w ell be­
low its emitter potenti al by means of the voltage di­
vider consistin g of resistors R86, R84, diode D 5 7 ,  
and resistor R 8 3 .  With this bias, transistor Q59 i s  
held i n  saturation, and the flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58 , transistor Q59 would not turn off. 
Thi s desensitizing circuit is an arrangement to pre­
v ent i nadvertant operati o n  of th e f li p-flop caused by 
surges on the de system. As long as Q59 is conduct­
ing, its collector is at a high enough po sitive poten­
tial that transistor Q6 1 in the tripping amplifier can­
not turn on. 

Upon the occurence o f  an internal fault, po si­
tive 1 2 5  volts de i s  supplied to either terminal 4 o r  
2 0  of t h e  SKA relay. Through t h e  Zener diodes Z53 
or Z54 , plus diode D55 and resistors R8 2 and R8 3 , 
the desensitizi ng bias is removed from transi stor 
Q59 . This i s  accomplished by making the potenti al 
of the j unction of resi stors R8 2 and R83 hi gher than 
the positive 22 volt supply for the flip-flop circuit. 
When this occurs, there is no current flow through 
resisto r  R84 and diode D57 , and the flip-flop i s  now 
" armed" , or in a re ady condition for a tripping oper­
ation. After the three-milli second time delays of  
circuits C and E h ave elap s ed ,  the potential acro ss 
capacitor C51 i s  su ffici ent to cau s e  Q58 to conduct. 
This immediately causes operati on of  the flip-flop , 
turning off transistor Q59 . When Q59 is no longer www . 
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TYP E SKA CAR RI E R  AU XI L IARY R E LAY _______________________ _ 
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detail  in th e previous s ection ( M )  and by do tted 
lines to the right of  termin al s  8 , 9 , 19 , and 18 of the 
SKA rel ay ( Fig. 3 ) ,  so th at wh en it  conducts it 
stops the transmi s sion o f  c arri er. This is th e c ar­
ri er stop circuit section H .  The combin ation of  op er­
ation o f  the directional unit Do in th e carrier ground 
rel ay 67N and the pre s ence cf ground fault current 
compri ses one condition fo r stopping carri er. Thi s 
combination i s  necessary to h andl e fault current 
values belo w the pick up of th e I 0 tripping unit of  
the 67N relay. 

If  the ground fault current is high enou gh for the 
operation of  both D0 and Ia of the carrier ground re­
lay ,  this will apply a positive potential to SKA relay 
terminal 4. Thru the circuit starting from rel ay ter­
minal 4 thru Zener diode Z54, resistor R26, and diode 
D l l  in the carrier stop rel ay Circuit H,  t he applic a­
tion of positive potential to the base of transistor 
Q6 turns it on and stops carrier by applying a low 
resistance path from relay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3 686B 
in the TC transmitter ( sho wn dotted at the right o f  
t h e  relay terminals) .  Similarly, for phase faults, the 
closing of 21P ( Z 2) applies positive to SKA relay 
terminal 20 , through diode Z 53 ,  resi stor R26, and 
diode D 1 1  to the base of Q6, turning it on to stop 
carrier. The operation of  67N or  2 1P directly ener­
gize the second input to the 3-input OR. The third 
input is from the carrier squelch circuit, as described 
in the next section. 

L - CARRI E R  SQU ELCH. When t h e  trip ampli­
fi er G is energized as a re sult of an intern al fault ,  
t h e  turning o n  o f  tran si stor Q64 drop s its  coll�ctor 
voltage to a very l o w  v alue. The coll ector circuit o f  
Q64 i s  al so connected from the r e ar  bo ard terminal 
18 to the front board terminal 1 6, the resi stor R3 1 
and the base o f  transistor Q8. Applyin g a negative 
potential from Q64 to thi s circuit allows tran si stor 
Q8 to tum o n ,  thu s  providing a p ath for rapidly 
charging c ap acitor C3 thru diode D 12, tran si stor QS, 
diode D 14 , resi stor  R33, an d  dio de D 13 .  Thi s p o si­
tive potenti al on c ap acitor C3 i s  applied, through 
R3 4, to  the b ase input circuit o f  the c arrier- stop  
tran si stor Q6 . Thu s when a tripping op eratio n  o c­
curs, the carrier-stop circuit i s  energi zed for a 
p eriod of 1 20 t.o 160 mill i seconds to hold c arrier in 
the "ofr' condition at th at terminal to all o w  the 
tripping o f  other terminal s  which may h ave to op er­
ate sequenti ally because o f  the di stribution o f  
fault current. P ro vi sion i s  m ade for e xternal initi a­
tion of c arrier s qu elch by applying po sitive d- e to 
rel ay terminal 6. Thi s al lows a p ath for rapidly 
charging c ap acitor C3 through resi stors R3 9 an d  
R33 an d  dio de D 1 2  a s  above. 

It will be noted that an output of the carrier con­
trol circuit at relay terminal 8 is al so connected to 
the rear printed circuit and through diode D60 to the 
transient blocking circuit.  This circuit i s  provi ded 
so that for an external fault, where the directio nal 
element remains open and only the overcurrent unit 
operates ,  this will still allow energizing the tran­
sient blocking circuit. Operation of the transient 
blocking circuit by the carrier-start overcurrent unit 
alone is  de sirable so that the transient blocking will 
be acting if a power reversal occurs during the cle ar­
ing of- an external fault. However, the flip-flop i s  not 
" armed" by the operation of  the ground overcurrent 
carrier- start relay alone since this relay unit does 
not  set  up tripping. 

C H A RA C T E R !  S T I  C S  
The typ e SKA relay i s  shipped with the carrier­

start over current unit s et for 0. 5-ampere pick up and 
0 . 4- ampere dropout current. This setting is satisfac­
tory for most applications. The range of pickup ad­
justment of this unit i s  0 . 5  to 2 . 0  amp eres. The drop­
out is 80 percent of pick up .  

* T he AR re lay operate time is 3 . 5 millisec onds . 

The pickup and dropout characteri stics  o f  the 
various time-delay circuits of the relay l ogic are 
given in the OPERATION sections. 

Burden of  overcurrent unit: 

At 0 .  5-amp. pickup setting: 0 .  2 v. a. at 0 .  5 a, 60 cycl es 
7 . 8  v . a. at  5 . 0  a, 60 cycl es 

S E T T I N G S  

Normally, there are no settings to be m ade o n  the 
SKA relay. The 0 . 5-ampere pickup of  the ground over­
current carrier-start unit (los) and the variou s  time 
delay circuits are factory adjustments. For most ap­
plications, a pickup current of 0. 5 ampere for the lo s 

unit is satisfactory. If conditions require , the pickup 
can be changed to any value between 0 . 5  and 2 . 0  am­
p eres, as e xplained under Calibration in the Adjust­
ment and Maintenance section. 

I N S T A L L A T I O N  

The relay should be mounted on a switchboard 
p anel or its equivalent in a location free from dirt, 
moi stur e ,  e xcessive vibration, and heat .  Mount the 
relay vertically by means of four mounting hol es on 
the flange for semi-flush mounting or by mean s  of 
the rear mounting soo d s  for proj ection mo unting. 
Either a mounting stud or the mounting screws m ay 
be utilized for grounding the relay. The electrical 
connections m ay be m ade directly to the terminal s 
by mean s  o f  screws for steel panel mounting or to 
the terminal studs furnished with the relay for thick 
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TYP E SKA CAR R I E R  AUXI LIARY R ELAY----------------------

p anel mounting. The terminal studs may be easily 
removed or inserted by lo cking two nuts on the stud 
and then turning the p roper nut with a wrench . 

The o utline and drilling plan o f  the typ e SKA re­
l ay in the FT-3 2 case is s hown in Fi g. 1 7 .  

A D JU STM E N T  A N D  M A I N T E N A NC E  

A. Acceptance Test 

The operation of the SKA relay can be checked 

1,0 AMP so eve � 

TO CONTACT 
• LIGHT CKT (6 TERM 10) 

� 
I 
I 

VIEW OF REL A Y NEG DC 

by connecting it in accordanc e with Fig. 7 .  Operat e  
t h e  switches 1 ,  2 ,  and 3 ,  and apply 1 ampere, 6 0  
cycl es a s  indicated f o r  t h e  s i x  test conditions in 
Table I .  The operation of  the type AR tripping rel ay 

or the pre sence of carrier control voltage ( 2 0  volts 
de) as listed in the columns of Tabl e I will check 
the performance of the logic circuits and other com­
ponents of the complete relay. The right-hand column 
of  Table I indicates the protective rel ay operatio n 
repre sented by the six test conditions.  

N EG DC 

TO CONTACT 
LIGHT GKT 
(& TERM I) 

IN3666B (20 V,0.75 W 
ZENER DIODE) NOTE FRONT IJSW· I 

(45  8125) 

PO S 125 V 

763A919 
Fi g. 7. Test Diagram fo r Typ e SKA Relay. 

TABL E I 
-- --- ---

II 
SETTINGS II RESPONSE 

1 2  

Test 
SW- 1 SW-2 SW-3 

-

1 0 0 0 

2 Cltt 0 0 

3 close clo se 0 
2nd 1 st $ 

4 0 0 0 

5 0 0 Cl 

6 Cl 0 Cl 

0 = open 
Cl = close 

01 = or 2 x pickup � = close SW- 2, then SW- 1 

Cur. at I AR D.C. Volts 
Term. Relay Term. 9-5 
1 6- 1 7  i 

-- I --

Zero 1, open Zero 

Zero I clo sed Zero 

Z ero open Zero 

01 1, 0 amp open 20V 

1 . 0  open Zero 

1 . 0  1: closed Zero 

tt = cl o s e  SW- 1 with lead connected first to term . 4 then to term . 20.  

Operating Condition Represented 

Normal 

2 1P or 67N operation 

2 1 P and received carrier  

los carrier-start 

Do and los operation 

* Do and Io trip and los 

1 
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B. Cal i bration Check 

The pickup and dropout current values for the 
carrier-start overcurrent ground rel ay (I0s ) can be 
checked u sing the same test connections shown in 
Fig. 7 .  With switches 1 ,  2 ,  3 all open , apply a 60-
cycle current to terminal s  16 and 17 of the SKA re­
l ay.  Increase thi s current gradually. At a current 
l evel of approximately 0 . 5  amper e,  the d-e voltmeter 
reading will suddenly increase from 0 to approximate­
ly 20 volts. This is the pickup point of the over­
current relay.  Now reduce the current applied to ter­
minal 16 and 17 .  At approximately 0 . 4  ampere (80% 
of the pickup value) ,  the d-e voltage will drop to 
zero.  The zero value of d-e voltage may be a few 
tenths of a volt rather than exactly zero. The low 
value of voltage is the drop acro ss the transistor 
Q7 when it is fully conducting. 

The overal l  operating time of the SKA relay can 
be checked usin g  test condition 1t2. Arrange to start 
a timer, or the single swe ep of a cathode-ray o scillo­
scope provided with this operating feature,  when 
switch SW- 1 is closed. The timer c an be stopped by 
the closing of the relay trip circuit between terminal s  
1 and 10,  or b y  applying a d-e voltage from a n  ex­
ternal source thru the relay trip circuit to the timer 
or to the vertical deflection input of the o scillo scop e. 
The time from the closing of SW- 1 until the trip cir­
cuit is completed should be in the order of 9 to 12 
milliseconds.  If a double-pol e ,  single-throw switch 
is  used to energize the relay and start the timing d e­
vic e ,  be sure that both poles of the switch clo s e  
within a milliseco nd o f  each other . 

The performance of the operation indicator can 
be checked while the circuit of Fi g. 7 is set up by 
connecting the relay trip circuit (terminal s  1 and 10)  
to an external source of approximately 1 .  5 amp eres 
de, using e xternal current-limiting resistance. When 
switch SW- 1 is  closed, the indicator should drop its 
target. NOTE: Do not try to interrupt the 1 .  5- ampere 
direct current by opening SW- 1 as the AR tripping re­
l ay will not interrupt this current. Instead, open the 
trip circuit external to the SKA relay, then open SW- 1 .  

C. Recommended Routine Maintenance 

The contacts of the type AR tripping relay should 
be periodically cleaned. A contact burnisher such as 
Slt 182A83 6H0 1 is  recommended for this p urpose. Be 
careful not to distort the moving contact spring fin­
gers during burnishing operation. The use of abrasive 
material is  not recommended because of the danger of 
embedding small particles in the face of the soft sil­
ver and thus impairing the contact performance .  

The proper adj ustments t o  insure correct opera­
tion of thi s relay have been made at the factory and 
should not be disturbed after receipt by the cu stomer.  
If the adj ustments hav e been changed ,  or components 
have been replaced which may affect the calibratio n ,  
or if i t  is  desired t o  check t h e  adj ustments a t  regular 
maintenance periods,  the instructions in the calibra­
tion section should be followed. 

D. Cal i bration 
1. Tripping Relay (AR). The typ e AR tripping relay 

unit has been properly adj usted at the factory to 
insure correct operation,  and under normal field 
conditions should not require readj ustment . If, 
however , the adj ustments are disturbed in error , 
or it b ecomes necessary to replace some part , use 
the following adjustment procedure .  This pro­
cedure should not be used until it is apparent that 
the re lay is not in proper working ord er , and then 
only if suitable tools are available for checking 
the adjustment s .  
a. Adjust t h e  set screw at t h e  rear o f  the top of 

the frame to obtain a 0. 009-inch gap at the rear 
end of the armature air gap . 

b. Adjust e ach contact spring to obtain 4 grams 
pre ssure at the very end of t he spring. This 
is measured when the spring moves away from 
the edge of the insulated crosspiece.  

c. Adjust each stationary contact screw to ob­
tain a contact gap of 0 . 020-inch. This will 
give 15-30 grams contact press ure. This com­
pletes t he adjustment procedure for the AR 
tripping relay unit 

2 .  Static Overcurrent Unit: To test this portion of 
the relay ,  use the connections shown below. 

I S K A  r-1 : TERM'S 10------C:J � 1 6  

60 CYC : 
17 

I 

POS. 4 5  V 
0 

NEG. D.C. 

I 
I 

1 o1 
I 
I 
I 

20 V. Z ENER 
DIODE 
( I N3686 OR 

E Q U I V. )  

D.C. VIol 

0-25 

763A913 
Fig. 8. Test Connections for the l.o s Unit of the Typ e 

SKA Relay. 
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TYP E SKA CAR RI E R  AUXILIARY R ELAY--
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With the 4 5  v olts d . c .  applieo , the d- e v oltmeter 
w ill initially. re ad ze ro (per hap s  as much as 0 .3-
v olt de . ) . Slow ly incre ase the 60-cycle curr ent ap­
plie d  to ter minals 1 6  and 17 .  At a curr ent of  0 . 5  
ampere a. c. ,  the v oltme ter re ading should sud­
denly incr ease to appr oximatelY 20 v olts. Loo sen 
the lock-nut for adj us ting R3 , and again lock it 
after any adj ustme nts h av e  bee n  m ade.  If it is 
ne ce s s ar y  to adj ust the pick up ,  tur ning the slotted 
sh aft ? f pote ntiome ter R3 in a clockw i s e  direction 
w ill incre ase the pick up curr ent. Conv er se ly, if a 
lower pick up curren t  i s  de sire d ,  tur n the shaft 
counter clockw i se .  The r ange of  pickup adj ust­
me nt i s  0. 5 to 2 . 0  ampere s, 60 cycle s .  After the 
rel ay h as picke d up, slowly re duce the 60-cycle 
curre nt. At 8 0  per ce nt of pick up ( 0 .4 amp . for a 
0. 5- amp. ), the re l ay shoul d  drop out as pickup 
indicate d by the voltmeter r e ading -d ropping to 
zero .  I f thi s  point nee d s  adj u stme nt, loosen the 
lock-nut on the re sistor R9 and tur n th e sh aft of 
R9 clockw i se to incre ase the dropout cur re nt or 
counterw i se to re duce the dr opout current. After 
thi s  p oint h as bee n se t, tigh te n  the look-nut and 
make a final che ck of the dr opout curre nt v al u e .  
D o  not tr y t o  set the dr opout below 8 0  per ce nt a s  
the rel ay m ay  n o t  re se t at all. 

3. O per ation I ndicator . The oper ation indicator sh ould 
p ick up and dr op the indic ator tar ge t  whe n the 
curre nt i s  betwee n 1 and 1 .  2 ampere s d-e. To i n­
cre ase the pick-up curre nt, re move the mo lded 
cover and be nd the spr ings out or aw ay from the 
cover . To de cre ase the pick-up curre nt, be nd the 
springs in toward the cover. 

M ake sure th at the target dr op s freely whe n the 
unit ope rate s. 

4 . Time D el ay s  i n  L o gic Circuits. There are si x 
tim e- del ay circuit s  i n  th e SK A  relay. Th e s e  c an  
be che ck ed mo st e asily using a c ath ode-ray 
o scillo scop e h av in g  prov i sion for a singl e  sw e ep 
an d  an e xternal trigge r  source. The scope sh ould 
preferably h ave a calibrated h oriz ontal swe ep 
wh i ch can be read in millise conds directly fro m 
the gri d o n  th e scre en of the scope. The follow­
ing p aragraph s will e xplai n  the procedure to be 
used an d  th e conne ction s  ne ce s s ary for che ck in g  
or recalibrating e ach o f  th e time delay circuits 

* separ ately. Note: The notation "3/ 20 MS" on 
th e logi c  diagram and on the internal sch em atic 
m ean s 3 milli seconds pi ckpp time, 20 milli­
seconds dropout time.  Th e figure " 0+ "  m eans 
no inten tional time delay . 

a. 3 / 20 ms.  time delay ( se ction C of cir cuit) 

1 4  

1 .  Make the connections sho wn in Fig. 9 .  

POS. 125 V.D.C.D-----_/
SWt- l SKA 

TPS2:J���L 
SKA M� 

TP64 P 0 S 4 5 V. o-------0 
2S KA 

�SCOP E TRIGGER � :0 ( 458 125)NEG. O.C.O---�---..J� t.PUT 

Fig. 9. Test Connections fo r the 3/20 MS Time Delay 
Unit of the Type SKA Relay. 

2. Set the scope sweep-speed for around 5 
milliseconds time to mak e  one sweep.  

3 . App ro ximately 3 ms.  af ter SW- 1 i s  clo sed ,  
thed-c voltage acro s s  TP 5 2  (+ ) to TP6 4  (-) 
will d rop from 7 volt s  to n e arly zero. Th e 
sudd en d rop in verti c al p o sition o f  the 
trace will ind i c ate co mp l etion of the tim e 
d el ay .  Thi s time i s  factory set b etween 
2. 7 and 3. 3 ms. , b ut m ay be lowered to 
less th an 2 . 0  ms .  by mo ving p o tentiometer 
R54 counterclock wise ,  and increased to 
7 . 0  m s. b y  moving R54 clock wi se .  

4 .  Reset scope and change sweep speed to 
measur e  20 m s .  Open SW- 1 and note dropout 
time. The time should be in the range of 17 
to 23 milliseconds. If time is appreciably 
outside this range, change R53 . Increasing 
R53 will i ncr ease dropout time; decreasing 
it will reduce drop out time.  

b .  3 /0+ time de l ay o f  flip-flop ( sections E and F 
o f  circuit). 

1. Make the connections shown in Fig. 10 .  

POS 125VOCO 7: 
'
4 ---

O P S T I 10 .:._ W 

��-1 SKA 

SWITCH : MEG 2 \: SCO PE TRIGGE R  S K A  
PO S 45 D.C.---0 �� 

(45&1U)NEG 

� t SW-I 

� TP52 TP64 

--_ SCOPE 
TPSO PROBE 

C 5 5  �G 
JUM PER 

763A915 
Fig. 10. Test Connections for the 3/0 MS Time Delay 

Unit and the Flip-Flop of the Typ e SKA Relay. 
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TY P E  SKA CAR R I E R  AUXI L I A RY R E LAY 

2 .  Start with SW- 1 open. Note: Both pol e s  of 
SW- 1 must clo s e  simultaneo usly - well with­
in one millisecond of  e ach other. 

3 .  Temporarily short out C55 with a short clip 
l ead. 

4. Set R79 on SKA sub panel to 90 p ercent o f  
full counterclockwise - o nly if  setting has 
been previously disturbed. If ti ming is just 
being checked, do not initially change set­
ting. 

5 .  Close SW- 1 .  (AR relay will pick up ).  Note 
time d2lay indication on scop e trace .  It 
should be 2. 7 to 3. 3 ms.  

6 .  Thi s tim e  del ay c an b e  adj usted by R79 o n  
rel ay subp aneL Loo sen lock-nu t. Tum 
sh aft clo ck wi s e  to increase tim e  delay. 
Adju st if  necessary to 3 m s. ± 10 p erc ent. 

7. Opening SW- 1 re sets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
del ay. 

8 .  When c alibration i s  satisfactory, tighten 
locknut and remove C55 jumper. 

c .  Carrier Squelch ( section L of  circuit) .  

1 .  Mak e  the connections shown in Fi g. 1 1 . 

POS. I2 5 vo----Y�-I S:A 

SI<A 10 MEG. 
p 0 5. 4 5 o---------0 

TRIGGER IN PUT 
SKA 

SCOPE 
PROBE 

(45812!5JNEG.o----{ SHIELD 
LEAD 

\o.--¢--0 0.6 AMP 
60 CYC SKA 

� 

20 V ZENER DIODE 
IN3686 OR EQUIV. 

763A916 
Fig. 1 1 . Test Connections for the Carrier Squelch Uni t  

o f  t h e  Typ e SKA Relay. 

2. Apply d . c. ; then 0 . 6  amp. , 60 cycl es (or  
1 20 percent of  pickup ); then close S W- 1 , 
and re set scope trigger. (It may be neces­
s ary to set scope for negative sweep-trigger­
ing voltage) .  Set · r an ge to around 200 m s .  
Note: Voltage across SKA terminal s 18 (- ) 
9 ( +) will j ump from zero to 20 volts d . c .  
when a-c i s  applied, then back to zero when 
SW- 1 is closed. 

3 .  Open SW- 1 to start carrier- squelch timing. 
After about 1 20 m s . , scope trace will rise 
to 20-volt value. Rise will not be sudden, 

I.L. 4 1 -923.5C 

but will start at about 120 m s . , and m ay 
take to 1 60- 200 m s . ,  to reach final value.  
No adj ustment, since the carrier- squ elch 
time i s  not critical . 

d. Transient Blocking (part of section K o f  circuit). 

1. Make the connections shown in Fig. 1 2 .  

SW - 1 SKA 
POS. I25 vo----_/·-�-�£-----� 

W

-1 
4 

SKA 
POS. 45<>----0 SCOPE 

TRIGGER 

SKA 
(45Bot25)NEG. 

ADD JUMPER 

TP 6:r:3 ·· PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Blocking 

Un it o f  th e Type SKA R elay. 

2. Set scope sweep-sp eed to measure about 
30-40 m s .  m ax.  

3 .  With d . c. applied, close SW- 1 .  After 20 to 
30 m s . , the scope trac e will suddenly drop 
from a bout 20 volts to zero. Open SW- 1 and 
reset scope. 

4. Thi s tim e  del ay m ay be incre ased by mov­
ing potentiom et er "R 9 3  clock wise and de­
creas e d  by moving R9 3 counterclock wi se. 

5.  Remove test jumper.  

e .  Transient Unblocking (part of  s ection K of 
circuit) 

1. Make the connections shown in Fig. 1 3 .  

POS.45- � 5�_-' ___ ., TO SCOPE �; T R I GGER 

'" "'� --:"': ... 

763A918 
Fig. 13. Test Connection s  for the Tran sient Unblo cking o f  

the Type SKA Relay. 
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TYP E SKA CAR R I E R  AUXI L I A RY R E LAY 

* TABL E I I  
Test Point Voltages  

(to negative d .c .  - T P 1 2- Front Bd., T P64- R ear Bd.) 
Test Condition ( F rom Table I and F i g. 6) 

Test Point 1 2 

D.C. M a  ( Fi g. 7) 90 240 

TP- 4 6 . 5 6 . 5  

5 6 . 7  6. 7 

6 6 . 6  6 . 6  
7 < 0 . 5 < 0 . 5  

8 7 . 6  7 . 6  
9 7 . 5  7 . 5  

10 <0 . 5  < 0 . 5  
1 1  2 1 . 6  2 1. 0  
1 2  - -

13 <0 . 5  < 0 . 5  

14 2 2 . 5  22 . 5 

15 <0. 5 < 0 . 5 

16 0 4 5  

1 7  3. 5 3. 5 

5 1  2 1 . 5  2 1 . 5  
5 2  7 . 4  < 0 . 5  

53 < o . 5  < 0 . 5 

54 < 0 . 5  2 1 . 8 
55 2 1 . 5  1 . 3  

56 0 9 . 2  
57 3 .5  20 
58 20.0 7 . 8  
5 9  0 1 4 . 5  

60 4 5 . 0  < 0 . 5  

6 1  18 < 0 . 5  
6 2  0 . 6  < 0 . 5  
63 21  6 20 . 5  

64 0 0 

2. Set scope sweep-speed as for previo us 
section. 

3. Apply d . c . , then close SW-1 . ( Both poles 
must close simultaneously . )  After 20 to 30 
m s ., the scope trace will suddenly rise 
from zero to about 20 volts. If time is out­
side 20-30 m s .  limits ,  reduce R73 to shorter 
time,  or increase R73 to l engthen time.  

4 .  Remove j umper. 

3 4 5 

1 1 5 90 10 5 

6 . 5 20 20 . 5  

6 . 7  6. 7 6 . 7  

6 . 6  < 0 . 5  < o . 5 
<0. 5  19 . 0  19 . 0  

7 . 6  7. 6 < 0 . 5  
7 . 5  < 0 . 5  < 0 . 5  

< 0 . 5  < 0. 5 1 1 . 6  
2 1 . 5  2 1. 5  22 .0  

- - -

< 0 . 5  19. 8 0. 25 

22. 5 22. 5 22 . 5 
< 0. 5 2 1. 0  1 . 0 5  

0 0 0 

3 . 5 <0 . 5  <0. 5 

< 0 . 5  2 1 . 5  2 1 . 5  

< 0 . 5  7 . 4  7 . 4  

7. 3 < 0 . 5 <0 . 5  

< 0 . 5  < 0 . 5  <0 . 5  

2 1 . 5  2 1 . 5  2 1 . 5  

0 0 0 

3 . 6  3 . 5  3 . 5  
--� ��-

20 . 0  20 . 0  20 . 0  

0 0 0 

45 45 45 

< 0. 5 < 0 . 5  1 7 . 0  
7 . 4  7 . 4  0 . 65 

< 0 . 5  < 0. 5 20 . 5  

0 0 0 

E. El ectri cal Checkpoi nts 

6 

250 

20. 5 

6. 8 

< 0 . 5  
19 . 0  

< 0 . 5 

< 0 . 5  

1 1 . 6  
2 1 . 5  

-

0.1 5 

22. 0 
0 . 9  

45 

<0 . 5 

2 1. 5  ---

<0 . 5  
-�---

< 0 . 5  

2 2 . 0  

1 . 3  

9 . 2  

20 

7 . 8  

1 4 . 5  

< 0 . 5  

< 0 . 5  

< 0 . 5  

20. 5 

0 

<Not a relay 

test point 

N ot e: 

< o. 5 m eans 

"l ess th an 0 .  5" 

With the SKA relay co nnected as shown in Fig. 
7, the d-e voltages at the test points on the two 
printed circuit boards are listed in the followi ng 
table for the six test conditions tabulated in Table 
I. The se values can be checked on a new relay ,  then 
k ept for a reference if trouble shooting becomes neces­
sary at a later date.  The exact values will vary from 
one relay to ano ther, but in general will be within ± 
20 percent between relays.  

Thi s completes the c alibratio n check s of  the 
various time del ay circuit s .  

Return to TEST 4 except pass j u st pickup current 
(0. 5 amp . , 60 cycle s  unless relay has been recalibrated) 
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through terminals 16 and 17.  Check the a-c voltages 
tabulated below, using a vacuum-tube voltmeter: 

Test Points 

TP1 to TP2 
TP 1 to TP3 

Voltage 

3.5 v.a.c. 
3.5 v.a.c. 

NOTE: The above two voltage readings should not 
differ by more than 5 percent, although the actual 
value will vary from one relay to another. 

F. Trouble- shooti ng 

The components of the SKA relay are operated 
well within their ratings, and under normal conditions 
should give long, trouble-free service. However, if a 
relay has given an indication of trouble in service or 
during routine checks, the following procedure is sug­
gested for trouble-shooting: 

If it is desired to check the SKA relay in position 
on the switchboard, a test cable is available for 
bringing the rear printed circuit board to an accessi­
ble position outside the relay. In use, the relay chas­
sis is first removed from its case, then the rear 

T EST SYMP TOM 

1 No 22-volt supply 

1 Incorrect test point voltage 

2 AR relay does not operate 

3 AR relay does operate 

printed circuit board is removed. In its place is in­
serted a connector board provided with 3 ft. or 6 ft. 
of 19-conductor "ribbon" cable, and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The relay chassis is now re-inserted in its case, 
and both the front and rear boards are accessible for 

maintenance. The test cable is shown in Fig, 16 
Under standby conditions, the test point voltages 

should essentially agree with the values listed in 
Table II under Test Condition 1 (first column of 
voltages). If these values are correct, the relay should 
then be checked per Fig. 7 and Table I, as explained 
in ADJUSTMENT AND MAINTENANCE, Section A, 
Acceptance Test. Following is a tabulation of some 
symptoms, and the sections of the SKA relay which 
may be at fault. 

In locating trouble with no specific component 
failure indicated, proceed as with any electronic de­
vice. Start at the input and gradually work through to 
the output circuit. For the SKA relay printed circuit 
boards, start at the left side (circuit-wise, per Fig. 
5),  checking voltages at each stag_e. Note that a box 
around a transistor number ( J Q21 ) means that the 
transistor is normally conducting. 

POSSI BL E CAUSE 

1 .  Z4 shorted (22-volt zener) 
2. R28 open 
3. D9 open 

11. Failuw of uea<eet a"odated l<anaiato< o• 
diode. 

·� 

1 Defect in some circuit on rear printed circuit board 
� - ···�-

I 
I 1. Shorted Q51, or Q5 2 I 

4 No 20 v.d.c. ~ 
2. Defect in aeaociated ci<cuit 

at SKA terms 9 and Trouble in front printed circuit board: 
1. los overcurrent relay not operating 

1 2. Transistor Q6, Q7, or QS shorted or held in 
conducting condition. 

3. Other component failure 

5 20 volts d. c. does appear at SKA 1. los portion of front p.c. bd. not operating, or 
term's 9 and 5 2. 2-input AND (I) not functioning 

6 AR relay does not operate R fm teet�. defect in 'Orne ci<euit on""' 
c. bd. 
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TYPE SKA CA RR I ER AUXILIARY R ELAY 

II:Q]I] QTPI2 
TP15 0 

� 
ill] 

FRONT BOARD 
899C9!4 

* Fi g. 1 4. Compon en t  Lo cation fo r the Front P rinted Circuit 
Board of the Type SKA R el ay. 

APPROX. 

TP62 TP64 0  0 �059 . ., 
� R98 � IB1IJ fBm [ill] � [ill] 

TP5� I::[UJ 
w e e e 8 TP630 a 
[lli] � !QW lillJ fiillJ Q lml [[!II [[E) rnNJ [ll§] a IIilll o r:m� [ill] m TP61 THI Tl(34 � e o e TP6B e s o e Q TP53 �TPS! � � � ([rn 

� rnm rnm !:!ill. !!ill mEl � � � [ill] TP60 TP5_2 0 � b 0 7.:::\ T'b' D OTPSI 
1@!1 Illill � l]jQI e � 
1 m 1 if 1 cso 1 � �  11 

REAR BOARD 

762A842 
Fig. 15. Compon en t  Location fo r  the Rear P rin ted Circuit 

Board o f  th e Type SKA Relay. 

f---------------------"A'FT.------------------------to-1 

18 

STYLE 
4 10 C 303GO I  
410C303G02 

DIM. A 

6FT. 3F1 

Fig. 16.  1 9  Termin al P rinted Circuit Board Test H arn ess O u tline. 

644B341 
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TY P E  SKA CAR R I E R  AUXILIARY R ELAY 

G. Repl acement of pri nted-c i rcuit  board components. 

When a defective resistor, capacitor, or diode is 
found, cut it out of the circuit by first clipping off 
its leads on the component side of the printed circuit 
board. Then turn the board over, melt the solder hold­
ing the remaining lead to the printed pad, and remove 
the lead with tweezers. NOTE: For such work, a 
6D-watt iron with a small, well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iron against the printed-circuit board 
any longer than necessary to remove and replace the 
the component. If the terminal hole in the board closes 
up with solder, use the iron to melt it, then open up 
the hole with fine awl or similar tool. 

Where transistors are mounted on small plastic 
pads, the leads cannot be clipped off. In such a case, 
melt the solder on one connection at a time, while 
gently tilting back that section of the transistor. Be­
cause of the small flexible leads, the transistor will 

I.L. 41 -923.5C 

gradually separate from the board. 

Wherever possible, use a heat-sink (such as an 
alligator clip) on any transistor or diode being sold­
ered. As an alternate, use a long-nosed pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E qu ipment 

1 .  Vacuum-tube voltmeter for a-c and d-e measure­
ments. 

2. Cathode-ray oscilloscope with provision for 
calibrated single sweep. 

R E N EWAL PARTS • Repair work can be done 
most satisfactorily at the factory. However, inter­
changeable parts can be furnished to the customers 
who are equipped for doing repair work. When order­
ing parts, always give the complete nameplate data. 
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T Y P E  SKA CAR R I E R  AUXILIARY R E LAY
-----------------------

EL ECT R I CAL PARTS LIST 

Unle ss O therwise N oted, A1l Resistors Are 0 . 5- \Vatt, ± 5% Tol. 
� 

CIRCUIT 
D ESCRIPTION STYLE NO . 

CIRCUIT 

SYMBOL SYMBOL 
D ESCRIPTION STYLE NO. 

AR Tripping Relay 408 C8 45G0 1 R E SI STO RS 

CAPACI TORS R 1  50 ohms, 25W, 5% 1 340 388 

R2 1 50 ohms, 25W, 5% 1 26 7 27 2  

C 1  0 . 5  mfd. , 200 V. D . C. 187 A6 24H0 3 
R3 2.0K ohms, 3W,  P ot. 18 5A0 67 H 17 

C2 0 .  25 mfd. , 200 V. D . C .  187 A624H0 2 
R4 2. 5K ohms, . 25W, P ot. 6 29 A430H03 

C3 39 mfd. , 35 V. D . C .  187 A508H0 4 
R5 2.7K ohms 18 4 A7 6 3H37 

C4 1 50 mfd. , 6 V. D . C. 18 4 A6 6 1H08 
R6 39K ohms 184 A7 6 3 H 6 5  

C50 1 . 0  mfd., 200 V . D . C .  187 A624H04 
R7 18K ohms 18 4 A7 6 3H57 

C51 0 .  22 mfd. , 400 V. D . C .  188 A29 3H 0 2  
R8 3 . 9 K  ohms, 1. W, 5% 187 A643H4 1 

C52 0 . 5  mfd. , 200 V. D . C .  187 A624H0 3 
R9 200K ohms, 2W, P ot. 1 8 5A0 67 H 14 

C53 39 mfd. , 35 V. D . C .  187 A508H04 
R 10 33K ohms 18 4 A7 63H63 

C54 . 0 5  mfd. , 200 V. D . C .  187 A624H08 
R l l  lOK ohms 1 8 4 A7 6 3H51 

C55 3 . 0  mfd. , 200 V . D . C .  188 A29 3H0 6 
R 1 2  lOK ohms 18 4 A7 6 3 H 5 1  

R 13 330 ohms 184 A7 63 H 1 5  

DIODES R 14 10K ohms 184 A7 63 H 5 1  

R 1 5  6 8 0 K  ohms 184 A763H9 5 

R 16 120K ohms 184A763H77 

* 
D 1 t o D  7 

R 17 lOK ohms 184 A7 6 3H51 
D 9 t o  D 1 3  IN4 59 A 1 8 4 A8 55H08 

R 18 10K ohms 184 A7 6 3 H 5 1  
D 1 4 IN2069 ( CER-69) 1 8 8 A34 2H06 R 19 68K ohms 18 4 A7 6 3H7 1 

D 8- D 1 5  IN645A 837 A69 2H0 3 
R20 68K ohms 184 A7 6 3H7 1 

* D50 t o  D58 IN 459 A 1 8 4 A8 55H08 
R21 33K ohms 184 A7 63 H 6 3  

D 59 IN9 1 18 2A88 1H04 
R22 3 3K ohms 18 4A763H63 

D60 IN459 A 1r84 A855H08 
R23 lOK ohms 184 A7 6 3 H 5 1  

* R24 6 . 8K ohms 1 84 A763H47 

TRAN SI STO RS R25 3 .3K ohms 18 4 A7 6 3 H 39 

R26 62K ohms 18 4 A7 63H70 

Q1 2N6 52A 18 4 A6 38 H 16 R27 5.6K ohms 184 A763H45 

Q2 2N697 184 A6 38H 18 * R28 500 ohms ,  5W , 5% 7 62A67 9H04 

Q3 2N6 9 6  7 6 2A58 5H0 1 R29 1K ohms, 5W, 5% 1 8 4 A8 59 H 10 

Q4 2N6 9 6  7 6 2A585HO 1 R30 1K ohms 184 A7 6 3 H 27 

Q5 2N697 1 8 4 A6 38 H 18 R3 1 2.2K ohms 18 4 A7 6 3 H 3 5  

*Q6 2N657 1 84 A 6 3 8 H 1 5  R32 10K ohms 184 A7 63 H 5 1  

* Q7 2N657 1 84 A638H 1 5  R33 3 30 ohms, 2W, 5% 18 5A20 7 H 1 5  

QS 2N398 A 18 4 A638H 12 R34 1 .2K ohms 184 A7 6 3H29 

Q9 2N3 4 17 8 48 A851H02 R35 3 30K ohms, 2\V, 5% 185A20 7H 1 5  

Q51 2N652A 184 A638H 16 R86 22K ohms 18 4 A7 6 3 H 59 

Q52 2N696 7 6 2A585HO 1 R37 lOK ohms 184 A7 6 3H 5 1  

Q53 2N6 9 6  762A58 5H0 1 R38 10 ohms 187 A290HO 1 

Q54 2N6 9 6  7 6 2A585H0 1 * R39 300 ohms , 25W F or 4 8V 1 20 2847 

Q55- Q59 2N6 52A 184 A638H 16 1 250 ohms , 25W F or 1 25V 1 20 2589 

Q60 2N6 9 7  1 8 4 A6 38H 1 8  3 000 ohms , 25W F or 250V 1 2029 54 

Q6 1 2N652A 184 A6 38H 16 R50 lOK ohms 1 8 4 A7 6 3 H 51 

Q6 2 2N697 18 4 A6 38 H 18 R51 lOOK ohms 184 A7 6 3 H 7 5  

Q6 3 2N697 18 4 A6 38H 18 R52 47 ohms, 1W, 10% 18 4 A8 59H09 

Q64 2N699 184A638H 19 R53 8 2K ohms, 1 \V, 5% 187 A643H73 
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TYPE SKA CAR R IE R  AUXIL IARY RE LAY __________________ _.:.I :.:: . L�. 4..:.:.1...;-9..:.:23:..:.:. s::.::.c 

EL ECT RI CAL PARTS L IST (Continued) 

CIRCUIT DESCRIPTION STYLE NO. CIRCUIT DESCRIPTION STYLE NO. 
SYMBOL SYMBOL 

R ESI STO RS (Cont.) R ESI STO RS (Cont.) 

H54 * l O OK ,  . 25 W ,  Pot. 6 29 A4 30H04 R9l 4 . 7 K  ohm s 1 8 4 A7 6 3H43 

R55 1 20 K  ohm s 184A763H77 R9 2 6 . 8K ohms 18 4A7 63H47 
R56 lOK ohm s 184 A763H5 1 R9 3 * 1 5 K  ohms,  .25W , P ot .  6 29 A4 30H08 
R57 lOK ohms 184 A7 6 3H 5 1  R94 lOK ohms 18 4 A7 6 3H 5 1  
R58 68K ohms 184A7 63H7 1 R95 * 3 .3K ohms 1 84A763H39 
R59 lOK ohm s 184A7 6 3H5 1 R96 lOK ohms 1 8 4 A7 6 3H 5 1  
R60 68K o hm s  184 A7 63H7 1 R97 470 ohms 1 8 4 A763Hl9 
R6 1 33K ohms 184A7 6 3H6 3 

R98 470 ohms 1 8 4 A7 63 H l 9  
R6 2 33K ohms 184A7 6 3H63 

R99 lOK ohms 184A763H5 1 
R63 lOK ohms 184A763H 5 1  

R64 33K ohms 184A763H63 
R lOO 2. 2K ohms 184A763H35 

R6 5 3 . 3K ohms 184 A763H39 R lOl 800 o hms, 3 W, 5% 184A8 59 H06 

R66 4 . 7 K  o hm s  184A7 6 3H43 R l0 2  * 3 . 3 K  ohms 1 8 4 A763H39 

R67 lK ohms 184 A7 63H27 R l0 3  3 3 K  ohms 184A763H63 

R68 33K ohms, l W, 5% 187 A643H6 3 TH5 1  Thermistor, lOK at 25"C 18 5A2 1 1 H04 

R69 47K ohms 184A7 63H67 

R70 4. 7K ohms 184A763H43 
T RAN SFO RM E R  

R7 1 68K ohms 184A7 63H7 1 T l  Saturating Transformer 606B5 19G03 
R7 2 1. 5K ohms 184 A763H3 1 

R73 * l K o hm s .  1 84A763H27 * Z EN E R  DIODES 
R7 4 22K ohms 184A7 6 3H59 

R7 5 8 . 2K ohm s 184A7 63H49 Zl IN 1 83 2C , 62V . 1 84A6 1 7H06 

R76 8. 2K o hm s  184A76 3H49 Z2 IN 957B . 6 . 8V . 1 86A797H06 

R77 470 ohm s 184A763H 19 Z3 IN3 686B , 20V 1 85 A2 1 2H06 

R78 4. 7K o hm s  184A763H43 Z4 IN3 797B , 22V .  1 85 A089H09 

R79 lK ohm s, 2W, Pot. 185A0 67H09 zs IN305 1 ,  200V . 187 A936H01 
RSO 2 2K ohm s 184A7 6 3H 59 Z6 IN4 370A , 2 . 4 V .  1 84A639H 1 2  

R8 1  22K ohms 184A763H59 Z7-Z8 UZ5875 , 75V . 837A693H04 

ohms 18 4 A7 6 3H6 1 
zso IN3 05 1 ,  200V . 1 87 A936H01 R8 2 27K 
Z5 1 IN3 686B , 20V . 1 85A21 2H06 

R8 3  6 . 8 K  o hm s  184A7 63H47 
Z52 IN 957B , 6 . 8V . 1 8 6A797H06 

R84 4.7K ohms 184A763H43 
Z53 IN3 05 1 ,  200V . 1 87 A936H01 

R8 5  4 . 7 K  ohm s 184A763H43 Z54 IN305 1 ,  200V . 1 8 7A936H01 
R8 6 lOK ohms 184A763H5 1 Z55 IN957B , 6 . 8V . 1 86A797H06 
R87 8 2K ohms 184A7 6 3H7 3 Z56 IN960B , 9 . 1 V .  1 86 A797H 1 0  
R8 8  15K ohms 184A763H55 Z57 IN957B , 6 .8 V .  1 86A797H06 
R89 5. 6K ohm s 184 A7 63H45 Z58 IN95 7B , 6 .8 V .  1 86A797H06 
R90 2 . 2K ohms 18 4 A763H35 Z59 IN 1 789 , 56V . 584C434H08 

21 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE SKA CAR R I ER AUXILIARY R E LAY ____________________ _ 

TE .. I IAL� MD 
MOUJTIRG DETAILS 

_, ,. 
10 

1i51 • I I SC:I£W 
( FOR THICK 
PMEL US£ t.- 18 STID)  

TEIIU IIAL IIUMB 

25 1L_ ii DI A. IJ HOLU FOR 

-ls ! ff 1 y.J 

. .. .... . . c .... 

_ ,  .. 

PAKEL CUTOUT 1. DRI LL I IIG 
FOit SEMI FWSH MTG. 

PAIIEL DRI LLIRG OR 
CUTOUT FOR PROJECTION MT&. 

( FROIIT V I EW )  

3 
D I A.20 HOLES 
OR CUTOUT 

5.7-D- 7903 

Fig. 1 6, O utline ancl Drillin g P lan for the Type SKA Relay in the F T32 Case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K, N .  J. 
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I N STA L L  A Tl 0 N 
Westinghouse I . L. 4 1 -923. 58 

• O PE R A T I O N  • M A I N TE N A N CE 

INSTRUCTIONS 
TYPE SKA CARRIER AUXILIARY RELAY 

I N S T R U C T I O N S  

CAU TION: Before putting relays into service,  m ake 
sure that all moving parts operate freely , inspect the 
contacts to see that they are cle an and close pro­
perly, and operate the relay to check the settings and 
el ectrical connectio ns.  

AP P L I C A T I O N  

The type SKA relay i s  the s tatic carrier auxiliary 
relay used in the K-Dar distance carrier rel aying 
system to block instantaneous tripping for faults 
external to the line s ection to which it is applied, 
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to respond 
to indications of fault power and direction provided 
by the phase and ground relays,  t hereby controlling 
the transmission of t he carrier signal s ,  or the initia­
tion of high- sp eed tripping for internal faults. 

C O N S T R U C T !  O N  

The components o f  the type SKA relay are mount­
ed in the F'T32 Flexitest case. The static equival ents 
o f  the receiver relay, the carrier stop auxiliary relay 
units . and the c arri er- start ground over-current unit 
los are mount ed on plug-in printed circuit boards. In 
addition ,  the static components for the transient 
blocking and carrier squelch functions are similarly 
mounted. Two printed circuit boards are used,  one 
mount ed on the front of the relay chassis,  and the 
one at the rear o f  t he chassis. 

There is only one electromechanical relay unit 
in the SKA relay :  a high- speed au xiliary tripping relay 
unit (AR) connected to the output of the decision­
making static circuitry. This relay unit op erates in 
approximately 3 milliseconds for internal faults clear­
ed through the SKA relay.  The tripping has a d-e 
el ectromagnet and an attracted magnetic armature. An 
insulated member fastened to the armature pull s four 
movable contact springs until they touch the stationary 
contacts when the rel ay coil is energized. Only three 

SUPERSEDES I . L. 4 1 -9 23 .5A 
*Denotes chan ge from superseded i ssue. 

of the contacts are used,  but all four must be in ad­
justment for proper operation of the relay .  

The alarm function i s  handled b y  a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case.  The TT- l alarm relay uses a te lephone-type 
relay unit with a single normally-open contact . The 
coil circuit is shunted by a s mall vitreous resistor 
to give the desired calibration. 

The phase carrier relay target or operation indi­
cator is a d-e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuit , 

O P E R A T I O N  

LOGIC EL EMENTS 

The operation o f  the  SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram . In 
Fig. 3 ,  the l ettered logic blocks serve the following 
functions: 

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is  not received. 
Energized from output of car­
ri er receiv er. 

3/ 20 TIME * Integrating time delay ,  ( ad­
DELAY ju stable) 3 ms.  pickup time,  

20 m s .  dropout time ,  ener­
gized from 2 1 P  (phase) or 
67N ( ground) protective relay. 

2-INPUT 
AND. 

3/0+T . D .  

Provides an output trip sig­
nal only when 2 1P or 67N 
operates (lo nger than 3m s . )  
and carrier is  not received. 

Co-ordinating time delay ,  3 
ms.  pickup time ,  no inten­
tional dropout delay ( 0+). 
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TYP E SKA CARRI E R  AUXILIARY R ELAY----------------------

2 

I O S  DROPOUT -­

ADJ. 

lo s P I CKUP 
ADJ. 

AR T R I P P I N G  
R EL AY 

* Fig, 1. Typ e SKA Carrier Auxiliary R elay in FT32 Case (Front View). 

3 MS, TIM E 
D EL AY ADJ. 

FRONT P RI N T E D  
CI RCU I T  BOARD 
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TYP E SKA CAR R I E R  AU XIL I ARY R EL AY ____________________ .:.:.I .::::.:.L .�4:.:._1 _:_·9=23::..:. 5:..::..B 

R l  

I N 1 832C 
Z E N E R  CL I P P E R  

( Z  1 )  

REAR P RI NT E D  �- CIRCUIT BOARD 

*Fig. 2. Type SKA Carrier Auxili ary R elay in FT32 Case (R ear View). 
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TYP E SKA CAR RI E R  AUXILI ARY R ELAY----------------------

F 

G 

H 

J 

* K 

* L 

* M 

4 

The 3-ms. pickup del ay al­
lows for mom entary interrup­
tions of carrier during ex­
ternal faults without incor­
rect tripping. 

FLIP- FLOP Provides po sitive and steady 
tripping output when logic 
circuits determine presence 
of internal fault. 

TRIP AMP 

CARRIER 
STOP (OR) 

2-INPUT 
AND 

lo s AMP 

D . C .  amplifier energized from 
FLIP- FLOP. Provides ade­
quate energy to AR tripping 
relay.  
Stops carrier transmission 
on signal from 2 1 P ,  67N, 
c arrier squelch, or from 2-
input AND at I .  
Provides an output to car­
rier- stop OR (H)  on op eration 
of both Do (in 67N) and car-
rier- start lo s units. 
Includes p hase splitter, rec­
tifier ,  and l evel detector for 
static ground carrier- start 
over-current unit. 

TRANSIENT Allows ( adjustable) 25 m s .  
BLOCKING for normal tripping after 
AND UN- operation of 2 1 P ,  67N,  or 
BLOCKING 
25/25 

SQUELCH 
0+/ 1 50 

los and 
O + T . D .  
3 0-50 

los ,  then block s flip-flop to 
prevent incorrect tripping 
during clearing of external 
fault. I f  internal fault devel­
ops before cl earing of ex­
ternal fault, the unblocking 
feature allows tripping after 
25 ms.  delay. 

E nergizes carrier-stop cir­
cuit when AR trip relay is 
energi zed ( no i ntentional de­
l ay) , and holds carrier o ff 
for about 150 m s .  to allow 
sequential tripping of other 
terminal s .  P rovision is m ade 
for external initiation o f  
squelch b y  applying po sitive 
d-e to relay terminal 6 .  

Switching transistor ( ener­
gi zed from output of los 
4.MP) which serves as nor­
m ally-closed contact for 
ground c arrier- start function. 
No intentional pickup (0+) 
and 30-50 ms.  dropout time 
when energi zed from los 
4.MP. 

R 

T 

I N T ER NAL FAU L T  

Carrier receiver to provide 
blocking signal to logic cir­
cuits from remote transmitter. 

Carrier transmitter to send 
blocking sign al to remote 
station. 

The operation of 2 1P (phase) or 67N (ground) 
relay for an internal fault performs the following: 

1 .  Energizes the carrier-stop circuit (H) .  
2. Starts the 3-ms.  timing circuit (C) .  The longer 

dropout time o f  20 ms. is to minimize any ad­
ditional delay caused by contact bounce o f  
the electromechanical protective relays.  

3 .  "Arm s "  the flip-flop ( F ) ,  or puts  it  in a 
" ready " condition by removing a blocking 
bias voltage. 

4 .  Energizes the transient blocking circuit (K).  

In the absence of received carrier, the NOT cir­
cuit B has an o utput w hich is fed into the AND cir­
cuit D. After 3 ms. , the o utput of time delay C is also 
fed into D.  If both these inputs continue for another 
3 ms . ,  the output of E op erates the flip-flop F, and 
in turn the trip amplifier G which energizes the trip­
ping relay AR to complete the trip circuit through AR 
relay contacts ARP or ARG. Thi s operation will be 
completed before the transient blocking becomes ef­
fective .  

T h e  function of t h e  CARRIER-SQUELCH block L 
is to hold carrier off (for about 150  milliseconds) 
after the trip circuit is completed for an internal 
fault. Thi s is to prevent unde sirable blocking where 
sequential relay operation may qccur at the terminals 
of a protected line section for an internal fault with 
widely different fault currents at the two terminal s.  

EXTE RNAL FAU L T  

I f  carrier is  received from the remote terminal 
when 2 1 P  or 67N operates ( as for an external fault) ,  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the conditions will 
not be set up for tripping. The "carrier- stop " block 
H functions ( when 2 1P or 67N operates )  to stop car­
rier transmi ssion on tho se internal faults for which 
carrier may be started by 21S phase relay (00 or 3 0) 
or lo s ( at M). For those internal ground faults which 
may not op erate the 67N Io contact, operation of Do 
of 67N and los (thru los AMP at J)  energizes a second 
AND circuit ( at I) to stop carrier ( at H).  www . 
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TYP E SKA CARR I E R  AUXI L I ARY R EL AY I . L . 4 1 -9 2J . sa 
----------------------------------------��� 

o.l @ CIRCUIT E L EMENT 
BRACKETED ON 5430111 

762A723 

* Fi g. 3. Logi c Diagram for th e Type SKA Relay. 

If tripping do es not tak e  place within 25 m s .  after 
the protective relays operate,  a TRANSIENT BLOCK­
ING circuit at K is energized which de-sensiti zes 
the FLIP-FLOP to prevent po ssible undesired trip­
ping during transients occurring at the clearing (el se­
where) of an external fault. 

SEQU ENTIAL FAULTS 

Occ asionally an external fault will be followed 
by an internal fault before the former is cleared. In 
order to prevent a long delay in clearing such a in­
ternal fault, a "transient unblocking" feature is  in­
cluded at K 1• Although transient blocking has been 
set up by the i nitial external fault, the presence of 
an internal fault will cause an output from the AND 
at D. Thi s output will energize the transient un­
blocking circuit which, after 25 ms. , will allow the 
flip-flop to operate,  and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R EL AY CI RCUI TRY 

The connections of the logic elements to the re­
lay terminal s are shown on the internal schematic,  
Fig.  4 .  This diagram also indicates the major exter­
nal circuit connections to the relay terminals.  The 

* complete detailed relay circuit is shown in Fig. 5 .  
The co mponents enclosed by the heavy broken lines 
in thi s di agram are mounted on the two printed cir­
cuit boards of the SKA relay.  The operation of the 
individual circuit components is exp lained in the fol­
lowing p aragraphs.  The l etters identifying the l ogic 
elements in Fig. 3 are also us ed to identify the cor­
responding portion of the circuit in Fig. 5 .  

B - NOT circui t  

In t h e  abs ence o f  received carri er, transistor Q 5 1  
is  normally conducting. Under this condition, tran­
sistor Q51  has a tripping output. When carrier is re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 12 
to approximately +4 5 volts.  Thi s raises the base o f  
Q5 1 above its emitter potential ( +22V. ) , thus cutting 
off collector current. Thus, w hen carrier is  received, 
there is  no positive tripping output from the NOT cir­
cuit B .  

* C-3/20 MS ( ADJU STABL E) TI M E  DELAY: 
D-TWO- I N PUT AN D 
Under normal conditions , transistor Q52 is not con-
ducting; thus the po sitive potential of the collector 
of transistor Q52 is not a tripping conditio n. When 
relay terminal 4 or 20 is made po sitive by the opera-
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TYP E SKA CARR I E R  AUX I L IARY RELAY _____________________ _ 

liiP h liiP 

f--M: 110 t.I.C. 

c.t.m STATIC 
CIICIITI't'-

OWG. VOLTS O.C 
� 125 
1112811 !50 
1110111 " 

TIIPPIII 

llU' 

... ..... 
nn •nCI 

TUIUUl 

762A752 
*Fig. 4. I nternal Schematic for the Type SKA R e lay in 

the F T32 Case. 

tion of a protective relay,  this po sitive potential is 
applied thru Zener diode Z53 or Z54 and diode D 5 1  
to the time delay circuit C .  When thi s occurs, c ap a-

* citor C50 starts to charge thru resistors R5 2 ,  R103 
and R54 .  After a time delay of approximately 3 milli­
seconds ( adjustable) ,  the voltage on C50 is suffi­
cient to cau s e  Zener diode Z52 to conduct, thus 
making the base o f  Q52 positive.  Under thi s  condi­
tion,  transistor Q52 is switched on and its coll ector 
potenti al drops to a very low value .  Thus , for an 
op eration of 2 1 P  or 67N and with no carrier received, 
transi stors Q52 and Q53 of the 2-input AND at D will 
both be in a conducting condition. This combination 
will remove the po sitive potential from the b as e  of 
transistor Q54 , thus cutting off its collector current, 
and represents a tripping condition.  If, however , 
carrier i s  received at the sam e  time that 2 1 P  or 67N 
op erates ,  the reception of carrier will cau s e  Q5 1 
and Q53 to turn o ff, raising the potential of Q53 
collector and Q54 bas e ,  thus keeping Q54 conduct­
ing. The output of Q54 under this condition repre­
sents a blocking or non-tripping condition. 

E - 3/0 m s  TIME DELAY. Under normal co ndi­
tions , Q54 is in a co nducting state. This provides a 
p ath for current to flow from the emitt er to the base 
of transistor Q55 and then thru the collector circuit 
of Q54 , keeping Q55 turned on. Under this conditio n,  
transistor Q55 short circuits or bypasses capacitor 
C 5 1 ,  preventing it from charging up. Under the condi-

6 

tion for tripping explained in the previou s  section ,  
transistor Q55 is turned off, allowing C 5 1  to  charge 
thru resistors R70 and R69. After a calibrated tim� 
delay of 3 milli seconds,  the voltage acro ss capaci­
tor C 5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit,  is sufficient 
to cause operation of the flip-flop . The time delay 
circuit E has no i ntentio nal reset tim e  delay. If a 
tripping condition is indicated for 1 or 2 milli s econds 
such as during a reversal o f  fault power flow, as 
soon as transistor Q55 again conducts. The capaci­
tor C 5 1  is rapidly discharged thru Q55,  diode D52,  
and resi stor R70.  The rapid re setting of the time de­
l ay circuit E prevents possible notching up of the 
charge on capacitor C51 during momentary inter­
mittent interruptions of the carrier blo cking signal .  
Thi s time delay i n  conjunction with that provided in 
circuit C are ample to provide coordination of the 
carrier-start and tripping protective rel ays at the 
two ends of a line circuit during fault conditio ns. 

F - FLIP- FLOP CI RCUI T. The flip-flop circuit 
consists of transistors Q58 and Q59 and associated 
components. Under normal co nditions , transistor Q58 
is in a non-conducting, and transistor 59 is  fully con­
ducting. The base of transistor Q59 is held w ell be­
low its emitter potential by means of the voltage di­
vider consisting of resistors R86, R84, diode D57 ,  
and resistor R83 .  With this bias, transistor Q59 i s  
held in saturation ,  and t h e  flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58 , transistor Q59 would not turn off. 
Thi s desensitizing circuit is  an arrangement to pre­
vent inadvertant operation of the flip-flop caused by 
surges on the de sy stem. As long as Q59 is conduct­
ing, its collector is at a high enough po sitive poten­
tial that transistor Q61 in the tripping amplifier can­
not turn on.  

Upon the occurence o f  an internal fault,  posi­
tive 125 volts de is suppli ed to either terminal 4 or 
20 of the SKA relay. Through the Zener diodes Z53 

* or Z54 , plus di ode D55 and resistors R8 2 and R8 3 ,  
the desensitizing bias is removed from transistor 
Q59 .  This is accomplished by makin g the potenti al 
of the junction of resi stors R8 2 and R8 3 higher than 
the positive 22 volt supply for the flip-flop circuit. 
When this occurs , there is  no current flow through 
resistor R84 and diode D57 , and the flip-flop is  now 
" armed " ,  or in a ready condition for a tripping op er­
ation. After the three-millisecond tim e  del ays of 
circuits C and E have elapsed ,  the potential acro ss 
capacitor C51  is sufficient to cau s e  Q58 to conduct. 
This immediately causes operation of the flip-flop ,  
turning off transistor Q59 . When Q59 i s  no longer 
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detail in th e previous s ecti o n  ( M ) and by dotted 
lines to the right of terminal s  8, 9 ,  19 , and 18 of the 
SK A  relay ( Fig. 3 ) ,  so th at wh en i t  conducts it 
stops the transmission o f  c arri er. Thi s i s  the c ar­
ri er stop circuit section H .  The combination o f  oper­
ation o f  the directional unit Do in th e carri er ground 
rel ay 67N and the p re sence o f  ground fault current 
compri ses o n e  condition for stopping c arri er. Thi s 
combination i s  necessary to h andl e fault current 
values below the pi ckup of the 1 0  tripping unit o f  
the 6 7 N  rel ay. 

If the ground fault current is high enough for the 
operation of  both Do and Ia o f  the c arrier ground re­
l ay,  this will apply a positive potential to SKA relay 
terminal 4 .  Thru the circuit starting from rel ay ter­
minal 4 thru Zen er diode Z54, resistor R26, and diode 
D l l  in the carrier stop rel ay circuit H, the applica­
tion of positive potential to the base of transistor 
Q6 turns it on and stops carrier by applying a low 
resistance p ath from relay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3 686B 
in the TC transmitter (shown dotted at the right o f  
t h e  relay terminals) .  Similarly, for phase faults, the 
closing of 2 1 P  ( Z 2) applies positive to SKA relay 
terminal 20, through diode Z53,  resistor R26, and 
diode D 1 1  to the base of Q6, turning it on to stop 
carrier. The operation of 67N or 2 1 P  directly ener­
gize the second input to the 3-input OR. The third 
input is from the carrier squelch circuit, as described 
in the next s ection. 

L - CARRI ER SQU ELCH . Wh en the trip ampli­
fi er G is energi zed as a result of an internal fault,  
the turning o n  o f  transi stor Q64 drop s its coll ector 
voltage to a very lo w valu e. The collector circuit o f  
Q64 i s  also connected from th e rear bo ard terminal 
18 to the front bo ard termin al 16 , the resistor R3 1 
and the base of tran si stor Q8 . Applying a negative 
potenti al from Q64 to thi s circuit allows transi stor 
Q8 to turn on, thus providing a p ath for rapidly 
charging capacitor C3 thru diode D 12 ,  tran sistor Q8, 
diode D 14 ,  resi stor R33, and diode D 13 .  Thi s p o si­
tive potential on cap acitor C3 is applied, through 
R34 , to the b ase input circuit o f  the c arrier- stop 
transistor Q6 . Thu s when a tripping op eratio n  o c­
curs, the carri er-stop circuit i s  energi zed for a 
p eriod o f  1 20 to 160 mill iseconds to hold c arrier in 
the "o ff" condition at th at terminal to allow the 
tripping o f  other terminals which m ay  h ave to op er­
ate sequentially because o f  the distribution o f  
fault current. P ro vi sion i s  m ade for external initi a-

* tion of c arri er s qu elch by applying po sitive d-e to 
r el ay terminal 6. Thi s allows a p ath for rapidly 
ch arging c ap acitor C3 through resistors R39 and 
R33 and diode D 1 2  as above.  

It will be noted that an output of  the carrier con­
trol circuit at relay terminal 8 is  also connected to 
the rear printed circuit and through diode D60 to the 
transient blo cking circuit. This circuit i s  provided 
so that for an external fault, where the directional 
element rem ains open and only the overcurrent unit 
operates, this will still allow energizing the tran­
sient blocking circuit .  Operation of the transi ent 
blo cking circuit by the -carrier-start overcurrent unit 
alone is desirable so that the transient blocking will 
be acting if  a power reversal o ccurs during the clear­
ing of· an e xternal fault. However, the flip-flop i s  not 
" armed" by the operation of the ground overcurrent 
carrier-start relay alone since this relay unit does 
not set up tripping. 

C H A R A C T E R ! S T I  C S  

The type SKA relay is shipped with the carrier­
start o vercurrent unit s et for 0. 5- ampere pi ckup and 
0 . 4- ampere dropout current. This setting i s  satisfac­
tory for most applications .  The range of pickup ad­
j ustment of this unit is 0 . 5  to 2 .0  amp eres. The drop­
out is 80 percent of pickup. 

The pick up and dropout characteri stics of the 
various time-delay circuits of  the relay l ogic are 
given in the OPERATION sections. 

Burden of O '�ereurrent unit: 

At 0 . 5- amp. pickup setting: 0. 2 v . a. at 0 . 5  a, 60 cycl es 
7 .8  v . a. at 5 .0  a, 60 cycl es 

S E T T I N G S 

Normally, there are no settings to be m ade on the 
SKA relay. The 0 . 5-ampere pickup of  the ground over­
current carrier-start unit ( los) and the various tim e  
delay circuits are factory adjustments. F o r  most ap­
plications,  a pickup current of 0 . 5  ampere for the los 
unit is satisfactory. If conditions require, the pickup 
can be changed to any value between 0.5 and 2.0 am­
peres, as explained under Calibration in the Adjust­
ment and Maintenance section. 

I N S T A L L A T I O N  

The relay should be mounted on a switchboard 
p anel or its e quival ent in a lo cation free from dirt, 
moisture ,  e xcessive vibration, and heat.  Mount the 
relay vertically by means of four mounting hole s  on 
the flange for semi-flush mounting or  by means of 
the rear mounting studs for proj ection mounting. 
Either a mounting stud or the mounting screws m ay 
be utilized for grounding the relay. The electrical 
connections may be m ade directly to the terminal s  
b y  means o f  screws for steel p anel mounting or  to 
the terminal studs furnished with the relay for thick 
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TYP E SKA CAR RI E R  AUXI LIARY RELAY----------------------

p anel mounting. The terminal stud s may be e asily 
remo ved or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench . 

The o utline and drilling pl an of the typ e SKA re­
l ay in the FT- 32 case is s hown in Fi g. 1 7. 

A D J U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of the SKA rel ay can be check ed 

1.0 AMP 
60 CYC � 

TO CONTACT 
1 LIGHT CKT 
(8 TERM 10) 

VIEW OF RELAY 
NEG 
D C 

by connecting it i n  accordanc e with Fig. 7 .  Operat e  
t h e  switche s 1 ,  2 ,  and 3 ,  and apply 1 ampere, 60 
cycl es as i ndicated for the six test conditions in 
Table I .  The operation of the type AR tripping rel ay 

or the pre sence of carrier control voltage ( 20 volts 
de) as listed in the columns o f  Tabl e I will check 
the performance of the logic circuits and other com­
ponents of the complete relay. The right-hand column 
of Table I indicates the protective relay operation 
represented by the six test condition s .  

NEG DC 

TO CONTACT 
LIGHT CKT 
( 8 TE RM I J  

IN36868 (20 V, 0.75 W 
ZENER DIODE) 

NOTE FRONT IJSW·I 

(45 8 125) 

POS 125 Y 

Fig. 7. Test Diagram fo r Typ e SKA R el ay. 

TABL E I 
-�---

S E T T I N G S  -lf R E S P O N S E  

Test Cur. at  AR D.C. Volts 
Operating Condition Represented SW- 1 SW-2 SW-3 Term. i l Relay Term. 9-5 

1 6- 1 7  

I 
1 0 0 0 Zero I open Zero Normal 

2 C li't 0 0 Zero clo s ed Zero 2 1P or 67N operation 

3 clo se close 0 Zero open Zero 2 1P and received carrier 
2nd 1st � 

4 0 0 0 01 1 . 0  amp op en 20V los c arrier-start 

5 0 0 C l  1 . 0  I open Zero Do and los operation 

1 . 0  
: 

closed Zero * Do and Io trip and Io s 6 Cl 0 C l  I 
0 = op en 

C l  = close 
Ill = or 2 x pickup � = close SW- 2, then SW- 1 
tt = close SW- 1 with lead connected first to term. 4 then to term . 20. 

1 2  

' 
t 
' 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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B. Cal i bration Check 

The pickup and dropout current value s for the 
carrier-start overcurrent ground rel ay Cios ) can be 
checked u sing the same test connections shown in 
Fig. 7 .  With switches 1 ,  2 ,  3 all open, apply a 50-
cycle current to terminals 16 and 17 of the SKA re­
l ay.  Increase thi s current gradually. At a current 
l evel of approximately 0 . 5  ampere, the d-e voltmeter 
reading will suddenly increase from 0 to approximate­
ly 20 volts .  This is the pickup point of the over­
current relay. Now reduce the current applied to ter­
minal 16 and 17.  At approximately 0 . 4  amp ere (80% 
o f  the pickup value),  the d-e voltage will drop to 
zero . The zero value of d-e voltage may be a few 
tenths of a volt rather than exactly zero .  The low 
value of voltage is the drop across the transistor 
Q7 when it is  fully conducting. 

The overall operating time of the SKA relay can 
be checked using test condition #2. Arrange to start 
a timer, or the single sweep of a cathode-ray o scillo­
scope provided with this operating feature,  when 
switch SW- 1 is clo sed. The timer can be stopped by 
the closing of the relay trip circuit between terminal s  
1 and 1 0 ,  o r  b y  applying a d-e voltage from an ex­
ternal so urce thru the relay trip circuit to the timer 
or to the vertical deflection input o f  the o scillo scope. 
The time from the clo sing of SW- 1 until the trip cir­
cuit is completed should be in the order of 9 to 1 2  
millis econd s .  I f  a double-pole,  single-throw switch 
is  used to energize the relay and start the timing d e­
vice , be sure that both poles of the switch close 
within a millisecond of e ach other . 

The performance of the operation indicator can 
be checked while the circuit of Fig. 7 is set up by 
connecting the relay trip circuit (terminal s 1 and 10) 
to an external source of approximately 1 .  5 amperes 
de, using external current-limiting resistance. When 
switch SW- 1 is  closed, the indicator should drop its 
target. NOTE: Do not try to interrupt the 1.  5-ampere 
direct current by opening SW- 1 as the AR tripping re­
l ay will not interrupt thi s current. Instead, open the 
trip circuit external to the SKA relay,  then open SW- 1 . 

C. Recommended Routine Maintenance 

The contacts of the type AR tripping relay should 
be periodically cleaned. A contact burnisher such as 
Stt182A83 6H0 1 is recommended for thi s p urpose. Be 
careful not to distort the moving contact spring fin­
gers during burnishing operation. The use of abrasive 
materi al is  not recommended because of the danger o f  
embedding small particles i n  the face o f  the soft sil­
ver and thu s impairing the contact performance. 

The proper adjustments to insure correct opera­
tion of thi s relay have been made at the factory and 
should not be disturbed after receipt by the customer.  
If the adjustments have been changed, or components 
have been replaced which may affect the calibratio n, 
or if  it is  desired to check the adj ustments at regular 
maintenance periods,  t he instructions in the calibra­
tion section should be followed. 

D. Cal i bration 
1. Tripping Relay (AR ) .  The type AR tripping relay 

unit has been properly adj usted at the factory to 
insure correct operation, and under normal field 
conditions should not require re adj ustment. If,  
however , the adj ustments are disturbed in error , 
or it becomes necessary to replace some part , use 
the following adj ustment procedure.  This pro­
cedure s ho uld not be used until it is apparent that 
the relay is not in proper working ord er , and then 
only if suitable tools are available for checking 
the adj ustments .  
a.  Adjust t h e  set screw at the rear o f  the top o f  

the frame to obtain a 0 .  009-inch gap at t h e  rear 
end of the armature air gap .  

b .  Adjust e ach contact spring t o  obtain 4 grams 
pre ssure at the very end of the spring. This 
is measured when the spring move s away from 
the edge of the insulated crosspiece.  

c .  Adjust each stationary contact screw to ob­
tain a contact gap of 0 .  020-inch.  This will 
give 15-30 grams contact pre ssure. This com­
pletes t he adjustment procedure for t he AR 
tripping relay unit . 

2 .  Static Overcurrent Unit: To test this portion of 
the relay, use the connections shown below. 

I S K A  - � : TERM'S 10---1:::] L--+--o l 6  

60 CYC : 
[ 7  

I 

�o;:.:s::.... 
4:..::.5:..::.v ___ +-0 7 

NEG. D.C. 

20 V. Z E NER 
DIODE 
( I N 3 6 8 6  OR 

EQUIV. )  
D.C. V M 

0-25 

763A913 
Fig. 8. Test Connections fo r  the l.o s Unit o f  the Type 

SKA Relay. 
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TYP E SKA CAR R I E R  AUXILIARY R ELAY--
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With the 45 volts d. c. applied, the d-e voltmeter 
will initially read zero (perhaps as much as 0 . 3-
volt de. ) .  Slowly increase the 60-cycle current ap­
plied to terminals 1 6  and 1 7 .  At a current of 0 . 5  
ampere a. c . , the voltmeter reading should sud­
denly increase to approximately 20 volts. Loosen 
the lock-nut for adj usting R3, and again lock it 
after any adj ustments hav e been made. If it is 
necessary to adj ust the pickup , turning th e slotted 
shaft of potentiometer R3 in a clockwise direction 
will increase the pickup current. Conversely, if a 
lower pickup current is desired, turn the shaft 
counterclockwise.  The range of pickup adjust­
ment is 0 . 5  to 2 . 0  amperes, 60 cycles.  After the 
relay has picked up , slowly reduce the 60-cycle 
current. At 80 percent of pickup ( 0 . 4  amp . for a 
0 .  5-amp . ), the relay should drop out as pickup 
indicat�d by the voltmeter reading dropping to 
zero . If this point needs adjustment, loo sen the 
lock-nut on the resistor R9 and turn the shaft of 
R9 clockwise to increase the dropout current o r  
counterwise to reduce t h e  dropout current. After 
this point has been set, tighten the lock-nut and 
mak e  a final check of the dropout current value.  
Do not try to set the dropout below 80 percent as 
the relay may not reset at all . 

3. Operation Indicator .  The operation indicator should 
pick up and drop the indicator target when the 
current is between 1 and 1 .  2 amperes d-e. To in­
crease the pick-up current, remove th e molded 
cover and bend the springs out or away from the 
cover. To decrease the pick-up current, bend the 
springs in toward the co ver. 

M ak e  sure that the target drops freely when the 
unit operates.  

* 4 .  Time D el ay s  in Logic Circuit s. There are six 
tim e-del ay circuit s  in the SKA relay. These can 
be checked m o st e asily using a cathode-ray 
o scillo scop e having provision for a singl e sweep 
and an external tri gger source. The scope should 
preferably h ave a calibrated horizontal sweep 
which can be read l.n milli seconds directly from 
the grid on th e screen of the scope. The follo w­
ing p aragraphs will e xplain th e procedure to be 
used and the conn ection s  necessary for checking 
or recalibrating e ach o f  th e tim e  del ay circuit s 
separately. Note: The rotation "30/ 20 MS" on 
the logic diagram and o n  the internal sch em atic 
m eans 3 milli seconds pickup time,  20 milli­
seconds dropout time.  The figure "0+" mean s  
n o  intentional time del ay. 

a. 3/ 20 ms. time del ay (s ection C of circuit) 

1 4  

1 .  Make the connections shown i n  Fig. 9 .  

POS .  125 V,D.C..o-------SWt- l  SKA 

IO TP52:1§��-
S KA  tr.tE TP6 4 P Q S  45 V. o---0 �S K A  

�SCOPE T R I G G E R  � f { 45 8125 ) NEG. D.C.0)----.._ ___ _J� N PUT 

* Fig. 9, Test Connections fo r the 3/20 MS Time Delay 
Un i t  of the Type SKA Relay. 

2. Set the scope sweep- sp eed for around 5 
millisecond s time to mak e  one sweep. 

* 3 .  Appro xim ately 3 ms. after SW- 1 is clo sed, 
the d-c voltage acro ss TP 5 2  ( +) to TP6 4  (-) 
will drop from 7 volts to nearly zero. The 
sudden drop in verti c al position of the 
trace will indic ate completion of the time 
del ay. Thi s time is factory set between 
2. 7 and 3. 3 ms. , but may be lowered to 
l ess th an 2. 0 m s. by moving potentiometer 
R54 counterclock wise,  and increased to 
7 . 0  m s. by moving R54 clock wise.  

4 .  Reset scope and change sweep speed to 
measure 20 m s .  Open SW- 1 and note dropout 
time.  The time should be in the range of 17 
to 23 milliseconds. If time is appreciably 
outside this range, change R5 3.  Increasing 
R53 will increase dropout time ;  decreasing 

it  will reduce dropout time .  

b .  3/0+ time delay of flip-flop ( sections E and F 
of circuit). 

1. Make the connections shown in Fig. 10 .  

SW-1 SKA 

0 p S T I 10 l W 

POS 1 2 5 V D C 0  ;:�---
SWITCH : MEG 2 \ : SCOPE TR IGGER S K A  

P O S  45 DC.----0 r� 
SKA 

S W - 1  

I 45 a 1 25 )  NEG -0 TP52 TP64 

- - _SCOPE 
TPSO PROBE 

C55 �G 
JUMPER 

763A915 
'li- Fig. 10. Test Connections for the 3/0 MS Time Delay 

Unit and the Flip- Flop of the Typ e SKA Relay. 
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TY P E  SKA CA RRI E R  AUXI LIARY R E LAY 

2.  Start with SW- 1 open. Note: Both poles of 
SW- 1 must clo se simultaneously - well with­
in one millisecond of each other_ 

3 .  Temporarily short out C55 with a short clip 
l e ad . 

4. Set R79 on SKA sub panel to 90 p ercent of  
full counterclockwise - only if setting h as 
been previously disturbed. If timing is j u st 
being checked, do not initially change set­
ting. 

5 .  Close SW- 1 .  (AR relay will pick up ) .  Note 
time delay indication on scop e trace .  It 
should be 2 .7  to 3 . 3  ms. 

* 6.  Thi s tim e  del ay c an b e  aclj usted by R79 on 
rel ay subp aneL Loo sen lock-nuL Turn 
sh aft clo ckwise to increase ti m e  del ay. 
Adj u st if  necessary to 3 ms. ± 10 p erc ent. 

7. Opening SW- 1 re sets 3-ms .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8 .  When calibration is  satisfactory, tighten 
lo cknut and remove C55 j umper_ 

c. Carrier Squelch ( section L of circuit ) .  

1 .  Make t h e  connections shown in F i g .  1 1 . 

P OS. I20 V

�t- l S:A 

SKA JO P.4 EG. 

P OS 4 5  o------0 
TRIGGER I N PUT 

S KA 

SCOP£ 
PROBE 

( 4 5 8 125)NEG .. o-----{ SH I ELD 
LEAD 

\� 0 6 AMP 
60 CYC SKA 

� 

20 V ZENER DIODE 
IN3686 OR EQUIV 

763A916 1 
Fig. 1 1 . Test Connections for the Carrier Squelch Unit  

of the Typ e SKA Relay. 

2. Apply d . c . ;  then 0 . 6  amp . ,  60 cycl es (or 
1 20 percent of pickup ); then close sw� 1 '  
and reset scope trigger_ ( It may be neces­
s ary to set scope for negative sweep-trigger­
ing voltag e) .  Set -range to around 200 ms. 
Note: Voltage acro ss SKA terminals 1 8  (-) 
9 ( +) will j ump fro m zero to 20 volts d . c. 
when a-c is  applied, then back to zero when 
SW- 1 i s  closed. 

3 .  Open SW- 1 to start carrier-squelch timing. 
After about 1 20 ms. , scope trace will rise 
to 20-volt value.  Rise will not be sudden, 

I . L . 4 1 -923. 5 B  

but will start at about 120 ms. , and m ay 
take to 1 60- 200 ms. , to reach final value .  
No adj ustment, since the carrier- squ elch 
time is not critical . 

d. Transient Blocking (part of section K o f  circuit) .  

1 .  Make the connections shown in Fig. 12.  

SW- 1 SKA 
POS 125 

vo----_/ -1

-

00-+---t:-1 --{ 

4 

SKA MEG z w  
P O S. 45

o-----O 

SCOPE 
TRIGGE� 

SKA 

{

4

5 6 1 2 5 )NEG 

ADO JUMPER 

TP 633=-- PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Block ing 

Unit o f  th e Type SKA R el ay. 

2. Set scope sweep-sp eed to me asure about 
30-40 ms.  m ax. 

3 .  With d. c. applied, close SW- 1 .  After 20 to 
30 ms. , the scope trace will s uddenly drop 
frurn about 20 volts to zero. Open SW- 1 and 
reset scop e .  

* 4 .  Thi s tim e  del ay m ay b e  increased b y  mo v­
ing potentio meter R9 3  clockwise and de­
creased by moving R9 3  counterclock wi se. 

5 .  Remove test j umper_ 

e. Transient Unblo cking (part of  section K of  
circuit) 

1. Make the connections shown in Fig. 1 3 .  

S K A  S W - 1  � T O S C OPE POS. 4 5 � ,
---�

T R I G G E R  

"""� --:'":�. 

* Fig. 13. Test Connections for the Tran sien t Unblo cking o f  
t h e  Typ e SKA Relay. 
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TYP E SKA CAR R I E R  AUXILI ARY R E LAY 

* 
TABL E I I  

Test Poi nt Vol tages (to negati ve d.c.) 

Test Con d i t i o n  ( F rom Table  I and F i g. 6)  

Test Point  1 2 3 

D. C .  M a  ( Fi g. 7) 90 240 1 15 

TP- 4  6. 5 6 . 5  6 . 5  

5 6 . 7  6 . 7  6 . 7  

6 6 . 6 6 . 6  6 . 6  
7 < 0 . 5 < 0 . 5  < 0. 5  

8 7 . 6  7 . 6  7 . 6  
9 7 . 5 7 . 5  7 . 5 

10 < o . 5  < 0. 5 < 0 . 5 
1 1  2 1 . 6  2 1. 0  2 1 . 5  
1 2  - - -
13 <o. 5  < 0 . 5  < 0. 5 

14 2 2 . 5  22. 5 22. 5 

15  <0. 5 < 0. 5  < 0 . 5  

1 6  0 45 0 

17 3. 5 3. 5 3 . 5  

5 1  2 1 . 5  2 1 . 5  < 0 . 5  �-

52 7 . 4  < 0 . 5  < 0 . 5  
5 3  < o . 5  < 0 . 5  7 . 3  
5 4  < o . 5  2 1 . 8  < 0 . 5 
55 2 1 . 5  1 . 3  2 1 . 5  
56 0 9 . 2  0 
57 3 . 5  20 3 . 6  
5 8  20 .0  7 . 8  20 . 0  

5 9  0 1 4 . 5  0 
60 45.0  < 0 . 5  45 
6 1  18 < 0 . 5  < 0 . 5  
6 2  0 . 6  < 0 . 5  7 . 4  -
63 2 1  lJ 20 . 5  < o. 5  

2 .  Set scop e sweep-speed as for previo us 
section. 

3.  Apply d.c. , then close SW- 1 .  (Both poles 
must close simultaneously . )  After 20 to 30 
m s,. ,  the scope trace will suddenly rise 
from zero to about 20 volts. If time is out­
side 20-30 ms. limits, reduce R73 to shorter 
time, or increase R73 to l engthen time.  

4 .  Remove jumper. 

Thi s completes the calibration checks of the 
various time delay circuits. 

1 6  

4 5 6 

90 105 250 

20 20 . 5  20. 5 

6 . 7  6 . 7  6 . 8  

< 0 . 5  < 0 . 5  < 0 . 5  

19 . 0  19 .0  1 9 . 0  

7. 6 < 0 . 5  < 0 . 5 
< 0 . 5  < 0 . 5  < 0 . 5  

< 0. 5 1 1 . 6  1 1 . 6  
2 1 . 5  22.0 2 1 . 5  - - -
19 . 8  0 . 25 0 . 15  

22. 5 22. 5 22.0  
2 1. 0  1 . 0 5  0 . 9  

0 0 45 

<0 . 5  <0. 5 <0. 5 

2 1 . 5  2 1 . 5  2 1 . 5  - --
7 . 4  7 . 4  < 0 . 5  --

< 0. 5  <0 . 5  < 0 . 5  
< 0 . 5  < 0 . 5  22 .0  

2 1 . 5  2 1 . 5  1 . 3  

0 0 9 . 2  

3 . 5  3 . 5  20 

20 .0  20 .0  7 .8  

0 0 1 4 . 5  

45 45 < 0 . 5  

< 0 . 5  1 7 . 0  < 0 . 5  

7 . 4  0 . 65 < 0. 5  

< 0. 5 20 . 5  20. 5 

E. El ectrical Checkpo ints 

(Not a relay test point <TP- 1 2  is neg _ d . c .  on 
front printed circuit 
board. 

�eg. d.c.  

<Type-64 is neg_  d . c .  
o n  rear printed circuit 
board. 

Note: < 0 .  5 m ean s  
"l ess th an 0.  5" 

With the SK A relay connected as shown in Fig. 
7 ,  the d-e voltages at the test points on the two 
printed circuit boards are listed in th e following 
table for the six test conditions tabulated in Table 
I. The se values can be checked on a new relay, then 
kept for a reference if trouble shooting becomes neces­
sary at a later date. The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays. 

Return to TEST 4 except pass just pi ckup current 
(0. 5 amp . ,  60 cycles unless relay has been recalibrated) www . 
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TY P E  SKA CARRI E R  AUXI LIARY R E LAY __________________ ____...;I_
. L

_ 
. ....;..41'-'-9..;;;.2�3 .

_
s s  

through terminals 1 6  and 1 7 .  Check the a-c voltages 
tabulated below, using a vacuum-tube voltmeter: 

Test Points 

TP 1 to TP 2 
TP 1 to TP 3 

Voltage 

3 . 5  v . a . c .  
3 . 5 v . a. c . 

NOTE: The above two voltage readings should not 
differ by more than 5 percent, although the actual 
value will va"ry from one rel ay to ano ther. 

F. Trouble- shooting 

The components of the SKA relay are operated 
well within their ratings,  and under normal co nditions 
should give long, trouble-free service.  However, if a 
relay has given an indication of trouble in service or 
during routine check s ,  the followi ng procedure is  sug­
gested for trouble-shooting :  

If i t  is  desired t o  check the SKA relay in position 
on the switchboard, a test cable is  available fo r 
bringing the re ar printed circuit bo ard to an accessi­
bl e po sition outside the relay.  In use ,  the rel ay chas­
sis is first removed fro m its case, then the rear 

T E ST SYMP TOM 

1 No 22-volt supply 

1 Incorrect test point volt age 

··��--- ·� 

2 AR .clay do e s  not operate 

3 AR relay doe s operate 

--

4 No 20 v . d . c. at SKA terms 9 and 5 

' 

printed circuit board is removed. In its p lace is in­
serted a co nne ctor board provided with 3 ft. or 6 ft. 
of 1 9-conductor " ribbon" cable ,  and a similar recep­
tacle for the removed SKA circuit board at t he other 
end. The rel ay chassis is now re-ins erted in its case, 
and both the front and rear boards are accessible for 

maintenance.  The test cable is shown in Fig. 1 6  

Under standby conditions, the test point voltages 
should essentially agree with the values listed in 
Table II under Test Condition 1 ( first column of 
voltages) .  If these values are correct , the relay should 
then be check ed per Fig. 7 and Table I, as explained 
in ADJUSTMENT AN D M AI NTEN ANC E ,  Section A, 
Acceptance Test. Following is a tabulation of some 
symptom s ,  and the sections of the SKA relay which 
may be at fault. 

In locating troubl e with no specific component 
failure indicated, proceed as with any electronic de­
vice . Start at the input and gradually work through to 
the output circuit. For the SKA relay printed circuit 
boards, start at the l eft side ( circuit-wis e ,  per Fig. 
5 ) ,  checking voltages at e ach stag_e. Note that a box 
around a transistor number ( I Q 21 ) me ans that the 
transistor i s  normally conducting. 

POSSI BL E CAUSE 

1 .  Z4 s horted ( 2 2-volt zener) 
2. R28 open 
3 .  D9 open 

1. Failure of nearest associated transistor or 
diode. 

--�-- ---- -- -·--

L D efect in some circuit on rear printed circuit board 

1. Shorted Q5 1 ,  or Q5 2 
2. Defect in associ ated circuit 

1-- - -- �- -�-· --

Trouble in front printed circuit board: 
1. los overcurrent relay not op erating 
2. Transistor Q6,  Q7,  or QS shorted or held in 

conducting condition. 

5 20 volts d .c .  do es appe ar at SKA 
term ' s  9 and 5 

1 3. Other component failure 

I 1 .  lo s  po<tion of f<nnt p . c. bd. not opemting, m 

1 2. 2-input AND (I) not functioning 
i 

6 AR relay does not operate I 1 .  As for test 2, defect in some circuit on rear 
p . c .  bd. 

i 
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TYPE SKA CA RRI E R  AUXILIARY R E LAY 

TP15 TPG TP7 CBIO o o IIill e 0 

W (]I[] TPS f:::'\ � rru o e �  
� R 8 r::::ID.!:J 

[QI[J R 18 CB:lU f.::\ I.] 
[QIQ] � CIDQ] 0� []E) TP014 

(QU @ T<)2 iR5l 

[ill I c 3  
+ I 1;1 121 TP9 LiU LiiJ 

TP13 TPIG r;;;r � � 0 e � 'I"  
o o � o 4  L..:..____J e;o D � TPB 

TPI V L�� [lliJ 0 [ill 0 [QD cmJ CBru ron []I] � IUD [BID [BE] @TP2 [[[] 
[]]Q] [Rill []ill mu I o 

o-m-o � 8 . Cl I 
� O 

O TPI I  0 
TPIO TP'3 � I 

FRONT BOARD 
762A844 

TP62 I 
TP640  0 �059 � R93 L:::....:..:..: 

� R98 � [[IT] 

TP63 0 

ffiffi ffiill (ffi] [ill] 
T P55() rn:n:J 

e s  e e e 
lllil ffi!J IQill [ill) [ill] 0 [ill! [ill] [iffi] [[!QI [ill] a IIilll o [ill] !illl m TP61 THI T'64 � e o e TP6B e e o e 0 TP!53 OO])TP5� � � rn!Q) � 

� [@] Emf [!!!] !!ill 
TP60 (]!NJ []!il) TP 2� [§QJ (!W 0 � b � ?::::\ TP5J D QTP51 

� lillll � IDQI e � 
I C52 I riff I c s o  I [Jt• l  � � [ill] Q �  
··�.. � FJIF:ll �·· � F 060 �l_Ej R57 R53 

I �  � I 
REAR BOARD 

762A842 
* Fi g. 1 4. Compon en t Lo cation for the Front P rinted Circuit 

Board o f  the Type SKA R elay. 
* Fig. 15. Component Location fo r  the Rear P rinted Circuit 

Board of th e Type SKA R el ay. 

18 

APPROX. 
1--------------------"A" F T.------------------------to-1 

STYLE 

4 10 C 303GOI 
410 C 303G02 

DIM. A 

6 FT. 
3 F T.  

* Fig. 1 6 .  1 9  Terminal P rin ted Circuit Board Test H arness O u tline. 

644B341 
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TYPE SKA CAR R I E R AU XILIARY R EL AY 

G. Repl acement of pri nted-c i rcu i t  board components. 

When a defective resistor, capacitor, or diode is 
found, cut it out o f  the circuit by first clipping o ff 
its l eads on the component side of the printed circuit 
board. Then turn the board over, melt the solder hold· 
ing the remaining lead to the printed pad, and remove 
the lead with tweezers. NOTE: For su ch work, a 
6D-watt iron with a small ,  well-tinned tip is recom­
mended. Use a 60-40 ( tin-le ad)  rosin-core solder. Do 
not hold the iron against the printed-circuit board 
any longer than necessary to remove and replace the 
the component. If the terminal hole in the board closes 
up with so lder, use the iron to melt it, then open up 
the hole with fine awl or similar tool .  

Where transistors are mounted on small plastic 
pads,  the leads cannot be clipped off. In such a cas e ,  
melt the solder on one connection at a time,  while 
gently tilting back that section of the transistor. Be­
cause of the small flexible leads,  the transistor will 

I . L . 4 1 -923 . 5 8  

gradually separate from the board. 

Wherever possibl e ,  use a heat-sink ( such as an 
allig ator clip ) on any transistor or diode being sold­
ere d. As an alternat e ,  use a long-no sed pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E quipment 

1 .  Vacuum-tube voltmeter for a-c and d-e measure­
ments. 

2. Cathode-ray o scillo scope with provi sion for 
calibrated single sweep .  

REN EWAL PARTS • Rep air work can be done 
most satisfactorily at the factory. However, inter­
c hangeable p arts can be furni shed to the customers 
who are equipped for doing repair work . When order­
ing parts, alway s  give the complete namepl ate data. 
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TYPE SKA CARR I E R AUXILI ARY R E LAY
----------------------

EL ECTRI CAL PARTS L I ST 

Unl e ss O th erwi se Noted, All Resi stors Are 0. 5-Watt, ± 5% Tol .  

CIRCUIT 
DESCRIPTION STYL E NO. 

CIRCUIT 
DESCRIPTION STYL E NO. SYMBOL SYMBOL 

AR Tripping Rel ay 408 C8 45GO 1 R E SI STO RS 

CAPACI TO RS R l  5 0  ohms,  2 5W, 5% 1 340 38 8  
R2 150 ohm s, 25W, 5% 1267272 

Cl 0 . 5 mfd. , 200 V. D.C.  187 A6 24H0 3 R3 2.0K ohm s, 3 W, P ot. 185 A067H 17 

C2 0.  25 m fd. , 200 V . D . C. 187 A6 24H0 2 R4 2. 5K ohm s, . 25W, P ot. 6 29 A4 30H03 

C3 39 mfd. , 35 V . D . C. 187 A508H04 R5 2.7K ohms 184 A7 6 3H 37 

C4 1 50 m fd. , 6 V. D. C. 184 A6 6 1H08 R6 39K ohm s 184A7 6 3H 6 5  

C50 1 . 0  m fd. , 200 V. D . C .  1 8 7  A6 24H04 R7 18K ohm s 18 4 A7 6 3H57 

C 5 1  0.  2 2  mfd. , 400 V . D C.  188 A29 3H0 2 R8 3 .9K ohms, 1. W, 5% 187 A6 43H4 1 

C52 0 . 5 mfd. , 200 V . D . C. 187 A6 24H0 3 R9 200K ohms, 2W, P ot. 18 5 A0 67H 14 

C53 39 m fd. , 35 V. D . C .  187 A508H04 R IO 33K ohms 184A7 6 3H63 

C54 . 0 5  mfd. , 200 V . D . C. 187 A6 24H08 R l l  IOK ohm s 184 A7 6 3H 5 1  

C55 3 . 0  mfd. , 200 V . D . C .  188 A29 3H06 R 1 2  IOK ohms 18 4 A7 6 3H 5 1  
R 13 330 ohm s 184A7 6 3H 1 5  

DIODES R 14 IOK ohms 184 A7 6 3H5 1  
R 1 5  680K ohms 184A7 6 3H9 5 
R 1 6  120K o h m s  184 A7 6 3H77 

D 1 - D 7 R 17 IOK o hm s  184 A763H5 1 D 8 - D 13 IN459 A 18 4 A8 55H08 
R 18 IOK o hm s  184 A763H5 1 

D 14 IN2069 ( CER-69) 188A34 2H06 R 19 68K ohm s 18 4 A7 6 3H7 1 
D 8 - D 1 5  IN645A 837 A69 2H0 3 R20 68K ohm s 184A76 3H7 1 
D50 - D 58 IN459 A 184A8 5 5H08 R2 1 33K o hm s  184A763H63 

D59 IN9 1 18 2A8 8 1H04 R22 3 3K ohm s 18 4 A7 6 3H 6 3  
D60 IN4 59A 184A855H08 R23 IOK ohm s 184 A763H5 1 

R24 3. 3K ohms 184A763H39 
T RANSI STO RS R25 3 . 3K ohms 18 4 A763H39 

R26 6 2K ohm s 184 A76 3H70 
Q l  2N6 5 2 A  184A638 H 1 6  R27 5. 6K o hm s  184 A76 3H45 
Q2 2N697 184 A6 38H 18 R28 470 ohm s, 3 . W, 5% 184A636H20 
Q3 2N696 76 2A58 5H0 1 R29 IK ohms, 5 W, 5% 18 4 A859H 10 
Q4 2N696 7 6 2A585H0 1 R30 IK ohm s 184A763H27 
Q5 2N697 184A638 H 18 R3 1 2. 2K ohm s 184A7 6 3H35 
Q6 2N697 18 4 A6 38 H 18 R32 IOK ohms 184 A7 6 3H 5 1 
Q7 2N697 18 4 A6 38H 18 R33 3 30 ohm s, 2W, 5% 1 8 5A207H 1 5  
Q8 2N39 8 A  184A6 38 H 1 2  R34 1 . 2K ohm s 18 4 A7 6 3H 29 
Q9 2N3 4 17 848A8 5 1H0 2 R35 3 30K ohms, 2W, 5% 185A207H 1 5  
Q 5 1  2N6 5 2A 184 A638H 16 R36 2 2K ohm s 184A7 6 3H 59 
Q52 2N69 6 7 6 2A58 5H0 1 R37 IOK ohm s 184 A7 6 3H 5 1  
Q53 2N696 762A58 5H0 1 R38 10 o hm s  187 A290HO 1 
Q54 2N696 7 6 2 A585H0 1 R39 300 D , 2 5 W  F o r  4 8 V  1 20 2847 

Q55 - Q59 2N6 5 2 A  184A638H 1 6  1 250 D , 2 5 W  F o r  1 25 V  1 20 2589 
Q60 2N697 18 4 A6 38H 18 3000 D , 25W For 250 V 1 20 29 5 4  
Q6 1  2N6 5 2 A  184A6 38H 16 R50 IOK ohm s 18 4 A763H 5 1  
Q6 2 2N697 18 4 A6 38H 18 R5 1 lOOK ohms 184A76 3H7 5 
Q63 2N697 18 4 A6 38H 18 R52 47 ohms,  l W, 10% 184 A8 59H09 
Q64 2N699 184A638 H 19 R53 8 2K ohms, I W, 5% 187 A643H7 3 
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TYPE SKA CARR I ER AUXILIARY RE LAY ___________________ ___:,�· L:.:. • ..3.4 1:....;·9:..:2::..:.3 ·.::..::s s  

EL ECTRI CAL PARTS L IST (Continued) 

CIRCUIT DESCRIPTION STYL E NO . CIRCUIT DESCRIP TION STYLE NO . 
SYMBOL SYMBOL 

R ESI STO RS (Cont.) RESI STO RS (Cont.) 

R5 4 lOOK Pot.  6 29 A430H04 R9 1  4. 7 K  ohms 18 4 A7 6 3H43 

R55 1 20K ohms 184 A7 63H77 R9 2 6 . 8 K  ohms 184A763H47 

R56 lOK ohms 184 A7 63H5 1 R9 3 15K Pot.  629A430H08 

R57 lOK ohms 184A7 6 3H 5 1 R94 lOK ohms 184A7 6 3H 5 1  

R58 68K ohms 18 4 A7 63H7 1 R95 1. 5K ohms 184A763H3 1 
R59 lOK ohms 184 A7 6 3H 5 1 R96 lOK ohm s 184A7 6 3 H 5 1  
R60 68K ohms 184 A7 63H7 1 R97 470 ohm s 1 8 4 A763H 19 
R6 1 33K ohms 184A7 6 3H63 

R98 470 ohm s 184A7 6 3H l9 
R6 2 3 3K ohms 184A763H63 

R99 lOK ohm s 184A7 6 3H5 1 
R63 lOK ohms 184 A763H 5 1  

ohms 184A763H63 
R l\JO 2. 2K ohms 184A763H35 

R64 3 3K 

R65 3 . 3K ohms 184 A7 63H39 R lOl 800 o hms,  3 W, 5% 184A8 59H06 

R66 4.7K ohms 184A763H43 R l0 2 8 . 2K ,  YzW ± 5% 184A7 63H4 9 

R67 lK ohms 184 A7 63H27 R 10 3  3 3K ohms 184A763H63 

R68 3 3K ohms, l W, 5% 187 A643H6 3 TH5 1  Thermistor, lOK at 25°C 18 5A2 1 1H04 

R69 47K ohms 184A7 63H67 
TRAN SFO RM E R  

R70 4 . 7 K  ohms 18 4 A763H43 

R7 1 68K ohms 184A7 6 3H7 1 T l  Saturating Transformer 606B5 19G03 
R7 2 1 . 5K ohms 184 A763H3 1 

R73 lK o hm s ,  llzW ± 5% 184A763H27 Z EN ER DIODES 
R7 4 2 2K ohms 184 A763H59 

R7 5 8. 2K ohms 184A7 63H49 Z l  IN 1832C, 62V.  184A6 17H06 

R7 6 8. 2K ohm s 184 A763H49 Z 2  IN957B. 6 .8V.  18 6A797H06 

R77 470 ohm s 184A763Hl9  Z3 IN3686B , 20V. 185A2 1 2H06 

R78 4. 7K ohm s 184A763H43 Z4 IN3797B , 22V.  18 5 A089H09 

R79 lK ohms, 2W, P o t. 185 A0 67H09 Z5 IN3 05 1 ,  200V . 187 A9 36H0 1 

R80 2 2K ohm s 184A7 6 3H59 Z6 IN4370 184A6 3 9H 1 2  

R8 1 22K ohms 184A763H59 Z50 IN30 5 1 ,  200V. 187.A93 6H0 1 

R8 2 27K ohms 184 A7 6 3H6 1 Z 5 1  IN3686B, 20V . 1 85A2 1 2H06 

R8 3  6 . 8K ohms 184 A7 63H47 Z52 IN957B, 6 . 8V.  1 86A797H06 

R84 4 .7K ohms 184A763H43 Z53 IN305 1 ,  200V. 187 A9 36H0 1 

R8 5 4 . 7 K  ohm s 18 4 A763H43 Z54 IN30 5 1 ,  200 V .  187A93 6H0 1 

R86 lOK ohms 184 A763H5 1 Z55 IN9 57B,  6 . 8 V .  1 8 6A797H06 

R87 8 2K ohms 184A76 3H7 3 Z56 IN960B,  9 . 1 V .  1 8 6A797H10 

R88 15K ohms 184A763H55 Z57 IN957B, 6 .8V.  18 6A797H06 

R89 5. 6K ohms 184A763H45 Z58 IN9 57B, 6 .8V.  186A7 9 7H06 

R90 2. 2K ohms 184 A7 6 3H35 Z59 IN 1789 ,  56V.  584C434H08 
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TYPE SKA CARRIER AUXIL IARY R ELAY ____________________ _ 

TE .. I IAL! MII 
MOu,ITIRG DETAILS 

5 
r1 · ta sclfw 

( FOR THICK 
PMIEL US£ t.-18 STID) 

TEII41 UL 1111MB 

25 1L_ i; DI A. ' ltOLU FOI 

-l5 ! IT r- Y-' 

. 32 .... .  !( .... 

- 1 10 

PAIIEL CUTOUT &. DIU LLIIG 
FOR SEMI FLUSH MTG. 

PAIIEL DRILLIIIG 01 
CUTOUT FOR PR�ECTIOII MTG, 

( FROMT V I EW) 

..,, .,. 

3 
DU.20 HOLES 
OR CUTOUT 

3 
- ··· 

5-7-D-7903 
* Fig. 16. O utline and Drilling Plan fdr the Type SKA Relay in the F T32 Case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K, N .  J. 
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I N ST A L L  A Tl 0 N 
Westinghouse I . L. 4 1 -923. 5B 

• O P E R A T I O N  • M A I N TE N A N CE 

INSTRUCTIONS 
TYPE SKA CARRIER AUXILIARY RELAY 

I N S T R U C T I O N S  

CAU TION: Before putting relays into service,  m ake 
sure that all moving parts operate freely, inspect the 
contacts to see that they are clean and close pro­
perly, and operate the relay to check the settings and 
electrical connectio ns.  

A P P L I C A T I O N  

The type SKA relay i s  the s tatic carrier auxiliary 
r el ay us ed in the K- Dar distance carrier relaying 
system to block instantaneous trippin� for faults 
external to the line s ection to which it is applied , 
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to respond 
to indications of fault power and direction provided 
by the phase and ground relays,  thereby controlling 
the transmission of the carrier signal s ,  or the initia­
tion of high-speed tripp ing for internal faults. 

C O N S T R U C T I O N  

The components o f  the typ e SKA relay are mount­
ed in the F'T3 2  Flexitest case. The static equival ents 
of the receiver relay,  the carrier stop auxiliary relay 
units, and the c arri er- start ground over-current unit 
lo s are mount ed on plug-in printed circuit boards. In 
addition, the static component s  for the transient 
blocking and carrier squelch functions are similarly 
mounted. Two printed circuit boards are used,  one 
mount ed on the front of the relay chassis, and the 
one at the rear of the c hassis.  

There is  only one electrome chanic al relay unit 
in the SKA relay :  a high- speed auxili ary tripping relay 
unit (AR) connected to the output of the decision­
making static circuitry. This relay unit operates in 
approximately 3 milliseconds for internal faults cle ar­
ed through the SKA relay .  The tripping has a d-e 
el ectromagnet and an attracted magnetic armature. An 
insulated member fastened to the armature pulls four 
movable contact springs until they touch the stationary 
contacts when the rel ay coil is energized. Only three 

SUPERSEDES I . L. 4 1 -9 23. 5A 
*Denotes chan ge from superseded i ssue. 

of the contacts are used,  but all four must be in ad­
justment for proper operation of the relay .  

The alarm function is handled b y  a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case . The TT- l alarm relay uses a telephone-typ e 
relay unit with a single normally-open contact . The 
coil circuit is shunted by a small vitreous resistor 
to give the desired calibration . 

The p hase carrier relay target or operation indi­
cator is a d-e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuit . 

O P E R A T I O N  

LOGIC EL EMENTS 

The operation of the SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram. In 
Fig. 3 ,  the l ettered logic blocks serve the following 
functions: 

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is  not received. 
Energized from output of car­
ri er receiver. 

3/20 TIME * Integrating time delay, ( ad­
DELAY j u stable) 3 ms.  pickup time ,  

20 ms.  dropout tim e ,  ener­
gized from 2 1 P  ( ph ase) or 
67N ( ground) protective relay. 

2-INPUT 
AND .  

3/0+T . D .  

Provides an o utput trip sig­
nal only when 2 1P or 67N 
operates ( longer than 3m s . )  
and carrier is  not recei ved.  

Co-ordinating tim e  delay, 3 
ms.  pickup time, no inten­
tional dropout delay ( 0+). 
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TYP E SKA CARRI E R  AUXILIARY R ELAY----------------------

2 

l o s  DROPOUT --- · 

ADJ. 

lo s  P I CKUP 
ADJ. 

AR T R I P P I N G  
R EL AY 

* Fig. 1. Typ e SKA Carrier Auxiliary R el ay in FT32 Case (Front View). 

3 MS. T IME 
D EL AY ADJ. 

F RONT P RI N T E D  
CI RCUIT BOARD 
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TYP E SKA CARRI E R  AUXILIARY R EL AY ____________________ ..:.:.L
.::.:L .:.....:4:..:.1 ....:..·9.::.:23::.:. 5::.:::.B 

R l  

IN 1832C 
;;::::����i.-a-- Z EN E R  CL I P P E R  

( Z  1 )  

REAR P RI NT ED 
�­ CIRCUIT BOARD 

*Fig. 2 .  Type SKA Carrier Auxili ary Relay i n  FT32 Case (R ear View). 
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TYP E SKA CAR RI E R  AUXI L I ARY R ELAY----------------------

F 

G 

H 

J 

* K 

* L 

* M 

4 

The 3-ms.  pickup delay al­
lows for mo mentary interrup­
tions of c arrier during ex­
ternal faults without incor­
rect tripping. 

FLIP- FLOP Provides po sitive and steady 
tripping output when logic 
circuits determine presence 
o f  internal fault. 

TRIP AMP 

CARRIER 
STOP (OR) 

2-INPUT 
AND 

los AMP 

D . C .  amplifier energized from 
FLIP- FLOP . Provides ade­
quate energy to AR tripping 
relay.  
Stops carrier transmi ssion 
on signal from 2 1P ,  67N, 
carrier squelch,  or from 2-
input AND at I. 
Provides an output to car­
rier- stop OR (H)  on op eration 
of both Do (in 67N) and car­
rier- start lo s units. 
Includes phase splitter, rec­
tifier ,  and l evel detector for 
static ground carrier- start 
over- current unit. 

TRANSIENT Allows ( adj ustable) 25 m s .  
BLOCKING 
AND UN­
BLOCKING 
25/25 

SQUELCH 
0+/ 1 50 

los and 
O + T . D .  
3 0-50 

for normal tripping after 
operation of 2 1 P ,  67N , or 
los ,  then blocks flip-flop to 
prevent incorrect tripping 
during clearing of external 
fault. If internal fault devel­
ops before clearing of ex­
ternal fault, the unblocking 
feature allows tripping after 
25 ms. delay. 

E nergizes carrier-stop cir­
cuit when AR trip relay is 
energized ( no intentional de­
l ay) , and holds carrier o ff 
for about 1 50 ms.  to allow 
sequenti al tripping of other 
terminals.  P rovision is m ade 
for external initi ation of 
squelch by applying po sitive 
d-e to relay terminal 6 . 

Switching transistor ( ener­
gi zed from output of Ios 
1\MP) which serves as nor­
mally- closed contact for 
ground c arrier- start function. 
No intentional pickup ( 0 +) 
and 30-50 ms.  dropout tirrie 
when energi zed from Io s 
1\MP . 

R 

T 

I N T E R NAL FAU L T  

Carrier receiver to provide 
blocking signal to logic cir­
cuits from remote transmitter. 

Carrier transmitter to send 
blocking signal to remote 
station. 

The operation of 2 1P (phase) or 67N (ground) 
relay for an internal fault performs the following: 

1. Energizes the carrier-stop circuit (H) .  
2. Starts the 3-ms.  timi ng circuit (C).  The longer 

dropout time o f  20 ms.  is to minimize any ad­
ditional delay caused by contact bounce of 
the electromechanical protective relays. 

3 .  "Arm s "  the flip-flop ( F ) ,  or puts it in a 
" ready " condition by removing a blocking 
bias voltage.  

4. Energizes the transient blocking circuit (K) .  

In the absence of received carrier, the  NOT cir­
cuit B has an output which is fed into the AND cir­
cuit D. After 3 ms. , the output of time delay C is also 
fed into D .  If both these inputs co ntinue for another 
3 ms . ,  the output of E op erates the flip-flop F, and 
in turn the trip amplifier G which energizes the trip­
ping rel ay AR to complete the trip circuit through AR 
relay contacts ARP or ARG. Thi s operation will be 
completed before the transient blocking becomes ef­
fective. 

The function of the CARRIER- SQU ELCH block L 
is to hold carrier off (for about 150 milliseconds) 
after the trip circuit is  completed for an internal 
fault. This is to prevent unde sirable blocking where 
sequential relay operation may o ccur at the terminals 
of a protected line section for an internal fault with 
widely different fault currents at the two terminal s.  

EXTERNAL FAU L T  

I f  carrier i s  received from the remote terminal 
when 2 1 P  or 67N operates ( as for an external fault) ,  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the conditions will 
not be set up for tripping. The "carrier- stop " block 
H functions (when 2 1P or 67N operates) to stop car­
rier transmission on those internal faults for which 
carrier may be started by 2 1 S  phase rel ay (00 or 3 0) 
or Io s (at M).  For t)1ose internal ground faults which 
may not operate the 67N Io contact, operation of Do 
of 67N and los (thru Io s AMP at J ) energizes a second 
AND circuit ( at I) to stop carrier ( at H) .  www . 
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TYP E SKA CARR I E R  AUXI LIARY RELAY ____________________ L
_
L

_
4.:...:.1 ...:..-9.:.:23:..;,;. s�a 

o.l @ C I R C U I T  E L E M E N T  
B R A C K E T E D  O N  543011 1 

� ��-3Io 

762A723 

* Fi g. 3. Logic Diagram for th e Type SKA Relay. 

If tripping does not take place within 25 ms. after 
the protective relays operate , a TRANSIENT BLOCK­
ING circuit at K is e nergized which de-sensitizes 
the FLIP-FLOP to prevent possible undesired trip­
ping during transients occurring at the clearing (else­
where) of an external fault. 

SEQU ENTIAL FAULTS 

Occ asionally an external fault will  be followed 
by an internal fault before the former is cleared. In 
order to prevent a long delay in cle aring such a in­
ternal fault , a "transient unblocking" feature is in­
cluded at K 1 •  Although transient blocking has been 
set up by the initial external fault, the pre sence of  
an internal fault will cause an output from the AND 
at D. Thi s output will energize the transient un­
blocking circuit which, after 25 ms. , will allow the 
flip-flop to operate, and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R ELAY CI RCU I TRY 

The connections of  the  logic element s to  the  re­
l ay terminals are shown on the int-ernal schematic ,  
Fig. 4. This diagram also indicates t h e  major exter­
nal circuit connections to the relay terminals .  The 

* compl ete detailed relay circuit is shown in Fig. 5 .  
T h e  co mponents enclosed by the heavy broken lines 
in thi s diagram are mounted o n  the two printed cir­
cuit bo ards of the SKA rel ay .  The op eratio n  of the 
individual circuit components is explained in the fol­
lowing p aragraphs.  The letters identifying the logic 
elements in Fig. 3 are also used to identify the c or­
respo nding portion of the circuit in Fig. 5 .  

B - N O T  c i rcuit 
In the absence of received carri er , transistor Q 5 1  

i s  normally conducting. Under this condition,  tran­
sistor Q 5 1  has a tripping output. When carrier is re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 1 2  
to approximately +45 volts. Thi s raises  the base o f  
Q5 1 above its emitter pote ntial ( +22V. ) ,  thus cutting 
off collector current . Thu s ,  w hen carrier i s  received, 
there i s  no po sitive tripping output from the NOT cir­
cuit B.  

* C-3/20 MS (ADJ U STABL E) T IME D ELAY: 
D- TWO- I N P U T  AN D 
Under norm al conditions,  transistor Q52 is not con-
ducting; thus the po sitive potential of  the collector 
of transistor Q52 is not a tripping condition. When 
relay terminal 4 or 20 i s  made po sitive by the opera-
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TYP E SKA CARR I E R  AUXI L IARY R ELAY ------------------------------------------------------

._ ... ..... . 

UP 1U lit I, . � 

CCIIIPUTt IT AT IC 
CIICIITH-

OWG. � � 125 
..,.., no 
hl... Ill 

Til Hill 

.... , 

... ..... 
lilT RITCI 

762A752 
*Fi g. 4, Internal Schematic for the Type SKA R elay in 

the F T32 Case. 

tion of a protective relay,  this po sitive potential is  
applied thru Zener diode Z53 or Z54 and diode D51 
to the time delay circuit C .  When thi s occurs, c ap a-

* citor C50 starts to charge thru resistors R5 2 ,  R103 
and R54 . After a time delay of  approximately 3 milli­
seconds ( adju stable) ,  the voltage on C50 is suffi­
cient to c au s e  Zener diode Z52 to conduct ,  thus 
m aking the base of Q52 positive.  U nder this condi­
tion,  transistor Q52 is switched on and its collector 
potential drops to a very low valu e .  Thus,  for an 
op eration of  2 1 P  or  67N and with no carrier received, 
transistors Q52 and Q53 of  the 2-input AND at D will 
both be in a conducting condition. This combi nation 
will remove the positive potential from the b as e  o f  
transistor Q54 , thus cutting off its collector current, 
and represents a tripping c ondition. If, however , 
carrier is recei ved at the sam e  ti me that 2 1 P  or 67N 
operates ,  the recepti o n  o f  carrier will cause Q5 1 
and Q53 to turn o ff, raising the potential of Q53 
collector and Q54 base, thus k eeping Q54 conduct­
ing. The output of Q54 under this condition repre­
sents a blocking or non-tripping condition. 

E - 3/0 m s  TIME D ELAY. Under norm al condi­
tions , Q54 is in a conducting state.  This provides a 
path for current to flow from the emitt er to the base 
of  transistor Q55 and then thru the collector circuit 
of  Q54 , k eeping Q55 turned o n .  Under this co nditio n ,  
transistor Q 5 5  short circuits o r  byp asses capacito r 
C5 1 ,  preventin g  it from charging up . U nder the co ndi-

6 

tion for tripping explained in the previous section ,  
transistor Q 5 5  is turned off, allowing C5 1 t o  charge 
thru resistors R70 and R69. After a calibrated time 
delay of  3 milliseconds, the voltage acro ss capaci­
tor C 5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit,  is suffici ent 
to cause op eration of the flip-flop . The time delay 
circuit E has no intentional reset time delay . If a 
tripping condition is indicated for 1 or 2 millis econds 
such as during a rever sal of  fault power flo w ,  as 
soon as transistor Q55 again conduct s. The capaci­
tor C 5 1  i s  rapidly discharged thru Q5 5 ,  diode D52 ,  
and resistor R70 . The rapid resetting of  the time de­
l ay circuit E prevents pos sible notching up of the 
charge on capacitor C5 1 during momentary inter­
mittent interruptions o f  the carrier blocking signal . 
This time delay in conj unctio n with that provided in 
circuit C are ample to provide coordination of the 
carrier-start and tripping protective relays at the 
two ends of a line circuit during fault conditions.  

F - F L I P- FLOP CI RCUI T. The flip-flop circuit 
consists of  transistors Q58 and Q59 and associated 
components. Under normal conditions,  transistor Q58 
is in a non-conducting,  and transistor 59 is  fully con­
ducting. The base of  transistor Q59 is held w ell be­
low its emitter potential by means of the voltage di­
vider consisting of resistors R86, R84 ,  diode D57 ,  
and resistor R8 3 .  With this bias, transistor Q59 is 
held in saturation ,  and the flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58, transistor Q59 would not turn o ff. 
Thi s desensitizing circuit is an arran gement to pre­
vent inadvertant operatio n  of  the flip-flop caused by 
surges on the de sy stem. As long as Q59 is co nduct­
ing,  its collector is  at a high enough po sitive poten­
tial that transistor Q6 1 in the tripping amplifier can­
not turn o n .  

Upon t h e  occurence o f  a n  internal fault,  po si­
tive 125  volts de is suppli ed to either termin al 4 or  
20 of  the SKA relay. Through the Zener diodes Z53 

* or Z54 , plus di ode D55 and resistors R8 2 and R8 3 ,  
the desensitizing bias i s  removed from transistor 
Q59 . This is  accomplished by making the potenti al 
of the j unction of resistors RS 2 and R83 higher than 
the positive 22 volt supply for the flip-flop circuit. 
When thi s  occurs , there is  no current flow through 
resisto r  R84 and diode D57 , and the flip- flop is now 
" armed" , or in a ready condition for a tripping op er­
ation. After the three-milli second time delays of  
circuits C and E h ave elapsed,  the potential acro ss 
capacitor C51 is  sufficient to cau s e  Q58 to conduct. 
Thi s immediately causes operation of  the flip-flop,  
turning off transistor Q59 . When Q59 is no lo nger 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om
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detail i n  the previous s ecti o n  ( M ) and by dotted 
lines to the right of termin al s 8 , 9 , 19 , and 18 of the 
SKA rel ay ( Fig. 3), so th at wh en it conducts it 
stop s the transmi s sion of c arri er. This is the c ar­
ri er stop circuit section H .  The combin ation o f  oper­
ation o f  the directional unit Do i n  th e c arri er ground 
relay 67N and the p resen c e  of ground fault current 
compri ses one condition for stopping c arri er. Thi s 
combi n ation i s  necessary to h andl e fault current 
values  belo w the pick up of the I 0 tripping unit o f  
the 6 7 N  relay. 

If the ground fault current is high enough for the 
operation of  both Do and Ia of the carrier ground re­
l ay,  this will apply a positive potential to SKA relay 
terminal 4. Thru the circuit starting from rel ay ter­
minal 4 thru Zener diode Z54,  resi stor R26, and diod e  
D l l  in the carrier stop rel ay circuit H ,  the applica­
tion of p ositive potential to the base of transistor 
Q6 turns it on and stops carrier by app lying a low 
resistance p ath from relay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3 686B 
in the TC transmitter (sho wn dotted at the right o f  
the relay terminals) .  Similarly, for phase faults, the 
closing of 21P ( Z 2) appli e s  po sitive to SKA relay 
termi nal 20,  through diode Z53,  resistor R26, and 
diode D 1 1  to the base of Q6, turning it on to stop 
c arrier. The operation of 67N or  2 1 P  directly ener­
gize the second input to the 3-input OR. The third 
input is from the carrier squel ch circuit, as des cribed 
in the next section. 

L - CARRI E R  SQU ELCH. When the trip ampli­
fi er G i s  energi zed as a re sul t of an internal fault, 
the turnin g  on of tran si stor Q64 drop s its coll ector 
voltage to a very l o w  val u e. The col l ector circuit o f  
Q64 i s  al so connected from the rear bo ard termin al 
18 to the front board terminal 16 , the resi star R3 1 
and the base o f  transistor Q8 .  Applyin g  a negative 
potential from Q64 to thi s circuit all o ws tran si stor 
Q8 to tum on,  thu s  providing a p ath for rapidly 
charging c ap acitor C3 thru diode D 12 , tran si stor Q8, 
diode D 14 ,  resi stor R33 , and diode D 1 3 .  Thi s po si­
tive potential on c ap acitor C3 i s  applied, through 
R34, to the b ase input circuit of the c arri er-stop 
transistor Q6 . Thu s when a trippin g  op eratio n  o c­
curs, the carrier-stop circuit i s  energized for a 
p eriod o f  1 20 to 160 milliseconds to hold c arrier in 
the "off" condition at th at terminal to allo w the 
tripping o f  oth er terminal s which m ay h ave to oper­
ate sequentially bec ause o f  the di stribution o f  
fault current. P ro vi sion i s  m ade for external initi a-

* tion of c arri er s qu elch by applyin g  po sitive d- e to 
rel ay termin al  6. Thi s allows a p ath for rapidly 
ch argin g  c ap acitor C3 through re si stors R39 and 
R33 and diode D 1 2  as above.  

It will  be noted that an output of  the carrier con­
trol circuit at relay terminal 8 is also co nnected to 
the rear printed circuit and through diode D60 to the 
transient blocking circuit. This circuit is provided 
so that for an external fault, where the directional 
element rem ains open and only the overcurrent unit 
operates,  this will still allow energizing the tran­
sient blocking circuit. Operation of the transient 
blocking circuit by the -carrier-start overcurrent unit 
alone i s  desirable so that the transient blocking will 
be acting if a power reversal occurs during the clear­
ing of- an external fault. However, the flip-flop i s  not 
" armed" by the operation of the ground overcurrent 
carrier-start relay alone since this relay unit doe s  
not set up tripping. 

C H A R A C T E R ! S T I  C S  

The type SKA relay i s  shipped with the carrier­
start over current unit s et for 0. 5- ampere pickup and 
0. 4-ampere dropout current. This setting is satisfac­
tory for mo st application s .  The range of pickup ad­
j ustment of this unit i s  0. 5 to 2 . 0  amp eres. The drop­
out is 80 percent of pickup. 

The pickup and dropout characteri stic s  o f  the 
various time-delay circuits of  the relay l ogic are 
given in the OPERATION sections.  

Burden of  o•rercurrent unit: 

At 0 . 5- amp. pickup setting: 0 . 2 v. a. at 0 . 5  a, 60 cycles 
7 . 8  v . a. at 5.0 a, 60 cycl es 

S E T T I N G S 

Normally, there are no settings to be m ade on the 
SKA relay. The 0 . 5-amp ere pickup o f  the ground over­
current carrier-start unit ( lo s) and the various time 
delay circuits are factory adjustments . For most ap­
plications, a pickup current of 0. 5 amp ete for the Ios 
unit is satisfactory. If condition s  require, the pickup 
can be changed to any value between 0 . 5  and 2.0 am­
pere s,  as explained under Calibration in the Adjust­
ment and Maintenance section. 

I N S T A L L A T I O N 

The relay should be mounted on a switchboard 
p anel or its equivalent in a lo cation free from dirt, 
moisture, e xce ssive vibration, and heat .  Mount the 
relay vertically by means of  four mounting hol e s  on 
the flange for semi-flush mounting or by means o f  
the rear mounting studs for projection mounting. 
Either a mounting stud or the mounting screws m ay 
be utilized for grounding the rel ay. The electrical 
connections may be m ade directly to the terminal s 
by mean s  o f  s crews for steel panel mounting or to 
the terminal studs furnished with the rel ay for thick 
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TYP E SKA CAR RI E R  AUXI LIARY RELAY ----------------------

p anel mounting. The terminal studs m ay be e asily 
remo ved or  inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench. 

The o utlin e  and drilling plan o f  the typ e SKA re­
l ay in the FT-32 case is s hown in Fi g. 17 .  

A DJ U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of  the SKA rel ay can be checked 

I,O AMP 
60 CYC � 

TO CONTACT 
4 UGHT CKT. 

{8 TERM. IO) 

VIEW OF RELAY NEG. 
DC 

by connecting it in  accordance with Fig. 7 .  Operate 
the switche s  1 ,  2 ,  and 3,  and apply 1 amp ere, 60 
cycles as indicated for the six test conditions in 
Table I .  The operation of  the type AR tripping rel ay 

or the pre sence of carrier control voltage ( 20 volts 
de) as listed in the columns of  Tabl e I will check 
the performance o f  the logic circuits and other com­
ponents of the complete relay. The right-hand column 
of  Table I indicates the protective relay operation 
repre sented by the six test condition s .  

N E G 0 C 

TO. CONTACT 
LIGHT CKT. 
(& TERM I) 

NOTE FRONT IJ SW-1 

(45 8 1 2 5 )  

POS 1 2 5  V 

763A919 
Fig. 7. Test Diagram fo r Type SKA Relay. 

TABL E I 

S E T T I N G S  I R E S P O N S E  

Test Cur. at A R  D.C. Vo l ts 
SW- 1 SW-2 SW-3 Term. ! Operat ing  Cond i t i on Represented 

Re lay  Term. 9-5 
1 6- 1 7  

1 0 0 0 Zero open Zero Normal 

2 C l lt 0 0 Zero 
I 

clo s ed Zero 2 1P or 67N operation 

3 close clo se 0 Z ero open Zero 2 1 P  and received carrier 
2nd 1st $ 

4 0 0 0 111 1 . 0  amp op en 20V lo s c arrier-start 

5 0 0 C l  1 . 0  open Zero Do and los operation 

6 C l  0 C l  1 . 0  ! clo sed Zero * Do and lo trip and los 

0 = op en 
C l  = cl o s e  

at = or 2 x pickup � = close SW- 2, then SW- 1 
tt = clo s e  SW- 1 with lead connected first to term. 4 then to term . 20. 

12 

f 
, 
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B. Cal i bration Check 

The pickup and dropout current values for the 
carrier-start overcurrent ground rel ay Clo s ) can be 
checked using the same test connections shown in 
Fig. 7 .  With switches 1,  2 ,  3 all open, apply a 60-
cycle current to terminals 16 and 17 of the SKA re­
l ay.  Increase this current gradually. At a current 
l evel of approximately 0 . 5  ampere, the d-e voltmeter 
reading will suddenly increase from 0 to approximate­
ly 20 volts. Thi s is the pickup point o f  the over­
current relay. Now reduce the current applied to ter­
minal 1 6  and 17 .  At approximately 0. 4 amp ere ( 80% 
of the pickup value) ,  the d-e voltage will drop to 
zero . The zero value of d-e voltage may be a few 
tenths of a volt rather than exactly zero . The low 
value of voltage is the drop acro ss the transistor 
Q7 when it is  fully conducting. 

The overall operating time of the SKA relay can 
be checked using test condition #2. Arrange to start 
a timer, or the single swe ep of a c athode-ray o scillo­
scope provided with this operating feature, when 
switch SW- 1 is closed.  The timer c an be stopped by 
the closing of the relay trip circuit between terminal s  
1 and 1 0 ,  o r  b y  applying a d-e voltage from an e x­
ternal source thru the relay trip circuit to the timer 
or to the vertical deflection input o f  the oscilloscop e. 
The time from the clo sing of SW- 1 until the trip cir­
cuit is completed should be in the order of 9 to 1 2  
milliseconds .  I f  a double-pol e ,  single-throw switch 
is  used to energize the relay and start the timing de­
vice , be sure that both poles of the switch clo se 
within a millisecond of e ach other. 

The performance of the operation indicator can 
be che cked while the circuit of Fig. 7 is set up by 
connecting the relay trip circuit (terminal s 1 and 10)  
to an external source of approximately 1 .  5 amp eres 
de, using external current-limiting resistance. When 
switch SW- 1 is  closed, the indicator should drop its 
target. NOTE : Do not try to interrupt the 1 . 5- ampere 
direct current by op ening SW- 1 as the AR tripping re­
l ay will not interrupt this current. Instead, open the 
trip circuit external to the SKA relay,  then open SW- 1 .  

C. Recommended Routine Maintenance 

The contacts of the type AR tripping relay should 
be periodically cleaned. A contact burnisher such as 
S#182A836H0 1 is recommended for this p urp ose. Be 
careful not to distort the moving contact spring fin­
gers during burnishing op eration. The use of abrasive 
material is  not recommended because of the danger o f  
embedding small particle s  in t h e  face o f  t h e  soft sil­
ver and thu s impairing the contact performance. 

The proper adjustments to insure correct opera­
tion of thi s relay have been made at the factory and 
should not be disturbed after receipt by the customer. 
If the adjustments have been changed, or components 
have been repl aced which may affect the calibratio n, 
or if  it is  desired to check the adj ustments at regul ar 
maintenance periods, the instructions in the c alibra­
tion section should be followed. 

D. Cal i bration 
1 .  Tripping Relay (AR).  The typ e AR tripping relay 

unit has been properly adjusted at the factory to 
insure correct operation , and under normal field 
conditions should not require readj ustment . If,  
however , the adj ustments are disturbed in error , 
or it becomes necessary to replace some part , use 
the following adj ustment procedure.  This pro­
cedure should not be used until it is apparent t hat 
the re lay is not in proper working order , and then 
only if suitable tools are available for checking 
the adj ustments .  
a. Adjust the set screw at the rear of the top of  

the frame to obtain a 0 .  009-inch gap at the rear 
end of the armature air gap . 

b. Adjust each contact spring to obtain 4 grams 
pre ssure at the very end of the spring. This 
is measured when the spring moves away from 
the edge of the insulated crosspiece . 

c. Adjust each stationary contact screw to ob­
tain a contact gap of 0. 020-inch.  This will 
give 15-30 grams contact pressure. This com­
pletes t he adjustment procedure for t he AR 
tripping relay unit 

2. Static Overcurrent Unit � To test this portion of 
the rel ay,  use the connections shown below. 

I S K A  r-1 : TERM'S 10---1:::] l--+--o 1 s  
6 0  CYC : 

1 7  

I 

POS. 4 5  V 
0 

N E G. D.C. 

I 
I 1 o 1 

I 
I 
I 
I 

20 V. Z E NER 
DIODE 
( I N3686 OR 

EQU IV. ) 

D .C .  V M 

0 - 2 5  

763A913 
Fig. 8. Test Connections for the l.o s Unit of the Typ e 

SKA Relay. 
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TYP E SKA CAR R I E R  AUX I L IARY RELAY--
-------------------

With the 45 volts d .c .  applied, the d- e voltmeter 
will initially read zero (perhaps as much as 0 . 3-
volt de. ) .  Slowly increase the 60-cycle current ap­
plied to terminals 1 6  and 1 7 .  At a current of 0 . 5  
ampere a. c . ,  the voltmeter reading should sud­
denly increase to approximately 20 volts. Loo sen 
the lock-nut for adj usting R3, and again lock it 
after any adjustments hav e been made. If it is 
necessary to adj ust the pickup , turning the slotted 
shaft of potentiometer R3 in a clockwise direction 
will increase the pickup current. Conversely, if a 
lower pickup current is desired, turn the shaft 
counterclockwise.  The range of pickup adj ust­
ment is 0. 5 to 2. 0 amp eres, 60 cycles. After the 
relay has picked up , slowly reduce the 60-cycle 
current. At 80 percent of pickup ( 0 . 4  amp . for a 
0. 5-amp . ), the relay should drop out as pickup 
i ndicat�d by the voltmeter reading ·dropping to 
zero .  If this point needs adj ustment, loosen the 
lock-nut on the re sistor R9 and turn the shaft of 
R9 clockwise to increase the dropout current or 
counterwise to reduce the dropout current. After 
this point has been set, tighten the lock-nut and 
make a final check of the dropout current value.  
Do not try to set the dropout below 80 percent as 
the relay may not reset at all. 

3.  Operation Indicator. The operation indicator should 
pick up and drop the indicator target when the 
current is  between 1 and 1 . 2  amperes d-e. To in­
crease the pick-up current, remove the molded 
cover and bend the springs out or away from the 
cover. To decrease the pick-up current, bend the 
springs in toward the cover. 

Make sure that the target drops freely when the 
unit operates.  

* 4. Tim e  D el ay s  i n  Logic Circuit s. There are si x 
time-del ay circuit s  in the SKA relay. The se can 
be checked m o st e asily using a c athode-ray 
o scillo scop e havin g  provision for a singl e  sweep 
and an external tri gger source. The scope should 
preferably have a c ali brated hori zontal sweep 
which can be read l.n milli seconds directly from 
the gri d o n  th e screen of the scop e. The follow­
ing p aragraphs will e xplain th e procedure to be 
used and the connection s  necessary for checking 
or recalibrating e ach of the tim e  del ay circuits 
separate ly. Note: The rotation "30/ 20 M S" on 
the logic di agram and on the internal schem atic 
m eans 3 milli seconds pickup time, 20 milli­
seconds dropout time.  The figure "0+" m eans 
no intentional time delay. 

a. 3/20 ms.  time delay (section C of circuit) 

1 4  

1 .  Make the connections shown in Fig. 9 .  

POS .  1 25 V. O.C.Q------/5Wt- l  SKA 

IO TP 52:1§��-
S KA  ME TP64 P Q S. 45 V. � 
2
S K A 

�SCOP E  T R I GG E R  � :J' ( 458 t 2 5 ) NEG. D.C,O--------"� N PUT 

* Fig. 9. Test Connections fo r the 3/20 MS Time Delay 
Unit of the Type SKA Relay. 

2. Set the scope sweep- speed for around 5 
milliseconds time to make one sweep. 

* 3 .  Appro ximately 3 ms. after SW- 1 i s  clo sed, 
the d-c voltage acro ss TP 5 2  ( +) to TP6 4  (-) 
will drop from 7 volts to nearly zero. The 
sudden drop in vertic al po sition of the 
trace will indic ate completion o f  the tim e 
del ay. Thi s time i s  factory set between 
2. 7 and 3. 3 ms. , but may be lo wered to 
less th an 2. 0 m s. by moving potentiom eter 
R54 counterclockwise,  and increased to 
7 . 0  m s. by moving R54 clockwise.  

4.  Reset scope and change sweep speed to 
measure 20 ms.  Open SW- 1 and note dropout 
time. The time should be in the range of 17 
to 23 milliseconds. If time is  appreciably 
outside this range, change R53. Increasing 
R53 will increase dropout time ;  de creasin g  

i t  will reduce dropout time.  

b .  3/0+ time delay of flip-flop ( sections E and F 
of circuit). 

1. Make the connections shown in Fig. 10.  

SW-1 SKA 

0 P 5 T 1 10 ...:_ W 

POS 1 2 5 V D C O  ;:�---
SWITCH I MEG 2 \: SCOPE TRIGGER S K A  

POS 45 DC--0 p� 
( 45 & 1P5)NEG 

� ! S W - I  

� TP52 TP64 

- - _ SCOPE 
TPSO PROBE 

C55 �G 
JUM PER 

763A915 
-If Fig. 10. Test Connections fo r the 3/0 MS Tim e Delay 

Unit and the Flip-Flop of the Typ e SKA Relay. 
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TY P E  SKA CAR R I E R  AUXI L I A RY R E LAY 

2.  Start with SW- 1 open. Note: Both poles of 
SW- 1 must close simultaneo usly - well with­
in one millisecond of each other. 

3. Temporarily short out C55 with a short clip 
l e ad . 

4. Set R79 on SKA sub panel to 90 percent o f  
full counterclockwise - only i f  setting has 
been previously disturbed. If timing i s  just 
being checked, do not initi ally change set­
ti ng. 

5 .  Close SW- 1 .  (AR relay will pick up).  Note 
time delay indicatio n on scop e trace.  It 
should be 2. 7 to 3 .  3 ms. 

* 6 .  Thi s ti me delay can iJ e adj usted by R79 on 
rel ay subp aneL Loo sen lo ck- nuL Turn 
sh aft clo ck wi s e  to i ncrease tim e  del ay. 
Adj u st if necessary to 3 ms. ± 10 p erc ent. 

7. Opening SW- 1 resets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8. When calibration i s  satisfactory, tighten 
locknut and remove C55 j umper. 

c. Carrier Squelch ( section L of circuit ) .  

1 .  Mak e  t h e  connections shown in F i g .  1 1 . 

P OS. I2 5 V�t- l S:A 

SKA JO h�EG. 
P OS 45 o-------0 

TRIGGER I N PUT 
S KA 

(458:125)NEG.o----( 

\� 0 6 A Joi P  
60 CYC SKA 

?-0-----6 

20 V ZE�ER DIODE 
IN3686 OR EOUIV 

763A916 1 
Fig. 1 1. Test Connections fo r the Carrier Squelch Un it  

o f  the Typ e SKA Relay. 

2.  Apply d . c . ; then 0 . 6  amp . ,  60 cycl es (or 
1 20 percent of pickup );  then close sw� 1 ,  
and reset scope trigger. (It may b e  neces­
sary to set scope for negative sweep-trigger­
ing voltage).  Set ·range to around 200 ms.  
Note:  Voltage acro ss SKA terminals 1 8  (-)  
9 (+) will  j ump fro m zero to 20 volts d . c .  
when a-c i s  applied, then b ack t o  zero when 
SW- 1 i s  closed. 

3. Open SW- 1 to start carrier-squelch timing.  
After about 1 20 ms. , scope trace will  rise 
to 20-volt value.  Rise will  not be sudden, 

I . L .  4 1 -923 . 5 6  

but will start at about 1 20 m s . , and may 
take to 1 60- 200 ms. , to reach final v alue.  
No adj ustment, since the carrier- squ elch 
time is not criti cal . 

d. Transient Blocking (p art of section K o f  circuit). 

1. Make the connections shown i n  Fig. 1 2 .  

SW - 1 SKA 
POS 125 vo-----" 

--1 0-l:-1--( 4 
SKA MEG 2

W 

PQS_ 45o------Q SCOPE 
TRIGGER 

SKA 

(45 BI 1 2 5 ) NEG 

ADO JU ,�PER 

T P 6 33=-- PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Block ing 

Unit o f  th e Type SKA Relay. 

2. Set scop e sweep-sp eed to me asure about 
30-40 ms.  m ax .  

3 .  With d . c .  applied, clo se SW- 1 .  After 2 0  to 
30 ms. , the scope trace will suddenly drop 
frv!ll etbout 20 volts to zero . Open SW- 1 and 
reset scop e .  

* 4 .  Thi s tim e  del ay m ay be increased b y  mo v­
ing potentiom eter R9 3 clo ckwise and de­
creas ed by moving R9 3 counterclock wi se. 

5.  Remove test j umper. 

e. Transient Unblocking (part of  section K of 
circuit) 

1. Make the connections shown in Fig. 1 3. 

S K A  S W - 1  

POS. 4 5 �
�

----� T O  S C OPE � I T R I G G E R  

"" ""� --::"','�· 
: S C O P E  

PROBE 

TP61  

763A918 
* Fig. 13. Test Connections fo r the Tran sient Unblo cking o f  

t h e  Type SKA Relay. 
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TYP E SKA CAR R I E R  AUXI LI ARY R E LAY 

TABL E I I  

Test Point Vol tages (to negat ive d. c.) 

Test Con d i t ion ( F rom T a bl e I and F i g. 6) 

Test Point  1 2 3 

D. C .  M a  ( Fi g. 7) 90 240 1 1 5 

TP- 4  6. 5 6 . 5  6 . 5 

5 6 . 7  6 . 7  6 . 7  

6 6. 6 6 . 6  6 . 6  
7 < 0. 5 < 0 . 5  < 0 . 5  

8 7 . 6  7 . 6  7 . 6  
9 7 . 5  7 . 5  7 . 5 

10 < 0 . 5  < 0. 5 < 0 . 5  
1 1  2 1 . 6  2 1. 0  2 1 . 5  
1 2  - - -
13 <0. 5 < o . 5  < 0 . 5  

14 2 2 . 5  2 2 . 5  22. 5 

15 <0 . 5 < 0 . 5  < 0 . 5  

16 0 45 0 

17 3. 5 3. 5 3. 5 

5 1  2 1 . 5  2 1 . 5  < 0 . 5  � 

52 7 . 4  < 0 . 5  < 0. 5  
5 3  < o . 5  < 0. 5  7 . 3  
5 4  < 0 . 5  2 1 . 8  < 0 . 5  
55 2 1 . 5  1 . 3  2 1 . 5  

56 0 9 . 2  0 
57 3 . 5  20 3 . 6  

4 5 

90 105 

20 20 . 5  

6. 7 6 . 7  

< 0 . 5  < 0 . 5  

19 . 0  19. 0 

7. 6 < 0 . 5  
< 0 . 5  < 0 . 5  

< 0. 5 1 1 . 6  
2 1 . 5  22.0  - -
19. 8 0. 25 

22. 5 22. 5 
2 1. 0  1 . 0 5  

0 0 

<0 . 5  <0. 5 

2 1 . 5  2 1 . 5  

7 . 4  7 . 4  

< o . 5  <0 . 5  

< 0 . 5  < 0 . 5  

2 1 . 5  2 1 . 5  

0 0 

3 . 5  3 . 5  

6 

250 

20 . 5  

6 . 8  

< 0 . 5  

19 . 0  

< 0 . 5 

< 0 . 5  

1 1 . 6  
2 1 . 5  -

0. 15 

22.0 
0 . 9  

45 

<0 . 5 

2 1 . 5  

< 0 . 5  

< 0 . 5  
22 .0  

1 . 3  

9 . 2  

20 

(Not a relay test point (TP- 1 2  i s  neg . d . c .  on 
front printed circuit 
board. 

�eg. d.c.  

<Type-64 is neg.  d . c  
on rear printed circuit 
board. 

-t---58 20.0 7 . 8  20.0  
59 0 14. 5 0 
60 45.0  < 0 . 5  45 
6 1  1 8  < 0 . 5  < 0 . 5  
6 2  0 . 6  < 0 . 5  7 . 4  --
63 2 1  IJ 20 . 5  < 0. 5  

2 .  Set scop e sweep-speed as for previous 
section. 

3. Apply d. c. , then close SW- 1 .  (Both poles 
must close simultaneously . )  After 20 to 30 
m s_. , the scope trace will suddenly rise 
from zero to about 20 volts. If time is out­
side 20-30 ms. limits, reduce R73 to shorter 
time,  or increase R73 to lengthen time. 

4.  Remove j umper. 

This completes the calibratio n checks of the 
various time del ay circuits. 

1 6  

20.0  20.0  7 . 8 
0 

45 

< o . s  

7 . 4  
< 0. 5 

0 14 .5  
45 < 0 . 5  

1 7 . 0  < 0 . 5  

0 . 65 < 0. 5  

20 . 5  20 . 5  

E.  E l ectri cal Checkpo i nts 

Note: < 0 . 5  m e an s 
"l ess th an 0. 5" 

With the SKA relay connected as shown in Fig. 
7 ,  the d-e voltages at the test points on the two 
printed circuit boards are listed in th e following 
table for the six test conditions tabulated in Table 
I .  These values can be checked on a new relay, then 
kept for a reference if trouble shooting becomes neces­
sary at a later date. The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays. 

Return to TEST 4 except pass just pi ckup current 
(0. 5 amp . ,  60 cycles unless relay has been recalibrated) www . 
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through terminals 1 6  and 1 7 .  Check the a-c voltages 
tabulated below, using a vacuum-tube voltmeter: 

Test Points 

TP 1 to TP 2 
TP 1 to TP 3 

Voltage 

3 . 5  v . a . c .  
3 . 5  v . a. c. 

NOTE: The above two voltage readings should not 
differ by more than 5 percent, although the actual 
value will vary from one rel ay to another. 

F.  Trouble- shooti ng 

The components of  the SKA relay are operated 
well within their ratings,  and under normal co nditio n s  
should give long, trouble-free service.  However, if a 
relay has given an indication of trouble in service or  
during routine checks,  the following pro cedure is sug­
ge sted for trouble-shooting: 

If  it i s  desired to check the SKA rel ay in position 
on the switchboard , a test cable i s  available for 
bringing the rear printed circuit board to an acc e ssi­
ble po sition out side the relay.  In use,  the relay chas­
sis is first removed from its case, then the rear 

T EST SYMP TOM 

1 No 22-volt supply 

1 Incorrect test point voltage 

---- � -----

2 AR relay does not operate 

3 AR relay doe s operate 

--------

4 No 20 v .d . c. at SKA terms 9 and 5 

5 20 volts d. c. does appe ar at SKA 
term ' s  9 and 5 

6 AR relay doe s not op erate 

, 

i 

printed circuit board is removed. In its p lace is in­
serted a co nnector  board provided with 3 ft. or 6 ft. 
of 1 9-co nductor " ribbon" cable ,  and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The relay chassis is now re-ins erted in its case, 
and both the front and rear boards are accessible for 
maintenance .  The test cable is shown in Fig.  1 6  

Under standby conditions,  t h e  test point voltages 
should ess entially agree with the  values listed in 
Table II under Test Condition 1 (first column o f  
voltages) .  If these values are correct , t h e  relay should 
then be checked p er Fig .  7 and Table I, as explained 
in ADJUSTMENT AND MAINTEN ANC E ,  Sectio n A, 
Acceptance Test. Following is a tabulation of some 
symptom s ,  and the sections of  the SKA relay which 
may be at fault. 

In locating troubl e with no specific component 
failure indicated,  proc eed as with any electronic de­
vice. Start at the input and gradually work through to 
the output circuit. For the SKA relay printed circuit 
boards,  start at the l eft side ( circuit-wise, per Fig. 
5 ) ,  checking voltages at e ach stag_e. Note that a box 
around a transistor number ( I Q 2 l ) means that the 
transistor is normally conducting. 

POSSI BL E CAUSE 

1. Z4 shorted ( 2 2-volt zener) 
2 .  R28 open 
3 .  D9 open 

1. Failure of  nearest associated transistor or 
diode. 

--- - - -------� ·--� 

1 D efect in some circuit on rear printed circuit board 

1. Shorted Q5 1 ,  or Q5 2 
2. Defect in associ ated circuit 

--

Trouble in front printed circuit board : 
1 .  lo s overcurrent relay not operating 
2. Transi stor Q6, Q7,  or QS shorted or held in 

conducting condition. 
3 .  Other compone nt failure 

1 .  I0 s portion of  front p . c .  bd. not operating, or 
2 .  2-input AND (I)  not functioning 

1. As for test 2, defect in some circuit on rear 
p . c . bd. 
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TPI5 
0 

TPG TP7 CBII::J 0 0 [Jill 
f:::\ CBTI:J TPS Q. 9 o rro o (0 � 

� R8  CBE::] []TIJ R IB (]JD 8� 
� o--(]:ill-o D::@J R 4 :;:; lL!o!..!.ILl Q..TP12 (]ID TP014 (QU � 0 iR5l 

I R27 l  I c 3 + I �  121 TP9 LiU LiiJ 
TP13 TPIG � � �Oa � '<t  

0 0 � Q 4 L:..::..____j a. 0 D � TPB TPI I-V L�� [@] 0 [QTI 0 !]}] [ill] CB:lD fD2ll [ill � [IO (]ill []E] @'tP2 [[[] 

� [Bill []IT] [[[[] I �� I o----Gill-0 � 8 - -
� 0 O TPII 0 

19� TPIO TP3 

�
I 

FRONT BOARD 
762A844 

TP62 10 TP64 Q  0 �059 � R'33 L:..::.....:J 
� R98 � IB11J 

TP63 Q 

ffiill [ill] � [ill] 
TP5� c:B:nJ 

e EJ  e e e 
[ill) � !Qill @ill iBIO Q [lli) 1m] m:m rn:!QJ em! a IIilll o � � �  TP61 THI T'64 � e o e TP6e e e o e 0 TP53 �TPS � lM!) � � 

� t:mT [!!!!] [!ill 
TP60 � TP 2� IMQj � 

0 � /::":), � �TPO? b QTP51 � lll§JI � [MQ] e o � lr-'-C.-2--,1 if I c 50 I � � cmJ Q �  
f¥1 ffll �•z � �" lEJ� R57 � I �  - � I  

R E A R  BOARD 

7 62A842 
* Fig. 1 4. Componen t Lo cation for the Front P rinted Circuit 

Bo ard o f  the Type SKA Relay. 
* Fig. 1 5. Componen t Location for the Rear P rinted Circuit 

Board of the Type SK A Rei ay. 

18 

APPROX. �-------------------------------------A" FT.-------------------------------------------�� 

STYLE 

4 10 C 303GOI 
4 10C303G02 

DIM. A 

6 FT. 
3 F 1  

* Fig. 16 .  19 Terminal P rinted Circuit Board Test H arness O u tline. 
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TYP E  SKA CAR R I ER AUXILIARY R ELAY 

G. Replacement of pri nted-c i rcuit  board components. 

When a defective resistor, capacitor, or diode is 
found, cut it out of the circuit by first clipping off 
its leads on the component side of the printed circuit 
board. Then turn the board over, melt the solder hold­
ing the remaining lead to th e printed pad, and remove 
the lead with tweezers. NOTE: For such work, a 
6D-watt iron with a small, well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iron against the printed-circuit bo ard 
any longer than necessary to remove and replace the 
the component. If the terminal hole in the board clo ses 
up with solder, use the iron to melt it, then open up 
the hole with fine awl or similar tool. 

Where transistors are mounted on small plastic 
pads,  the leads cannot be clipped off. In such a case, 
melt the solder on one connection at a time , while 
gently tilting back that section of the transistor. Be­
cause of  the small flexible leads, the transistor will 

I . L . 4 1 -923. 5 8  

gradually separate from the board. 

Wherever possible, use a heat- sink (such as an 
alligator clip) on any transistor or diode being sold­
ered. As an alternate, use a lo ng-nosed pliers to 
the lead ( being soldered) between the devices and 
the point of soldering. 

H. Test E qu ipment 

1. Vacuum-tube voltmeter for a-c and d-e measure­
ments. 

2. Cathode-ray o scillo scope with provision for 
calibrated single sweep . 

R E N EWAL PARTS • Repair work can be done 
most satisfactorily at the factory. However, inter­
changeable p arts can be furnished to the customers 
who are equipped for doing repair work . When order­
ing parts, always give th e complete nameplate data. 
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TYPE SKA CARR I E R  AUX I LIARY RE LAY----------------------

EL ECTRI CAL PARTS L I ST 

Unl e ss Otherwi se Noted, All Resi stors Are 0 . 5- W att, ± 5% Tol. 

CIRCUIT 
DESCRIPTION STYL E NO. 

CIRCUIT 
D ESCRIP TION STYL E NO. SYMBOL SYMBOL 

AR Tripping Rel ay 408C8 45G0 1 R E SI STO RS 

CAPACITORS R l  50 ohms, 25W, 5% 1340 388 
R2 150 ohms,  25W, 5% 1267 27 2 

C l  0 . 5  mfd. , 200 V. D. C.  187 A6 24H0 3 R3 2.0K ohm s, 3 W, P ot. 185 A067H 17 

C2 0 .  25 mfd. , 200 V. D. C. 187 A6 24H0 2 R4 2. 5K ohm s, . 25W, P ot. 6 29 A4 30H0 3 

C3 39 mfd. , 35 V. D . C .  187 A508H04 R5 2.7K o h m s 184 A7 6 3H37 

C4 150 m fd. , 6 V. D . C. 184 A6 6 1H08 R6 39K ohm s 184A763H65 

C50 1 . 0  m fd. , 200 V. D . C .  1 8 7  A6 24H04 R7 18K ohm s 184A7 6 3H57 

C5 1 0 .  2 2  mfd. , 400 V. D C. 188 A 29 3H0 2 R8 3. 9 K  ohm s,  1. W, 5% 187 A643H 4 1 

C 5 2  0 . 5  mfd. , 200 V . D . C. 187 A6 24H0 3 R9 200K ohms,  2W, P ot. 185A0 67 H 1 4  

C53 39 mfd. , 35 V. D . C .  1 8 7  A508H0 4 R IO 33K ohms 184 A7 63H6 3 

C54 . 0 5  mfd. , 200 V . D . C .  187 A6 24H08 R l l  lOK ohm s 184A7 6 3H 5 1  

C55 3 .0  mfd. , 200 V . D . C . 188 A29 3H06 R 1 2  lOK ohms 18 4 A7 6 3H 5 1  
R 13 330 ohm s 184A7 6 3H 1 5  

DIODES R 14 lOK o hm s  184 A7 6 3H 5 1 
R 1 5  680K ohm s 184A7 63H9 5 
R 16 1 20K ohm s 184A7 6 3H77 

D 1 - D 7 R 17 lOK ohm s 184 A7 6 3H 5 1  
D 8 - D 13 IN459 A 184A8 55H08 

R 18 lOK o hm s  184 A763H5 1 
D 14 IN2069 ( CER-69) 188A34 2H06 R 19 68K ohm s 18 4 A7 6 3H7 1 

D 8 - D 1 5  IN64 5 A  837 A69 2H03 R20 68K ohm s 184 A7 6 3H7 1 
D50 - D58 IN459 A 184A8 55H08 R 2 1  33K o hm s  184A7 6 3H 6 3  

D 5 9  IN9 1 18 2A88 1H04 R22 3 3K ohm s 18 4 A7 6 3H 6 3  
D60 IN459A 184A855H08 R23 lOK ohm s 184A763H5 1 

R24 3. 3K ohms 184 A7 63H39 
T RANSI STO RS R25 3. 3K o h m s  184A763H39 

R26 6 2K ohms 184A7 6 3H70 
Q1 2N6 5 2 A  184A6 38H 1 6  R27 5. 6K ohm s 184A7 6 3H 4 5  
Q 2  2N697 184 A638 H 18 R28 470 ohm s, 3. W, 5% 184A636H 20 
Q3 2N696 7 6 2A58 5H0 1 R29 lK o h m s, 5 W, 5% 18 4 A859H 10 
Q4 2N69 6  7 6 2A58 5HO 1 R30 lK ohm s 184A7 6 3H27 
Q5 2N697 184A638H 18 R3 1 2 . 2K ohm s 184A7 6 3H35 
Q6 2N697 184 A6 38H 18 R32 lOK o h m s  184 A7 6 3H 5 1 
Q7 2N697 18 4 A6 38H 18 R33 330 ohms,  2W, 5% 185 A207H 1 5  
Q8 2N398 A 184A6 38 H 1 2  R34 1 . 2K ohm s 18 4 A7 6 3H 29 
Q9 2N3 4 17 8 48 A8 5 1H0 2 R35 3 30K ohm s, 2W, 5% 185A207H 1 5  
Q5 1 2N6 5 2A 18 4 A638H 16 R36 2 2K ohm s 184A7 6 3H 59 
Q52 2N696 7 6 2A58 5H0 1 R37 lOK ohm s 184 A7 6 3H 5 1 
Q53 2N696 7 6 2 A58 5H0 1 R38 10 ohm s 187 A290HO 1 
Q54 2N696 7 62A58 5H0 1 R39 300 D , 25W For 48V 1 20 28 47 

Q55 - Q59 2N6 5 2 A  18 4A638H 16 1 250 D , 25W For 1 25 V  1 20 2589 
Q60 2N697 18 4 A638H 18 3000 D , 25W For 250 V 1 20 29 5 4  
Q6 1  2N6 5 2 A  184A6 38H 16 R50 lOK o hm s  18 4 A763H5 1  
Q6 2 2N697 18 4 A6 38H 18 R5 1 lOOK ohm s 184A7 6 3H7 5 
Q6 3  2N697 18 4 A638H 18 R52 47 ohms,  l W, 10% 184 A8 59H09 
Q64 2N699 184A638 H 19 R53 8 2K ohms, l W, 5% 187 A64 3H73 
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TYPE SKA CARR IER AUXILIARY R E LAY ___________________ �I:.=. L:.:...- �4 1�-9�2 3�. s�s 

EL ECTRI CAL PARTS L IST (Conti nued) 

C IRCUIT D ESCRIPTION STYLE NO . CIRCUIT DESCRIPTION STYLE NO . 
SYMBOL SYMBOL 

R ESI STO RS (Cont.) R ESI STO RS ( Cont.) 

R54 lOOK Pot. 6 29 A430H04 R9 1  4. 7K ohm s 18 4 A7 6 3H43 

R55 1 20K ohm s 184 A763H77 R9 2 6 . 8K ohms 184A763H47 

R56 lOK ohm s 184A763H5 1 R9 3 15K P ot. 6 29 A430H08 
R57 !OK ohms 184A763H 5 1 R94 lOK ohms 18 4A7 6 3H 5 1 
R58 6SK ohms 184A7 63H7 1 R95 1. 5K ohms 184A7 63H3 1 
R59 lOK ohm s 184 A7 6 3H5 1 R96 lOK ohm s 184A763H5 1 
R60 68K ohms 184A763H7 1 R97 470 ohm s 184A7 6 3 H 1 9  
R6 1 33K ohms 184 A7 6 3H63 

R98 470 ohms 18 4A763 H 1 9  
R6 2 3 3K ohms 184A763H63 

R99 lOK ohms 184A7 6 3H 5 1  
R6 3 !OK ohms 184 A763H5 1 

33K ohm s 184A7 6 3H63 
R lUO 2. 2K ohms 18 4A7 6 3H 3 5  

R64 

R65 3. 3K ohm s 184A763H39 R lO l 800 ohm s ,  3 W, 5% 18 4A8 59 H06 

R66 4 . 7 K  ohm s 184A7 6 3H43 R l0 2  8 . 2K,  VzW ± 5% 184A763H49 

R67 lK ohms 184A7 63H27 R l0 3  33K ohm s 184A7 63H63 

R68 33K ohms, l W, 5% 187 A643H63 TH5 1  Thermistor, l O K  at 25°C 1 8 5A2 1 1 H04 

R69 47K ohms 1 84A763H67 
TRANSFO RM E R  

R70 4. 7K ohms 18 4A7 63H43 

R7 1 68K ohms 184A763H7 1 T l  Saturating Transformer 606B5 19G03 
R7 2 1. 5K ohm s 184A763H3 1 

R73 l K ohm s ,  'l'2W ± 5% 184A763H 27 Z EN E R  DIODES 
R7 4 22K ohms 184 A7 6 3H59 

R7 5 8 . 2K ohm s 184A763H49 Z l  IN1832C,  62V . 184A6 17H06 

R7 6 8. 2K ohm s 184A763H49 Z 2  IN957B. 6 .8V.  18 6A797H06 

R77 470 ohm s 184A7 6 3H l9 Z3 IN3686B, 20V. 185A21 2H06 

R78 4. 7K ohm s 184A763H43 Z4 IN3797 B ,  2 2V. 1 8 5 A089H09 

R79 lK ohms, 2 W, Pot.  185A0 67 H09 Z 5  IN305 1 ,  200 V.  187 A9 36H01 

R80 22K ohm s 18 4A76 3H59 Z 6  IN4370 1 84A639H l 2  

R8 1 22K ohm s  184A763H59 Z50 IN30 5 1 ,  200V. 1 87A936H0 1 

R8 2 27K ohm s 184A763H6 1 Z 5 1  IN3 686B, 20 V .  1 8 5A2 1 2H06 

R8 3 6 . 8K ohms 184A7 6 3H47 Z52 IN957B, 6 . 8 V. 186A797H06 

R84 4 . 7K ohms 184A763H43 Z53 IN305 1 ,  200V . 187A93 6H0 1 

R85 4. 7K ohm s 184A763H43 Z54 IN30 5 1 ,  200V. 187A9 3 6H0 1 

R86 lOK ohms 184A763H5 1 Z55 IN9 57B, 6 .8 V . 186A797H06 

R87 8 2K ohms 184A76 3H7 3 Z56 IN960B, 9 . 1 V .  186A7 97Hl0 

R88 15K ohms 184A763H55 Z57 IN957B , 6 . 8V.  18 6A79 7H06 

R89 5. 6K ohm s 184A7 63H45 Z58 IN9 57B, 6 . S V. 186A7 97H06 

R90 2. 2K ohm s  18 4 A763H35 Z59 IN 178 9 ,  56V . 584C434HOS 
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TYPE SKA CARRI ER AUXILIARY R ELAY ____________________ _ 
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PMEL CUTOUT 1 .  Dlti LLIIG 
FOR SEMI FWSH MTG. 

PAIIEL Dlti LLIIG 01 
CUTOUT FOR ,ROWECTIOII MTG, 

( FRONT V I EW )  
. 

... , .. 

3 
OIA,20 HOLES 
Olt CUTOUT 

5.7-D-7903 
* Fig. 16. O utline and Drilling P l an ftJr the Type SKA Relay in the F T32 Case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E N T  D IVI S I O N  N EWAR K, N .  J. 
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I N STA L L A TI O N  
Westinghouse I . L. 41 -923. 5A 

• OPE R A T I O N  • M A I N TE N A N CE 

INSTRUCTIONS 
TYPE SKA CARRIER 

I N S T R U C T I O N S  

CAU TION: Before putting relays into service,  make 
sure that all moving parts operate freely. inspect the 
contacts to see that they are clean and close pro­
perly, and operate the relay to check the settings and 
electrical connections. 

A P P L I C A T I O N  

The type SKA relay i s  the static carrier auxiliary 
relay used in the K-Dar distance carrier relaying 

* system to block instantaneous tripping for faults 
external to the line section to which it is applied, 
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to respond 
to indic ations of fault power and direction p ro vided 
by the phase and ground relays, thereby controlling 
the transmission of the carrier sign al s ,  or the initia­
tion of high- speed tripping for internal faults. 

C O N S T R U C T I O N  

The compon ents of the typ e SKA relay are mount­
* ed in the FT 3 2  Flexitest case. The static equivalents 
* o f the receiver relay, the carrier stop auxiliary relay 

units .  and the c arrier- start ground over-current unit 
lo s are mounted on plug-in printed circuit boards. In 
addition ,  the static components for the transient 
blocking and carrier squelc h  functions are similarly 
mounted. Two printed circuit boards are used, one 
mounted on the front of the relay c has sis, and the 
one at the rear of the chassis. 

There is  only one electrome chanic al relay unit 
in the SKA relay: a high- speed auxilia,ry tripping relay 
unit ( AR) connected to the output of the deci sion­
making static circuitry. This relay unit operates in 
approximately 3 millis econds for internal faults cl ear­
ed through the SKA relay. The tripping has a d- e 
electromagnet and an attracted magnetic armature. An 
insulated member fastened to the armature pull s four 
movabl e contact springs until they touch the stationary 
contacts when the relay coil is energized. Only three 

SUPERSEDES L L  4 1 -923. 5 
*Denotes chan ge from superseded i ssue. 

AUXILIARY RELAY 

of the contacts are used, but all four must be in ad­
justment for proper operation of the relay. 

The alarm function is handled by a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case o The TT- l alarm relay uses a telephone-type 
relay unit with a single normally-open contacL The 
coil circuit is shunted by a small vitreous resistor 
to give the desired calibration. 

The phase carrier relay target or operation indi­
cator is a d-e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuiL 

O P E R A T I O N  

LOGIC EL EMENTS 

The operation of the SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig . 3 which is a circuit logic diagram. In 
Fig. 3 ,  the lettered logic bl ocks serve the following 
functions: 

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

3/20 TIME 
DELAY 

2-INPUT 
AND. 

3/0+T . D .  

FUNCTION 

Delivers a tripping output 
when carrier is  not received. 
Energized from output of car­
ri er receiver. 

Integrating time delay, 3 ms .  
pickup tim e .  20  ms. dropout 
time , energized from 2 1P 
(phase) or 67N ( ground) pro­
tective relay. 

Provides an output trip sig­
nal only when 2 1P or 67N 
operates (lo nger than 3ms. ) 
and carrier is not received. 

Co-ordinating time delay, 3 
ms.  pickup time, no inten­
tional dropout delay (0+). 
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TYP E SKA CAR R I E R  AU X I L IARY R EL AY--
--------------------

2 

105  PI CKU P 
ADJ . 

AR T R I P PING -­
R E L AY 

OPERAT I ON 
INDICATOR 

:a---- F RONT PRINTED 
CIRCU I T  BOARD 

* Fig. 1 .  Type SKA Carrier Auxiliary Relay in FT32 Case (Front View). 
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TYP E SKA CARRI E R  AU X I L I ARY R EL AY -� ____________________ I ._L_. 4_1_-9_2J._s_A 

IN 1 832 C 
::..,_ __ Z EN E R  CLI P P E R  

(Z 1 )  

.,.._ __ R EAR P R I N T E D  
C I RCU I T  BOARD 

*Fig. 2 .  Type SKA Carrier Auxiliary Relay in FT32 Case (R ear Vi ew). 
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TYP E SKA CAR R I E R  AU XIL IAR Y  R ELAY----------------------

4 

The 3-ms.  pickup delay al­
lows for momentary i nterrup­
tions of  carrier duri ng ex­
ternal fault s without incor­
rect tripping. 

F FLIP- FLOP Provides po sitive and steady 

G 

H 

J 

K 

L 

M 

R 

tripping output when logic 
circuits determine presence 
o f  internal fault. 

TRIP AMP D . C .  amplifier energized from 
FLIP- FLOP. Provides ade­
quate energy to AR tripping 
relay.  

CARRIER 
STOP (OR) 

2-INPUT 
AND 

Io s AMP 

Stops carrier transmission 
on signal from 2 1 P ,  67N. 
carri er squelch,  or from 2-
input AND at I .  

Provides an output t o  car­
rier- stop OR (H)  on operation 
of both Do (in 67N) and car­
rier- start Ios units.  

Includes phase sp litter. rec­
tifier ,  and l evel detector for 
static ground carrier- start 
over- current unit. 

TRANSIENT Allows 25 ms. for normal 
BLOCKING tripping after operation of  
AND UN- 2 1P ,  67N, or Ios ,  then blocks 
BLOCKING flip-flop to prevent inco rrect 
2 5/25  

SQUELCH 
0+/ 150 

Ios 

tripping during cl eari ng of 
e xternal fault. If internal 
fault develops before clear­
ing of external fault, the un­
blocking feature allows trip­
ping after 25 ms.  delay .  

Energizes carrier-stop cir­
cuit when AR trip rel ay is 
energized ( no intentional de­
l ay) ,  and holds carrier off 
for about 1 50 ms. to allow 
sequ ential tripping of other 
terminal s .  

Switching transistor ( ener­
gized from output o f  Ios AMP) 
which serves as norm ally­
closed contact for ground 
carri e r- start fu nction. 

Carrier receiver to provide 

T 

I N T ER NAL FAU L T  

blocking signal t o  logi c  cir­
cuits from remote transmitter. 

Carrier transmitter to send 
blocking sign al to remote 
station.  

The operation of  2 1P (phase) or 67N (ground) 
rel ay for an internal fault perfo rms the following: 

1. Energizes the carri er-stop circuit  (H) .  
2. Starts the 3-ms.  timing circuit (C) .  The longer 

dropout time of 20 ms. is to minimize any ad­
ditional delay caused by co ntact bounce of  
the electromechanical protective relays. 

3. "Arm s "  the flip-flop ( F ) ,  o r  puts it in  a 
" ready " condition by removing a blocking 
bias voltage.  

4. Energizes the transi ent blocking circuit (K) .  

In the ab sence of rece ived carrier ,  the NOT cir­
cuit B has an output which i s  fed into the AND cir­
cuit D. After 3 m s . , the output of time delay C is also 
fed into D. If both these inputs continue for another 
3 ms. , the output of  E operates the flip-flop F, and 
in turn the trip amplifier G which energizes the trip­
ping rel ay AR to complete the trip circuit thro ugh AR 
relay contacts ARP or ARG. This operation will be 
completed before the transient blo cking becomes ef­
fective.  

The function of the CARRIER- SQUELCH block L 
i s  to hold carrier off (for about 150 milliseconds) 
after the trip circuit is  completed for an internal 
fault. Thi s is to prevent undesirable blocking where 
sequ ential relay operation may occur at the terminal s 
of a protected line section for an internal fault with 
widely different fault currents at the two termin als.  

E X T E RNAL FAU L T  

If carrier is  received from the remote termin al 
when 2 1P or 67N operates ( as for an external fault),  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the conditions will 
not be set up for tripping. The " carrier- stop " block 
H functions (when 2 1P o r  67N operate s )  to stop car­
rier transmission on those i nternal faults for which 
carrier may be started by 21S phase rel ay (00 o r  3 0) 
or Ios ( at M).  For those internal ground faults which 
may not op erate the 67N Io contact, operation of  Do 
of 67N and Io s (thru Ios AMP at J) energizes a second 
AND circuit ( at I)  to stop carri er ( at H). 
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TYP E SKA CARR I E R  AUXIL I ARY R EL AY --------��----------=I.=L·:...:4:.:1·:..:.9=23.:,:5:,::__A 

/ 

START 
CARR { 

CD C I R C U I T  E L E M E N T  

B R A C K E T E D  O N  5 4 3 01 1 1  

0 

762A723 
Fig. 3 .  Logi c Diagram fo r  th e Type SKA Relay. 

If tripping do es not tak e  place within 25 ms.  after 
the protective relays operate,  a TRANSIENT BLOCK­
ING circuit at K is energized which de-sensitizes 
the FLIP-FLOP to prevent possible undesired trip­
ping during transients occurring at the clearing ( else­
where) of an external fault. 

SEQU EN TI AL FAULTS 

Occasionally an external fault will be followed· 
by an internal fault before the former is cleared. In 
order to prevent a long delay in cl earing such a in­
ternal fault,  a ' 'transient unblocking' ' feature is in­
cluded at K 1•  Although transient blocking has been 
set up by the i nitial external fault, the presence of 
an internal fault will cause an output from the AND 
at D. Thi s output will energize the transient un­
blo cking circuit which , after 25 ms. , will allow the 
flip-flop to operate,  and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R EL AY CI RCUI TRY 

The connectio ns of the logic elements to the re­
lay terminal s are shown o n  the inter nal schematic, 
Fig. 4.  This diagram also indicates the major exter­
nal circuit connections to the relay terminal s.  The 

complete detailed relay circuit is cho w n  in Fig. 5. 
The components enclosed by the heavy broken line s 
in this diagram are mounted o n  the two printed cir­
cuit boards of the SK A relay. The operatio n of the 
individual circuit components i s  explained in the fol­
lo wing paragraphs. The letters identifying t he logic 
elements in Fi g. 3 are also used to identify the cor­
re sponding portion of the circuit in Fig. 5. 

B - NOT c i rcu i t  

In  the abs ence o f  received carri er , transi stor Q 5 1  
is normally conducting. U nder this condition,  tran­
sistor Q51 has a tripping output. When carrier is re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 1 2  
to approximately +4 5 volts.  Thi s rai s e s  the base o f  
Q5 1 above its emitter pote ntial ( +22V. ) ,  thus cutting 
off collector current. Thu s ,  w hen carrier i s  received, 
there is no positive tripping output from the NOT cir­
cuit B. 

C-3/20 MS TIME D E L AY:  D-TWO� I N P U T  AND. 
U nder normal conditions,  transisto r Q52 is not con­
ducting; thus the po sitive potential of the collector 
of transistor Q52 is not a tripping conditio n. When 
relay terminal 4 or 20 is made positive by the opera-
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TYP E SKA CARR I E R  AUXI L IARY R ELAY _____________________ _ 

"" 

C I ICUITRY­
OWI.�3Dttl 

tEUT 

Ofi'EIATIOI 

IMDI CATOI 

lEO MAIDLE 

TEST SIITCI 

TUMIUL 

762A752 
*Fig. 4. Internal Schemati c for the Type SKA R elay in 

the F T32 Case. 

tion of a protective relay, this po sitive pote ntial is  
applied thru Zener diode Z53 or Z54 and diode D 5 1  
to the time delay circuit C .  When this o ccurs, capa­
citor C50 starts to charge thru re sistors R52 .and R-
54. After a time delay of appro ximately 3 milli second s ,  
the voltage o n  C50 is  sufficient to cause Zener diode 
Z52 to conduct, thus making the base of  Q52 positive. 
Under this conditio n,  transistor Q52 is  switched o n  
and its collector potential drops t o  a very l o w  value.  

Thus,  for an op eration of  2 1P or 67N and with no car­

rier received, transistors Q52 and Q53 of the 2-input 
AND at D will both be in a conducting condition. 
This combination will remove the positiv e potential 
from the base of transistor Q5 4 ,  thus cutting off its 
collector current, and repre sents a tripping conditio n .  
If, however, carrier is received at the same time that 
2 1P or 67N operates, the reception of carrier will 
cause Q5 1 and Q53 to turn off, rai sing th e potential 
of Q53 collector and Q54 base, thus k eeping Q54 con­
ducting. The o utput of Q54 under this condition repre­
sents a blo cking or non-tripping conditio n.  

E - 3/0 m s  TIME D E LAY. Under normal co ndi­
tions , Q54 is in a conducting state. This provides a 
path for c urrent to flow from the emitter to the base 
of transistor Q55 and then thru the collector circuit 
of Q54, k eeping Q55 turned on. Under this co ndition ,  
transistor Q 5 5  short circuits o r  bypasses cap acito r 
C 5 1 ,  preventing it from charging up. U nder the condi-

6 

tion for tripping explained in the previous section ,  
transistor Q55 i s  turned off, allowing C5 1 to  charge 
thru resistors R70 and R69. After a calibrated tim� 
delay of  3 milliseconds, the voltage acro ss c apaci­
tor C 5 1 ,  which is applied to the base-emitter circuit 
of transistor Q58 in the flip-flop circuit, is sufficient 
to cause operation of the flip-flop. The time delay 
circuit E has no i ntentio nal reset time delay. If a 
tripping condition is indicated for 1 or 2 milli seconds 
such as during a reversal of fault power flow,  as 
soo n as transistor Q55 again conducts. The capaci­
tor C5 1 is  rapidly discharged thru Q55,  diode D 5 2, 
and resistor R70. The rapid resetting of the time de­
l ay circuit E prevents possible notching up of the 
charge on capacitor C5 1 during momentary i nter­
mittent interruption s  of the carrier blocking signal .  
This time delay i n  conjunction with that provided in 
circuit C are ample to provide coordination of the 
carrier-start and tripping protective relays at the 
two ends of a line circuit during fault conditions.  

F - FLIP- FLOP CI RCU I T. The flip-flop circuit 
consists of transistors Q58 and Q59 and associated 
components. U nder normal co nditio ns,  transistor Q58 
is in a non-conducting,  and transistor 59 is fully con­
ducting. The base of transistor Q59 is held w ell be­
low its emitter potential by means of  the voltage di­
vider consisting of  resistors R86, R84, diode D57,  
and resistor R83.  With this bias,  transistor Q59 is  
held in saturation ,  and the flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58, transistor Q59 would not turn off. 
Thi s desensitizing circuit is an arrangement to pre­
vent i nadvertant operation of  the flip-flop caused by 

surges on the de system. As long as Q59 is conduct­
ing, its collector is at a high enough po sitive poten­
tial that transistor Q61 in the tripping amplifier can­
not turn on.  

Upon the occurence of an internal fault, posi­
tive 125  volts de is supplied to either terminal 4 or 
20 of the SKA relay. Through the Zener diodes Z53 
or Z54, plus diode D53 and resistors R82 and R8 3 ,  the 
desensitizing bias is removed from transistor Q59.  
Thi s is  accomplished by making the potential of the 
junction of resistors R82 and R83 higher than the 
positive 22 volt supply for the flip-flop circuit. When 
this occurs, there is no current flow through resistor 
R84 and diode D57, and the flip-flop is  now " armed",  
or in a re ady condition for a tripping operation. After 
the three-milli second time delays of circuits C and 
E have el aps ed, the potential acro ss capacitor C5 1 
is sufficient to cause Q58 to conduct. Thi s immed­
iately causes operation of the flip-flop , turning off 
transistor Q59. When Q59 is no lo nger conducting, 
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D.C. 
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0 6 0  
� I N 4 5 9 A  

TP64 

1 8  1 5  

___ '41 
REAR  B OARD _'lf_.,.......,��..l 

CARRIER SQUELCH 
D/ 1 50  M S. 

,------_/ 

0 CARRI ER 

STr)P 
3 I NPUT 

.Q!L 

0 I .. 
C.ARRIER 
START 

11  

'�· 

I 

_._j 
FRONT BOARD 

C><J - TYPIC'� I  \I.A,I_UE 

[Q})[g]}] -BOX lN& . .;ATES TRANSI STOR 
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PHASE 
CARRIER 
START 
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chemoti c for the Type SK A Relay. 

POS. 4 5 V 
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CARRIER 

CONTROL - �- ·  CKTo 

I � 1N3686B 
I ( IN TC 

X M T R ) 

I.L. 4 1-923.5A 
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D l l  in the carrier stop rel ay circuit H, the applica­
tion of positive potential to the base of transistor 
Q6 turns it on and stop s  carrier by applying a low 
resistance path from rel ay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3686B 
in the TC transmitter (sho wn dotted at the right o f  
the relay terminals) .  Similarly, for phase faults, the 
closing of 2 1 P  ( Z 2) applies positive to SKA relay 
terminal 20, through diode Z53,  resistor R26, and 
diode D 1 1  to the base of Q6, turning it on to stop 
carrier. The operation of 67N or 2 1 P  directly ener­
gize the second input to the 3-input OR. The third 
input is from the carrier squelch circuit, as described 
in the next section. 

L . CARRI E R  SQU ELCH. When the trip ampli­
fier G is energized as a result of an internal fault, 
the turning of transistor Q64 drops its collector vol­
tage to a very low value. The collector circuit of 
Q64 is also connected from the rear board terminal 
18 to the front board terminal 16,  the resistor R3 1 
and the base of transistor Q8. Applying a negative 
potential from Q64 to this circuit allows transistor 
Q8 to turn on, thus providing a p ath fo r rapidly charg­
ing capacitors C3 thru diode D 1 2, transistor Q8, 
resi stor R33, and diode D 1 3. This positive potenti al 
on capacitor C3 is applied, through R34, to the base 
input circuit of the carrier-stop transistor Q64. Thus 
when a tripping operation o ccurs,  the carrier-stop 
circuit is energized for a period of 1 20 to 1 60 milli­
seconds to hold carrier in the " off" condition at 
that terminal to allow the tripping of other terminals 
which may have to operate se quentially because of 
the di stribution of fault current. 

It will be noted that an output of the carrier con­
trol circuit at relay terminal 8 is  also connected to 
the rear printed circuit and through diode D60 to the 
transient blocking circuit. This circuit is provided 
so that for an external fault, where the directional 
element remains open and only the overcurrent unit 
operates, thi s will still allow energizing the tran­
sient blocking circuit. Operation of the transient 
blocking circuit by the carrier-start overcurrent unit 
alone is  desirable so that the transient blocking will 
be acting if a power reversal occurs during the cle ar­
ing of an external fault.  However, the flip-flop i s  not 
" armed" by the operation of the ground overcurrent 
carrier-st art relay alone since this relay unit doe s 
not set up tripping. 

C H A R A C T E R ! S T I  C S  

The typ e SKA relay is  shipped with the carrier-

start over current unit set for 0. 5-ampere pickup and 
0. 4-ampere dropout current. This setting i s  satisfac­
tory for most applications. The range of pickup ad­
justment of this unit i s  0 .  5 to 2. 0 amp eres. The drop­
out is 80 percent of pickup .  

The pickup and dropout characteri stics of the 
various time-delay circuits of the rel ay l ogic are 
given in the OPERATION sections. 
Burden of overcurrent unit: 

At 0. 5-amp. pickup setting: 0 . 2 v. a. at 0 . 5 a, 60 cycl es 
7 . 8  v . a. at 5.0 a, 60 cycl es 

S E T T I N G S 

Normally, there are no settings to be made on the 
SKA relay. The 0 . 5-amp ere pickup of the ground over­
current carrier-start unit ( los) and the various time 
del ay circuits are factory adjustments .  For most ap­
plications,  a pickup current of 0 .  5 amp ere for the los 
unit is satisfactory. If conditions require, the pickup 
can be chang.ed to any value between 0 . 5  and 2.0 am­
peres, as explained under Calibration in the Adjust­
ment and Maintenance section. 

I N S T A L L A T I O N  

The relay should be mounted on a switchboard 
p anel or its equivalent in a location free from dirt, 
moi sture, excessive vibration, and heat .  Mount the 
rel ay vertically by means of four mounting hol es on 
the flange for semi-flush mounting or by means o f  
the rear mounting studs for proj ectio n mounting. 
Either a mounting stud or the mounting screws may 
be utilized for grounding the relay. The electrical 
connections may be made directly to the terminals 
by means of screws for steel panel mounting or to 
the terminal studs furnished with the relay for thick 
panel mounting. The terminal studs may be easily 
removed or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench. 

The outline and drilling plan of the typ e SKA re­
�lay in the FT-32 case is shown in Fig. 1 7 .  

A D J U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of the SKA rel ay can be checked 
by connecting it in accordance with Fig. 7 .  Operate 
the switches 1 ,  2, and 3, and apply 1 amp ere, 60 
cycles as indicated for the six test conditions in 
Table I .  The operation of the type AR tripping relay 
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TYP E SKA CAR R I E R  AUXILIARY R ELAY----------------------

or the pre sence of carrier control voltage ( 20 volt s 
de) as listed in the columns of Table I will check 
the performance of the logic circuits and other com-

l,OAMP so eve 

To() CONTACT 
LIGHT CKT. 

( 8  TERM. tO) 

� 

VIEW OF RELAY 
NEG. 

NOTE•FRONT IJSW•I 
D.C 

( 4 5  a 1251  

POS 1 2 5  V 

ponents of the complete relay. The right-hand column 
of Table I indicates the protective relay operation 
represented by the six test conditions. 

NEG D C  

T O  CONTACT LIGHT CKT. 
(8 TERM I ) 

763A919 

Fig. 7. Test Diagram for Type SKA Rel ay. 

TABL E I 

I 
S E T T I N G S  R E S P 0 N S E 

Test 
SW- 1 SW-2 SW-3 

1 0 0 0 

2 C l tt  0 0 

3 close close 0 
2nd 1 st � 

4 0 0 0 

5 0 0 C l  

6 C l  0 C l  

0 = open 
Cl = close 

Ill = or 2 x pickup � = close SW- 2, then SW- 1 

Cur. at I A R  D. C. Vo l ts 
Term. Relay Term. 9-5 
1 6- 1 7  

Zero open Zero 

Zero clo s ed Zero 

Z ero open Zero 

ill l . O  amp open 20V 

1 . 0  open Zero 

1 . 0  I closed Zero 

tt = close SW- 1 with l ead connected first to term. 4 then to term . 20. 

1 2  

Operat i n g Cond i t i on Represented 

Normal 

2 1P or 67N operation 

2 1 P  and received carrier 

los carrier-start 

Do and los operation 

Do and Io trib. and lo s 
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TYP E  SKA CAR R I E R  AU X I L I ARY RELAY --------------------•·_L._4_1·_9_23._s_A 

B. Cal i bration Check 

The pickup and dropout current value s for the 
carrier-start overcurrent ground rel ay Oos ) can be 
checked using the same test connections shown in 
Fig. 7 .  With switches 1, 2 ,  3 all open , apply a 6Q­
cycle current to terminals 16 and 17 of the SKA re­
lay. Increase this current gradually. At a current 
level of approximately 0 . 5  ampere, the d-e voltmeter 
reading will suddenly increase from 0 to appro ximate­
ly 20 volts. This is the pickup point of the over­
current relay. Now reduce the current applied to ter­
minal 1 6  and 17.  At approximately 0 . 4  amp ere ( 80% 
of the pickup value), the d-e voltage will drop to 
zero.  The zero value of d-e voltage may be a few 
tenths of a volt rather than exactly zero. The low 
value of voltage is the drop acro s s  the transistor 
Q7 when it is fully conducting. 

The overall operating time of the SKA relay can 
be checked using test condition 11:2. Arrange to start 
a timer, or the single sweep of a cathode-ray o scillo­
scope provided with this operating feature , when 
switch SW- 1 is clo sed. The timer can be stopped by 
the closing of the relay trip circuit between terminals 
1 and 10, or by applying a d-e voltage from an ex­
ternal source thru the relay trip circuit to the timer 
or to the vertical deflection input of the o scillo scope. 
The time from the clo sing of SW- 1 until the trip cir­
cuit is complet�d should be in the order of 9 to 1 2  
milliseconds .  I f  a double-pole, single-throw switch 
is used to energize the relay and start the timing de­
vice,  be sure that both poles of the switch clo se 
within a millisecond of each other. 

The performance of the operation indicator can 
be checked while the circuit of Fi g. 7 is set up by 
connecting the relay trip circuit (terminals 1 and 10)  
to an external source of approximately 1 . 5  amperes 
de, using external current-limiting resistance. When 
switch SW- 1 is closed, the indicator should drop its 
target. NOTE: Do not try to interrupt the 1. 5- ampere 
direct current by opening SW- 1 as the AR tripping re­
lay will not interrupt this current. Instead, open the 
trip circuit external to the SKA relay ,  then open SW- 1 .  

C .  Recommended Routine Maintenance 

The contacts of the type AR tripping relay should 
be periodically cleaned. A contact burnisher such as 
SI/:182A836HO 1 is recommended for this purp ose. Be 
careful not to distort the moving contact spring fin­
gers during burnishing operation. The use of abrasive 
material is not recommended because of the danger o f  
embedding small particles in the face of the soft sil­
ver and thus impairing the contact performance. 

The proper adju stments to insure correct opera­
tion of this relay have been made at the factory and 
should not be disturbed after receipt by the customer. 
If the adj ustments have been changed, or components 
have been replaced which may affect the calibratio n, 
or if it is desired to check the adj ustments at regular 
maintenance periods, the instructions in the calibra­
tion section should be followed. 

D. Cal i bration 
1. Tripping Relay (AR). The type AR tripping relay 

unit has been properly adjusted at the factory to 
insure c orrect operation , and under normal field 
conditions should not require readjustment . If, 
however . the adjustments are disturbed in error . 
or it becomes necessary to replace some part , use 
the following adjustment procedure. This pro­
cedure should not be used until it is apparent that 
the relay is not in proper working order . and then 
only if suitable tools are available for checking 
the adj ustments .  
a .  Adjust the set  s crew at the rear of  the top of 

the frame to obtain a 0. 009-inch gap at the rear 
end of the armature air gap. 

b. Adjust each contact spring to obtain 4 grams 
pressure at the very end of the spring. This 
is measured when the spring moves away from 
the edge of the insulated crosspiece . 

c. Adjust each stationary contact screw to ob­
tain a cont act gap of 0. 020-inch. This will 
give 15-30 grams contact pre ssure. This com­
pletes the adjustment procedure for the AR 
tripping relay unit. 

2. Static Overcurrent Unit. To test this portion of 
the relay, use the connections shown below. 

I S K A  � TERM'S 

t 60 CYC 

: 16 

[�17 
I 
I 

POS. 45 V 
0 

N E G. D.C. 

I 1 o 1  

2 0  V. Z ENER 
DIODE 
( I N3686 OR 

EQUIV. )  

D . C .  V M 

0 - 2 5  

763A913 

Fig. 8. Test Connections for the los Unit of the Typ e 
SKA Relay. 
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TYP E SKA CAR RI E R  AUXIL IARY RELAY---------------�------

With the 45 volts d. c. applied, the d-e voltmeter 
will initially read zero (perhaps as much as 0 . 3-
volt de. ) .  Slowly increase the 60-cycle current ap­
plied to terminals 16 and 1 7 .  At a current of 0 . 5  
ampere a. c . , the voltmeter reading should sud­
denly increase to approximately 20 volts. Loosen 
the lock-nut for adj usting R3, and again lock it 
after any adj ustments have been made. If it i s  
necessary t o  adj ust the pickup , turning th e slotted 
shaft of potentiometer R3 in a clockwi se direction 
will increase the pickup current. Conversely, if a 
lower pickup current is desired, turn the shaft 
counterclockwise.  The range of pickup adjust­
ment is 0 . 5 to 2 . 0  amperes, 60 cycles .  After the 
rel ay has picked up , slowly reduce the 60-cycle 
current. At 80 percent of pickup ( 0 . 4  amp . for a 
0 .  5-amp. ), the relay should drop out as pickup 
indicated by the voltmeter reading dropping to 
zero . If this point needs adjustment, loosen the 
lock-nut on the resi stor R9 and turn tne shaft o f  
R 9  clockwise to increase the dropout current o r  
counterwise to reduce t h e  dropout current. After 
this point has been set, tighten the lock-nut and 
make a final check of the dropout current value.  
Do not try to set the dropout below 80 percent as 
the relay may not reset at all. 

3. Operation Indicator. The operation indicator should 
pick up and drop the indicator target when the 
current is between 1 and 1 .  2 amperes d-e. To in­
crease the pick-up current, remove the molded 
cover and bend the springs out or away from the 
cover. To decre ase the pick-up current, bend the 
springs in toward the cover. 

Make sure that the target drops freely when the 
unit operates.  

4 .  Time Delays in Logic Circuits. There are five 
time-delay circuits in the SKA relay. The se can 
be checked most easily using a cathode-ray o scil­
loscope having provi sion for a single sweep and 
an external trigger source.  The scope should pre­
ferably have a calibrated horizontal sweep which 
can be read in milliseconds directly from the grid 
on the screen of the scope. The following para­
graphs will explain the procedure to be used and 
the connections necessary fo r checking or recali­
brating each of the time delay circuits separately. 
Note: The rotation " 3/ 20 MS" on the logic dia­
gram and on the internal schematic means 3 milli­
seconds pickup time, 20 milliseconds dropout 
time. The figure "0+" means no intentional time 
delay. 

a. 3/20 m s .  time del ay ( section C of circuit) 

1 4  

1 .  Make the connections shown i n  Fig.  9 .  

P O S .  1 2 5  V. D. C.o-----__/SWt- l  S K A  

T P 5 3:J���-
.S K A  M �O 

,.._____/:;\ TP6 4 
P O S . 4 5 V  . ....----- - ---v 

5 

2S K A },S C O P E  T R I G G E R  

( 4 5 8 1 2 5 ) NEG. O.C.0---._---....1� N P U T 

763A914 

Fig. 9. Test Connections fo r the 3/20 MS Time Delay 
Un it of the Type SKA Relay. 

2. Set the scope sweep-sp eed for around 5 
milliseconds time to mak e  one sweep. 

3. Approximately 3 ms. after SW- 1 i s  closed, 
the d-e voltage acro s s  TP 5 3  (+) to TP 64 
(-) will drop from 22 volts to nearly zero . 
The sudden drop in _vertical position of the 
trace will indicate completion of the time 
delay. The time should be between 2. 7 and 
3. 3 ms.  Variations in circuit constance m ay 
give values slightly outside these limits .  
I f  the time i s  over 3 . 5  m s . , reduce R54. 
Conversely, if the time i s  under 2 . 5  ms. , 
increase R54. 

4 .  Reset scope and change sweep speed to 
measure 20 ms.  Open SW- 1 and note dropout 
time.  The time should be in the range of 1 7  
t o  23 milliseconds. If time is appreciably 
outside this range, change R53. Increasing 
R53 will increase dropout time;  decreasing 
it will reduce dropout time.  

b .  3/0+ time delay of flip-flop (sections E and F 
of circuit). 

1. Make the connections shown in Fig. 10 .  

POS. 1 2 5  V.O.C O 

S K A  

POS. 4 5 D.C.� 
� 

( 4 5 8 125)NEG.� 

SW-1 SKA 

;:--+---i • �;;;;;r;. ! M'i'G 0 tw  \: � S C O P E  T R I G G E R  r� C 5 5  

T P 5 3  TP64 

�q--�RTI N G  
JUMPER 

_ _ _ SCOPE 
TP60 PROBE 

763A915 

Fig. 10. Test Connections for the 3/0 MS Time Delay 
Unit an cl the Flip-Flop of the Type SKA Relay. 
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TY P E  SKA CARRI E R  AUXILIARY R E LAY 

2. Start with SW- 1 open. Note: Both poles  of 
SW- 1 must close simultaneously - well with­
in one millisecond of each other. 

3.  Temporarily short out C55 with a short clip 
lead. 

4. Set R79 on SKA sub panel to 90 p ercent of  
full counterclockwise - only if setting has 
been previously disturbed. If timing is j u st 
being checked, do not initially change set­
ting. 

5 .  Clos e  SW- 1 .  (AR relay will pick up ) .  Note 
time delay indication on scop e trace. It 
should be 2. 7 to 3 . 3  ms. 

6 .  This time del ay can be adj usted by R73 on 
rel ay subp anel . Loosen lock-nut. Turn shaft 
clockwise to increase time delay .  Adjust 
if necessary to 3 ms. ± 10 p ercent. 

7. Opening SW- 1 re sets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8 .  When calibration i s  satis factory, tighten 
locknut and remove C55 jumper. 

c .  Carrier Squelch ( section L of circuit ) .  

1 .  Mak e  the connections shown in Fi g. 1 1 . 

P OS I 25 V

�
l::

-l 
S:A 

SKA 10 M E G. 

P O
S
. 4!5 o-------0 

TRIGGER I N PUT 
SKA 

SCOPE 
PROBE 

{4!5& 12!S)NEG.o---{ SH I ELD 
LEAD 

{� 0.6 AMP 
60 CYC 

S
KA 

� 

20 V ZENER DIODE 
IN3686 OR EQUIV. 

763A916 
Fig. 1 1. Test Connections fo r  the Carrier Squelch Un it  

o f  the Typ e SKA Relay. 

2. Apply d . c . ;  then 0 . 6  amp . ,  60 cycl es (or 
1 20 percent of pickup );  then close SW- 1 ,  
and re set scope trigger. (It may be' neces­
sary to set scope for negative swe ep-trigger­
ing voltage). Set range to around 200 ms. 
Note:  Voltage acro s s  SKA terminals 18 (-) 
9 ( +) will jump from zero to 20 volts d.c. 
when a-c i s  applied, then back to zero when 
SW- 1 is closed. 

3.  Open SW- 1 to start carrier-squelch timing. 
After about 1 20 ms . ,  scope trace will rise 
to 20-volt value. Ri se will not be sudden, 

I.L. 4 1-923.5A 

but will start at about 120 m s . ,  and may 
take to 1 60- 200 ms . ,  to reach final value. 
No adj ustment, since the carrier- squelch 
time is not critical . 

d. Transient Blocking (part of section K of circuit). 

1. Make the connections shown in Fig.  1 2. 

SW- 1 SKA 
POS . I 25 vo------" -

1
-

0
-<!t:>-

1 
-( 4 

SKA MEG 2 W 

POS. 45� SCOPE 
TRIGGER 

SKA 

(45 6 12 5 ) NE G 

ADO JUMPER 

TP63
):

" PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Blocking 

Unit o f  th e Typ e SKA Relay. 

2. Set scope sweep-sp eed to measure about 
30-40 ms.  max. 

3 .  With d. c.  applied, close SW- 1 .  After 20 to 
30 ms. , the scope trace will suddenly drop 
from about 20 volts to zero. Open SW- 1 and 
reset scope. 

4. Check several time s .  If  time exceeds 30 ms. , 
R93 may be replaced with a resi stor as 
low as 4. 7 K. If time interval is too short, 
R93 may be i ncreased to as high as lOK. 

5. Remove test jumper. 

e .  Transient Unblocking (p art of section K of 
circuit) 

1 .  Make the connections shown in Fig. 1 3 .  

S KA S W - 1  
P O S. 4 5 �- - A1 ____ � T O  S C OPE � I  T R I G G E R  

--o T P 5 3  

T P 6 3  TP64 

Fig. 13. Test Connections for the Tran sient Unblo ckin g  of 
the Typ e SKA Relay. 
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TYP E SKA CAR R I E R  AUXI LIARY R E LAY 

TABL E I I  

Test Poi nt Voltages (to negat ive d.c.)  
�-� - - � - �----

Test Cond i tion  ( F rom Tab l e  I and F i g. 6)  

Test Poi nt 

-·---· -- . .  · ----

1 2 3 

D . C .  M a ( Fig. 7) 90 240 1 1 5  

! 

TP-4 6 . 5  6 . 5  6 . 5  
5 6 . 7  6 . 7  6 . 7  

6 6. 6 6 . 6  6 . 6  

7 0 . 1  0 . 1  0 . 1 

8 7 . 6  7 . 6  7 . 6  

9 7 . 5  7 . 5  7 . 5  

10 0 . 1 0 . 1 0 . 1 

1 1  2 1 . 6  2 1 . 0  2 1 . 5  

1 2  - - -
1 3  1 9 . 8  0 . 15  0 . 28 

1 4  2 2 . 5  2 2 . 5  2 2 . 5  

1 5  0 . 0 5  0 . 0 5  0 .05  

1 6  0 45 0 

5 1  2 1 . 5  2 1 . 5  0 . 3 2  

5 2  7 . 4  0 . 05 0 . 0 5 

53 0 . 0 5  0 .05  7 . 3  

54 0. 1 2 1 . 8  0 . 1 

55 2 1 . 5  1 . 3  2 1 . 5  

56 0 9 . 2  0 
57 3 . 5  20 3 . 6  --
58 20 . 0  7 . 8  20 . 0  

5 9  0 1 4 . 5  0 

60 4 5 . 0  0 . 42 45 
6 1  0. 1 0 . 1 0 . 1 
6 2  7 . 4  0 .05  7 . 4  
63 0 . 0 6  20. 5  0 . 0 5  

2 .  Set scop e sweep-speed a s  for previo us 
section. 

3 .  Apply d . c . , then close SW- 1 .  ( Both poles 
must close simultaneously . )  After 20 to 30 
ms. , the scope trace will suddenly rise 
from zero to about 20 volt s. If time is out­
side 20-30 ms.  limits, reduce R73 to shorter 
time, or increase R73 to l engthen time.  

4.  Remove j umper. 

This compl etes the calibration checks of the 
various time del ay circuits. 

1 6  

-�� 

4 5 6 

90 105  2 50 

20 20 . 5  20 . 5  

6 . 7  6 . 7  6 . 8  

0 . 0 5  0 . 0 5  0 . 0 5  

1 9 . 0  1 9 . 0  1 9 . 0  

7 . 6  0 . 1 0 . 1 

0 . 1  0 . 1 0 . 1 

0 . 1  8 . 3  8 . 1 

2 1 . 5  22.0  2 1 . 5  - - -
1 9 . a  0 . 25 0 . 15  

22. 5 2 2. 5  22 .0  

2 1 . 0  0 . 1 0 . 1 

0 0 45 

2 1 . 5  2 1 . 5  2 1 . 5  

7 . 4  7 . 4  0 .05 

0 .05 0 .05 0 . 05 

0 . 1 0 . 1 2 2 . 0  

2 1 . 5  2 1 . 5  1 . 3  

0 0 9 . 2  

3 . 5  3 . 5  20 

20 . 0  20 . 0  7 . 8  

0 0 14. 5 

45 45 0 . 4  

0 . 1 1 7 . 0  0. 1 

7 . 4  0 . 65 0 . 0 5  

0 . 0 5  20 . 5  20. 5 

E. El ectri cal Checkpo int s  

(Not a relay test point <TP- 1 2  i s  neg . d . c .  on 
front printed circuit 
board. 

�eg. d. c.  

<Type-64 is neg. d . c .  
o n  rear printed circuit 
board. 

With the SKA relay conn ected as shown in Fig. 
7 ,  the d-e voltages at the test points on the two 
printed circuit boards are listed in the foUowing 
table for the six test conditions tabulated in Table 
I. These values can be check ed on a new relay, then 
kept for a reference if trouble shooting becomes nece,s­
sary at a later date: The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays. 

Return to TEST 4 except pass just pickup current 
(0. 5 amp. , 60 cycles unless relay has been recalibrated) 
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through terminals 16 and 17. Check the a-c voltage s 
tabulated below, using a vacuum-tube voltmeter: 

Test Points Voltage 

3 . 5  v . a. c. 
3 . 5  v . a. c. 

TP 1 to TP 2 
TP 1 to TP 3 

NOTE: The above two voltage readings should not 
differ by more than 5 p ercent, although the actual 
value will vary from one relay to another. 

F. Trouble- shooting 

The components of the SKA relay are operated 
well within their ratings, and under normal conditions 
should give long, trouble-free service.  However, if a 
rel ay has given an indication of trouble in service o r  
during routine checks,  the following procedure is  sug­
gested for trouble-shooting: 

If it is desired to check the SKA relay in position 
on the switchboard, a test cable is  available for 
bringing the rear printed circuit bo ard to an accessi­
ble position outside the relay. In use,  the relay chas­
sis is first removed from its case, then the rear 

T EST SYMP TOM 

1 No 22-volt supply 

1 Incorrect test point voltage 

2 AR relay does not operate 

3 AR relay does operate 

4 No 20 v .d .  c. at SKA te!'ms 9 and 5 

5 20 volts d. c. does appear at SKA 
term ' s  9 and 5 

6 AR rel ay does not operate 

---

printed circuit board is removed. In its p lace is  in­
serted a connector board provided with 3 ft. or 6 ft. 
of 1 9-conductor "ribbon" cable ,  and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The rel ay chassis is  now re-inserted in its case, 
and both th e front and rear boards are accessible for 

maintenance. The test cable is shown in Fig. 1 6  

Under standby conditions, the test point voltages 
should essentially agree with the values listed in 
Table II under Test Condition 1 (first column of 
voltages).  If these v alues are correct ,  the relay should 
then be checked p er Fig. 7 and Table I ,  as explained 
in ADJUSTMENT AND MAINTEN ANC E ,  Section A, 
Acceptance Test. Following is a tabulation of some 
symptoms,  and the sections of the SKA relay which 
may be at fault. 

In locating trouble with no specific component 
failure indicated, proceed as with any electronic de­
vice. Start at the input and gradually work through to 
the output circuit. For the SKA relay printed circuit 
boards, start at the left side (circuit-wise, per Fig. 
5), checking voltages at each stage. Note that a box 
around a transistor number ( I Q 2 1 ) means that the 
transistor i s  normally conducting. 

POSSI BL E CAUSE 

1.  Z4 shorted (22-volt zener) 
2 .  R28 open 
3. D9 open 

1. Failure of nearest associated transistor or 
diode. 

L D efect in some circuit on rear printed circuit board 

1. Shorted Q5 1 ,  or Q52 
2.  Defect in associated circuit 

Trouble in front printed circuit board: 
1. los overcurrent relay not operating 
2. Transistor Q6, Q7 , or QS shorted or held in 

conducting condition. 
3 .  Other component failure 

- -

1 .  10 s portion of front p . c. bd. not operating , or 
2.  2-input AND (I) not functioning 

1 .  As for test 2,  defect in some circuit on rear 
p . c .  bd. 
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TYPE SKA CA RRI ER AUXILIARY R ELAY 

TP15 
0 e 

FRONT BOARD 

762A844 
Fig. 14. Compon en t  Lo cation for the Front P rinted Circui t  

Board o f  the Type SKA Relay. 

APPROX. 

0 .. .. il 
... 
� 
u 
0 � ... z 
.. .. 
z 
0 

'--c •_• ______,, c___l _c •• -------' 

TP640 0TP62 8 6 0TP56 

� (ill) 1m] rnm ffiill rn:rn [ill] 
TP55() � 

w s  e e e  TP63 Q a 
[ffi] llffil � {Qill [ftlj] 

Q rnl§l llill] (ffi] IE!2J [ll]J a 11m1 o  � � �  TP61 THI :---T'64 � e o e TP&a e e o e Q TP53 �TPS� (!!!] � (!!Q] � 
[!!!Qg rm:1 cmr mTI- [!ID 

� � � � [MID  TP60 TP52 0 � !:':). 0 � 17j L'\ QTP51 
� Illill � � e � 
I C52 I fir I C50 I � � I]W �  i �  

REAR BOARD 

762A842 
Fig. 1 5. Componen t Location for the Rear P rin ted Circu i t  

Board of t h e  Type SKA Relay. 

f--------------------"A" FT. ------------------------1.., 

18 

STYLE 

4 10C303GOI 
410C 303G02 

DIM. A 

6 FT. 
3 F T. 

Fig. 16 .  Test Harness Outline 
644B341 
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TYPE SKA CAR R I E R  AUXIL IARY R ELAY 

G. Repl acement of pri nted-c i rcuit  board components. 

When a defective resi stor , capacitor, or diode is 
found, cut it out of the circuit by first clipping off 
its leads on the component side of the printed circuit 
.board. Then turn the bo ard over, melt the solder hold­
ing the remaining lead to the printed pad, and remove 
the lead with tweezers.  NOTE: For such work, a 
60-w att iron with a small,  well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iro n  against the printed-circuit board 
any longer than nec essary to remove and replace the 
the component. If the terminal hole in the board clo ses 
up with solder, use the iron to melt it ,  then open up 
the hole with fine awl or similar tool .  

Where transi stors are mounted on small plastic 
pads,  the leads cannot be clipped off. In such a cas e ,  
melt the solder on o n e  connection at a time , while 
gently tilting back that section of the transistor. Be­
cause of the sm all flexible leads, the transistor will 
gradually separate from the board. 

Wherever possible, u se a heat- sink ( such as an 
allig ator clip) on any transistor or diode being sold­
ered. As an alternate, use a lo ng-nosed pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E quipment 

1. Vacuum-tube voltmeter for a-c and d-e measure­
ments. 

2. Cathode-ray o scillo scope with provi sio n for 
calibrated single sweep . 

I.L. 4 1-923.SA 

R E N J:;WAL PARTS - Repair work can be done 
most satisfactorily at the factory. How ever, inter­
changeable p arts can be furni shed to the customers 
who are equipped for doing repair work. When order­
ing parts, always give the complete n ameplate data . 

E L E C T R I C A L  P A R T S  L l  S T  

All capacitors 200 v. d .  c. rating, mi nimum, unle s s  
otherwise noted. 

All resistors ± 5% tolerance, 0 . 5-watt, unless other­
wise noted. 

Typ e 

IN9 1 

IN459A 

Voltage 

100 v.d. c. 

175 v . d . c .  

Material 

Ge 

Si 
Ratings of Zener diodes in SKA relay: 

Type Volts + Tal.  % Watts 

IN957B 6 . 8  5 0. 4 

IN960b 9 . 1  5 0 . 4  

IN 1789 56 10 1 

IN 183 2C 62 10 10 ( Clipper) 

IN30 5 1  200 20 1 

IN3686B 20 5 1 . 5  

IN3797B 22 5 1 . 5 

Othe r components: 

T l  Saturating transformer 
S# 606B5 19G03 

T 5 1  Typ e l D l O l Thermistor - lOK at 25°C 
S# 1 8 5A 2 1 1 H04 

C3, C53 39 mfd , 35 v. tantalum capacitors 
S# 187 A508H04 
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TYPE SKA CAR R I E R  AUXILIARY R E LAY---------------------

20 

1 1 9 - l fi J.. � � i  
___ ___._ ___ --.-=3-=-2 ..... , - �  J 16 I · 1 6 

� . ..  ; 1 ---� 
• I h_ . : l i + ' . _):::_ 

I I I : . ! I . ' I . 

I I . ;. ++--�-t-,'-:. 
1 I I i l  +' : �N I � �� 

I : i I 
I I : ' i l l � 
"-------+·--.: 't Y}--------{J-
1 i , ' I  I J  I' �. � � : : : :  
t:L�LOCAT I "  \ j!J 
SEMI FLUSH MTG. -
P!!OJ ECTI OII MTG. --------1 

TEI!M I MAL AND 
�UIITI MG DETAI LS 

..... 
I 

1q� I �s { �  
PAII EL CUTOUT & DI! I LL I IIG 
FOft S EM I  FLUSH MTG. 

PANEL D«t LLING OR 
CUTOUT Fi)lt PIO.:IECTI ON  MTG. 

( FRONT Yf EW) 

* F i g. 76. O utline and Drill ing P l an fbr the Type SKA Relay in the F T32 Case. 

3 i; 0 1 1. 20 HOLES 
Oft CUT OUT 

)7-D- 7903 
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I N ST A L L A TI O N  
Westinghouse I . L. 41 -923. 5A 

• OPE R A T I O N  • M A I N TEN A N CE 

INSTRUCTIONS 
TYPE SKA CARRIER AUXILIARY RELAY 

I N S T R U C T I O N S  

CAU TION: Before putting relay s  into service,  m ake 
sure that all movi ng parts operate freely, inspect the 
contacts to see that they are clean and close pro­
p erly, and op erate the relay to check the settings and 
electrical connectio ns .  

AP P L I C A T I O N  

The typ e SKA relay i s  the s tatic carrier auxiliary 
rel ay used in the K- Dar distance carrier relaying 

* system to block instantaneous tripp ing for faults 
external to the line s ection to which it is app lied, 
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to respond 
to indications of  fault power and direction p ro vided 
by the phase and ground relay s ,  thereby controlling 
the transmission of t he carrier signal s ,  or the initia­
tion of high- sp eed tripp ing for internal faults.  

C O N S T R U  C T I  O N  

The components o f  the typ e SKA relay are mount­
* ed in the FT3 2  Flexite st case. The static equival ents 
* of the receiver relay,  the carrier stop auxiliary relay 

units , and the c arrier- start ground ov er-current unit 
los are mounted on plug-in printed circuit boards. In 
addition ,  the static component s  for the transient 
blocking and carrier s quelch functions are similarly 
mounted. Two printed circuit bo ards are used,  one 
mount ed on the front of the relay chassis ,  and the 
o ne at the rear o f  the chassis. 

There i s  only one electromechanical rel ay unit 
in the SKA relay: a high- speed auxili ary tripping relay 
unit (AR) connected to the output of the decision­
making static circuitry. This relay unit operates in 
approximately 3 milli seconds for internal faults cle ar­
ed through the SKA relay.  The tripping has a d-e 
el ectromagnet and an attracted m agnetic armature. An 
insulated member fastened to the armature pull s four 
movable contact springs until they touch the stationary 
contacts when the relay coil is energized. Only thr ee 

SUPERSEDES I. L 4 1 -923. 5 
*Denotes change from superseded i ssue. 

of the contacts are used, but all four must be in ad­
j ustment for proper operation of  the relay .  

The alarm function i s  handled b y  a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case.  The TT- l alarm relay uses a te lephone-type 
relay unit with a single nor mally-open contact . The 
coil circuit is shunted by a s mall vitreous resistor 
to give the desired calibration. 

The phase carrier relay tar get or operation indi­
cator is a d-e operated clapper-type device w hich 
drops an orange target when trip current flows through 
its coil circuit . 

O P E R A T I O N  

LOGIC E L EMENTS 

The operation of  the SKA relay during internal 
and external fault s can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram. In 
Fig. 3 ,  the l ettered logic bl ock s serve the following 
functions :  

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is not received. 
Energized from output of car­
rier receiver. 

3/ 20 TIME Integrating time del ay,  3 ms.  
DELAY pickup tim e ,  20 m s .  dropout 

time, energized from 2 1P 
(phase) or 67N ( ground) pro­
te ctive relay. 

2-INPUT Provides an o utput trip sig-
AND .  nal only w h e n  2 1P or 67N 

operates (lo nger than 3m s . )  
and carrier is not received. 

3/0+T . D .  Co-ordinating time delay,  3 
m s .  pickup time ,  no inten­
tional dropout delay (0+). 
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TYPE SKA CARR I E R  AUX I L IARY R ELAY--
--------------------

2 

105  PICKUP 
ADJ . 

AR T R I P PING 
R E L AY 

OPERAT I ON 
INDICATOR 

:a---- F RONT PRINTED 
CIRCUIT BOARD 

* Fig. 7 .  Type SKA Carrier Auxiliary Relay in FT32 Case (Front View). 
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TYP E SKA CARR I E R  AU XIL I ARY R E L AY -� --------------------'·_L._4_1_-9_2J._s_A 

I N 1 832 C 
:...:.::..--- Z EN E R  C L I PPER 

( Z  1 )  

R2  

...,.._ __ R EAR P R I N T E D  
C I RCU IT BOARD 

* Fig. 2. Type SKA Carrier Auxiliary Relay in FT32 Case (Rear View). 
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TYP E SKA CAR R I E R  AU XIL IAR Y  R ELAY----------------------

4 

The 3- ms.  pi ckup delay al­
lows for momentary interrup­
tions of  carrier duri ng ex­
ternal faults without incor­
rect tripping. 

F FLIP- FLOP Provides positive and steady 

G 

H 

J 

K 

L 

M 

R 

tripping output when logic 
circuits determine presence 
o f  internal fault. 

TRIP AMP D . C .  amplifier energized from 
FLIP- FLOP. Provides ade­
quate energy to AR tripping 
relay .  

CARRIER 
STOP (OR) 

2-INPUT 
AND 

los AMP 

Stops carri er transmi ssion 
on signal from 2 1 P ,  67N,  
carri er squel ch,  or from 2-
input AND at I .  

Provides an output t o  car­
rier-stop OR (H) on operation 
of both Do (in 67N) and car­
rier-start los units. 

Includes phase splitter, rec­
tifi er ,  and l evel detector for 
static ground carrier- start 
over- current unit. 

TRANSIENT Allows 25 ms. for normal 
BLOCKING tripping after operation of  
AND UN- 2 1P ,  67N, or los,  then blocks 
BLOCKING flip-flop to prevent incorrect 
25/25 

SQUELCH 
0+/ 1 50 

los 

tripping during clearing of 
external faul t .  If internal 
fault develops before clear­
ing of external fault, the un­
blocking feature allows trip­
ping after 25 ms.  delay. 

Energizes carrier-stop cir­
cuit when AR trip relay is 
energized (no intentional de­
l ay) ,  and holds carrier o ff 
for about 1 50 ms.  to allow 
sequential tripping of other 
terminal s .  

Switching transistor ( ener­
gized from output of los AMP )  
which serves as normally­
closed contact for ground 
c arrier-start function. 

C arri er receiver to provide 

T 

INTE R NAL FAUL T 

blocking signal to logic cir­
cuits from remote transmitter. 

C arrier transmitter to send 
blocking sign al to remote 
station. 

The operation of  2 1P (phase) or 67N (ground) 
relay for an internal fault perfo rms the fo llowing: 

1. Energize s  the carrier-stop circuit (H). 
2. Starts the 3- ms.  timi ng circuit (C) .  The longer 

dropout time of  20 ms. i s  to minimize any ad­
ditional del ay caused by co ntact bounce of  
the electro mechanical protective relays.  

3 .  "Arms " the flip-flop ( F ),  o r  puts  it  in a 
" ready" condition by removing a blocking 
bi as voltag e .  

4. Energi zes the transient blocking circuit ( K ) .  

In t h e  ab sence of received carrier ,  t h e  N O T  cir­
cuit B has an output which is fed into the AND cir­
cuit D.  After 3 ms. , the output of time del ay C is also 
fed into D. If both these inputs continue for another 
3 ms. , the output of  E op erates the flip-flop F, and 
in turn the trip amplifier G which energizes the trip­
ping relay AR to complete the trip circuit thro ugh AR 
relay contacts ARP or ARG. Thi s operation will be 
completed before the transient blocking becomes ef­
fective. 

The function of  the CARRIER- SQU ELCH block L 
is to hold carrier off ( for about 1 50 milli seconds) 
after the trip circuit i s  completed for an internal 
fault. This is to prevent undesirable blocking where 
sequential relay operation may occur at the terminal s  
of  a protected line section for an internal fault with 
widely different fault currents at the two terminal s .  

EXTE RNAL FAUL T 

If carrier is received from the remote terminal 
when 2 1 P  or 67N operates ( as for an external fault),  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the co nditions will 
not be set up for tripping. The " carrier-stop " block 
H functions (when 2 1 P  o r  67N operates) to stop car­
rier transmission on tho se internal faults for which 
carrier may be started by 2 1 S  phase rel ay (00 o r  3 0) 
or los ( at M).  For those internal ground faults which 
may not op erate the 67N Io contact, op eration of  Do 
of  67N and lo s (thru los AMP at J ) energizes a second 
AND circuit ( at I) to stop carrier ( at H). 
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TYP E SKA CARR I E R  AUXI L I ARY R ELAY --------�=��----------=•·::L::. . ..:.4 1:.:..-9:.:2=3-::.:.SA:__ 

/ 

CARR j 
START l 

@ C I R C U I T  E L E M E N T  
B R A C K E T E D  O N  5 4 3 0 1 1 1  

0 
� ��3Io 

762A723 

Fi g. 3. Logi c Diagram fo r  the Type SKA Relay. 

If tripping does not tak e  place within 25 m s .  after 
the protective relays operate , a TRANSIENT BLOCK­
ING circuit at K is energized which de-sensitizes 
the FLIP-FLOP to prevent possible u ndesired trip­
ping during transients oc curring at the clearing ( else­
where) of an ext ernal fault. 

SEQU ENTIAL FAULTS 

Occ asionally an external fault will be followed· 
by an internal fault before the former is cleared. In 
order to prevent a long delay in cl e aring such a in­
ternal fault , a ' 'transient unblocking ' '  feature is in­
cluded at K 1•  Although transient bl ocking has been 
set up by the initial external fault, the presence of 
an internal fault will cause an output from the AND 
at D. Thi s output will energize the transient un­
blo cking circuit w hich, after 25 ms. , will allow the 
flip-flop to operate ,  and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R EL AY C I RCUI TRY 

The connections of the logic element s to the re­
lay terminals are shown o n  the internal schematic,  
Fig. 4 .  This diagram also indicates the major  exter­
nal circuit connections to the relay termi nal s.  The 

complete detailed relay circuit is chown in Fig. 5 .  
The components enclosed by the heavy broken line s 
in this diagram are mounted o n  the two printed cir­
cuit boards of the SK A relay .  The op eration of the 
individual circuit components is e xplained in the fol­
lowing paragraphs. The letters identifying the logic 
elements in Fig. 3 are also used to identify the cor­
re sponding portion of the circuit in Fig. 5. 

B - NOT c i rcu i t  

In t h e  absence o f  received carrier ,  transistor Q 5 1  
is normally conducting. Under this condition ,  tran­
sistor Q 5 1  has a tripping output. When c arrier is re­
ceived , transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 1 2  
to approximately +4 5 volts.  Thi s raises the base o f  
Q5 1 abo ve its emitter potential ( +22 V. ) ,  thus cutting 
off collector current. Thu s ,  when carrier is  received, 
there is no positive tripping output from the NOT cir­
cuit B .  

C-3/20 MS TIME DELAY:  D-TWO� INPUT AND. 
Under normal conditions,  transisto r Q52 is not con­
ducting; thus the positive pot ential of  the collector 
of transistor Q52 is not a tripping conditio n. When 
relay terminal 4 or 20 is  made positive by the opera-
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TYP E SKA CARRI E R  AUX I L IARY R ELAY 
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C I ICUITR'f• 

OWQ,SIJ30111 

OrEUTIOII 

t•DtCATOI 

tED NUOU: 

TEST s•nCII 

TUMIIAL 

762A752 
* Fi g. 4. I nternal Schemati c for the Type SKA R elay in 

the F T32 Case. 

tion of a protective relay, thi s  po sitive pote ntial i s  
applied thru Zener diode Z53 or Z54 and diode D 5 1  
t o  t h e  tim e  delay circuit C .  When this occurs ,  capa­
citor C50 starts to charge thru re sistors R52 .and R-
54.  After a time delay of approximately 3 millise cond s ,  
the voltage o n  C50 i s  sufficient t o  cause Zene r  diode 
Z52 to conduct, thus m aking the base of  Q52 positive. 
Under thi s condition, tran si stor Q5 2 i s  s witched on 
and its collector potential drops to a very low value.  
Thu s ,  for an op eration of  2 1P or 67N and with no car­
rier received, transistors Q52 and Q53 of the 2-input 
AN D at D will both be in a conducting condition. 
This combination will remove the po sitive potential 
from the base of transi stor Q54, thus cutting o ff its 
collector current, and represents a tripping conditio n.  
If ,  however,  carrier is rec eived at the same time that 
2 1 P  o r  67N operat e s ,  the rec eption of carri er will 
cause Q5 1 and Q53 to turn off, rai sing the potential 
of  Q53 collector and Q54 base, thus keeping Q54 con­
ducting. The o utput of Q54 under this condition repre­
sents a blocking or non-tripping condition. 

E - 3/0 m s  TIME DELAY. Under normal co ndi­
tio ns, Q54 is in a conducting state. This provide s a 
path for current to flow fro m the emitter to the base 
of  transistor Q55 and then thru the collector circuit 
of  Q54 ,  k eeping Q55 turned on. Under this condition,  
transistor Q55 short circuits or bypasses capacito r 
C 5 1 ,  preventing it from charging up. Under the co ndi-

6 

tion for tripping explai ned in the previous sectio n ,  
transistor Q 5 5  i s  turned off, allowing C 5 1  t o  charge 
thru resi stors R70 and R69. After a c alibrated tim� 
delay of  3 milliseconds, the voltage acro s s  capaci­
tor C 5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit, is sufficient 
to cause operation of the flip-flop.  The time delay 
circuit E has no intentio nal reset time delay. If a 
tripping condition is indicated for 1 or 2 millis econds 
such as during a reversal of fault power flo w ,  as 
soon as transistor Q55 again conduct s.  The capaci­
tor C 5 1  is rapidly discharged thru 

·
Q55,  diode D 5 2 ,  

and re sistor R70 . T h e  rapid resetting o f  t h e  time de­
l ay circuit E prevent s  possible notching up of  the 
charge on capacitor C 5 1  during momentary inter­
mittent interruptions of  the carrier blo cking signal .  
This time delay i n  conj unction with that provided in 
circuit C are ample to provide co ordination of the 
carrier- start and tripping protective relays at the 
two ends of a line circuit during fault conditions. 

F - F L I P- FLOP CI RCU I T. The flip-flop circuit 
consists of transi stors Q58 and Q59 and associated 
components.  Under normal conditio ns,  transistor Q58 
is in a non-conducting, and transistor 59 i s  fully con­
ducting. The base of  transi stor Q59 is held well be­
low its emitter potential by means of the voltage di­
vider consisting of  resistors R8 6 ,  R84,  diode D57,  
and resistor R83.  With thi s bias ,  transistor Q59 i s  
held in saturatio n,  and t h e  flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58, transistor Q59 would not turn off. 
Thi s desensitizing circuit is an arrangem ent to pre­
vent inadvertant operatio n  of  the flip-flop caused by 
surges on the de sy st em . As long as Q59 is conduct­
ing, its collector is at a high enough positive poten­
tial that transistor Q6 1 in the tripping amplifier can­
not turn on. 

Upon the oc curence of an internal fault, posi­
tive 125 volts de is supplied to either terminal 4 or 
20 of  the SKA rel ay .  Through the Zener diod e s  Z53 
o r  Z54, plus diode D53 and resistors  R8 2 and R83 , the 
desensitizing bias is removed from transistor Q59.  
Thi s is accomplished by m aking the p otential of  the 
j unction of resistors R82 and R83 higher than the 
positive 2 2  volt supply for the flip-flop circuit. When 
thi s  occurs,  there i s  no current flo w  through resi stor 
R84 and diode D57,  and the flip-flop i s  now " armed " ,  
or in a re ady condition for a tripping operation. After 
the three-milliseco nd time del ay s  of  circuits C and 
E have elap sed, the potential acro s s  cap acitor C 5 1  
i s  sufficient to cause Q58 t o  conduct. Thi s immed­
iately causes operation of the flip-flop,  turning off 
transistor Q59. When Q59 is no longer conducting, 
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POS. 4 5 V 

;-ROM T C  S E T  
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CARRIER 
CONTROL - � - ·  C K T. 

I � IN3686B 
I { I N  TC 
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0 1 1  in the carrier stop rel ay circuit H, the applica­
tion of positive potential to the base of transistor 
Q6 turns it on and stop s carrier by applying a low 
resistance path from rel ay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3686B 
in the TC transmitter ( shown dotted at the right o f  
the relay terminals) .  Similarly, for phase faults, the 
closing of 21P ( Z 2) applies positive to SKA relay 
terminal 20, through diode Z53,  resistor R26, and 
diode 0 1 1  to the base of Q6, turning it on to stop 
carrier. The operation of 67N or 21P directly ener­
gize the second input to the 3-input OR. The third 
input is from the carrier squelch circuit, as described 
in the next section. 

L . CARRI E R  SQU ELCH. When the trip ampli­
fier G is energized as a result of an internal fault, 
the turning of transistor Q64 drops its collector vol­
tage to a very low value. The collector circuit of 
Q64 is also connected from the rear board terminal 
18 to the front board terminal 1 6 ,  the resistor R3 1 
and the base of transistor Q8. Applying a negative 
potential from Q64 to thi s circuit allows transistor 
Q8 to turn on, thus providing a path fo r rapidly charg­
ing capacitor s C3 thru diode 0 1 2, transistor Q8, 
resistor R33, and diode 0 1 3.  Thi s positive potential 
on capacitor C3 i s  applied, through R34, to the base 
input circuit of the carrier-stop transistor Q64. Thus 
when a tripping operation occurs, the carrier- stop 
circuit is energized for a period of 1 20 to 1 60 milli­
seconds to hold carrier in the " off" condition at 
that terminal to allow the tripping of other terminals 
which may have to operate sequentially because o f  
t h e  distribution o f  fault current. 

It will be noted that an output of the carrier con­
trol circuit at relay terminal 8 is  also connected to 
the rear printed circuit and through diode 060 to the 
transient blocking circuit. This circuit is provided 
so that for an external fault, where the directional 
element remains open and only the overcurrent unit 
operates, this will still allow energizing the tran­
sient blocking circuit. Operation of the transient 
blocking circuit by the carrier-start overcurrent unit 
alone is  de sirable so that the transient blocking will 
be acting if a power rever sal occurs during the clear­
ing of an external fault .  However; the flip-flop is  not 
" armed" by the operation of the ground overcurrent 
carrier-start relay alone since this relay unit doe s  
not set up tripping. 

C H A R A C T E R !  S T I  C S  

The typ e SKA relay is  shipped with the carrier-

start overcurrent unit set for 0. 5-ampere pickup and 
0. 4-ampere dropout current. This setting is satisfac­
tory for most applications.  The range of pickup ad­
justment of this unit is  0 . 5  to 2 .0  amp eres. The drop­
out i s  80 percent of pickup.  

The pickup and dropout characteri stics of the 
various time-delay circuits of the relay logic are 
given in the OPERATION sections. 
Burden of o vercurrent unit: 

At 0 . 5-amp. pickup setting: 0 . 2 v . a. at 0 . 5 a, 60 cycles 
7 . 8  v . a. at 5.0 a, 60 cycl es 

S E T T I N G S 

Normally, there are no settings to be made on the 
SKA relay. The 0. 5-ampere pickup o f  the ground over­
current carrier-start unit ( los) and the various time 
delay circuits are factory adj ustments.  For most ap­
plications, a pickup current of 0 . 5  ampere for the lo s 
unit is satisfactory. If conditions require , the pickup 
can be changfd to any value between 0 . 5  and 2.0 am­
peres, as explained under Calibration in the Adjust· 
m ent and Maintenance section. 

I N S T A L L A T I O N 

The relay should be mounted on a switchboard 
p anel or its equivalent in a location free from dirt, 
moistur e, excessive vibration, and heat. Mount the 
relay vertically by means of four mounting holes on 
the flange for semi-flush mounting or by means of 
the rear mounting studs for projection mounting. 
Either a mounting stud or the mounting screws may 
be utilized for grounding the relay. The electrical 
connections may be m ade directly to the terminals 
by means of screws for steel panel mounting or to 
the terminal studs furnished with the rel ay for thick 
panel mounting. The terminal studs may be easily 
remo ved or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench . 

The o utline and drilling plan of the typ e SKA re­
�lay in the FT- 32 case is shown in Fig. 1 7 .  

A D J U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of the SKA rel ay can be check ed 
by connecting it in accordance with Fig. 7 .  Operate 
the switches 1 ,  2,  and 3, and apply 1 ampere, 60 
cycles as indicated for the six test conditions in 
Table I. The operation of the type AR tripping rel ay 
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TYP E SKA CARRI E R  AUX I L I AR Y  RELAY ----------------------

or the pre sence of carrier control voltage ( 20 volt s 
de) as listed in the columns of Table I will check 
the performance o f  the logic circuits and other com-

1 .0 AMP 
6 0  CYC 

To() CONTACT 
LIGHT CI<T. 
{8 TERM 10) 

� 

VIEW OF RELAY NEG. 
NOTE FRONT IJSW·I 

D C 
C 4 5  a 1 2 5 1  

POS 1 2 5  V 

ponents of the complete relay. The right-hand column 
of  Table I indi c at e s  the protective relay operation 
represented by the six test conditions.  

NEG 0 C 

TO CONTACT 
LIGHT CKT. 
( & TERM I )  

763A919 
Fig. 7. Test Diagram fo r Typ e SKA Rel ay. 

TABL E I 

if -
S E T T I N G S  I '  

I I  
R E S P O N S E  

Test Cur. at  AR D.C.  Va l ts 
SW- 1 SW-2 SW-3 Term. Re lay Term. 9-5 

Operat ing  Cond i t ion Represented 

1 6- 1 7  , I  
1 0 0 0 Zero l i open Zero Normal 

2 c l it  0 0 Zero clo sed Zero 2 1P or  67N operation i 
3 close close 0 Z ero open Zero 2 1P and received carrier 

2nd 1st $ 
I 

4 0 0 0 !11 1 , 0  amp ' op en 20V lo s carrier-start 

5 0 0 C l  1 . 0  open Zero Do and los operation 

6 C l  0 C l  1 . 0  I clo sed Zero Do and lo trib. and los  I 

0 = open 
Cl = cl o s e  

!II = or 2 x pickup � = clo s e  SW- 2, then SW- 1 
It =  clo s e  SW- 1 with lead connected fi rst to term . 4 then to term . 20. 

1 2  

t' 
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B. Cal i bration Check 

The pickup and dropout current values for the 
carrier-start overcurrent ground rel ay Clo s ) can be 
checked u sing the s ame test  connections shown in 
Fig.  7 .  With switches 1 ,  2 ,  3 all open,  apply a 6Q­
cycle current to terminal s  16 and 17 of the SKA re­
l ay.  Increase this current gradually. At a current 
l evel of approximately 0.  5 ampere,  the d-e voltmeter 
reading will suddenly increase from 0 to app ro ximate­
ly 20 volt s .  This is the pickup p oint of  the over­
current relay.  Now reduce the current applied to ter­
minal 1 6  and 1 7 .  At approximately 0 . 4  amp ere (80% 
of the pickup value),  the d-e voltage will drop to 
zero . The zero value of d-e voltage may be a few 
tenths of  a volt rather than exactly zero . The low 
value of  voltage is the drop acro s s  the transi stor 
Q7 w he n  it  is fully conducting. 

The o verall operating time of the SKA relay can 
be checked using test condition #2. Arrange to start 
a timer, or the single sweep of a c athode-ray o scillo­
scope p rovided with this operating feature, when 
s witch SW- 1 is clo sed. The timer can be stopp ed by 
the closing of  the relay trip circuit between terminal s  
1 and 10,  o r  by applying a d-e voltage from an ex­
ternal source thru the relay trip circuit to the timer 
o r  to the vertical deflection input o f  the o scillo scop e .  
T h e  time from t h e  closing of  SW- 1 until t h e  trip cir­
cuit is complet� d  should be in the order of 9 to 1 2  
milliseconds. I f  a double-pole,  single-throw switch 
i s  used to energize the relay and start the timing d e­
vice , be sure that both pole s  of the switch clo se 
within a millisecond of e ach other. 

The performance of  the operation indicator can 
be che cked while the circuit of Fi g. 7 is set up by 
connecting the relay trip circuit (terminals 1 and 10) 
to an external source of  appro ximately 1 .  5 amp eres 
de, using external current-limiting resistance. When 
switch SW- 1 i s  closed, the indicator should drop its 
target. NOTE: Do not try to interrupt the 1. 5-ampere 
direct current by opening SW- 1 as the AR tripping re­
l ay will not interrupt this current. Instead, open the 
trip circuit external to the SKA relay,  then open SW- 1 .  

C .  Recommended Routine Maintenance 

The contacts of  the type AR tripping relay should 
be periodi c ally cleaned. A contact burnisher such as 
Stt182A83 6H0 1 is recommended for thi s p urp ose.  Be 
careful not to distort the moving contact spring fin­
gers during burnishing operation. The use of abrasive 
m aterial is not recomme nded because of the danger o f  
embedding small particles in t h e  face o f  t h e  soft sil­
ver and thus impairing the contact performance. 

The proper adj ustments to insure correct opera­
tion of thi s rel ay have been made at the factory and 
should not be disturbed after receipt by the cu stomer.  
If the adj ustments have been changed, or component s 
have been replaced which may affect the calibratio n ,  
or if i t  i s  desired t o  check t h e  adj ustm ents a t  regular 
maintenance period s,  the instruction s  in the c alibra­
tion section should be followed. 

D. Cal i bration 
L Tripping Relay (AR). The typ e AR tripping relay 

unit has been properly adjusted at the factory to 
insure correct operation, and under normal field 
conditions should not require readjustment . If, 
however , the adj ustments are disturbed in error , 
or it becomes necessary to replace some part , use 
the following adjustment procedure .  This pro­
cedure should not be used until it is apparent that 
the relay is not in proper working order , and then 
only if suitable tools are available for checking 
the adjustments .  
a .  Adju st the  set s crew at the rear of the top of  

the frame to obtain a 0 009-inch gap at the  rear 
end of the armature air gap . 

b. Adju st e ach contact spring to obtain 4 grams 
pre ssure at the very end of t he spring. This 
is measured when the spring move s aw ay from 
the edge of the insulated crosspiece.  

c.  Adjust each stationary contact s crew to ob­
tain a cont act gap of 0 . 020-inch .  This will 
give 15-30 grams contact pre ss ure . This com­
pletes t he adjustment procedure for the AR 
tripping relay unit. 

2. static overcurrent Unit. To test this portion of 
the rel ay,  use the connections shown below. 

I S K A  rl : T E R M'S [0----C:J l-.l--o 1 6  

6 0  CYC : 
1 7  

I 

POS. 45 V 
0 

N E G. D.C. 

I 
I 
I o r  
I 
I 
I 
I 

20 V. Z E NER 
DIODE 
( I N3686 OR 

E Q U I V. ) 

D .C .  V M 
0 - 2 5  

763A913 
Fig. 8. Test Connections fo r  the los Unit of the Typ e 

SKA Relay. 
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TYP E SKA CAR RI E R  AUXIL IARY RELAY ----------------------
With the 45 volts d . c .  applied, the d-e voltmeter 
will initially read zero (perhaps as much as 0 . 3-
volt de. ). Slowly increase the 60-cycle current ap­
plied to terminals 1 6  and 17 .  At a current of 0 . 5  
ampere a. c. , the voltmeter reading should sud­
denly increase to approximately 20 volts. Loosen 
the lock-nut for adj usting R3, and again lock it 
after any adjustments have been made. If it i s  
necessary t o  adj ust the pickup, turning th e slotted 
shaft of potentiometer R3 in a clockwise direction 
will increase the pickup current. Conversely, if a 
lower pickup current is desired , turn the shaft 
counterclockwise.  The range of pickup adjust­
ment is 0. 5 to 2 . 0  amperes, 60 cycles. After the 
relay has picked up , slowly reduce the 6Q-cycle 
current. At 80 p ercent of pickup ( 0 . 4  amp . for a 
0 . 5-amp . ), the relay should drop out as pickup 
indicated by the voltmeter reading dropping to 
zero . If this point needs adjustment, loosen the 
lock-nut on the resistor R9 and turn tne shaft of 
R9 clockwise to increase the dropout current or 
counterwise to reduce the dropout current. After 
this point has been set, tighten the lock-nut and 
make a final check of the dropout current value.  
Do not try to set the dropout below 80 percent as 
the relay may not reset at all . 

3 .  Op eration Indicator. The operation indicator should 
pick up and drop the indic ator target when the 
current is between 1 and 1. 2 amperes d-e. To in­
crease the pick-up current, remove the molded 
cover and bend the springs out or away from the 
cover. To decrease the pick-up current, bend the 
springs in toward the cover. 

Make sure that the target drops freely when the 
unit operates.  

4 .  Time Delays in Logic Circuits. There are five 
time-delay circuits in the SKA rel ay. The se can 
be checked most easily using a cathode-ray o scil­
lo scope having provi sion for a single sweep and 
an external trigger source.  The scope should pre­
ferably have a c alibrated horizontal sweep which 
can be read in milliseconds directly from the grid 
on the screen of the scope. The following para­
graphs will explain the procedure to be used and 
the connections necessary fo r checking or recali­
brating each of the time delay circuits separately. 
Note: The rotation " 3/ 20 MS" on the logic dia­
gram and on the internal schematic means 3 milli­
seconds pickup time, 20 milliseconds dropout 
time. The figure "0+" means no intentional time 
delay. 

a. 3/20 ms.  time delay (section C of circuit) 

1 4  

1 .  Make the connections shown i n  Fig.  9 .  

P O S .  1 25 V.D.C..o--------"5Wt- l  SKA 

TP53:J?��-
.SKA ��O 

P OS. 45 V. o----0 TP6 4 

0 =t_sCOPE T R I GG E R  

( 4 5 8 1 2 5 J NEG. D.C.O>---.r.._ ___ _.J�ji
N
P
U
T 

763A914 

Fig. 9. Test Connectio n s  for the 3/20 MS Time Delay 
Unit o f  the Type SKA Relay. 

2.  Set the scope sweep-speed for around 5 
milliseconds time to mak e  one sweep. 

3 .  Approximately 3 tns. after SW- 1 i s  closed, 
the d-e voltage acro s s  TP 53 (+) to TP64 
(-) will drop from 22 volts to nearly zero . 
The sudden drop in .vertical position of the 
trace will indicate completion of the time 
delay. The time should be between 2. 7 and 
3 . 3  m s .  Variations in circuit constance may 
give values slightly outside these limits .  
I f  the time is over 3 .  5 ms. , reduce R54. 
Conversely, if the time i s  under 2. 5 m s . ,  
increase R54. 

4 .  Reset scope and change sweep speed to 
measure 20 ms.  Open SW- 1 and note dropout 
time. The time should be in the range of 1 7  
t o  2 3  milliseconds. If time is appreciably 
outside this range, change R53. Increasing 
R53 will increase dropout time; decreasing 
it will reduce dropout time. 

b .  3/0+ time delay of flip-flop ( sections E and F 
of circuit). 

1. Make the connections shown in Fig. 10 .  

POS. I 2 5 V.DC.O 

SKA  
POS. 4 5  D.C.--0 

� ( 45& 125) NEG.--"\:J 

sw-r SKA 

;::-----{ • O.P. S.T. I IO
t l
) l w SWITCH : MEG. l 2 \: '-------;. SCOPE TRIGGER r� 055 

TP53 TP64 � SHORTING 
JUWPER 

_ _ _  SCOPE 
TP60 PROBE 

763A915 

Fig. 10. Test Connections for the 3/0 MS Tim e Delay 
Uni t  an d the Flip-Flop o f  the Type SKA Rel ay. 
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TY P E  SKA CARR I E R AUXI LIARY R E LAY 

2. Start with SW- 1 open. Note: Both poles of 
SW- 1 must clo s e  simultaneously - well with­
in one millisecond of e ach other. 

3 .  Temporarily short out C55 with a s ho rt clip 
l e ad . 

4. Set R79 on SKA sub p anel to 90 p ercent o f  
full counterclockwise - o nly i.f setting h as 
been previously disturbed. If timing is just  
being checked, do not  initially change set­
ting. 

5. Close SW- 1 .  (AR relay will pick up ) .  Note 
time delay indication o n  scop e trace.  It 
should be 2.  7 to 3 .  3 ms. 

6 .  Thi s time del ay can be adj usted by R73 on 
relay subp anel . Loosen lock-nut. Turn shaft 
clockwi se to increase time delay.  Adj ust 
if neces sary to 3 ms. ± 10 percent. 

7 .  Opening SW- 1 re sets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8. When calibration is satisfactory, tighten 
locknut and remove C55 j umper. 

c .  Carrier Squelch (section L of circuit). 

1 .  Mak e  the connections shown in Fig. 1 1 . 

POS. I 20 V

�

t

-

l 

s;
A 

SKA 10 MEG. 

POS .4!5o-----0 

TRIGGER I N PUT 
SKA 

( 4 5 8  125)NEG.o----{ 
S H I E L D  
LEAD 

{� 0.6 AMP 
60 CYC SKA 

?-0-----0 

20 V ZENER DIODE 
IN3686 OR EOUIV 

Fig. 1 1. Test Connections fo r the Carrier Squelch Unit 
o f  the Type SKA Relay. 

2. Apply d . c . ;  then 0 . 6  amp . ,  60 cycl es (or 
1 20 percent of pickup ); then close SW- 1 , 
and re set scope trigger. (It m ay be neces­
sary to set scope for negative sweep-trigger­
ing voltage).  Set range to around 200 m s .  
Note: Voltage acro s s  SKA terminal s  18 (-) 
9 (+) will j ump from zero to 20 volts d . c .  
when a-c i s  applied, then b ack to zero when 
SW- 1 is closed. 

3 .  Open SW- 1 to start carrier- s qu elch timing. 
After about 1 20 m s . ,  scope trace will rise 
to 20-volt value.  Rise will not be sudden ,  

I.L. 4 1-923.5A 

but will start at about 120 m s . , and m ay 
take to 1 60- 200 m s . , to reach final value.  
No adj ustment, since the carri er- squ elch 
time i s  not critical . 

d .  Transient Blocking (part of section K o f  circuit). 

1. Make the connections shown in Fig .  1 2. 

S W - 1  SKA 

POS . I 25 vo-----_/ -�-�£----; 
W

....j 4 

SKA 
POS . 45o------0 SCOPE 

TRIGGER 

S K A  

{45 8 1 2 5 } NE G. 

ADO JUMPER 

TP6
:r
3 -- PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Blocking 

Un it  o f  th e Type SKA Relay. 

2. Set scope sweep- speed to measure about 
30-40 ms.  max.  

3 .  With d .c .  appli ed, close SW- 1 .  After 20 to 
30 m s . , the scope trace will suddenly drop 
from about 20 volts to zero . Open SW- 1 and 
re set scope. 

4.  Check several time s .  If  time exceeds 30 m s . , 
R9 3 may be replaced with a resistor as 
low as 4. 7 K. If time interval is too short, 
R93 may be increased to as high as lOK. 

5.  Remove test j umper. 

e. Transient Unblocking (p art of  section K of 
circuit) 

1. Make the connections shown in Fig. 13 . 
.---------------·------------ . 

S K A S W - 1  
P O S. 4 5 �

�
----� T O  S C OPE � I  T R I G G E R  

--o T P 5 3  
S K A  

NEG D.c.o-----J. 5 T P 6 3  T P6 4  T P 6 1  

763A918 
Fi g. 1 3. Test Connections for the Tran si en t  Unblo cking o f  

the Type SKA Rei ay. 
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TYP E SKA CAR R I E R  AUXILI ARY R E LAY 

TABL E I I  

Test Point Vol tages (to negati ve d.c.) 

"

-
" "
--" - " "-- ---- -- __ " ____ 

Test Cond i tion { From Table I and F i g. 6)  -- " 1--- -- "-- -- --- --
Test Point 1 2 3 

D . C .  Ma ( Fig. 7) 90 240 1 1 5 

TP-4 6. 5 6 . 5  6 . 5  

I 

L-----

5 6 . 7  6 . 7  6 . 7  

6 6 . 6  6 . 6  6 . 6  

7 0 . 1 0 . 1 0 . 1 

8 7 . 6  7 . 6  7 . 6  
9 7 . 5  7 . 5  7 . 5  

10 0 . 1 0 . 1 0 . 1 

1 1  2 1 . 6  2 1 . 0  2 1 . 5  -"- -----f--- -
1 2  - - -
1 3  1 9 . 8  0 . 1 5  0 . 28 

1 4  22 . 5 22. 5 22. 5 

1 5  0 . 0 5  0 . 0 5  0 . 0 5  

1 6  0 45 0 

5 1  2 1 . 5  2 1 . 5  0 . 3 2  

5 2  7 . 4  0 . 05 0 . 05 

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

5 5  2 1 . 5  1 . 3  2 1 . 5 

56 0 9 . 2  0 
57 3 . 5  20 3 . 6  - " 

58 20 . 0  7 . 8  20 . 0  
5 9  0 14 . 5 0 

60 4 5 . 0  0 . 42 4 5  
6 1  0 . 1 0 . 1 0 . 1 
62 7 . 4  0 . 0 5  7 . 4  
63 0 . 0 6  20. 5 0 . 0 5  

2 .  Set scope sweep-speed a s  for previo us 
section. 

3 .  Apply d .  c. , then clo se SW- 1 .  (Both poles 
must close simultaneously. ) After 20 to 30 
m s . , the s cope trace will suddenly rise 
from zero to about 20 volt s.  If time i s  out­
side 20-30 m s .  limits ,  reduce R73 to shorter 
time , or increase R73 to l en gthen time. 

4 .  Remove jumper.  

Thi s completes the cal ibratio n checks of  the 
various time dPl ay circuits. 

1 6  

4 5 6 

90 1 0 5  2 5 0  

20 20 . 5  20 . 5  

6 . 7  6 . 7  6 . 8  

0 . 0 5  0 . 0 5  0 . 0 5  

1 9 .0 1 9 . 0  1 9 . 0  

7 . 6  0 . 1 0 . 1 

0 . 1 0 . 1 0 . 1 

0 . 1 8 . 3  8 . 1 

2 1 . 5  2 2 . 0  2 1 . 5 -----t-" - - -
1 9 . 8  0 . 25 0 . 1 5  

22. 5 2 2 . 5 22 .0  

2 1 . 0  0 . 1 0 . 1 

0 0 45 

2 1 . 5  2 1 . 5  2 1 . 5  

7 . 4  7 . 4  0 . 0 5  

0 . 0 5  0 . 05 0 . 0 5  

0 . 1 0 . 1 2 2 . 0  

2 1 . 5  2 1 . 5  1 . 3  

0 0 9 . 2  

3 . 5  3 . 5  20 

20 . 0  20 . 0  7 . 8  

0 0 1 4 . 5  

4 5  45 0 . 4  

0 .  1 1 7 . 0  0 . 1 

7 . 4  0 . 65 0 . 05 
0 . 0 5  20 . 5  20. 5 

E. El ectrical  Checkpoints 

<Not a relay test point (TP- 1 2  is neg.  d . c .  on 
front printed circuit 
board. 

�eg.  d . c .  

<Type-64 i s  neg. d . c .  
o n  rear printed circuit 
board. 

With the SK A relay co nnected as shown in Fig. 
7 ,  the d-e voltages at the test points on the two 
p rinted circuit boards are listed in the foUowing 
table for the six test conditions tabulated in Table 
I. The se values can be checked on a new relay, then 
k ept for a reference if trouble shooting becomes nece.s­
sary at a l ater date: The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays. 

Return to TEST 4 except pass j u st pickup current 
(0.  5 amp . ,  60 cycl e s  unl e s s  relay has been recalibrated) 
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TY P E  SKA CARRI E R  AUXI LIARY R E LA y ___________________ I_.L_. _4 1_-9_2_3._5A 

through terminal s 16 and 17. Check the a-c voltages 
tabulated below, using a vacuum-tube voltmeter: 

Test Points 

TP 1 to TP 2 
TP 1 to TP 3 

Voltage 

3 . 5  v . a. c .  
3 .5  v . a. c .  

NOTE: The above two voltage readings should not 
differ by more than 5 percent, although the actual 
value will vary from one rel ay to another. 

F.  Trouble- shooting  

The components o f  t h e  SKA relay are op erated 
well within their ratings,  and under normal co nditions 
should give long,  trouble-free service.  However,  if a 
relay has given an indication of trouble in service o r  
during routine checks, the following procedure i s  sug­
ge sted for trouble-shooting: 

If it i s  desired to check the SKA rel ay in po sition 
on the switchboard, a test cable is available fo r 
bringing the rear printed circuit board to an accessi­
ble po sition out side the relay. In use,  the rel ay chas­
sis is first removed from its case, then the rear 

T EST SYMP TOM 

1 No 2 2-volt supply 

1 Incorrect test point voltage 

---

2 AR relay does not operate 

3 AR relay does operate 

4 No 20 v .d .  c. at SKA te!'ms 9 and 5 

5 20 volts d. c .  does appear at SKA 
term ' s  9 and 5 

6 AR rel ay does not operate 

-

p rinted circuit board is removed. In its place is in­
serted a co nne cto r board p rovided with 3 ft. or 6 ft. 
of 1 9-conductor "ribbon "  cable ,  and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The relay chassis i s  now re-inserted in its case, 
and both th e front and rear boards are accessible for 
maintenance.  The test cable is shown in F ig. 16 

Under standby conditions, the test point voltages 
should essentially agree with the values  listed in 
Table II under Test Condition 1 ( first column o f  
voltages). If these values are corr e ct,  t h e  relay should 
then be checked per Fig. 7 and Table I, as explained 
in ADJUSTMENT AND MAINTEN ANC E ,  Section A, 
Acceptance Test. Following is a t abulation of some 
sympto m s ,  and the sections o f  the SKA relay w hich 
may be at fault. 

In locating trouble with no specific component 
failure indicated,  proc eed as with any electronic de­
vice. Start at the input and gradually work through to 
the output circuit. For the SKA relay p rinted circuit 
boards, start at the l eft side ( circuit-wis e ,  per Fig. 
5),  checking voltages at e ach stag e. Note that a box 
around a transistor number ( I Q 2 1 ) mean s  that the 
transistor is normally conducting. 

POSSI BL E CAUSE 

1. Z4 shorted ( 2 2-volt zener) 
2.  R28 open 
3 .  D9 open 

1. Failure of  nearest associated transi stor or 
diode. 

1----- --�� 

L D efect in some circuit on rear printed circuit board 

1. Shorted Q5 1 ,  or Q52 
2 .  Defect in associ ated circuit 

Trouble in front printed circuit board : 
1 .  lo s overcurrent relay not operating 
2. Transi stor Q6,  Q7, or Q8 shorted or held in 

conducting condition. 
3 .  Other compone nt failure 

1 .  10 s portion of  front p . c .  bd. not operating, or 
2 .  2-input AND (I) not functioning 

1. As for test 2,  defect in some circuit on rear 
p . c .  bd. 
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TYPE SKA CARR I ER AUXILIARY R ELAY 

TP15 
0 8 

FRONT BOARD 

762A844 
Fig. 14. Componen t  Lo cation for the Front P rinted Circui t  

Board o f  the Type SKA Relay. 

APPROX .  

': 
" 
u "' 
u 

'--
--

c 5 0  _______,, ��c •�1 
TP64Q 0TP62 EJ a 0TP56 

� [ill]J ll!TIJ [ffi] rRm [ill] [lli] 
TP55() [[DJ 

Q 9  e e e  TP63 Q a 
llliJ � �QED IQill [[ill Q [ftliD I!!ffi llill] ffi!QJ oruJ  a llml o  � � ll!!!l TP61 THI T'64 � e o e TP6B e s o e Q TP53 � TPS� � � � � (!!Qg l!ffi rnm· cm� r!ill 

rnm [ill] � [MQ] � TP60 TP�2 0 � 9 0 �TP57 t:':\ QTPSI �� 052 e o e 
� � � ,--1 -

C ,
-2 --,1 � I C50 I � � [ill] 1m] � �  iS ffi� �!5Z R � RS �lEJ ROT � I [§D 19� � I  

REAR BOARD 

762A842 
Fig. 1 5. Component Location for the Rear P rin ted Circuit  

Board of the Type SKA Relay. 

1---------------------'A" FT.------------------------"'"1 

18 

STYLE 

4 10C303GOI 
410C 303G02 

DIM. A 

6 FT. 
3 F T.  

Fig. 16 .  Test Harness Outline 
644B341 
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TY P E  SKA CAR R I E R  AUXIL IARY R ELAY 

G. Repl acement of pri nted-c i rcuit  board components. 

When a defective resistor, cap acitor, or diode is 
found ,  cut it out of  the circuit by first clipping o ff 
its l eads on the component side of the printed circuit 
board. Then turn the board over,  melt the solder hold­
ing the remaining lead to the printed pad, and remove 
the lead with tweezers. NOTE: For such work , a 
60-watt iron with a small ,  well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iron against the printed-circuit board 
any longer than necessary to remove and replace the 
the component. If the terminal hol e  in the bo ard closes 
up with solder, use the iron to melt  it,  then open up 
the hole with fine awl or similar tool .  

Where transistors are mounted on small plastic 
pads,  the leads cannot be clipp ed o ff . .In such a cas e ,  
melt the solder on o n e  connection at a time , while 
gently tilting back that section of the transi stor. B e­
cause of the sm all flexible leads,  the transistor will 
gradually separate from the board. 

Wherever possible, u s e  a heat-sink (such as an 
alligator clip ) on any transistor or diode being sold­
ere d. As an alternat e ,  use a lo ng-nosed pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E quipment 

1. Vacuum-tube voltmeter for a-c and d-e measure­
ment s .  

2 .  Cathode-ray o scilloscope with provisio n for 
calibrated si ngle sweep .  

I.L. 4 1-923.5A 

R E N E;WAL PARTS - Repair work can be done 
most satisfactorily at the factory. However,  inter­
changeable p arts can be furnished to the customers 
who are equipped for doing rep air work. When order­
ing p arts, always give the complete n ameplate data. 

E L E C T R I C A L  P A R T S  L I S T  

All capacitors 200 v. d .  c. rating, minimum, unless 
otherwise noted. 

All resistors ± 5% t olerance,  0 . 5-watt, unl ess other­
wise noted. 

Type 

IN9 1 

IN459A 

Voltage 

100 v. d . c .  

175 v . d . c .  

Materi al 

Ge 

Si 
Ratings of Zener diodes in SKA rel ay: 

Type Volts + Tol .  To Watts 

IN957B 6.8 5 0 . 4  

IN960b 9 . 1 5 0 . 4  

IN 1789 56 10 1 

I N 1 8 3 2C 62 10 10 ( Clipper) 

IN30 5 1  200 20 1 

IN3686B 20 5 1 . 5  

IN3797B 22 5 1 . 5  

Other components: 

T 1  

T5 1 

Saturating transformer 
Sit 606B5 1 9G0 3 

Typ e 1 D 1 0 1  Thermi stor - 10K at 25°C 
Sit 185A21 1H04 

C3 , C 5 3  39 mfd, 35 v .  tantalum capacitors 
Sit 187 A508H04 
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TYPE SKA CARR I ER AUXILIARY R E LAY---------------------

20 

� I : I  9 � � --- 6 - � 1"- -
32 I 16 . I • 1 6 

I ' . � I 1· � r 1 b._ 

' I I I � � I '  t 
�tl �-��J.�--�� 

i i i i l t  t' � -�N I i :  l � 
'-.-----i'-- __ i 

I 1 J 

_.1 3 ! �r' � ; , : I' I 16 ' I  I , I  I � 6 �  � �u 
PAIIEL LOCAT ION 
SEMI FLUSH MTG. 
P�OJECTION MTG. --------' 

���� . 1 90-32 SC�EW 

�� PUEL 

lii ' � ''"''' "'' ! / TH I N  PANELS 

1 - 1e SC�EW 
. I  /5 

1 6 ( FO� TH ICK 
PANEL USE - j S- 18  STUD) ' i6 
• 1 9�32 SCI!EW 

_/ -��� Tl! ICK PANEL 
--4----l-++----H-M" USE. I 9().32 STUD 

TE�I MAL AIID 
MOUMTIMG DETA I LS 

..,, ., :z 

t.tl 

i!T -f ti I �5 � �  
PANEL CUTOUT & D� I LL I M G  
FOI! SEMI FLUSH MTG. 

PAMEL �t LLING OR 
CUTOUT FtMI Plt03ECTI OM MTG. 

( FRDtiT VI EW) 

* Fi g. 1 6, O utline and Drilling P l an fb r the Type SKA Relay in the F T32 Case. 

3 ii D I A . 20 HOLES 
01! CUT OUT 

)7-D- 7903 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY· I N STR U M E NT D IVI S I O N  N EWAR K, N .  J. 

Printed in U.S.A. 
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Westinghouse I .L 41-923. 5 

I N ST A L L ATI O N  • OPE R A T I O N  • M A I N T E N A N CE 

INSTRUCTIO N S  
TYPE SKA CARRIER AUXI LIARY RELAY 

I N S T R U C T I O N S  

CAUTION: Before putting relay s  into service,  m ake 
sure that all movi ng parts operate freely , inspect the 
contacts to see that they are cl e an and close p ro­
perly, and operate the relay to check the settings and 
el ectrical connections.  

A P P L I C A T I O N  

The type SKA rel ay i s  the static carrier auxili ary 
relay used in the K-Dar distance c arri er relaying 
system to block or prevent instantaneous tripping for 
faults external to the line sectio n to which it i s  ap­
plied, and to permit instantaneous simultaneous trip­
ping for internal faults. The relay is arranged to re­
spond to indicatio ns of fault power and direction pro­
vided by the phase and ground relays,  thereby con­
trolling the transmission of  the carrier signals, o r  
t h e  initiation of high- speed tripping fo r internal 
faults. 

C O N S T R U C T I O N  

The components o f  the type SKA rel ay are mount­
ed in the FT42 Flexitest case.  The static equival ents 
of  the receiver rel ay, the directional auxili ary relay 
units,  and the carrier-start ground over-current unit 
lo s are mounted on plug-in printed circuit boards. In 
addition , the static components for the transi ent 
blocking and carrier squelch fu nctio ns are similarly 
mounted. Two printed circuit boards are used, one 
mounted on the front of  the rel ay chassi s ,  and the 
one at the rear of  the chassis. 

There i s  only one electrom echanical rel ay unit 
in the SKA relay :  a high- speed auxiliary tripping relay 
u nit (AR) connected to the output of the decision­
making static circuitry. This relay unit operates in 
approximately 3 milliseconds for internal faults cl e ar­
ed through the SKA relay. The tripping has a d- e 
el ectromagnet and an attracted m agnetic armature. An 
insulated member fastened to the armature pull s four 
movable contact springs until they touch the stationary 
contact s when the relay coil is energized. Only three 

NEW INFORMATION 

of the contacts are used,  but all fo ur must be in ad­
justment for proper operatio n of the relay.  

The alarm function is handled by a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case 0 The TT- l alarm relay uses a telephone-type 
relay unit with a single normally-open contacL The 
coil circuit is shunted by a s mall vitre ous resistor 
to give the desired calibration o  

The phase carrier relay target or operation indi­
cator is a d-e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuit 

O P E R A T I O N  

LOGIC E L EMENTS 

The operation of  the  SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram. In 
Fig. 3 ,  the l ettered logic blocks serve the following 
functions:  

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is not received. 
Energized from output of  car­
rier receiver. 

3/20 TIME Integrating time delay ,  3 m s .  
D ELAY 

2-INPUT 
AND. 

3/0+T.D.  

pickup tim e ,  20  ms.  dropout 
time,  energized from 2 1P 
(phase) or 67N ( ground) pro­
tective relay. 

Provides an o utput trip sig­
nal only when 2 1P or 67N 
operates (longer than 3m s . )  
and carrier is no!_ received. 

Co-o rdinating time delay ,  3 
ms.  pickup tim e ,  no inten­
tional dropout delay ( 0+). 
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TYP E SKA CAR RI E R  AU XILIARY R ELAY--
--------------------

2 

105  PICKUP 
ADJ . 

AR T R I PPING __ 

R ELAY 

OPERAT I ON 
I NDICATOR 

�--- F RONT PRINTED 
CIRCU I T  BOARD 

Fig. 1. Typ e SKA Carrier Auxil iary Relay in FT42 Case ( Fron t  'View). 
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TYP E SKA CAR R I E R  AU XIL IARY R E L AY -� ____________________ I ._ L_. _4 1_· 9_ 2_3_. 5 

IN 1 832 C 
:...--- Z EN ER C L I P P E R  

(Z 1 )  

....,._ __ R EAR PRINTED 
C IRCUIT BOARD 

Fig. 2.  Type SKA Carrier Auxiliary Relay in F T42 Case ( R ear Vi ew). 
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TYP E SKA CAR RI E R  AU XIL IARY R ELAY-----------------------

4 

The 3-ms.  pickup delay al­
lows for mom entary interrup­
tions of carrier during ex­
t ernal faults without incor­
rect tripping. 

F FLIP- FLOP Provides po sitive and steady 

G 

H 

J 

K 

L 

M 

R 

tripping output when logic 
circuits determine presence 
o f  internal fault. 

TRIP AMP D . C .  amplifier energized from 
FLIP- FLOP. Provide s  ade­
quate energy to AR tripping 
relay.  

CARRIER 
STOP (OR) 

2-INPUT 
AND 

Ios AMP 

Stops carri er transmission 
o n  signal from 2 1 P ,  67N,  
carrier squelch,  or from 2-
input AND at I .  

Provides an output to car­
rier- stop OR ( H )  on op eration 
of both Do (in 67N) and car­
rier- start los units. 

Includes phase splitter,  rec­
ti fier ,  and l evel detector for 
static ground carrier- start 
over- current unit. 

TRANSIENT Allows 25 ms. for normal 
BLOCKING tripping after operation of 
AND UN- 2 1P ,  67N , or los, then blocks 
BLOCKING flip-flop to prevent incorrect 
25/25  

SQUELCH 
0+/ 150 

Ios 

tripping during clearing of 
external fault. If internal 
fault develops before cle ar­
ing of external fault, the un­
blocking feature allo ws trip­
ping after 25 ms. delay. 

Energizes carrier-stop cir­
cuit when AR trip relay is 
energized (no intentional de­
lay), and holds carrier o ff 
for about 150 ms.  to allow 
sequ ential tripping of other 
terminals .  

Switching transistor ( ener­
gi zed from output o f io s  AMP ) 
which serves as normally­
closed contact for ground 
c arrier-start functio n. 

C arrier receiver to provide 

T 

I N T ER NAL FAU L T  

blocking signal to logic cir­
cuits from remote transmitter. 

C arrier transmitter to send 
block ing sign al to remote 
station. 

The operation of 2 1P (phase) or 67N (ground) 
relay for an internal fault perfo rms the following: 

1. Energize s  the carrier-stop circuit ( H ). 
2 .  Starts the 3- ms . . timing circuit (C). The longer 

dropout time of 20 ms. is to minimize any ad­
ditional delay caused by contact bounce o f  
t h e  electro mechanical protective relays.  

3 .  "Arm s "  the flip-flop (F) ,  o r  puts it in a 
"ready " co ndition by removi ng a blocking 
bi as voltage. 

4 .  Energizes the transi ent blocking circuit (K).  

In the ab sence of received carrier, the NOT cir­
cuit B has an output which is fed into the AND cir­
cuit D .  After 3 m s . , the output o f  time delay C is al so 
fed into D. If both these inputs continue for another 
3 ms . ,  the output of  E op erates the flip-flop F,  and 
in turn the trip amplifier G which energizes the trip­
ping rel ay AR to complete the trip circuit through AR 
relay contacts ARP or ARG. Thi s operation will b e  
completed before t h e  transi ent blocking becomes ef­
fective. 

The function of  the CARRIER- SQUELCH block L 
is to hold carrier off ( for about 1 5 0  milliseconds) 
after the trip circuit is  completed for an internal 
fault. This is to prevent undesirabl e blocking where 
sequential relay operation may o ccur at the terminals 
of  a protected line section for  an internal fault with 
widely different fault currents at the two terminals .  

EXTE RNAL FAUL T 

If carrier is received from the remote terminal 
when 2 1 P  or 67N operates ( as for an external fault),  
there will be no tripping output from the NOT circuit 
B into the AND circuit D. Thus the co nditions will 
not be set up for tripping. The "carri er- stop " block 
H functions ( when 2 1 P or 67N operates)  to stop car­
rier transmission on tho se internal faults for which 
carrier may be started by 2 1 S  phase rel ay (00 o r  3 0) 
or Ios (at M). For those internal ground faults which 
may not operate the 67N Io contact, op eration of  Do 
of  67N and Io s (thru Ios AMP at J ) energizes a second 
AND circuit ( at I )  to stop carrier ( at H ) .  
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SKA L O G I C  D I A G RA M  

' 

STA�T 
CARR { 

CD C I R C U I T  E L E M E N T  
B R A C K E T E D  O N  5 4 3 01 1 1  

0 
� ��3Io 

762A723 

Fig. 3. Logic Diogram fo r th e Type SKA Relay. 

If tripping does not tak e  place within 25 ms. after 
the protective relays operate,  a TRANSIENT BLOCK­
ING circuit at K is energized which de-sensiti zes 
the FL IP-FLOP to prevent possible undesired trip­
ping during transients occurring at the clearing (else­
where) of an external fault. 

SEQU ENTIAL FAULTS 

Occ asionally an external fault will be followed· 
by an internal fault before the fo rmer is cleared. In 
order to prevent a long delay in cl earing such a in­
ternal fault, a "transient unblocking " feature is in­
cluded at K 1• Although transi ent bl ocking has been 
set up by the initial external fault, the presence of  
an internal fault will cause an output from the AND 
at D. Thi s output will energize the transient un­
blocking circuit which, after 25 ms. , will allow the 
flip-flop to operate, and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R ELAY CI RCUI TRY 

The connections of the logic element s to the re­
l ay terminals are shown on the internal schemati c ,  
F i g .  4. This diagram also indicates t h e  maj or exter­
nal circuit connections to the relay terminal s.  The 

complete detailed relay circuit is  chown in Fig. 5 .  
The compone nts enclosed by the heavy broken line s 
in this diagram are mounted o n  the two printed cir­
cuit boards of the SK A relay.  The operation of the 
individual circuit components is  explained in the fol­
lowing paragraphs.  The letters identifying the logic 
elements in Fig. 3 are also used to identify the cor­
re sponding portion of the circuit in Fig. 5 .  

8 - NOT c i rcu i t  

In t h e  absence o f  received carrier ,  transisto r Q5 1 
is normally conducting. Under this condition,  tran­
sistor Q 5 1  has a tripping output. When carrier is re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 1 2  
to approximately +4 5 volts.  Thi s raises the base o f  
Q5 1 above its emitter potential ( +22V. ) ,  thus cutting 
off collector current. Thu s ,  when carrier is  received, 
there is no positive tripping output from the NOT cir­
cuit B. 

C-3/20 MS TIME DELAY:  D-TWO� I N P U T  AND. 
Under norm al conditions, transistor Q52 is not con­
ducting; thus the po sitive potential of the collector 
of transistor Q52 is not a tripping condition. When 
relay terminal 4 or 20 is made positive by the opera-
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'" 

COMPLETE STATIC 

C I ICUITII:'t· 

OW8.5UD111 

TI"P1118 

RELAY 

OI'HATIOI 
IID ICATDI 

IED KAIDLE 

TEST SliiTCII 

TUMIUL 

762A752 
Fig. 4. In ternal Schematic for the Typ e SKA Relay in the 

F T42 Case. 

tion of a pro tective relay,  this po sitive pote ntial is  
applied thru Zener diode Z53 or  Z54 and diode D 5 1  
to the tim e  delay circuit C .  When this occurs, capa­
citor C50 starts to charge thru re sistors R52 .and R-
54. After a time delay of approximately 3 millis econd s ,  
t h e  voltage on C 5 0  is sufficient t o  cause Zene r diode 
Z5 2 to conduct,  thus making the base o f Q52 positive. 
Under this conditio n,  transistor Q52 i s  switched on 
and its  coll ector potential drops to a very low value .  

Thu s ,  for an op eration of 2 1P or 67N and with no c ar­
rier received, transistors Q 5 2  and Q53 of the 2-input 
AN D at D will both be in a conducting condition. 
This combination will remove the positive potential 
from the base of transistor Q54,  thus cutting off its 
collector current, and represents a tripping conditio n.  
If ,  however, carrier is received at the same time that 
2 1P or 67N operates,  the reception of carrier will 
cause Q5 1 and Q5 3  to turn off, raising the potential 
of Q53 collector and Q54 base, thus k eeping Q54 con­
ducting. The output of Q54 under this condition repre­
sents a blocking or non-tripping condition. 

E - 3/0 ms TIME DELAY. Under norm al co ndi­
tions,  Q54 is in a conducting state.  This provides a 
path for current to flow from the emitt er to the base 
of transistor Q55 and then thru the collector circuit 
of Q54, k eeping Q55 turned on. Under this co nditio n, 
transistor Q55 short circuits or bypasses capacito r 
C5 1 ,  preventing it from charging up. Under the co ndi-

6 

tion for tripping explained in the previous s ection ,  
transistor Q55 is turned off, allowing C5 1 to  charge 
thru resistors R70 and R69. After a c alibrated tim� 
delay of 3 millisecond s,  the voltage acro s s  c apaci­
tor C 5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit, is  sufficient 
to cau se op eration of the flip-flop. The time delay 
circuit E has no intentio nal reset time delay. If a 
tripping condition is indicated for 1 or 2 millis econds 
such as during a reversal of fault power flow,  as 
soo n as transistor Q5�i again conducts. The capaci­
tor C5 1 is rapidly discharged thru Q55,  diode D 5 2 ,  
and resistor R70. T h e  rapid re setting o f  t h e  ti me de­
l ay circuit E prevents pos sible notching up of the 
charge on capacitor C 5 1 during momentary inter­
mittent interruptions of the carrier blo cking signal . 
This time delay in conjunction with that provided in 
circuit C are ample to provide coordination of the 
carrier-start and tripping protective rel ays at the 
two ends of a line ci rcuit during fault conditions. 

F - F L I P- FLOP CI RCUIT. The flip-flop circuit 
consists of transistors Q58 and Q59 and associated 
components. Under normal co nditions, transistor Q58 
is in a non-conducting, and transistor 59 is  fully con­
ducting. The base of transistor Q59 is held w ell be­
low its emitter potential by means of the voltage di­
vider consisting of resistors R86 ,  R8 4 ,  diode D 5 7 ,  
and resistor R8 3.  With this bias, transistor Q59 i s  
held in saturation ,  and t h e  flip-flop is des ensitized 
so that even if a tripping voltage were applied to 
transistor Q58, transistor Q59 would not turn off. 
Thi s desensitizing circuit is an arrangement to pre­
vent inadvertant operatio n of the flip-flop caused by 

surges on the de sy stem. As long as Q59 i s  co nduct­

ing, its collector is  at a high enough positive poten­
tial that transistor Q6 1 in the tripping amplifier can­
not turn on. 

Upon the occurence of an internal fault, posi­
tive 1 25 volts de is supplied to either terminal 4 o r  
20 of t h e  SKA relay.  Through t h e  Zener diodes Z53 
or Z54,  plus diode D53 and resistors R8 2 and R8 3 ,  the 
des ensitizing bias is  removed from transistor Q59. 
Thi s is accomplished by m aking the pote ntial of the 
j unction of resistors lR8 2 and R83 higher than the 
positive 2 2  volt supply for the flip-flop circuit. When 
this occurs, there is no current flo w  through resistor 
R84 and dio de D57,  and the flip-flop is  now " arme d " ,  
o r  i n  a ready condition for a tripping operation. After 
the three-millisecond time delays of circuits C and 
E have elapsed,  the potential acro ss c apacitor C 5 1  
is  sufficient to cau se Q58 t o  conduct. This immed­
iately causes operation of the flip- flop, turning o ff 
transistor Q59. When 1::;)59 is no longer conducting, 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  SKA CAR R I E R  AU XI L I ARY R ELAY _______________________ _ 

NEG, ' 

2- I NPUT A!iQ 

® 
POS. 22 V 

Ios R E C T. a A M P. 

J 

l�:t=-�l 
0 7  

I N 4 5 9 A  

P O S, 4 5 V 

N 
N 

"' 

I }-� 0 .2 2  M F. T 
�11 

C 5 ' � 

I 5\ 

�L_ __________________ __ 

______________ 2_-_' " __ p� 
( P O S . 2 2 

NEG 

0 8  

Fig. 5. Complete Electriea/ J 
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D l l  in the carrier stop rel ay circuit H ,  the applica­
tion of positive potential to the base o f  transi stor 
Q6 turns it on and stops carrier by applying a low 
resistance p ath from relay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3686B 
in the TC transmitter ( s ho wn dotted at the right o f  
the relay terminal s ) .  Similarly, for p hase faults, the 
clo sing of  2 1 P  ( Z 2) appli e s  positive to SKA relay 
terminal 20,  through diode Z53,  resi stor R26, and 
diode D 1 1  to the b ase of Q6, turning it on to stop 
carrier. The operation of  67N or  2 1 P  directly ener­
gize the s econd input to the 3-input OR. The third 
input is from the carrier squelch circuit,  as described 
in the next section. 

L - CARRI E R  SQU ELCH. When the trip ampli­
fier G is energized as a result of an internal fault, 
the turning of  transistor Q64 drop s its coll ector vol­
tage to a very low value. The collector circuit o f  
Q 6 4  i s  also connected from t h e  rear board terminal 
18 to the front board terminal 1 6 ,  the resistor R3 1 
and the base of transistor Q8. Applying a negative 
potential from Q64 to this circuit allow s  transistor 
Q8 to turn on, thus providing a p ath for rapidly charg­
ing capacitor s C3 thru diode D 1 2, transi stor Q8, 
resi stor R33,  and diode D 13. Thi s p o sitive potenti al 
on capacitor C3 is applied, through R34, to the base 
input circuit of  the carrier-stop transi stor Q64. Thus 
when a tripping operation o ccurs, the carrier-stop 
circuit is energi zed for a period of  1 20 to 1 60 milli­
seconds to hold carrier in the " off" condition at 
that terminal to allow the tripping of  other terminal s  
which may have to operate sequ entially becau se o f  
the distribution of  fault current. 

It will be noted that an output of  the carrier con­
trol circuit at relay terminal 8 is also connected to 
the rear printed circuit and through diode D60 to the 
transient blocking circuit. This circuit is provided 
so that for an external fault ,  where the directional 
element rem ains open and only the overcurrent unit 
operates ,  this will still allow energizing the tran­
sient blocking circuit. Operation of the transi ent 
blocking circuit by the carrier-start overcurrent unit 
alone is desirable so that the transient blocking will 
be acting if a power reversal o ccurs during the cle ar­
ing of an external fault .  However, the flip-flop i s  not 
" armed" by the operation of the ground overcurrent 
carrier-start relay alone since this relay unit does 
not set  up tripping. 

C H A R A C T E R ! S T I  C S  

The typ e SKA relay i s  shipped with the carrier-

start overcurrent unit s et for 0. 5- ampere pick up and 
0. 4-amp ere dropout current. This setting is satisfac­
tory for most applications . The range of pickup ad­
j ustment of this unit is 0 . 5  to 2 . 0  amp eres. The drop­
out i s  80 percent of pickup. 

The pickup and dropout characteri stics  of  the 
various time-delay circuits of  the relay l ogic are 
given in the O PERATION sectio ns. 
Burden o f  o vercurrent unit: 

At 0 . 5- amp. pickup setting: 0 . 2  v. a. at 0 . 5 a, 60 cycl es 
7 .8  v . a. at  5 . 0  a, 60 cycl es 

S E T T I N G S  

Normally, there are no settings to be m ade on the 
SKA relay. The 0 . 5- ampere pickup of  the ground o ver­
current carrier-start unit (los) and the various tim e  
del ay circuits are factory adj ustments.  F o r  most ap­
plications, a pickup current of 0 . 5  amp ere for the los 
unit is satisfactory. If conditions require, the pickup 
can be chang.ed to any value between 0 . 5  and 2.0 am­
pere s,  as explained under Calibration in the Adjust­
ment and M aintenance section. 

I N S T A L L A T I O N 

The rel ay should be mounted on a switchboard 
p anel or its e quivalent in a location free from dirt, 
moisture ,  e xcessive vibration, and heat. Mount the 
relay vertically by means of  four mounting hol e s  on 
the flange for semi-flush mounting or  by mean s  of 
the rear mounting studs for projection mo unting. 
Either a mounting stud or the mounting screws m ay 
be utilized for grounding the rel ay. The electrical 
connections m ay be m ade directly to the terminal s 
by means o f  screws for steel panel mounting or to 
the terminal studs furnished with the rel ay for thick 
p anel mounting. The terminal studs m ay be e asily 
removed or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench. 

The outline and drilling plan of  the type SKA re­
lay in the FT- 4 2  case is s ho wn in Fig.  17 .  

A D J U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of  the SKA rel ay can be checked 
by connecting it in accordance with Fig. 7.  Operate 
the switche s  1 ,  2, and 3, and apply 1 ampere,  60 
cycl es as i ndicated for the six test conditions in 
Table I .  The operation of  the type AR tripping rel ay 
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TYP E SKA CARRI E R  AUXI LIARY R ELAY ----------------------

or the presence of carrier control voltage ( 20 volts 
de) as listed in the columns of Tabl e I will check 
the performance of the logic circuits and other com-

ponents of the complete relay. The right-hand column 
of Table I indicates the protective relay operation 
represented by the six test conditions .  

To() CONTACT 
LIGHT CI<T. 
(8 TERM.IO) 

I,O AMP 

� 

VIEW OF RELAY NEG 
NOTE FRONT IJSW·I 

D C  
( 4 5  a 1 25 ) 

POS 125V 

NEG D C  

Fi g. 7. Test Diagram fo r Typ e SKA Relay. 

TABL E I 

Test 
SW- 1  

S E T T I N G S---- j]-� R E S P 0 N S E  

Cur. a t  A R  D . C .  Vo l ts 
SW-2 SW-3 Term. 

1 2  

1 0 0 0 

2 C l tt 0 0 

3 clo se close 0 
2nd 1 st $ 

4 0 0 0 

5 0 0 C l  

6 C 1  0 C l  

0 = open 
Cl = close 

Ill = or 2 x pickup � = clo se SW- 2, then SW- 1 

I Relay Term. 9-5 
1 6- 1 7  

Zero open Zero 

Zero I clo sed Zero 
I 

Zero • open Zero 

ill l . O  amp op en 20V 

1 . 0  I open Zero 

1 . 0  I I  clo sed Zero 

If = close SW- 1 with l e ad connected first to term . 4 then to term . 20. 

TO CONTACT 
LIGHT C K T  
( 8 TE RM I }  

763A919 

Opera t i n g  Cond i tion Represented 

Normal 

2 1P or 67N operation 

2 1 P  and received carrier 

los c arrier- start 

Do and los operation 

Do and Io trib. and los 

1 
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B. Cal i bration Check 

The pickup and dropout current value s for the 
carrier-start overcurrent ground rel ay (!Q s ) can be 
checked u sing the same test conne ctions shown in 
Fig. 7. With switches 1 ,  2, 3 all open,  apply a 50-
cycle current to terminal s  16 and 17 of the SKA re­
l ay.  Increase this current gradually. At a current 
l evel of app roximately 0 . 5  ampere,  the d-e voltmeter 
reading will suddenly increase from 0 to approximate­
ly 20 volt s .  This is the pickup point of the over­
current relay.  Now reduce the current applied to ter­
minal 1 6  and 17 .  At app ro ximately 0 . 4  ampere ( 80% 
of the pickup value) ,  the d-e voltage will drop to 
zero . The zero value of d-e voltage may be a few 
tenths o f  a volt rather than exactly zero . The low 
val ue of voltage i s  the drop acro s s  the transi stor 
Q7 when it is fully conducting. 

The overall operating time o f  the SKA rel ay can 
be checked using test condition 112. Arrange to start 
a timer,  or the single sweep of a c athode-ray o scillo­
scope p rovided with this operating feature, when 
switch SW- 1 is closed. The timer c an be stopp ed by 
the closing of the relay trip circuit between terminal s  
1 and 1 0 ,  or b y  applying a d-e voltage from an ex­
ternal so urce thru the relay trip circuit to the timer 
or  to the vertical deflection input of the o scilloscope. 
The time from the closing o f  SW- 1 until the trip cir­
cuit i s  complet�d should be in the order of 9 to 1 2  
milliseconds. I f  a do uble-pole,  single-throw switch 
i s  used to energize the relay and start the timing de­
vice , be sure that both poles of th e s witch clo se 
within a milliseco nd o f  each other. 

The performance of the operation indicator can 
be checked while the circuit of Fig. 7 is set up by 
connecting the relay trip circuit (terminal s 1 and 10) 
to an external source of  approximately 1. 5 amp eres 
de, using e xternal current-limiting re sistance. Wh en 
switch SW- 1 i s  clo sed, the indicator s ho uld drop its 
target. NOTE: Do not try to interrupt the 1. 5-ampere 
direct current by opening SW- 1 as the AR tripping re­
l ay will not interrupt this current. Instead, open the 
trip circuit external to the SKA relay,  then open SW- 1 .  

C .  Recommended Routine Maintenance 

The cont acts of the type AR tripping rel ay should 
be periodically cleaned. A contact burnisher such as 
S#18 2A83 6H0 1 is recommended for this p urpose. Be 
careful not to distort the moving contact spring fin­
gers during burnishing operatio n. The use of abrasive 
material i s  not recommended because o f  the danger of 
embedding small particle s in the face of the soft sil­
ver and thu s impairing the contact performance.  

The proper adj u stments to in sure correct opera­
tion of thi s relay have been made at the factory and 
should not be disturbed after receipt by the cu stomer. 
If the adj ustments have been changed ,  or component s 
have been repl aced which may affect the calibratio n ,  
or if i t  i s  desired t o  check t h e  adj ustments at regular 
m aintenance periods, t he instruction s  in the calibra­
tion section should be followed. 

D. Cal i bration 
1. Tripping Relay (AR). The type AR tripping relay 

unit has been properly adjusted at the factory to 
insure c orrect operation, and under nor mal field 
conditions should not require readjustment . If, 
however , the adj ustments are disturbed in error , 
or it becomes necessary to replace some part ,  use 
the following adj ustment procedure .  This pro­
cedure should not be used until it is apparent that 
the re lay is not in proper working order ,  and then 
only if suitable tools are available for checking 
the adj ustment s .  
a .  Adjust the s e t  s crew at the rear o f  the top of 

the frame to obtain a 0 009-inch gap at the rear 
end of the armature air gap . 

b. Adjust e ach c ontact spring to obtain 4 grams 
pre ssure at the very end of the spring. This 
is measured when the spring move s away from 
the edge of the insulated cros spiece . 

c. Adjust each stationary contact s crew to ob­
tain a cont act gap of 0 .  020-inch . This will 
give 15-30 grams contact pre ssure. This com­
pletes t he adjustment procedure for t he AR 
tripping relay unit . 

2 .  Static Overcurrent Unit. To test this portion of 
the rel ay,  use the connections shown below. 

I 5 K A  rl : TERM'S [0----.[=::J l-.J.---<> I 6 

60 CYC : 
17 

I 

POS. 45 V 
0 

N E G. D.C. 

I 
I 

I o7 
I 
I 
I 
I 

20 V. Z E NER 
DIODE 
( I N 3 6 8 6  OR 

E Q U I V. )  

D . C .  V M  

0 - 2 5  

763A913 
Fig. 8. Test Connections fo r  the los Unit of the Type 

SKA Relay. 
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With the 45 volts d .c .  applied, the d-e voltmeter 
will initially read zero (perhap s  as much as 0 . 3-
volt de. ) .  Slowly increase the 60-cycle current ap­
plied to terminals' 1 6  and 1 7 .  At a current of 0 . 5  
ampere a. c . ,  the voltmeter reading should sud­
denly increase to approximately 20 volts .  Loosen 
the lock-nut for adj usting R3 , and again lock it 
after any adj ustments hav e  been made. If it is 
necessary to adj ust the pickup , turning the slotted 
shaft of potentiometer R3 in a clockwi se direction 
will increase the pickup current. Conversely, if a 
lower pickup current i s  desired, turn the shaft 
counterclockwise. The range of  pickup adjust­
ment is 0 . 5  to 2 . 0  amp eres, 60 cycles .  After the 
relay has picked up , slowly reduce the 60-cycle 
current. At 80 p ercent of pickup ( 0 . 4  amp . for a 
0 .  5-amp. ), the relay shoul d  drop out as pickup 
i ndicated by the voltmeter readin g  dropping to 
zero. If this point needs adjustment, loo sen the 
lock-nut on the r e si stor R9 and turn tne shaft o f  
R 9  clockwise to increase the dropout current o r  
counterwise t o  reduce t h e  dropout current. After 
this point has been set, tighten th e lock-nut and 
m ak e  a final check of the dropout current value.  
Do not try to set the dropout below 80 percent as 
the relay m ay not reset at all . 

3. Operation Indicator. The operation indicator should 
p ick up and drop the indicator target when the 
current is between 1 and 1 .  2 amperes d-e.  To i n­
crease the pick-up current, remove the mo lded 
cover and bend the springs out o r  away from the 
cover. To decre ase the pick-up current, bend the 
springs in toward the cover. 

M ak e  sure that the target drops freely when the 
unit operates.  

4 .  Time Delays i n  Logic Circuit s .  There are five 
time-delay circuits in the SKA relay. The se can 
be checked most e asily u sing a c athode-ray o scil­
lo scope having p ro vi sion fo r a singl e  sweep and 
an external tri gger source. The scope should pre­
ferably have a c alibrated horizontal sweep which 
can be read in milliseconds directly from the grid 
o n  the screen of the scope. The followin g  p ara­
graphs will explain the procedure to be used and 
the connections nece ssary fo r checking or recali­
brating each of the time delay circuits separately. 
Note: The rotation " 3 / 20 MS" on the logic dia­
gram and on the internal schematic means 3 milli­
seconds pickup time,  20 milliseconds dropout 
time .  The figure "0+" means no intentional time 
delay. 

a. 3/ 20 m s .  time del ay ( section C of  circuit) 

14 

1 .  M ak e  the connections s hown i n  Fig.  9 .  

POS . ! 2 5 V. D.C..Q-------
SWt- 1 SKA 

TP53:J���-
.SKA M�

O 

� TP6 4 P OS . 4 5 ¥. ..,---- \!._; 
5 2
S KA 

},

SCOPE T R I GG E R 

( 45 8 1 2 5 ) NEG. D.C.O>-----e------'� NPUT 

763A914 

Fig. 9. Test Connectio n s  fo r the 3/20 MS Time Delay 
Unit of the Type SKA Relay. 

2. Set the scope sweep- speed for around 5 
milli seconds tim e  to make one sweep. 

3 .  Approximately 3 ms . after SW- 1 is closed, 
the d-e voltage acro s s  TP 53 (+) to TP64 
(-) will drop from 22 volts to nearly zero . 
The sudden drop i n  _vertical position of the 
trace will indicate completion of  the time 
delay. The time should be b etween 2 .  7 and 
3 . 3  ms. Variations in circuit constance m ay 
give values slightly outside these limits .  
If the time i s  o ver 3 . 5  ms. , reduce R54. 
Conversely, if the time is under 2.5 m s . ,  
increase R54 . 

4 .  Reset scope and change sweep speed to 
measure 20 m s .  Op en SW- 1 and note dropout 
time. The time should be in the range o f  17 
to 23 milliseconds. If time i s  appreciably 
outside this range, change R53.  Increasing 
R53 will increase dropout time: decreasing 
it will reduce dropout time. 

b. 3/0+ time delay of flip-flop ( sections E and F 
of circuit). 

1. M ak e  the connections shown in Fig. 10 .  

POS 1 2 5 V 0 C.O 

SKA 
POS. 45 D.C.--0 

� ( 45 8 12S) NEG.--"\:) 

SW-1 SKA 
/( 4 ---

0 P S T7 i 10 r I 
SWITCH : MEG. l 2 W \ � �SCOPE TRIGGER r�� ..... 

TP60 PROBE 

C55 

�G 
JUMPER 

763A915 

Fig. 10. Test Connections for the 3/0 MS Time Delay 
Unit an d the Flip- Flop of the Typ e SKA Relay. 
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TY P E  SKA CARR I E R  AUXI L IA RY R E LAY 

2 .  Start with SW- 1 open. Note: Both pol es of 
SW- 1 must clo s e  simultaneously - well with­
in one millisecond of  each other. 

3 .  Temporarily short out C55 with a short clip 
lead.  

4. Set R79 on SKA sub panel to 90 p ercent o f  
full counterclockwise - only if setting h as 
been previously disturbed. If timing i s  just 
being checked, do not initially change set­
ting. 

5 .  Close SW- 1 .  (AR relay will pick up ).  Note 
time delay indication o n  scop e trace .  It 
should be 2.7 to 3.3 m s .  

6 .  Thi s time delay can be adj usted b y  R 7 3  on 
relay subp anel . Loosen lock-nut. Turn shaft 
clockwi se to increase time del ay.  Adj ust 
if necessary to 3 ms. ± 10 p ercent. 

7 .  Opening SW- 1 resets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8 .  When calibration is satisfactory, tighten 
lock nut and remove C55 j umper. 

c. Carrier Squelch ( sectio n  L of circuit) .  

1 .  M ak e  the connections shown in Fig. 1 1 . 

PO
S
. i 20 V�l::- l 

S:A 

S K A  10 M E G. 

POS. 4 5 � 
TRIGGER I N PUT 

S K A  

( 4 5 & 12 5}NEG.o----{ SH I ELD 
LEAD 

{� 0.6 AMP 
60 CYC S K A  

� 

20 V ZENER DIODE 
IN36S6 OR EQUIV. 

763A916 
Fig. 1 1. Test Con n ection s  fo r the Carrier Squelch Unit 

o f  the Typ e SKA Relay. 

2. Apply d . c . ;  then 0 . 6  amp . ,  60 cycl es (or 
1 20 percent of  pickup ); then close SW- 1 ,  
and reset scope trigger. (It may be· neces­
sary to set scope for negative swe ep-trigger­
ing voltag e). Set range to around 200 m s .  
Note: Voltage acros s  SKA terminal s 1 8  ( - )  
9 ( +) will j ump from zero t o  20 volts d. c. 
when a-c i s  applied, then back to zero when 
SW- 1 is closed. 

3. Open SW- 1 to start c arrier- s quelch timing. 
After about 1 20 ms. , scope trace will ris e  
t o  20-volt value.  Ri se will not b e  sudden, 

I . L .  4 1 -923.5 

but will start at about 120 m s . , and m ay 
take to 1 60- 200 m s . , to reach final valu e .  
No adj ustment, since the carri er- squelch 
time i s  not critical. 

d .  Transient Blocking (p art of  se ction K of circuit). 

1. Make the connections shown in Fig. 1 2 .  

S W - 1  SKA 
POS 125 v o--5

-
,
-

. ---" 
-.-1 �0-+-L--; w-( • 

POS . 45o-----Q SCOPE 
TRIGGER 

SKA 
(45 !i i 2 5 ) NEG. 

ADO J UMPER 

TP6�3 -· PROBE 

TP6 

JUMPER 

TF'54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Block in g 

Unit o f  th e Type SKA Relay. 

2. Set s cope s weep-speed to me asure about 
30-40 m s .  max. 

3 .  With d. c .  applied, close SW- 1 .  After 20 to 
30 m s . , the scope trac e will suddenly drop 
from about 20 volts to zero. Open SW- 1 and 
reset scope. 

4. Check several tim e s .  If time exceeds 30 m s . , 
R93 may be repl aced with a resistor as 
low as 4. 7 K .  If ti me interval is too short, 
R93 m ay be increased to as high as lOK. 

5. Remove test j umper. 

e.  Transient Unblocking (p art o f  section K of 
circuit) 

1. Make the conne ctions shown in Fig. 1 3. 
-----------·-------------- · 

S KA S W - 1  
P OS. 4 5 � A1 ____ � T O  S C OPE � �  T R I G G E R  

S K A 

NEG D.C.O >---..J 5 

--Q T P 5 3  

T P 6 3  T P6 4  

Fig. 13. Test Connections for t h e  Tran sien t  Unblo cki n g  o f  
the Typ e SKA Relay. 
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TYP E SKA CAR R I E R  AUXI LIARY R E LAY 

TABL E I I  

Test Point Vol tages (to negati ve d. c.) 

Test Cond i tion  ( From Table I a nd F i g. 6)  

Test  Point 1 2 3 

D . C .  Ma ( Fig. 7) 90 240 1 1 5 

TP-4 6 . 5  6 . 5  6 . 5  

5 6 .7  6 .7  6 . 7  

6 6 . 6  6 . 6  6 . 6  

7 0 . 1  0 . 1  0. 1 

8 7 . 6  7 . 6  7. 6 

9 7 . 5  7 . 5  7 . 5  

10 0. 1 0 . 1 0. 1 

1 1  2 1 . 6  2 1 . 0  2 1 . 5  

1 2  - - -
1 3  1 9 . 8  0 . 15 0 . 28 

14 2 2 . 5  2 2 . 5  2 2 . 5  

1 5  0 . 0 5  0 . 0 5  0 . 0 5  

1 6  0 45 0 

5 1  2 1 . 5  2 1 . 5  0 . 3 2  

5 2  7 . 4  0 . 0 5  0 . 0 5  

5 3  0 . 0 5  0 . 0 5  7 . 3  

5 4  0. 1 2 1 . 8  0 . 1 

5 5  2 1 . 5  1 . 3  2 1 . 5  

5 6  0 9 . 2  0 
57 3 . 5  20 3 J i  -
58 20 . 0  7 . 8  20 . 0  

5 9  0 14 . 5 0 

60 45 .0  0 . 42 4 5  

6 1  0. 1 0 . 1 0 . 1 
6 2  7 . 4  0 . 05 7 . 4  
63 0 . 0 6  20. 5 0 .05  

2 .  Set s cope sweep- speed as  for  previo us 
section.  

3 .  Apply d .  c. , then clo se SW- 1 .  ( Both poles 
must close simultaneously . )  After 20 to 30 
m s . .  the scope trace wil l  suddenly ris e  
from zero t o  about 20 volts. I f  time i s  o ut­
side 20-30 m s .  limits,  reduce R73 to shorter 
time, or increase R73 to l engthen tim e .  

4 .  Remove j umper. 

Thi s compl etes the c alibratio n check s of  the 
various time del ay circuits.  

1 6  

---

4 5 6 

90 105  2 50 

20 20 . 5  20 . 5  

6.7 6 . 7  6 . 8  

0 . 0 5  0 . 0 5  0 .05  

1 9 . 0  1 9 . 0  1 9 . 0  

7 . 6  0. 1 0 . 1 

0. 1 0 . 1 0 . 1 

0 . 1 8 . 3  8 . 1 

2 1 . 5  22 .0  2 1 . 5  - - -
1 9 . 8  0. 25 0. 1 5  

2 2. 5  2 2. 5 22 .0  

2 1 . 0  0. 1 0. 1 

0 0 45 

2 1 . 5  2 1 . 5  2 1 . 5  

7 . 4  7 . 4  0 .05  

0 .05  0 . 0 5  0 .05  

0. 1 0 . 1 2 2 . 0  

2 1 . 5  2 1 . 5  1 . 3  

0 0 9 . 2  

3 . 5  3 . 5  20 

20 . 0  20 . 0  7 . 8  

0 0 1 4 . 5  

4 5  4 5  0 . 4  

0 . 1 1 7 . 0  0. 1 

7 . 4  0 . 65 0 . 05 
0 . 0 5  20 . 5  20. 5 

E. E l ectrical Checkpo i nts 

(Not a relay test point (TP- 1 2  is neg.  d . c .  on 
front printed circuit 
board. 

�eg. d. c. 

<Type-64 i s  neg. d . c .  
o n  rear printed circuit 
board. 

With the SKA relay co nnected as shown in Fig. 
7 ,  the d-e voltages at the test points o n  the two 
p rinted circuit boards are listed in th e  follo wing 
table for the six test conditions tabulated in Table 
I. The se values can be checked on a new relay, then 
k ept for a reference if trouble shooting becomes nece.s­
sary at a l ater date:  The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays.  

Return to TEST 4 except pass just pickup current 
(0. 5 amp . •  60 cycle s  unl e s s  relay has been recalibrated) 
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TY P E  SKA CAR RI E R  AUXI LIARY R ELA Y ___________________ .:..:.' ·=-L.'--'4::...:1_,-9'-"-2=3 . 5  

through terminals 1 6  and 1 7 .  Check the a-c voltages 
tabulated below, using a vacuum-tube voltmeter: 

Test Points Voltage 

3 . 5 v . a . c . 
3 . 5 v . a. c .  

TP 1 to TP 2 
TP 1 to TP 3 

NOTE: The above two voltage readings should not 
differ by more than 5 perce nt, although the actual 
value will vary fro m  one rel ay to another. 

F .  Trouble- shooting 

The components of  the SKA relay are operated 
well within their ratings, and under normal conditions 
should give long,  trouble-free service . However,  if a 
relay has given an indication of trouble in service o r  
during routine checks, t h e  following p rocedure i s  sug­
gested for trouble-shooting: 

If it i s  d esired to check the SKA relay in po sition 
on the switchboard, a test cabl e is available for 
bringing the rear printed circuit board to an accessi­
ble po sition out side the relay.  In use ,  the relay chas­
sis is first removed from its case , then the rear 

T EST SYMP TOM 

1 No 2 2-volt supply 

1 Incorrect test point voltage 

2 AR relay does not operate 

3 AR relay does operate 

-

4 No 20 v . d . c. at SKA te!'ms 9 and 5 

5 20 volts d. c. does appe ar at SKA 
term ' s  9 and 5 

6 AR relay does not operate 

' 

p rinted circuit board is re moved. In its p lace is in­
serted a co nne ctor board provided with 3 ft. or 6 ft. 
of 1 9-conductor " ribbon "  cable ,  and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The relay chassis is now re-ins erted in its case, 
and both the front and rear boards are accessi ble for 
maintenance.  The test cable is shown in Fig.  1 6 .  

Under standby conditions,  the test point voltages 
should ess entially agree with the values  listed in 
Table II under Test Co nditio n 1 (first column of 
voltages) .  If these v alues are correct, the relay should 
then be checked per Fig. 7 and Table I, as explained 
in ADJUSTMENT AND MAI NTEN ANC E ,  Section A,  
Acceptance Test .  Following is  a tabulation of  some 
sympto m s ,  and the sections of the SKA relay which 
may be at fault. 

In locating troubl e with no specific component 
failure indicated,  p roceed as with any electronic d e­
vice. Start at the input and gradually work through to 
the output circuit. For the SKA relay p rinted circuit 
boards,  start at the l eft side ( circuit-wise,  per  Fig. 
5) ,  checking voltages at e ach stag e. Note that a box 
around a transistor number ( I Q 2 1 ) means that the 
transistor is normally co nducting.  

POSSI BL E CAUSE 

1 .  Z4 shorted ( 2 2-volt zener) 
2 .  R28 open 
3 .  D9 open 

1. Failure of nearest associated transi stor or 
diode. 

L D efect in some circuit on rear printed circuit board 

1. Shorted Q5 1 ,  or Q52 
2 .  Defect in associ ated circuit 

Trouble in front printed circuit board: 
1. los o vercurrent relay not operating 
2. Transi stor Q6, Q7, or QS shorted or held in 

conducting condition .  
3 .  Other co mpone nt failure 

1 .  lo s  portion of front p . c .  bd. not operating, or 
2 .  2-input AND (I) not functioning 

1. As for test 2,  defect in some circuit on rear 
p . c .  bd. 
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TYPE SKA CARR I ER AU XILIARY R ELAY 

TP15 
0 

T06 t0 
f:::\ TPS 8 � 0 � 

� R 8  [[[!] IITITJ R I B  []lD 8� 
rr;;";";;"1 � CBIQJ  R 4  � 
ILil.!.II..J � TP12 
miD TP0 14 � § 0 rR5l 

� I C :5  + I � r2l TP9 Li!_j LiiJ 
TPI3 TPI6 � EJ �Oa � -.t 

0 0 � Q4 � �0 
?'::::\ � TP8 TPI v � mD o [E] o [TI] []ill � f1i2ll []I] @Til [IO (]ill (]E] @"fP2 (]ll 

� [ftill []ill [[[[] I c� I � t;;) 8 . .  � 0 O TPII  0 TPIO TP3 
19�- � � 

FRONT BOARD 

762A844 
Fig. 1 4. Componen t  Lo cation for the Front P rinted Circuit 

Board o f  the Type SKA Relay. 

) 

APP ROX. 
t----------------------·A" FT. 

STYLE 

4 10 C 303G O I  
410C 303G02 

DIM. A 

6 FT. 
3 F T.  

0 
"' .. :il 

0 w 

� 
z 
0 
z 
2 5 g 
... 
z w 
z 0 � 
. 8 
q 
� 
� 

�C 5 5  _j JL...__c ., -----' 

REAR BOARD 

7 62A842 
Fig. 1 5. Component Location for the Rear P rin ted Circuit  

Board o f  th e Type SKA Relay. 

--f I t---- IT 
1- � �  I 
I ( I I 

w I- ) 
I I I I I I 

� � I 
I 
I l I 
I - -

n l  � u .JLl 

644B341 

Fig. 16 .  Test Harness Outline 
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TY P E  SKA CAR R I E R  AUXIL IARY R ELAY 

G. Repl acement of pri nted- c i rcu i t  board components. 

When a defective resistor, capacitor, or diode is 
found , cut it out of the circuit by first clipping off 
its l eads on the component side of the printed circuit 
board. Then turn the board over, melt the solder hold­
ing the remaining lead to the print ed pad, and remove 
the l e ad with tweezers. NOTE: For such work , a 
60-watt iron with a small ,  well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iron against the printed-circuit board 
any longer than nec essary to remove and replace the 
the component. If the terminal hole in the board clo ses 
up with solder, use the iron to melt it,  then open up 
the hole with fine awl or similar tool. 

Where transistors are mounted on small plastic 
pad s ,  the l eads cannot be clipped o ff. In such a case,  
m elt the solder on one connection at a time,  whil e 
gently tilting back that section of the transi stor. Be­
cause of the small fl exible l eads,  the transi stor will 
gradually s ep arate from the board. 

Wherever possibl e ,  use a heat-sink ( such as an 
alligator clip ) on any transistor or diode being sold­
ered.  As an alternate,  use a long-nosed pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E qu ipment 

1. Vacuum-tube voltmeter for a-c and d-e measure­
ment s.  

2 .  Cathode-ray oscillo scope with provision for 
calibrated single sweep. 

I . L .  4 1 ·923.5 

R E N E;WAL PARTS • Repair work can be done 
most satisfactorily at the factory. How ever, inter­
changeabl e p arts can be furni shed to the customers 
who are equipped for doing rep air work . When order· 
ing parts,  always give the complete n ameplate data. 

E L E C T R I C A L  P A R T S L I S T  

All capacitors 200 v . d . c .  rating, mi nimum, unless 
otherwi se noted. 

All resi stor s ± 5% tolerance,  0 . 5-watt, unl e s s  other· 
wise noted. 

Type 

IN9 1 

IN459A 

Voltage 

100 v. d . c .  

175 v . d . c . 

Material 

G e  

Si 
Ratings of Zener diodes in SKA relay :  

Type Volts + Tal. % Watts 

IN9 57B 6 . 8  5 0 . 4  

IN960b 9 . 1  5 0 . 4  

IN 1789 56 10 1 

IN1832C 6 2  1 0  10 ( Clipper) 

IN30 5 1  200 20 1 

IN3686B 20 5 1 . 5  

IN3797B 22 5 1 . 5  

Other components: 

T1 Saturating transformer 
Stt 606B5 19G03 

T5 1 Typ e 1 D 1 0 1  Thermi stor - 10K at 25°C 
Stt 1 8 5A 2 1 1H04 

C3 ,C53  39 mfd, 3 5  v .  tantalum capacitors 
Stt 187 A508H04 
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TYPE SKA CAR R I E R  AUXIL IARY R E LAY---------------------

20 

t 19 .:L i f- .!. 1 i !. m, n"l l " _ I " 

"' ' "' 
i .,. 

� � 

:"-----+--1 �ll -- h----I 
_J s .t I ·� ·, I 16 

� 6 1_J �� 
PAIIEL �ATIOII � 
SEMI- FLUSH MTG. -----PROJ ECTI 011 MTG. 

TEAMIIIAL AIID 
MOUIITIIIG DETA I LS 

. 190-32 SCREW 

l_ _ 
TEIMIIIAL 111118ER 

-{ s ! � • 2 25 ..J_6 ! � - D I M  HOLES FOR 32__ : -tir- , � . 19G-32 MTG. SC"EWS 

t I I 
I -� h-�N 

�' I «>  : - t i 
!:: 

• I I Lr-�� : -�-

� :f � t­-----1 16 � s l .J 
8 

PAIIEL CUTOUT I DRI LLING 
FOR SEMI- FLUSH MTG· 

PAIIEL DRI LLING OR 
CUTOUT FOR PROJECTION MTG· 

( FI!OIIT V I EW} 

,I 
3 
- D I A . 20 HOLES 
� OR CUT OUT 

� N 

57-D-7905 

Fig. 1 6. Outline and Drill ing P l an for th e Type SKA Relay in th e F T42 Case. 
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Westinghouse 1 .  L .  41-923 .sc 
I N STA L L ATI O N  • OPERAT I O N  • M A I N TE N A N C E  

INSTRUCTIONS 
TYPE SKA CARRIER AUXI LIARY RELAY 

I N S T R U C T I O N S  

CAU TION: Before putting relays into service,  make 
sure that all moving parts operate freely, inspect the 
contacts to see that they are clean and clo se pro­
p erly, and operate the relay to check the settings and 
electrical connections.  

A P P L I C A T I O N  

The typ e SKA relay i s  the static carrier auxili ary 
relay used in the K- Dar distance carrier relaying 
system to block instantaneous tripp ing for faults 
external to the line section to which it is applied, 
and to permit instantaneous simultaneous tripping 
for internal faults. The relay is arranged to respond 
to indications of  fault power and direction p ro vided 
by the phase and ground relays,  thereby controlling 
the transmission of  the carrier signal s ,  or the initia­
tion of high- speed tripping for internal faults.  

C O N S T R U C T I O N  

The components o f  the typ e SKA relay are mount­
ed in the F'T 3 2  Flexite st case. The static equi val ents 
of the receiver relay, the carrier stop auxiliary relay 
units , and the c arrier- start ground over-curr ent unit 
los are mounted on plug-in printed circuit boards. In 
addition , the static components for the transient 
block ing and carrier squelch functions are similarly 
mounted. Two printed circuit bo ards are used,  one 
mount ed on the front of  the relay chassis,  and the 
one at the rear o f  the chassis. 

There i s  only one electrome chanic al relay unit 
in the SKA relay: a high- speed auxiliary tripping relay 
unit (AR) connected to the output of the deci sion­
making static circuitry. This relay unit operates in 
approximately 3 milli seconds for internal faults cle ar­
ed through the SKA relay.  The tripping has a d- e 
electromagnet and an attracted m agnetic armature. An 
insulated member fastened to the armature pull s four 
movable contact springs until they touch the stationary 
contacts when the relay coil is energized. Only three 

SU PERSEDES I. L .  4 1 -923.58 
*Denotes change from superseded issue .  

of the contacts are used,  but all four must be i n  ad­
justment for proper operation of the relay .  

The alarm function is handled b y  a separate type 
TT- l alarm relay mounted in an SC-type semi-flush 
case. The TT- l alarm relay uses a telephone-type 
relay unit with a single normally-open contact , The 
coil circuit is shunted by a s mall vitreous resistor 
to give the desired calibratio n .  

The phase carrier relay tar get o r  operation indi­
cator is a d-e operated clapper-type device which 
drops an orange target when trip current flows through 
its coil circuit . 

O P E R A T I O N  

LOGIC EL EMEN TS 

The operation o f  the SKA relay during internal 
and external faults can best be understood by refer­
ence to Fig. 3 which is a circuit logic diagram. In 
Fig.  3 ,  the l ettered logic block s serve the following 
functions:  

SYMBOL 

B 

c 

D 

E 

TITLE 

NOT 

FUNCTION 

Delivers a tripping output 
when carrier is not received. 
Energized from output of  car­
rier receiver. 

3/20 TIME Integrating time delay .  ( ad-
DELAY justable) 3 m s. pickup time ,  

20 m s .  dropout time , ener­
gized from 2 1 P  ( phase) or 
67N ( ground) protective relay. 

2-INPUT Provides an o utput trip sig-
AND .  nal only when 2 1P o r  67N 

operates (longer than 3m s . )  
and carrier is not received. 

3/0+T.D.  Co-ordinating time delay,  3 
m s .  pickup time,  no inten­
tional dropout delay ( 0+). 
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TYP E SKA CAR R I E R  AUXILIARY R EL AY----------------------

2 

105  P I CKUP 
ADJ. 

AR T R I P P I N G  
R ELAY 

Fig. 1 .  Type SKA Carrier Auxiliary Relay i n  FT32 Case (Front View). 

3 MS. TIME 
DEL AY ADJ. 

F RONT P RI N T E D  
CI RCU I T  BOARD 
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TYP E SKA CARRI E R  AU XIL I AR Y  R EL Ay --------------------�I .:..;L ·:....:4�1 -..:..:92::3.:.:.
s=._c 

R l  

I N 1832C 
-;;;:::!11-1-- Z EN E R  CL I P P E R  

( Z  1 )  

R E A R  P RI NT ED 
CIRCUIT BOARD 

Fig. 2.  Type SKA Carrier Auxili ary Relay in FT32 Case (Rear View). 
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TYP E SKA CAR RI E R  AUX I L I ARY R ELAY----------------------

F 

G 

H 

J 

K 

L 

M 

4 

The 3- m s .  pickup del ay al­
lows for mom entary interrup­
tions of  carrier during ex­
ternal faults without incor­
rect tripping. 

FLIP- FLOP Provides po sitive and ste ady 
tripping output when logic 
circuits determine p resence 
of  internal fault. 

TRIP AMP 

CARRIER 
STOP (OR) 

2-INPUT 
AND 

lo s AMP 

D . C .  amplifier energized from 
FLIP- FLOP. Provide s  ade-
quate energy to AR tripping 
relay .  
Stops carrier transmi s sion 
o n  signal from 2 1P ,  67N, 
c arrier  s quelch, or from 2-
input AND at I .  
Provid es an output to car­
rier- stop OR (H) on operation 
of both Do (in 67N) and car­
rier- start los units.  
Includes p hase splitter,  rec­
tifier ,  and level detector for 
static ground carrier- start 
over- current unit. 

TRANSIENT Allows ( adj ustable) 25 m s .  
BLOCKING for normal tripping after 
AND UN- operation of 2 1 P ,  67N,  o r  
BLOCKING 
2 5/ 25 

SQUELCH 
0+/ 150 

los and 
O + T . D .  
30-50 

los,  then block s flip-flop to 
prevent incorrect tripping 
during clearing of  external 
fault. I f  internal fault devel­
ops before cl e aring of  ex­
ternal fault, the unblocking 
feature allows tripping after 
25 ms.  delay. 
Energizes carrier-stop cir­
cuit when AR trip relay i s  
energized ( no intentional de­
l ay) , and holds carri er o ff 
for about 150 m s .  to allow 
s e quenti al tripping of  other 
terminal s.  P rovision is m ade 
for external initiation o f  
s quelch b y  applying po sitive 
d-e to relay terminal 6 . 

Switching transistor ( ener­
gi zed from output of los 
4.MP ) which serves as nor­
mally-closed contact for 
ground c arrier- start fun ction.  
No intentional pickup ( 0+) 
and 30-50 ms.  dropout tirrie 
when energized from los 
1\MP. 

R 

T 

I N T ER NAL FAU L T  

C arrier receiver to provide 
blocking signal to logic cir­
cuits from remote transmitter. 

C arrier transmitter to send 
blocking signal to remote 
station. 

The operation of 2 1P (phase) or 67N (ground) 
rel ay for an internal fault performs the following: 

1. Energizes the carri er- stop circuit (H) .  
2 .  Starts the 3-ms.  timing circuit (C) .  The longer 

dropout time o f  20 ms. i s  to minimize any ad­
ditional del ay cau sed by contact bounce of  
the electromechanical protective relays .  

3 .  "Arm s "  the flip-flop ( F ) ,  o r  puts  it  in a 
" ready " condition by removing a blo cking 
bias voltage. 

4 .  Energizes the transi ent blo cking circuit (K) .  

In the ab sence of received carrier ,  the NOT cir­
cuit B has an output which is fed into the AND cir­
cuit D.  After 3 m s . , the output of time del ay C is al so 
fed into D. If both these inputs co ntinue for another 
3 m s . , the output of  E operat es the flip-flop F, and 
in turn the trip amplifier G which energizes the trip­
ping rel ay AR to complete the trip circuit through AR 
relay contacts ARP or ARG. Thi s operation will be 
completed before the transient blocking becomes ef­
fective. 

The function of  the CARRIER- SQU ELCH block L 
is to hold c arrier off ( for about 150 milliseconds) 
after the trip circuit i s  completed for an internal 
fault. This is to prevent undesirabl e blocking where 
sequential relay operation may occur at the terminal s  
of  a protected line section for an internal fault with 
widely different fault currents at the two terminal s.  

EXTE RNAL FAU L T  

I f  carrier is received from the remote terminal 
when 2 1P or 67N operates (as for an external fault) ,  
there will be no tripping output from the NOT circuit 
B into the AND circuit D .  Thus the conditions will 
not be s et up for tripping. The " carrier- stop " block 
H functions (when 2 1 P or 67N operates)  to stop car­
rier tran smission on tho se internal faults for which 
carrier may be started by 21S phase relay OHi or 3 0) 
o r  los  ( at M).  For tho s e  internal ground faults which 
may not operate the 67N Io contact , op eration of  Do 
of  67N and lo s (thru los AMP at J) energizes a second 
AND circuit ( at I )  to stop carrier ( at H). www . 
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TYP E SKA CARR I E R  AUXI L IARY RELAY --------------- -----' - L_._4_1 --92_3 _. sc 

o.l @ C I R C U I T  E L E M E N T  
B R A C K E T E D  O N  5 4 3 01 1 1  

762A723 

Fig. 3. Logic Diagram fo r  th e Type SKA Relay. 

If tripping does not tak e  place within 25 m s .  after 
the protective relays op erate ,  a TRANSIENT BLOCK­
ING circuit at K is energized which de-sensitizes 
the FLIP-FLOP to prevent possible undesired trip­
ping during transients occurring at the clearing ( else­
where) of an external fault. 

SEQU ENTIAL FAULTS 

Occasionally an external fault will  be followed 

by an internal fault before the former is cleared. In 
order to prevent a long delay in clearing such a in­
ternal fault ,  a ' 'transient unblocking ' '  feature is in­
cluded a.t K 1•  Although transient blocking has been 
s et up by the initial external fault, the pre sence of  
an internal fault will  cause an output from the AND 
at D. Thi s output will energize the transient un­
blo cking circuit which, after 25 ms. , will allow the 
flip-flop to operate, and complete the trip circuit by 
energizing the AR relay through the trip amplifier G. 

R E L AY CI RCU I TRY 

The connections of the logi c  elements to the re­
l ay terminal s are shown on the internal schematic ,  
Fig. 4 .  This diagram also indicates t h e  major  exter­
nal circuit connections to the relay terminal s .  The 

complete detailed relay circuit is shown in Fig. 5 .  
The co mponents encl osed by the heavy broken lines 
in thi s di agram are mounted on the two printed cir­
cuit boards of the SKA rel ay.  The op eration of the 
individu al circuit compo nents i s  explained in the fol­
lowing p aragraphs.  The letters identifying the logic 
elements in Fig. 3 are also us ed to identify the c or­
re sponding portion of the circuit in Fig. 5 .  

B - NOT circuit 

In the abs ence of received carrier ,  transistor Q 5 1  
is normally conducting. Under thi s  condition,  tran­
sistor Q5 1 has a tripping output. When carrier i s  re­
ceived, transistor Q208 in the carrier receiver con­
ducts, raising the potential of SKA relay terminal 1 2  
to approximately +45 volts .  This raises  the base o f  
Q5 1 above its emitter po tential ( +22V. ) , thus cutting 
off collector current. Thu s ,  w hen carrier is received, 
there i s  no positive tripping output from the NOT cir­
cuit B .  
C-3/20 MS (ADJ U STABL E) TI M E  DELAY: 
D- TWO- I N PU T  AN D 
Under normal conditions,  transistor Q52 is not con-
ducting; thus the po sitive potential of the colle ctor 
of  transistor Q52 is not a tripping condition. When 
relay terminal 4 or 20 i s  made po sitive by the opera-

5 
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TYP E SKA CARR I E R  AUX I L IARY RELAY _____________________ _ 

.-.. no •. o.c. 

CCIIPLffi STATIC 
CltcolnY-

M. � � 125 
1112815 250 
1110111 .. 

lii,IM 

lfLAf 

Of'(IATI. 
IIOICATII 

... ....... 

762A752 
Fig. 4. I nternal Schemati c for the Type SKA R elay in 

the F T32 Case. 

tion of a protective relay ,  this po sitive potential i s  
applied thru Z e n e r  diode Z 5 3  or Z 5 4  and diode D 5 1  
t o  the tim e  delay circuit C .  When thi s occurs, c ap a­
citor C 50 starts to charge thru resi stors R5 2 ,  R103 
and R54 .  After a time delay of  approximately 3 milli­
seconds ( adj ustable) ,  the voltage on C50 is suffi­
ci ent to cau s e  Zener diode Z52 to conduct, thus 
making the base of  Q52 p ositive.  U nder thi s  condi­
tion,  transistor Q5 2 is switched on and its collector 
potential drops to a very low value.  Thus , for an 
operation of  2 1 P  or 67N and with no carrier received, 
tran si stors Q52 and Q53 of  the 2-input AND at D will 
both be in a conducting condition.  This combination 
will remove the positive potential from the base o f  
transi stor Q54 , thus cutting off i t s  collector current, 
and repres ents a tripping condition.  If, however , 
carrier i s  recei ved at the s am e  time that 2 1 P  or 67N 
operates ,  the recep tion of  carri er will cause Q5 1 
and Q53 to turn off, rai sing the potenti al of Q53 
collector and Q54 bas e ,  thus keeping Q54 conduct­
ing. The output of Q54 under this condition repre­
sents a blocking or non-tripping co ndition.  

E - 3/0 m s  TIME D E LAY. Under normal co ndi­
tions , Q54 i s  in a conducting state.  This provides a 
p ath for current to flow from the emitter to the base 
of  transistor Q55 and then thru the collector circuit 
of  Q54, k eeping Q55 turned on .  Under this condition,  
transistor Q55 short circuits or bypasses capacito r 
C5 1 ,  preventin g  it from charging up. U nder the co ndi-

6 

tion for tripping explained in the previous sectio n ,  
tran sistor Q 5 5  is turned off, allowing C5 1 t o  charge 
thru resistors R70 and R69. After a calibrated tim� 
delay of  3 milli seco nds,  the voltage acro ss c apaci­
tor C5 1 ,  which is applied to the base- emitter circuit 
of transistor Q58 in the flip-flop circuit, is sufficient 
to cau se op eration of  the flip-flop . The time delay 
circuit E has no intentio nal reset time del ay.  If a 
tripping condition is indicated for 1 or 2 millis econds 
such as during a rever sal of  fault power flow,  as 
soon as transistor Q55 again conduct s. The capaci­
tor C5 1 is rapidly discharged thru Q55,  diode D52 ,  
and resistor R70 . The rapid re setting of the  time de­
l ay circuit E prevents pos sible notching up of the 
charge on capacitor C5 1 during momentary inter­
mittent interruptio ns of the carrier blocking signal . 
This time delay in conj unction with that provided in 
circuit C are ample to provide coordination of the 
carrier- start and tripping protective relays at the 
two ends of a line circuit during fault conditions.  

F - FLIP- FLOP CI RCU I T. The flip-flop circuit 
consists of  transistors Q58 and Q59 and associated 
components.  Under norm al co nditions,  transistor Q58 
is in a non-conducting, and transistor 59 is fully con­
ducting. The base of  transistor Q59 is held well be­
low its emitter potential by means of the voltage di­
vider consisting of resistors R86, R8 4 ,  diode D57 ,  
and resistor R83.  With thi s bias, transistor Q5 9 i s  
held in saturation ,  and t h e  flip-flop is desensitized 
so that even if a tripping voltage were applied to 
transistor Q58 , transistor Q59 would not turn off. 
Thi s desensitizing circuit is an arrangem ent to pre­
vent inadvertant operation of the flip-flop caused by 
surges on the de system. A s  long as Q59 i s  co nduct­
ing,  its collector is at a high enough positive poten­
tial that transi stor Q6 1 in the tripping amplifier can­
not turn on.  

Upon the occurence of an internal fault, po si­
tive 1 25 volts de is supplied to either terminal 4 or 
20 of the SKA relay. Through the Zener diodes Z53 
or Z54 , plus diode D55 and resistors R8 2 and R8 3 ,  
the desensitizing bias is removed from transi stor 
Q59 . This is accompli shed by making the po tenti al 
of the j unction of resistors R8 2 and R8 3 higher than 
the po sitive 22 volt supply for the flip-flop circuit. 
When this occurs, there i s  no current flow through 
resisto r  R84 and diode D57 , and the flip-flop i s  now 
" armed" , or in a re ady condition for a tripping oper­
ation.  After the three-millisecond time del ays of  
circuits C and E h ave elapsed ,  the potenti al acro ss 
capacitor C51 i s  sufficient to cau s e  Q58 to conduct. 
This immedi ately cau s es operation of  the flip-flop,  
turning off transistor Q59 .  When Q59 is no longer www . 
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pd J;: NEG.  D C. 
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D 5 5  

I N459A 

-----
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D 6 D  
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REAR BOARD 

CARRIER SQUELCH 

14 18 15 

POS. 45  V 
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hemati c fo r th e  Type SK A Relay. 
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detail in th e previous section ( M )  and by dotted 
lines to the right of terminal s  8 , 9 , 19 , and 18 of the 
SKA rel ay ( Fig. 3) , so th at when it conducts it 
stop s the transmi ssion of carri er. This is the c ar­
ri er stop circuit section H .  The combination o f  oper­
ation of the directional unit Do in th e c arrier ground 
rel ay 67N and the presence cf ground fault current 
compri ses one condition for stoppin g  c arri er. Thi s 
com bination i s  necessary to h andl e fault current 
values below the pickup of th e I 0 tripping unit o f  
t h e  67N rel ay. 

If the ground fault current i s  high enough for the 
operation of both D0 and Ia of the carrier ground re­
l ay,  this will apply a positive potential to SKA relay 
terminal 4. Thru the circuit starting from rel ay ter­
minal 4 thru Zener diode Z54, resistor R26, and diode 
D l l  in the carrier stop rel ay Circuit H, the applic a­
tion of positive potenti al to the base of transistor 
Q6 turns it on and stops carrier by applying a low 
resistance p ath from relay terminal 9 to negative 
thus effectively shorting the Zener diode 1N3 686B 
in the TC transmitter (shown dotted at the right o f  
the relay terminals) .  Similarly, for phase faults, the 
closing of 2 1P ( Z 2) applies positive to SKA relay 
terminal 20 , through diode Z53,  resistor R26, and 
diode D 1 1  to the base of Q6, turnin g  it on to stop 
carrier. The operation of 67N or 2 1 P  directly ener­
gize the s econd input to the 3-input OR.  The third 
input is from the carrier squelch circuit, as described 
in the next section. 

L - CARRI E R  SQU ELCH. When the trip ampli­
fi er G is energized as a result of an internal fault, 
the turning on of tran si stor Q64 drop s its coll ector 
voltage to a very low value. The collector circuit o f  
Q64 i s  al so connected from th e rear bo ard terminal 
18 to the front board terminal 16 , the resi stor R3 1 
and the base of transistor QS .  Applying a negative 
potenti al from Q64 to thi s circuit allows transistor 
Q8 to tum o n ,  thu s  providing a p ath for rapidly 
charging c ap acitor C3 thru diode D 12 . tran si stor QS , 
diode D 14 , resi stor R33,  and dio de D 13 .  Thi s po si­
tive potential on cap acitor C3 i s  applied, thro u gh  
R34. t o  the b ase input circuit o f  the c arrier-stop 
transi stor Q6. Thus when a tripping op eration o c­
curs, the carrier-stop circuit i s  energized for a 
period of 1 20 t.o 160 milliseconds to hold c arrier in 
the "off" condition at th at terminal to allo w the 
tripping of oth er termin al s  which m ay h ave to op er­
ate sequenti ally bec ause o f  the distribution o f  
fault current. P ro vi sion i s  m ade for e xternal initi a­
tion of c arri er squelch by applyin g  po sitive d- e to 
rel ay terminal 6 .  This allows a p ath for rapidly 
charging cap acitor C3 through resi stors R39 and 
R33 and dio de D 1 2  as above. 

It will be noted that an output of the carrier con­
trol circuit at relay terminal 8 is  also connected to 
the rear printed circuit and through diode D60 to the 
transient blocking circuit. This circuit is  provi ded 
so that for an external fault, where the directional 
element remains open and only the ov ercurrent unit 
operates, this will still allow energizing the tran­
sient blocking circuit. Operation of the transient 
blocking circuit by the carrier-start overcurrent unit 
alone is desirable so that the transient blocking will 
be acting if a power reversal occurs during the clear­
ing of- an external fault. However, the flip-flop i s  not 
" armed" by the operation of the ground ov ercurrent 
carrier-start relay alone since thi s relay unit does 
not set up tripping. 

C H A R A C T E R I S T I C S  
The type SKA relay i s  shipped with the carrier­

start overcurrent unit s et for 0.  5-ampere pick up and 
0 . 4- ampere dropout current. This setting is satisfac­
tory for most applications.  The range of pickup ad­
justment of this unit is 0 . 5  to 2 .0  amp eres. The drop­
out is 80 percent of pick up .  

* T he AR re lay operate time is 3 .5 millisec onds . 

The pickup and dropout characteristics of the 
various time-delay circuits of the relay l ogic are 
give n  in the OPERATION sections. 

Burden of overcurrent unit: 

At 0 . 5-amp.  pickup setting: 0 . 2  v. a. at 0 . 5  a, 60 cycles 
7.8 v . a. at 5.0 a, 60 cycl es 

S E T T I N G S  

Normally, there are no settings to be m ade o n  the 
SKA relay. The 0 . 5- ampere pickup of the ground over­
current carrier-start unit ( los) and the various time 
delay circuits are factory adjustment s .  For most ap­
plications,  a pickup current of 0 . 5  amp ere for the los 
unit is  satisfactory. If conditions require, the pickup 
can be changed to any value between 0 . 5  and 2.0 am­
peres, as e xplained under Calibration in the Adjust­
ment and Maintenance section. 

I N S T A L L A T I O N 

The relay should be mounted on a switchboard 
p anel or its equivalent in a location free from dirt, 
moistur e ,  e xcessive vibration, and heat .  Mount the 
relay vertically by means of four mounting hole s  on 
the flange for semi-flush mounting or by mean s  o f  
t h e  rear mounting swds for proj ectio n mo unting. 
Either a mounting stud or the mounting screws m ay 
be utilized for grounding the relay. The electrical 
connections m ay be m ade directly to the terminal s 
by m e an s  of screws for steel panel mounting or to 
the terminal studs furni shed with the relay for thick 
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TYP E SKA CAR R I E R  AU XILIARY R ELAY----------------------

p anel mounting.  The terminal studs m ay be easily 
removed or inserted by locking two nuts on the stud 
and then turning the p roper nut with a wrench. 

The o utline and drilling plan o f  the typ e SKA re­
l ay in the FT- 3 2  case is shown in Fig. 1 7 .  

A D J U S T M E N T  A N D  M A I N T E N A N C E  

A. Acceptance Test 

The operation of  the SKA relay can be check ed 

1,0 AMP 60 CYC 

� 

TO CONTACT 
1 LIGHT CKT 
( a  T E R M  10} 

� 
I 
I 

V I E W  OF R E L A Y  
N E G  
D C  

by connecting it in  accordance with Fig. 7.  Operate 
the switche s 1 ,  2 ,  and 3 ,  and apply 1 amp ere, 60 
cycl es as indicated for the six test conditions in 
Table I .  The operation of  the type AR tripping relay 

or the pre sence of carrier control voltage ( 20 volt s 
de) as listed in the columns of Table I will check 
the performance of the logic circuits and other com­
ponents of  the complete relay.  The right-hand column 
of  Table I indicates the protective relay operatio n  
repre sented by t h e  s i x  test conditions.  

NEG D C  

l�---1-- 5 K A 
T E R M ' S  

T O .  CONTACT 
LIGHT C K T. 
( 8 TERM I )  

NOTE FRONT IJ SW-1 

(45 8 125) 

POS 125 V 

Fig. 7. Test Diagram fo r Typ e SKA Relay. 

TABL E I 
---- - - ---1, ... 

SW- 1 

-- --- -�--

S E T T I N G S  

SW-2 SW-3 
Cur. at 
Term. 
1 6- 1 7  

�� --

I R E S P O N S E  , I  A R  D. C. Vo l ts 
, ,  

Relay  Term. 9-5  
; 

1 0 0 0 Zero ' open Zero 

2 C l tt 0 0 Zero clo sed Zero 

3 clo se close 0 Z ero open Zero 
2nd 1st $ 

4 0 0 0 ill l . O  amp open 20V 

5 0 0 C l  1 . 0  I I open Zero 

6 C l  0 C l  1 . 0  I I  closed Zero 

0 = open 
Cl = close 

Ill = o r  2 x pickup � = clo se SW- 2, then SW- 1 
tt = close SW- 1 with lead connected first to term . 4 then to term . 20. 

1 2  

Operat in g Cond i t ion Repre sented 

Normal 

2 1P or 67N operation 

2 1 P  and received carrier  

los carrier- start 

Do and los operation 

* Do and Io trip and los 

l 
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B. Cal i bration Check 

The pickup and dropout current value s for the 
carrier-start overcurrent ground rel ay (los ) can be 
checked using the same test connections shown in 
Fig. 7 .  With switches 1, 2, 3 all open, apply a 50-
cycle current to terminal s 16 and 17 of the SKA re­
l ay.  Increase thi s current gradually. At a current 
level of  approximately 0 . 5  ampere, the d-e voltmeter 
reading will suddenly increase from 0 to approximate­
ly 20 volts .  Thi s is the pickup point of the over­
current relay. Now reduce the current applied to ter­
minal 1 6  and 17 .  At appro ximately 0 . 4  amp ere ( 80% 
of the pickup value) ,  the d-e voltage will drop to 
zero . The zero value of  d-e voltage may be a few 
tenths of  a volt rather than exactly zero . The low 
value of  voltage i s  the drop acro ss the transistor 
Q7 when it is fully conducting. 

The o verall operating time of the SKA rel ay can 
be checked using test condition #2. Arrange to start 
a timer, or the single sweep of a cathode-ray o scillo­
scope provided with this operating feature, when 
s witch SW- 1 is clo sed. The timer c an be stopped by 
the closing of the relay trip circuit between terminals 
1 and 10, or by applying a d-e voltage from an e x­
ternal source thru the relay trip circuit to the timer 
or  to the vertical deflection input of  the o scilloscope. 
The time from the closing of  SW- 1 until the trip cir­
cuit is completed should be in the order of 9 to 1 2  
milliseconds. I f  a double-pole,  single-throw switch 
is used to energize the relay and start the timing de­
vice , be sure that both poles of the switch clo s e  
within a milliseco nd of  each other. 

The performance of the operation indicator can 
be che cked while the circuit of Fi g. 7 is set up by 
connecting the relay trip circuit (terminal s  1 and 10)  
to an external source of  approximately 1 .  5 amperes 
de, using external current-limiting resistance .  When 
switch SW- 1 is closed, the indicator s ho uld drop its 
target. NOTE: Do not try to interrupt the 1. 5- ampere 
direct current by opening SW- 1 as the AR tripping re­
l ay will not interrupt thi s current. Instead, open the 
trip circuit external to the SKA relay, then open SW- 1 .  

C .  Recommended Routine Maintenance 

The contacts of  the type AR tripping rel ay should 
be periodically cleaned. A contact burnisher such as 
S# 18 2A83 6HO 1 i s  recommended for this p urp ose. Be 
careful not to di stort the moving contact spring fin­
gers during burni shing op eration. The use of abrasive 
material is not recommended because of the danger o f  
embedding small particles in the face o f  the soft sil­
ver and thus impairing the contact performance. 

The proper adju stments to insure correct opera­
tion of thi s rel ay have been made at the factory and 
should not be disturbed after receipt by the customer. 
If the adj ustments have been changed, or components 
have been replaced which may affect the calibratio n,  
or if  it i s  desired to check the adj ustm ents at  regular 
maintenance periods, the instructions in the calibra­
tion section should be followed. 

D. Cal i bration 
L Tripping Relay (AR). The typ e AR tripping relay 

unit has been properly adj usted at the factory to 
insure c orrect operation,  and under normal field 
conditions should not require readj ustment. If, 
however , the adj ustments are disturbed in error , 
or it b ecomes necessary to replace some part , use 
the following adjustment procedure .  This pro­
cedure should not be used until it is apparent t hat 
the re lay is not in proper working order , and then 
only if suitable tools are available for checking 
the adj ustment s .  
a .  Adjust the s e t  s crew at the rear o f  the top o f  

the frame to obtain a 0 . 009-inch gap at t h e  rear 
end of the armature air gap . 

b. Adjust e ach contact spring to obtain 4 grams 
pressure at the very end of the spring. This 
is measured when the spring move s away from 
the edge of the insulated cros spiece.  

c .  Adj ust e ach stationary contact screw to ob­
tain a c ontact gap of 0 . 020-inch. This will 
give 15-30 grams contact pressure . This com­
pletes t he adj ustment procedure for t he AR 
tripping relay unit. 

2. Static Overcurrent Unit : To test this portion of 
the relay,  use the connections shown below. 

I S K A  r-1 : TERM'S [0---1:::] L--+--o ls  
6 0  CYC : 

1 7  

I 

POS. 45 V 
0 

N E G. D.C. 

I 
I 1 o r  
I 
I 
I 
I 

20 V. Z E NER 
DIODE 
( I N3686 OR 

E Q U IV. )  

D . C .  V M 
0 - 2 5  

763A913 
Fig. 8. Test Connections fo r the l.o s Unit of the Type 

SKA Relay. 
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TYP E SKA CAR RI E R  AU XIL IARY R ELAY--
--------------------

With the 45 volts d .c .  applieo, the d-e voltmeter 
will initially. read zero (perhaps as much as 0 . 3-
volt de. ). Slowly increase the 60-cycle current ap­
plied to terminals 1 6  and 17 .  At a current of 0 . 5  
ampere a. c. , the voltmeter reading should sud­
denly increase to approximately 20 volts. Loosen 
the lock-nut for adj usting R3, and again lock it 
after any adjustments have been made. If it is 
necessary to adj ust the pickup , turning th e slotted 
shaft ?f potentiometer R3 in a clockwise direction 
will increase the pickup current. Conversely, if a 
lower pickup current is desired, turn the shaft 
counterclockwise.  The range of pickup adj ust­
m ent is 0. 5 to 2 . 0  amperes, 60 cycles. After the 
relay has picked up , slowly reduce the 60-cycle 
current. At 80 percent of pickup ( 0 . 4  amp . for a 
0. 5-amp. ), the relay should drop out as pickup 
indicated by the voltmeter reading -dropping to 
zero . If this point needs adjustment, loosen the 
lock-nut on the resistor R9 and turn £he shaft of  
R9 clockwise to increase the dropout current or 
counterwise to reduce the dropout current. After 
this point has been set, tighten the look-nut and 
make a final check of the dropout current value. 
Do not try to set the dropout below 80 percent as 
the relay may not reset at all. 

3. Operation Indicator. The operation indicator should 
pick up and drop the indic ator target when the 
current is between 1 and 1 .  2 amperes d-e. To in­
c re ase the pick-up current, remove the molded 
cover and bend the springs out or away from the 
cover. To decrease the pick-up current, bend the 
springs in toward the cover. 

M ake sure that the target drops freely when the 
unit operates. 

4. Tim e  D el ay s  i n  L o gic Circuits. There are six 
time-del ay circuits in the SKA rel ay. The se c an  
b e  checked mo st e asily using a c athode-ray 
o scillo scope h aving provi sion for a singl e  sweep 
and an external tri gger source. The scope should 
preferably h ave a c alibrated horizontal sweep 
which can be read in milli seconds directly from 
the gri d on the screen of  the scope. The follo w­
ing p aragraphs will expl ain the procedure to be 
used and the connection s  nece ssary for checking 
or recalibrating e ach of th e time del ay circuits 

* separately. Note: The notation " 3/20 MS" o n  
the logic diagram and on the internal schem atic 
m e an s  3 milli seconds pickpp time, 20 milli­
seconds dropout time.  The figure "0+" mean s  
no intentional time del ay. 

a. 3/ 20 ms. time delay (section C of circuit) 

1 4  

1 .  Make the connections shown in Fig . 9 .  

P O S .  1 2 5  V. D.C.Q-------.J"SWt- l  SKA 

TP 52:J?;L 
S K A M�

O 
TP6 4 P Q S 45 V.o----0 

�S K A 
�SCOPE T R I GG E R � :JI { 4 5 8 1 2 5 ) NEG. D.C.0>--------.....1� N PUT 

Fig. 9. Test Conn ections fo r the 3/20 MS Time Delay 
Unit o f  the Typ e SKA R el ay. 

2. Set the scope sweep-speed for around 5 
milliseconds time to make one swe ep. 

3 . Approximately 3 ms. after SW- 1 is closed, 
the d- c voltage across TP52 (+) to TP6 4 (-) 
will drop from 7 volts to nearl y zero. The 
sudden drop in vertical position of the 
trace will indicate compl etion of the time 
del ay. This time is factory set between 
2. 7 and 3. 3 ms. , but may be lowered to 
l ess th an 2. 0  ms. by moving potentiom eter 
R54 counterclockwise, and increased to 
7 . 0  ms. by moving R54 clockwise.  

4. Reset scope and change sweep speed to 
measure 20 ms.  Op en SW- 1 and note dropout 
time. The time should be in the range of 1 7  
to 2 3  milliseconds. I f  time is appreciably 
outside this range , change R53. Increasing 
R53 will increase dropout time ; decreasing 
it will reduce dropout time. 

b.  3/0+ time delay of flip-flop (sections E and F 
of circuit). 

1. Make the connections shown in Fig. 10 .  

P O S t 25 V D C O  7: 4 -- -
��-1  SKA 

�:I�CTH : M�OG 2 W  \: S C O P E TRIGGE R S K A 
P O S 4 5 DC.----0 �� 

( 45 & 125) NEG 

� ! SW- I 

� TP52 TP64 

- - _SCOPE 
TPSO PROBE 

C55 

�G 
JUMPER 

763A915 

Fig. 10. Test Connections for the 3/0 MS Time Delay 
Uni t  and the Flip-Flop of th e Typ e SKA Rel ay. 
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TY P E  SKA CARRI E R  AUXI LIARY R E LAY 

2 .  Start with SW- 1 open. Note: Both pol e s  o f  
SW- 1 must close simultaneously - well with­
in one millisecond of each other. 

3 .  Temporarily short out C55 with a short clip 
l e ad . 

4. Set R79 on SKA sub panel to 90 p ercent of  
full count erclo ckwise - o nly if setting has 
been previously di sturbed. If timing i s  just 
being checked, do not initially change set­
ting. 

5 .  Close SW- 1 .  (AR relay will pick up ) .  Note 
time d2lay indicatio n o n  scope trace .  It 
should be 2.  7 to 3.3 ms.  

6 .  Thi s tim e  del ay c an b e  adj usted by R79 on 
relay subp anel. Loo sen lo ck-nut. Turn 
sh aft clock wi s e  to increase tim e  del ay. 
Adj u st if nece s s ary to 3 m s .  ± 10 p ercent. 

7 .  Opening SW- 1 re sets 3-m s .  time delay cir­
cuit with no intentional dropout or reset 
delay. 

8 .  When calibration i s  satisfactory, tighten 
lock nut and remove C55 j umper. 

c .  Carrier Squ elch ( section L of  circuit) .  

1 .  Mak e  the connections shown i n  Fig. 1 1 . 

POS. I20 V

�t- l S:A 

SKA 10 MEG. 
POS. 45 o------0 

TRIGGER INPUT 
SKA 

SCOPE 
PROBE 

(458: J25)NEG.D------{ SH I ELD 
LEAD 

{<>-----¢----0 0.6 AMP 
60 GYC SKA 

?-0--0 

20 V ZE�ER DIODE 
IN3686 OR EQUIV. 

763A916 
Fig. 1 1 . Test Connections fo r the Carrier Squelch Uni t  

o f  th e Type SKA R elay. 

2. Apply d . c . ;  then 0 . 6  amp . ,  60 cycl es (or  
1 20 percent of pickup); then close sw� 1 ,  
and reset scope trigger. (It may b e  neces­
s ary to set scope for ne gative swe ep-trigger­
ing voltag e) .  Set · range to around 200 m s .  
Note: Voltage across SKA terminal s 18 (-) 
9 ( +) will j ump from zero to 20 volts d . c .  
when a-c i s  applied, then back to zero when 
SW- 1 i s  closed. 

3. Open SW- 1 to start c arrier- s quelch timing. 
After about 1 20 m s . , scope trace will ri se 
to 20-volt value.  Rise will  not  be sudden, 

I . L . 41 -923 . 5C 

but will start at about 120 m s. ,  and m ay 
take to 1 60-200 m s . , to reach final v alue.  
No adj ustment, since the carrier- squ elch 
time is not critical . 

d. Transient Blocking (part of section K o f  circuit). 

1. Make the connections shown in Fig. 1 2. 

SW- 1 SKA 
PO 5. 125 VD---------- -�>---( 

SKA 
POS . 45o----0 

SKA 
{45 8: 1 2 5 ) NEG. 

ADO JUMPER 

TP 63=3 -· PROBE 

TP6 

JUMPER 

TP54 

763A917 
Fig. 1 2 .  Test Connections for the Tran sient Block ing 

Un it o f  th e Type SKA R elay. 

2. Set scope sweep-speed to me asure about 
30-40 m s .  m ax .  

3 .  With d .  c .  applied, close SW- 1 .  After 2 0  to 
30 m s . , the s cope trace will suddenly drop 
from <tbout 20 volts to zero. Open SW- 1 and 
reset scop e .  

4 .  Thi s tim e  delay m ay b e  incre ased b y  mov­
ing potentiom et er R9 3 clockwi se and de­
creas ed by moving R9 3 counterclock wi se. 

5 .  Remove test j umper. 

e .  Transient Unblocking (part of  section K of 
circuit) 

1 .  M ake the connections shown in Fig. 1 3 .  

POs. 4 s - � 5�_-' ___ _,To SCOPE �; T R I G G E R  

"" '"� -:"':�. TP61  

Fig. 13. Test Connectio n s  for the Tran sient Unblo cking of 
the Type SKA Relay. 

15 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E SKA CAR R I E R  AUXI L I A RY R E LAY 

* TA B L E  I I  
Test Point Voltages 

(to n egati ve d .c . - TP 1 2 - Front Bd., TP64 - Rear Bd.)  
Test Con d i t i on ( F rom Tabl e I and F i g. 6 )  

Test Po in t  1 2 

D. C. M a  ( Fi g. 7) 90 240 

TP- 4  6 . 5  6 . 5  

5 6 . 7  6 . 7  

6 6. 6 6 . 6  
7 < 0. 5 < 0 . 5  

8 7 . 6  7 . 6  
9 7 . 5 7 . 5  

10 < 0 . 5  < 0 . 5  
1 1  2 1 . 6  2 1. 0  
1 2  - -

13 <o. 5 < 0 . 5  

14 22. 5 22. 5 

1 5  <0. 5 < 0. 5  

16  0 45 

17 3. 5 3. 5 

5 1  2 1 . 5  2 1 . 5  

5 2  7 . 4  < 0 . 5  

5 3  < o . 5  < 0 . 5  

54 < 0 . 5  2 1 . 8  

5 5  2 1 . 5  1 . 3  

56 0 9 . 2  

57 3 . 5  20 

58 20 . 0  7 . 8  

59 0 1 4 . 5  

60 4 5 . 0  < 0 . 5  
6 1  18 < 0 . 5  
6 2  0. 6 < 0 . 5  
6 3  2 1  6 20. 5 

64 0 0 

2. Set scope sweep-speed as for previo us 
section .  

3 .  Apply d .  c . , then close SW- 1 .  ( Both poles 
must clo se simultaneously. ) After 20 to 30 
m s . , the scope trace will suddenly rise 
from zero to about 20 volts .  If time i s  o ut­
side 20-30 m s . limits,  reduce R73 to shorter 
time,  or increase R73 to l engthen time. 

4. Remove j umper . 

3 4 5 

1 1 5  90 10 5 

6 . 5  20 20 . 5  

6 . 7  6. 7 6 . 7  

6 . 6  < 0 . 5  < 0 . 5  

< 0 . 5  19 . 0  19 . 0  

7 . 6  7. 6 < 0 . 5 
7 . 5 < o . 5  < 0 . 5  

< 0 . 5 < 0. 5 1 1 . 6  
2 1 . 5 2 1. 5  22 .0  

- - -

< 0 . 5  19. 8 0 . 25 

22. 5 22. 5 22. 5 
< 0. 5 2 1. 0  1 . 0 5  

0 0 0 

3 . 5  <0 . 5  <0. 5 

< o . 5  2 1 . 5  2 1 . 5  

< 0 . 5  7 . 4  7 . 4  

7 . 3  < 0 . 5  <0. 5 
----

< 0 . 5  < 0 . 5  < 0 . 5  

2 1 . 5  2 1 . 5  2 1 . 5  

0 0 0 

3 . 6  3 . 5  3 . 5  
-·- -

20 . 0  20 . 0  20 . 0  

0 0 0 - - -

45 45 45 

< 0 . 5  < 0 . 5  1 7 . 0  
7 . 4  7 . 4  0 . 65 

< 0. 5  < 0 . 5  20 . 5  

0 0 0 

E. El ectri cal Checkpo ints 

6 

250 

20. 5 

6 . 8  

< 0 . 5  

19 . 0  

< 0. 5 

< 0 . 5  

1 1 . 6  
2 1 . 5  

-

0. 15 

22 .0  
0 .9  

45 

<0 . 5  

2 1 . 5  -- -

< 0 . 5  
--- ---

< 0 . 5  

22 .0  

1 . 3  

9 . 2  

20 

7 . 8  

1 4. 5  

< 0 . 5  

< 0 . 5  - -

< 0 . 5  

20. 5 

0 

<Not a re lay 

test point 

Note: 
< o . 5  m eans 

"l ess than 0 .  5" 

With the SKA relay co nnected as shown in Fig. 
7,  the d-e voltages at the test points on the two 
printed circuit boards are listed in the following 
table for the six test conditions tabulated in Table 
I .  The se values can be checked on a new rel ay ,  then 
kept for a reference if troubl e shooting becomes neces­
sary at a l ater date.  The exact values will vary from 
one relay to another, but in general will be within ± 
20 percent between relays.  

Thi s completes the calibratio n checks of  the 
various time del ay circuits.  

Return to TEST 4 except pass just pickup current 
(0. 5 amp . , 60 cycles  unless relay has been recalibrated) 
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TY P E  SKA CAR R I E R  AUXI LIARY R ELA y ____________________ L_L_. 4_1_·9_2 J_.s_c 

through terminal s 1 6  and 1 7 .  Check the a- c voltages 
tabulated below,  using a vacuum-tube voltmeter: 

Te st Points Voltage 

3 . 5  v. a. c .  
3 . 5  v .a .c .  

TP 1 to TP 2 
TP 1 to TP 3 

NOTE: The above two voltage readi ngs should not 
differ by more than 5 percent, although the actu al 
value will vary from one relay to ano ther. 

F.  Trouble- shooti ng 

The components of  the SKA relay are operated 
well within their ratings, and under normal conditio ns 
should give long, trouble-free service . However,  if a 
relay has given an indi cation of trouble in service o r  
during routine checks, t h e  following procedure is  sug­
gested for troubl e-shooting: 

If it is  desired to c heck the SKA relay in position 
on the switchboard, a test cabl e is available fo r 
bringing the rear printed circuit bo ard to an accessi­
ble po sition outside the relay.  In use,  the rel ay chas­
sis is first remo ved fro m its case, then the rear 

T EST SYMP TOM 

1 No 22-volt supply 

1 Incorrect test point voltage 

- -

2 AR relay does not operate 

3 AR relay does operate 

4 No 20 v . d. c .  at SKA terms 9 and 5 

5 20 volts d. c. does appear at SKA 
term ' s  9 and 5 

6 AR relay does not op erate 

i 

' I 

printed circuit board is removed. In its place is in­
serted a conne ctor board provided with 3 ft. or 6 ft. 
of 19-co nductor " ribbon " c abl e ,  and a similar recep­
tacle for the removed SKA circuit board at the other 
end. The relay chassis is  now re-ins erted in its c ase, 
and both the front and rear boards are accessible for 

maintenance ,  The test cable is shown in Fig,  1 6  

Under standby conditions,  t h e  test point voltages 
should essentially agree with the values listed in 
Table II under Test Condition 1 ( first column of  
voltages) .  If these values are correct , the relay should 
then be checked p er Fig. 7 and Table I, as explained 
in ADJUSTMENT AN D M AI NTEN ANC E ,  Section A,  
Ac ceptance Test. Following is a tabulation o f  som e 
symptom s ,  and the sections of the SKA relay which 
may be at fault. 

In locating trouble with no specific component 
failure indicated,  proceed as with any electronic de­
vice .  Start at the input and gradually work through to 
the output circuit. For the SKA relay printed circuit 
board s, start at the left side ( circuit-wise, per Fig. 
5), c hecking voltages at each stag_e. Note that a box 
around a transistor number ( I Q 2 1 ) means that the 
transistor is  normally co nducting. 

POSSI BL E CAUSE 

1 .  Z4 shorted ( 2 2-volt zener) 
2. R28 open 
3 .  D9 open 

1.  Failure of  nearest assrv"iated transi stor or 
diode. 

1 D efect in some circuit on rear printed circuit board 

1 .  Shorted Q5 1 ,  or Q52 
2.  Defect in associ ated circuit 

--

Trouble in front printed circuit board : 
1 .  Ios o vercurrent relay not operating 
2. Transistor Q6, Q7, or Q8 shorted or held in 

conducting condition. 
3 .  Other compone nt failure 

1. I0 s portion of  front p . c .  bd. not operating , or 
2 .  2-input AND (I)  not functioning 

---

1 .  As for test 2, defect in some circuit on rear 
p . c .  bd.  
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TYPE SKA CA RR I E R AUXIL IARY R ELAY 

[QjgJ 0TP12 
TP15 0 

[@] 
ill] 

QQ 8� []IT] 
[]gJ 
[ill] TP708 

IT:Q!] 02 1()4 
[JiEJ � � 

[]"@] 

FRONT BOARD 

8 '65 '66 
[]I] 
cru 

8 

899C9!4 
* Fig. 1 4. Component Location fo r  the Front P rinted Circuit 

Bo ard of the Type SKA R elay. 

APPRO X .  

762A842 
Fig. 1 5. Component Location for the Rear P rin ted Circuit 

Board o f  th e Type SKA Relay. 

�---------------------------------------�A. F T.----------------------------------------------�� 

18 

STYLE 

4 10 C 303GOI 
410C 303G02 

DIM. A 

6 FT. 
3 F t  

Fig. 16.  1 9  Terminal P rinted Circuit Bo ard Test H arness O u tline. 

644B341 
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TY P E  SKA CAR R I E R  AUXIL IARY R ELAY 

G. Replacement of pri nted-c i rcu i t  board components. 

When a defective re sistor, cap acitor, or diode is 
found ,  cut it out of  the circuit by first clipping o ff 
its l eads on the component side of the printed circuit 
board. Then turn the board over,  melt the solder hold­
ing the remaining lead to the printed pad, and remove 
the lead with tweezers. NOTE: For such work, a 
6D-watt iron with a small ,  well-tinned tip is recom­
mended. Use a 60-40 (tin-lead) rosin-core solder. Do 
not hold the iron against the printed-circuit board 
any longer than necessary to remove and replace the 
the component. If the terminal hole in the bo ard clo ses 
up with solder, use the iron to melt it,  then open up 
the hole with fine awl or similar tool. 

Where transi stors are mounted on small plastic 
pad s ,  the leads cannot be clipped off. In such a case,  
melt  the solder on one connection at  a time,  while 
gently tilting back that section of the transi stor. Be­
cause of  the small flexible leads,  the transistor will 

I .L. 41 -923 . 5 C  

gradually separate from the board. 

Wherever po ssible, u s e  a h eat- sink (such as an 
alligator clip ) on any transi stor or diode being sold­
ered. As an alternate,  use a lo ng-no s e d  pliers to 
the lead (being soldered) between the devices and 
the point of soldering. 

H. Test E qu ipment 

1. Vacuum-tube voltmeter for a-c and d-e measure­
ments .  

2.  Cathode-ray oscillo scope with provision for 
calibrated single sweep .  

R E N EWAL PARTS • Repair work can be done 
most satisfactorily at the factory. However, inter­
changeable p art s can be furnished to the customers 
who are e quipped for doing repair work . When order­
ing parts, always give the complete nameplate data. 
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T Y P E  SKA CAR R I E R  AUXIL I ARY RE LAY
-----------------------

EL ECTRI CAL PARTS LIST 

Unl e ss O th erwi se Noted, A ! l  Resi stors Are 0 .  5-Watt, ± 5 %  Tol .  
-

CIRCUIT 
DESCRIPTION STYL E NO. 

CIRCUIT 
D ESCRIPTION STYL E NO . 

SYMBOL SYMBOL 

AR Tripping Rei ay 408C8 45GO 1 R ESI STO RS 

CAPACI TORS R l  50 ohms, 25W, 5% 1 340 388 

R2 150 ohm s ,  25W, 5% 1 26 7 27 2  

C l  0 . 5 mfd. , 200 V. D . C .  1 8 7  A6 24H0 3 
R3 2. 0 K  o hm s, 3W, Pot.  18 5 AOf37H 17 

C 2 0 .  25 m fd. , 200 V. D . C .  187 A6 24H0 2 
R4 2. 5K o hm s, . 25\V, Pot.  6 29 A430 H 0 3  

C 3  39 mfd. , 35 V. D . C. 187 A508H04 
R 5  2 . 7 K  ohms 184 A7 6 3H37 

C4 150 mfd. , 6 V. D . C. 18 4 A6 6 1H08 
R6 39K o hm s  184 A7 6 3 H 6 5  

C50 1 . 0  m fd. , 200 V . D . C .  187 A6 24H04 
R7 18K ohm s 18 4 A7 6 3H57 

C 5 1  0 .  2 2  mfd. , 400 V. D . C .  188 A29 3H0 2 
R8 3. 9 K  ohm s,  1 .  W, 5% 187 A643H4 1 

C 5 2  0 . 5 mfd. , 200 V. D . C. 187 A6 24H0 3 
R9 200K ohms,  2W,  Pot.  18 5 A0 67 H 14 

C53 39 mfd. , 35 V. D . C .  187 A508H04 
R IO 33K o hm s  1 8 4 A7 63 H 6 3  

C 5 4  . 0 5  mfd. , 200 V . D . C .  1 8 7  A6 24H08 
R l l  lOK o hm s  184 A7 6 3H 5 1  

C 5 5  3 . 0  mfd. , 200 V . D . C .  188 A293H0 6 
R 1 2  l O K  ohms 18 4A763H5 1 

R 13 330 ohm s 184 A7 6 3 H 1 5  

DIODES R 14 lOK ohm s 184 A7 6 3H 5 1 

R 1 5  680K o h m s  184 A76 3H9 5 

R 16 120K ohm s 184 A7 6 3H 7 7  

* 
D 1 to D 7 R 17 lOK ohm s 184 A7 63 H 5 1 
D 9 to D 1 3  IN459 A 18 4 A8 55H08 

R 18 lOK o hm s  184 A7 6 3 H 5 1 
D 1 4 IN2069 ( CER-69) 188 A34 2H06 R 19 68K ohm s 18 4 A7 63H7 1 

D 8 - D 1 5 IN64 5 A  837 A69 2H03 R20 68K ohm s 184 A7 6 3H7 1 
* D 5 0  to D 5 8  IN459 A 1 8 4 A8 5 5H08 R 2 1  3 3 K  o hm s  184 A7 6 3 H 6 3  

D 5 9  IN9 1 18 2 A88 1H04 
R22 33K ohm s 1 8 4 A7 6 3 H 6 3  

D60 IN4 5 9 A  1t84 A855H08 
R 23 lOK ohms 18 4 A7 6 3 H 5 1 

* R24 6 . 8K ohms 1 8 4 A763H47 

T RANSI STO RS R25 3 .  3K o hm s  18 4 A7 6 3 H 39 

R26 6 2K ohm s 184 A7 6 3H70 

Q1 2N6 5 2 A  184 A 6 38 H 16 R27 5 . 6 K  ohm s 184 A7 6 3 H 4 5  

Q2 2N697 184 A6 38H 18 * R28 500 ohms , 5W , 5% 7 6 2 A 6 7 9H04 

Q3 2N6 9 6  7 6 2 A5 8 5H 0 1 R29 1K o hm s ,  5W, 5% 18 4 A8 59 H 10 

Q4 2N69 6 7 6 2 A585HO 1 R30 1K ohm s 18 4 A7 6 3 H 27 

Q5 2N697 184 A6 38 H 18 R3 1 2. 2K ohm s 18 4 A7 6 3 H 3 5  

* Q6 2N657 1 84 A 6 3 8H 1 5  R32 10K ohm s 184 A7 6 3H 5 1  

* Q7 2N657 1 84 A 6 3 8H 1 5  R33 3 30 ohm s,  2W, 5% 1 8 5 A207 H 1 5  

Q8 2N39 8 A 1 8 4 A6 38 H 1 2  R34 1. 2K ohm s 184 A7 6 3 H 29 

Q9 2N3 4 17 8 48 A8 5 1H0 2 R35 3 30K ohm s,  2\V, 5% 1 8 5 A 20 7 H 1 5  

Q5 1 2N6 5 2 A  184 A638H 16 R!36 2 2K ohm s 1 8 4 A7 6 3H 59 

Q 5 2  2N69 6 7 6 2 A58 5HO 1 R37 lOK ohm s 184 A7 6 3H 5 1 

Q53 2N69 6 7 6 2 A58 5HO 1 R38 10 ohm s 187 A290HO 1 

Q54 2N69 6 7 6 2 A585HO 1 * R39 300 ohms , 25W F or 48V 1 20 2847 

Q5 5 - Q59 2N6 5 2 A  184 A638H 16 1 25 0  ohms , 25W For 125V 1 20 2589 

Q60 2N6 9 7  18 4 A638H 18 3000 ohms , 25W For 250V 1 20 29 5 4  

Q6 1 2N6 5 2 A  184 A6 38H 16 R50 10K ohm s 18 4 A7 6 3H 5 1  

Q6 2 2N697 18 4 A638 H 18 R5 1 lOOK ohm s 184 A76 3 H 7 5  

Q63 2N697 18 4 A638H 18 R52 47 ohms, 1\V, 10% 18 4 A8 59H09 

Q64 2N699 184 A638H 19 R53 8 2K ohm s,  1\V, 5% 187 A643H73 
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EL ECTRI CAL PARTS L I ST (Continued) 

CIRCUIT DESCRIPTION STYLE NO. CIRCUIT D ESCRIPTION STYLE NO. 
SYMBOL SYMBOL 

R ESI STO RS (Cont.) R E SI STO RS (Cont.) 

R54 * l O OK ,  . 25W , Pot .  6 29 A4 30H04 R9 l  4 . 7 K  ohm s 18 4 A7 6 3H43 

R55 1 20K o hm s  184 A763H77 R9 2 6 . 8K ohms 18 4A763H47 

R56 lOK ohm s 184 A76 3H5 1 R9 3 * 1 5K ohms, .25W , Pot.  6 29 A4 30H08 
R57 lOK ohms 184 A7 6 3H5 1 R9 4 lOK ohms 18 4 A7 6 3H 5 1 
R58 68K ohms 18 4A7 63H7 1 R95 * 3 .3K ohms 1 84A763H39 
R59 lOK o hm s  184 A7 6 3H5 1 R96 lOK ohms 1 8 4 A7 63H5 1 
R60 68K ohms 184A763H7 1 R97 470 ohms 184A763H 19 
R6 1 33K ohms 184 A7 6 3H 6 3  

R98 470 ohms 184A763H19 
R6 2 3 3K ohms 184A763H63 

R99 lOK ohms 184A7 63H5 1 
R63 lOK o hm s  184 A763H5 1 

ohm s 184 A763H63 
R lOO 2 . 2K ohms 1 8 4 A763H35 

R64 33K 

R65 3. 3 K  o hm s  184 A7 63H39 R lO l  800 o hm s ,  3 W, 5% 184A8 59H06 

R66 4 . 7 K  o hm s  184A763H43 R l0 2  * 3 . 3 K  ohms 1 84A763H39 

R67 lK ohms 184 A763H27 R 10 3  3 3 K  ohms 184 A763H63 

R68 33K o hms,  l W, 5% 187 A643H6 3 TH5 1  Thermistor, lOK at 25°C 18 5A2 1 1H04 

R69 47K ohms 184A7 63H67 

4. 7K ohms 18 4A763H43 
TRANSFO RM E R  

R70 

R7 1 68K ohms 184A763H7 1 T l  Saturating Transformer 606B5 19 G03 
R7 2 1. 5K ohms 184A763H3 1 

R73 * lK o hm s .  184A763H 27 * Z E N E R  DI O D E S  
R7 4 2 2K ohms 184A763H59 

R7 5 8. 2K ohm s 184A763H49 Zl IN 1 83 2C , 62V . 1 84A61 7H06 

R7 6 8. 2K o hm s  184A7 63H49 Z2 IN957B . 6 . 8V .  1 8 6A797H06 

R77 470 ohm s 184A763H l9 Z3 IN3686B , 2 0V 1 85A21 2H06 

R78 4. 7K ohm s 184 A763H43 Z4 IN3797B , 22V . 1 85 A089H09 

R79 lK ohms, 2W, P ot. 185A0 67H09 Z5 IN3 0 5 1 , 200V. 1 87 A936H01 

RSO 22K ohm s 184A763H59 Z6 IN4 3 7 0A , 2 .4 V .  1 84A63 9H12 

RS l  2 2K ohms 184A763H59 Z7-Z8 UZ5875 , 75V . 837A693H04 

o hm s  184A7 6 3H6 1 
Z50 IN305 1 ,  200V . 1 87A936H01 R8 2 27K 
Z51 IN3 686B , 2 0V .  1 85A21 2H06 

R8 3  6 . 8 K  ohms 18 4 A763H47 
Z52 IN95 7B , 6 . 8 V .  1 86A797H06 

R84 4.7K ohm s 184 A763H43 
Z53 IN3 05 1 ,  2 00V . 1 8 7 A936H01 

R8 5  4 .7K ohm s 184A763H43 Z54 IN305 1 ,  200V . 1 87A93 6H0 1 
R86 lOK ohms 18 4 A76 3H 5 1  Z55 IN95 7B , 6 . 8 V .  1 86A797H06 
R87 8 2K ohms 18 4 A7 6 3H7 3 Z56 IN960B , 9 . 1  V .  1 86 A797H 1 0  
R88 15K ohms 184A763H55 Z57 IN95 7B , 6 . 8 V .  1 86 A797H06 
R89 5. 6K ohm s 184 A7 63H45 Z58 IN95 7B , 6 . 8 V .  1 86 A797H06 
R90 2. 2K ohms 184 A763H35 Z59 IN 1 7 89 , 5 6 V .  584C434H08 
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Fig. 16. O utline and Drilling P l an for the Type SKA Relay in the F T32 Case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E NT D IVI S I O N  N EWAR K, N .  J. 
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