
Westinghouse 1 L. 41.954 C 

I N ST A L L A TI O N  • O PE R A T I O N  • MAIN TEN A N CE 

INSTRUCTIONS 
TYPE SKB AND SKB-1 RELAYS AND 

TEST EQUIPME'NT FOR TYPE TC CARRIER 

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

CAUTION: Before putting relays into service, make 

sure that all moving parts operate freely, inspect 

the contacts to see that they are clean and close 

properly, and operate the relay to check the settings 

and electrical connections.  

A P P L I CA T I O N  

The type SKB relay is a high-speed carrier relay 

with static fault detectors used in conjunction with 

power-line carrier equipment to provide complete 

phase and ground fault protection of a transmission 

line section . Simultaneous tripping of the relays at 

each line terminal is obtained in less than two 

cycles for all internal faults within the limits of the 

relay settings. The relay operates on line current 

only, and no source of a-c line potential is required. 

Consequently , the relays will not trip during a 

system swing or out-of- step conditions. The carrier 

equipment operates directly from the station b attery.  

The type SKB-1 relay is used in distance phase­

comparison carrier relaying where separate distance­

type fault detectors supplement the overcurrent 

fault detectors of the SKB-1 relay to give improved 

phase-fault sensitivity. Unless otherwise stated, 

the following sections of this instruction leaflet 

apply to both the types SKB and SKB-1 relays.  

The SKB relay is available with indicating con­

tactor switches with either a 1-ampere or a 0 . 2/ 2.0-

ampere rating. The 0 . 2/ 2 . 0- ampere rating is recom­

mended where a lockout relay is energized or where 

a high resistance auxiliary tripping relay is util­

ized. The SKB-1 relay has a low-current operation 

indicator, and the trip circuit energizes an external 

static triooing device. 

P A R T  

T YP E  S K B  A N D  S K B -1 R E L A YS 

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

The relay consists of a combination positive, 

SUPERSEEDES I . L. 41-9548 
*Denotes changed from superseded issue. 

negative, and zero sequence current network, a 

saturating auxiliary transformer, Zener clipper , high­

speed type AR tripping relay unit, indicating con­

tactor switch plus the static fault-detector circuitry 

which is mounted on a printed-circuit board. These 

components are all mounted in an FT42 Flexitest 

relay case. 

Se que nce Ne twork 

The currents from the current-transformer se­

condaries are passed through a network consisting 

of a three- winding iron-core reactor and two resis­

tors. The zero-sequence resistor, R0, consists of 

three resistor tubes tapped to obtain settings for 

various ground fault conditions. The other resistor 

R1 is a formed single wire mounted on the rear of 

the relay sub-base. The output of this network pro­

vides a voltage acros s the primary of the saturating 

transformer. 

The lower tap block provides for adjustment of 

the relative amounts of the positive, negative, and 

zero sequence components of current in the network 

output. Thus , a single relay unit energized from the 

network can be used as a fault detector for all types 

of faults. 

Saturating Aux i l iary Transforme r 

The voltage from the network is fed into the 

tapped primary (upper tap plate) of a small s atur­

ating transformer. This transformer and a Zener 

clipper connected acros s  its secondary are used to 

limit the voltage impressed on the static fault 

detectors and the carrier control unit, thus providing 

a small range of voltage for a large variation of 

maximum to minimum fault currents. This provides 

high operating energy for light faults , and limits the 

operating energy for heavy faults to a reasonable 

value. 

The upper tap plate changes the output of the 

saturating transformer, and is marked in amperes 

required to pick up the lower fault detector unit. For 

further discussion, see section entitled, SETTINGS. 
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TYPE SKB AND SKB- 1  R E LA YS 
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F i g. 1 Type SKB Relay - Fro n t  View 
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TYP E  SKB AND SKB-1  R E LAYS I.L. 41-954c 

Fig. 2 Type SKB Relay- Rear View 

3 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  SKB A N D  SKB-1 R E LAYS 

Stati c Fault Detectors 

The static circuitry for the two fault detectors 

FD1 and FD2 is mounted on a single printed circuit 

board on the rear of the relay chassis. Four controls 

for separately setting the pickup and dropout of FD1 

and FD2 are mounted on a sub-panel in the chassis. 

The control s ,  with locking s hafts , are adjustable 

fro m the front of the relay. 

Tri ppin g Relay 

The AR tripping relay is a small high-speed 

attracted- armature type of  unit. An insulated mem­

ber , fastened to the free end of the armature, draws 

down four moving-contact springs to close the trip­

circuit contacts when the relay coil is energized. 

In di catin g Con tactor Swi tch Un i t  ( I CS) 

The d-e indicating contactor switch in the SKB 

relay is a small clapper type device. A magnetic 

armature,  to which leaf-spring mounted contacts are 

attached, is attracted to the m agnetic core upon 

energization of the switch. When the switch closes ,  

the moving contacts bridge two stationary contacts, 

completing the trip circuit. Also during this opera­

tion, two fingers on the armature d eflect a spring 

located on the front of the switch, which allows the 

the operation indicator target to drop. The target is 

reset from the outside of the case by a push rod 

located at the bottom of the cover. 

The front spring, in addition to holding the tar­

get provides restraint for the armatur e and thus 

controls the pickup value of the switch. In the 

SKB- 1 relay, the d evice has no contacts, and is 

used only as an operation indicator (01). 

OPERATIO N 

The SKB or SKB- 1 carrier rel aying system com­

pares the phase positions of the currents at the ends 

of  a line-s ection o ver a carrier channel to determine 

whether an internal or external fault exists. The 

three-phase line currents energize a s equence net­

work which gives a single-phase output voltage 

proportional to a combination of s equence compon­

ents of the line current. During a fault,  this single­

phase voltage energizes a static control unit (TCU) 

which allows the transmission of carrier on alternate 

half-cycl es of the power-frequency current. Carrier 

is transmitted from both line terminals in this man� 

ner, and is received at the opposite ends where it is 

compared with the phase position of the local se­

quence network output. If the local and remote half-

4 

cycle pulses are of the correct phase position for an 

internal fault, after a 4-millisecond delay during the 

half cycle in which carrier is not transmitted ,  trip­

ping will be initiated through operation of the flip­

flop and trip amplifier circuits in the TCU control 

unit. Current transformer connections to the s equence 

networks at the two terminals are such that carrier 

is transmitted on the s ame half cycles from both 

terminals during an internal fault, thus allowing 

tripping during the half cycles that carrier is not 

transmitted .  However, if the fault is external to the 

protected line section,  carrier is transmitted on al­

ternate half cycl es from opposite terminals . Thus 

each terminal blocks the opposite terminal during 

the half cycle when it is attempting to trip. 

The four- millisecond delay previously mentioned 

is added to allow for differences in current trans­

former performance at opposite line terminals ,  rel ay 

co-ordination,  and mo mentary interruptions in car­

rier caused by arcing over of protective gaps in the 

tuning equipment. 

Since this relaying system operates only during 

a fault, the carrier channel is available at all other 

times for the transmission of other functions. 

O P E R A T I O N  

S T A T I C  F A U L T  D E T E C T O R S  

The functio nal elements of the static fault 

detectors are shown in Fig. 3. The single-phase 

output of the sequence network (not shown) connects 

to the INP UT terminal shown at the left side of the 

drawing. This a-c voltage is applied to a phase­

splitting network and polyphase rectifier. The 

resulting d-e voltage has relatively little rippl e 

without much filtering which would slow down the 

fault detector operation. The d-e voltage is fed to 

two level detectors which determine the operating 

currents of FD 1 and FD2. The output of FD1 l evel 

detector is amplified and provides a "normally­

clos ed" FDl static contact to start carrier. 

The operation of  FD2 is delayed about 5 milli­

seconds to insure coordination in setting up blocking 

for external faults where FD 1 must operate to start 

carrier blocking a few milliseconds before FD2 

energizes the comparison and flip-flop circuits. 

The output of FD2 fault detector circuit is equiv­

al ent to a "normally-open" contact. 

The complete circuitry of the SKB relay is shown 

in Fig. 4.  The sequence network, saturating trans-
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TYPE SK B AND SKB - 1  R E LAYS 

former , phase- splitting network , and p olyp hase rec­
tifier oc cupy the lower third of the diagram. The FD2 
circuitry is in the middle portio n ,  and the FD 1 por­
tion is in the upper part of the diagram. The typ e 
AR tripping relay is s hown at t he top . Fig. 5 is a 
simplified s chematic of the SKB r elay with the static 
fault detector circuitry omitted. 

Figures 6 and 7 are the complete and simplified 
schematic diagrams ,  respectively, of the type SKB- 1 
relay. This relay differs from t he SKB relay in the 
trip circuit wiring to t erminals 1, 10, and 20 , and in 
the connections from the s aturating transformer 
tapped seco ndary to the input t erminals 5 and 7 o f  

the printed circuit board. The s equence network 
( R 1 ,  RO, and t he mutual reactor) and the printed 
circuit board assembly for the static fault detectors 
for t he SKB and SKB- 1 relays are identical .  Figure 8 

s hows the location of component s  on the printed 
circuit board for the static fault detectors for both 
the SKB and SKB- 1 relays.  

With reference to Fig.  4 ,  the o utput voltage of  
the sequence network and saturating transformer i s  
applied t o  a p hase-splitting network ( C 1 ,  R 1 ,  R 2) and 
a polyphase r ectifier (diodes D 1  to D 6) .  The d-e 
voltage so obtained requires a minimum of filtering 
( C 2) ,  and resp onds rapidly to a c hange in magnitude 

of the a-c output .  This d- e voltage is app lied to the 
FD 1 and FD 2 circuits which operate when the d-e 
input "signal" exceeds a predetermined v alue.  

FD 1- Under normal line conditions (no fault), 
current flows from relay t erminal 19 (pos.  45 v )  
through resistor R4 and Zener diode Z 1  t o  negative ,  
holding Q 1 emitter a t  6. 8 volts positive. In transistor 

Q 1 , current flows from emitter to base,  then through 
RA and R3 to negative, thus turning o n  Ql. The 
collector current of  Q 1 p rovides base drive to tran­
sistors Q 2 and Q7 ,  turning them o n  also. The voltage 
drop acro s s  Q7 is v ery low (less t han 0 . 5  volt), 
thus providing the e quivalent of  a c losed co ntact. 
When a fault occurs and the d- e input voltage to Q 1 
base (from the polyphase rectifier) exceeds t he 6 . 8-
volt drop across Zener diode Z 1 ,  transistor Q1 stops 
conducting. This removes the base current fro m  Q 2 

and Q7 ,  causing them to stop co nducting , and p ro­
viding the equivalent of an open contact at Q 7 col­
lector-emitter circuit. 

When Q2 is cut off as j ust explained, its collec­
tor potential ris e s  to about 20 volts. This further 
raises the potential of  Q 1 base through feedback 

resistors R 6  and RB, thus holding Q 1 in a non-con­
ducting state.  W hen the input voltage is sufficiently 

I. L. 4 1 -954C 

reduced to allow FD 1 to "reset, " transistors Q 1 ,  
Q 2 ,  and Q7 again conduct. Resistor RA i s  for setting 
the FD 1 pickup current (calibration adjustment), and 
the setting of RB determines the 80 per cent dropout 
value.  

FD- 2- Under normal conditions ,  transistor Q3 
has no b ase " signal " and thus is t urned off (not 
conducting). Thus Q3 collector i s  at a high enough 
positive potential to provide b as e  drive for transis­
tor Q4,  driving it to full conductio n.  With Q4 fully 
conducting, there is no base drive to transistor Q 5. 
With no Q 5 collector current ,  the b ase o f  PNP-type 
transistor Q 6 is s upplied fro m the 45-volt source 
through the drop of diode D 1 1 .  Thus t he Q 6  emitter 
is normally at a s lightly lower potential than its 
b ase.  This condition k eeps transistor Q6 in a non­
conducting state,  e quivalent to an open contact. 
ZBner diode Z3 is to protect transistor Q 6 from ex­
ternal surge voltages .  

When a fault causes t h e  d- e input voltage from 
the adjustable resistor RC to exceed the 6 . 8-volt 
rating of  Zener diode Z 2 ,  a positive bias i s  applied 
to Q3 base, caus ing it to conduct. In turn,  Q4 stop s 
conducting, and capacitor C5 c harges up , giving a 
few milliseconds' time delay b efore Q5 and Q6 are 
switched to full conduction, thus "closing" FD 2. 
The feedback resistors R 1 3  and RD provide a 90-
per cent FD2 dropout r atio with "to ggle" action at 
the dropout point. 

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

The s e quence network in the relays i s  arranged 
for several pos sible combinations of  sequence c om­
ponent s .  For most application s ,  the o utput of the 
network will contain t he p ositive,  neg ative ,  and 
zero s equence components of t he l ine c urrent.  In 
this cas e ,  the taps on the upp er tap plate indicate 
the balanced three-phase amp eres w hich will op er­
ate the c arrier-start fault detector FD 1. The s econd 
fault-detector unit FD 2 ,  which supervises operation 
of the AR tripping relay,  is adj usted to pick up at a 
current 25 percent above t ap value. The taps avail­
able are 3 ,  4, 5, 6, 7 , 8 ,  and 10, for the SKB relay, 
and 6 ,  8, 1 0 ,  1 2, 14, 16, and 20 for the SKB- 1 relay. 
These taps are on the primary of t he s aturating 

transformer. 

For p hase-to-p hase faults AB and CA, enough 
negative sequence current has b een introduced to 
allow the fault detector FD 1 to pick up at 8 6% of t he 
tap setting. For BC faults,  the fault d etector will 
pick up at approximately 50% of t he t ap setting. 
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TYPE SKB AND SKB-1  R E LAYS 

This difference in pick-up current for different 
p hase-to-phase faults is fundamental, and occurs 
because o f  the angl es at which the positive and 
negative s equence component s  of c urrent add to­
gether. 

With the s equence network arranged for positive,  
negative, and zero s equence outp ut, t here are some 
applications where the m aximum lo ad current and 
minimum fault current are too close together to set 
the relay to pick up under minimum fault current, 
yet not op erat e  under l oad. For these cas e s ,  a tap 
is available on both the SKB and SKB- 1 relays 
which cuts the three-phase se nsitivity in half, while 
the p has e-to-phas e  setting is s ubstantially un­
changed. The relay then trips at 90% of tap value 
for AB and CA faults , and at twice tap value for 
three-p has e faults.  The s etting for BC faults is 65 

perc ent of tap value.  In some cas e s ,  it may b e  
desirabl e t o  eliminate response t o  po sitive- s equence 
current entirely, and op erate the SKB r elay on neg­
ative-plus-zero s e quence current .  A t ap is available 
to operate in this manner. The fault detector FD 1 
picks up at about 95% of tap value for all phase-to­
phase fault s ,  b ut is unaffected by b alanced load 
current or three-phase faults when using this tap. 

For ground faults ,  separate t ap s  are avail abl e 
for adjustment o f  the ground fault sensitivity to 
about 1/ 4 or 1/ 8 o f  the upper t ap plate setting. 
See Tabl e II. For example ,  if the upper tap pl at e  o f  

the SKB relaY i s  s e t  a t  tap 4 ,  t h e  fault detector 
( FD 1)  pick-up current for ground faults c an be either 
1 or Yz ampere. In special appli cations,  it maY b e  
desirable t o  eliminate response to zero- sequ ence 
current. The relaY is  provided with a tap to all o w  
such o p eration.  

Trip Ci rcu i t  

The main contacts of  the  SKB rel ay will safely 
clo s e  30 amp ere s  at 250 volts d- e and the seal-in 
contacts o f  the i ndicatin g  contactor switch will 
safely carry this c urrent long eno ugh to trip a circuit 
breaker. The trip contacts o f  the SKB- 1 relay have 
no s e al-in device since they energize the low-cur­
rent input of a static tripping relaY. 

Tr ip  C i rcu i t  Con stants- SK B Re lay 

6 

Indi c ating Contactor Switch ( ICS) 

0. 2-ampere tap ,  6. 5 ohms d- e resist an c e  

2. 0-amp ere tap , 0 . 1 5 ohms d-e resi stance 

1 . 0- amp ere tap, 0 . 1 ohms d- e resist an c e  

S E T T I N G S - S K B  R ELA Y 

The SKB rel ay has separate tap plates for adj ust­
m ent of the phase and ground fault s en si ti vi ti e s  and 
the sequence comp onents incl uded in the n etwork 
output. The range of the available t ap s  i s  s uffi­
cient to cover a wide r ange o f  applic atio n. The 
m ethod o f  determining the correct t ap s  for a given 
installation is discussed in the follo wing p aragrap hs. 

In all cases, the similar fault detectors o n  the 
relay s  at all terminal s o f  a line s ection must be set  
to  pick up at  the s am e  value o f  l ine  current. This  is  
necessary for correct blo cking during faults external 

to the protected line s ection. 

Posi ti ve -Se que nce Curre nt Tap and F D2 Tap 

The upper tap plate has tap s of 3 ,  4, 5 ,  6, 7, 8 ,  

and 1 0  for the SKB relay, o r  6 t o  2 0  for the SKB- 1 
relay. As m entioned b efore, these numbers represent 
the thr e e-phase,  fault detector FD 1 pick up currents ,  
when the relay i s  connected for posi tive ,  n egati v e  
and zero s e quence o utput. T h e  fault detector F D 2  
op erates to allo w  tripping at a current v alue 2 5  p er­

cent abov e  the fault detector FD 1 s etting. This 25 
p ercent differen c e  is necessary to insure that th e 
c arrier-start fault detectors ( FD 1) at both ends o f  a 
2-terminal transmi s sion line section pick up to start 
carrier on an external fault before op erating energy 

is applied through F D 2. 

For a 3-terminal line,  FD2 settings m ust b e  
readjusted for pick up a t  250 p ercent o f  FD 1 s etting. 
This is neces s ary to allo w  proper blocking when 
appro ximately equal currents flo w  in two t erminal s ,  
and their s u m  flows o u t  t h e  third line terminal. The 

relay i s  normally shipp ed calibrated for 2-terminal 
line op eration. 

When the SKB is to be used on a 3-t erminal 
line, F D 2  must be recalibrated as explained in the 
previo us p aragraph, and the FD2 temp erature-com­
p en s atin g  circuit m ust al so be changed to accomo­
date the new Rc ( FD 2  p i ck up )  setting. Thi s i s  

accomplished b y  changing the j ump er near the l o wer 
l eft corner of  the printed circuit bo ard ( see Fi g. 8) 
from c- 2 to c- 3,  as shown. 

The t aps o n  the upper and l ower t ap plat es 
should be s el ected to assure op eration on minimum 
int ernal line- to-line faults,  and yet not operate o n  
normal load current, p articularly i f  the c arrier chan-
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nel i s  to be used for auxiliary functions. The drop­
out current of the FD- 1 fault detector i s  80 p ercent 
of  the pick up current, and this factor must also b e  
considered i n  sel ecting the p o siti ve- s e quence cur­
rent tap and s e quence component combination. The 
m argin b etween load current and fault detector pick 
up should b e  sufficient to allo w  the fault detector to 
drop o ut after an external fault, when l o ad current 
continues to flow. 

Se que nce Com bi nation Taps 

The two halves o f  the lower tap plate are for 
connecting the s e quence network to provide any o f  
the combination s  described in the previou s  section. 
The l eft half of  the tap plate change s  the tap o n  the 
third winding o f  the m utual reactor and thus changes 
the relative amounts o f  p ositive and n egative s e­
quence sensitivity. Op eration o f  the relay with the 
various tap s i s  given i n  the table below. 

T ABL E I 

I TAP S  ON LOWER 6 
FAULT DETECTOR FD 1 PICK-UP 

SEQUENCE COMPONENTS TAP BLOCK 
COMB. 

IN NETWORK OUTPUT LEFT RIGHT 3 ¢ FAULT ¢ - ¢ FAULT 
HALF HALF 

8 6% Tap V alue 
1 G or H* P ositive,  Negative,  Zero c Tap Val u e  

( 53% o n  B C  Fault) 

2 P o sitiv e ,  Negativ e ,  Zero B+ G or H 2 x T ap V alue 
90% Tap Value 

( 65% o n  BC Fault) 

3 N egative, Zero A
+ 

G or H -- 9 5% Tap Value 

* T ap s  F, G, and H are zero- s e quenc e taps for adjusting ground fault sensitivity. 
See section o n  zero- s e quence current tap. 

6 Fault detector FD2 is set to pick up at 1 25% of FD 1 for a two-terminal line, or  250% for a three-termin­
al line. 

+When taps A and 3, or B and 3 are used, the relay pickup currents for FD 1 and FD 2 will b e  10 or 1 5 p er­
cent higher than the indicated v alues because o f  the variation in self-impedance o f  the s e quence n et­
work and the saturating transformer. 

Ze ro-Se que nce Curre nt TaR combinations.  However, these v ariations will b e  the 
same from one relaY to another. 

The right half of the lower tap plate is for ad­
j ustin g  the ground fault response of the relay.  Tap s  
G and H give the appro ximate ground fault s ensitiv­
itie s  as l i sted in Table II. Tap F is used in appli­
cations where increased s ensitivity to ground faults 

is not required. When this tap i s  used,  the voltage 
o utput of the network caused by zero- s e quenc e cur­
rent i s  eliminated. 

NO T E :  Because of  inherent characteri stics of  the 
sequence n etwork , there will b e  small variat.ons 
( from the values listed in Table s  I and II) i n  the 

pickup c urrent for various phase or  ground fault 

COMB. 

1 

2 

3 

TABLE I I  

�iROUND FAULT P ICKUP 

LOWE R  

LEFT TAP TAP G T AP H 

c 25% 1 2% 

B 20% 10% 

A 20% 10% 
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TYPE SKB AND SKB - 1  R ELA YS 

Ex am ple s  of SK B Re lay Se ttings  

Case I 

Assume a two-terminal line with current trans­

formers rated 400/5 at both terminals. Also assume 

that full load current is 300 amperes, and that on 

minimum internal phase-to-phase faults 2000 am­

peres is fed in from one end and 600 amperes from 

the other end. Further assume that on minimum in­

ternal ground faults, 400 amperes is fed in from one 

end, and 100 amperes from the other end. 

Pos it ive -Se que nce Curre nt Tap 

Secondary Values: 

5 
Load Current = 300 x 

400 
= 3. 75 amperes ( 1) 

Minimum P hase-to-Phase Fault Currents: 

600 x _5_ = 7. 5 amperes ( 2) 
400 

Fault detector FD1 setting (three-phase) must be 

at least: 

3. 75 = 
0.80 

4. 7 amperes (0. 80 is dropout ratio o f  

FD-1 fault detector) ( 3) 

so that the fault detector will reset on load current. 

In order to complete the trip circuit on a 7. 5 

amp ere phase-to-phase fault, the fault detector FD 1 

setting(three-ph ase) must be not more than: 

1 7"5 X 0. 866 X 

Se que nce Com bi nation Tap 

1 
1. 25 

= 6.98 amperes (4) 

1. 25 = FD2 pickup 
FD1 pickup 

From a comparison o f  ( 3) and ( 4) above, it is 

evident that the fault detector can be set to trip 

under minimum phase fault condition yet not operate 

under maximum l o ad. In this case, tap C on the 

lower left tap block would be used (see Tabl e 1 ,  

Comb. 1 )  a s  there is sufficient difference betwe en 

m aximum load and minimum fault to use the full 

three-phase sensitivity. Current tap 6 would be 

u sed in preference to tap 5 to allow for occurrence 

of higher load current. 

Ze ro Se que nce Tap 

Secondary Value: 

8 

100 X -
5

- = 
400 

1. 25 amperes minimum ground fault 
current. 

With the upper tap 6 and sequence tap C in use, 

the fault detector FD1 pickup currents for ground 

faults are as follo ws: 

Lower right tap G-1/ 4 x 6 = 1. 5 amp. 

Minimum trip = 1. 25 x 1. 5 = 1. 88 amp. 

L o wer right tap H-1/8 x 6 = 0.75 amp. 

Minimum trip = 1. 25 x 0. 75 = 0.94 amp. 

From the above, tap H would be used to trip the 

minimum ground fault of 1. 25 amperes. 

Case I I  

Assume the same fault currents as in Case I ,  

but a maximum load current o f  550 amperes. In this 

example,  with the same sequence combination as in 

Case I, the fault detectors cannot be set to trip o n  

the minimum internal three-phase fault, y e t  remain 

inoperative on load current. Compare equations ( 5) 

and (6). Ho wever, by connecting the network per 

Combination 2 on Tabl e I, the rel ay can be s et to 

trip on minimum phase-to-phase fault, although it 

will have only half the sensitivity to three-phase 

faults. This will allo w  operation at m aximum load 

without picking up the fault detector, and provide 

high speed relaying of all except light three-phase 

faults. 

In order to compl ete the trip circuit on a 7. 5 
ampere phase-to-phase fault, the fault detector tap 

must now be not more than: 

7. 5 x _1 x _1_ = 6. 6 
1. 25 0. 9 

( 5) 

To be sure the fault detector FD1 will reset 

after a fault, the minimum tap setting i s  determined 

as follo ws: 

Load Current = 550 x 2._ = 6. 9 amps 
400 

6.9 = 8 . 6  
0. 80 

(6) 

(7) 

Since the fault detector pickup current for three­

phase faults is twice tap valu e, half the above v alue 

(Eq. 7) should be used in determining the minimum 

three-phase tap. 

8.6 

2 

4. 3 (8) 
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TYPE SK B AND SKB- 1  R ELAYS 

From a comparison o f  ( 5) and ( 8)  above, t ap 5 or 
6 coul d  be used.  ( Continuous l o ad c urrent rating of 
relay is 10 amperes. ) 

With the three-phase tap 5 in use,  the fault 

detector pickup current for ground faults will be as 
follows: 

Tap G- 1/ 5 x 5 = 1 . 0  a. 
Minimum trip = 1 . 0  x 1 .  25 a. = 1. 25 amp. 

Tap H- 1/ 10 x 5 = 0. 5 a. 
Minimum trip= 1. 25 x 0 . 5 a. = o . 6 3 amp. 

Therefore ,  tap H would be used to trip the min­
imum ground fault of 1. 25 ampere with a m argin o f  
safety. 

I nd i cati ng Contactor Swi tch (I CS) - SKB Re l ay 

No s etting is required for r el ays with a 1 . 0  am­

pere unit. For relays with a 0 . 2/ 2 . 0  ampere unit, 
connect the l ead located in front o f  the tap block to 
the desired setting by m eans of the connecting 

screw. When the relay energizes a 1 25 or 250-volt 
d-e type WL relay switch, or equival ent, use the 0 . 2  
ampere tap; for 48- volt d-e applications set the unit 
in t ap 2 and use a type WL rel ay with a s# 304C 209-
G0 1 coil , or e quivalent. 

S E T T I N G S  S KB-1 R E LAY 

The SKB- 1 relay tap s ettings are made from a 
consideration o f  j ust maximum l o ad current and the 
resetting of FD 1 fault detector. The SKB- 1 current 
taps are 6, 8, 10, 1 2, 14, 16, and 20 . On taps 6 and 
C, FD 1 will operate at 6 amperes, 3-phase, and 
reset at 80% of pickup, or 4. 8 amperes.  This will be  
adequate in  mo st cases where m aximum l oad current 
is in the order of 3 to 4 amperes, secondary v al ue s. 
If m aximum load current is 5 amperes or slightly 
higher, tap 8 should be used, which will give a 
dropout current for FD 1 or 6. 4 amperes.  

For mo st SK B- 1  rel ay applications, where static 
phase-distance relays are used as phase fault detec­
tors, taps 6-C-H are recommended. This will give a 
minimum trip sensitivity for phase-to-ground faults 
of 6 x 1/8 x 1 . 25 or 0 . 9 4  ampere. Taps A or B are 
not r ecommended for SKB- 1 r el ay application. 

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

The relays should be mounted o n  switchbo ard 
panels or their equivalent in a location free from 

dirt, moisture, excessive vibratio n ,  and heat. Mount 

I . L .  4 1 ·954C 

the r elay v ertically by m e ans of the four mounting 
hol es o n  the fl ange for semi-flush m ounting or by 
m e ans o f  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 
el ectrical connections m ay be made directly to the 

terminal s by m eans of screws for steel panel mount­
ing or to the terminal studs furnished with the rel ay 

for thick panel mounting. The terminal studs m ay be  

easily removed or inserted by locking two nuts on  
the  stud and then turning the  proper nut  with a 
wrench. 

A D J U S T M EN T A N D  M A I N T E N A NCE 

CAUT ION : When changing taps under l o ad, the 

spare tap screw should be inserted in the new t ap 
before removing the other tap screw. 

Acce ptance Te sts 

Sinc e the static fault detector circuits obtain 
their d-e supply voltage from the associated type 
TC carrier set, the fault detector calibration c an 
must easily be check ed after the SKB rel ay and TC­

TCU carrier assembly have been installed and inter­
connect ed. 

NOT E: The relay current t ap numbers and the FD 1 
and F D 2  pickup and dropout current v alues in the 
Acceptanc e  Tests an d  Calibration sections apply to 
the SKB relay. For the equival ent tap number and 
current value for the SK B- 1  relay ,  double the figures 
given for the SK B  relay. 

The c arrier trip circuit should be open for the 
following check: Set the SKB relay o n  taps 5 ,  C ,  
and H .  Connect a 60-cycle t est c urrent circuit 
between phases A and B of the rel ay ( terminal s 5 

and 7.). Connect a high-resistance d-e voltmeter be­
tween relay terminal (or test switch) 1 5  (po s . ) and 
1 8  ( neg. ) .  Thi s will read approximately 20 volts 

when FD 1 operates. Gradually increase the current. 
At 4. 33 amperes,  FD 1 should operate, starting the 
transmission o f  half-cycle pul ses o f  carrier, and the 
d-e voltm eter will read 20 volts. 

Continue to increase the test current. At 5. 4 1  

amperes, FD2 should operate. If the R l0 1  controls 
in the type TCU control unit have been set, the AR 

tripping unit in the SKB relay will operate. The 

operation o f  FD 1 and FD2 can also be  noted by 
observing the change in d-e voltage at the printed 
circuit board terminals 1 4  ( FD 1) and 1 5  ( FD 2) rel a­
tiv e  to TP 4 ( negative). See Table I for typical v al-
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TYP E  SKB AND SKB-1 R EL A YS 

ues for these voltages under standby and operating 
conditions. 

Now back off the test current to check the drop­
out v alues. Fault detector FD 2 should drop out at 
90 p er c ent of pickup , or 4 . 8 5  amp eres. The FD 1 

dropout is 80 p er c ent of pick up, or 3. 4 6  amp eres. 

The fault detectors have b een properly c ali­
brated at the factory and normally will require no 
further adjustment. If it is found desirable to touch 
up the calibration, this c an be done by loosening 

the locking nut and changing the adj ustment of the 
appropriate control as li stt>d at the beginning of this 
section. Turning RA or RC in a clock wise direction 
will increase the FD 1 or FD 2 p ick up . Similarly, 
turning RB or RD in a clock wi se direction will in­
crease the dropout current. 

The pickup and dropout c alibration settings of 
FD 1 and FD 2 are m ade with the four controls on the 
SKB or SK B- 1  relay subp an el , as follows: 

Relay Unit 

FD 1 
FD 2 

Pickup 

RA 
RC 

Dropout 

RB 
RD 

These four controls have slotted shafts ( for 
screwdriver adjustment) and locking nuts which are 
tightened after proper adjustment. 

Typical test point voltage v alues list ed in Table 
will be us eful when checking the apparatus. The 

readings will remain fairly constant over an indef­
inite p eriod unless a failure occurs. Voltage s  should 
be measured with a vacuum-tube voltmeter. To facil­
itate taking these voltages, a t est cabl e is availabl e.  
See Fig. 9 .  To use this c able, remove the SKB or 

SKB- 1 chassis from its c ase. R emove the printed 
circuit board from the b ack of the relay, and insert 
the board end of the test c abl e in its place. Now 
plug the removed board into the receptacl e at the 
other end of the cabl e.  R eplace the relay chassis in 

its case on the s witchboard and close the test 
switches. The relay can now b e  energized and oper­

ated to obtain the readings in Tabl e  I. The test 
cable can also b e  used, if desired, with the printed 
circuit boards of the typ e TCU Control Unit. How­

ever, do not use these test cables in the TC trans­
mitter where r. f. voltages are involved. 

T A B L E  

Note: All d-e voltages are positive with respect to 

negative d-c(TP4) .  All voltages are read with a vtvm,  
and i n  general will be within ± 10% of the values 

listed. 

10 

TEST I SKB = 0 
POINT 

I SKB=2 x FD2 p . u .  ¢ 

TP5 4 5 . 0  vdc 4 5 . 0  vdc 

TP6 6 . 5  6 . 8  
TP7 6 . 5  < 0 . 5  
TP8 1 4 . 0  < 0 . 5  
TP9 < 0 . 5  1 4 . 0  
TP 10 4 5 . 0  < 0 . 5  
TP 1 1  45 45 l *T erm . 14 < 0 . 5  20.0 

*Term. 15 - 44 . 5  

*Term . 1 9 < 0 . 5  2 0 . 0  

A-C TEST POINT VOLTAGES 

TP 2 to TP 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 0  vac approx. 
TP 2 to TP3 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 5  vac approx. 

* On Printed Circuit Board 

¢ - Test current of twice FD2 pickup for the t ap s  
used. 

< 0 . 5  - means less than 0 . 5  

After the SKB or SKB- 1 and associated relays and 
the carrier equipment have been installed and adjust­
ed, the system can be checked following the procedure 
i n  P art II of this I .L .  under the heading "OVERALL 

TEST OF COMPLETE INSTALLATION." 

Routine Mainte nance 

All contacts should be p eriodically cl eaned. A 

contact burnisher s# 18 2A8 36HO 1 is recommended. 
The use of abrasive material is not recommended 
because of the danger of embedding small p articl es 
in the face of the soft silver and thus impairing the 
contact. 

The proper adjustm ents to insure correct op er­
ation of this relay have been m ade at the factory 
and should not be disturbed after receipt by the 
customer. If the  adj ustments have b een chan ged, 
the relay taken apart for repairs, or if it is desired 
to check the adj ustments at regular maintenance 
p eriods, the instructions b elow should b e  followed. 

The p erformance of the p hase comparison carrier 
relaying can be checked p eriodically as exp l ained in 
P art III of this I . L .  under the heading "TYP E SKB or 
SKB- 1 TEST FACILITIES APP LICATION. " 

Cal i bration 

Normally, there are no adjustments to b e  made 

in the sequence n etwork. The taps on the three 
tubul ar Ro resi stors are brazed in place and c annot 
g et out of adjustment. The two taps on the formed 
R 1 resi stor are factory settings, and should not 

require readjustment. However, if there is reason to 
susp ect that the t ap position has changed, the fol­
lowing procedure can be used to check the R l  tap 
settings for either the SK B  or SKB- 1 relay: 
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TYP E  SKB AND SK B - 1  R E LA YS 

Remove the current tap screw ( upp er tap plate), 

and insert the tap screws in t ap s  C and H on the 
lower tap plate. 

P ass a singl e-phase current of t en amp eres 
( SK B or SKB- 1) ,  rated frequency , through the reactor 

coils in s eries from phase B to p hase C (relay 
t erminal s  7 and 9) .  Accurately m e asure the a-c 
voltage from phase A t erminal to the upper tap p l ate.  
This voltage should be b etween 3. 8 and 4.0 volts 
a-c. Now p ass 10 amp eres from p hase A to p hase B 

with the lower tap screw C removed. Adjust the R 1  
tap further from the R 1  mounting screw to giv e  a 
voltage drop across R 1  e qual to exactly one-third 
of the reactor drop . This voltage c an be m e asured 
directly across the terminals of the resistor R 1 

from the mounting screw to the l ast t ap on R l. 

Note the above reading, and adj ust the inter­
mediate tap on R 1  to give e xactly 1/ 3 of the vol tage 
obtained above for all of R l. M easure the voltage 
from the R 1  mounting screw to the interm edi ate tap. 

If replacem ent of the printed circuit board or 
major components necessi tate s  a complete recali­
bration, proceed as follows: 

1 .  Set relay tap s  on 5-C-H. ( 10-C- H  for SKB- 1 )  

2 .  Use a p hase A- B test current. ( double the 
following current values for SKB- 1 relay), 

3. Set RA and RC to full clock wise position. 

4. Set RB and RD to mid-scal e. 

5. P as s  4. 33 amp eres through the relay (p hase 
A to B). 

6. Check the a-c voltage from TP 2 to TP 1 and 
from TP 2 to TP 3 with a vtvm .  Adj ust the 
small pot. R 2  on the printed circuit board 
until these two voltages are e qual. 

7.  Now slowly turn RA counterclock wi se, with 
4 .  33 amp eres flowing,  until FD 1 op erate s. 

8. R educe the p hase A-B current to check FD 1 

dropout. Adjust RB to get 8 0  p ercent dropout 
( 3. 46 Amp eres). 

9. Recheck FD 1 pickup and dropout, and touch 
up R.A and RB in that order for the correct 
c alibration. Tighten the locknuts. 

I. L. 41 -954C 

10. Simil arly recalibrate FD2 using controls RC 
(pickup) and RD ( dropout), repeating step s 
7 ,  8 ,  and 9 e xcept for F D 2  pickup of 5 . 4 1  
amp . and dropout of 4. 8 5  amp . Do not read­
j ust R 2. 

1 1. For 3-terminal lines, change the printed cir­
cuit board link from C 2  to C 3 ,  then calibrate 
FD 2 for 10 . 8 2  amp . p ickup and 9 .  7 amp . 
dropout. 

Tr ipp i ng Re l ay ( AR) 

The typ e AR tripping relay unit has been prop er­
ly adjusted at the factory to insure correct op eration, 
and shoul d not be disturbed after receipt by the 
customer. If,  however ,  the adj ustments are dis­
turbed in error, or it b ecome s  necessary to r epl ac e  
some p art in the fi eld, use the following adjustrr.ent 
procedure .  This procedure should not b e  used until 
it is apparent that the relay is not in prop er working 
order, and then only if  suitabl e tool s are avail abl e 
for checking the adjustments. 

1 .  Adjust the s et 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. 

2.  Adjust each contact spring to obtain 4 grams 
pressure at the v ery end of the spring. This 
pres sure is  measured when the sprin g mov e s  
away from t h e  e d g e  o f  t h e  slot in the insul a­
ted crosspi ece. 

3.  Adjust e ach stationary contact screw to ob­
tain a contact gap of 0 . 0 20 inch. This will 
give 15- 30 grams contact pressure. 

This completes the adjustment procedure for t h e  
A R  relay unit. T h e  resistance o f  the AR relay coil 
is 100 ohms. 

I nd i cat i ng Contactor Swi tch  ( ICS in SKB Re lay) 

Close the m ain relay contacts and p as s  suf­
ficient direct current through the trip circuit to 
close the contacts of the res. This v alue of c ur­

rent should not b e  greater than the p articul ar res 
tap setting being used.  The indicator target should 
drop fre ely. 

Ope rat ion I nd i c ator (01 in SKB- 1 Re lay} 

Apply 8 0  p erc ent of rated vol tage across r el ay 

terminals or test switche s  1 and 10 .  When the AR 

rel ay i s  op erated, the oran g e  target should drop . 
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T YP E  SKB AND SKB -1 R E LAYS 

There are no seal-in contacts on the op eration indi· 
cator, which is a voltage-operated device. 

Repl acement of P ri nted- C i rcui t  Board Components 

If 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 cir­

cuit board. Then tum the board over, m elt  the solder 
holding the remaining l ead to the printed p ad ,  and 
remove the l ead with tweezers.  

NOT E: For such work , a 60- watt iron with a small ,  
cl e an ,  well-tinned tip i s  recommended. Use a 60-40 
(tin-l ead) rosin-core solder. Do not hold the iron 

against the printed-circuit board any longer than 
necessary to remove and replace the component. If 

the terminal hole in the board closes up with solder, 

use the iron to m elt it, then open up the hol e with a 
fine awl or similar tool . 

Where transistors are mounted on small plastic 
p ads ,  the l e ads cannot be clipped off. In such a 

c ase,  melt the solder on one connection at a time,  

while gently tilting back that section of the transis­
tor. Because of the small flexibl e l eads, the trans­
istor 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 b eing 
soldered. As an alternate, use a long-nosed pliers 

to hol d the l ead ( being soldered) between the device 
and the point of soldering. 

* E L E CT R I CAL PARTS LIST 

SYmbol Description Styl e SYmbol Description styl e 

C 1  0 . 5  mfd. 200 V  ± 10% 187A624H 1 1  R 1 6  68K 1/ 2W ± 10% 18 7A64 1H7 1 
C 2  0 .  25 mfd, 200V ± 20% 187A624H0 2 R 17 39K 1/ 2W ± 10% 18 7A64 1H65 
C4 1 . 0  mfd, 200 V  ± 20% 187A6 24H04 R 18 10K 1/ 2W ± 10% 1 87A64 1H5 1 
C 5  0 . 5  mfd, 200V ± 10% 18 7 A6 24H l l  R 19 6 . 8K 1/ 2W ± 10% 187A641H47 
CT 0 . 1 mfd, 400V. D.C. 1 5449 20 R 2 1  18K 1/ 2W ± 5% 18 4A763H57 

D 1 - D7 IN4 5 9 A  Diode 184A8 5 5H08 R 2 2  15K 1/ 2W ± 10% 18 7A64 1H55 

D8-D9 IN457A Diode 184A855H0 7  R 2 3  Type 1D05 1 Thermistor, 
D 1 0- D 1 2  20K at 2 5  °C. 185A21 1H0 5 
Ql 2N65 2 A  184A638H16 
Q 2 - Q3 2N69 7 184A638H 1 8  

Q4 2N69 7 184A638H18 R 25 10K 1W ± 5% 187A643H5 1 

Q5 2N699 184A638H19 R26 lK 1/2W ± 5% 629A530 H 32 

Q6 2N4 3 5 6  849A4 4 1H0 2  R 27 ,R29 10K 1/ 2W ± 5% 6 29 A5 30H56 
Q7 2N69 7 184A638 H 18 

RA 30K pot. 185A067H 1 5  

R 1  2 .  7K 1/ 2W ± 5% 6 2 9A530 H 4 2  R B  2 0 0 K  pot.  185A067H 1 4  

R 2  2. 5K ± 20% 1/ 4W Pot 629A430H0 3 RC 40K pot. 1 8 5A067H 1 6  

R3,R28 20K 1/ 2W ± 5% 629A530 H 6 3  RD 200K pot . 1 85A067H 1 4  

R4 3. 9K 1W ± 5% 187A643H4 1 
RT 50 ohms,  2" tube 1 340388 
RL 9 . 1 K , Vzwatt , ±5%-SKB- 1 o nly 

R6 33K 1/ 2W ± 10% 187A64 1H63 Z 1  IN9 57B ( 6 . 8v,  0 . 4w) 
R7 10K 1/ 2W ± 5% 629A530H56 Zener Diode 186A79 7H06 
R8 10K 1/ 2W ± 10% 187A64 1H5 1 Z 2  IN9 57B ( 6 . 8v,  0 . 4w) 
R9 10K 1/ 2W ± 5% 6 29 A 5 30H56 Zener Diode 186A79 7H06 
R 10 0 . 2 2  MEG, 1/ 2 W  ± 5% 184A763H83 

Z3 IN 1789 ( 56v,  l . O w) 

Rll !OK 1/ 2W ± 10% 18 7A64 1H5 1 
Zener Diode 584C434H08 

R 1 2  15K 1/ 2 W  ± 10% 1 8 7A64 1H55 Z4 IN3686B ( 20 v ,  0 .  7 5w) 

R 13 33K 1/ 2W ± 10% 187A641H7 1 Zener Diode 185A2 1 2H0 6 

R 14 0 . 1 MEG, 1/ 2W ± 10% 18 7A64 1H75 ZT IN 18 3 2C ( 6 2v, lOw) 

R 1 5  lOK 1/ 2 W  ± 10% 1 8 7A64 1H51  Zener Clipper 184A6 1 7H0 6 
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TYP E  SKB AND SKB-1 R E L AYS 

Test Equipment 

1 .  A-C ammeter and load box ( for fault-detector 
calibration). 

2. Vacuum-tube voltmeter for a- c and d- e 
measurements. 

3. cathode-ray oscilloscop e ( to check carrier 
k eying and 60-cycl e square- wave vol tages in 
TCU Control Unit). 

4. Test Cable 

REN E W A L  P A R T S  

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can b e  
furni shed t o  t h e  customers who are equipp ed for 
doing repair work. When ordering parts, always give 
the complete nameplate data. For components 

mounted on the printed circuit board, give the cir­
cuit symbol , el ectrical value, and style number. 

E N E R G Y R E Q U I R E M E N T S  
S K B  O R  SK B-1 R E L A Y  

Burdens measured at a balanced t hree-phase 
current of five amperes: 

Relay P hase A P hase B P hase C 

Tap s VA Angle VA Angle VA Angl e 

A-F- 3 2.47 50 0 . 6 oo 2 . 5 20 ° 
A-H- 10 3. 25 00 0 . 8  100° 1. 28 55 ° 
B-F- 3 3  2. 3 00 0 . 63 00 2. 45 5 5  ° 
B- H- 10 4 .95  00 2 . 3 5  90 ° 0 . 3  60 ° 
C-F- 3 2. 3 2  00 0 . 78 oo 2. 36 50 ° 

C-H- 10 6. 35 342 ° 3.8 3  8 0  ° 1 . 98 1 8 5  ° 

Burdens measured at a singl e-phase-to-neutral 
current of five amperes: 

Relay P hase A P hase B P hase C 

Tap s VA Angle VA Angl e  VA Angle 

A- F- 3 2. 47 00 2. 1 100 1 . 97 20 ° 

A-H- 10 7. 3 60 ° 1 2. 5 53 ° 6 . 7  2 6  ° 

B-F- 3 2. 45 00 2 .09 1 5  ° 2. 0 7  1 0  ° 

B-H- 10 16 . 8  5 5  ° 2 2 . 0  5 0  ° 1 2. 3 38 ° 

C;F- 3 2 . 49 00 1 . 99 1 5  ° 2. 1 1  1 5  ° 

C-H- 10 3 1. 2  4 1° 3 6 . 0  3 8  ° 23. 6 35 ° 

The angl es above are the degrees by which the 

current lags its resp ective voltage. 

I. L. 4 1 -954C 

P A R T  I I-T Y P E  T C U  C O N T R O L  U N I T  

The construction, op eration, and adjustment of 
the typ e TCU Control Unit used with the SKB or 
SKB- 1 relays are covered in s eparate instructions 

identified as I . L .  4 1-944. 5 plus suppl ements, when 
required. The Control Unit is a part of the Typ e TC 
carrier assembly. 

O V E R A LL T E S T OF 

C O M P L E T E  I N S T A LLA T I O N  

After the compl ete e quipment has been install ed 
and adj usted, the following tests can b e  made which 

will provide an overall check on the relay and car­
rier e quipm ent. The phase rotation o f  the three­
p hase currents can be check ed by measuring the a-c 
vol tage across relay t erminals 2 and 3 with a high 
resistance a- c voltmeter of at l east 1000 ohms p er 

volt .  The reading obtained should b e  approximately 
0 . 9  volts p er amp ere of balance d  three-phase load 
current ( secondary value) with relay tap s 4, C and 

H, or taps 8-C-H for the SKB- 1 relay. 

The following t est requires that a balanc ed 
three-phase load current of at l east 1 . 0  amp ere 
( secondary) be flowing through the line-section 
protected by the SK B relays. At both terminals of 
the protected line section, remove the SK B  or SKB- 1 

relay cover and op en the trip circuit by pulling the 
test S'Aitch blade with the red handl e.  P ut the tap 
screw on the upper tap plate in the 4 tap , and on the 
lower ones in the C and H taps.  Be sure to insert 
the spare tap screw b efore removing the connected 
one. No\\ op en t est switches 4 and 5 on the relay at 

one end of the line section ( station A) and ins ert a 
current test plug or strip of insulating material into 
the test jack on switch 5 to open the circuit through 
that switch. The above op eration shorts the phase A 
to neutral circuit ahead of the sequence filter and 
disconnects the p hase A l ead from the filter. This 
caus es the phase B and C currents to return to the 
current tramsformers through the zero- se quence re­
sistor in the filter, thus simulating a reversed phase 
A-to- ground fault fed from one end of the line only, 
As a result, both the fault detectors and tripping 
relay at station A should op erate.  completion of the 
trip circuit can b e  checked by connecting a small 

lamp ( not over 10 watts) acwss the terminals of test 
switch 10.  ( SK B  only. ) 

Now p erform the above operations at the oppo­

site end of the line section ( station B) and momen­
tarily op en and reclose t est switch 1 1  or momen­
tarily depress the Test Reset p ush-button, if  more 
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TYP E  SK B AND SKB -1 RE LAYS 

convenient. This simul ates a phase-to- ground fault 
external to the protected line s ection. The fault 

d et ectors, b ut not the operating unit shoul d op erate. 
Test switch 1 1  op eration is required to m ak e  sure 

that "flip-flop " stage in the control unit is in reset 
position. Now open and reclose switch 1 1  at station 

A in order to reset "flip-flop " stage from previous 
"trip " condition. The op erating unit at station A 

should stay open now. Restore test switc hes 4 and 5 

at Station A to normal (clos ed). The line conditions 
now represent a p hase-to-ground fault fed from Station 
B. only. The fault detectors at A should reset and the 
op erating unit at B should pick up. Restore test 
switches 4 and 5 at Station B to normal , and all ele­
ments of the relay at station B should reset. 

The above tests have check ed phase rotation, 

the polarity of the sequence filter output, the inter­
connections b etween th e relay and the c arrier set 
and the P hase A current connections to the relay at 
both stations.  P hase B and C should be similarly 
checked by opening test switches 6 and 7 for p hase 
B .  and switches 8 and 9 for phase C .  The s am e  pro­
c edure d escribed for P hase A is then followed. 

If  all the tests have been compl eted with sat­
isfactory results ,  the test s witches at both line 
terminal s should b e  closed ( close the trip-circuit 
t est switch l ast) and the relay cover repl aced. The 
e quipment is now ready to protect the line- section 
to which it is connected. 

P ART I ll - T Y P E  S K B  O R  S K B-1 

TES T FA C I L I T I ES A P P L I C A T I O N  

The test facilities provide a simpl e manually 
operated t est procedure that will c heck the com­
bined rel ay and c arrier equipm ent. The test can b e  
p erformed without t h e  aid o f  instruments. T h e  re­
sults give assurance that all e quipment is in normal 
op erating condition without resorting to more elab­
orate test procedures. 

CON S T R U C T I O N 

Test Switch 
The typ e W-2 test switch is a four-position, 

multi- stage switch. The contact arrangement is 
shown in Fig. 10 , and the outline and drilling pl an 

in Fig. 1 1. The "on" contacts are used to complete 
the SKB trip circuit and the alarm circuit. These 
contacts are indicated in Fig. 10  by contacts C5-D5 

and A 1- B l. In the "Off" position, the SKB trip cir­

cuit is op ened through contact C5-D 5 ,  but the alarm 

14 

circuit remains closed through contact AIZ-BIZ. 
Two test positions to the l eft of the "Off" position. 
are provided. When the switch is moved to either of 
these positions ,  the relay trip and alarm circuits are 
interrupted and a red alarm light is turned on by 
switch contacts A6-B6 and A7-B7. Moving the switch 

to the "Test 1" position will connect the output of 

the auxiliary test transformer directly to the SKB 
terminals number 8 and 9 .  Moving the switch to the 
"Test 2" position will connect the test transformer 

with a reversed polarity to the SKB relay. 

For the SK B- 1  relay, refer to the overall diagram 

which applies to the p articular order for actual 
connections. 

Auxi l i ary Test Tran sformer 

The auxiliary test transform er is designed to 
operate from a 1 20-volt, 60-cycle power source. 
Four secondary taps numbered 1 , 2 , 3, and 4 are 
provided to v ary the m agnitude of the phase-C-to­

ground test current approximately as follows: 

RELAY TAP 
TRANS TAP 

G H 

1 3 amp. 2 amp . 

2 5 amp . 4 amp. 

3 7 . 5  amp . 5 . 5 amp. 

4 9 . 5  amp . 7 amp. 

The outline and drilling plan of the transformer 

is shown in Fig. 1 2. 

I nd i cati ng L amps 

The red and blue indicating lamps are standard 
rectangular Minalites.  Outline and drilling dim en­
sions are given in Fig. 1 1 .  

A D J U S T M E NT 

Choose a transformer tap that will provide ap­
proximately two times the p hase- to- ground c urrent 
s etting of the FD- 2 fault detector as previously 
determined. 

O P E R A T I O N  

A multi- contact switch is provided at each line 

terminal which serves the dual functions of a car­
rier on-off switch and a t est switch. This switch is 
arranged to apply a singl e-phase c urrent to the SKB 
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TYP E SKB AND SKB -1 R E LAYS 

or SKB- 1 relay to simulate internal and through 

fault conditions. Relay operation is noted by ob­

serving a blue indicating 1 amp connected in the 

SKB relay trip circuit. During the test the SKB trip 

circuit to the line breaker is opened and a red 

warning light is energized through auxiliary con­

tacts on the test switch. 

Use of the auxiliary test equipment is to be 

limited to provide a simplified test after the initial 

installation tests have been performed as described 

in Part II of this instruction l eafl eL 

The test apparatus is to be connected as shown 

in Fig. 10 with the auxiliary test transformers ener­

gized from 1 20-volt, 60-cycle power sources, at each 

line terminal, that are in phase with each other. 

The following operation procedure assumes that the 

same polarity is used in connecting the test trans­

former at each line terminal. 

1. Turn the carrier test switch at both line ter­

minals to OFF. 

2. Turn the carrier test switch to TEST 1 at 

station A. The "A" relay should operate to 

transmit half cycle impulses of carrier, and 

trip. Tripping will be indicated by the blue 

light. 

3. Turn the SKB test switch at Station B to 

TEST 1. This will simulate an internal fault 

fed from both lim' terminals. The relay at 

station B will trip, and the relay at station A 
will remain tripped. Tripping will be indi-

INPUT FROM 

SEQUENCE 

NETWORK 

(SAT. TRANS.) 

PHASE 

SPLITTING 

NETWORK 

RECTIFIER 

I. L. 4 1 -954C 

cated by the blue lights at each line terminal 

Carrier will be transrr:itted in half eycl e im­

pulses simultaneously from each end of thl' 

line. 

4. Rt,set the SKB test switch at Station A. ThP 

relay at station A will reset and turn off th(' 

blue light. The relay at Station B will hul d 

its trip contact closl�d, lighting the blue 

light. 

5. Turn the SKB test switch at Station A to 
TEST 2. Depress Test RPset pushbutton 

momentarily to rPset Flip- Flop stage that ma_v 

have operated during switching the test 

S\\itch to position 2. Operate Test Resd 

pushbutton at Station B to rc!sct Flip-Flov 

stage from previous tripped vosition. Both 

blue lights should be off at this point, which 

represents an external fault. 

6. Resd the test switches at both line termin 

als to OFF before returning to ON for normal 

service. Push in han ell e to turn in ON vo si · 

tiun. 

This completes the test procedure�. 

Component Sty le N u mbers 

Test Transformer 

Type \\'- 2 TPst Switch 

Type W- 2 Test Switch 

POSITIVE 
FEEDBACK 

s# 1 3 38284 

s# 505A74 2G0 1 for 1/8" 
panel mounting. 

s# 505A74 2G02 for 1 -1/-" 
panel mounting. 

LEVEL 

DETECTO R 
AMPLIFIER 

FDI 

OUTPUT 

LEVEL 

DETECTOR 

TIME 

DELAY 
AMPLIFIER 

E-*) 

FD2 

OUTPUT 

(-11-) 
629A091 

Fig. 3 Static Fault Detector Block Diagram 

15 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E SKB AND SKB -1 R E LAYS 

TRIPPIIG 
RELAY 

PRIITED 
CIRCOIT 
BOAID 

ICS 

ZEIU 
UIPPEI 
IIISUC (UYO) 
FOilED 111£ IESIST .. (II) 

rifJ BOX 
"DbfoTES 

IOUALLY 
COIIMTIII TUIIISTII 

... ... 
�Ji¥. D.C. 

f HT 01 NIITD CIIICIIT HAll 

J 

fD-1 DROPOUT 
�ADJUSTloiENT 

FD-1 

-;tf-
.H 

I N3686B (20V) 

FD2 
--jf--

t""-'f--+--rur sw. 
CIIIWT TEST lACK 
Tn.ll.ll 

6448482 L..._--------------------------------�- �---------------"------' 
* Fig. 4 Complete Internal Schematic of SKB Relay 
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TYP E SKB AND SKB - 1  R E LA YS 

TRIPPING 
RELAY 

IH:JICATIMG 

COMT ACTOR S\111 TCH -

ZENER AC CLIPPER 

HOTE: TERMINALS �-6-8 
ARE TO BE JUMPERED AT 
RELAY CASE 

SIMPLIFIED SCHEMATIC 

B C 

Fig. 5 Simp lified Schematic- Type SKB Relay 

I.L. 4 1 -954C 

TUBE RESISTORS 

3 WINDING 

MUTUAL REACTOR 

CHASSIS OPERATED 
SKORliiJIG SWITCH 

RED HANDLE 

TEST SWITCH 

CURRENT TEST JACK 

TERMINAL 

629A095 
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TYPE SKB AND SKB - 1  R E LAYS 

TRIPPING 
RELAY 

PR I MHO 
CIRCUIT 
BOARD 

FD! PICKUP 
ADJUSTMENT 

FD2 PICKUP 
ADJUSTMENT 

ZEIER Ctl PPER 
1RIS32C (�2Y.) 
FORMED WIRE 
RESISTOR (II) 

fOTl BOI ·ohons �ORMALLY 
COIDUCTIIG 
TUISISTOR 

r 

,. 11£1 -.�'i. D.C. 

f JilT 01 PIIITED tlltiiT SOliD 

* Fig. 6 Complete Internal Schematic of SKB- 1 R elay 
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fD-1 DROPOUT 
ADJUSTMENT 

FD-1 

-;tf-

FD2 

-H-

OPERATION 
I MDI CATOR 

TUBE 
- RESISTORS ( RO) 

MUTUAL REACTIR 
CRASS IS Ill' IHRiliG sw. 

TEST SW. 

CURIEIT 
TEST JACK 
T£JIIIIJ;.L 

644848 1 
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TYPE SKB AND SKB -1 R ELAYS 

ZEJIJEI A t  Cll rPEI 

IIOTE: TE.IIU.LS H·l 
AlE TO IE Jlii'EIED AT 

RELAY CASE 

lEO UIIDLE 

OPEIATI. 
IIDICATOI 

1S20a.125 Y.D.C. 

TDIE IESI STOIS 

, ...... 
JlmiAL ltEACTOI 

CllSSIS DP'£UTED 
SMITII8 SIITCII 

TEST RITCI CIIIEIT TEST JACI 
TUKIUL 

836A500 

Fig. 7 Simplified Schematic - Typ e SKB- 1 R elay 

APPROX • 

l . L .  4 1 -954C 

- --� 

836A 766 

* Fig. 8 P rinted Circuit Board Component Location, 

SKB or SKB- 1 Relay 

.-------------------·'A" FT. --------------------------! 

STYLE 

4 10C303GOI 
410C 303G02 

Fig. 9 

DIMt A 
6 FT. 
3 F T.  

Test Cable A ssembly 

644834 1  
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TYPE SKB AND SKB-1 R E LAYS 

U5 MIN. 

DRILLING PLAN 

Fig. l 1  Outline ancl Drilling Plan of the Type W- 2 Test Switch ancl lnclicatin g L amps Used for 

SKB or SKB- 1 Testing 

TOP -j�t------- Si-------1 

r I I 
U l  

I'll-

• 

� 

� r-- ­
I 

• 

F 

-$-s£c 
.. .. 
� . �  

3 
;i" OIA. MT(i. HOLE 4 H O L E S  

. 1 90 - 3 2.  SCREWS 4 TERMINALS 

l:r .. i::: __ �;::::::=======;;:;� 

Fig. 1 2  O utl ine ancl Drilling Plan o f  t h e  SKB Test Transformer 

I.L. 4 1 -954C 

6 708696 

13-D-58 6 1  
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TYP E SKB A tt>  SKB-1  RELAYS 

22 

P�EL CUTOUT & DR I LL I NG 
FOR SEM I - FLUSH MTG. 

� 
-

c- t l.. _ , ! _  , _�_ _ , !  ... 
32 32 /�\ 32 32 

..,Jc i .  ] _ _  _ 

' - � 

?AHEL D � I LL I MG OR 
CUTOUT FOP. P�OJ ECTI OM �TG· 

O I A.I� HOLES FOil . 19Q-32 MTG. SCREWS 

3 p 8 
;. 

-

_r 

I, 

.,.. 

y 

57-D-7905 

Fig. 13 Outline and Drillin g P lan of the SK B or SKB- 1 R elay in the F T-42 Case 
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I 

Westinghouse I. L. 41-9 54. 5 

I N S T A L L A TION • OPER ATIO N • M A I N TEN A N CE 

INSTRUCT I ONS 
TYPE SKBU-2 AND TYPE SKBU-21 DUAL PHASE 

COMPARISON RELAYS 

-vJj_th the inforue t i on in thi s  instl'uction lea flet on the system 

instruct ion lea flet b e fore ener giz ing the s ystem. 

For thr ee termina l line s  applica t i o n s ,  links l and link 2 on amplifier 

and ' keying b oa rd must be c onne cted C to 3 .  i<, or all distance s upervi s i on 

relaying sys ten1, linL: on arming b oard must be open . 

APPLICATION 

The type SKBU-21 i s  a high - speed relay used in c onj unctj_ on vlith frequency 

shift type cha nn.els . S imultc: neous tr :;.pp in;:_, of the relays at e a ch line 

terminal is o:Jta ine c.� in le s s  than 32 mill i s e c onds for all internal fault s 

1.1i thin the limits of the re la y  settin[;s . 

The s ystem i s  applicac) le to a voice -grade p i lot -vire , mi cr owave , or 

carr ier channe l .  

In c ontre.st t o  the carrier b locldng s cheme , thi s i s  a tr8.nsfer trip 

sys tem.; a. c c oro_tngly, the olocl:inc; -start, funct ion is not, require d .  

TABLE OF CONT ENTS 

The se instructions apply to SEBU -21 a ncl SKBU -2 pha s e  c omparison re lays 

for applicat ion to the following type s oJ:' p il ot channels . 

l .  TA -2 T one Channe l 

2 .  TCF Carr ier Channe l 

CONSTRUCTION 

The pha se c ol:rpar i s on relays c ons ist of a c omp o s ite positive and reg:rtive requer,c:; 

current nehrork, a saturating trans forme r ,  three isilating trensit:t'IIBrs, a 20- v olt 

pm·rer s upply, and printed c ir cuit �J oards mounted on a standard 19-incl:l wide panel, 
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8 -3/4 inche s high ( 5  rack units ) . The SKBU-21 relay ha s a_ s e c ond saturating 

transformer in a ddit ion t o  the se c 01:1ponent s o Edge s l ot s  are provided for 

mount ing the ra ck on a standard re lay rack. 

S e qu._�_nce Network 

a .  SKBU-21 

The se que nce f i lter c on s i st s  of a three -legged ir on c ore rea ctor a nd a 

r e s i stor . The rea c t or i s  a four -v·rin0ing rea ctor vli th tvJO pr imary wi nd int=s 

a nd two se condary -vrind ings . The s e c ondary vrind ings are conne cted to the 

r e s i st or v·rhi ch c ons ists of three t ub e  re s i st ur s  and a small forned re s i stor . 

O ne s e c ondary lvin0_ ing and the re s i stor i s  a negati ve s eque nce current fj_l ter 

vrhile the other s e c ondary vinding a nd the re s i st or i s  a p o s it i ve se quence 

f ilt er . 

b .  SKBU -2 R e lay 

The se quence f i lter c ons i st s  of a three -legged iron c ore rea ctor a nd a set 

of re s i s t or s ,  R1 and R0 . The rea ctor ha s three Hindings : t1w prirnary and a 

tapped· se condary winding, would on the center leg of a 1 1F11 type of laminat i on . 

The se c ondary taps are lvire d t o  the A ,  B ,  and C tap c onne cti ons in the front 

of the re la y  (Rl taps ) . Ro c on s i s t s  of a thr e e  tube r e s  is tor s lvi th taps 

vired to F ,  G, and H tap c onne c t i ons in the front of the re la y .  The Ro 

r e s i stor :i. s a formed re s i s t or a s s ociated 'iTi th the tapped s e c ondary of the 

rea ctor . 

Saturat ing Transformer 

a .  SKBU -21 Re la y  

The voltage from the s e que nce nehrorl� i s  f e d  int o  t-1-10 saturating o r  mixing 

tran s former s .  One tran s f ormer supplie s a fault dete ct or cir cuit and the 

other transformer s upplie s a l\:eying c ir cuit . Zero se quence current uinding s  

are included o n  the transformer . 

-2-
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b .  SKBU-2 Relay 

The voltage from the sequence neh.rork is' fed into the tapped primary of a 

small satur&ttng transformer .  This transformer has two secondary windings .  

One winding supplies the fault detector ci�cuit and the other winding supplies 

a keying circuit . 

Isolating Transformer 

Three isolating transformers are provided in the relay to isolate the 

de voltages from the ac voltages . Tvro of the transformers are also used to 

energize solid-state circuit on alternate half -cycle of the power system 

frequency. 

Power Supply 

The solid-state cir cuits of the relays are regulated from a 20-volt 

supply on the relay panel.  This voltage is taken from a Zener diode mounted 

on a heat sink. A voltage dropping resistor is provided between the source 

de supply and the 20 volt regulated supply. 

Printed Circuit Boards 

Seven printed circuit boards are used in these relays ; A fault detector 

b oard, protective relay interface board, supervision b oard, amplifier and 

keying b oard, arming board, output ooard and a relay b oard . The circuits of 

the supervision board, and the amplifier and keying boards vary with the 

frequency shift equipment used as a pilot channe l .  

All of the circuitry that is  suitable for mounting on pr inted boards is 

contained in an enclosure tbat projects  from the rear of the front panel and 

is accessible by opening a hinged door on the front of the panel. The printed 

circuit b oards slide in position in slotted guides at the top and -0 ottom of 

each compartment and the b oard termina ls engage a terminal block at the rear 

of the compartment . Each ooard and terminal block is keyed so that if a 

b oard is pla ced in the wrong compartment , it cannot be inserted into the 
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terminal b lock. A handle on the front of each board i s  labeled to identify 

its function in the relay. 

1 . FD Board (Fault Dete ctor Board ) 
The fault detector board conta ins a re s istor -Zener diode comb ination, a 

pha se splitting network, a solid -state fault detector , and a frequency 

verifier cir cuit . The controls for setting pickup (s1 ) and dropout (82 ) 

of the fault detector are mounted on a plate in the front of the relay.  

This unit operate s when the fault current exceed s a definite value . 

The locati on of components on the board is  shown in Fig. 3 and the 

s chematic of the b oard is  shown in F ig .  4 .  

2 .  Arming Board 

The arming b oard conta ins AND c ircuits that compare s pulse s produced 

by the circuits of the amplifier and keying board . An output is obta ined 

that is proportional to the time difference in the pulse s .  This b oard 

contains other logic circuits that will arm the trip output, set up the 

time delay of the tr lp output , and start transient blocking on external 

fault� . A l ink i s  provided on this b oard such that the rela y  is armed by 

e ither s olid state distance fault detectors or the SKBU fault detector . 

The link must be open for arming b y  the solid state distance fault detector only. 

The location of components on the b oard is shown in Fig. 5 and the 

s chematic of the board is  shown in Fig. 6 .  

3 .  Ampl. and Key Board (Amplifier and Keying Board ) 
The amplifier and keying b oard conta ins two local squaring amplifiers ,  

a transmitter keying circuit , and four remote squaring amplifier s .  The se 

cir cuits produce the pulses that are compared by the AND cir cuits of the 

arming b oard to determine if the fault is external or internal . Links are 

provided on th is b oard to connect the re lay for two or three terminal operati on. 

Because of the different keying requirements of the vari ous pilot channels, 

this b oard var ie s  >vith the different type s of channels to whi ch it is  

c onnected . The following tab le is with reference to the different figure s 
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that apply for the amplifier and keying b oard for the various t� channel s .  

TYPE 
CHANNEL 

TA -2 

TCF 

4 .  Output Board 

LOCATION OF 
COMPONENTS 

Fig. 7 
F ig .  9 

SCHEMATIC OF 
BOARD 

Fig. 8 

Fig . 10 

The output board contains a 4 -millisecond pickup and instantaneous 

dropout timer cir cuit , trip AND circuit , trip amplifier , trans ient b locking 

and unblocking cir cuits and two timer cir cuits . The tr ip AND operate s when 

all the inputs to the AND circuits of the arming b oard are of the corre ct 

polarity and the fault detector has operated. The trans ient b locking 

cir cuit operate s after a time delay on external fa ults ,  and the trans ient 

unb lock circuit operate s after a time delay on a sequential fault (external 

fault followed by an internal fault ) . 

The following figures apply to this board : Fig. ll Component 

Locationj  Fig . l2 Schematic of the Board . 

5 .  Relay Board 

The re lay b oard contains the pha$e delay c ir cuit for shifting the local 

signals with reference to the remote signals . It also contains a low-pas s  

filter for the SKBU -21 relay. A Zener clipper -resistor comb ination is  

provided for protection of the solid -state circuits . 

The following figure s apply to this board : Fig. 13 Component Location, 

and Fig .  14 for the Schematic of the Board .  

6 .  Supervis . Board (S upervis ion Board ) 
The number of circuits on this board varie s with the application . 

However , for a ll applications interface circuits to the channel rece iver s 

and a 150 milli second pickup and 0 milli second dropout alarm timer circuit 

is provided on this board .  The interface circuits conne cts the SKBU relay 

to the channe l re ceiver , and the time cir cuit locks out to the relay for 

failure of the channel equipment . For tone channels a noise circuit i s  

also provided t o  lockout the relay. 
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Because the board varies with the channel equipment, the following 

figures apply to the boara. 

TYPE 
CHANNEL 

TA -2 

TCF 

LOCATION· OF 
COMPONENTS 

Fig . l5 

Fig. 17 

7 • Pr .  Inter . Board (Protective Relay Interface Board ) 

SCHEMATIC OF 
BOARD 

Fig. 16 

Fig. 18 

The protective relay board contains logic circuits to connect the 

distance fault detectors ,  and squelch relays into the phase comparison 

relaying system. This b oard contains buffer circuits, OR circuits to 

connect the relays into the system. A 6 /0 timer circuit and a signal 

squelch circuit, 2 . 5  second alarm circuit for sustained fault detector operation 

are also provided on this board . 

Fig . 19 shows the component location for the board and Fig .  20 shows 

the schematic of the board . 

Card Extender 

A card extender ( style no . 644B315G02 ) is available for facilitating 

circuit voltage measurements or maj or adjustments . After withdrawing anyone 

of the circuit boards, the extender is inserted in that compartment . The 

board then is inserted into the terminal blocl;: on the front of the extender . 

This restores all components and test points on the boards are rendily accessible . 

Test Points 

Test points are located �n each printed circuit board for the major 

components on the board. Complete circuit test points are wired to the front 

panel of the relay for convenience in adjusting and testing the relay. 

OPERATION 

A .  System 

In phase  �omparison relaying, the phase positions of fault currents at 

the ends of a transmission line are compared over a pilot channel to determine 
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if the fault is internal or external to the line s e ction .  When a frequ�ncy 

shift channel is used a s  the p ilot channel, a dual comparison transfer trip 

system can b e  utilized. This means that the system can trip on e ither half ­

cycle of power system frequency as  contrasted to a b locking scheme where tr ipping 

occur s on alternate half -cycles during the ab sence of a carr ier signal . 

a .  SKBU-21 Relay 

The three -pha se line currents e nergize a sequence network in the 

SKBU-21 relay which produce s two single -phase output voltage s that are 

proportional to either the positive sequence current or the negative 

sequence current . The s ingle -phase voltage s are applied to two saturating 

or mixing trans formers one which energizes the fault dete ctor circuit and 

the other energize s  the keying cir c uit of the SKBU-21 re lay through a 

low -pa s s  f ilter . The keying cir cuit shifts the frequency of the trans ­

mitter from a space frequency to a marl'- frequency.  The se frequencies 

are transmitted over the pilot channel to the rece iver which c onverts the 

mark and space frequencies to two de output voltage s ,  a space output that 

corre sponds to the spa ce frequency and a mark output that corresponds to 

the marlt frequency. Thus , on each half -cycle of powe r system frequency 

either a space or mark output is obtained from the rece iver and applied as  

pulses to the remote squaring amplifier s of the SKBU-21 re lay . Each of 

the se half -cycle pulse s are compared with the pha se posit ions of each half ­

cycle of the voltage from the sequence network of the SKBU-21 re lay at the 

rece iver termina l .  The space pulse is compared to one ha lf -cycle of the 

voltage and the mark pulse to the other half -cycle . If the local and 

remote half -cycle pulses are of the correct phase positions for an internal 

fault, after a fault detector operat i on, 4 millisecond tripping will be 

initiated through operation of the tr ip AND and tr ip amplif ier circuits 

on the output b oard of the relay . 
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b .  SKBU-2 Relay 

The three -phase line current s  energize a sequence network in the 

SKBU-2 relay which produce a single -pha se output voltage proportional 

to a comb ination of sequence components of the line current . This 

s ingle -pha se voltage energizes the primary of a saturating transformer 

with two se condary winding . One se condary winding energiz es the fault 

detector c ircuit and the second secondary winding energiz es the keying 

c ircuit of the re lay thr ough the low pas s  f ilter . The keying circuit 

shifts the frequency of the transmitter from a space frequency to a mark 

frequency. The se frequenc ie s are transmitted over the pilot channel to 

the tone rece iver which converts the rnark and space frequencie s to two 

de output voltage , a s pa ce output that corre sponds to the space frequency 

and a mark output that corre sponds to the mark frequency. Thus , on each 

half cycle of power system frequency either a space or mark output i s  

obtained from the tone receiver and applied as  pulses t o  the remote 

squaring amplifiers to the SKBU-2 re lay. Each of these half cycle pulses 

are compared with the phase pos itions of each half -cycle of the voltage 

from the sequence network of the SKBU-2 relay at the tone re ce iver 

terminal. The space pulse is compared to one half cycle of the voltage 

and the mark pulse to the other half -cycle . If the local and remote 

half-cycle pulses are of the corre ct phase positi ons for an internal 

fault , after a 4 millise cond delay tripping will be init iated thr ough 

operation of the trip AND and trip amplifier circuits on the output b oard .  

Current transformer c onne ctions t o  the sequence networks at the two line 

terminals are s uch that the space and mark pulse s are in pha se with their 

respe ct ive local pulses dur ing an internal fault to allow tripping. However, 

if the fault is external to the protected line secrion, the space and mark 

pulses are out -of -pha se with their re spective local pulses and tripping doe s 

not ace� . 
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The four -millisecond delay previously mentioned is added to allow for 

differences in current transformer performance at opposite line terminals 

and relay coordination. 

B .  Relay 

With reference to the logic diagram that applies to the particular 

relay, the three -phase line currents energizes a sequence filter that varie s 

with the type relay. 

A .  SKBU-21 Relay 

In the SKBU-21 relay, the sequence filter produces two s ingle phase 

voltages :  One voltage proportional to  the positive sequence current, 

and the other voltage proportional to the negative sequence current . 

These voltage are applied to prir�ry windings of two saturating 

transformer where they are mixed to produce two separate secondary 

voltages proportional to a combination of sequence components .  Zero 

sequence windings are included on the two transformers . 

B .  SKBU-2 Relay 

In the SKBU-2 relay, the sequence filter produces one single phase 

voltage proportional to a comb ination of sequence components . This 

voltage is applied to the prin�ry winding of a saturating transformer 

which produces two secondary voltages .  

The sec.;oncJ.ary voltages are applied to two boards : 

1 .  Fault Detector Board 

2 .  Relay Board 

1 .  Fault Detector Board 

With reference to the schematic dvrg . of Fig. 4, the ac voltage is applied 

to a phase -splitting network (C52, R52, R53 )  and a polyphase rectifier (diodes 

D51 to D56 ) .  The de voltages so obtained are applied to the fault detector 

circuit vrhich operates when the de input "signal" exceeds a predetermined value . 
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Fault Detector (FD) 

Under normal conditions , transistor Q51, has no base " signal" and is 

turned off. The collector of Q51 is  at a high enough positive potential to 

provide base drive for transistor Q52, driving it to full conduction. Hith 

Q52 fully conducting there is no base drive to transistor Q53 and Q53 is  

turned off. With no Q53 collector current, the base of transistor Q54 is  

supplied from the 20 volt source . Thus the Q54 emitter is normally at a 

slightly lower potential than its base . This condition keeps transistor Q54 

in a non-conducting state, equivalent to an open circuit. 

When a fault causes the de input voltage from the polyphase rectifier to 

exceed the 6 . 8  volt rating of Zener diode Z52, a positive bias is applied to 

Q51 base causing it to conduct . In turn, Q52 stops conducting, and capacitor 

C54 charges,  giving a few milliseconds time delay before Q53 and Q54 are 

switched to full conduction, thus "closing" the fault detector . When the 

fault detector operates, a positive output is applied to the arming board 

at terminal 12 .  Resistors R66 and 8 2  increase the voltage to Z52 t o  allm.; 

the fault detector to drop out at a high dropout ratio when the ac current 

is reduced . 

Frequency Verifier (FV )  

During certain switching conditions, such as energization of  a transmission 

line,  residual currents and voltages may exist of higher frequencies than 

60 hertz . The freqUency verifier prevents fault detector operation 

when frequencies 120 hertz or higher are encountered during the switching 

conditions . The frequency verifier circuit consists of two functional parts : 

zero-crossing and commutator circuits . With reference to Fig . 4, the zero­

crossing circuit consists of Q55 ,  Q56, Q57, and Q58 . The commutator circuit 

c onsists of Q59, Q60, C9, C59 and Q61 . 
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During the positive or negative half-cycles of the output voltage from 

the saturating transformer, Q55 or Q57 transistors  are driven into saturation 

by the output of the EV ti'ansfc:n:m:tr ¢:'3). Transistor s Q56 or Q58 conduct until 

capacitors C56 or C57 respectively are fully charged .  While either capacitor 

charges a voltage output in the form of very narrow pulse is developed across 

R76 and R78 resistors during the start of each half -cycle . This pulse 

triggers Q59 control switch. IN,hen transistors Q55 or Q57 are not conducting, 

C56 and C57 capacitors discharge re spectively through D66 or D62 and the 

parallel combination of R73 and R74 or R69 and R70 . 

'ifuile Q59 is  "on" its anode is only about 0 .  7 volts above negative, thus 

turning off transistor Q62 to allow capacitor c6o to start charging. However, 

a shorter time delay ( consisting of R84, the capacitor C59 and the reference 

Zener diode Z54 ) of 4 . 3  milliseconds is also started. After 4. 3 milliseconds 

of delay, the control switch Q60 fires applying the voltage of capacitor c88 

across Q59 turning it off . This raises the potential of the Q59 anode to 

turn on Q62 to discharge c6o before the charge reaches a value to break down 

Z55 to turn on Q63 .  After the next zero-crossing pulse Q59 switch is turned 

on again, and the Q60 switch is turned off by 9apacitor C58.  Transistor Q61 

when turned on by the same voltage that fires the gate of Q59, discharges 

timing capacitor C59, thus starting the timing cycle with close to zero charge 

on the capacitor . If the zero crossing period of the FV voltage is les s  than 

4 . 3  milliseconds , the Q61 transistor discharges the timing capacitor thus 

preventing the turning off of Q60 switch. This keeps Q59 switch on to allow 

c6o to charge to a value to break over Zener diode Z55 to turn on Q63 . 

Turning Q63 prevents Q53 of the fault detector from turning on thereby 

preventing Q54 from turning on to prevent an output from the fault detector . 

2 .  Relay Board 

Hith reference t o  Fig. 14, the ac voltage from either the second 

saturating transformer (SKBU-21 )  or the second winding of the single transformer 
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(SKBU-2 )  is applied to the phase delay circuit through a low pass filter 

of the relay board .  The low pass filter (C20l, L20l, C202 ) removes the 

harmonics from this voltage and applie s a voltage that is essentially 

sinusoidal in waveform to R202 and R203 of the phase delay circuit . By means 

of capacitor C203 and variable resistor 85, the voltage across terminal 4 and 

2 can be made to lag the voltage across terminal 10 and ll by a definite 

amount depending on the setting of 85 . Each of the se two voltages are applied 

to separate isolating transformers .  

1 .  Undelayed voltages to a keying transformer (Tl ) 

2 .  Delayed voltages to a local transformer (T2 ) 

A .  Keying Circuit 

With no ac output (Ref.  F lg .  8 or 10 ) voltage from the sequence 

network, transistor Ql has no base current . The collection of Ql is 

at positive potential which allows base current to flow from positive 

20 volts de through the base of Q2 through R6 to negative . This applies 

negative potential to the collector of Q3 to prevent base current from 

flowing to Q3 . Since Q2 is conducting, transistor Q3 does not conduct 

and the collector of Q3 is held at positive potential . 

When a sinusoidal voltage is applied t o  the keying transformer (Tl ) ,  
the transformer steps up the voltage applied to terminals 2 and 8 of 

the amplifier and keying board . On the positive half-cycle of voltage, 

terminal 8 is more negative than terminal 2 and trans istor Ql does not 

conduct . In turn Q2 remains conducting and Q3 does not turn on . On the 

negative half-cycle of sine wave voltage from the keying transforn�r (Tl )  

terminal 2 is  more positive than terminal 8 and base current flows in Ql . 

This turns Ql on which applies negative potential to the collector of Ql . 

Base current to transistor Q2 is  stopped and Q2 stops conducting, and 

its collector goes to positive potential . Positive potential is thus 

applied to the base of Q3 through R6 to turn on Q3 . When Q3 conducts, 
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its collector is connected to negative potential. Thus on alternate 

half -cycles of the 60 -hertz voltage from the low pass filter, Q3 turns 

on. By connecting Q3 through the proper interface to the channel trans ­

mitter , turning on Q3 keys the transmitter to a mark condition .  

Q3 can be  prevented from turning on and off by a negative signal 

applied to terminal 3 of the board. This is the input terminal from 

the signal squelch circuit of the protective relay board. With a negative 

input into terminal 3, Q3 will not turn on even though Ql and Q2 are being 

turned on and off from the ac voltage applied to terminals 2 and 8 .  

B .  Local Squaring Amplifiers ( l  and 2 )  

There are two identical local squaring amplifiers in  the SKBU-21 

and SKBU-2 relays . One is turned on and off by the positive half-cycle 

of voltage from the local transformer (T2 )  while the other one is  turned 

on and off by the negative half-cycle of voltage from the transformer (T2 ) . 

The square wave output voltages are ,  therefore,  functions of the ac voltage 

input to the amplifiers . The polarity of the outputs of the two amplifiers 

are such that one amplifier has an output when the other one doe s not 

when ac voltage is applied to the local transformer . With no AC signal 

applied to the local transformer, both local amplifiers have a positive 

output . (This is a blocking signal to the AND circuits of the arming board ) .  

With reference to amplifier number l of e ither Fig . 8 or 10, with 

no ac input voltage, Q5 is not conducting and the collector of Q5 is at 

pos itive potent ial .  This applies base current to transistor Q6 through 

Rl5 such that Q6 is turned on. This applies negative potential to the 

collector of Q6 to allow base current to flow in Q7 . Q7 turns on to 

apply positive potential across Rl9 · (blocking condition) . 

With the application of a sine wave voltage to terminals 5 and 18 of 

the amplifier and keying board, on the positive half-cycle of the voltage , 

the base of transistor Q5 is more positive than the emitter and Q5 

(amplifier l )  conducts ,  and Ql2 (amplifier 2)  is turned off . On the 

negative half -cycle of the ac voltage , Q5 is turned off and Ql2 is turned 

- 13 -www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



on. Therefore , Q5 is conducting on the positive half-cycle of voltage 

and Ql2 is conducting on the negative half-cycle of ac voltage . Turning 

Q5 on, puts negative potential on the collector of Q5 and turns off 

transistor Q6 . Transistor Q6 stops conducting and its · potential goes 

to a ,positive potential which turns off Q7 to place a negative potential 

across Rl.9. Thus the ou..tput of the squaring amplifier is a sq.ual"e 

wave voltages ranging from 0 volts de to 20 volts de depending upon the 

polarity of the voltage from the phase delay circuit . 

Amplifier 2 is the same as amplifier number 1 except that its base 

is supplied by the opposite polarity of sine wave voltage from the 

squaring transformer . The output voltage from this  �fier appears 

across Rl+2 . By applying the same analysis of amplifier l to amplifier 

2, the output voltage across R42 is a square wave voltage of the reversed 

polarity than that across Rl9 . 

C .  Re�ote Squaring Amplifiers 

As shown in Fig . 7 ,  there are four remote squaring amplifiers in 

both tbe SKBU-2 and SKBU-21 relays . Two amplifiers connect the space 

outputs of two receivers to the relay while the other t'\-10 amplifiers 

connect the mark outputs of the t1vo receivers to the relay. For a TA -2 

tone channel, space squaring amplifier 3 consists of transistors  Q8 and 

Q9 . on the amplifier and keying board in conjunction with an interface 

circuit of Ql3 and Ql on the supervi sion board . Mark remote squaring 

amplifier 4 consists of Ql5 and Ql6 on the amplifier and keying b oard 

and interface transistor Qll+ and Q2 on the supervision board . For a 

TCF carrier channel space squaring amplifier 3 consi sts of Ql on the 

supervision board and Q8 and Q9 on the amplifier and keying board .  Mark 

squaring amplifier 4 consists of Q2 on the supervision board and Ql5 and 

Ql6 on the amplifier and keying board . 

The remote squaring amplifiers are in one of three states : 
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1 .  Loss -of-channel state 

2 .  Receiving space frequency only 

3 .  Receiving alternate half -cycles of space and mark frequency 

a .  Tone Channel 

For a loss of a tone channel,  the receiver clamps its output 

to a mark condition . The space output from the receiver i s  zero 

with respect to the positive s �:::urce . This means that transistor Ql3 and 

Q,l (on the �on boanl) are not conduct:ing. 0:1 i:te anrplliier and l:eying boord, base 

drive to transistor Q9 is provided from positive source through 

R27 to negative . Q8 is  turned on to provide a positive 20 volts 

across Rl23 .  When the cbannel is  in  service and the receiver is 

in a space condition, transistors Ql3 and Ql (on the supervision board) are 

turned on. 'lliis qJ.Pl:ies neg:rti� p:Jtmt:ial to R27. <h tl:e a'llilifier ani keying board Q9 

does not conduct and the potential of the base of transistor Q8 is 

raised higher than its emitter; hence , transistor Q8 stops con -

ducting and the voltage across R23 is  -20 volts . For the condition 

where the receiver i s  receiving pulse s ,  transistors Ql3 and Ql 

( on supervision board) turns on and off for alternate half -cycle 

and the voltage across R23 is a square wave voltage varying from 

zero volts to  a -20 volts de . The output of the mark remote 

squaring amplifier is  the same as the space remote amplifier 

except that it operates off of the mark output of the rece iver . 

The voltage i s  acros s R43 . 

b .  TCF Channel 

For loss of a TCF carrier channel, the carrier receiver clamps 

its output into ooth a space and a mark condition . Transistor Ql 

and Q2 on the supervision b oard turn off . This applies negative 

potential to the base of Q9 and Ql6 ( on amplifier and keying board) 

respectively. Transistors Q9 and Ql6 turn off which applies 

positive potential to the base of Q8 and Ql5 . Negative 20 volts 

appears across b oth R23 and R43 . 
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This voltage enables AND l and AND 2 to allow tripping until the 

AND c ircuits are disabled b y  the 150/0 timer of the supervision 

board. 

For the condition where the receiver i s  receiving pulses} 

transistor Ql ( on supervis ion board ) turns on and off for alternate 

half cycles and the voltage across R23 is a square wave voltage 

varying from zero volts to a -20 volts de . 

For either internal or external fault conditions the outputs of both remote 

squaring amplifiers ar� square wave voltages .  Both voltages vary from zero 

volts to approximately ..,20 volts de and are out of phase with each other; 

i . e . J when one voltage is at zero volt s  the other voltage is at -20 volts . 

Links are provided on the board to connect the relay for either two or 

three terminal lines . The connection of C to 3 on lin� l connects remote 

squaring amplifier 5 and AND 1 of the arming b oard} and linl\: 2 (C  to 3 )  

connect.s; remote squaring amplifier 6 to AND 2 of the arming board for three 

terminal operation .  For two terminal operation the connection of C to 2 on 

the links removes the inputs of remote amplifier 5 and 6 from the AND circuits 

of the arming board . 

3 ·  Arming Board 

The phase relationship of the outputs of the local and remote squaring 

amplifiers are compared by the two AND circuits of the Arming Board. One AND 

circuit (number 1 )  compares the space signal with the output from amplifier 

number l .  The second AND circuit ( number 2 )  coffipares the mark signal with the 

outputs of amplifier number 2 .  S ince the local signals are always 180 degrees 

out-of-phase with each other, and the remote signals are always 180 degrees out­

of-phase with each other} a change in phase angle of one signal vith respect to 

the other will provide one input to AND 3 which will activate the L�/0 timer . 
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A link is provided on this board for purposes of arming the relay with both 

distance fault detector s  and the SRBU relay fault detector . R�moval of the 

link allows arming by distance fault detector only. 

A .  Internal Fault Conditions 

With reference to the logic drawing that applies to the particular 

relay for an internal fault fed from both line terminals , the output 

voltages of the sequence filter at one line terminal is 180 degrees out ­

of-phase with respect to its load current condition. This changes the 

polarity of Amplifier 1 and Amplifier 2 such that their outputs are 

in phase with the remote signals .  This means that AND 1 has a half -cycle 

of negative voltage and that AND 2 has a half-cycle of negative voltage 

(not the same half-cycle ) . The period of each negative voltage will be 

180 degrees out -of -phase with reference to each other and a negative 

voltage will be produced out of OR 1 of the arming board. The negative 

voltage is applied to AND 3 of the arming board to set -up one condition 

for activating the AND negative voltage from OR 1 circuit . The second 

condition to activate this AND is provided by arming the relay. 

In either Fig. 21, 22, 23, or 24, with link connected on the arming 

board, arming occurs through OR 2 by either the operation of the distance 

fault detectors or the operation of the relay fault detectm; . The oper ­

ation of either fault detector will apply a voltage to OR 2 of the arming 

board.  The output voltage from OR 2 applies a positive input to the 

trip AND of the output board through OR 31 and a negative input into AND 3 

of the arming board . AND 3 is activated and starts the 4/0 timer. Four 

milliseconds later, a negative input is applied to the trip AND of the 

output board.  Since the three conditions of trip (a negative input from the 

4/0 timer , a positive input from the arm lead, and a positive signal from 

the 18/0 timer ) is fulfilled, a trip output is obtained from the relay. 
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For arming by the distance fault detector only, the link on the 

arraing board must be opened .  This removes the input of the SKBU relay ' s 

fault detector from OR 2 of the arming board . 

B .  External Fault 

Under external fault conditions, the square wave voltages  from 

the remote squaring amplifiers and the square wave voltages from the 

local squaring amplifiers are out-of-phase such that zero output is 

obtained from the AND circuits of the arming board .  The output from local 

1 and remote 3 are out -of -phase to prevent an output on AND 1 and the 

outputs from local 2 and remote 4 are out -of-phase to prevent an output 

on AND 2. As  a result, the outputs of the AND circuits are zero, and 

AND 3 cannot be activated . This blocks AND 3 and the 4/0 timer can not 

be energized. 

With a fault detector operation, an input is applied to OR 2 and 

OR 4 of the arming board. OR 2 will provide a positive input to the 

trip AND of the output board. Tripping will not occur since the 4/0 timer 

does not provide a negative input to the Trip AND. The input to OR 4 
operation of the fault detector 'rill provide an input to a 0/1000 timer 

on the Output Board. The timer negates tbe signal to provide a positive 

input to the transient block AND. With the application of the positive 

input from the 0/1000 timer the three conditions of trans ient block are 

fulfilled--not a negative voltage from the Trip AND; not a positive voltage 

from the Transient Unblock Circuit ; and a negative input from the 0/1000 
timer . Eighteen milliseconds later the �8/0 timer of the transient block 

circuit times out to provide a negative input to the Trip AND. The 

Trip AND is thus desensitized on the external fault to prevent undesirable 

operation during transients associated with power reversals on the 

protective line or at the clearing of an external fault . 
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C .  Sequential Faults 

If the ab ove external fault is followed by an internal fault before 

the external fault is  cleared, the transient unblock cir cuit is set up 

to remove the transient b locking input to the Trip AND. For the internal 

fault, the square wave pulse s m J1ND l an:l  PliD 2 of the arm:ing toard w:ill r� , such tmt 

a negative output is  obtained fr om the AND circuits . Thi s output 

energizes OlU which ntt���&"iee the signal to a ,pega:tive s:l.gnal. 
The negative s ignal • • •  

1 .  Provide s a second input to AND 3 and the 4/0 timer times out 

to apply a negative input to the Trip AND. 

2 .  Applie s a negative input to the AND of the transient unblock 

circuit to fulfill the requirement s to obtain an output from 

the trans ient unb lock cir cuit . 

As a result, a negative input is applied to the unb lock timer . 

�-five mill�e conds later,  the unb lock timer will operate to apply a 

positive voltage to the b lock AND circuit . This re sets the 18/0 block 

timer , which rem0oves the posit j ve input to the unblock timer and Vhich 

resets the unb lock circuit . The required three inputs are thus applied 

to the trip AND and a trip output is obtained from the relay. Upon 

operation of the relay, the 0/100 milli second timer resets the 0/1000 

transient block timer . 

D .  Prote ctive Relay Operation 

The phase compar i s on relay is  armed by the di stance fault dete ctor �  

thr ough a 6/o timer on the protective relay b oard .  The operation o f  the 

di stance fault dete ctor s applies positive potential to the b oard . This 

turns Q;l...on and turns Q2 oiT to allow 02 to chArge . Six mil,_liseconds later thE 

voltage on C2 reache s the breakdown of Zener diode , Z7 and base current 

flm.rs into trans istor Q3 to turn Q3 on . This turns on Q4 to apply a 

positive potential to terminal 12 of the arming b oard . 
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4 .  Supervision Board 

The circuits on the supervision board include the interface to the channel 

receiver and they vary with the type of e�uipment used as  a pilot channel .  In 

general, though, this  board contains a low signal clamp timer . 

A .  Low Signal Clamp (:.5/150 Timer ) 
1 .  'Tone Channel 

With a serviceable channel either a space fre�uency or an alternate 

space -mark fre�uency is received from the channel e�uipment . 1-lith 

reference to a TA-2 tone channel, Ql4 and Q2 of the supervision board 

of Fig.  16 �re e ither turned off or turned on and off . With Q2 turned 

off, base current is supplied to transistor Q3 and Q3 conducts .  The 

collector of Q3 is thus at negative potential and capacitor can nc v 

charge . 

If the channel is not serviceable, the tone receiver is clamped 

into a mark condition and the space output is zero.  Transistor Ql4 

conducts and transiGtor Q2 is turned on. Negative potential is applied 

to Q3 and Q3 stops conducting. Positive potential is applied to 

capacitor Cl through resistor R7 . After a 150 millisecond time delay, 

capacitor Cl charges sufficiently tc break down Zener diode Zl . When 

Zl conducts ,  base drive is  supplied to transistor Q4 and Q4 turns on . 

This connects the collector of Q4 to negative potential which allows 

base current to flow in transistor Q5 through Rl . 'l'his turns on 

transistor Q5 to apply positive voltage to Rl2 . This voltage is then 

applied to AND 1 and AND 2 of the arming board and to an alarm output . 

Applying the voltage to the AND circuits blocks tripping _ 

Under the condition of alternate mark and space outputs from the 

tone receiver, transistor Q3 is turned on and off every 8 . 3  milliseconds 

(half cycle of power system fre�uency) . Every half cycle, capacitor Cl 
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starts to charge out on the next half-cycle Q3 turns on to discharge 

capacitor Cl. Since the charging time is not sufficient to allow 

capacitor Cl to break dmm Zl, transistor Q5 will not turn ;-'n to 

block tripping. 

2 .  TCF Carrier Channel 

\H th reference to the supervision board of Fig . 18 for a 

serviceable TCF channel Ql and Q2 either alternately turned on and 

off or i�l is  turned on and Q2 is turned off .  Under both conditions, 

base current is  supplied to transistor Q3 and Q3 is turned on at 

all time s .  With Q3 turned on, Cl can not charge and Q4 is  turned off . 

If the channel is not serviceable, the carrier receiver is  

clamped into both a mark and space output . This turns on transistors 

Ql and Q2 of the supervision board. Turning on the two transistors, 

shorts the oase of Q3 to negative potential and Q3 turns off .  

Positive potential is applied to  Cl  through Rl2 and Rl3 and 150 milli ­

seconds later , Zener diode, Z5 breaks down to allow base current to 

flm.r to l�,ll- . Q4 turns on 1-1hich provides a path through Rl6 for base 

current of Q5 to flow to negative . Q5 turns on to apply positive 

voltage to Rl7 . This voltage is  then applied to AND 1 and AND 2 of 

the arming board to block tripping . The voltage is  also applied to 

an external alarm circuit . 

B • .  Noise Supervision (Tone Channel Only) 

The noise supervision interface consists of transistors  Ql7, Qll, 

Ql2, and associated components .  under normal conditions , the output 

from the noise circuit of the tone channel is zero volts . As a result, 

transistor Ql7 is not co�lucting and base current is not supplied to 

transistor Qll. Transistor Qll is turned off and its collector is held 

at positive potential to prevent base current from flowing in transistor 

Ql2 and negative voltage (across R31 ) is applied to AND 1 and AND 2 of 
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the arming board .  

Under noise conditions the noise circuit of tbe tone equipment 

provides a negative output with respect to positive 48 volts de . This 

negative voltage allows transistor Ql7 to turn on and provides base 

current to Qll through resistor R27 . Transistor Qll turns on, and its 

collector is connected to negative potential . Base current then flows 

in transistor Ql2 through resistor,  R30, and Ql2 turns on . Positive 

potential is applied to resistor,  R31 and to terminal 5 and 11 of the 

supervision board . From terminal 5 ,  the voltage is applied to AND 1 

and AND 2 of the arming board to block tripping. The voltage on 

terminal 11 is  applied to an external alarm. 

5 .  PR INTER Board (Protective Relay Interface Board ) 

The protective relay board includes the interface to  the protective relays 

as well as the a��iliary circuits associated with the protective relays . This 

board contains a 6/0 timer, 2500 fault detector operation timer , and a 150/lO 

s ignal squelch timer . 

A .  S ignal Squelch Timer 

When an input is applied to terminal 18 of the protective relay 

board, positive potential is applied to base of QlO, QlO turns on to 

provide a discharge path for C8 through R41 . 10 milliseconds after the 

input to terminal 18, C8 stops conducting and Qll turns off to turn on 

Ql2. Turning on Ql2 applies a negative input to the keying circuit of the 

amplifier and keying board which keeps the keying transistor from turning 

on. 
Upon removal of the input to terminal 18 of the prote ctive relay 

board QlO turns off to apply positive potential to c8 . 150 milliseconds 

later QlO turns on to turn off Ql2 which removes negative potential to 

the keying circuit . 
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B .  Loss -of-Potential Alarm (2500 Timer ) 

When arming occurs on the SKBU-2� positive potential is applied 

to terminal 1 and capacitor C3 of the PR INTER board from terminal 19 

of the arming board. Two-and-a-half seconds later, the potential on 

C3  breaks down the Zener diode Z8 to allow base current to flow into Q5 . 

This turns on Q5 which turns off Q6 . Turning Q6 off applies positive 

potential to the base of Q7 and Q7 turns off . This removes positive 

potential from R26 and an external alarm is energized. 

C .  Arming Delay by  Distance Fault Detectors  ( 6/0 Timer ) 

The distance supervision arming is delayed by 6 milliseconds 

to allow time for the circuits feeding AND 1 and AND 2 to respond at 

fault inception. Operation of the distance fault detectors will apply 

positive potential to the protective re.lay board. This turns on Ql 

which removes the base current to transistor Q2 .  Q2 turns off and 

positive potential is applied to capacitor C2 . Six milliseconds later 

the voltage on C2 reaches  a value to break down Zener diode Z7 .  This 

turns on Q3, which connects the base of Q4 to negative through re sistor, 

Rl5 . Q4 turns on to apply positive ·potential to re sistor, Rl6 and 

terminal 2 .  From terminal 2 the voltage is applied t o  the arming board . 

CHARACTERISTICS 

A .  SKBU-21 Relay 

The type SKBU-21 relay is available for frequency shift channels, either 

tone or carrier . Taps are available to set different sensitivities of the 

fault detector to zero and negative sequence currents .  These taps are 

as  follows : 

TAP 
SETTING 

A 
B 
c 

Negative Sequence Taps ( I2 ) 
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NEGATIVE SEQUENCE 
SENSITIVITY 

None 
0 . 4  Amperes 
0. 25 Amperes 
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Zer o Sequence Tups ( I0 ) 
TAP ZERO SEQUENCE 

SETTING SENSITIVITY 

� None 
G 0 . 2  Ampere s  
H 0 . 1  Amperes 

The pos itive sequence re sponse of the fault detector i s  greater than 

7 ampere s .  

B .  SKBU -2 Relay 

Tap s are a •Ja :Llaole in the relay to set the sens itivity to different 

c omb inations of posit ive , nega tive , ancl zero se que nce c omponents of the line 

current . The T taps on the left hand t op plate indi cate the -�.m lanced three 

phase anrper e s  vth i ch >vill operate the fa1 1 l  t dete ctor FD. The se taps are a s  

follmvs : 

3 ,  4, 5 ,  6 ,  7, 0, and 10 

F or dis-tance fe.ult detector applications , the user should reset the 

SKBU -2 fault dete ct or for a p i ck -up of twice tap value . 

For pha se -t o -pha se faults AB and CA, enough negative sequence c urrent has 

been introduced t o  allovT the fault dete ctor to picl: -up at 86 per cent of the 

tap setting . For BC fault s ,  the fault dete ctor -vlill pick -up at appr oximate ly 

50 per eent of the tap setting . Thi s  di fference in pick-up current for 

di:f�erent pha s e -t o -pha se faults i s  fundamenta l, and oc cur s  because of the 

a ngle s at "lvhich the positive and negative sequence c omponent s  of current add 

together . 

\H th the sequence network arranged for pos it ive , negative and zero 

s e quence output_, there are s ome applications vThere the ooximwn load current 

and minimum fault current are too close together to set the relay to pick -up 

under a minimwn fault current, yet not operate under load . For the se cas e s _,  

a tap i s  ava i lab le o n  the re lay whi ch cuts the three -pha se sens itivity in 

half_, while the phase -to -phase sett ing is sub stantially unchanged .  The relay 

then tr ips at 90 per cent of tap value for AB and CA faults _,  and at twice tap 
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value for three -phase faults . The setting for BC faults is 65 percent of tap 

value . In some cases, it maybe  desirable t� eliminate re sponse to positive ­

sequence current entirely, and operate the relay on negative -pius -zero sequence 

current . A tap is available to operate in this manner . The fault detector 

picks up at tap value for all phase -to -phase faults, but is unaffected by 

balanced load current or three -phase faults .  

For ground faults, separate taps are available for adjustment of the 

ground fault sensitivity to about � or l/8 of the left -hand tap plate setting . 

See Table II. For example , if the left -hand tap plate of the relay is set at 

tap 4, the fault detector pick-up current for ground faults can be either l or ! 
ampere . In special applications, it may be desirable to eliminate response to 

zero sequence current . The relay is provided with a tap to allow such operation . 

The operating time of the fault detector of both the SKBU-2 and SKBU -21 is 

shown in Fig. 25 . As shown in the figure , the fault detector has a maximwn and 

minimum value . This is due to the point on the current wave that fault current 

is  applied. Fig. 26 shows the operating times for different points on the fault 

wave for fault current at five amperes . 

The keying response of the SKBU-21 relay is independent of the tap setting . 

Fig. 27 shows typical lengths of l\:eying pulses 1-Tith reference to a 60-hertz base 

of the SKBU-21 relay for different values of positive , negative , and zero sequence 

current . 

Typical logic drawing for a tone channel is shown in Figs . 21 and 23 and 

for a TCF carrier channel in Figs . 22 and 24 . 

Operating Time 15 to 32 Milliseconds 

Alarm Time 2 . 5  seconds for FD operation 
150 Milliseconds Loss -of -Channel 

Transient Block Time 16 to 20 Milliseconds 
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Transient Unblock Time 23 to 27 Milliseconds 

Ambient Temperature Range 

DC Drain 0 . 14 Amps at 48 Volts DC 

Reset Time of Transient Block 

1. After J:'ault Detector has Operated 1000 Milliseconds 

2 .  When unblock time is utilized Instantaneous 

ENERGY REQUIREMENTS 

a .  SKBU -21 Relay 

Burdens measured at a balanced three -phase current of five amperes . 

(Independent of tap setting ) 
Phase A 

VA ANGLE 

8 . 3  

Phase B 
VA ANGLE 

2 . 2  

Phase C 
VA ANGLE 

46 

Burden measured at a single-phase to neutral current of five ampere s .  

Relay Phase A Phase B Phase C 
TaEs VA Angle VA Angle VA Angle 

C -H 11.7  2 . 1° 9 ·7  1 . 80 44 . 2 . 2° 
B -H 11. 4  2 . 0° 10 - 3  1 . 80 46 2 . 2° 
A -H 11 . 1  2 . 0° 11 . 2  1 . 80 48 2 . 2° 
C-G 8 . 8  2 . 0° 7 . 0  1 . 80 42 2 . 2° 
B -G 8 . 7  2 . 0° 7 · 5 1 . 80 43 . 5 2 . 2° 
A -G 7 . 8  2 . 0° 8 . 5 1 . 8° 45 2 . 2° 
C -F 6 . 7  2 . 0° 7 - 5  1 . 80 42 2 . 2° 
B -F 6 . 5 2 . 0° 7 - 2  1 . 80 42 2 . 2° 
A -F 5 . 8  2 . 0° 6 . 6  1 . 80 43 2 . 2° 

The angles above are the degrees by which the current lags its 

respective voltage . 

b .  SKBU -2 Relay 

Burdens measured at a balanced three -phase current of five amperes . 

RELAY Phase A Phase B Phase c 
TAPS VA ANGLE VA ANGLE VA ANGLE 

A -F -3 2 . 4  50 0 . 6  00 2 . 5 50° 
A -R-10 3 · 25 oo 0 . 8  100° 1 . 28 55 ° 
B -F -3 2 - 3  oo 0 . 63 oo 2 . 45 55° 
B -H-10 4 . 95 oo 2 - 35 90° 0 . 3  60° 
C -F -3 2 . 32 oo 0 . 78 oo 2 . 36 500 
C -H-10 6 - 35 342° 3 . 83 80° 1 . 98 185° 
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Burdens measured at a single -phase to neutral current of five amperes 

RELAY PHASE A PHASE B PHASE C 
TAPS VA ANGLE VA ANGLE VA ANGLE -- --

A-F-3 2 . 47 oo 2 . 1  10° 1 . 97 20° 
A-H-10 7 · 3  60° 12 . 5 53° 6 . 7  26° 

2 . 45 0 15° 10° B -F-3 0 2 . 09 2 . 07 
B-H-10 16 . 8  55° 22 .0  50° 12 . 3  38° 
C -F-3 2 . 49 00 1 . 99 15° 2 . 11 15° 
C -H-10 31-2 41° 36 . 0  38° 23 .6  35° 

The angles above are the degrees by which the current lags its 

respective voltage . 

SETTINGS 

A .  SKBU-21 

The SKBU-21 relay has separate tap plates for adjustment of the zero 

and negative sequence sensitivity of the fault detector . The fault-detector 

tap markings and pickup are : 

Negative Sequence Sensitivity (12 ) 

A .  None 
B .  0 . 4  Amperes 
C .  0 . 25 Amperes 

Zero Sequence Sensitivity ( I0 ) 

F .  None 
G .  0 . 2  Amperes 
H .  0 . 1  Amperes  

Two tap plate s are provided: one for I2 and the other one for Io • 

Tap A should not be used in service since this would prevent fault 

detector operation for phase -to-phase faults .  However, tap F may be used 

with either B or C since negative sequence current flows for both phase -to-phase 

and ground faults .  

The recommended settings are tap B or C as needed for the required 

sensitivity, and tap F.  Taps G and H have been provided for applications 

where the negative -sequence load flow due to series impedance unbalance may be 

high enough to operate FD with a tap C setting . In thi s case sAt in tap B 
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and in tap G or H.  It is not intended that taps C and H be used simultaneously 

due to the possibility of cancellation of the negative - and zero- sequence 

effects on ground faults . With a tap B setting, a tap H setting is preferred. 

To summarize, the recommended setting combinations in the order of 

preference are : 

COMBINATION I2 TAP Io TAP 

l c F 
2 B F 
3 B H 
4 B G 

B .  SKBU-2 Relay 

The SKBU-2 relay has separate tap plates for adjustment of the phase 

and ground fault sensitivitie s  and the sequence components included in the 

network output . The method of determining the correct taps for a given 

installation i s  discussed in the following paragraphs . 

Sequence Comb ination Taps - Rl Taps 

The two halves of the right-hand tap plate are for connecting the 

sequence network to provide combinations of sequence current resporne.. The 

upper half of the tap plate or Rl taps changes the tap on the third winding 

of the mutual reactor and thus changes the relative amounts of positive and 

negative sequence sensitivity. Operation of the relay with the var ious taps 

is given in the following table .  
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COl/.03 

1 

2 

3 

SEQ1JEIJCE COl>IPOHENTS 
IIJ lGTVlOi.� OUTPill 

Pas . ,  lifeg . , Zero 

Pos . ,  Heg . ,  Zero 

lifq:; . ,  Zero 

TABLE I 

TAPS Olif 
RIGHT HAND 
TAP BLOCK 

C G or H// 

B-( G or H 

A-/ G or H 

FAULT DETECTOR PICK-UP 

3¢ Fault ¢ --¢ Fault 

Tap 
Value 

2 x Tap 
Value 

86}6 Tap Value 
( 5 3% on BC Fault ) 

9Cf/o Tap Value 
( 65% on BC Fault ) 

lOO% Tap Value 

if - Taps F ,  G, and H are zero-sequence taps for adjusting ground fault sensitivity . 

See section on zero-sequence current tap . 

-/ - \fuen tap�> A and 3 ,  or B and 3 are used, the relay pick-up currents for 

FD ilill be 10 to 15 percent higher than the indicated values because of 

the varic tion in self-impedance of the sequence net1wrk and the saturating 

transformer . 

Zero Sequence Current - Ro Taps 

The lm;er half uf the ric;ht -hanc1 tap plate (Ro taps ) is for adjusting 

the ::,round fault response of the relay. T�.,ps G and H t;ive the approximate 

ground fault secls itiv:i.ties as listed in ·I'a�Jle II . Tap F is usecl in applications 

i·rhere increased sensitivity to GJ.'ound faults is not required . When this tap 

is used, the voltage output of the netuork ca.used by zero -sequence current is 

elimi nated . 

NO'I'E : Bec1:mse uf inherent chara cteristics "'f the sequence netvJOrlc, there >.rill 

oe small variations ( from the values listed in Tal)l�s I and II ) in the pick-up 

current for various phase or ground fault conib inat�Lons . 

TABLE ll 

COlvffi . GROUND FAULT PICK-UP PERCENT OF T TAP SETTING 

TAP G TAP H 

1 c 257j 12% 
2 B 20;-j lCY� 

3 A 20�j 10% 
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Sett ing Princ iple s 

Tap C prov ide s the b e s t  balance between 3 pha se and pha s e -to -pha se fault 

sensitiv ity . A lvays use thi s  tap vhere distance fa ult dete ctor supervi s i on 

i s  used . r,fuere only the SKRU -2 fault detector i s  used and \·There the f ull 

l oad current (maxililWil thr ough any termina l ) is 8 ppr oxinately f ive a;:1per e s  or 

mor e ,  tap B -vri ll provide incre a s ed pha s e -t o -pha se fa ult sensitivity 1rith 

little or no sacrifice in 3 pha s e  fault sens itivity. F or example , if a 

left -hand tap (T ) of 6 is needed with tap C ( 6c ) ,  then use a 3B setting instead . 

Use tap A only lvhere sat i s fa ctory unoa lanced fault sensi ti vi ty cannot 

otherwj_ se be obta ined and "\.Jher e  other pr ote c t i on i s  ava i la o le for 3 pha se 

fault s ,  s ince 1-rith tap A no 3 pha se fault p r ote ction i s  availa'J le . 

In all ca s e s  pr ovide ident i ca l  r e s p onse at all stat ions to insure 

adequate keyine; voltage fr om the f i lter for any fault detector by remote -end 

re lays . That i s ,  the tap s should be identical 1vi th i dent i cal CT rat ios , or 

inve r s e ly proporti ona l  to CT ra tios vher e  different . 

After se le ct ing tap C or B, pi clc the T tap t o  allovr reset of the fault 

dete ctor in the pre sence of load flm,, that i s ,  fault dete ctor pick-up should 

oe at lea s t  lll pe r c e nt of full load current (maximwn thro ugh any termina l ) . 

Nmv s e le ct tap G or H for cle s ir e u  gr ound -fault sens itivity. 

For di stance fa ult dete ct or applicat i ons , set 3C t o  pr ov ide the maximum 

s e quence -filter vol·ca t:;e f or the s quar ing a mpli fier s .  The SKBU -2 current fault 

de tector is then i ndependently de sensitized (b y  adjustment of Sl and S2 sett ings ) 
t o  permit r e s et in the pre s ence of full -load current . Pha se faults IVhi ch do 

not operate the SKRU -2 fault dete ctor uill :;e dete cted b y  the s upplementary 

d i stance fault dete ctor s . 

INSTALLATION 

The pha se compar i s on r e la y  is cenerally s upplied in a cab inet or on a 

r e lay rack a s  part of a complete a s sem�) ly. The location must �J e free fr om 
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dust, excessive humidity, vibration, corrosive fumes ,  or heat . The maximum 

temperature around the chassis must not exceed 55°C .  

ADJUSTMENTS AND MAINTENANCE 

NOTE : The phase comparison relay is normally supplied as part of a relaying 

system, and its calibration should be checked after the system has  been 

installed and interconnected . Details are given in the instructions of the 

assembly. The assembly instructions and not the following instruction should 

be followed when the relay is received as an integral part of the relaying 

system. 

In those cases where the relay is not a part of a relaying system, 

the following procedure can be followed to verify that the circuHs of the 

relay are functioning properly. 

1 .  Oscilloscope 

2 .  AC Current Source 

3 ·  Electronic Timer 

4 .  AC Voltmeter 

5 • DC Voltmeter 

TEST EQUIPMENT 

ACCEPTANCE TEST 

Connect the relay to the test cir cuit of Fig. 28 which represents the 

tone channel for test purpose s .  Fig. 29 represents the TCF carrier channel 

for test purposes .  

1 .  FD Pickup and Dropout 

a .  aet- relay on taps C and H .  Set SKBU -2 'l' tap 5 .  

b .  Connect a high resistance de voltmeter across X22 and X4 (neg. ) . 

c .  Apply 60 hertz current to terminal 5 and l of the relay. Gradually 

increase the current until the voltmeter changes reading from 

approximately zero volts to approximately 20 volts . This is the 
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operating current of FD and should be 0 . 433! 5% amperes for SKBU-21 

relay and 4 . 33 ! 5% amperes for SKBU-2 relay.  

d .  Gradually lower ac test current until the de  voltmeter drops �o  

approximately zero volts . This i s  the dropout current of FD  and 

should occur at 90% of the pickup current . 

2 .  Check of Local Squaring Amplifiers 

a .  With all switches of test circuit open, apply 0 . 5 amperes ac to 

terminals l and 5 of the SKBU-21 relay, or 5 amperes ac to terminals 

l and 5 of the SKBU-2 relay. 

b .  Place scope probe across Xl2 and X4 ( grd ) . A square wave of voltage 

should appear across Xl2 and X4 as shown in Table III. 

c .  Place scope probe across Xl5 and X4 (grd ) .  A square wave of voltage 

should appear across Xl5 and X4 as shown in Table II I. 

d .  If s cope has two traces ,  connect one probe to Xl2 and second probe 

to Xl5 . Connect grd.  of scope to X4 . The phase relationship of 

Table ill shailil. be observed. 

3 .  Check of Keying Circuit 

a .  With all switches  of test circuit cpsn except A an:1 0.5 arrperes ac applied 

to terminal l and 5 of the SKBU-21 relay, with scope check voltage 

across Xl4 and X4 ( grd ) .  (This voltage should be checked with 5 
amperes into terminals l and 5 of SKBU-2 relay) . 

b .  Waveform shown in Table I II should be ohserved . 

4 .  Check of Remote Squaring Amplifiers 

a .  Close switches A, B, and C of test fixture . 

b .  Apply 0 . 5 amperes ac to terminals l and 5 of the SKBU-21 relay, or 

5 amperes ac to same terminals for SKBU-2 relay . 

c .  Using scope with grd. lead on X4, check waveshape of voltage across 

X9 and then Xl6 . Waveforms of Table III should be ob served . Also for 

three terminal application check waveform across X13 and Xl7 • 
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d .  If scope has two traces ,  connect one prooe to X9 and the other on 

Xl6 . C onnect grd .  to X4 . �lith scope set on chopped, the phase 

relationship to Table I II shoa1d be observed . 

5 .  Setting of S5 and s6 

a .  Set S 5  to minimum resi stance and s6 to maximum resistance ( fully 

clockwise ) . 

b .  Set s1<Titch L to external fault and close S'I.Jitches A, B, and C of 

the test circuit . Apply 0 . 5  amperes  ac to terminals l and 5 of the 

S'KEU-2l :re]£;y or 5 amperes ac  to same terminals of SKJ3U -2 relay. 

c .  Place scope across XlO and X2 (grd ) . Adjust S5 until following 

,,raveform appears on s cope . 

d .  Adjust s6 until the re lay tr ips . This sets the trigger ing of the 

Trip AND after a 4 millisecond delay. 

e .  Slovly increase 85 to obtain the following waveform. This ¥Till be 

with S5 at or near minimum resistance . 
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Minimum Pips  
may Point up as 
shown or dovn 

6 .  Transient Blocking Delay ( 18/0 and 0/1000 Timer )  

a .  Connect electronic timer stop to X7 and X4 ( grd ) . Set timer stop 

on negative going pulse . Relay not to  be energized with ac current . 

Ll .  Connect timer start to X3 . Set timer start to positive going pulse . 

c .  Close PRl svritch . Time should start and should stop LJetveen 18 and 

20 milliseconds . 

d .  Set timer start on a negative pulse and tliner stop on a positive 

pulse . 

e .  Open PRl Svli tch. Timer should start and should stop after a time 

delay of 980 to 1020 milliseconds . 

7 .  Check of Transient Unolocldng C ircuit 

a .  With electronic timer stop connected to X7 and X4 (grd ) ,  set timer 

stop on positive going pulse . 

b .  Connect timer start to timer start contacts of switch L .  Set L on 

external fault , and close switches A,  B,  C ,  E and F of test circuit . 

Set timer start on negative going pulse . 

c .  Apply 0 . 6  amperes ac into terminal 1 and 5 of the SKBU-21 relay, or 6 
amperes into terminal 1 and 5 of the SKBU -21 relay. 

d �  Cloc,;; svritch L to internal fault, timer should start and should stop 

after a time delay.  Time should be 22 to 28 milliseconds . If time 

has to be recheckee\ capacitor c4 on output board should oe shorted 

before each reading . The short should be removed from the capacitor 

:Jefore the reading is taken . T ime can be changed b y  adjusting 87 on the 

front panel .  
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8 .  Fast Reset Timer ( 0/100 ) 

a .  Connect jumper from TP4 to terminal 4 on output board . 

b .  Connect timer start to Xll. Set timer start on positive pulse . 

Connect timer stop to TP6 and terminal 8 of output board. Set timer 

stop on positive pulse . 

c .  Apply 0 . 6  to 0 . 8  alhperes ac into terminal 5 and out terminal l of 

SKBU-21 relay. (Apply 6 to 8 amperes ac to terminals 5 and l of 

SKBU-2 relay) . (Switches A, B,  c,  E, F closed, H and I open and 

switch L on external fault position ) . 

d • .  Close switch L to internal fault position.  Relay should trip and 

timer should start and stop in less than 2 . 5  milliseconds . 

e .  Set timer start on negative pulse and timer stop on negative pulse . 

f .  Close switch L to external fault position and de -energize relay. 

Timer should start and stop after 80 to 120 milliseconds . 

g. Dpen all switches on test fixture, set L on external fault . Remove 

jumper from TP4 to terminal 4 .  

9 .  6/0 Timer Distance Fault Detector 

a .  Connect timer start to timer start of PRl switch. Set timer start 

on positive pulse . Connect timer stop to X3 and X4 ( comm ) .  Set 

timer stop on positive pulse . 

b .  Close PRl switch. Timer should start and should stop after 6 to 8 

milliseconds . 

10 . Alarm on Relay Operation ( 2 . 5  Seconds ) 

a .  With electronic timer stop connected t o  X20 and X4 ( grd) ,  set timer 

stop on negative going pulse . 

b .  Connect timer start to X3 . Set timer start on positive pulse . 

c .  Close PRl switch. Timer will start and should stop after 2 . 3  to 

2 .7  seconds . 

d .  Open PRl switch. 
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11. 150 Timer Low Signal Clamp 1 (TCF Channel Only) 

a .  Connect timer stop to Xl9 and X4 ( comm) . Set timer stop to 

positive pulse . 

b .  Set switch L to internal fault position.  

c .  Connect timer start to timer start of switch L .  Set timer start 

to positive pulse . 

d .  Close switches  B, C ,  and G .  Close switch L to external fault 

position. Timer will start and should stop in 130 to 170 milliseconds . 

e .  Open switches B, c ,  and G .  Set L on internal fault position. 

12 . 150 Timer Low Signal Clamp 2 (TCF Channel Only) 

a .  Connect timer stop to X19 and X4 ( comm) .  Set timer stop to positive 

pulse . 0 

b .  Set switch L to internal fault position. 

c .  Connect timer start to timer start of switch L .  Set timer start to 

positive pulse . 

d .  Close switche s E ,  F and G .  Close switch L to enternal fault position. 

Timer will start and should stop in 130 to 170 milliseconds . 

e .  Open switches E, F, and G, and set L to internal fault position • .  

13 . 150 Timer Low Signal Clamp 1 (TA-2 Tone Only) 

a .  Connect timer stop to X19 and X4 (comm) . Set timer stop to positive 

pulse . 

b .  Set switch L tn internal fault position. 

c .  Connect timer start to timer start of switch L. Set timer start 

to positive pulse . 

d .  Close switches B and C .  Close switch L to external fault position . 

Timer will start and should stop in 130 to  170 milliseconds . 

e .  Open switches B and c .  Set L on internal fault position . 
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14. 150  Timer Low Signal Clamp 2 (TA-2 Tone Only) 
a .  Connect timer stop t o  Xl9 and X4 ( comm) . Set timer stop to 

positive pUlse . 

b .  Set switch L t o  internal fault position. 

c. Connect timer start to timer start of switch L. Set timer start 

to positive pulse .  

d .  Close switches E and F .  Close switch L t o  external fault position. 

Timer will start and should stop in 130 to 170 milliseconds . 

e .  Open switches E and F and set switch L on internal fault position.  

15 . Signal Squelch Time (10/150 )  

a .  Connect timer stop to  Xl4 and X4  ( con�) . Set timer stop on 

negative pulse . Close switch A .  Connect a jumper from TPl to 

terminal 8 of the amplifier and keying board. This turns off Q2 

to turn on Q3 . 

b .  Connect timer start to pilot trip switch. Set timer start on 

positive pulse . Close switch I .  

c .  Close pilot trip switch. Timer will start and will stop after a 

8 to 12 millisecond delay. 

d. Set timer stop on negat ive pulse ,  and timer start to  negative pulse . 

e .  Open pilot trip switch. Timer should start and stop after a time 

delay of 125 to 185 milliseconds . 

f .  Remove jumper from TPl to terminal 8 .  

16 . Check of Noise Circuit (Where Used ) 
a .  Connect de voltmeter t o  Xl8 and X4 (grd ) . Voltage must read zero . 

b Close switch D .  Voltage must rise to 20 volts . Open switch D. 

Voltage must change to zero volts . Close switch G .  Voltage must 

rise to 20 volts . Open switch G .  
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17 . Check of Frequency Verifier 

a .  Open all switches  of test circuit . 

b .  Connect scope across  TP60 and terminal 8 of the FD board . 

c .  Apply 0 . 5  amperes to terminal l and 5 of SKBU -21 relay. (Apply 

5 amperes  to terminal l and 5 on SKBU-2 relay) . 

d .  Waveform of Fig .  31  should be observed. 

TROUBLE SHOOTING PROCEDURE 

To trouble shoot the _equipment, the logic diagram voltages of Table II  

should be used to  i solate the circuit that is not performing correctly .  The 

schematic of the individual board, and the voltages of Table rl should then 

be used to isolate the faulty component . 

TABLE IV. 

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS 

1 )  Fault Detector Board Style 5312Dl3G01 

Test Point Iac = 0 Iag = Pickup of FD 

54 6 . 5  v rx::: less  than 1 

55 less  than 1 4 . 5  v rx::: 

56 less than 1 18 to 20 V rx::: 

Term 2 less than l 8 . 6  V DC 

51-52 0 7 . 4  volts  ac  (Approx . )  

52-53  0 7 - 5 volts ac (Approx. ) 

53-51 0 7 . 4  volts ac (Approx . ) 

Terminal 5 -6 0 15 volts ac (Approx . ) 

TP 57 18 volts ) 

TP 58 18 volts  ) 

TP 59  less  than 1 ) Pulses see 

TP 60 ) 
Fig .  3l for 

20 volts Waveform 

TP 61 18 volts ) 

TP 62 less  than 1 ) 
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2 .  Supervision Board, 202C564G01, TA -2 Tones 

TEST 
POINT 

TPl 

Term 13 

TP2 

Term 12 

TP 3 

Term 18 

Term 15 

TP4 

Term 17 

TP5 

Term 16 

TP6 

Term 19 

TP7 

Term 5 

Term 11 

NORMAL 
CONDITION 

* 48 v oc 

* less than 1 

* less than 1 

* less than 1 

less  than 1 

less than 1 

** 48 v oc 

** less  than 1 

* less than 1 

* 13 . 5  v oc 

* less  than 1 

less than 1 

less  than 1 

less than 1 

less than 1 

ABNORMAL CONDITION 

less than 1 with loss of channel 1 

16 V .  with loss of channel 1 

48 V .  with loss of c4annel 1 

less than 1 with loss of channel 1 

7 V. with loss of channel 1 
20 V.  with loss of channel 1 

20 V .  with loss of channel 1 

less than 1 with loss of channel 2 

16 V .  with loss of channel 2 

48- v .  with loss of channel 2 

less  than 1 with loss of channel 2 

7 V. with loss of channel 2 

20 V .  with loss of channel 2 

48 V .  with noise clamp 

20 V .  with noise clamp 

20 V .  with noise clamp 

* Normal condition could be square wave pulses .  

** Normal condition could be square wave pulses . On two terminal line 

application normal condition of TP4 - less  than 1 and term 17 - 16 

volt de . 
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3 .  Supervision Board, 202C565G01, TCF Channel 

TF.ST NORMAL 
POINT CONDITION ABNORMAL CONDITION 

Term 13 * less than 1 le ss than 1 with los s of channel 1 

Term 12 * 13 . 5  volts de le s s  than l with los s of channel 1 

TP;J.. * less than 1 7 V DC with loss of channel 1 

Term 18 less than 1 20 V DC with loss of channel 1 

Term 15 le ss than 1 20 V DC with loss of channel 1 

Term 17 '**less than 1 less than 1 with los s  o f  channel 2 

Term 16 * 13 . 5  Volt� 00 les s  than 1 with loss of channel 2 

TP 2 * less than 1 7 v. DC with loss of channel 2 

Term 19 less than 1 20 v DC with loss of channel 2 

* Normal c ondition could be square wave pulses . 

** Normal condition could be square wave pulse s .  On two terminal line 

applications nmwal condition of terminal 17 is 13.5  volts de . 

4 .  Amplifier and Keying Style, 202C551GOl for TA-2 �ones and Style 
202C540G01 for TCF 

TEST NORMAL ABNOffi/T.AL ON 
POINT {Illc = o )  lAC.',:  :j?IC:Ktlf OF FD 

TPl 4 . 5  Volts 4 . 5  Volt pulses at FD pickup 

TP2 le s s  than l 5 . 5 Volt pulse s at FD pickup 
le s s  than l with squelch 

Term 6 48 Volts -12 Volt pulses at FD pickup 
(TA -2 Tones ) 48 V DC with squelch 

Term 6 less than 1 20 Volt pulses at FD pickup 
(TCF Carrier ) le s s  than l with squelch 

TP4 4 . 5  Volts 4 . 5  Volt pulse s at FD pickup 

Term 9 20 Volts 20 Volt pulse s at FD pickup 
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4. Amplifier and Keying Style, 202C551G01 for TA -2 Tones  and Style 
2G2C540G01, for TCF (CONTINUED) 

TEST 
POINT 

Term 11 

Term 1 

Term 12 

Term 16 

TP9 

Term 17 

Term 14 

Term 15 

Term 10 

Term 13 

NORMAL 
( IAc = o )  
less  than 1 or 
20 Volt pulses  

less  than 1 or 
16 volt pulses 
TA-2, 13 . 5  Volt 
pulses TCF 

'** les s  than 1 or 
20 Volt pulses 

** less  than 1 or 
16 Volt pulses TA-2, 
13 . 5  Volts TCF 

4 . 5  Volts 

20 Volts 

20 Volts  or 
20 volt pulses 

13 . 5  Volts or 
13 . 5  Volt pulses 

'** 20 Volts  or 
20 Volt pulses 

** 13 . 5  Volts or 
13 . 5  Volt pulses 

ABNORMAL ON !Ac_ : PICKUP OF FD 

20 Volts with loss of TA -2 channel 1 
less than 1 with loss  of TCF channel 1 

16 Volts with loss of TA-2 channel 1 

20 Volts loss  of TA-2 channel 2 
less than 1 with loss of TCF channel 2 

16 Volts with loss of TA-2 channel 2 
less than 1 with loss of TCF dhannel 2 

4 . 5  Volt pulses at FD pickup 

20 Volt pulses at FD pickup 

less  than 1 with loss of channel 1 

less than 1 with loss of channel 1 

less than 1 with loss of channel 2 

les s  than 1 with loss of channel 2 

** Values for three terminal line applications . On two terminal line 

applications - Term 12 and 10 are zero volts, Term 16 16 volts  TA-2 

Tones,  13 . 5  volts TCF ani Term. 13 13 . 5  volts de for TA-2 tones and TCF . 
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5 .  Arming Board Style 202C509G0l 

TEST 
POINT 

TPl 

TP2 

TP3 

TP4 

TP5 

Term 15 

TP8 

NORMAL 
IAC : 0 

les s  than 1 

les s  than 1 

10 Voltf' 

13 . 5  Volts 

les s  than l 

less  than 1 

20 Volts 

ABNORMAL ON 
IAC : PICKUP OF FD 

10 Volt pulses on internal fault 
* less than 1 on external fault 

less  than 1 on loss of channel 

10 Volt pulses on �nternal fault 
* less than l on external fault 

less  than 1 on loss of channel 

* less than l on internal fault 
* 10 Volts on external fault 

10 Volts on loss of channel 

less  than 1 at FD pickuF 

13 . 5  Volts at FD pickup 

20 Volts at FD pickup 

* less  than 1 on internal faults 
* 20 Volts on external fault 

20 Volts on loss of channel 

* Very narrow pulpes would be observed on scope 

6 .  Output Board Style 202C548G01 

TEST 
POINT 

TPl 

TP2 

TP3 

TP4 

TP5 

TP6 

TP7 

TP8 

TP9 

Term 13 

NORMAL 

less  than 1 

20 Volts 

less  than l 

20 Volts 

less  than 1 

less  than l 

less  than 1 

less than 1 when armed 

20 Volts when armed 

less than l when armed 

20 Volts when armed 

less than 1 at trip 

less than l when armed 

Applies to sequential fault and 
is a pulse of short duration 

- 42 -
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RENEWAL PARTS 

Repair work can b e  done most satisfactorily at the factory. However, 

interchangeable parts can be furnished to the customers who are equipped 

for doing the repair work. When ordering ,parts , always give the complete 

nameplate data . For components mounted on the printed circuit board, give 

the circuit symbol and the electrical value ( ohms, mfd, etc . ) and component 

style number . 

ELECTRICAL PARTS LIST 

Fault Detector Board Style 5312Dl3G01 

CIRCUIT 
SYMBOL 

C51 
C52-C53-C59 
C54-C55 
C56-C57 
C58 
c6o 

D5l to D58-D70 
to  D73 

D59 
D6o to D69 

Q51-Q52-Q53-Q55 
Q57-Q61-Q62-Q63 
Q54-Q56-Q58 

Q59-Q6o 

R5l 
R52-R68-R7l 
R53 (POT)  
R54-R55 -R58-R62 
R64-R66-R84-R89-R92 

DESCRIPTION 

Capacitors  

0 .1  Mfd 
0 . 5  Mfd 
1 . 5  Mfd 
0 . 02 Mfd 
0 . 1  Mfd 
0 . 22 Mfd 

Diodes 

lN457A 
lN645A 
lN4385 

Transistors 

2N3417 
2N3645 

Switches 

2N886 

Resistors  

50 Ohms, 5W 
2 .7  K Ohms 
2 . 5  K Ohms 

10 K Ohms 
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WESTINGHOUSE 
STYLE NUMBER 

1544920 
187A624Hll 
187A508H09 
187A924H09 
187A624H01 
762A703H0l 

l84A855H07 
837A692H03 
l84A855Hl4 

848A851H02 
849A441HOl 

l85A517H03 

l85A209H06 
629A531H42 
629A430H03 

629A531H56 
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CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPriON STYLE NUMBER 

Resistors 
R56-R60 100 K Obiils 184A763H75 
R57 47 K ohms 629A531H72 
R59 56 K Ohms 184A763H69 
R61 -R87 22 K Ohms 629A531H64 
R63 6 . 8  K Ohms 629A531H52 
R65 27 K Ohms 629A531H66 
R67 150 Ohms, 3W 762A679H01 
R69-R73 68 K Ohms 629A531H76 
R70-R74-R88 39 K Ohms 629A531H70 
R72 -R75 -R80 2 K Ohms 836A503H33 
R76-R78-R90 1 K Ohm 629A531H32 
R77 5 . 6 K Ohm 629A531H50 
R79-R86 6 . 2  K Ohms 629A531H51 
R81 20 K Ohms 629A531H63 
R82 1 . 5  K Ohms 836A503H30 
R83 -R91 470 Ohms 629A531H24 
R85 -R93 4 . 7  K Ohms 629A531H48 

Zener Diodes 

Z51  lN1832C , 62 V 184A617H06 
Z52-Z55  lN957B, 6 .8  v .  186A797H06 
Z53  lN3688A.' 24  v 862A288H01 
Z54 lN759A, l2V 837A693H01 
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Supervision Board Style 202C564Gol TA-2 Tone Channel 

CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

Capacitors  

Cl-C3 6.8 Mfd 184A661Hl0 
C2-C4-C6 0 . 27 Mfd i88A669H05 
C5 0 .47 Mfd 188A669H01 

Diodes 

Dl to D7 1N645A 837A692H03 

Trans is tors 

Ql to Q4, 
Q6 to Q9-Qll 2N3417 848A851H02 
Q5 -Ql0-Ql2 2N3645 849A441H01 
Ql3 to Ql7 2N4356 849A441H02 

Resistors 

Rl-R3-R7-Rl4-Rl6 
R20-R27 47 K Ohm 629A531H72 
R2-R4-R6-R9-Rl0-
Rl5 -Rl7 -Rl9-R22-
R23-R28-R29-R34-
R36-R38-R40-R41-
R42-R43 10 K Ohm 629A5 3lli56 
R5 -Rl8 27 K O'b..m 629A53lli66 
R8-R21 470 Ohm 629A531H24 
Rll-R24-R30 6 . 8  K Orun 629A531H52 
Rl2-R25 -R31 82 K Ohm 629A53lli78 
Rl3-R26-R32 150 Ohm, 3 \i 762A679H01 
R33-R35 -R37-R39 2 K Ohm 629A531H39 

Zener Diode 

Zl-Z3  lN957B, 6 . 8  Volt 186A797H06 
Z2-Z4-Z5 -Z6 lN3688A, 24 Volt 862A288H01 
Z7 UZ5875, 75 Volt 837A693H04 
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Supervision Board Style 202C565G0l TCF Carrier Channel 

CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

·-·----·--

Capacitor s  

Cl-C3 6 .8 Mfd l84A661Hl0 
C2 -C4 0 . 27 Mfd l88A669H05 

Diodes 

Dl to D8 1N645A 837A692H03 

Transistors 

Ql -Q2 -Q3 -Q4 
Q6 -Q7 -Q8-Q9 2N3417 848A851H02 
Q5 -Ql0 2N3645 849A44lHOl 

Resistor s  

Rl-R2-R5 -R6-Rl9-
R20-R23-R24 4 . 7  K Ohm 629A531H48 
R3 -R7 -Rl7 -R2l-
R25 -R35 82 K Ohm 629A531H78 
R4-R8-Rll-Rl4-
Rl5 -R22-R26-R29-
R32-R33 10 K Ohm 629A531H56 
R9-Rl0-R27-R28 27 K Ohm 629A531H66 
Rl2-R30 47 K Ohm 629A531H72 
Rl3-R31 470 Ohm 629A531H24 
Rl6•R34 6 . 8  K Ohm 629A531H52 
Rl8-R36 150 Ohm, 3W 762A679H0l 

Zener Diodes 

Zl-Z3 -Z7  -Z9 lN3686B, 20 V l85A212H06 
Z2-Z4-Z5 -Z8 -
ZlO -Zll 1N957B, 6 . 8  v l86A797H06 
z6-z12 lN3688A' 24 v 86:?A288H01 
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Amplifier and Keying Board Style 202C551G01 TA-2 Tone s 

CIRCUIT WESTINGHOUSE 
SYMBOL DESCHIPTION STYLE NUMBER -

Diude s 

Dl-D3-D4-D5 1N645A 837A692H03 

Trans istor s  

Ql-Q2-Q3-Q5 -
Q6-Q9-Qll-Ql2-
Ql3-Ql6-Ql8 2N3417 848A851H02 
Q4-Q7-Q8-Ql0-
Ql4-Ql5 -Ql7 2N3645 849A441HOl 
Ql9 2N699 184A638Hl9 

Re si stor s 

Rl-Rl9-R23-R30-
R42-R43-R49 82 K Ohm 629A531H78 
R2-Rl4-R37 33 K Ohm 629A531H68 
R3-R4-R6-R7 -R8-
Rl5 -Rl6-Rl7-R24-
R28-R31-R35 -R38-
R39-R40-R44-R48-
R�O-R54-R56 10 K Ohm 629A531H56 
R5 -R9-Rl8-H25 -
R27-R32-R34-R41-R45 
R47 -R51-R53 -R55 -R57 27 K Ohm 629A531H66 
Rl2 -Rl3 -R20 68 K Ohm 629A531H76 
R2l-R22-R29 470 K Obm 184A763H91 
R26-R33-R46-H52 6 . 8  K Ohm 629A531H52 
R36 220 K Ohm 184A763H83 

Zener Diode s 

Z2 UZ5875 , 75 Volts 837A693H04 
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AHlplifier and Keyins Board Style 2CQC5 1�CGOl TCl" CDrrier Channel 

C IHCUIT 
SYMBOL 

Dl to iJ5 

Ql -Q2 -Q3 -G;:5 -
Q6 -Q9 -Qll -Ql2 -
Ql3 -Ql6 -Ql0 
Ql� -Q7 -Q8 -Ql0 -
Ql4 -Ql5 -Ql7 

Rl -Hl0 -Rl9 -H23 -
l-\ 30 -H42 -RL� 3 -RL�9 
r\2 -Rl4 -R37 
R3 -R4 -R6 -R7 -HG -
lU5 -lU6 -Hl7 -R2 4 -
R28 -R31 -R35 -R38 -
H 3 9 -H40 -Rl}l� -H48 -
R5 0 -R5 4 
R5 -Rl8-R25 -R27 -
R32 -H3l� -H41 -R45 -H47 -
H51-H5 3 
R9-R26 -H33 -R46 -H52 
Rll 
lU2 -Hl3 -i-\20 
R21 -H22 -l-\29 
H36 

6 1 

DESCHIPTION 

Diode s 

UJ6l�5A 

Tra ns istor s  

2N3417 

;.�e s i s t ur s  

82 K Ohu 
33 K Oh1J1 

10 K Oh.i.11 

27 K Ohm 
6 . 8  K Ohm 
150 Ohm 3 Ja ttco 
6() K Ohtn 
L�(O K Ohm 
220 K Ohm 

i:Jener Diode 

1N36[)3A ) 24 Vults 

'vTESTilJGHOUSE 
STYLE NUMBER 

848A85 1H02 

629A5 31H78 
629A5 31H68 

b29A5 31H56 

629A531H66 
629A5 31H52 
762A679HC1 
629A531H76 
1[34A763H91 
124A763H83 

J62Pc228HOl 
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Arming Board Style 202C509G01 

CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

Capacitor s 

Cl . 27 Mfd 188A669H05 

Diodes 

Dl to Dl8 1N645A 837A692H03 

Transistors 

Ql-Q2-Q3-Q4-
Q5 -Q6-Q8 2N3417 848A851H02 
Q7 -Q9 2N3645 849A44lHOl 

Re s istor s 

Rl to Rl0-Rl2-Rl4 
Rl5 -Rl6-Rl8-Rl9-R20-
R31-R32 -R37 -R38 22 K Ohm 629A531H64 
Rll-Rl3 -Rl7-R21-R24-
R27-R28-R35 -R36 10 K Ohm 629A531H56 
R22 -R25 -R29 6 . 8  K Ohm 629A531H52 
R23-R26-R33 -R34-R39 27 K Ohm 629A531H66 
R30 82 K Ohm 629A531H78 
R40 150 Ohm, 3 W 762A679H01 

Zener Di ode s 

Z l  1N3688A, . 24 Volts 862A288H01 
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CE�CUI'i' 
SYMBOL 

C l -C5 -C7 
C2 
C3 
cL� -c6 
cG 

Dl to DB 

Ql - Q2 -Q3 ·-Q5 -Q6 ·­

Q8 -Ql0 - Qll - Ql2 
Ql� ··Q7 -Q9 

Rl -H2 -R3 -R l+ -R5 -
R27 -R28 -I\30 -R36 -R37 
R6 -Rl6 -R26-R3l 
R35 -R38 
Ru -Hl5 -H25 -H3l+ ­
RL�O -HlJ.4 
R7 -R9 -Hl0 -Rl3 -I\l!_� ­

R20-R2l-R23 -H21J. -rt32-
R33 -R39 -R41-R4 3 -t{l�6 
Hll -I\22 -HL�) 
lU2 -Rl8 
Rl9 
.L\ 2 9 
li.lJ.2 

Z l  to Z5 -Zl0 
to 6 13 -Z l6 
Z6-Z 7  -Z8 -'Z.J)�-Zl7 -'l l8 
Z 9 -Z l6 

DESCRIPTION 

Capa citor s  

0 . 047 Mfd 
0 .  47 l•ili'd 
68 Mfd 
0 . 27 l'-1fd 
6 . 8  Mfd 

Diode s 

Trans L :tor s 

2N34n 
2Nj61+5 

He s i st .Jr �" 

6 . 8  K Ohm 

10 K Ohli1 
27 K Ohm 
1.�70 Ohm 
47 K Ohm 
22 K Ohu 
3 3  K Ohm 

Zener Diocle s 

lN3686B, 20 Volts 
lN957B, 6 . 8  Volt s  
liT3688B 

- 5 0  -

WESTINGHOUSE 
STYLE NUMBER 

849A437H04 
l88A669H0l 
l87A508H02 
l88A669H05 
l84A661Hl0 

83'(A692H03 

u4GA851H02 
849AL�4lHOl 

629A531H48 

629A531H78 

629A531H52 

629A5 31H56 
629A531H66 
629A5 31H2lJ. 
629A5 3lH72 
629A5 31H64 
629A531HG8 

lo5A2l2H06 
1861 7 97HC'6 
862A 288HOl 
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Output Board Style 202C548GOl 

CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPI'ION STYLE NUMBER 

Capacitor s  

Cl 0. 047 Mfd 849A437H04 
C2 22 Mfd l84A661Hl6 
C3 2.2 Mfd 837A241Hl6 
c4-cl2 1 . 5  Mfd l87A508H09 
C 5 -C7 -ClO 0 . 22 Mfd 763A219H2l 
c6 . 4 .7  Mfd l84A661Hl2 
c8-C9 '500 Mfd l87A694H03 
Cll 0 . 1  Mfd l88A669H03 

Diodes 

Dl to Dll J.N645A 837A692H03 

Transistors 

Ql-Q2-Q3-Q5-Q6-
Q8-Q9-Ql3 2N3417 848A851H02 
Q4-Q7 -QlO-Qll-
Ql2-Ql4 2N3645 849A44lHOl 

Resistors 

Rl-R2-R32-R40-R43 4 . 7  K Obm 629A531H48 
R3 -R48 82 K Ohm 629A531H78 
R4 -R7 -R8--R9-Rl5 -Rl7 -
Rl9-R26-R3l-R34 -R36 -
R37 -R38 -R4l-R45 -R46 10 K Ohm 629A531H56 
R5 -Rl0-Rl8-R22-R42-R47 6 . 8  K Obm 629A531H52 
R6 -R24-R25 27 K Ohm 629A531H66 
Rll-Rl3 l K Ohm 629A531H32 
Rl2 100 Ohm 629A531H08 
Rl4-Rl6-R50 15 K Ohm 629A531H60 
R20 220 K Obm l87A641H83 
R2l-R33-R35 -R39-R44 22 K Ohm 629A5 31H64 
R23 47 Obm l87A290Hl7 
R27 (Pot ) 15 K Obm 629A430H08 
R28-R29 470 Obm 629A531H24 
R30 470 K Obm l84A763H9l 
R49 150 Ohm, 3 vlatts 762A679H0l 

Zener Diodes 

Zl  lN3686B, 20  Volts l85A212H06 
Z2-Z4-Z5 -Z6-Z7 lN957B, 6 . 8  Volts l86A797R06 
Z3-Z8 lN3688A, 24 Volts 862A288Ho1 
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Rela¥ Board Style 5312D80G01 

CIRCUIT 
SYMBOL 

C20l-G202-C203 

R201 
R202-R20j 
'1202 -R203 

{SKBU -21) 
(Sl<BU-2 )  

L201 

Z201 (SKBU-21 only) 

DROPOUT 

- SKBU-2 
- SKBU-21 

WESTINGHOUSE 
DESCRIPTION STYLE NUMBER 

Capacitors 

0 . 25 Mfd 187A624H02 

Resistors  

50  Ohms, 5 W 185A209H06 
3 · 3  K Ohms 
2 . 2  K Ohms 
Filter Choke 

8 . 5  Hy, 450 Obms 188A460H01 

Zener Diodes 

1Nl828C, 43 V 629A798Hl4 

ARMING BOARD 

RELAY BOARD 

Fig. 1 Photograph (Front View). 
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RESISTORS 
FOR SEQUENCE 

FILTER 

5312DI3GOI 

TERMINALS 

Fig. 2 Photograph (Rear View). 

POWER SUPPLY 

20 VOLT ZENER 
DIODE 

Fig. 3 Location of Components on Fault Detector Board. 
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TRAN�ISTO'": FOR ST:·TE 

NEG 

Fig. 4 Schematic of Fault Detector Board. 
-

Fig. 5 Location of Components on Arming Board. 

-54-

O F  TRANSMISSION SHOWN 

--L-�2 �01 

691B077 

I 
I 

- I 

i -

7 1 5B248 
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--- - --- - ---- --] 
' I  

017 1J -� 
I 

-·� 
+ = FOR ALL DISTANCE SUPERVISION RELAYING 

SYSTEM LINK MUST BE OPEN.AS SHIPPED 
FROM FACTORY LINK IS CLOSED. 

[�]= NORMALLY CONDUCTING TRANSISTOR 

CONDITIONS FOR STATE OF TRANSISTORS SHOWN. 
(A) SPACE SIGNAL FfiiOM TONE RECEIVERS. 
(B) NO A.C. CURRENT FLOW INTO SEQ. FILTER 

7 1 5B257 
Fig. 6 Schematic of Arming Board. 

7 1 5B286 

Fig. 7 Location of Components on Amplifier and Keying Board for TA-2 Tone 
Channel. 
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(W= TRANSISTORS ARE NORMALLY CONDUCTING 
CONDITIONS FOR STATE OF TRANSISTORS SHOWN 

( I )  SPACE SIGNAL BEING RECEIVED 
{2) NO A C CURRENT FLOW INTO SEQ FILTER 

� : CONNECT LINK TO PROPER TERMINAL AS SHIPPED FROM FACTORY LINK CONNECTED FOR 2 TERMINAL LINE. 

-----------
f"><..l VALUES OF R �7 I TYPE CHAN'EL 

�Gm• f- '> 
< !  - -r--=------. 

COWON£NT LOCATION 7 1 5 1116 

7 1 5B28 5  

Fig. 8 Schematic o f  Amplifier and Keying Board for TA-2 Tone 
Channel. 

-

I 
I 

7 1 5B277 

Fig. 9 Location of Components on Amplifier and Keying Board for TCF 
Carrier Channel. 
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[Qj]: TRANSISTORS ARE NORMALLY CONDUCTING 
CONDITIONS FOR STATE OF TRANSISTORS SHOWN 

( I )  SPACE SIGNAL BEING RECEIVED 
(2) NO A.C CURRENT FLOW INTO SEQ FILTER 

+= CONNECT LINK TO PROPER TERMINAL AS SHIPPEO FROM ff - --- - FACTORY LINK CONNECTED FOR 2 TERMINAL LINE 

��� �--� L_�============================================'t��·l oo. AND, AND2 KEYER LOCAL sQuARING '-- ... '-� - ,, R-EMO-TE--'BIAS '-LocAL S<iUARING---REMoTE REMOTE SouARING 
KC:YlNG C'RC':UIT 

AMPLIFIER# I COMPARER 
AMS���r3 SQUARING NET- AMPLIFIER 2 SQUARING AMPLIFIER 6 

AMPLIFIER �ORK _ AMPLIFIER 4 jj02C 40GQL_ 

5 <'------19 < IB < 
I ' 
16 

< 

1 5  
< 

-{1 ::��:
LI

::::�::
-

JJ 1 ,: AMPLIFIER 2 > 17 
j REMOTE

-
sotJAErJ l AMPLIFIER 3 �II 

- _ __[ � REMOTE SQUARING rriN� 
AMPLIFIER 5 � CT IZ 

- - L Li 
--- )H 

7 1 5B276 

Fig. 1 0  Schematic of Amplifier and Keying Board for T C F  Carrier 
Channel. 

Fig. 1 1  Location of Components on Output Board. 
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I 

0 W0 �w I I 
I I 

.-- � � I I / � I I 
0 I I N ...J 

'- __/ I '------ b� I I 0 6 N I I cz: 
I I 01 

J 
691B095 

Fig. 1 3  Location of Components on Relay Board. 

, - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - �  
I 

I 

I I 
1 I 
I 1 2 L- ZOI 

II  I 55 IF�----�.0:::0...:-.... -------,__ _____________________ � >- - ;-l S E T TI NG 

I 8.5H I I 1.J PHASE I s� • ' DE LAY l 2 I u ADJUSTMENT 

I �-�- --�r -� 
I � � I 
II ., N .. I 0 N 0 fl! 
I � � I I ,. I I � . I I 1 

I 4 1  10 i---�--�-_.-��-� 
�--�·�--------��---� '-v---- �� - I '---v _J 

I LOW PASS PHASE 

I ��� oa� 
L - - - - - - - -- - - - - - -- -

RELAY CIRCUIT BOARD 

I I I 
__ _ I I 

1 ���7!!Jo_!_ J 

Fig. 14 Schematic of Relay Board 
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r-. I 
I 
I 
I I I I 
I 

._1· 

1'------T 

J 
7 1 5B312 

Fig. 15 Location of Components on Supervision Board for TA-2 Tone 
Channel. 

L -----

\ v  J '----y--J �-' '-v-' \_� � �  '- "  J 
L I N E  BUFFER SPACEZ MARK2 AND 1!10/0 L I N E  BUFFER NOISE 

OfUYE R  I I N TERFACE 2 

-

DRilER 2 INTERFACE 

i]J] TRANSISTORS ARE NORMALLY 

CONDUCTING 

FOR STATE OF TRANSISTORS 
SHOWN SPACE SIGNAL BEING RECEIVED 

FROM C H A N N E L  R E C E I V E R ,  

7 1 5B311  

Fig. 16  Schematic of Supervision Board for TA-2 Tone Channel. 
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.------- ------- --

N 

Ol 0 

= 

_ _r -
7 1 5B314 

Fig. 17  Location of Components on Supervision Board for TCF 
C arrier Channel. 

\ -v ; \ -v_; � � "--y----J '--y---1'-y---i LINE BUFFER SPACE 2 MARK 2  OR 150/0 
DRIYER I INTERFACE INTER FACE 2 2 

-
-------- ------�-

IQj - TRANSISTORS ARE 
NORMALLY CONDUCTING 

STATE OF TRANSISTORS SHCJWN 
SPACE SIGNAL BEING RECEIVED 
FROM CHANNEL RECEIVER 

7 1 5B3 1 3  

Fig. 1 8  Schematic of Supervision Board for T C F  Carrier C hannel. 
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PHASE 8 ,.� 
PHASE A 

- - i  
�-----. -��- -

I L ��-0- -=--:--- --! i --< · --.2.iR I N A 0 1.0:,_•/1.>-----------<._ 0 L D N KEYER !-
PART OF J l '1 3 D 6 I 

J. 5 0 LOCAL I SQ AMP f:>..-__"0_Jl9C,,.I;rk _______ _ cy POS. 2 ++--------1>----_...---7 SOURCE VOLTAGE L------<f:J9 7 Q, :r- 0 _j LOCAL �Q. AMP. 0 I ·r � 
200./'l. � +20 VOLTS TO 4 ALL BOS. EXCEPT RELAY 

1 0 REMOTE SQ. AMP. I 1 

IN2984B rJ-" €p 
NE8 &·<I�H-----+----4._____, ��CaE:+-�Es�:y 

i 3 � l l fil<  l 'r 
...--l 16 0 REMOT� SQAMP. li!e�J�----

1 L - - 12 !  
31++-------------------�------, 

��N�L· {/:::: : :·<l1---------------------t------UCEIVER SPAC£2 B�·�-�---------
MARK 2 l6i<IJ1-----------------------r--

---/�;>--------------1 'I � LINK Z "'II --- ., 1 A-� I REMOTE sa. AMP Lo!_g-;w-P�;.>------
I AMPLI FIER AND 1 6 L3 __ c !10 
KEYIN� _ _ m.Jii?;lL J 

fROM SQUELCH 
TEST SWITCH 

DISTANCE 
FAULT 

DETECTORS 

� - - - - - - - -1 
2:7<111�--------<:""' 8 5 o o 1 "1"'5o'-;"•o'"""I"M•....-" --f_.,� 'f SQUELCH _119..,.....- .. 

L1 o I 
6 0 � 0 

B 6/0TIMER DIST. 
FAULT DET. >-- -- �---<'<:-.P:;.I- :-- -- -0 :- I 

I 1 ° � 0 LON ���i�cL� 
<1 9 INTERFACE j� 

-<�2<'()?TIMER I -= I l I qJ M•RK I I I I ·� '11 � OF POT. "-' I I '-------<Tt"l::"'IO INTERFACE r f=mo I ,if 
PILOT TRI P  r��-�L��J�4!-14�, 1 o R f>-"-1·-..t.-+-+-+--

, I SPACE 2 3 0 17, 
BREAKER J:OH .li2J:!OO<OIIi��1f---:_-:_-_-:_f---_-:_if-_-:_�J<Of')O"'o:6;.:;j;4

0ql � O 
B 3 O O 

1 7 L--
-

-----<'1�.-j iNTERFACE j� 1 FA�_!!� -: �- - -
I . 4 fFl I 0 � 0 ����i�L�� 

9 10 

17 10 

20 26 

�OTECT_!Yg R.§.b.A'!,_ Jiu5 8310� . .1 O MARK2. 1 2 2 

l)4+------\----------------1---f--t--L
-

---_-_-_-_-:_-_-_-_-:_�_-_-_<Aq
k�: 

INTERFACE r I 16 e l>-------<�-� I � . �  ��� - - - � �� �� -----------------+---
J l  

I I I  I I I 
3 4 5 6 7 8  - - - -
1 1  1 2  1 3  14 

I I I I 
1 5  
I 

1 9  20 21 2.2. 23 

16 

I 
24 - - - - -

27 28 29 30 31 32 
AS VIEWED FROM REAR OF RELAY 

19 
LOW SIGNAL 

Fig. 22 Logic Diagram o 
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------------------------�t-------------------------·2 FAULT DE TECTOR 

FD OROPOUT(ADJ.} 

�D. PICK-UP �--1'- (ADJ.) 4---�-- ---------<§ PHASE SPLITTER 
--f----------------------------{X5� LOW PASS FI LTER 

r---�T�I�K��G�-------------i-----------------------�XO 
. I lL � ·-;' j�""" 

I . 
T 2  LOCAL 1 I 

r·---------------8 KEY 

NOTES ' 

���Ti��
E
�} 

T
J�s���L c���i·c���

S
B����ilt� �� �M�i,l��� �::� IOM

D 

2. FOR ARt.IING BY DISTANCE FAULT DETECTOR ONLY. LINK ONARM!Nt:l !Wl.lllw, 
(POSITION D) MUST BE OPEN 
!.AS SHIPPED FROM FACTORY,RELAY IS CONNECTED FOR TWO TERMl.NAL 
LINE AND FOR ARMING BY BOTH THE DISTANCE FAULT DE'TECTOR ANO 
THE SKBU-21 FAULT DETECTOR. 
4. FOR lf.�bC tb:te���N�H,fl���:trt'WJ��� �?C\PJ�!

ON E
�

ST 
B. SPACE SIGNALS RECEIVED FROM CHANNEL RECENER 

PART 
OF I 

t-------�------------------------------------------------------------------� 2 �:��Y�ETE�OR 
--------------------------+-------�----------------------�

-------------------------------------------�
20 KEY 

:OMPARISON 

13 MARK 2 

:LAMP DISTANCE FAULT 
DETECTOR 

OPERATION 

f SKBU-2 1 for TCF Carrier Channel. 
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NEUTRAL 

SEQUENCE FILTER 

� - - - - - - - -
·9  

I RELAY 

FREQUENCl 
VERIFIER 

PHASE 
SPLITTER 

--- I 

I L,------ -� 
2 o o ' � o 

A o o�L ------<r<,B 0 R 0 N KEYER R.t>--------
,------+-H-----<, 3 D 6 I PART OF J 1  

r-

POa 2 �+----��� I zoo.n. 
X I  SOURCE VOLTAGE 

+20 VOLTS TO 4 ALL 

�-----<� LOCAL! SO A MP �  0 

'-------<r'' 
'"" 18 0 _j LOCAL 

�
Q. AMP. -� BOS. EXCEPT RELAY 

IN2914B ";� 
I /1 I 0 � REMOTE SQ. AMP pot__!I_J)I I*�-----r- �

I 

3 _1-- .!J.t(l<_l � TO 8 ALL BDS EXCEPT RELAY EO 0•�+-------<1-----4---;> 

CH:N
R
�:L :::: 11 ��·•+--------------------+-----, { �� 11 1-<"f'' '-'-

0

-
i
R
:
E
�
M
:D:.:
TE
c
,Q.:. .• :::M�· , '0 1 1 1 _____ _ 

5 1'-0-g-1'»-1 · �
0
- -,.17 1  

I I REMOTE SO AMP ..._l 4 1 LINK 2 I J 13 I REMOTE SQ AMR r-•tr �>.>------
RECEIVER PACEZ 8 �+---------------------+----, 1 AMPLIFIER AND 

l 
6 \3_-J-#[ 

KEYI� _ _ 
�2lL j MARK 2 lSi�+---------------------+---, 

FROM SQUELCH 
TEST SWITCH 

DISTANCE 
FAULT 

DETECTORS 

� - - - - - - - -1 
27'•+--------<J<A B 0 0 I 100110 TIMER O 

"'fiB SQUELCH 19 

{ :�:�, t=-::_=��==�.,a�7�
0 0 'ii' --f' TIMER DIST. J L----<�<:•

,
;:1 - -- -- -0 -:- I 

32 ..... ""1 t I l 9 0 0 0 150/0 TIMER - ._L .., I 

1 
I � LOW SIG�AL CLAM� 

L 

PILOT TRIP 

31 ..  A).3_0) !FAULT DET. 2 < INTERFACE j� 
\ o  ·�·-•- 1 • 1 I oj M•RK I 1 1 1a 

r•t-t--L_-+_.lJ·��� 4�LOS�S OF POc 1
: :  

c

��----<1:,<1 11;"10 INTERFACE r �f>-'�-�_,•rf>--i---+-t--
/2&...o·f------+--<ioE5:-"JOI<O B 3 3 0 4 I I SPACE 2 roW l;"t BREAKER l0H-
I
2!14-�--

J
-

r-<;
'E'I"-$_

1
oi4Rt 4 INTERFACE j� 1 FAILURE I' 

J
3 0 0 I 0/0 TIMER 1' 1 + -- -: 1- - ... I (;1 A SIGNAL CLAMPl!..9 �OTECTill �A'!,_ Jit5� � MARK 2  I 2 I 

1 7� .... H------+--------------t-H---------
-<
--<J.-�J INTE

11
FACE I I ··o��li>-----+--

18+!--,---+--------------+++---------<J I  I I  

� � L-'�"�oN _ _ _  .J_11�13_ 1 

J l  
I I I I I I 
3 4 � 6 7 8  

9 10  iT 12 73 14  i'S ii  
I I I I  I I 17 18 19 20 21 22. 21 24 

- � - - - - - -
2!5 26 27 28 29 30 3 1 32 AS VIEWED FROM REAR OF RELAY 

19 
LOW SIG!ljA 

Fig. 24 Logic Diagram of S. 
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�::::!�:::��--�-----�----------------<@ PHASE SPLITTER 
-------------- -f---------------IXS LOW PASS FI LTER r-----------------------+---------------------�·· 

o------------{XI4 KEY 

NOTES'  L FOR THREE TERMINAL LINES, LINKS I AND 2 ON THE AMPLIFIER AND KEYING BOARD (POSITION C )  MUST BE CONNECTED BETWEEN C AND 3 ON THE BOARD. 2. FOR ARMING BY DISTANCE FAULT DETECTOR ONLY, LINK ON ARMING BOARD {POSITION D) MUST BE OPEN 
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Fig. 26 Operating T imes for Fault Detector of SKBU-2 1  Relay as a Function of 
Fault Incidence Angle at 5 amperes. 
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Fig. 28 Test Circuit of SKBU-2 1 Relay for TA-2 Tone Channel. 

-73-www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



0 
0 � 

NEG 

G 
20 VOLTS 

ALL D I ODES I N645A 
SWITCH L IS EXTERNAL­
I NTERNAL FAULT SWITC H. 
SHOWN IN EXTERNAL FAULT 
POS ITION. 

T I MER 
START 

TIMER START 

J l  

H 

e---------------�T�I�MnE�Rr-----� r��-------------------;-< � 
ST.'ART P I LOT T R IP -------------'"""""'u...__ __ -t r-...... ---------1-<. � 

'------------------------------H-=..:.;_-----------------1K � 
BRE AKER FAI LURE 29 �---------------------------1 r-------------------�� � 

TRIP 

10  t------+<� 

·- POS �8 V 

KEY 

N E G  

MARK I 

SPACE I 

MARK 2 

SPAC E 2  
\KEY I N G  
fSQUELCH 

876A580 

Fig. 29 Test Circuit of  SKBU-2 1  Relay for TCF Carrier 
Channel. 

-74-www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TEST 
P'QINT 

X1 

)(2 

X4 

'10 

)(I 

XII 

XIS 

X3 

X19 

X20 

X22 
X& TO 
XJ(GNDI 

X14 

X14 

X12 

)(I 

X17 

X15 

X18 

X13 

X10 

)(21 

CIRCUIT 

D.C. INPUT VOLTAGE 

REGUt.ATED D.C. 

BATTERY NEGATIVE 

T� aOCK 

ARMING 

P1LOT TRIP 

NOt� (TA-2 0NLYI 

DISTANCE FAULT 
DETECTOR OPERATION 

LOSS OF SIGNAL CLAMP 

LOSS OF POTENTt.I(L 

FAULT DETECTOR 

LOW PASS FILTER 

KEY I�� lONE 

KEYING TCF POWER LIN£ 
CARRIER CHANNEL 

LOCAL SIGNAL 1 

SPACE SIGNAL 1-
REMOTE 3 

SPACE SIGNAL 2 
REMOTE"5 
(3 TERMINAL LINE) 

LOCAL SIGNAL 2 

MARK SIGNAL 1 
REMOTE 4 

MARK SIGNAL 2 
REMOTE & 
(3 TERMINAL LINEI 

COMI'ARER 

PHAII SPLIT'rER 

VOLTAGE TO X4 

• voLTS D.C:. 

20 VOLTS D.C. 

NORMAL 20 VOLTS 
OPERATE O VOLTS 

NORMAL 20 VOLTS 
OPERATE O VOLn 

NORMAL O VOLTS 
OPERATE 20 VOLTS 

NORMAL O VOLTS 
OPERATE 20 VOLTS 

NORMAL O VOLTS 
OPERATE 20 VOLTI 

NORMAL O VOLTS 
OPERATE 20 VOLTS 

NORMAL 21tVOLTS 
OPERATE O VOLTS 

NORMAL O VOLTS 
OPERATE 20 VOLTS 

�= ""' � 3 t  ��uMSd'-
I 

46 -

J 38 I I 

I I 
20 ---

0 - I L I I I 
I I 

20 I I 
0 - I I 

I -' to-CHANNEL 20 - I I DELAY 
0 I I 

I 

20 -

0 I 
20 - I 0 

20 

0 _ __j 
20 I 0 -

I 

I 

I 
I 
I 

I 

� ./IrA 
- MARK 

.-MARK 
-- SPAcE 

_ I!ILOCK J........___ UNBUIC:I 

-- BLOCK 

� UNBLOC' 

- BLOCK L - UNBLOC' 

-- BLOCK L -- UNBLOCII 

......._BLOCK 

......___ u.LOCM 

... BLOCK r.:__ UNBLOC' 

Fig. 30 Table ill T est Point Voltage. 

- 7 5 -

7 15B052 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TEST 

POI N T  

57 

5 8  

59 

WAV E FO R M S W I T H  60 HZ CUR R E N T  

A T  FAULT DETECTOR PICK UP O R  GREATER 

----�------- 16 TQ 20 V  

-- o v. 

------------------- 16 T0 20 V  

-- 0 

--- 16 T0 20 V 

- o v. 

16 10 PUL SES ARE (l .f1---il 3 T0 4 M.S. � 
60 ��8�!R�o���ER � L---� I ---- o v. 

AR r I --------- - 1ov. PULSES 'JERY N ROW � 1 6.7 M.S. -----! 

6 1  

6 2  

VOLTAG E 
ACROSS 
APACITOR 

C6 

�----.. ----- 16 TO 20 V. 

--- o v.  

Fig. 3 1  Frequency Verifier Waveforms at 60 Hz. 

-76-

1 6  T O  20 V. 
o v.  

5 V. 

o v.  

7 1 5B106 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I -J -J 
I 

0 "' ... 

1.938 ___..I 

313 WIDE x .625 DEEP· FOUR SLOTS 

0 

I 

® 
II .  3 75 MTG CENTERS 

.. I I �------------------------------- 11. 000 •· 

// 

I 

� 

COVEll \ 

I 
� = = � �111 i F 2Jb I 1:1 F-, 1------ 5. 000 

-11--. 1 25 
I 14.ooo 

201 C 236 

Fig. 32 Outline for the Type SKBU-2 1 Relay. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



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 i n  U.S.A.  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse I. L. 41- 9 54. 4 
I N ST A L L ATI O N  • O P E R A T I O N  • M A I N T E N A N CE 

INSTRUCT I ONS 
TYPE SKBU- 2 1  PHASE COMPARISON RELAY FOR TYPE TA-2 

FREQUENCY SHIFT TONE CHANNEL 

CAUTION : I t  i s  recommende d that the u s er o f  th i s  equipment become 
acquainted wi th the information in ei ther this  ins t ruction 
leafl e t  or the sys tem ins truc tion leaflet b efore 
energizing the sys tem. 

I f  the SKBU - 2 1  i s  mounted in a cabinet ,  i t  mus t  be  bol ted 
down t o  the floor or o therwis e  s e cure d  be fore swinging ou t the 
equi pmen t rack to prevent i ts tipping over .  

APPLICATION 

The type SKBU - 2 1  i s  a high- speed relay u s ed in c onj unc tion 
wi th frequency s hi f t  t yp e  channel s . S imu ltaneou s tripping of the 
relays at e ach l ine te rminal i s  ob taine d  in le s s  than 3 2  milli­
s e c on d s  f o r  a l l  i n t e rn a l  faul t s wi thin the limi t s  o f  the re lay 
s e t t in g s . 

The s y s tem i s  app l i cab l e  t o  a voi c e - g ra de pilo t-wi re or 
mic rowave channel .  

I n  c on t ra s t  to the c a r r i e r  b l ockin g  s c heme , thi s i s  a 
t ran s fe r- t r i p  s y s t em ;  a c c o rdingl y , the b locking - s ta r t  func tion 
i s  n o t  requi re d .  

TABLE O F  CONTENT S 

The s e  in s t ru c t ions apply to SKBU- 2 1  relays for appli c a t i on 
t o  the fo l l mving rel ayi n g  s y-s t em s . 

1 .  Al l di s tan c e  supe rvi s i on 

2 .  D i s tan c e  ph a s e  c ompa ri s on 

CONSTRUCTION 

Th e type SK3U- 2 1  re lay c on s i s t s  o f  a c ompo s i te po s i t ive and 
n e g a t ive s e q u en c e  c u r ren t ne t"tvo rk , t"tvO mixing t ran s formers , thre e · 
i s o l a t i n g  t ran s f o rme r s , a 2 0 - vol t powe r s upply , an d prin t e d  
c i rC' 1 i t bo!lrds moun t e d  on a s tanda rd 1 9 - inch ,.;ri de pane l ,  8 - 3 /4 
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inche s high ( 5  rack uni ts ) . Edge s lo t s  are provided for mounting 
the rack on a s tandard relay rack . P 

Sequence Network 

The sequence filter cons i s ts of  a three- legged i ron core 
reac tor and a re s is tor . The reac tor i s  a four-winding reac tor 
wi th two primary windings and two secondary windings . The 
secondary windings are connec ted to the re s i s tor which con s i s ts 
of three tube resi s tors and a sma l l  formed res i s to r .  One 
secondary winding and the res is tor i s  a negative sequence current 
fi l te r  whi le the o ther secondary winding an d the re s i s tor i s  a 
pos i t ive sequence fi l t e r . 

Mixing Trans former 

The vol tage from the sequence ne twork i s  fed into two mixing 
t rans forme rs . One t rans former supp l i e s  t}-,e fau l t  de tec tor  c i rcu i t  
and the o ther t rans forme r supp l ies  the ke ying c i rcu i t . The s e  
t rans formers and Zener c l i ppers (moun ted o n  prin ted c i rcui t 
boards ) connec ted ac ros s thei r secondary a re u s ed to  l imi t the 
vol tage impre s sed on the s o l i d- s tate circui ts , thu s providing 
a sma l l  range of vol tage for a large variation of maximum to 
min imum fau l t  cu rren t s . Thi s  provide s high opera t ing ene rgy for 
l ight faul t ,  and l imi t s  the opera ting ene rgy for heavy fau l t s  to 
a reasonab le value . 

I s olat ing Trans forme r  

Th ree i solatin g  t ran s forme rs a r e  provided i n  the re lay t o  
i s o l a te the D . C .  vol ta�e s from the A . C .  voltage s . 1\-70 o f  the 
t rans formers  are a l s o  u s e d  to ene rgize  s ol id- s tate c i rc u i t  on 
a l t e rnate hal f- cycle o f  the powe r sys tem f re q u en c y . 

Powe r Sup� 
The · s o l i d- s ta te c i rcui t s  o f  the SKRU- 2 1  are regu l a t e d  f rom a 

20-vo l t  s upply on the relay panel . Thi s vol tage i s  taken froo a 
Zene r diode �oun ted on a heat s ink . A vol tage dropping re s i s t o r  
i s  provided b e tween the s ou rce D . C .  supply and the 20-vol t  
regulated supply . 

Printed C i rcu i t Boards 

Seven prin ted c i rcui t boards are u s ed in the SKBU-21  relay : 
A fau l t de tec tor  board , prote c t ive relay in terface board , 
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I. L. 41-954.  4 

superv�s � on board , amplifi e r  and keying board , arming board , 
ou tput b oard and a rel ay b oard . The c i rcuit s  of  the protective 
relay , and the arming board varie s  with the relaying sys tem. 

All of the circuitry that is sui table for mounting on 
printed boards i s  contained in an e�closure that proj ects  from 
the rear of the front panel and i s  acce s s ible by opening a 
hinged door on the front of  the panel .  The printed c i rcui t 
boards s l ide in po sition in s lotted gui de s  at the t op and bottom 
of each compartment and the board terminals engage a terminal 
b lock at the rear of the compartment .  Each boa rd and terminal 
b lock i s  keyed so that i f  a board i s  placed in the wrong 
compartment ,  i t  cannot be inserted into the terminal block . A 
handle on the fron t  of  each board i s  labeled to i dentify i t s  
func tion i n  the relay .  

1 .  Fau l t  De tector Board 

The fau l t  de tec tor b oard contains a re s i s tor-Zener diode 
comb ination , a phase s p l i tt ing ne twork , a solid- s tate faul t 
de tec tor , and a frequency veri fier c i rcuit .  The controls 
for s e t t ing p ickup ( S l) and dropout ( 52 )  of the faul t 
de tec tor are mounted on a plate in the fron t  of  the 
a s s embly . Thi s  uni t  ope rates  when the fau l t  cu rrent 
exceeds a de fini te value .  

The location of components on the board i s  shown in Fig .  3 
and the s chematic of the b oard i s  shown in Fig . 4 .  

The arming b oard conne c t s  th e ou tpu ts  of the superv�s �on 
b oard and the fau l t  de tec tor board to the final output of 
the relay . Thi s  b oard contains l ogic c i rcui t s  that will 
arm the trip ou tpu t ,  s e t  up the t ime del ay of the trip 
ou tpu t , and s tart t ran s i ent b locking on external faul t s . 

The components of thi s board vary with the relaying s ys tem . 
The s chema tic of the board for the dis tance phas e 
compar i s on sys tem i s  shown in Fig . 6 and the s chematic  o f  
the board f o r  the all - di s tance supervi s ion sys tem i s  shown 
in Fig . 7 .  The difference in the two b oards i s  that the 
di s tance phase compari son board has an addi tional res i s tor 
and diode on the board . The location of components  i s  
sl-. own i n  Fig . 5 .  

-3-
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3 .  Amplifier and Keying Board 

The amplifier and keying board contains two local s quaring 
amp l i fiers , a transmi tte r  keying circui t , two remo te 
s quaring amp l i fiers , and a s ignal squelch c i rcui t for each 
line terminal . The ampli fier circui t s  produce the pul s e s  
that are compared b y  the AND c i rcui t s  o f  the arming b oard 
to determine i f  the fau l t  i s  external or internal . 

The location o f  components on the board i s  shown in 
Fig . 8 and the schematic of the b oard is shown in Fig . 9 .  

4 .  Outpu t Board 

The output b oard contains a 4-milli second pickup ins tant­
aneou s dropou t timer circui t ,  trip "AND" ( flip-fl op 
c i rcuit) , trip amplifi e r , trans ient blocking and unblocking 
circui t s . The trip AND operates when all the input s  to the 
AND inpu t s  o f  the arming b oard are o f  the corre c t  polari ty 
and the fau l t  detec tor has operated . The trans ient bl ocking 
c i rcuit operates a fte r a time delay on external fau l t s , and 
the trans ien t  unbl ock circui t ope rates after a time delay 
on a sequential fau l t  ( external faul t fol l owed by an 
internal fault) . The following figures apply to thi s 
board : Fig . 10 Component Loca tion ; Fig . 11  Schematic o f  
the board . 

���lay Board 

The relay board contain s  the phase delay c i rcu i t  for shifting 
the local s igna l s  wi th re ference to the remote s ignal s .  I t  
a l s o  contain s  a low- pas s  fi l ter , and a Zener cl ipper-re s i s tor 
comb ination for protection of the solid - s tate circuits  on 
the re lay board . 

The· fol l owing figures apply to thi s  board : Fig . 12  Component 
Locat ion , and Fig . 1 3  for the schematic of the b oard . 

6 .  Supe rvi s i on Board 

The c i rcui t s  on thi s board vary wi th the re laying sys tem.  
For all app l ications  a 150  mi l l i second pickup and 1 5  
mil l i s econd dropou t alarm time r  circuit and a 2 . 5  second 
alarm circuit for fault de tector ope ration are provided 
on thi s board . The c i rcuits on the board are utilized to 
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L L. 4 1- 9 54. 4 

l ockout the SKBU- 2 1  relay for channel failure on the channel 
equipment . For tone channel s  a noi se circuit i s  provided 
to lock out the SKBU-2 1  relay from info·rmation supplied by 
the tone e qu ipment . 

Becau s e  the board varies with the nois e  circuit of  the 
channel e qu ipment , the following figures apply to the 
board . 

Type 
Channel 

TA- 2  wi th AM Squelch 
TA- 2 wi th TA- 3 Noi s e  
Superv i s i on 

7 .  Protec tive Relay Board 

Location o f  
Component s  

Fig . 1 4  
Fig . 1 6  

Schematic of  
Board 

Fig .  1 5  
Fig .  1 7  

The prote c t ive relay b oard contains logic c i rcuits t o  
connect the di s tance fau l t  de tec tor s , and squelch relays 
into the phase comparison portion of the relaying sys tem .  
Thi s b oard contain s  AND c ircui t s , circui t  buffer and O R  
c i rcuit s  to  connec t  the relays into the sys tem .  

For a di s tance phase  compari s on sys tem Fig . 1 8  shows the 
component location of  the board and Fig . 1 9  shows the 
s chematic of the board . For an all -d i s tance supervi s i on 
sys tem , Fig .  20  shows the component l ocation o f  the b oard and 
Fig .  2 1  shows the s chematic o f  the b oard . 

Card Extende r  

A card extender ( Style No . 6 44B315G0 2 )  i s  availab le for 
fac i l i tating c i rcui t vol tage measurements of maj or adj us tments . 
After wi thdrawing anyone o f  the c ircui t b oards , the extender i s  
inse rted i n  that compartmen t .  The b oard then i s  inserted into 
the terminal b l ock on the fron t  of the extende r .  Thi s re s tore s 
all  componen t s  and te s t  poin ts on the b oard are readily acce s s ib l e . 

Te s t  Poin ts 

Te s t  pon t s  are l ocated on each printed circui t board for 
the maj or componen t s  on the board . Comple te c i rcuit te st points  
are wi red to the front of the relay for convenience in adj u s ting 
and tes ting the relay . 
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OPERATION 

A .  Sys tem 

In phase comparison relaying , the pha se pos i t i ons of  fau l t  
currents at the ends of a transmi s s i on l ine are compared over a 
pilot channe l to de termine i f  the faul t i s  inte rnal or external 
to the l ine section .  �Vhen a frequency shi ft channe l i s  used as 
the pilot  channel ,  a dual comparison trans fe r- trip sys tem can be 
utilized.  Thi s  means that the sys tem can trip on ei ther hal f­
cycle o f  power sys tem frequency as contras ted to  a b l ocking 
scheme where tripping occurs on alternate half- cycles  during the 
ab sence of  a carrier s ignal . 

The thre e - phase line currents  energize a s equence ne twork 
in the SKBU- 2 1  re lay whi ch produces two s ingle-phase ou tpu t  
vol tages  which are proportional to e i ther the pos i t ive sequence 
current or the negative sequence current . The s ingle-phas e  
vol tages are applied t o  saturating tran s formers one which energi zes  
the faul t  de tector c i rcui t  and the other ene rgizes  the keying 
c i rcui t of the SKBU- 2 1  relay . Thi s  circui t shi fts the frequency 
of  the transmi tter from a space frequency to  a ma rk frequency on 
alternate hal f-cyc le s  o f  the powe r frequency current . The s e  
frequenc i e s  are transmi tted ove r the p i l o t  channe l t o  the 
receive r which converts the mark and space frequenc i e s  to two 
D . C .  ou tpu t vol tage s ,  a space ou tpu t  that corre s ponds to the 
space frequency and a mark ou tpu t tha t corre sponds to  the mark 
frequency . Thus , on each hal f- cycle of powe r sys tem frequency 
e i the r a s pace or mark output i s  ob tain ed from the rece iver and 
app l i ed as pul s e s  to the remote s quaring ampl i fi e rs of the 
SKBU- 2 1  relay . Each o f  the se hal f - c yc le pu l s e s  a re c ompared wi th 
the pha s e  pos i t i on s  of each hal f-cyc le of the s ine wave vol tage 
from the s equ ence ne twork of tbe SKBU- 2 1  re lay at the receiver 
terminal . The space pu l s e  i s  compa red to one hal f- cyc le of the 
vol tage and the mark pu l s e  to the other hal f- c yc le . I f  the l ocal 
and remote half- cyc l e  pul s e s  are o f  the correc t phase pos i ti ons 
for an inte rnal fau l t , after a fau l t  de tector ope rat ion , 4 mi l l i ­
s econd tripping wi ll be  ini t iated through ope ra tion o f  the trip 
"AND " and trip ampli fie r c i rcu i t s . 

Curren t trans former connec t ions to the sequence n e tworks at 
the n�o l ine te rmina l s  are such that the spa�e and mark pul s e s  
are i n  phase wi th thei r re spec tive l ocal pu l s e s  du ring an internal 
fault to allow tripping . Ho-v1ever , i f  the fau l t  is  external to 
the pro tec ted l ine sec tion , the space and mark pu l s e s  are ou t-of­
pha se wi th the ir re spec tive local pu l s e s an d t ripping doe s not 
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occur . 

The four-mi l l i s econd del ay p revi ou s ly mentioned i s  added to 
allow for differenc e s  in current t rans former performance at 
oppos i te l ine terminal s  and relay coordination .  

B .  Relay 

With reference t o  the logic diagram that applies to the 
particular relay , the three-phase l ine currents energiz e  a 
sequence fi l te r  that produces two s ingle-phase vol t age s : One 
voltage proportional to the posi t ive s equence current , and the 
second voltage proportional to the negative sequence current . 
The s e  vol tage s are applied to two mixing tran s formers which have 
zero sequence windings on them . The output of  the two t rans formers 
are appl ied to two s eparate board : 

1 .  Outpu t from one t rans former to the fau l t  detector 
board . 

2 .  Output from the second t rans forme r to the relay 
board . 

The s e  trans forme rs and a Zener c l ipper connec ted acros s 
their secondaries are used to l imit the voltage impre s sed on the 
solid s tate c i rcu i t s , thus providing a small range of vol tage for 
a large variati on of faul t  currents . 

With re fe rence to the s chematic Dwg . of Fig . 4 ,  the A . C .  
vol tage from one mixing tran s fo rmer i s  applied to a phase­
splitting ne twork ( C5 2 , R52 ,  R5 3 )  and a polyphas e rectifier 
( diode s DSl  to D5 6 ) . The D . C .  vol tage s s o  obtained are applied 
to the fault  de tector c ircuit which operates  when the D . C .  input 
"signal "  exceeds a p rede te rmined value . 

Fau l t  De tec tor 

Unde r normal condi tions , tran s i s.tor Q S l , has no  base " s ignal" 
and is tu rned off . The collec tor of Q S l  i s  at a high enough 
pos i t ive potential to provide base drive for transis tor Q 5 2 , 
driving i t  to ful l  c onduc tion .  Wi th Q S 2  fully conduc ting the re 
is no base drive to tran s i s tor Q 5 3  and Q S 3  i s  turned off .  With 
no Q S 3  collector current , the bas e of trans i s tor Q S 4  i s  supp l ied 
from the 2 0 -vol t  s ource . Thus the Q S 4  emi tte r  i s  normally at a 
s l ightly l ower potential than i t s  bas e .  Thi s  condition keeps 
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tran s i s tor Q54 in a non-conduc ting s ta te , equ ivalent to an open 
circui t .  

When a fau l t  cau s e s  the D . C .  input vol tage from the polyphase 
rec t i fier to exceed the 6 . 8  vol t rating of  Zener diode Z 5 2 , a 
pos i tive bias is  applie d  to  Q51  bas e  cau s ing i t  to conduc t .  In 
turn , Q52 s tops conduc ting , and capac itor C54 charge s ,  giving 
a few mi llis econds time delay be fore Q5 3 and Q54 are swi tched to 
full conduc tion , thu s "clos ing" the fau l t  detecto r .  When the 
fault  detec tor operate s ,  a pos i t ive outpu t i s  applied to the 
arming board a t  terminal 12 . Re s i s tors R6 6 and S 2  inc rease the 
vol tage to Z 5 2  to allow the fau l t  detector to drop ou t a t  a high 
dropou t ratio when the A . C .  current i s  reduced . 

Frequency Ver i fier 

During ce rtain swi tching condi tions , s uch as  energization 
of a t ransmis s ion line , re s i dual cu rrent s  and vol tages may exi s t  
o f  highe r frequenc ies than 6 0  cycles per s econd . The frequency 
verifi e r  prevent s fau l t  de tector operation when frequencies 120 
cyc les or highe r  are encountered during th e swi tching condi tion s . 
The frequency ce rfier circu i t  cons i s ts of  two func tional parts : 
Zero-c ros s ing and commutator circu i t s . With re fe renc e to Fig . 4 ,  
the z e ro-cros s ing c i rcuit con s i s ts o f  Q55 , Q56 , Q5 7 ,  and Q5 8 .  
The cornrnu t&tor c i rcu i t  cons i s ts o f  Q S 9 , Q60 , C9 , C59  and Q6 1 .  

During the pos itive or negative half-cyc le s  of  the ou tput 
voltage from the saturating t rans forme r ,  Q S S  or Q S 7  tran s i s t ors 
are driven into saturation by the ou tput of  the FV t rans forme r .  
Trans i s to rs QS6 o r  Q S 8  conduc t un ti l capaci tors C56 o r  C5 7 
re s pe c t ive ly are ful ly charged .  Whi le e i the r capac itor charges 
a vol tage ou tpu t in the form of  very narrow pul s e  is  developed 
ac ros s  R76 and R7 8 re s i s tors during the s tart of  each hal f- cycle . 
Thi s pu l s e  trigge rs Q59  control swi tch . When t rans i s tors Q S S  or 
Q 5 7  are not conduc ting , C56 and C57  capac i tors di s charge re s pec tively 
through D6 6 or D6 2 and the parallel combination of R7 3 and R74 or 
R6 9 and R70 . 

Whi le Q S 9  is "on" i t s  anode i s  only ab ou t 0 . 7 vol t s  above 
negative , thu s tu rning off t ran s i s tor Q6 2 to allow capac itor 
C60 to s tart charging . However ,  a shorter time delay ( c ons i s ting 
of R84 , the capac i tor C59 and the re ference Zener diode ZS4) or 
4 . 3 mi l l i seconds is also  s tarted . After 4 . 3 millis econds of 
delay , the con t rol switch Q60 fires applying the vol tage of  
capac i tor C88  acro s s  Q59 turning i t  off .  Thi s  rai s e s  the potential 
of the Q59 anode to turn on Q6 2 to di s charge C60 before the charge 
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I. L. 4 1 - 9 54.  4 

reaches a value to b reak down Z S S  to turn on Q6 3 .  After the 
next zero- cro s s ing pul s e  Q 5 9  swi tch i s  turned on again , and the 
Q60 swi tch i s  turned o f f  by capacitor C S 8 .  Transis tor Q6 1 
when turned on by the s ame vol tage that fires tl1e gate of QS9 , 
di scharges t iming capaci tor C59 , thus s tarting the timing cycle 
with close to zero charge on the capaci tor . If the zero-
cros s ing period o f  the FV vol tage is le s s  than 4 . 3 mi lliseconds , 
the Q6 1 trans i s tor di scha rges the timing capaci tor thus preventing 
the turning off of Q60  swi tch. Thi s keep s  Z59 swi tch on to 
allow C60 to charge to a value to b reak over Zener diode ZSS to 
turn on Q6 3 .  Turning Q6 3 prevents Q S 3  o f  the fau l t  de tector 
from turning on the reby preventing Q54 from turning on to prevent 
an ou tput from the fault  detec tor . 

2 .  Relay Board 

With re ference to Fig . 1 3 , the A. C .  vol tage from the second 
mixing trans forme r  i s  applied to the pha s e  delay circu i t  
through a low pas s filter of the relay board . The low pas s  
fil ter ( C2 0 1 , L20 1 , C202)  removes the harmonics from thi s 
vol tage and applies a vol tage tha t is  e s s entially s inusoidal 
in wave form to R202  and R20 3  o f  the phase delay ci rcui t .  
By means o f  capacitor C20 3 and variab le re s i s tor S S , the 
vol tage acro s s  te rminal 4 and 2 can be made to lag the 
vol tage ac ros s terminal 10 and 1 1  by a de finite amount 
depending on the s e t ting of S S . Each of the s e  two 
vol tage s are applied to separate i s ol at i ng trans formers . 

1 .  Undel ayed vol tages to a keying trans forme r ( Tl)  

2 .  Delayed voltage s to a local trans former ( T2 )  

A .  Keying Circuit 

With no A . C .  outpu t ( Re f .  Fig . 9)  vol tage from the sequence 
network , base curren t  doe s not flow into trans is tor Ql0 3 . 
The col lec tor of Ql03 i s  a t  posi tive potent i al which 
allows bas e cu rrent to flow from posi tive 20 vol t s  D . C .  
through the base of Ql04 through Rll l  and Rl l2  to nega tive . 
Thi s  appli e s  negative poten tial to the collec tor of Ql04 
to p revent base curr ent from flowing to  QlO S . Since Ql04 
is c onducting , t ransis tor QlOS does not conduct and the 
collec tor o f  QlOS i s  held at posi tive poten tial . 

When a s inusoidal vol tage i s  appl ied to the keying 
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trans former ( Tl) , the trans forme r  s teps up the voltage 
applied to termina1 s 9 and 8 of the amplifier and keying 
board . On the posi tive hal f-cycle o f  vol tage , te rminal 8 
i s  more negative than terminal 9 and trans i s tor Ql03 doe s 
not c onduc t .  In turn , Ql04 remains c onduc ting and QlOS doe s 
not turn on . On the negative hal f-cycle o f  s ine wave 
vol tage from the keying tran s fo rme r , terminal 9 is more 
pos i tive than te rminal 8 and base cu rrent flows into Ql0 3 . 
This turns Ql03 on which applie s negative potential to the 
collec tor o f  Ql0 3 . Bas e  current to t ran s i s tor Ql04 i s  
stopped and Ql04 s tops conduc t ing , and i t s  c ol lector goe s 
to posi tive potential . Posi tive potential i s  thus app l ied 
to the base of  QlOS through Rll4 and RllS  to turn on QlOS . 
When QlOS conduc t s , i t s  collector i s  c onnected to negat ive 
potential . Thus on alternate hal f-cyc le s  o f  the 6 0 - cycle 
vol tage from the l ow pas s  filter , QlOS  turns on . By 
conne c ting Q lOS through the prope r interface to the channe l 
t ransmi t te r ,  turning on QlOS keys the t ransmi tter to a 
mark condi tion .  

B .  Local Squaring Ampl ifiers ( 1  and 2) 

The re are two identical local s quaring ampli fiers in the 
SKBU- 2 1 .  One i s  turned on and o f f  by the pos i t ive hal f- cyc le 
o f  vol tage from the local trans forme r ( T2 )  whi le the o ther 
one i s  turned on and off by the negative hal f- cycle of 
vol tage from the trans forme r .  The square wave ou tput 
vol tage s a re , the re fore , func tions of  the A . C .  vol tage inpu t 
to the ampli fiers . The polarity of  the outpu t s  of  the two 
amplifiers  are such that one amp l i fier has an output when 
the o ther one does not when A . C .  vol tage i s  appl ied to the 
s quaring trans forme r .  

With re ference t o  amp l i fier number 1 o f  Fig . 9 wi th no  A . C .  
inpu t vol tage , Ql06 i s  not conduc ting and the colle c tor of  
Ql06 i s  at pos i tive potential . Thi s  applies base  current 
to t ran s is tor Ql07 through Rl20 and Rl2 1  such that Ql07 i s  
turned on . Thi s appl ies negative poten tial to the collector 
of Ql0 7 to al l ow base current to flow in Ql0 8 .  Ql08 turns 
on to apply pos i t ive poten tial acros s Rl2 5 .  

With the application o f  a s j ne wave vol tage to terminal 6 
and 1 9  o f  the amp l i fier and keying board , on the pos i tive 
hal f- cycle of the vol tage , the base of t rans i s tor Ql06 i s  
more posi tive than the emi t te r  and Ql06 ( amplifier 1 )  
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conduc t s , and QllO ( amp l i fier 2 )  i s  turned off . On the 
negative hal f-cycle of  the a . c .  vol tage , Ql06 i s  turned off 
and QllO is tu rned on . There fore , Ql06 i s  c onduc ting on 
the posi tive hal f-cyc le o f  voltage and Q l lO i s  conduc ting 
on the negative hal f-cyc le of A. C .  vol tage . Turning Ql06 
on , pu t s  negative potential on the collec tor of  Ql06 and 
turns off transi s tor Q l0 7 . Tran s i s tor Ql07 s tops c onducting 
and i t 3 potential goe s to a positive potential which turns 
off  Ql08 to place i t s  collector at a negative poten tial . 
Thus the ou tpu t  of  the squaring amp lifiers square wave 
vol tages ranging from 0 volt s  D . C .  t o  20 vol ts D . C .  depending 
upon the polari ty of the vol tage from the phase delay circui t .  

Amplifier 2 i s  the same as ampl i fier number 1 except i t  i s  
supp l ied  by the oppos i te polari ty of s ine wave voltage 
from tbe l ocal trans former ( T2 )  at terminal s 19 and 6 of the 
amplifier and keying board . The outpu t vol tage from the 
amplifier appears ac ros s  Rl3 8 . By applying the s ame analysis 
of  ampli fi e r  1 to ampli fier 2 ,  the outpu t vol tage acro s s  
Rl3 8  i s  a square wave voltage o f  the reversed polarity than 
that ac ro s s  Rl2 5 .  

C .  Remote Squaring Ampli fiers 

As shown in Fig . 9 ,  there are two remote squaring amp li fiers 
in the SKBU- 2 1 . One amplifier  is to connec t  the space 
output of the rece iver to the SKBU- 2 1  whil e  the other i s  
to connect  the mark outpu t of  the rec e iver t o  the SKBU- 2 1  
relay . The space squaring ampli fier cons i s t s  o f  tran s i s tor 
Ql09 on the amplifier and keying b oard in conj unc tion with 
an interface c ircui t of  Ql6 7 on the supe rvision board . The 
mark remote squaring ampli fier con s i s t s  of  Qll3 on the 
amp l i fi e r  an d keying board and interface trans i s tor Ql6 5 on 
the supe rvi s i on b oard . 

The remote squaring ampli fi e rs are in one of  three s tate s : 

1 .  Los s - of-channel s tate 

2 .  Receiving space frequenc y  only 

3 .  Receiving alternate hal f- cycles  of  space and mark 
frequency .  

For a los s o f  a tone channel , the receiver clamps i t s  ou tput 
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to a mark condition .  The s pace ou tput from the receiver is  
zero with res pec t to the posi t ive s ou rce . Thi s  means that 
t rans i s tor Ql6 7 ( on the supe rvis i on board) i s  not 
conduc ting . Bas e  drive to t ran s is tor  Ql09 is provided 
from pos i t ive s ou rce through Rl3 1  to · negative . Ql09 i s  
turned on to provide a pos i t ive 2 0  volt s  ac ros s Rl2 9 . When 
the channel i s  in s e rvice and the receiver i s  in a s pace 
condi tion , trans i s tor Ql6 7 is turned on . Thi s applies  
s ou rce vol tage through Rl3 0  and diode Dl06 to Rl3 1 . TI1e 
poten ti a l  of  the base  of  t ra ns i s tor Ql09 i s  rai sed  highe r 
than i t s  emi tter ; he nce , t rans i s tor Ql09 s tops conduc ting 
and the vol tage acros s Rl2 9  i s  - 2 0  vol t s . For the 
condi tion whe re tbe receiver i s  receiving pul se s , tran s i s tor 
Ql6 7 ( on supervis ion b oard) turns on and o ff for the s ame 
hal f-cyc l e  and tl'e  vol tage acros s Rl2 9  i s  a square wave 
vol tage varying from zero vol ts  to a -20  vol t s  D . C .  

For e i ther internal or ext e rnal fau l t  con di tion s  the ou tpu t s  
o f  both remote squaring amp l i fi e rs are s quare wave vol tage s . 
Both vol tages  vary f rom zero vol t s  to approximately  - 2 0  vol t s  
D . C .  and are o u t  o f  pha s e  wi th each other ; i . e . , when one 
vol tage i s  a t  zero vol t s  the o th e r  voltage i s  at - 2 0  vol t s . 

3 .  Arming Boa rd 

The phase  re lati onshi p  of the outputs  o f  the local and remote 
s quaring amp l i fiers  are compared by the two AND c i rcui t s  of  
t[·.e Arming Board . One AND ciY"cu i t  (number 1)  compares  the 
space s ignal wi th the ou tpu t from l ocal  s auad ng amp l i fi e r  
numbe r 1 .  T1- e second AND c i rcui t ( number  2 )  compares the 
mark s ignal wi th the ou tpu t of local squaring amplifier  
number  2 .  S ince the local s igna l s  are a lways 1 80 degre e s  
out - o f- phase  wi th each o the r ,  and the remote s i gnal s  are 
always 180  degrees  ou t - o f-phase  wi th each othe r , a change 
in phas e  angle of one s ignal wi th re spec t t o  the o ther wi l l  
provide one input  t o  AND number  3 whi ch wi l l  ac t ivate the 
4 /0 time r .  

A .  Internal Fau l t  Condi tion s  

Hith refe rence to  the logic drawing that app l i es  to  the 
relay , the ou tpu t vol t age s from one t e rmin a l  of  the 
s equence f i l ter is 1 80 degre e s  ou t - o f-pha s e  wi th re spec t 
to i t s  l oad curren t condi t i on .  Th i s  change s the pola r i ty 
o f  Amp l i f i e r  1 an d Amp l i fier  2 such that the i r outpu t s  
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are in phase  wi th the remo te s ignal s .  Thi s  mean s that 
AND 1 ha s a hal f-cycle of negative vol tage and that  AND 2 
has a hal f- cyc le of negative vol tage (not the same hal f­
cycle ) . The period of each nega tive vol tage wi l l  be 1 80 
degrees  ou t - o f- pha se wi th re fe rence to each othe r and a 
negative vol tage wi ll be  produced ou t o f  the OR c i rcuit  
of the arming board . The nega tive vol tage i s  applied to 
AND 3 of the arming board .  One condition for ac tivating 
tl1 i s  AND is the reby s e t  up- -negative vol tage from the OR 
c i rcui t .  The second condi tion to act ivate the AND i s  
provided by arming the SKBU- 2 1 . 

In e i the r Fi g .  2 2  or 2 3 , for a dis tance phas e  compari s on 
sys tem ,  arming occu rs through e i trer the ope rat ion o f  the 
dis tance fau l t  de tec tors or the operation of the SKBU- 2 1  
fau l t  detec tor . Th e ope ration o f  e i the r faul t  detec tor 
wi l l  apply a voltage to tr·e ARM logic of tl-, e arming board . 
The ou tpu t vol tage from the ARM logic removes negat ive 
po ten t ial from the trip AND and appl ies  a negat ive s ignal 
into AND 3 of the arming board . AND 3 i s  ac tivated and 
s tarts the 4 /0 time r .  Four mi l l i seconds later , a negat ive 
inpu t i s  appl ied to the trip AND of the ou tpu t board . S ince 
the three condi tion s of t rip (a negative inpu t from t�e 4/0 
timer , not a negative inpu t from the ARM logi c , and not a 
negat ive s i gnal from the 1 8 /0 time r) i s  ful fi l led , a trip 
ou tpu t i s  ob tained from the SKBU- 2 1  relay . For an a l l ­
dis tance supervis ion sys tem ,  arming occurs through ope ration 
o f  the dis tance fau lt  de tectors only . As shown in ei the r 
Fig . 2 4  or 2 5 , the operation of the di s tance fau l t  de tector 
applies  the vol tage to the ARM logic of the arming board 
to activate AND 3 .  

B .  External Fau l t  

Unde r external fau l t  condi tion s , the square wave vol tage s 
from th e remote squaring ampli fiers and the square wave 
vol tage s from th e local squaring amp l i fi ers are ou t- of-phase  
s uch th at z e ro inpu t i s  b e ing rece ived on the AND c i rcui ts 
o f  the armin g board . The ou t pu t  from local 1 and remo te 3 
are ou t-of-pha s e  to p reven t tripping on AND 1 and the 
ou t pu t s  from local 2 and remote 4 are ou t-of- pha se to prevent 
tri p p i ng on A �D 2 .  As a re su l t , the outpu ts of the se AND 
c i rcu i t s  a re z e ro , and AND 3 cannot be ac tivate d .  Thi s 
b l ock s AND 3 and the 4 / 0  t ime r i s  not ene rgi zed . 
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Wi th fault de tec tor operati on , an input i s  applied to the 
ARM l ogic o f  the arming b oard . A pos it ive input wi l l  be  
appl i ed to  the tri p AND but tripping wil l  not occur s ince 
the 4 /0 time r i s  no t providing a negative input to t he 
Tri p  AND . Operat ion o f  the fau l t  de tector wi l l  provide 
an inpu t to a 1 / 100 t ime r on the Outpu t Board . The t ime r 
negates the si gnal to provide a nega tive input to the 
trans ient bl ock AND . With the appl ication of the negative 
inpu t from the 0 /100 time r th e three condi t j ons o f  tran s i en t  
b lock are ful fil led- -not a negative vol tage from the TRI P 
AND ; no t a negative vol tage from the Trans ient UNBLOCK 
C ircui t ;  and a negative inpu t from the 0 /100 time r .  E ighteen 
mil l i s econds later the 1 8 /0 timer of the t ran s ient b lock 
c ircu i t  time s ou t to p rovide a negat ive inpu t to the TRIP 
AND . The TRIP AND i s  thu s desens i tized to  prevent unde s i rable 
operat ion du ring trans i ents a s s oci ated wi th power reve rsals 
on the p ro te c tive l ine or at the c learing of an exte rnal 
faul t .  

C .  Sequential Faults  

If  the ab ove ext e rn a l  fau l t  i s  f o l l owed by an in t e rnal fau l t  
be fore the ex te rna l fau l t  i s  c l e a rP d , the trans ient unb l ock 
c i rcuit  is s e t  up to r emove the t ran s ien t b l ocking in p u t  
to tl·� e TRI P AND . F o r  tr e in t e rn a l  fal l l t ,  the s qu a re wave 

pu l s e s on AND 1 and A \ID 2 of th e a rming b oa r d  wi l l  reve r s e 
such tha t  a n e ga t ive ou tpu t i s  ob ta ine d from the s e  AND 
c i rcui t s . Thi s ou tpu t e n e rg i ze s th e OR c j  rc u i  t whi ch 
negates the s ignal to a nega ti ve s igna l . Th e n ega t i ve 
s i gnal . . .  

1 .  P r ov i de s a s econd in pu t t o  AiiD 3 ,  a n d  tl e 4 /0 U me r 
t ime s ou t t o  app ly a n e ga t i ve i np u t  t o  the TRI P AND . 

2 .  App l i e s a negat ive i npu t t o  the AND o f  th e t rans i ent 
unbl ock c i rcui t t o  fu l f i l l  th e requ i remen t s  t o  obtain 
an ou tpu t f rom the t ran s i e n t  unb l ock c i rcui t .  

As a resu l t , a nega ti ve i n p u t  i s  a p p l i e d t o  t h e  unb l ock 

time r .  E ighteen mi l l i s e c on d s  la t e r , t h e  unb l o ck t imer wi l l  
ope rate to remove the negat ive v o l1:age f r om t h e  b l ock AND 
c i rcu i t . Th i s  re s e ts the 1 8 /0 b l ock t i me r , and rem ove s the 
negat ive i npu t  to the A ;\!D o f  the u n h l ock t im e r  to re s e t  the 
unb lock . Th e req u i re d  th r e e  i np u t s  a r e  thu s app l i e d  t o  the 
trip A"t\.1D and a t r i p ou tpu t i s  ob t a in e d  from tJ- e SKBU - 2 1  
relay . 
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L L. 41-954. 4 

D .  Protec tive Relay Operation 

The SKBU- 2 1  relay i s  armed by the dis tance fault detectors 
through a 6 /0 time r on the supervis i on b oard . The operation 
of  the di s tance fault  detectors applies negat ive potential 
to te rminal 16 of  the supervis i on board . Thi s  removes 
current to tran s i s tor Ql5 7 and allows C l 5 1  to charge . Six 
mi l l i seconds later the vol tage on Cl5 7 reache s the break­
down of Zene r diode , Z l 5 1 , and base current flows int o  
transis tor Ql52  to turn Q l 5 2  on . Thi s  turns on Ql53 to 
apply a pos itive potential to terminal 14 of  the arming 
board . 

4 .  Supervi s i on Board 

The circui ts on the supervi s i on board inc lude the auxiliary 
func tions of the SKBU-2 1  relay , and they vary wi th the 
appl ication of  the relay and the type o f  equipment u s ed as 
a pilot channe l .  In general , though , thi s board contains 
a low s ignal clamp timer and an arming time r .  

A .  Low S ignal Clamp ( . 5 /150 Timer) 

With a serviceable channel e i the r a s pace frequency or 
an al ternate s pace -mark frequency i s  received from the 
channel equ ipmen t .  With re fe rence to Fig . 1 5  or 1 7 , Ql6 7 
of the supe rvi s i on board is e i the r tu rned on or i s  turned 
o f f .  With Ql6 9 turned on , base current is suppl ied to 
tran s i s tor Ql58  and Ql58  conduc ts . The collector of Q l 5 8  
i s  tbus at negative potential and capaci tor Cl55  cannot 
charge . 

I f  the channel is not s e rviceable , the tone rece iver i s  
clamped into a mark con di tion and the space output i s  
zero . Trans i s tor Ql6 7 doe s n o t  conduct and trans i s tor Ql58  
i s  tu rned off . Positive potential is applied to capaci to r  
Cl55  through res i s tor Rl 7 7 .  Afte r a 1 5 0  mi llisecond time 
delay , capac i tor Cl55 charge s su ffic iently to break down 
Zene r diode Zl54 . When Zl54 conduc ts , base drive i s  
suppl ied t o  tran s i s tor Ql59  and Ql59  tu rns on . Th i s  
connects the collec tor o f  Ql59  t o  negative potential which 
allows base current to flow in trans i s t or Ql60 th rough Rl 81 . 
Thi s tu rns on transi s tor Ql6 0 to apply positive vol tage to 
Rl 83 . Thi s vol tage i s  then applied to AND 2 o f  the arming 
board and to an alarm ou tput . Applying the vol tage to 
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AND 2 b locks tripp ing . 

Under the c ondi tions of al ternate mark and space outpu t s  
from the tone rece iver ,  tran s i s tor Q l 5 8  i s  turned on and 
off every 8 . 3  mil l iseconds (hal f-cycle of powe r sys tem 
frequency) . Every hal f-cycle , capac itor Cl S S  s tarts to 
charge bu t on the next hal f- cycle Q l 5 8  turns on to discharge 
capaci tor Cl S S . S ince the charging time is not sufficient 
to allow capaci tor Cl S S  to break down Z l 5 2 , tran s i s tor Q l 5 9  
wi l l  not turn on to block tripping . 

B .  Los s - of-Potential Alarm ( 2 500 Timer) 

When arming occurs on the SKBU- 2 1 , negative potential i s  
removed from terminal 1 8  of  the supervi s ion board . Thi s  
applies pos i tive poten tial to capac itor Cl5 2 . Two-and-a­
hal f seconds late r ,  the potential on Cl52 b reaks down the 
Zener diode Z l 5 2  to allow base current to flow into Ql54 . 
Thi s turns on Ql54 which turns off Ql S S .  Turning Q l S S  off 
appl ie s pos i t ive potential to the base of  Ql56 and Ql56 
turns off . Thi s  remove s positive potential from Rl 70  and 
an external alarm i s  energized.  

C .  Arming Delay by Dis tance Fault  Detectors (6 /0 Timer) 

The dis tance supe rvis i on arming is delayed by 6 mil l i seconds 
to allow time for the c i rcu i t s  feeding AND 1 and AND 2 to 
re spond at fault  inception . Operation of the di s tance fau l t  
de tectors wil l  apply negative potential to terminal 1 6  of  
the superv i s i on board . Thi s removes the base current to  
tran s i s tor Q l S l . QlS l turns off when pos i t ive potential 
i s  applied to capacitor ClSl . S ix mil l i s econds late r the 
vol tage on C l S l  reache s  a value to break down Zene r  diode 
Al S l . Thi s  turns on Q l 5 2 , which connects  the base of Q l 5 3  
to negative through re s i s tor , Rl 5 8 .  Q l 5 3  turns on to 
apply posi tive potential to re s i s tor , Rl6 0  and terminal 1 3 . 
From terminal 1 3  the vol tage i s  applied to the arming board . 

D .  Noi se  Supe rvis ion for a TA- 2  Tone Channel with AM Squelch 

The noi s e  supervision interface of the SKBU-21  relay for a TA- 2  
tone channel with AM squelch cons i s t s  of  tran s i s tors Ql6 6 , Ql6 1 , 
Ql6 2 , and a s s oc iated components . Under no rmal conditions , the 
ou tput from the noi se circu i t  of the tone channe l is zero vol ts . 
As a resu l t , trans i s tor Ql6 6 i s  n o t  conduc ting and bas e  cu rrent 
is not supplied to trans i s to r  Ql6 1 .  Transis tor Ql6 1 i s  
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I. L. 4 1 - 9 54 .  4 

turned off and i t s  collector i s  he ld at posi tive poten tial 
to prevent bas e cu rrent from flowing in t ran s i s to r  Ql6 2 
and negative vol tage ( acros s Rl 5 8) i s  applied to  AND 1 and 
AND 2 of the arming board . 

Under noi se  conditions the noi s e  c i rcui t of  the tone 
equipment provide s a negative output with re s pect to 
positive 48 vol t s  D . C .  Thi s negative vol tage allows 
transi s to r  Ql66 to turn on and provide s bas e current to 
Ql61 through res i s tor , Rl 8 7 . Tran s i s tor Ql61 tu rns on , and 
i t s  col lec tor i s  connected to negat ive potential . Base 
curren t then flows in trans is tor Ql62 through re s i s tor , 
Rl 88 , and Ql6 2 turns on . Pos i tive po tenti al i s  applied to 
res i s tor , Rl 90 and to te rminal 5 and 1 of the supe rvision 
board . From te rminal 5 ,  the vol tage i s  applied to AND 1 
and AND 2 o f  the arming board to bl ock tripping . The vol tage 
on terminal 1 is appl ied to an external alarm .  

The noi se supervi s ion interface o f  the SKBU-21  relay for a 
TA- 2  tone channel wi th a TA- 3  noi s e  supe rvi s ion i s  the s ame 
as above except Ql66 i s  omi tted . 

CHARACT ERISTICS 

The type SKBU- 2 1  re lay is availab le for a f requency shi ft 
tone channe l .  Taps are avai lab le to s et diffe rent 

sensi tivi ties  of the fau l t  de tector to zero an d nega tive 
sequence curren ts . The s e  taps are as fol l ows : 

Negat ive Sequence Taps ( 1 2 ) 

Tap 
Sett ing 

A 
B 
c 

Tap 
Se t ting 

F 
G 
H 

Nega t ive Sequence 
Sensi tivity 

None 
0 . 4  Amperes 
0 . 2 5 Amperes 

Z e ro Sequ ence Tap s  ( I o) 

- 17 -

Zero Sequence 
Sens i t ivi ty _ 

\Jone 
0 .  2 Ampe re s 
0 . 1 Ampe r e s  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



VA 

8 . 3  

The pos itive s equence response of the fault detec tor i s  
greater than 7 ampere s .  

The operating time of the fault detec tor i s  shown in 
Fig . 2 4 .  As shown in the figu re , the operating curve has 
a maximum and minimum value . Thi s  i s  due to the point on 
the current wave that fault current i s  applied.  Figure 25  
shows the operating time s for diffe�ent p oint s  on the 
fault wave for fau l t  current at five ampe re s .  

The keying re spon s e  o f  the SKBU - 2 1  relay i s  independent of 
the tap s e tting . Figure 26 shows typical lengths of 
keying pul se s  with re ference to a 6 0 - cyc le base of  the 
SKBU - 2 1  relay for di ffe rent values of  positive , negative , 
and zero s e quence current . 

Operating time 1 5  to 32 Mil l i s ec onds 

Alarm Time s 2 . 5  seconds for FD Operation 
150  Mil l i seconds Los s - o f- Channel 

Trans ien t Block Time 18 to 20 Mil l i seconds 

Tran s ient Unbl ock Time 2 5  to 30  Milliseconds 

Amb ient Temperature Range 

D . C .  Drain 0 . 14 Amp s . at 48 Vol t s  D . C .  

Re s e t  Time of Trans ient 
Block 

1 .  After a fau l t  de tector 
has operated 

100 Mi lli seconds 

2 .  When Unbl ock time i s  
Utilized Ins tantaneous 

ENERGY REQUIREMENTS 

Burdens at balanced three-phase current s of five 
ampere s .  ( Independent of tap s e t ting) . 

P1l a s e  A 
Angle VA 

2 . 2  

Phase B 

-18-

Phase C 
Angl e VA 

46 

Angle 
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I. L. 41-954. 4 

Burden at five ampere s  ( s ingle-phas e  to neutral current) . 

Re lay Phase A Phase B Phase c 
Taps VA Angle VA Angle VA Angle 

C-H 11 . 7  2 . 1 ° 9 . 7  1 . 80 44 . 2 . 2 ° 
B-H 11 . 4  2 . 1 ° 10 . 3 1 .  g o 46 2 . 2 ° 
A-H 1 1 . 1  2 . 0° 1 1 . 2  L 8 ° 48 2 . 2 ° 
C - G  8 . 8  2 . 0 ° 7 . .  0 1 .  g o 42 2 . 2 ° 
B-G 8 . 7 2 . 0° 7 . 5  1 .  g o 43 . 5  2 . 2 °  
A-G 7 . 8  2 . 0 ° 8 . 5 1 .  g o 45 2 . 2 ° 
C - F  6 . 7  2 . 0 ° 7 . 5  1 . 8 ° 42 2 . 2 ° 
B-F 6 . 5  2 . 0° 7 . 2  1 .  g o 42 2 . 2 ° 
A- F 5 . 8  2 . 0 ° 6 . 6  1 .  go 43 2 . 2 ° 

The angles above are the degre e s  by which the current lags 
i t s  re spe c t ive vol tage . 

SETTINGS 

The SKBU- 2 1  relay has separate tap plates for adj u s tment o f  
the z e ro and negat ive sequence sensitivi ty o f  the fault detec tor . 
The fault-de tec tor tap markings and pickup are : 

Negat ive Sequence Sens itivity ( I2 ) 

A .  None 
B .  0 . 4  Ampere s 
C .  0 . 2 5 Ampe res  

Zero Sequence Sens i t ivi ty ( Io) 

F .  None 
G .  0 . 2  Amperes 
H. 0 . 1 Amperes 

Two tap plates are provided : one for I 2 and the other one 
for r0 . 

Tap A should not be  used in s e rvice since th is would prevent 
faul t detec tor ope ra tion for phase- to-phase faults . However ,  
tap F may be  u s ed wi th e i ther B or C s ince negat ive sequence 
cu rrent flows for both phase- to-phas e  and ground faults . 

The rec ommended setting s are tap B and C as needed for the 
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required sens i tivi ty , and tap F .  Taps G and H have been provided 
for applications where the n egative- sequence l oad flow due to 
serie s impedance unbalance may be hi gh enough to operate FD wi th 
a tap C s e tting . In thi s  case s e t  in tap B and in tap G or H .  
I t  i s  not intended that taps C and H b e  u sed s imul taneou s ly 
due to the pos sib i l i ty of cancellation of the negative- and 
zero- sequence effe c t s  on ground faul ts . With a tap B s e tting , 
a tap H s e t ting i s  pre fe rred . 

To summarize , the recommended s e tting combinations in the 
order of prefe rence are : 

Comb ination I2 Tap IQ Tap 

1 c F 
2 B F 
3 B H 
4 B G 

INSTALLATION 

The SKBU - 2 1  relay is gene ral ly s upplied in a cabine t or on 
a relay rack as part of a c omplete a s s embly . The l ocation mu s t  
b e  free from du s t ,  exce s s ive humidi ty , vib ration , corro s ive fume s , 
or heat . The maximum tempera ture around the cha s s i s  mus t  not 
exceed 5 5 ° C .  

ADJUSTMENTS AND MAINT ENANC E 

NO TE :  The SKBU - 2 1  relay i s  normally suppl i e d  as  par t of a relay­
ing sys tem ,  and i ts cal ib ration should be checked after the 
sys tem has been ins tall e d  an d i n terconn ec te d . Detai l s  are given 
in the ins truc tions  of the a s s embl y .  The a s s emb l y  ins t ru c tions 
and not the following ins tru c t i on shoul d  be followed when the 
re lay is receive d as an integral part of the re layi ng sys tem .  

I n  tho s e  cas e s  where the SKBU ··· 2 1  relay i s  n o t  a part o f  a 
rel aying s ys tem , the fo l l owing procedure can be  fol l owed to 
ve ri fy that the c i rcuits  of the SKBU- 2 1  are func t i oning prope rly . 

TEST EQUIPMENT 

1 .  O s c i l l o scope 
2 .  A . C .  Curren t Source 
3 .  Elec tronic Timer f 
4 .  A . C .  Vol tme ter 
5 .  D . C .  Vol tme ter 

I Scope may b e  u sed for timi ng b y  connec ti ng scope probe to  timer 
s top point s ,  and external t rig ge r of  s c ope to t ime r s t a r t  points . 
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I. L. 41-954.  4 

ACCEPTANCE TEST 

Connec t  the relay to  the te s t  c i rcui t  of Fig . 2 7  which 
repre s ents the tone channel for te s t  pu rpose s . 

Open all tes t swi tche s of  the tes t  c i rcui t and c onne c t  a 
6 0 - cyc l e  tes t current b e tween terminal s  3 and 5 of  the re lay . 
Connec t  terminal 2 ,  4 ,  6 and 8 o f  the te rminal b lock toge the r .  
Se t tap s I2 - C  and r 0 - H .  

1 .  Filter Outpu t 

a .  Connec t a high re s i s tance a-c  vol tme ter acro s s  
X6 and X S  o f  the re lay . 

b .  Pas s 10 ampe re s , 6 0  cyc l e s  into terminal 5 and out 
terminal 3 .  Vol tme ter should read 20 vol t s  ± 5% .  

2 .  FD Pi ckup and Dropou t 

a .  Set  re lay on taps Iz -C and Io-H . 

b .  Connec t a high res i s tance D . C .  vol tme te r  acro s s  Xz z  
and x4 ( neg . ) 

c .  Connect  a 6 0  cyc le te s t  cu rren t t o  terminal 5 and 3 
of the relay . Gradual ly inc reas e the cu rrent unt i l  
the vol tme ter change s reading from approximately ze ro 
vol ts to approxima tely 20 vol t s . Thi s  is the 
ope rat ing cu rrent o f  FD and should be 0 . 43 3± 5% ampe re s . 

d .  Gradual ly l owe r A . C .  te s t  current unt i l  D . C .  vol tme ter 
drop s to approximately z e ro vol t s . Thi s  is the 
dropou t cu rren t of FD and should occur at 0 . 3 5 ± 5% 
ampe re s  of the pi ckup cu rrent .  

3 .  Che ck o f  Local Squa ring Ampli fiers 

a .  W i th all swi tche s of te s t  c i rcui t open , apply 0 . 6  to 0 . 8 
ampe re s  A . C .  to te rminal s 3 an d 5 of the relay . 

b .  P lace s c ope probe ac ros s Xl2 an d X4 ( grd) . A s quare 
wave of  vol tage should appear ac ros s Xl2 and X4 a s  
shown i n  Tab le I .  
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c .  Place scope probe acros s XlS and X4 ( g rd) . A square 
wave o f  vol t age should appear acro s s  XlS and X4 a s  
shown in Table I .  

d .  I f  s cope has two trace s , connec t  one probe t o  Xl2 and 
second probe to Xl5 . Connec t grd . of scope to X4 . 
The phase relat ionship of Table I should be ob served . 

4 .  Check o f  Keying Circuit 

a .  Wi th all swi tche s of te s t  circui t open and 0 . 6  to 0 . 8  
ampere s A . C .  appl ied to  terminal 3 and 5 o f  the relay , 
wi th s c ope check vo ltage acro s s  Xl4 and X4 ( grd) . 

b .  Wave form shown in Table I should be ob s e rved .  

5 .  Check o f  Remo te Squaring Amplifiers 

a .  Close swi tches  A ,  B ,  and C o f  te s t  fixtu re .  

b .  Apply 0 . 6  to 0 . 8 ampere s  A . C .  to te rminal s  3 and 5 o f  
the SKBU- 2 1  re lay . 

c .  Using scope wi th grd .  l ead on X4 , check wave shape o f  
vol tage ac ro s s  X9 and then Xl6 . Wave forms of Tab le I 
should be ob s e rved . 

d .  I f  scope has two trace s ,  connec t  one probe t o  X9 and 
the othe r on Xl6 . Connec t  grd . to X4 . Wi th s cope 
s e t  on chopped ,  the phase relationship of Table I 
shoul d  b e  ob served.  

6 .  S e t t ing of SS and S6  

a .  Se t S S  to minimum re s i s tance and S6 to maximum 
re s i s tance ( fully clockwi s e ) . 

b .  S e t  swi tch L to exte rnal fault  and c l o s e  swi tche s A ,  B ,  
and C o f  the te s t  c i rcui t .  Apply 0 . 6  to 0 . 8 ampere s 
A . C .  t o  te rminal s 3 and 5 o f  the SKBU- 2 1  rel ay .  

c .  Conne c t  scope ac ros s  XlO an d X2 ( grd) . Adj u s t  S 5  un ti l 
fol lowing wave form appears on s cope . 
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I. L. 4 1 - 9 54. 4 

Ze ro Line 

d .  Adj u s t  S 6  un til the rel ay trips as de termined by an 
inc rease in vol tage acros s Xl l  t o  X4 from z e ro to 
approximately 20  volts . Thi s  sets  the trigge ring of 
the flip- flop a fte r a 4 mil l i s econd de lay .  

e .  S l owly inc rease S S  to ob tain the following wave form .  
This wil l  b e  wi th S S  a t  o r  near minimum res i s tance . 

Minimum Pips 
Point up as 
shown or down 

7 .  Transient Bl ocking De lay ( 1 8 /0 and 0 /100 Time r� 
a .  Connec t elect ronic time r s top to X7 and X4 ( grd) . Set  

timer s top on nega tive go ing pu l s e .  

b .  Connec t time r s tart t o  X2 2 .  Se t time r s tart to pos i t ive 
going pu l s e . 

c .  Apply 0 . 6  to 0 . 8 ampere s  A . C .  to te rminal s 3 and 5 of 
the SKBU - 2 1  re lay . Measure time for vol tage to drop 
from 20 vol ts to approxima tely z e ro vol ts .  Thi s  
shou l d  b e  be tween 1 6  and 2 0  mi l l is econds . 
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d .  S e t  t imer s tart on a negative pul s e  and timer s top on 
a pos i t ive puls e . 

e .  De- energize rel ay . Time r should s ta r t  and should s top 
a fter a t ime delay of 80 to l35 mil li s econds . 

8 .  Check o f  Trans i en t  Unbl ocking Circu i t  

a .  Wi th e lec tronic t imer s top connec ted to  X 7  and X4 ( grd) , 
s e t  timer s top on positive going pul s e . 

b .  Connec t t ime r s tart to t imer s tart contac ts  o f  switch 
L .  S e t  L on external fau l t , and close  o ther swi tche s 
o f  te s t  c i rcuit .  

c .  Apply 0 . 6  to 0 . 8 amperes A . C .  into terminal 3 & 5 o f  the 
SKBU-21  relay . 

d .  Close swi tch L to  internal fau l t , timer shou ld s tart 
and should s top after a time delay. Time should be 
16 to 2 0  mil l i seconds . 

9 .  Los s  o f  Channel Timer ( . 5 /1 50) 

a .  With electronic timer s top connec ted to Xl9 and X4 ( grd) , 
s e t  t imer s top on pos i t ive pul s e .  

b .  Connec t  timer s tart to  s tart con tac ts  fo swi tch C .  
S e t  t ime s ta r t  to b re ak .  

c .  C lo s e  swi tch C .  

d .  Open swi tch C .  Time r should s tart and sllould s top 
after 1 30 to 1 70 mil l i seconds . 

10 . Alarm on Relay Operation ( 2 . 5  Secon� 

a .  Wi th e l ec t ronic timer s top connec ted to  X20 and X4 ( grd) , 
s e t  t imer s top on negative going pul s e .  

b .  Connec t  t imer s tart t o  X2 2 .  S e t  time r s tart on negative 
pul s e .  

c . Apply 0 . 6  t o  0 . 8  amperes A . C .  t o  terminal s 3 & 5 o f  SKBU- 2 1  
relay . 
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I. L. 4 1 - 9 54 .  4 

d .  Time r wi ll s tart and should s top a fter 2 . 3  t o  2 . 7  
seconds . 

11 . Signal Squelch Time ( 10 /150)  

a .  Connec t timer s top to Xl4 and X4 (grd) . Connec t a 
j umpe r from TP102 to terminal 8 o f  the amp l i fier an d 
keying b oard .  Thi s tu rns o f f  Ql04 to tu rn on Ql0 5 . 

b .  Connec t timer s tart to swi tch 2 8 .  Se t time r s tart on 
positive pul s e . Connec t  time r s top on posi tive pu l s e . 

c .  Close swi tch 2 8 .  Timer wil l  s tart and will s top 
after a 8 to 12 mi lli second de lay . 

d .  Se t time r s top on nega tive pul se , an d timer s tart t o  
negat ive pulse . 

e .  Open swi tch 2 8 .  Timer should s tart and s top after a 
time de lay o f  125  to 185 mi lliseconds . 

12 . Check of  Noi s e  C i rcuit 

a .  Connect D . C .  vol tme ter to Xl 7 and X4 ( g rd) . Voltage 
mus t  read zero . 

b .  Clos e swi tch D .  Voltage mu s t  ri se to 20 vo l t s . 

1 3 . Check o f  Frequency Ve ri fier 

a .  Open all swi tches  of  te st  c i rcu j t .  

b .  Connect scope ac ros s TP6 0 and terminal 8 o f  the FD 
board . 

c .  Apply 0 . 6  to 0 . 8  ampere s  to terminal 3 & 5 o f  SKBU-21  relay. 

d. Wave form of  Fig . 29  should be ob serve d .  

- 2 5-
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TROUBLE SHOOTING PROCEDURE 

To trouble shoot the equipment , the logic diagram vol tage s 
of Table I should be used to i solate the c ircuit tha t i s  not 
performing correctly . The schematic of  the individual board , 
and the vol tages of Table II should then b e  used to i solate the 
fau l ty componen t .  

TABLE ll 

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS 

1 )  Fault De tec tor 
-

Te s t  Point 

54  
5 5  
5 6  
Term 2 

Board 

Ia . c . = 0 Ia . c . = Pickup of  FD 

l e s s  than 1 
4 . 5 V .  d . c .  
1 8  to 20 V .  d . c .  
8 . 6  V .  d . c .  

5 1 - 5 2  
5 2 - 5 3  
5 3 - 5 1  
Te rminal 5 -6 

6 . 5  V .  d . c .  
le s s  than 1 
l e s s  than 1 
l e s s  than 1 
0 
0 
0 
0 

7 . 4  vol t s  a . c .  ( Approx . ) 
7 . 5  vol t s  a . c .  ( Approx . ) 
7 . 4  vol t s  a . c .  (Approx . ) 
1 5  volts  a . c .  (Approx . ) 

2 .  

TP 5 7  
TP 5 8  
TP 5 9  
TP 6 0  
TP 6 1  
TP 6 2  

Supervi s ion 

Te s t  Point 

Term 16 
TP1 5 1  
TP 152  
Term 1 3  
Te rm 1 8  
TP1 5 3  
TP1 54 
Term 1 9  
Term 1 7  

TP1 5 5  

Board 

1 8  volts  
1 8  volt s  
l e s s  than 1 
20 vol t s  
1 8  vol t s  
le s s  than 1 

Normal Condit ion 

12  
l e s s  than 1 

20  
le s s  than 1 
less  than 1 

1 5  
less  than 1 

20 
*48 VDC ( receiving 

space) 
*le s s  than 1 

( receiving space) 
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) 
) 
) 
) 
) 
) 

Pul s e s  see 
Table II for 
Wave form 

Abnormal Condi tion 

l e s s  than 1 with DFD Operation 
7 I I  I I  I I  
le s s  than 1 I I  I I  I I  
20 
1 5  with arming 
le s s  than 1 I I  I I  
20 I I  I I  
les s than 1 I I  I I  
le s s  than 1 with loss  of  
channel 
1 8  wi th los s of channel 
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I. L. 4 1 -9 54.  4 

Supervi sion Board (Cont ' d . )  

Tes t  Point 

TP156 

Term 11 
TP1 5 7  
TP1 5 8  

Term 1 
Term 15  

Normal Condi tion 

2 0 ( receiving space) 

le s s  than 1 
l e s s  than 1 
2 0  

l e s s  than 1 
*le s s  than 1 

Abnormal Condi tion 

le s s  than 1 wi th loss  of 
channe l 
20 
46 with noi s e  clamp 
l e s s  than 1 wi th nois e  
clamp 
20 wi th noi s e  clamp 
46 wi th loss of channel 

* Normal condition could be square wave pulses  

Ampli f i er and Keying 

Tes t  Poin t 

Term 7 
TP101  
Term 10 
TP102 
Term 13 
Term 12 
TP103  
TP104 
Te rm 11 
Te rm 2 
TP 105  
TP 1 06 
Te rm 16 
Te rm 1 8  

Normal 
( Ia . c . =  0)  

1 8  
l e s s  than 1 
l e s s  than 1 
5 Vdc 
l e s s  than 1 
48 Vdc 
5 Vdc 
l e s s  than 1 
2 0  Vdc 
2 0  V pu l s e s  
5 Vdc 
l e s s  than l 
20  Vdc 
20 vol t 
pu l s e s  

--:� Non - squelch con cli t i on 

Se rviceable Chann�l 

Abnormal or lAC = Pickup of FD 

--- --- ·----------------------

le s s  than 1 breake r fai lure on trip 
8 . 5 
l e s s  than 1 I I  I I  I I  I I  
4 . 3 pul s e s  

*6 vol t pulse s 
*48 vol t pul ses  

5 vol t pul s e s  
16 vol t pul ses  
2 0  vol t pu l s es 
2 00 wi th los s o f  channel 
5 vol t pul s e s  
16 volt pul se s  
20  volt  pul s e s  
2 0  wi th l os s  of channel 

-27-
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Arming Board 

Te s t  Inte rnal Los s  of 
Point Normal Fau l t  Channel 

TP2 5 1  ,tle s s  than 1 10 v pul s e s  l e s s  than 1 
TP2 52  ,tle s s  than 1 10 v pul ses  l e s s  than 1 
Term 3 ,tlO vol t s  ,t le s s  than 1 10 volt s  
TP254  ,tles s than 1 1 7  vol t s  D . C .  l e s s  than 1 
TP2 5 5  ,t 2 0  vol t s  *le s s  than 1 2 0  vol t s  
TP2 5 6  6 . 5  vol ts l e s s  than 1 when arme d  
Term 19  les s than 1 1 8  vol t s  when armed 

,t Very narrow pul s e s  would be ob served on s cope 

* 20 Vol t s  pul s e s  wi th s ignal squelch from remote terminal . 

Ou tpu t  Board 

Te s t  
Poin t Normal Trip Blocking 

301 20 Appl ie s to Sequential Fau l t  
302 0 I I  I I  I I  I I  
303 2 . 2  12 . 5  l e s s  than 1 
304 less than 1 less  than 10 7 

Board 1 4  2 0  20 l e s s  than 1 
305 18 . 5  7 18 . 5  
306 0 1 3 . 5  0 
3 0 7  20 le s s  than 1 20 
308 0 20  0 

-28-
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I. L. 41-954. 4 

RENEWAL PARTS 

Repair work can be done mos t  sati s fac torily at the fac tory . 
However ,  interchangeable par ts can be furni shed to the cus tome rs 
who are equipped for doing the repair work . When ordering parts , 
always give the comple te nameplate data . For components mounted 
on the printed circui t board , give the c i rcui t symbol and the 
elec trical value ( ohms , mfd , e tc . )  and component s tyle number .  

E LECTRICAL PARTS LIST 

Fault De tec tor Board S tyle 5 3 12Dl 3G0 1  

CIRCUIT 
SYMBOL 

C51 
C52-C53-C59  
C54-C 5 5  
C56 -C5 7 
C 5 8  
C6 0 

D51 to D5 8-D70 
to D73 

D59 
D6 0 to D6 9 

Q 5 1 -Q 5 2 -Q S 3 -Q 5 5  
Q 5 7 -Q6 l -Q6 2 -Q6 3 
Q54-Q 5 6 -Q 5 8  

Q59  - Q6 0 

DESCRIPTION 

Capaci tors 

0 . 1  Mfd 
0 . 5  Mfd 
1 . 5  Mfd 
0 . 02 Mfd 
0 . 1  Mfd 
0 . 2 2 Mfd 

Diode s 

1N457A 
1 N6 45A 
1N4385  

Tran s i s t o r s  

2N3417  
2N3645  

Swi t ch e s  

2 N886 

- 29-

WESTINGHOUSE 
STYLE NUMBER 

1 5449 20 
1 87A6 24Al l 
1 8 7A508H09 
1 8 7A6 24H09 
1 8 7A6 24H0 1 
76 2A7 03H01 

1 84A8 5 5H0 7 
83 7A6 9 2H03 
1 84A85 5Hl4 

848A8 5 1H02 
849A441H01 

1 8 5A51 7H0 3  
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CIRCUIT WESTINGHOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

Re s i s tors 

RSl 50 Ohms , sw 185A209H06 
R52-R6 8-R71 2 . 7K Ohms l /2W 6 2 9A5 3 1H42 
R5 3 ( POT) 2 .  SK Ohms l /2W 6 2 9A430H03 
R54-R5 5 -R5 8 - R62 
R6 4-R6 6 - R84-R89-R92 lOK Ohms l /2W 6 2 9A5 31H56 
R56 - R6 0  lOOK Ohms l /2W 184A76 3H7 5 
R5 7 4 7K Ohms l /2W 6 2 9A5 31H72 
R5 9 56K Ohms l /2W 1 4A76 3H6 9  
R6 1 - R8 7 22K Ohms l /2W 6 2 9A5 31H64 
R6 3 6 . 8K Ohms l /2W 6 2 9A5 3 1H52 
R6 5 2 7K Ohms l /2W 6 2 9A5 31H6 6  
R6 7 l SOK Ohms 3W 76 2A6 79H01 
R6 9 -R73 6 8K Ohms l /2W 6 2 9A5 3 1H76 
R70-R74-R88 39K Ohms l /2W 6 2 9A53 1H70 
R72 - R7 5 - R80 2K Ohms l /2W 836A503H33 
R76 - R7 8 -R90 lK Ohms l /2W 6 2 9A5 31H32 
R7 7 5 .  6K Ohms l /2W 6 2 9A5 3 1H50 
R81 20K Ohms l /2W 629A5 31H6 3  
R82 l . SK Ohms l /2W 836A503H30 
R83-R9 1  470 Ohms l /2W 6 2 9A531H24 
R85 4 . 7K Ohms l /2W 6 2 9AS3 1H48 

Zener Diodes 

2 5 1  1Nl 832 C , 62V  184A6 1 7H06 
2 5 2 - 2 5 5  1 N9 5 7 B , 6 . 8V 186A797H06 
2 5 3  1N36 88A ,  24V 86 2A2 88H01 
2 5 4 1N7 59A , 12V 83 7A6 93H0 1 

- 30-

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I. L. 41-9 54.  4 

Supervision Board S tyle 5 3 1 5D3 3G01 

C IRCUIT WESTINGBOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

Capaci tor 

C l 5 1 - C l 5 3 - C l 5 7  0 . 4 7 Mfd 1 8 8A6 6 9H0 1 
C l 5 2  6 8  Mfd 1 8 7A50 8H0 2  
C l 5 4 - C l 5 6 -C l 5 8 1 . 5  Mfd 1 8 7A50 8H09 
Cl S S  6 . 8 Mfd 1 84A6 6 1Hl0 

Diode s 

Dl 5 1 -Dl 5 3 - Dl 5 8 -
to  Dl6 2 1N4 5 7 A  1 84A8 5 5H0 7 
D l 5 2 -Dl54-Dl 5 5  1N6 4 5A 8 3 7A6 9 2 H0 3  

Transis tors 

Q l 5 1 -Q l 5 2 - Al 5 4 -Al 5 5  
Q l 5 8 - Q l 5 9 -Al6 1 2N3417 848A8 5 1H0 2 
Ql5 3-Al 5 6 -Q l 6 0 - Q l 6 2  2 N3 6 4 5  849A441H0 1 
Ql6 5 -Ql6 6 -Ql6 7 2 N4 3 5 6  8 49A44 1H0 2 

Re s i s tors 

Rl 5 1 - Rl 5 8 - Rl6 8 - Rl 7 7  
Rl 8 1 - Rl 8 8  6 . 8K Ohms l /2W 6 2 9A5 3 1HS 2 
Rl 5 2 -Rl 5 3 - Rl 5 7 - Rl 5 9 -
Rl6 4 - Rl6 5 - Rl6 7 - Rl6 9 -
Rl 7 6 - Rl 8 0 - Rl 8 2 - Rl 86 lOK Ohms 1 / 2\V 6 2 9A5 3 1H56 
Rl 8 9 - R2 0 0  
Rl 5 4  4 7 0  Ohms l / 2W 1 84A7 t1 3 Hl9 
Rl 5 5 - Rl6 6 - Rl 9 7 - R2 0 1  2 2 K  Ohms l /2H 1 8 4A7 6 3H59 
Rl 56 - Rl6 1 - Rl 7 8  lK Ohms l / 2H 1 84A7 6 3 H2 7 
Rl6 0 - Rl 7 0 - Rl 8 3 - Rl90 8 2 K  Ohms l / 2H 6 2 9A5 3 1 H 7 8 
Rl6 2  3 3K Ohms l /2H 1 8!+A7 6  3H6 3 
Rl6 3 5 6 K  Ohms l / 2W 1 8tfA7 6 3H6 9 
Rl 7 1 - Rl 84-Rl 9 1  l S O K  Ohms l / 2W 7 6 2A6 7 9 H0 1  
Rl 7 5 - Rl 8 7  4 7 K  Ohms l / 2W 1 8 4A7 6 3 H6 7  
Rl 79 39K Ohms l /2vJ 6 2 9A5 3 1H 7 0  
Rl 9 8 - R2 0 2  2 K  Ohms l / 2H 1 84A7 6 3 H 3 4  

Zene r Diode 

Z l 5 1 - Z l 5 2 - Z l 5 4  1 N9 5 7 B , 6 . 8V 1 86A7 9 7H0 7 
Zl 5 3 - Z l 5 5 - Z l 5 7 - Z l 5 9  1N36 8 8 , 2 4V 86 2A2 8 8H01 
Z l 5 8  UZ S 8 7 5 , 7 5 V 8 3 7A6 9 3H04 
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Arn£1i fier & Ke�ing Board S tyle 5 314D7 8G01 
�"' 

CIRCUI T WESTINGHOUSE 
SYMBOL DESCRIPTION STYLE NUMBER 

Capaci tor 

ClOl 6 . 8  Mfd 1 84A6 6 1H2 1  
Cl02 1 . 5  Mfd 1 8 7AS08A09 

Diode s 

D101-D106 -D110 1N45 7A 1 84A855H0 7  
D102 t o  D105 - D1 0 7 - Dl09 1N6 45A 83 7A692H03 

Transis tors 
QlOl to Ql04-Q106 
Q107-Qll0-Qlll 2 N3417  848A85 1H02 
QlOS 2N6 99 1 84A6 3 8H19 
Q108-Q109-Qll2-Qll3  2 N3645 849A441H0 1 

Re s is tors 

R10 1 - R1 1 7  6 . 8K Ohms 1 /2W 6 29AS31HS 2  
Rl02 - Rl06 470 Ohms l /2W 1 84A7 6 3H1 9 
R10 3  39K Ohms l /2W 1 84A76 3H6 5 
R104-R108 lK I I  I I  1 84A76 3H2 7  
R10 5 - Rl0 9 - Rl12 -Rl l 3 -
Rl l 5 -Rll6 - Rl 2 1 -R1 2 2 -
R1 24-Rl34-Rl 3 5 - Rl 3 7  lOK I I  I I  1 84A76 3HS 1 
Rl0 7 - Rl2 7 - Rl 3 0 - Rl41 l SK I I  I I  6 2 9AS 3 1H6 0  
Rl lO 82K I I  I I  6 29A5 3 1H78 
Rl l l - Rl 2 0 - Rl 3 3  3 3K I I  I I  1 84A76 3H6 3  
Rl l4-Rl 2 3 - Rl36  22K I I  I I  1 84A76 3H5 9  
Rl l 8  220K I I  I I  1 84A76 3H83 
Rl l9 -Rl32  6 8K I I  I I  6 29A5 3 1H76 
Rl 2 5 -Rl 2 9 - Rl 3 8 - Rl 3 9  4 .  7K I I  I I  1 84A76 3H43 
Rl 26 -Rl 2 8  4 70K I I  I I  1 84A76 3H9 1 
R1 2 7 - Rl30-Rl41 4 7K I I  I I  1 84A76 3H6 7 
Rl 3 1 - Rl40 56K I I  I I  1 84A76 3H6 9 

Zene r Diodes 

Zl01- Zl02 1N9 5 7 B , 6 . 8V 1 86A797H06 
2103 UZ5 8 7 5 , 75V 8 3 7A6 9 3H04 

""""' 
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Arming Board S tyle 201Cl 74G01 - 201Cl 7 2G01 

Diode s 

D2 51  to D2 5 7 -D260 -D26 1 
to D26 5  - D26 7 1N457A 

Tran s i s tors 

Q251 -Q252-Q253-Q256 
Q25 8-Q2 59 2N341 7 
Q257  2N3645 

Re s i s tors 
-- ·· 

R2 51 to R2 5 7 -R259 -R26 1 
R26 2 -R2 6 3 - R26 5-R2 74 
R2 7 7 -R2 7 8-R2 80-R2 8 1  
R2 87-R288 22K Ohms 
R2 5 8-R260-R264-R2 7 5  
R2 7 6 - R2 82 -R2 84-R285  lOK Ohms 
R2 79  2 7K Ohms 
R2 83-R2 89 12K Ohms 

Zener Diodes 

Z251 1N36 88A ,  24V 

l /2W 

l /2W 
l /2W 
l /2W 

I. L. 41-954. 4 

1 84A85 5H0 7  

848A851H02 
849A441H01 

1 84A76 3H59 

184A76 3H5 1 
6 29A5 3 1H6 6 
1 84A76 3H5 3 

86 2A2 88H01 

Protec tive Rel ay Board S tyle 201Cl66 G01 - 201Cl48G01 

C l  to C S  

Dl to DS 
D6 to DlO 

Q l  to Q 7 -Q9 
Q 8  

Capaci�ors 

. 047  Mfd 

Diodes 

1N6 45A 
1N457A 

Tran s i s tors 

2N3417 
2N3645 

- 33 -

849A437H04 

83 7A6 92H03 
1 84A855H0 7  

848A851H02 
849A441H01 
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CIRCUIT WESTINGHOUSE � 
SYMBOL DESCRIPTI ON STYLE NUMBER 

Res i s tors 

Rl ( 1 2 5  vol t input )  6 8K lW 1 8 7A643H71 
Rl (48  vol t  input)  
R6 - R2 1 - R30•R39 2 7K l /2W 1 84A76 3H0 1  
R2 -R3 - R4-R8-R9 
Rl 3-Rl4-Rl22-R2 3  
R3 1 - R3 2 - R3 3  4 .  7 K  l /2W 6 2 9A5 3 1H48 
R5 - Rl0-Rl 5 - R24-R34-R3 8  82K l /2W 6 29A5 31H78 
R7 - Rll-Rl6 -R2 5 -R3 5  lOK l /2W 6 2 9A5 3 1H56 
Rl 2 - Rl 7 -R2 6 - R3 7  6 . 8K l /2W 6 29A5 3 1H52 
Rl 8-Rl9-R2 7 -R2 8  22K l /2W 184A76 3H59 
R20 - R29-R36 -R40 lOK l /2W 184A76 3H51 

Zener Diode 

Zl-23-Z S -2 7 - 29 1N36 86 B 20V 185A2 12H06 
Z 2 -Z4-Z6 -Z8-Zl0 1N9 5 7B 6 . 8V 186A7 9 7 H06 

Outpu t Board S tyle 20 1C02 5G01 

CaEac i tors 
C301- C304-C305 4 . 7 Mfd 184A6 6 1Hl2 
C30 2 - C303 - C306 - C309 0 . 2 2 Mfd 76 2A703H01 
C30 7-C308  0 . 04 7  Mfd 849A437H04 
C310 0 . 10 Mfd 188A66 9H03 
C311  1 . 5 Mfd 187A508H09 

Diode s 

D301 to D306 -D30 8 1N4 5 7A 1 84A855H0 7 
D30 7 1N6 4SA 83 7A692H0 3 

Transis tors 

Q301-Q305-Q 306 -Q307  
Q308 2N3645 849A441H01 
Q302-Q303 -Q304-Q308 2N341 7 848A85 1H0 2 

- 34 -
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CIRCUIT 
SYMBOL 

R30 1-R303-R304-R306 
R310-R3 1 1-R3 1 5  
R320-R323-R324 
R326 -R3 30-R33 5  
R302 
R30 5  
R30 7 - R3 14-R319-R32 1  
R32 5 -R328 
R309-R3 1 7  
R31 2  
R31 3  
R31 6  
R3 1 8-R322 
R32 7  
R329  
R33 1  
R3 32 
R3 3 3  
R3 34 

Z301-Z303-Z304-Z305 
Z306 

DESCRI PTION 

Re s i s tors 

lOK Ohms l /2W 
2 . 2M Ohms l /2W 
47K Ohms l /2W 

22K " " 
lK I I  " 
470K " " 
470K " " 
l SK " " 
4 .  7 K  " " 
6 . 8K " I I  
1 8K " " 
lOK I I  " 
6 . 8K " " 
2 7K " " 
l SOK " 3W 

Zener Diode s 

1N9 5 7 B  
1N36 88A 

Relay Board Style 5 312D78G01 

C201-C202-C203 

R201  
R202-R203 

L20 1  

Z201 

Capaci tors 

0 . 2 5 Mfd 

Re s i s tors 

50 Ohms SW 
3 . 3K Ohms l /2W 

Fil ter Choke 

8 . 5Hy 450 Ohms 

Zener Diodes 

1 Nl 82 8C 43V 

-35-
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WESTINGHOUSE 
STYLE NUMBER 

1 84A76 3H51 
1 8 7A290H26 
1 8 7A290Hl 7 

1 84A76 3H59 
1 84A76 3H2 7 
1 84A76 3Hl9 
1 84A76 3H91 
6 29A430H0 8 
1 84A76 3H43 
1 84A76 3H47 
1 84A76 3H5 7 
6 29A5 3 1H5 6 
6 2 9A5 3 1H5 2 
6 2 9A5 3 1H66 
76 2A6 79H01 

1 86A7 9 7H06 
86 2A2 88H01 

187A6 2 4H02 

1 8SA209H06 
6 29A5 31H44 

188A460H01 

6 2 9A79 8Hl4 
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ADJ 

Tl KEYING 

RESISTORS 
FOR SEQUENCE 

FILTER 

ARMING BOARD 

TRANS! 
UNBLOCK I 

DROPOUT 

Fig. 1 Type SKBU-21  Relay ( Front View) 

TERMINAL BLOCK 

01 TERMINALS 

Fig. 2 Type SKBU-21  Relay (Rear View) 
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I. L. 41-954.  4 

5312DI3GOI J 
69 1B082 

Fig. 3 Location of Components on Fault Detector Board. 

+ lO VOLTI N£& I .:=::::=r=r:r;�;:=::?--*- .. ] FREQUENCY FAULT 1---�I S 10�---r-��VE�R�I F�IE�R_j DETECTOR I '"'"�t--c=----�,. 
S�---1 PHASE 
3 �---IL-:.S;_:PL;_:IT..:_:TE::_R_J) L-�====t" I ,. �-------� 2 

Fig. 4 Schematic of Fault Detector Board . 
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� ©Q252 

� ,'�i' � 
Q� T� = 

I R264l IC5II 
D9 

IR259I 
TP251Q � 

IR258I 

IR280I IR2551 ._____ 19 I .--1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Fig. 5 Location of Components on Arming Board. 

�· BOK INDI CATES TRANSISTOR 

I S  NORMALLY CO�OUCTING 

14 

12 

2 0 1 C l 7 5  

15 

691B088 

Fig . 6 Schematic of Arming Board for Distanc e Phase Comparison System. 
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691Bl25 

Fig. 1 5  Schematic of  Supervision Board for T A-2 Tone Channel with AM Squelch. 

691B244 

Fig. 16 Location of Components on Supervision Board for TA-2 Tone Channel with 
T A-3 Noise Supervision. 
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Fig. 17  Schematic of  Supervision Board for TA -2 Tone Channel with TA- 3  
Noise Supervision. 
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Fig. 19 Schematic o f  Protective Relay Board for Distanc e Phase Comparison 
System. 
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Fig. 2 1  Schematic of Protective Relay Board for All Distance Supervision System. 
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Fig. 32 Elementary Connections for SKBU- 2 1  Relay with TA- 2  Tone Channel with 
AM Squelch. 
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I N ST A L L A TI O N  • 

Westinghouse I . L . 4 1 -954 .3C 

OPERATI O N  • MAI N TE N A N CE 

INST R UCT I O N S 
TYPE SKBU-1 AND TYPE SKBU-1 1 PHASE 

COMPARISON RELAY FOR TC CARRIER CHANNEL 

CAUTION: It is  r ecommended that the user of this 
e quipment become acquainted with the information 
in this instruction leaflet  and on the system in­
struction l e aflet  before energizing the system . 

Printed circuit modul es should not be r emoved or 
insert ed where the relay is energized. Failur e to 
obs erve this precaution can r esult in an undesired 
tripping output and can cause component dam ag e .  

A P P L I C A T I O N 

The type SKBU- 1 relay and the type SKBU- 1 1  
relay ar e relay s used in conj unction with a type TC 
power line carrier set to provide complete phase and 
ground fault protection of a two terminal transmis­
sion lin e .  Simultaneous tripping of the relays at each 
line terminal is  obtained in less than twenty-five 
millise conds for all internal faults within the limits 
of the relay settings. The relay operat es on line 
current only, and no source of a-c line potential is 
r equired.  Consequently, the relays will not trip 
during a swing or out-of- step conditions. The c arrier 
e quipment operates directly from the stat ion b att ery . 

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

The phase comparison relays consist of a com­
posite positive and n·egative sequenc e current n et­
work , a saturating transformer .  thre e isolating 
transformers,  a 20-volt power supply, and printe d  
circuit boards mounted o n  a standard 1 9-inch wide 
panel, 8-3/ 4 inches high ( 5  rack units) .  The SKBU- 1 1  
r elay has a second saturating transformer in addition 
to these component s. Edge slots are provided for 
mounting the rack on a standard relay rack.  

Sequence Network 

a. SKBU- 1 1  

The sequ ence filter consists of a three-legged 
iron core reactor and a resistor. The reactor 
is  a four-winding reactor with t wo primary 
winding s and t wo secondary windings.  The 
se condary windings are conne cted to the re-

SUPERSEDES I . L . 4 1 -954 .3B  
*Denotes change from s u perseded i ssue .  

sistor which consi sts o f  three tube re sistors 
and a small formed resistor. One se condary 
winding and the resistor is a negative s e quence 
current filter while the other secondary winding 
and the resistor is a positive sequ ence filter . 

b . SKBU- 1 Relay 

The sequence filter consists of a three-legged 
iron cor e reactor and a set of resi stors, R 1  
and Ro · The reactor has three windings: t wo 
primary and a tapped secondary windin g ,  wound 
on the center leg of a " F "  type of lamination 
The secondary t aps are wired to the A, B and 
C tap connection s in the front of the relay 
( R l t aps).  Ro consists of a three tube resistors 

with t aps wired to F,  G and H tap connections 
in the front of the relay. The Ro resistor is  a 

formed resistor associated with the t apped 
secondary of the reactor. 

Saturati ng Tran sformer 

a. SKBU- 1 1  Relay 

The voltage from the s equence network is fed 
into t wo saturating or mi xing transformers.  
One transformer supplies a fault detector cir­
cuit and the other transformer sup plies a keying 
circuit. Zero sequence current windings are 
are included on the transformer . 

b .  SKB U- 1 Relay 

The voltage from the sequence network is fed 
into the tapped primary of a saturating transformer 
which has two secondary windings. One winding 
supplies the fault detector circuit and the oth er 
winding supplie s a k eying circuit .  

I so lati ng T ran sformer 

Thr ee isol ating transformers are provided in the 
relay to isolate the de voltages from the ac voltage s .  
Two o f  t h e  transformers are also used t o  energize 
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T Y PE SK BU-1 AND SKBU-1 1 PHASE COMPAR ISON R E LAY 

solid-state circuit on alt ernate half-cycle of the  
po wer system fre qu ency.  

Power Supp l y  

The solid-state circuits o f  the relays are regu­
l at ed from a 20- volt supply on the rel ay p an e l .  Thi s 
voltage i s  taken from a Zener  diode mounted on 
a heat sink . A voltage dropping resistor i s  provided 
b et we en the source de supply and the 20 volt  reg­
u l ated supply. 

P ri nted C i rcu i t  Boards 

Seven printed circuit boards are used in these  
relay s :  A fault detector board, prot ective rel ay 
interface board, supervision b oard, amplifier and 
k eying board, arming board , output board and a 
rel ay board .  The c ircuit s of the protective relay 
board vary with the relaying system.  

All  of  the  circuitry that i s  sui table for m ounting 
on printed boards i s  contai n ed in an enclosure that 
projects from the rear of the  front pan e l  and is  
accessib l e  by opening a hinged door on the front 
of  th e panel .  Th e printed circuit boards slide in 
position in slotted guides at the top and bottom of 
e ach compartment and the board t erminal s e ngage 
a terminal block at the rear of the comp artment .  
E ach board and terminal block i s  k eyed so that i f  a 
board i s  placed in the wrong compartment ,  it cannot 
b e  inserted into the terminal block.  A handl e on the 
front of  e ach board i s  labeled to i dentify i ts  function 
in the relay. 

1 .  F D  Board ( Fau l t  Detector Board) 

The fault  detector board contains a resistor­
Zener diode combination , a phase splitting 
n etwork , a solid-st at e  fault detector, and a 
frequency verifi e r  circuit .  The controls for 
s etting pickup (S 1 ) and dropout (S2) of the  
faul t d et ector are  mounted on a plate  i n  the  
front of the re lay .  This  unit  op erates when the 
fault  current exceeds a defini te  val u e .  

T h e  location of components o n  the board i s  
shown in F i g .  3 and the  schematic of  t h e  board 
is shown in Fig .  4 .  

2. Arm i ng Board 

2 

The arming board conn ects the outputs of the  
supervision board and the fault detector board to 

the final output of the relay. This board contains 
logic c ircuits that will arm the  trip output, set 
up the time delay of  the  trip output , and start 
tran si ent blocking on external faults .  

The location o f  components o n  t h e  board i s  
shown in Fig. 5 and t h e  schematic o f  t h e  board 
is shown in Fig. 6 .  

3. Ampl i fi er and Keying Board 

The amplifier and k eying board contains a local 
squaring amplifier ,  a t ransmitter k eying circuit ,  a 
remote squaring amplifier ,  and a si gnal s quelch 
circuit for each l i n e  t e rminal . The amplifier c ir­
cuits produce the pul ses  that are compared by 
AND circuit of the arming board to determine if 
the fault is  e xternal or internal . 

The location of compon en t s  on the board i s  
sho wn in figure 7 ,  and the  schematic of  t h e  board 
is  shown in Fig .  8 .  

4 .  O utput Board 

The output board contains  a 4-mill isecond pick­
up instantaneous dropout t imer  circuit ,  trip 
" AN D "  ( fl ip-flop circui t ) ,  t rip amplifie r ,  t ran­
sient blocking and unblocking circuit s .  The trip 
A N D  operates when all the inputs to the AND 
inputs of  the arming  board are of  the correct 
pol arity and the  fault detector h as op erated .  The 
transient blocking circuit operates after a time 
delay on external faults ,  and the tran sient un­
block circuit operat e s  after a time delay on a 
s e quential fault ( external fault followed by an 
internal fault) .  The following figures apply to 
this board : Fig.  9 Component  Location;  Fig.  10  
Schematic o f  the Board. 

5. Rei ay Board 

The relay board contains the phase delay circuit  
for shifting the local signals with reference to 
the remote signal s .  It  also contains a low-pass 
fil ter  for the SKBU- 1 1  relay ,  a Zener clipper­
resistor combination i s  provided for protection 
of the solid-state circuits.  

The following figures apply to this board :  Fig.  
1 1  Component Location,  and Fig.  1 2  for  the  
schematic of the board. 

6. Superv i s ion Board 

The supervision board contains a 8/0 timer for 
distance  fault detector operation , a 2 . 5  second 
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alarm ci rcuit for sustained arming operation , a 
fault detector  ( FD 1 )  and a carrier control c ircuit . 
The circuits on this board are utilized to start 
carr ier ,  to alarm on an sustained arming opera­
tion , and to delay arming for distanc e fault 
det ector operation . 

Fig.  1 3  shows the c ompon ent location for this 
board and Fig. 14  shows the  schematic of  the 
board . 

7. P rotecti ve Rel ay Board 

The protective relay board contains logic c i r­
cuits to connect the distance fault  detectors ,  
and squelch relays into the phase comparison 
portion of the relaying system.  This board con­
tains AND circuit s ,  buffer c ircuits ,  and OR cir­
cuits to connect the relays into the syst e m .  

Fig .  15  shows the component location for the  
board. Fig .  1 6  and 1 7  sho ws the schematic of  
the board. 

Card Extender 

A card extender ( styl e no. 644B3 1 5G02)  is  avail­
abl e  for faci litating c ircuit  voltage measurements or 
major adjustments.  Afte r  withdrawing anyone of the 
circuit  boards,  the extender i s  inserted in  that 
c ompartment.  The board then is inserted into the  
t erminal block on the front of  the extender .  This  
restores all component s and  test points on t h e  
boards a r e  r eadily acc essible .  

Test P o i nts  

Test points are  locat ed on each  printed circuit 
board for the maj o r  components on the board . Com­
plete  circuit test points are wired to the front 
panel  o f  the relay for convenience in adj usting 
and testing the relay .  

O P E R A T I O N  

A. System 

The SKBU carrier  relaying syst em compar e s  
the phase position of the  currents at t h e  ends of  
a line section over a carrier  channel to deter­
mine whether  an internal or ext ernal fault exists  
on the line section.  

1 .  SKBU- 1 1  Relay 

The three-phase l ine  currents energize a 
s e quence n et work in the SKBU- 1 1 relay 

2.  

whi ch produces two single-phase output 
voltages that are proportional to either the 
positive s e quence current or  the negative 
s e qu ence current.  The singl e-phase voltages 
are appl ied to t wo saturating or  mixing 
transformers,  one whi c h  energizes the  fault 
detector  circuits ( FD- 1 and F D- 2 )  and the  
other energizes the  k eying circuit  of  the  
SKBU- 1 1  relay through a low-pas s  filte r .  
This  circuit allows the transmission of  c ar­
rier  on alte rnate hal f-cycles  of the power 
frequency current .  Carrier  is  transmitted from 
both line t erminal s  and is received at the  
opposite ends  whe r e  it i s  compared with the 
phase position of  the local s e quence net work 
output .  If  the local and remote pulses are in 
an inte rnal fault relationship and the fault 
d etector  has operated ,  t ripping will occur  
5-mill iseconds later through operation of the 
trip " AND" and tr ip amplifier circuits  on 
the output board of the relay .  

SKB U- 1 Relay 

The three-phase l ine  c urrents energize a 
s e quence n et work in the SKBU- 1 relay which 
produce a single-phase output voltage pro­
portional to a combinat ion of  s e quen c e  
compon ents of  the l i n e  current.  T h i s  single­
phase voltage energizes the primary of a 
saturating tran sformer  with t wo s econdary 

windings .  One secondary winding energizes 
the fault dete ctor c i rcuits  ( FD- 1 and FD-2) 
and the second s econdary winding energizes 
the keying c ircuit of  the relay through the  
low p ass  fil ter .  This circuit  allows the  
t r ansmission of c arrier on alt ernate half­
cycl e s  of  the power frequ ency c urre n t .  

C arrier  is t ransmitted from both line terminal s  
and i s  r ec eived at t h e  opposite ends where 
it  is compared with the phase position of  
the loc al s e qu enc e n etwork output.  If  the 
local and remote pulses are in  an intern al 
fault  relat ion ship and the  fault  detector has 
operated ,  t ripping will  occur 5-milliseconds 
later  throu gh ope rat ion of th e trip " AND" 
and trip amplifier  ci rcuits on the output 
board of the re lay .  

Current t ransformer connections to t h e  se­
quence network s at the two line t ermi n als are 
such that c arrier i s  transmitted on the same 
half-cycles  from both t e rminals during an 
internal fault to allow tripping during the 
half-cycle  t h at  carrie r  i s  not  transmitte d .  
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TY PE SKBU-1 AND SKBU-1 1 PHASE COMPARISON R E LAY ________________ _ 

However,  if the fault i s  extern al to the 
protected line section,  c arrier is transmitted 
on alt ernate h alf-cycles  from opposite t er­
minals. Thus each terminal blocks the op­
posite terminal during the half-cycle when it 
is attempting to trip .  

The four-millisecond delay previously m en­
t ioned is  added to allo w  for differences in 
current transformer performance  at opposite 
l ine terminal s ,  relay coordination,  and 
momentary interruptions in c arrier c aused by 
arcing over of  protective gaps in  the tuning 
e quipmen t .  

Since this relaying system operates only 
during a fault ,  the carrier channel is availabl e  
a t  all other times for t h e  transmission of  
other  functions.  

B. Rel ay 

4 

With reference to the logic d iagram that applies 
to the p articular relay ,  the three-phase  line 
currents energize a s e quence filter that varies 
with the type relay. 

1. SKBU- 1 1  Relay 

In the SKBU- 1 1  relay, the s e quence filter 
p roduces  t wo single phase voltag e s :  One 
voltage proportional to the positive s e quence 
current, and the other voltage proportional 
to negative sequence current. These voltages 
are appl ied to primary windings of  two 
s aturat ing transformers where they are 
mixed to produce t wo separate secondary 
voltages proportional to a combination of 
sequence components.  Zero sequence windings  
are includ e d  on the two transfo rmers . 

2. SKBU- 1 Rel ay 

In the SKBU- 1 relay ,  the sequence filter  
produc es a singl e  phase voltage proportional 
to a combinat ion of sequence components . 
This voltage i s  appl ied to the primary winding 
of  a saturating transformer which produces  
two secondary voltag e s .  

* T h e  secondary voltages are applied  t o  two s ep­
arate boards :  

Voltage 1 to Fault D etector B oard 

Voltage 2 to R el ay Board 

l. Fau lt  Detector Board 

With reference  to the sch em atic drawing o f  
F i g .  4 1  t h e  a c  voltage i s  applied to terminals 
6,  5,  and 3 of the fault detector board. This 
voltage is then applied to a phase-splitting 
network ( C 5 2 ,  R5 2 , R53) and a polyphase 
rectifier ( diod e s  D 5 1  to D56) . The d e  voltages 
obtained from the rectifier are applied to the 
fault detector circuit ( Q5 1 ,  Q5 2 , Q5 3 ,  Q54 )  
which operat e s  when the de  input " signal "  
exceeds a predetermined value .  

Fault  Detector ( FD-2) 

Under normal condition s , transistor Q5 1 ,  has 
no base "signal "  and is turned off. The 
collector of Q5 1 i s  at positive potential and 
p rovides base driv e  to transistor Q5 2,  driving 
i t  to conduction . With Q5 2 conducting there 
is no base drive to transistor Q5 3 and Q53 
is turned  off. This condition keeps tran sistor 
Q54 in a non-conducting stat e ,  e quivalent 
to an open circuit .  

When a fault causes the de input voltage from 
the polyphase rectifier ( acro s s  S 1 and R5 4) 
to exceed the 6 . 8  volt rating of Zener diod e  
Z 5 2 ,  a positive potential i s  applied  t o  the 
base of  Q5 1 causing it to conduct . In turn, 
Q5 2 stops conducting, and cap acitor C 5 4  
c harge s,  giving a f e w  milliseconds t i m e  delay 
before Q5 3 and Q5 4 are s witched to full 
c on duction, thus "closing" the fault d etector.  
When the fault detector operates ,  a positive 
i nput is applied to the arming board at termin al  

* 1 2 .  T h e  feedback path of  resistors R 6 6  and 
S2 increase the voltage to Z 5 2  after  the  
fault detector operates .  This  s eals-in the 
fault detector and allows the fault detector 
to drop out at a h igh dropout ratio when the 
ac current i s  reduced. 

F requenc y Veri f ier ( FV) 

During c ertain switching conditio n s ,  such as 
energization of  a transmission lin e ,  residual 
currents and voltages may exist of higher 
frequenc ies than 60 hertz. The frequency 
verifier prevents fault detector operation 
when frequenc i e s  1 20 hertz or hi gher are 
encountered durin g the switching conditions.  
The frequency verifier circuit consists of two 
functional p art s :  Zero-crossing and com­
mutator c ircuits .  With reference  to Fig. 4 ,  
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the zero-crossing circuit consists of Q5 5 ,  
Q56 ,  Q57 and Q58 .  The commutator circuit 
consists of Q5 9 ,  Q60 , C58 , C59 . Z54 and Q6 1 .  

During either the positive or negative half­
cycles of the output voltage from the mixing 
transformer ,  Q55 or Q5 7 transistors are driven 
into saturation by the output of  the FV trans­
former  ( T 3 ) .  Transistors Q5 6 or  Q58 conduct 
until capacitors C56 or C57 respectively are 
l u ll.\· charged .  While  either c apacitor char g e s ,  
a voltage output i n  t h e  form of  very narrow 
p u l s e  i s  developed across R7 6 and R78 
r e:-;istor s .  This pulse triggers Q59 control 
switc h .  When transistors Q55 or  Q57 are not 
conducting,  C56 and C57 capacitors discharge 
respectively through D 6 6  or D 6 2  and the 
parallel combination of  R73 and R74 or R69 
and R7 0 .  

While Q5 9 is  " on "  i t s  anode ( T P 6 0 )  is only 
about 0 . 7  volts above n egative , thus turning 
off transistor Q62 to allow capacitor C60 to 
start charging.  However,  a short er  time 
delay (consistin g of R84 ,  capaci tor C59 and 
the  reference Zener diode Z54)  of  4 . 3  milli­
spconds is also started. After  4 . 3 milliseconds 
o f  delay ,  the control switch Q60 fires applying 
the voltage o f  capacitor C58 across Q59 
turning it off. This raises the potential of 
the  Q59 anode to turn on Q62 to discharge 
C60 before  the charge reaches a value to 
to break down Z55 to turn on Q63 .  Aft e r  the 
n ext zero-cros sing pulse Q59 switch is  turned 
on again , and the Q60 switch i s  turned o ff 
by capacitor C 5 8 .  Transistor Q6 1 when 
turned on and o ff by the same pulse that 
fires the gat e of  Q59 ,  discharges timing 
capacitor C59, when on.  This start s the timing 
cycle with close to zero charge on the capac­
itor .  I f  the zero crossing p eriod of  the FV 
voltagP is less  than 4 . 3  milli seconds,  the 
Q61  transisto r discharges the  t iming c ap aci­
t o r  to prev ent Q60 from turn in g o n .  This 
k e eps Q59 switc h on to allow C60 · to  c harge 
to a value to break down Z ener  diode Z55 to 
turn on Q63 . Turning on Q63 prevents Q53 of 
the  fault d etector from turning on  ther eby 
p rc•ventin g Q54 from turning on and thus 
p re v ents an o utput from the fault dete ctor. 

2. R elay  Board 

\\" ith reference  to Fig . 1 2 , the ac voltage from 
either  l h r • s c>cond s aturating transfo rm er 

(SKBU- 1 1 ) or the second winding of the single 
t ransform er (SKBU- 1 )  is  applie d  to te rminals 
10 and 1 2  o f  the r e lay board . This voltage 
is then applied to the phase d elay circuit 
t h rough a low p ass  filte r. The low p ass filte r  
( C 2 0 1 ,  L 20 1 ,  C 2 0 2) removes the harmonic s  
from this voltage and appli e s  a voltage that 
is e s s entially s in u soid al in waveform to 
R 20 2  and R 2 0 3  of the p hase d elay circuit .  
The phas e delay c ircuit consists of  R 20 2 ,  
R 20 3 ,  C 20 3 ,  and S 5  mounted on  t h e  front 
p anel of  the relay. By m eans of c apacitor 
C203 and variable resistor 85 , the voltage 
acro ss t ermi nal 4 and 2 c an be made  to l ag 

* th e  voltage acr o ss t e r minal 1 0  and 1 1  by a 
definite am ount depend ing on t he setting of 
8 5 .  Each of these two v ol tages are applied 
to  s ep arate isolating transformers . 

1 . Undelayed voltage te rminal s  1 0  and 1 1  
to a keying t ransforme r ( T 1  ) .  

2 .  Delayed  voltages (terminal s  4 and 2 )  to  
local transformer (T2) .  

a .  Key ing  Circ u i t  

With no  A . C .  output ( Re f .  Fig.  8 )  voltage 
from the s e quence networ k .  base current does 
not flow into t ransistor Q1  03 . from terminals 
9 and 8 of the amplifier and k eying board. 
The collector of Ql 03 is at positive potential 
which allows base current to flow from posi­
t ive 20 volts D . C .  to the base of  Q1 04 through 
R l l l  and R l 1 2. This turns on  Q 1 04 to pre­
vent  base c urrent f rom flowing to Q 1 05 . Since  
Q 1 04 is c on ducting,  transistor Q 1 0 5  does not 
c onduct and the collector of Q 10 5  is  h el d  at 
positive potential . As a result , transistor 
Q 1 05 d oes not conduct. 

When a sinusoidal voltage is  applied to the 
keying t ransformer (T1 ) ,  the transformer  steps 
up the voltage applied to terminals 9 and 8 of 
the ampli fier  and keying boar d .  On the posi ­
t ive half-cycle of  th is  voltag e ,  t erminal 8 
is more positive than terminal 9 and transistor 
Q1  03 does not conduct . In turn Ql 04 remains 
conducting and Q1 05 does not turn on. On the 
negative half-cyc le of sine wave voltage from 
the keying t ransformer ,  terminal 9 is  more 
positive than te rminal 8 and base current 
flows in Q1 03 . This turns Q1 03 on whi ch 
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6 

removes base c urrent t o t ransistor Q l 04 .  
Q 1 04 s tops conducting , and its c ol lector 
goes to positive pote ntial . Positiv e potent i al 
i s  thus applied to t he base of Q l 05 through 
R 1 1 4  and R 1 1 5  to turn on Q l 05 .  Thus on 

alternat e  half-cycles  of the 60-hertz voltage 
from the low pass filter , Q1  05 turns on , If  
the carrier  control circuit operates , as seen 
i n  Fig .  1 8 ,  turning Q l  05 on and off  every 
half cycle ,  shorts the input to the TC carrier 
set every other half cycle so that carrier is  
t ransmitted on the half  cycle when Ql  05 i s  
n o t  conducting ,  

b.  Si gna l Sque lch  C i rcu i t  

When a n  input is  removed from terminal 7 of 
the amplifi e r  and keying board , positive 
potential is  removed from the bas e  of Q1 0 1. 
Q 1 0 1  t urns off and a discharge path from 
C 1 01 is  provided through R1 02 and transistor 
Q1 of the protective relay board . Ql 0 1  stops 
c onducting and a positive potential i s  ap­
plied to capacitor C l  02 of the ampl ifier and 
keying board . Ten milliseconds after  t he 
input to te rminal 7 ,  C 1  02 charges sufficiently 
to break down Ze ner  diod e ,  Z 1  02 . This turns 
o n  Q1 02 , which  s horts the input of the TC 
carrier set to  negative to prevent the trans­
mission of carrier . 

Upon removal of t he i n put to te rminal 7 of 

th e am plifi e r  and keying b o ar d ,  positi v e  

potential is  applied to capacitor ,  C l O l , 
1 50 milliseconds later  C 1 0 1  charge s suf­
ficiently t o  break down Zener diode Z l O l .  
This turns on Q l  0 1  to provide a discharge 
path for C 1 02 through R l 06 and Ql O l  to 
negat ive . In  tur n ,  Ql 02 stops conducting to 
remove the short from the input of the TC 
carrie r set . 

c .  Local Squar ing  Amp l i f i er 

The de layed voltage from the local t rans­
former  (T2)  i s  applied to the local  squaring 
amplifier (Ql 0 6 ,  Ql 07 , Q 1 08 )  and a loading 
c i rcuit  on the amplifier and keying board of 
the relay.  With reference to the local squaring 
amplifier of F i g .  8,  with no ac input voltage , 
Q l  06 i s  not conducting and the collector of 
Ql 06 is at positive pote nt ial . This applies 
base current  to transistor Q1 07 through R 1 2 0  

and R l 2 1  such t hat Q l 07 i s  turned on. This 
allows base current to flow in Ql 08 .  Q 1 08 
turns  on to apply positive potential across 
R1 25 ,  ( blocking condition ) .  

With the applicat ion o f  a sine wave vo ltage 
to terminal b and 1 9  of the ampl ifier  and 
keying board , on the negative half-cycle of 
the voltage , the base of transistor Q1 U6 is 
more positive than the emitter and Ql  06 
( amplifier 1 )  conduct s .  On the positive half­
cycle  of the ac voltage , Ql 06 is turned off 
and current flows into the loadmg c ucuit . 
Therefore , Ql Ob i s  conductmg on the nega­
t ive  half-cycle of ac voltage . Turning Q 1 06 
on and t u rns  off transistor  Q l  07 . Tran­
si stor Q 1 07 stops c onducting and its col l e c­
tor goes to a positive potential w hich  turns 
off Q 1 08 .  Thus the output of t he squaring 
amplifier is a square wave voltage ranging 
from 0 volts de to � u  volts de depending upon 
the polarity of t he voltage from the phase 
de lay circuit . 

D. Remote Squar i ng Ampl i fier 

The remote squaring amplifier consists of 
transistors Ql 09 and Q1 1 3  of the amplifier 
and keyi ng  boar d ,  (Ref .  Fig. 8) . 

Unde r  non-fault conditions ,  carrier is not 
transmitted from the remote carrier set . As a 
result the base of Ql l 3  is more negative than 
its emitte r ,  and Ql l 3  conduct s .  This applies 
positive 2 0  volts to the base of Ql  09 to 
prevent it from turning on . Hence , Ql  09 is 
n ot conducting and negative voltage ( with 
ref .  to +20 volts)  appears acr oss R 1 2 9 ,  
( unblocking c ondition) .  

Under  fault conditions , the r emote TC car­
rier set  i s  keyed  on and off  as describ ed 
under the Keying Circuit .  This s ignal is r e ­
ceived a t  t he local T C  carrier r e c e iver  and 
is converted to a square wave voltage vary­
ing in magnitude from 45 volts to 0 volt .  
This  voltage is  applied to  the base of Q1 1 3  

through R 1 4 1  and D l l 0 .  Upon application of 
positive 45 volts d-e to the base of Q1 1 3 ,  
the potential o f  the base i s  greater  than that 
of the emitter and Q1 1 3  stops conducting.  
This remove s positive potential from R 1 3 9  
and allows the base o f  Q109  t o  become nega-
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ti ve with respect to the emi tter . Q 1 09 turns 
on to apply positive voltag e (with r e f .  to n e g . )  
to R 1 2 9 .  H e n c e ,  the vol tage across R 1 29 is  
a squar e  w ave voltage that is de veloped by 
the vol tage r eceived from the Tc receive r .  

3 .  Arming  Board ( Ref. F i g. 6)  

The phase relat ionship of the outputs of  the 
local and remote squaring amplifiers  arc 
compared by AND 1 of the Arming Board.  
If the local  and remote si gnals are out of  
phase with respect to each  oth e r ,  the AND 
circuit wi l l  provide one  input to AND number 
3 which will activate the 4/0 t ime r .  

a .  Interna l  Fau lt  Cond i tion s  

With r eference to  the logic d r awing that ap­
plies to the r e l ay ,  the output vol tages of the 
sequence fil ter  of one relay are 1 80 degrees  
out-of-phase with respect  to  i ts  load 
current condition . This changes the po larity 
of Amplifier ti l  such t hat its output is  in 
phase with the remote signal . Thi s means 
t hat AND 1 has a half-cycle of  negative 
voltage . This vol t age is applied to AND 3 
of the arming board to set-up one condition 
(negative voltage from OR- 1 )  for activating 
the AND . The second condition to activate 
AND-3 is  provided by arming the relay .  

I n  either Fig . 1 9 ,  2 0 ,  o r  2 7 ,  arming occurs 
through either the operation of the distance 
fault detectors or the operation of fault de­
tector ( FD 2 )  of either the SKBU-1 1 and 
SKBU-1 r e l ays . The ope ration of eit her faul t  
detector w i l l  apply a voltage to O R  2 o f  the  
arming board . The output v ol tag e  from OR 2 
rem oves negati v e  potential from t he trip 
AND through t he arm logic AND applied a 
n egative signal into AND 3 of t h e  arming 
board . AND 3 is  activated and starts the 4 / 0  
tim e r .  Four mi l l iseconds lat e r ,  a negative 
input is appl ied to the trip AND of the output 
board . Since t he three conditions of trip ( a  
negativ e  input from t h e  4/ 0 timer ,  not a neg­
ati ve input from the ARM logic , and a positive 
signal from the 2 2/ 0 tim e r )  is  fulfi l led ,  a 
trip output is obtained from the  re lay .  

b.  Externa l Fau l t  

Under  external fault condition s ,  the square 

wave voltage from the remote s quaring am­
plifie r  and the s quare wave voltage from t he 
local s quaring amplifier are out -of-phase 
such that zero out put is being obtained from 
AND 1 of the arming boar d .  As a result ,  the 
output of AND 1 is zero ,  and AND 3 cannot 
be  activate d .  This blocks AND 3 and the  
4/0  t imer  is not  ener gized . 
With faul t  d etec tor operation , an input is 
applied to OR-2 and OR-3 of the arming board . 
OR-2 wi l l  provide a positive input (not a 
negative input ) will be applied to the trip 
AND but tripping will not occur since the 
4/0 tim er i s  not providing a negati ve input to 
the Trip AND. The fau lt de tector input to 
OR-3 wil l  provide an inpu t to a 1 / 1 00 
tim er on the Output Board . The timc! r  
negates the signal to provide a negative input 
to the t ransient b lock AND. With  t he app lica­
tion of the i nput from the 0/ 1 00 timer t he three 
conditions of t ransient block are fulfi l led -
not an inp ut from the Transi ent UNBLOCK 
circuit,  not a negative input from the Trip 
AND, and a negative input from the 0/1 00 
t imer . Twenty two mil l iseconds l ater  t he 22/0 
timer of the t r ansient b lock  circuit t imes out 
to  remove the positive input to t he TRIP 
AND. The TRIP AND i s  thus desensitized 
to  prevent undesirable operation during 
t ransients  associat ed with power reversals 
on the protective line or at  the c le ar i ng of an 
exte rnal faul t .  

c .  Sequenti a l  Fau lts  

I f  the above external fault is followed by an 
internal faul t  before the external fault  is 
c leare d ,  the t ran s ie nt u n b l o c k  c ircuit  i s  s et 

up to remove the transient blocking i nput to 
the TRIP AND . For the internal fau lt , the  
squ are wave pul ses on  AND-1  of the armin g 
board wil l reverse such that a square-wave 
output is obtained from AND- 1 . This outpu t 
energizes OR- 1 . The negative signal provides 
the second input to AND-3 whic h :  

1 .  Provides an input to the 4 /0 t imer  which  
times out to apply a ne gative input to 
the TRIP AND . 

2 .  Applies a s quare wave input every oth e r  
half cycl e  to  t h e  A N D  o f  t h e  t ransient 
unblock circuit to  fulfi l l  the requirements 
to obt ain an output from the tran sient 
unblock circuit . 
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As a resu l t ,  an i nput is appl ied to the unb lock 
t i m er every ot her ha lf cycle . Twenty-five mi l l i­
seconds l ater ,  c apacitor C 3 0 1  ( Ref. Fig . l O ) 
wil l  charge s uch t hat t he unblock t imer  will  
ope r ate  t o  apply a vol tage t o  the b lock AND 
circui t .  This resets the 22/0 b lock timer , 
and removes the i nput to t he AND of the un­
block t imer  t o  reset  the  unb lock circuit . The 
required three inputs are thus applied to the 
Trip AND and a trip output is obtained from 
the r elay .  

4 .  Superv i s i on Board ( Ref. F ig .  1 4) 

Thf'  c ir c u i t s  on the  supervision board inc lude 
t he•  auxi l iary functions of the re lay , and they 
include•  a detector (FD- 1 ) ,  carrier  control 

c ·  ircuit  and timer circuit . 

a .  Fau l t  Detector 1 ( F D- 1 )  (Q1 6 1 ,  Q 162) 

Und e r  normal condition s ,  t ransistor  Q 1 6 1 , 

has no b a s e• " signal " and is t ur n e d  off.  The 
c o l l l' c t Qr of Q 1 6 1  is  at posit i\·e potential 
and no co l l ector c urrent flow s .  This keeps 
tran sis tor Q l 6 2 i n  a non-conducting stat e ,  
equivalent t o  a n  open c i rcui t .  

* \\ h l ' n  a faul t  c a u s e s  t h e  clc input voltage from 
l lw p o l y p h a s e  r e c t if i e r  ( of the FD Board ) 
a c ro s s  S3 and H 1 85 t o  e x c e e d  t h e  6 . 8  v o l t  

rat i n g  o f  Zc· m· r diode Z 1 5 6 ,  a posili \· e  i n p ut 

is ap p l i c•cl  t o  t h e  b as e  of Q 1 6 1  base c au s i n g  

i t  t o  c o n d uc t .  In t u rn ,  Q l 6 2  is s witched to 
c u n cl u c t i o n , t hus ' ' c losin g "  the fault  cl l' t ec t o r .  

\\ lll ' n t lw fault  c! c• \ l• c t o r  operat e s ,  a p o s it i v e  

i n p u t  i s  a p p l i e d  t o  t lw c ar rier  c o n t ro l  circuit .  
T l w  fc• e• c ! b a c k  p a t h o f  r e si stors R l D l  and S4 

i n cr 1 • ast •  t lw \·o l t agl '  t o  7': 1 S G  aft l' r the  f a u l t  

d l ' ( l ' C t o r  o p e ra t e s .  T h i s  s e" als in the fault  

d e t l ' c · t o r  a n d  a l l cm s  l lw fau l t  d et e c t o r  to  d rop 

out at  a high d ro p o u t  r a t io 1\ l l l 'n  t lw ac 
is r t • d u c l' d .  

B .  Carr ier Control C i rcu i t  (Q 1 63, Q1 64) 

l: n d l ' l' n o r m a l c u n d i t ions Q l  G3 is n o t  c on ­
d uc t i n g  a nd !J a s 1 '  d r in·  i s  s u p p l i e • d  t o  Q l 64 . 

As shown in Fig .  1 8 ,  the e mitter  of Q l 64 is  
connected to  negative d e .  The  c o l lector of  
Q 1 64 is  c onnected to positive 4 5  vol ts  de 
of the TC s e t  through R 1 4 2  of the amplifier 
and keying board .  N o rmal ly  Q 1 64 is c onduct­
i ng .  When either FD 1 or the distance c arrier 
start re lay operat e ,  b ase d ri v e  is supplied to 
Q l 63 .  Q 1 63 turns on and shorts the base of 
Q 1 64 to negativ e .  Q 1 64 turns off to r ai s e  the 
potential  of point A of Fig. 1 8 .  This starts 
the transmission of carri e r .  

c .  Arming Del ay By D i stance Fau lt Detector s 
(8/0 T i mer) (Q1 5 1 ,  C 1 5 1 ,  Z 1 5 1 ,  Q 1 52 , Q1 53) 

The distance supervision arming is de l ayed 
by 8 m i ll isec onds to  allow time for the AND 
of the arming board to  respond at fault in­
ception . Operation of the distance fault  
detectors wil l  r emove base c urre nt to  t ran­
sistor Q 1 5 1 .  Q 1 5 1 t urns off ,  and positive 
potential is  applied to  c ap acitor C 1 5 1 . E ight 
mil l iseconds l ater  t he vol tage on C l 5 1  

r e aches a value t o  b reak down Zener diode 
Z 1 5 1 .  This turns on Q 1 5 2 ,  w hi ch connects 
the base of Q 1 5 3 to negativ e through resistor ,  
R 1 58 .  Q l 5 3  turns on t o  apply positive poten­
tial  to resistor R 1 60 and terminal 1 3 .  From 
termi nal 1 3  the vol tage is  appl ied  to the 
arm ing board .  

d .  Susta i ned  Arm ing  A larm (2500 T i mer) (Cl 52, 
Z 152, Q 1 54 to Q 1 56) 

W h e n  arming o c c ur s ,  positive pot e n t i a l  i s  

applied to  t e rminal 1 8  and capacit or C 1 5 2  

from t e r m i n a l  1 5  o f  t h e  arming board . Two­
and-one -half  s econds l a t e r ,  the pot e'nt ial  on  
C 1 5 2  breaks  down the  Zl 'ner  diode Z 1 5 2  t o  

allmv base' current to  now into  Q1 .5 4 . This  
tu rns  on Q 1 54 which  t ur n s  off Q 1 5 5 . Turning 
Q l 5 4 off applies posi t iv i' pot 1 •n t ial t o  t he 

baS I' or Q l .5 6  and Q 1 5 G  t urns o ff .  This r e m ov e ' S  

pos i t i n• potc •n t ia l  from R l / 0 an d an c• x t l' r n a l  

a l ar m  i s  e • n c• r g i zecl .  
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C H A R A C T E R I S T I C S  
A. SK BU- 1 1  Rel ay 

T aps are available in the SKBU- 1 1 relay to set 
different sensitivities o f  the fault detector 
(FD- 1 )  to zero and negative sequence current s .  
These taps are as follows: 

NEGATIVE SEQUENCE T APS 02 l 

TAP 
SETTING 

NEGATIVE SEQUENCE 
SENSITIVITY 

A N one 

B 0 . 4  Amperes 

c 0 . 2 5  Amperes 

Zero Sequence Taps ( Io l 

TAP ZERO SEQUENCE 
SETTING SENSITIVITY 

F None 

G 0 . 2  Amperes 

H 0 . 1 Amperes 

The s econd fault detector unit (FD-2)  which 
supervises arming is adjust ed to pick up at  a 
current  1 25 per  cent  greater than FD- 1 . By 
m eans of  the S1 adjustm ent , th e pick up of 
FD-2 c an be increased to 250 per cent  
greater than FD- 1 . 

The posit ive sequence respons e of the fault 
detector is  gre ater than 7 ampe r e s .  

B. SK BU- 1  Re lay 

Taps arc available in the relay to set  the  sensi­
tivity of FD-1  to different combinations of positive, 
negative and z t • ro s e quence compom:nts of the 
line c ur r en t . The T t aps on the lett hand t ap 
plate· indi cate the halanct •d  three• phase am pen•s 
wh ich wi l l  ope rat e t h t • fault d e t e c t or FD - 1 . 
T ll e st '  t aps a r e  as follows 

3 ,  4 .  5 ,  6 .  7 . 8 an c l  1 0 
The s t• cond fau lt d e t c: c t o r  u n i t  ( FD-2 ) which 
supervises arming is  adj u s t ed to pickup at a 
c urrent 1 25 p e r c e n t  greater than FD- 1 .  By 
mc:ans  of the s1 adj u stmen t , th e pickup of 
FD-2 c an be  increased to 250 percent 
grt •ater than FD- 1 . 

For distance fault detector applications , the 
user should reset the SKBU-1 fault detector  for 
a pick-up of twice the tap value by means of the 
s3 setting. 

Pos it ive and Negat i ve Sequence 
Current - R 1  Taps 

Th e upper h alf  of the right hand tap plate or 
R1 taps changes the number of turns on the 
third win ding of the mutual r eactor .  This 
reproportions the components of the sequence 
fil ter  which changes the positive and n ega­
tive sequence sensiti vity of the fault d etectm 
Operation of the fault d etector ( FD-1 ) wi th 
th e various taps is given in  the following 
table : 

T A B L E  

S E Q U E NC E  TA PS ON 
R I G H T  F A U LT D E T EC T O R  

COM PON ENTS H A N D  TA P ( F D -1 )  P IC K-U P t 
COMB.  I N  N E TWOR K B LO C K  

O U T P U T  R J  R o 't 
F1tLT F'JJ;L T 8 

1 P o s . ,  N eg . , c G T ap 86% T ap 
Zero or V alue Value 

H (53% on BC 
F au lt ) 

2 P os . , N e g . , B G 2 X T ap 90% Tap 
Zero or Value Valu e 

H (65% on BC 
Fault  

3 N e g . , Zero A G or - 1 00% Tap 
H V alue 

tt - Taps F,  G and H are zero-sequence taps for 

adj usting ground fault sensitivity ,  See section 
on zero-se quence current tap .  

* t - When taps  A and 3 ,  o r  B and 3 are u s e d ,  FD- 1 
11 i ll  pickup 1 0  to 1 5  p er cent h ighn than t h l' 

above values b ecause of the 1· ariation in s elf­
impedan c e  of the s e quence net\\·ork and the 
saturat ing transformer. 

r; - Fault detector FD -2 is set  to pick-up at 1 25 per 
c ent of FD - 1  for a two terminal l in e ,  or 250 
per cent o f  FD - 1  for a three te rminal line . 

Zero Sequence Current - Ro Taps 

The lower half  of  the right-hand tap plat e (Ro 
taps) is tor sett ing the res ponse of the relay to 
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g r ound fau lt s .  Taps G and H give t h e  approximate 
g round fault s e n s i t i v i t i e s  l i s t ed in Tab l e  I I . T ap 
F' i s  used in app l i c at io n s  where no r e s p o n s e  t o  
z e r o  sc: q u e n c c• current i s  r e quire d .  W h e n  t h i s  t ap 

i;-; used , t h e  v o l t a g e  output of the network caused 
by z e r o - s c• qu e n c e  current  i s  e liminat e d .  

NOT E :  B e c a u s e  o f  inherent charac t e r i s t i c s  o f  
l lw s e q u e n c e  n e t wor k ,  t h e re w i l l  b r  s m a l l  v ar ia­
tions (from the valuc •s  l i s t e d  i n  T a b l e s  I and II)  
in t h e  pick -up c urrent  for various phase o r  ground 
fault  c ombinat i on s .  

T A B L E  I I  

G R O U N D  F A U LT P E R C E N T  O F T 
P I C K - U P  TA P S E T T I N G  

C OM B .  R J  T A P  

T A P  G TA P H 

l c 2 5(;� 1 2% 
f- - � ---- --f--

2 B 20% 1 0% 
f--- -- - - -� � -

- -- · 

3 A 2 0% 1 0% 

C.  SK BU- 1  and SKBU-1 1 R e l ay 

10 

The opc•rat i n g  t irrH' of t he fault d e t e c t o r s  o f  
bot h t ht• SKB U - 1  a n d  SKB U - 1 1  i s  s h o w n  i n  Fig .  2 1  
A s  shown in t h e  figure• , the fault dete ::: t or has 
a m a x i mum and m i n i mum valw· . T h i s  is due t o  t h e  
p o i n t  on t h e ·  c u r r e n t  w a n :  t h a t  fault c urrent i s  
appli e d .  Fi g .  2 2  s h o w s  the operating times for 
di trc• rc• nt  points on the fault wave for fault c ur ­
re n t at f in·  amperes . 

T ill' k P y i n g  rc• s p o n s e  of the SKBU - 1 1  r e l ay is 
incl c •ppnci t' n t  o f  t he tap s e t t i n g .  F'i g .  2 3  shows 
typic ·al  l l' n g t h �; of k e y i n g  pulsrs w i t h  refer e n c e• 
t o  a G O - h e r t z  b as E' of thl' SKB U - 1 1  r e l ay for 
diff e r e nt va luc• s o f  pos i t iv e> ,  n e g at ive , an d zero 
:-; e•qu c • n c c• current . Fig.  2 8  shows tlw rc' sponsl '  
o f  t lw SKBU - 1 . (Th c• :-; c •  c urn• s apply with F'D - 1  

p i c k 1 • d  up ) 

Tlw kPying \·o lt agc•  ac ros s Xs - XG of the 
SKB U - 1 1  R l ' l ay w i t h rl'fcn• n c P t o phasl'  A po s it i ve , 

rw g a l i \' c '  and z e r o  s t •qut • n c l' current::;  is g i v e n  by 

Thi :-; v o l t a g e• i s  m e a s ur c • cl w i t h  c ur re n t ::; int o 
t h e •  o d d  num\wr t t• r m i n a b  l' X C I ' Pl for zt •ro s P quc• nc: c• 
\d1 i c h  i :-;  11· i t h  c u r r , • n t  i nt u t he un•n t e r rn i n a h .  

X;s i :-;  po l ari ty t e r m i na l .  :25 v o l t s  i s  m a x i m u m  

\· D l t a g c>  obt ai n ab l e from X 5 -- X5 . 

The k e y i n g  vo ltage ac- ross X 5 - X 6 of the SKB U - 1  
Relay with rl' f e r e n c e  t o  phase A positive , n e g a­
ti v e ,  and zero se quenc e  current s i s  g i v e n  by : 

V = K r Ia 1  + K2 I a2 + Koiao 

the values of K 1 , K2 and Ko v ary with t ap 
s e t t i n g s  and are g i v e n  i n  t h e  f o l l o w i ng table :  

* CONSTANT 

K 1 

Ko 

K o 

Ko 

Ko 

Ko 

Ko 

TAP SETTING 

A - F G H  

B - F' G H  

C - F G H  

A - F' G H  

B - F' G H  

C - F G H  

A - H  

B - H  

C - H  

A - G  

B - G  

C - G  

A , B , C  - F' 

VALUE 

0 
1 .  24 

T 

2 . 4 7  
T 

0 

/- 1 5 5 °  

4 . 3 5 LiiL 
T 

5 . 3  � 
T 

5 . 9  
T 
7 3  

T 

7 3  
T 

6 1 . 5 
T 

H 
T 

4 1  
T 

3 4  
T 

0 

I 2 0 °  

T h i s  voltage i s  measured w i t h  currents i n t o  the 
odd number terminal s .  Xs i s  po larity t e r m i n a l .  
Operat in g  T i me. . . 1 5  to 3 2  Mi l li s e co n d s  
A larm . . . . . 2 . 5 s e c on d s  for FD ope r at i on 

. . . . . . . . . . . . . .  1 5 0  M i l l i s e c on d s  L o s s - of-Chan n r l  
Tran s i ent B lo c k  Time. .  . . .  2 2  t o  2 5  Mi l l is e c o n d s  

T r ansient  U n b l o c k  Time . . . . .  23 t o  2 7  Mi l li s e c o n d s  

A m b i e n t  Temperature R a n g e  . . . . . .  -20 C t o  55 C 

DC D r ain . . . . . .  0 . 1 4  A m ps at 48 Vo l t s  DC 

R e s et T ime of T r an s ie nt Block . 

1 .  After F au lt D et e c t o r  has Operat ed 

. . .  1 00 M i l l i s e c o n d s  

2 .  WhLen u n b l o c k  t i me i s  u t i l i ze d  

. I n ;-; t ant anc• ous 
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TY PE SKBU-1  AND SKBU-1 1 PHAS E COMPAR ISON R E LAY I . L .  4 1 -954.3C 

E N E R G Y  R E Q U I R E M E N T S 

A. SKBU-1 1  Relay 

Burdens me asured at  a balanced three -phase 
current of fiv e amperes . ( Inde pendent of tap 
setting ) .  

P H A S E  A PHASE B PHAS E C 

VA A N G L E  V A  A N G L E  VA A N G L E  
�-t---

8 . 3  1 06 °  2 . 2  50° 46 Qo 

Burden meas ured at a s ingle-phase to neutral 
current of five ampere s .  

R E LA Y  
PHASE A PHASE B PHASE C 

T A PS 
VA A N G L E  VA A N G L E  V A  A N G L E  

C-H 1 1 . 7 2 . 0° 9 . 7  1 . 8 0 4 4 . 0  2 . 2° 

B�H 1 1 . 4  2 . Qo 1 0 . 3  1 . 80  46 . 0  2 . 2° 

A�H 1 1 . 1  2 . 0 °  1 1 . 2 1 . 80  4 8 . 0  2 . 2° 

C-G 8 . 8  2 . 0°  7 . 0  1 . 80 4 2 . 0  2 . 2 °  

B�G 8 . 7  2 . 0° 7 . 5  1 . 80  43 .5  2 . 2 °  

A�G 7 . 8  2 . 0° 8 . 5  1 . 80 4 5 . 0  2 . 2 ° 

C�F 6 . 7  2 . 0 ° 7 . 5  1 . 8 0  4 2 . 0  2 . 2° 

B-F 6 . 5  2 . 0 °  7 . 2  1 . 80  4 2 . 0  2 . 2 °  

A�F 5 . 8  2 . 0° 6 . 6  1 . 80  4 3 . 0  2 . 2 ° 

B.  SKBU-1 Relay 

Burdens me asured at a b alanced t hree-phase cur­
rent of fiv e  ampere s .  

R E LA Y  PHASE A PHASE B PHASE C 
TA PS VA A N G LE VA A N G L E  VA A N G L E  

A -F�3 2 . 4  5 0  0 . 6  oo 2 . 5  5 0° 

A-H- 1 0  3 . 25 o o 0 . 8  1 00° 1 . 2 8  5 5 °  

B-F-3 2 . 3  o o  0 . 6 3  Q o  2 . 4 5  55°  

B-H- 1 0  4 . 95 o o  2 . 3 5  goo 0 . 3  60° 

C-F-3 2 . 3 2  o o  0 . 7 8  o o  2 . 3 6  50°  

C-H�1 0 6 . 35 3 4 2 ° 3 . 83 80°  1 . 98 1 85 °  

Burdens measured a t  a single-phase to neutr al 
current of five amperes .  

----------------------------------------

R E L AY PHASE A PHASE B PHAS E C 
TA PS VA A N G L E  V A  A N G L E  V A  A N G L E  

A�F�3 2 . 4 7  o o 2 . 1  1 0° 1 . 97 20° 

A-H- 1 0  7 . 3  60° 1 2 . 5  5 3 °  6 . 7  26°  

B-F-3 2 . 45 oo 2 . 09 1 5 °  2 . 0 7  1 00 

B-H- 1 0  1 6 . 8  5 5 ° 2 2 . 0  50°  1 2 . 3  38°  

C-F�3 2 . 49 Qo 1 . 9 9  1 5 °  2 . 1 1  1 5 °  

C-H � 1 0  3 1 . 2  4 1 °  3 6 . 0  38°  2 3 . 6  3 5 °  

The angles ab ove are t h e  d egrees b y  which the 
current l ags it s  r e spective v olt age . 

CONTINUOUS RATINGS: The continuous r ating 
of the SKBU- 1 is  1 0  amperes and the continuous 
r ating of t he SKBU- 1 1  is 7 amperes .  The two 
second o ver lo ad r ating of the SKBU- 1 i s  1 5 0 amp.  
phase and 125 amp .  ground w hile the two second 
rating o f  t he SKBU- 1 1  is  1 25 amp .  phase and 
ground . 

S E T T I N G S 

If settings in betw een taps are desired , the tap 

screw should be s et in the next lowest tap. S1 and 
s3 should then be adjusted for the d es ired pickup 
value.  Dropout should be readju sted by m e ans of 

s2 and s4 . 

A. SKBU- 1 1 

The SKBU-1 1 relay has separate t ap pl ates  for 
adj ustment of the zero and negative sequence 

sensitivity o f  the fault dete ctor (FD- 1 ) . Th e 
fault detector t ap m ark ings and pickup are :  

Negat ive Sequence Sen sit iv i ty ( 12) 

A .  N one 

B 0.4 Amperes 

C .  0 . 25 A mperes 

Zero Sequence Sens it iv ity ( lo) 

F .  None 

G. 0 . 2  Amperes 

H .  0 . 1  A mperes 

Two tap plates are provided:  one for I2 and t he 
other one for Io . 

Tap A should not be used in service since this 
would prevent fault detector operation for phase� 
to�  phase faults . However, tap F may be used 
with either B or C since negative sequence 
current flows for both phase-to-phase and ground 
fault s .  
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TY PE SKBU-1  AND SKBU- 1 1 PHASE C OM PA R I SON R E LAY----------------

The recommended s ettings are tap B or C as 
needed for the r e quired sensit ivity , and tap F .  
Taps G and H have  been provided for applica­
t ions where the negative-sequence load flow due 
to series impedance unbalance  may be  high 
e nough to operate FD with a tap C setting .  In 
this c as e , set in tap B and in t ap G or H .  It  is 
not intended that taps C and H be  used  simulta­
neously due to the possibility of cancel lat ion 
of the negat ive-and zero-se quence effects on 
gr ound faul ts .  With a tap B setting ,  a t ap H 
setting is preferred .  

To summarize , the recommended setting com­
binations in the order of preference are :  

COMB I N A T I ON 12 T A P  I O TA P 

1 c F 

2 B F 

3 B H 

4 B G 

For a long two-terminal line , FD2 should be s e t  
a t  2 5 0  p e r  c e n t  o f  FD 1 .  As shipped from t h e  
factory, F D 2  is set  to  pickup a t  1 25 p e r  cent . 

B .  SKBU-1  Re lay  

1 2  

The SKBU- 1 relay has separate t ap plates for 
adjustment of the phase and ground fault 
sensit ivities and the sequence c omponents 
included in the network output . The method of 
det ermining the correct taps for a given in­
stallat ion is discussed in the following 
paragraphs .  

Sett i ng Pr inc ip les  

Tap C provides t h e  b e s t  balance between three 
phase and phase -to -phase fault se nsitivity . 
A lways use this t ap where distance fault  det ector 
supervision is use d .  Where only the SKBU - 1  
fault detector i s  used and where the full load 
current ( maximum through any terminal) is ap­
proximate ly five amperes or mor e ,  tap B wi l l  
provide increased phase -to-phase fault sensi­
tivity with little or no sacrifice in l hree  phase 
fault sensit ivit y .  For e xample , if a left-hand tap 
(T)  of 6 is needed with tap C ( 6C ) ,  t he n  use a 
3B setting i nste ad.  

N OTE:  From Table I ,  pickup will be  4 . 1 5  amp. 
for t ap 3 B  and 5 . 4 0  amp .  for tap 6C for ¢ a  to 
¢b fault, 3¢ pickup is 6 amperes on t ap 6C and 
6 . 1  amp .  on 3 B . 

Use tap A only where satisfactory unbalanced 
fault  sensit ivity cannot otherwise be  obtained 
and where other protection is available for t hr e e  
phase fault s ,  since with T a p  A n o  t hree  phase 
fault prote ction is availab l e .  

In a l l  case s  provide identical response a t  all 
stations to insure proper phase comparison and 
ade quate k eying for any fault detected by 
remote-end r e lays .  To accomplish thi s ,  the 
letter  taps (A,  B,  C,  F,  G,  H )  should be  identical 
at all  stations .  Also,  the taps should be identi­
cal with identical CT ratios ,  or inversely pro­
portional to CT rat ios where different . 

After select ing tap C or B .  pick the T tap to 
allow reset of  the fault detector in the presence 
of load flow . That is ,  faul t  detector pick-up 

* should b e  at  l e ast 1 1 1  per c ent of full  load 
current (max imum t hrough any terminal ) .  

Now select  t ap G or H for desired ground-fault 
sensitivity . 

For d istance fault detector applicat ions , set  
3C to provide the maximum sequence -filter  
voltage for the s quaring amplifiers . The SKBU- 1  
current fault detector FD-2 i s  then independently 
desensitized (by adj ustment of 81 and 82 s ettings) 
to permit reset  in the pre s ence of ful l-load cur­
ren t .  Phase faults which clo not operate the 
SKBU-1  fault detector wi l l  be detected by the 
supplementary distance fault detector s .  

E xamp les  of SKBU- 1 ,  R e lay Sett ings  

CASE I 
Assume a two-terminal line with current transformers 
rated at 4 00 '5 at both terminal s .  Also assume that 
full load current is 300 amperes , and that on mini­
mum int ernal phase-to-phase fault s ,  2000 amperes is  
fed in from one end and 600 amperes from t he other  
end . Further assume that on minimum internal ground 
faults , 400 ampen?s is feel in from one end ,  and 1 00 
amperes from t he other end . 
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a .  Po s i t ive Sequence Current Tap 

Sec ondary Valu e s :  
Load Current = 300 x 5 = 3 .  75 amperes 

400 

Minimum Phase-to-Phase Fault Current s :  
6 00 x 5 = 7 .5 amperes  

4 00 

( 1 )  

( 2 )  

Fault detector F D - 1  set ting (three phas e )  must b e  
at least : 

3 . 75 = 4 . 1 8  amperes ( 0 . 90 is dropout ratio of  
o .  90 FD-1 .  Setting will insure that 

the fault detector wil l  reset  on 
load current) ( 3 )  

I n  order t o  complete  the trip circuit on a 7 . 5  ampere 
phase-to-phase fault ,  the fault detecto r  FD-1  s etting 
from Table I must not be more than :  (bas e d  on a 
three phas e  fault :  

7 . 5  x 1 x = 6 . 93 amperes 

0 . 8 6  1 . 25 

1 . 25  = FD-2 Pickup 

FD-1  Pickup 

Sequen ce Com bination Tap 

( 4 )  

From a c omparison of  ( 3 )  and (4 ) abo v e ,  i t  i s  e vident 
that the fault detector can be set to trip under mini­
mum phase fault condition y et not operat e  under 
maxim um load. In  this cas e ,  tap C would be  used 
( s ee Table I ,  Comb. 1 )  as there is sufficient dif­
ference between maximum l oad and minimum fault 
to use  the ful l  three-phase sensitivi ty . Current tap 6 
would be u s ed in preference to tap 5 t o  allow for 
occurr en c e  of higher load curren t .  

Zero Sequen ce Tap 
--- - - ----

Secondary V al u e :  

5 
1 00 x -- = 1 . 25  amperes minimum ground fault 

400 
curren t .  

With T tap 6 and R 1  tap ,  t h e  fault detector picku p  
currents for ground faults (See  Table I I )  are as 
follows : 

Tap G 

Minimum Trip 

Tap H 

Minimum Trip 

. 25 x 6 = 1 . 5  ampere (FD- 1 ) 

1 . 25  x 1 . 5 ampere = 1 .8 amp.  ( FD-2 )  

. 1 2 x 6  = 0 . 72 amp er e ( FD- 1 ) 

1 . 25 x 0 . 75 = 0 . 90 ampere (FD-2)  

From t he ab ove , t ap H would be  used t o tr ip for a 
minimum ground fault of 1 . 25  amperes .  

CASE II  
Assume the same fault c urrents as in Case I ,  but 
a maximum load current of 550 amper e s .  In this 
example ,  with the same se quence combination as in 
Case I , the fault detectors cannot be set to trip on 
the minimum internal three -phase fault , yet remain 
inoperative on l oad current . (Compare  equat i ons ( 5 )  
and ( 6 ) . )  However ,  b y  connecting t he network per 
combination 2 on Table I ,  the relay can be set  to 
trip on minimum phase -to-phase fault-, although it 
will h ave only half the sensitivity to thre e-phas e 
faults . This will allow operation at maximum load 
without picking up the fault detector , and provide 
high speed relaying of all exc ept light thre e-phase 
faults . 

In order to c omplete the trip c ircuit on a 7 . 5  ampere 
phase -to-phase fault , the fault  detector tap must 
now be not more than : 

* 7 .5 X X 1 = 6 . 67 amperes ( 5 )  

1 .  25 . 90 
To be sure the fault detector FD-1  wi l l  reset after  
a fault , the minimum tap setting is determined as 
follows : 

Load Current = 5 5 0  x 5 
400 

6 . 9  ampere s  ( 6 )  

* 6 . 9  = 7 .7 amps .  ( . 90  is  dropout ratio of FD- 1 )  ( 7 )  
0 . 90 

Since  from Table I .  C omb .  2 ,  the fau lt d e te c tor pick­

up current  for three-phase faults is  twi c e  tap value , 
h alf  the above value ( E q .  7 )  should be u sed in de­
termining the minimum three-phase tap . 

7 . 7  = 3 .86  

2 

( 8 )  

From a comparison of ( 5 )  and ( 8 )  abo ve , tap 5 or 6 
could be used.  (Continuous load current rating of 
re lay is 1 0  amperes ) .  

With the three -phase tap 5 i n  use ,  t h e  fault  detector 
pickup c urrent for ground faults will be as follows : 

Tap G 

Minimum Trip 
. 2  X 5 1 . 0  ampe re ( FD- 1 )  

1 .  0 x 1 .  2 5  = 1 .  0 ampere (FD-2)  
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TY P E  SKBU-1  AND SKBU-1 1 PHASE COM PARISON R E LAY
----------------

Tap H = . 1  X 5 = 0 . 5  ampere ( FD - 1 ) 
Minimum Trip = 1 . 25 x 0 . 5 a .  = 0 . 63 ampere ( FD-2)  

Therefor e ,  tap H would be used to tr ip the minimum 
ground fault of 1 .  25 ampere with a margin of safety . 

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

The phase comparison relay i s  generally sup­
plied in a c abinet or on a re lay rack as part of a 
complete assembly. The location must be free from 
dust , excessive humidity , v ibration , c orrosive fumes , 
or heat .  The max imum temperature around the chassis 
must not exceed 55°  C .  

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

NOT E :  The phase c omparison relay is  normally 
supplied as part of a re laying system,  and its cali­
bration should be checked after the system has been 
installed and interconnected.  Details ar e given in 
the instructions of the assembly .  The assembly 
instructions and not the following instruction should 
be followed when the re lay is  received as an integral 
part of the relay ing system .  

I n  those c ases where the relay is  not part o f  a 
re laying system , the following procedure can be 
followed to verify that the circuits of the re lay are 
functioning properly . 

T E S T  E Q U I P M E N T  

1 . Oscillosc.ope 
2 .  AC Current Source 
3 .  E le ctronic Timer 
4 .  AC V o ltmeter 
5 .  DC V oltmeter 

A C C E P T A N C E  T E S T  

Connect the relay to the test circuit of Fig . 24 
which represents the TC carrier channel  for  test  
purpo s e s .  On SKBU- 1 1 re lays , j umpe r terminals 
2 to  4 to 6 to 8 .  

I f  the test fixture i s  not availab le ,  the remote 
pulses  can be obt ained from the SKBU keyi ng circuit .  
This is  accomplished by j umpering various circuits 
of the re lay together as fol low s :  (Not e :  These in­
structions apply where no ext ernal connect ions are 
made to the J 1 0 1  bloc k ) .  

14 

1 .  Apply e ither 4 8  volts de or  45  volts de  to 
J 1 0 1 -2 ( pos . )  and J 1 0 1 -5 (neg . ) . An alternate 
conne ction is  to X 1 and x4 . Also connect 
positive 45  volts de to either X3 or J 1 0 1 -3 .  

2 .  Jumper J 1 0 1 -5 t o  J 1 0 1 -6 .  An alternate con­
nection is terminal 3 t o  terminal 8 on the  
supervision b oard .  This  c onnects the carrier 
control to  negative . 

3 .  Jumper J 1 0 1 - 1 3  to J 1 0 1 -1 4 .  An alternate  con­
nection i s  terminal 6 of the supervision 
board to terminal 15 of the amplifier and 
keying board . This connects the carrier c on­
trol c ircuit to  positive 45 volts de through 
R 1 4 2  of the amplifie r  and keying board . 

4 .  Jumpe r J 1 0 1 -25 to J 1 0 1 -7 .  An alternate  con­
nection is terminal 12 to  terminal  17 of the 
amplifier and keying board . This connects 
the keying circuit to the remote s qu ar ing 
amplifie r .  

5 .  Short resistor R 1 4 1  o n  the amplifier and 
keying board . This is nec e s s ary to allow the 
remote squaring amplifier to work from a 
lower voltage input than normal . N ormally 
45 volts de i s applied to J 1 0 1 - 1 7 .  In this test 
c ircuit , approximately 24 volts de i s  applied 
to J 1 0 1 - 1 7 .  

6 .  Connect one pole o f  a DPST switch from 
terminal 17 to t er minal 1 of the amplifier and 
keying boar d .  This is switch L of the fol­
lowing tests and enab le s  internal-extern al 
fault tests to be performed on the re l ay .  
External fault position i s  w ith the switch 
c losed.  Internal fault pos it ion is with the  
s witch open.  This switch removes a stage 
from t he remote squaring amplifier to  reverse 
t h e  polarity of t h e  remote pulses .  

With the j umpers added as per the above infor­
mation,  the transistor circuits are connected together 
as shown in figure 2 9 .  

I f  the above c onnections are ut ilized t o  t est the 
re lay , the reference to c losing switches  A, B, C ,  and 
D should be ignored . 

The fol lowing tests are with reference to the  
relay as received . If a recalibration of the circuits 
is  desired, the recalibration can best be obtained by 
setting S1 , S2 , S4 and S5 to c ounterclockwise limit ,  
S6 , S3 and S7 to clockwise limit ,  and R3 1 6  on output 
board to the middle of its range . 

1 .  F D- 1  P i c kup and Dropout 

a.  Set relay on taps C and H. Set SKBU- 1 
T t ap 5 .  www . 
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TY PE SKBU-1  AND SKBU-1 1 PHASE COM PAR ISON R E LAY ______________ ,_. L_. _4 T_-9_s_4._3 c  

b .  Connect a high resistance de voltmeter 
across X 1 6  and X4 ( n e g . ) .  

c .  Apply 6 0  hertz current to terminal 1 and 3 
of the relay .  Gradually increase the current 
until the voltmeter changes reading from 
approximate ly zero volts to approx i mately 
2 0  volts .  This i s  the operating current of 
FD-1 and should be 0 . 4 3 3  ± 5% amperes for 
SKBU-1 1 re lay and 4 .3 3  ± 5% amperes for 
SKBU-1 re lay . 

d. Gradually lowe r ac test  current until the de 
voltmeter drops to approximate ly zero volts . 
This is the dropout c ur rent of FD- 1  and 
should occur at . 3 8 9  to .3 95 amperes for 
SKBU- 1 1 and 3 . 89 to 3 . 95 amperes for SKBU-1 . 

e .  Adjustment of pickup and dropout is made 
by S3 and S4 respect ive ly . 

f .  If the output of the fault detector is  errat i c  
a t  pickup , R3 5 o n  t h e  fault detector should 
b e  adjusted such that the following waveform 
should appear across X 15  to X4 . 

¥ 
-� T""\1 .,..-.\ ( V V \f� ·  
k- 1 G t o 1 7 - J 
t rnillisecon� 

2 .  F D-2 P ickup a n d  Dropout 

peaks should be 
nearly e qual or, 
if not , rising 
slight ly to the 
r igh t .  

a .  With re lay s e t  o n  taps I2 = C ,  I o  = H ,  con­
nect a high re sistance voltmeter  to X1 3  and 
x4 (ne g . ) .  

b .  With a 6 0  hertz test current connected to 
t erminal 1 and 3 of the relay , gradually in­
crease the current until the voltmeter  charge s 
read ing from approximately zero volts to 
approximat e ly 2 0  volts .  This is the operating 
current of FD -2 and should be between 0 . 5 1 4  
t o  0 . 568 amperes for SKBU- 1 1 and 5 . 14  t o  
5 . 6 8  amperes for SKBU-1 . 

c .  Gradually lower the ac test  current until the 
de voltmeter drops to approximat e ly zero 
volts . This i s  the dropout c urrent of FD -2 
and should occur at b et ween 0 . 4 6 1  to 0 . 509 
amperes for SKBU-1 1 and 4 . 61 to 5 . 09 amperes 
for SKBU- 1 . 

3 .  Check o f  Loca l  Squar ing Amp l i f iers 

a.  With all switches of  test circ u it ope n ,  apply 

0 . 6  to 0 . 8  amperes ac to terminals 1 and 3 
of the SKB U - 1 1 relay , or 6 to 8 amperes  ac 
to terminals 1 and 3 of the SKBU-1  re lay . 

b .  P lace scope probe across X 1 2  and X4 (grd ) .  
A square wave o f  voltage shoul d  appear 
across X 1 2  and X4 as shown in Fig .  2 5 .  

4.  Chec k of Keyi ng C i rcuit 

a.  With all switch e s  of test  c ircuit open and 
0 . 6  to 0 . 8  amperes ac applied to terminal 1 
and 3 of the SKBU-1 1 relay ,  with scope check 
voltage across X14 and X4 ( grd ) .  (This volt­
age should be checked with 6. 0 to 8 .  0 amperes 
into te rminals 1 and 3 of SKB U - 1  relay ) .  

b .  Waveform shown i n  F i g .  25 should b e  
observed.  

5 .  Check of Remote Squari n g  Amp l i f iers 

a. Close switche s  A ,  B and C of test fixt ur e .  

b .  Apply 0 . 6  to 0 . 8  amperes  a c  t o  terminals 1 
and 3 of the SKBU-1 1 re lay , or 6 t o  8 amperes 
ac to s ame terminals for SKBU-1 re lay . 

c .  Using scope with grd .  lead on X4 , check 
waves hape of voltage across X9 . Waveforms 
of F i g .  25 should be observed . 

6.  Sett i ng of SS and S6 

a. With S5 set  to minimum resistance ( ful ly 
counter-c lockwis e )  and S6 to max imum 
resistanc e ( ful ly c lockwis e ) ,  ( s e t  L on ex­
t ernal fault )  c lose s witches A ,  B and C of  
the test  circuit . Apply 0 . 6  to  0 . 8 amperes ac 
to terminals 1 and 3 of the SKBU - 1 1 re lay 
or 6 to 8 amperes ac to same t erminals of 
SKBU-1 re lay .  Open and c lose switch D .  

b .  Plac e  scope across X 1 0  and X 4  ( grd ) .  Adjust 
S5 until followin g waveform appears on scope.  

Z ero Line 
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c .  Adjust S6 unti l  the re lay tr ip s .  This sets 
the  triggering of the Trip AND after a 4 milli­
second delay .  

d .  Slowly change S5 to obtain the following 
waveform. This will  b e  with S5 at  or near 
minimum resistance .  

E qual Pips may 
Point up as s hown ---.::---+---­
or down 

e .  C lose and open switch D ,  and slowly turn S5 
unti l  the re lay operates . Waveform should be  
the  same as  in step  6 .  If necessary , readjust 
S6 and repeat step d and e. 

7. Tran s i ent B l ock ing Delay 
(22/0 and 0/1 00 T i mer) 

a.  Connect e lect ronic timer stop to X7 and 
X4 (grd) . Set timer stop on negative going 

puls e .  Re lay not to be energized with ac 
curren t .  

b .  Connect timer start t o  X 1 8 .  S e t  timer start 
to positive going puls e .  

c .  Close s witch A and switch 3 1 .  Close s witch 
3 2 .  ( Represents 2 0  vo lt input to terminals 
3 and 19 of protective relay board) . Timer 
should start and should stop between 22  and 
25 millis e c onds . If necessary , adjust R3 1 6  
on output board  t o  obtain t iming.  

d .  Set t imer start on a negative pulse and timer 
stop on a positive pul s e .  

e .  Open switch . 3 2 .  ( Represents removal of 2 0  
volt input to  terminal 5 o f  t he protective relay 
b oard) Timer should start , and should stop 
after a t ime delay of 8 0  to  1 3 5  mi lliseconds . 

8 .  8/0 T i mer D i stance F au l t  Detector 

1 6  

a .  Connect t imer start to terminal 1 6  of super­
vision board . Set timer start on positive 

puls e .  Connect  t imer stop to XlS and X4 
( com m ) .  Set timer stop on pos it ive puls e .  

b .  Close switch  3 1 .  C lose switch 3 2 .  ( rep­
resents 20 volt i nput to terminals 3 and 1 9  of 
protective re lay board) .  Timer should start 
and should stop after 6 to 8 milliseconds . 

9.  Sustai ned Arming Al arm (2 .5  Seconds) 

a.  With e lectronic timer stop connected to X 1 7  
and X4 (grd) , set  timer stop on ne gative 
going pulse .  

b .  Connec t  t imer start to X I S ,  Set timer start 
on positive pulse . 

c .  C l ose switch 3 1  and then switch 3 2 .  (Rep­
resents 20 volt  input to terminals 3 and 19 of 
Protect ive re lay board) .  Timer will start and 
should stop after 2 . 3  to 2 . 7  seconds . 

d .  Open switch 3 1  and 3 2 .  

1 0. Check o f  Tran s ient U nb lock ing C i rcu i t  

a .  · With e lectronic timer stop connected to X7 
and X4 (grd) ,  set timer stop on positive going 
pulse .  

b .  Connect timer start t o  timer start contacts of 
switch A .  Set timer start on negative puls e .  
If  DPST switch " L "  of t e s t  c ircuit o f  F i g .  2 9  
i s  used,  connect second pole o f  switch t o  
+20 volts to trigger timer . 

c .  Close switch A and apply 0 . 6  to 0 . 8  amperes 
ac into terminal 1 and 3 of the SKB U - 1 1 
r e lay . (6 to 8 amperes into 1 and 3 of 
SKBU-1 ) 

d .  Open switch A , t imer should st art and should 
stop after  a t ime delay .  Time should be 22  
to 28 milli seconds . Recheck  approximately 
1 0  times in order to take an average of 1 0  
reading s .  To recheck t ime , it will b e  neces­
sary to close SW-A and reset re lay with SW-D 
If test c ircuit of F i g .  29 is used,  close s witch 
"L" to internal fault position . Timer should 
start and stop after a t ime delay of 22  to 28 
milliseconds . Take average of 10 readings .  

1 1 . Recheck step s 6 ,  7 and 1 0 .  Read j u st S6 ,  R316, 
and S7 if  necessary. 
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TY P E  SKBU-1  AND SKBU- 1 1 PHAS E  C OMPA R I SON R E LAY ______________ r .
_

L
_
. 4

_
T
_
-9

_
s4

_
.3

_
c 

1 2. Signal Squel ch Time ( 1 0/1 50) 

a. Connect timer stop to X 1 4  and X4 ( grd) .  
Ope n s witch C .  

b .  Connect timer start t o  s wit ch 28 . Set timP r  

start o n  positive pulse . C onnect timer stop 
on positive pul s e .  

c .  Close s witch 2 8 .  Timer w i l l  start and will 
stop after a 8 to 12 millisecond de lay . 

d .  Set timer stop on ne gative pu lse ,  and timer 

start to negative puls e .  

e .  Open switch 2 8 .  Timer should st art and stop 
after a time delay of 1 25 to 1 85 milliseconds . 

1 3 .  Check of Frequency Ver i fi er 

a. Open all s witches of test circ uit . 

b .  Connect s c ope across TP60 and t erminal 
8 of the FD board . 

c. Apply 0 .  6 to 0. 8 ampe res to terminal 1 and 3 
of SKBU- 1 1  relay .  (Apply 6 . 0  to 8 . 0 amperes 
to terminal 1 and 3 of SKB U - 1  relay )  

d .  Waveform o f  Fig.  2 6  should b e  ob serve d .  

T R O U B L E  S H O O T I N G  P R O C E D U R E  

To t rou ble s hoot t he e quipment , the logic diagr am 
voltages of Fi g .  2 5  s hould be used to isolate the 
circuit t h at is not p erforming correctly.  The sc hem atic 
of the i ndivid ual bo ard , and the voltages of Table 
III should then be used to i s olate the faulty 
component . 

R E N E W A L PA R T S  

Repair work can be done most satisfactorily at 
the factory . However , interchangeable parts can be 
furnished to the customers wh o are equipped for doing 
the repair work . When ordering parts ,  always give 
the complete nameplate dat a .  For component s mount ed 
on the print ed circuit board , give circuit symbol and 
the electrical value ( ohms , mfd . ,  etc . )  and compo­
nent style numb er .  
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TYPE SKBU- 1 AND SKBU-1 1 PHASE COMPARISON R E LAY-----------------

Test 
Point  

TP54 

T P 5 5  

T P 5 6 

T e r m .  2 

5 1 -5 2  

5 2 -5 3  

5 3 -5 1  

Term . 5 -6 

TP 5 7  

T P  5 8  

T P  5 9  

T P  6 0  

T P  6 1  

T P  62 

Test 
Point  

Term. l 6  

T P1 5 l  

T P 1 5 2  

Term . l 3  

Term . l S  

T P 1 5 3  

T P 1 5 4  

Term . l 9  

Term . l O  

T P 1 5 8  

Term. l 

Term. l 5  

Term.  6 

Test 
P o i n t  

T e r m .  7 
T P l O l  ke r m .  1 0  

T P 1 02 

Term. 1 3  

-T erm. 1 2  

1 8  

TABLE I l l  

VOLTAGE MEASU R EMENTS O N  PRINTED C I RCU IT  BOARDS 

F A U LT D E T E C T OR B OA R D  

l a . c .  = 0 l a .c . = P i c ku p  of F D  

6 . 5  V .  d .c .  le s s  t ha n  l 

l e s s  t ha n  l 4 . 5 V .  d .c .  

l e s s  tha n l 1 8  t o  2 0  V .  d . c .  

le s s  tha n l 8 .6 V .  d .c .  

0 7 .4 v olt s a . c .  ( A pprox .) 

0 7 . 5  v o lts a . c .  ( A ppr ox . )  

0 7 .11 v o lt s a . c .  ( A pprox . )  

0 1 5  volts  a . c .  (A pprox . )  

1 8  v o l t s  

1 8  v o lt s  

l e s s  t h a n  l P u l s e s  S e e  F ig .  2 6  for 
20 v olts W a v eform 

1 8  volts  

le s s  tha n l 

S U P E R V I S I ON B OA R D  

N or m a l  
C ond i t i on Abnorma l C ond it i on 

1 2  l e s s  than l with D F D  & Operation 

le s s  t ha n  l 7 w i t h D F D  Operation 

2 0  le s s  than l w i t h  D F D  Ope ration 

le s s  than l 2 0  

l e s s  t h a n  l 1 5  with s u s t a i n e d  arming 

1 5  l e s s  than 1 w ith sustain<.:d arming 
le s s  t h a n  l 2 0  with s us t a ined arming 

2 0  l e s s  than l with s us t a i ned arming 

le s s  t ha n  l 6 . 8  volts  d . c .  

2 0  l e s s  than l 

le s s  than l 2 0  

6 2 0  &D F D  = d i s ta n c e  fault 

le s s  t han l 2 0  detec tor 

A M P L I F I E R  A N D  K E Y I N G  

N orma l 
( la .c .  = 0) 
1 8  

le s s  t ha n  1 

le s s  than l 

5 Vdc 

less than l 
le s s  than 1 

Serv i c eab le C h a n n e l  

• & 
Abnorma l or l AC = P i c ku p  af F D  

e le ss than l bre aker f a i lure or trip 
e 8 . 5 breaker fa i lure or trip 

e le s s  than I breaker f a i l ure or trip 

& 4 . 3 V p u l s e s  

& I 6 v o lt pul s e s  

& I  2 0  v o lt p u l s e s  

A M P L I F I E R  A N D  K E Y I N G  (Cont i n ued ) 

Test  
Point 

T P 1 03 

TP I 04 

Term. l l  

Term. 2 

Term. I S  

Term. 1 7  

N orma l 
O a . c .  = 0) 

5 Vdc 

less than l 

2 0  Vdc 

o v  
2 0  v 

0 V o l t s  

Serv ic eab le Channe I 

Abn orma l or lAc = 
P i c ku p  of F D  

& 5 v o l t  puls e s  

& 1 6  v o lt pul s e s  

& 2 0 volt pul s e s  

& 2 0  v o lt p u l s e s  

& 6  volt pul s e s  ( R e f .  t 2 0V )  

& 4 5 v o lt puls e s  

f N on-s q u e lc h  c ond i t i on � Terminal  1 0  and 1 2  

e Abnormal c onnected t ogether.  

& la c  = F D  p i c kup 

A R M I N G  B O A R D  

Test P o i n t  E xterna I F a u  I t  I ntern a l  Fau l t  

T P2 5 2  I l e s s  than l 1 0  V p u l s e s  

Term .  3 I l 0 v ol t s  l 0 V pu l s e s  

T T P 2 5 4  I l e s s  than l 2 0  V puls e s  

T P2 5 5  I 2 0  v o l t s  2 0  V pul s e s  

tt T P 2 5 6  l e s s  than l l e s s  t h a n  l 

tt T e r m .  1 9  1 8  volts 1 8  volts 

I V e r y  narrow puls e s  w ould be o b s e r v e d  o n  s c ope . 

tt With l a c  = 0 (Unarmed c ond i t i on )  

T P2 5 6 - 6  v o lt s ,  T e r m .  1 9 - 0 volt s .  

O U T PUT B OA R D  

Test 
P o i n t  N orma l T r i p  B l oc k i n g  

3 0 1  2 0  A pplies t o  Sequent i a l  F a u lt 

3 02 0 A p p l i e s  t o  Sequent ia l F a u lt 

3 0 3  2 . 2 1 2 . 5 le s s  than 1 

3 04 les s  t ha n  l le s s  than l 0 7 

B oard 1 4  2 0  2 0  l e s s  than l 

3 05 I 8 . 5  7 1 8 . 5  

3 06 0 1 3 . 5 0 

3 07 2 0  I le s s  t ha n  l 2 0  

3 08 0 l 2 0  0 
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TY PE SKBU-1  AND SKBU-1 1 PHAS E COM PAR ISON R E LAY ______________ I .
_
L

_
. 4

_
1
_
-9

...:..
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_
. J

;_
c 

C I R C U I T  
S Y M B O L  

D E S C R I PT ION 

E LECTR ICA L PARTS LIST 

W E S T I N G HOUSE 
S T Y L E  N U M B E R  

C I R C U I T  
S Y M B O L  

D E SC R I PT I ON W E S T I N G HOUSE 
STYLE N U M B E R  

FAU LT DET ECTOR BOARD Sty le 531 2D l 3G01 FAU LT DETECTOR BOARD (Continued) 

Capac itors 

C5 1 0 . 1  Mfd 
C5 2-C53-C59 0 . 5  Mfd 
C54-C55 1 . 5 Mfd 
C56-C57 0 . 02 Mfd 
C58 0 . 1  Mfd 
C60 0 . 22 Mfd 

Zener D i odes 

1 5449-2o- �--zs
1 -- �---� --� -�1 1 N �s3 2-z-� 6 2v 

1 87A624Al l Z52-Z5 5  1 N 957B , 6 . 8V 
1 N3688A , 24V 
1 N759A , 1 2 V  

1 87A508H09 Z53 
1 87A624H09 Z54 
1 8 7A624H01 
762A703H01  

1 84A61 7H06 
1 86A79 7H06 
862A288H01 
837A693H01 

I f---�� -----�----' -------l__ ______ _ S U P E RVISION BOARD Sty le 531 5D34G01 

D5 1 to D58-D70 
to D73 

D59 
D60 to D69 

D i odes 

1 84 A855H07 
N645A 837A692H03 
N4385 1 84A855 H 1 4  

Capac itor 

C 1 5 1 -C 1 53-C 1 5 7  1 88A669H01 
C 1 5 2  1 87

.
A508H02 

C 1 54-C 1 5 8  1 87A508H09 E1 N45

.

7A 

�------- ----�-----� 

·· � f:�,�rd 
I 

1 . 5 Mfd 

Q59-Q60 

Res i stors 

R5 1 ' " '  �] 5 0  Ohms , 

R5 2-R68-R7 1 2 . 7K Ohms 

R53 ( POT) 2 . 5K Ohms 

R54-R5 5-R5 8-R62-R64-

5W 
Yzw 
Yzw 

R66-R84-R89-R92 
R56-R60 
R57 
R59 
R6 1 -R87 
R63 
R65 
R67 
R69-R73 
R70-R74- R88 
R72-R75-R80 
R76-R78- R90 
R77 
R7 9-R80 
R8 1 
R82 
R83-R9 1 
R85-R93 

1 OK Ohms 1/zW 
1 OOK Ohms YzW 
47K Ohms Yzw 
56K Ohms Yzw 
22K Ohms YzW 
6 . 8K Ohms YzW 
27K Ohms Yzw 1 1 5 0  Ohms 3W 
68K Ohms Yzw 

, 39K Ohms Yzw 
2 K  Ohms Yzw j l K  Ohms 

, 5 . 6K Ohm s  1 6 .2K Ohms 
. 20K Ohms 

1 . 5K Ohms 
470 Ohms 
4 . 7K Ohms 

Yzw 
Yzw 
Yzw 
Yzw 
Yzw 
Yzw 
Yzw 

---- -- -- ---
-

--

Tra n s i stors 

Q 1 5 1  �Q1 5 2:c, , ,  •. ;;,,r ------,-----� �-
Q1 6 1 -Q1 63-Q1 64 2N34 1 7  848A 8 5 1 H02 

Q 1 5 3-Q1 56-Q1 62 - · 2

-

N3645 

- - -

849A4 4 1 H01  

1 85 A2 09H06 f------- �� 

629A53 1 H42 Res i stors 
6 29A4 3 0H03 1---

R-�-5-

1

�-�R-
-
-�5-

1
_8_
9
�·-R-1-68

�-··
--

, 

l--

6 .8K Ohms y:�-,-

6 29A5 3 1: 629A53 1 H56 R 1 52-R 1 53-R1 57 -
1 84A763H75 R 1 5 9-R 1 64-R165-
629A5 3 1 H72 R 1 67-R 1 69-R1 86-
1 84A763H69 R 1 8 9-R1 9 1-R 1 93-R196  1 0K Ohms Yzw 6 2 9A5 3 1 H5 6  
629A5 3 1 H64 R154 470 Ohms Yzw 1 84A763H 1 9  
629A53 1 H 5 2  R1 66- R 1 92 22K Ohm s YzW 1 84A 763H59 
629A5 3 1 H66 R 1 56-R 1 6 1  1 K  Ohms Yz W  1 84 A763H27 
762A679H01 R1 60-R1 70- R1 90 82K Ohm s YzW 
G2 9A53 1 H? G  R 1 55-R 1 6 2  3 3 K  Ohms YzW 
629A53 l H?O R163 56K Ohms YzW 
83 6A503H33 R1 71 150 Ohm s 3 W  
629A53 1 H3 2  R 1 95 2 . 7K Ohm s YzW 
629A5 3 1 H50 R1 85 47K Ohm s YzW 

629A53 1 H7 8  
184A7 63 H63 
184A763H69 
762A679H01  
1 84A763H37 
184A763H67 

629A53 1 H5 1 � --- ·-- � -�·---.l----------1 Zener D i ode 629A5 3 1 H 63 e- _ _ _ _ _ 1 t � __ 

83 6A503H30 Z 1 5 1 -Z 1 52-Z 1 5 6  .. n.Y957B ,  6 . SV --1 8-6A797H06 
629A53 1 H24 Z 1 5 3  1 N3688A, 24V 862A288H01 
629A5 3 1 H48 Z 1 5 8  UZ5875 , 75V 837A693 H04 
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T Y P E  SKBU - 1  AND SKBU - 1 1 PHAS E  C OMPARISON R E LAY 

E LECTR ICA L PARTS L IST (C on t inued) 

C IR C UIT W E S T I NGHOUSE C IR C U IT W E S T I N G HOUSE 
SYMB O L  

D ES C R I PT ION 
STY LE N U M B E R  D E SC R I PT I ON 

S Y M B O L  S T Y L E  N U M B E R  

AM PLI F I E R  & KEYING BOARD Sty le  531 4D77G01 ARMING BOARD Sty le 201 C1 70G01 

Capac itor D iodes 

C l O l  6 . 8 Mfd 1 84A66 1 H2 1  D255-D257-D260-D 2 6 1 -

C 1 0 2 1 . 5 Mfd 1 8 7A5 09H 09 
t o  D265-D267 1 N457A 1 84A855H07 

Trans istors 
D i odes 

Q252-Q2 53-Q256-
D l Ol -D l l O  to Q258-Q259 2N34 1 7  848A85 1 H 02 D l l 3  1 N457A 1 84A8 55H07 

D 1 02 to D 1 05-
Q257 2N3645 849A44 1 H 0 1  

D 1 07 to D l 09 1N 645 A 8 3 7A69 2H03 

Res i stors 

Tran s i stors R255-R257-R 2 6 1 -R262-

Q l O l  t o  Q l 07 2N34 1 7  848A8 5 1 H02 R265-R274-R277-R278-

Q l  08-Ql 09-Q1 1 3  2N3645 84 9A44 1 H 0 1  
R280-R28 1 -R287-R288 22K Ohms Vzw 1 84A763H59 

R2 60-R264-R275-R276-

Res i stors 
R28 2-R284-R285 l OK Ohm s Vzw 1 84A763H5 1 

R279 27K Ohms Vzw 629A5 3 1 H6 6  
R l O l  6 . 8K Ohms Vzw 629A5 3 1 H5 2  R283-R290 1 2K Ohms Vzw 629A5 3 1 H 5 8  

R 1 02-R1 06 4 7 0  Ohms 1/zW 1 84A763 H 1 9  

R 1 03 3 9K Ohms VzW 1 84A763H65 Zener D i odes 

R 1 04-R 1 08 l K  Ohms 1/zW 1 84A763H27 Z 2 5 1  1 N3 688A,  24V 862A288H 0 1  

R 1 05-R1 09-R l l 2  

t o  R1 1 6 -R 1 2 1 - R 1 22- PROT ECTI V E  R E LAY BOA RD 

R 1 24-R 1 3 0  l OK Ohms YzW 1 84A763H5 1 Sty le 201 C 1 65G01 - 201 C476G01 

R 1 07 1 5K Ohms 1hW 6 29A5 3 1 H6 0  

R l l O  82K Ohms VzW 629A5 3 1 H78 
Capac itors 

R l l l -R 1 20 33K Ohms VzW 1 84A763H63 Cl to C4 . 04 7  M fd 84 9A4 3 7H04 

R l 1 8  220K Ohms 1hW 1 84A763H83 D i odes 
R l 1 9-R 1 3 2  68K Ohms 1/zW 629A5 3 1 H7 6  

R 1 2 3 -R 1 3 9 22K Ohms 1/zW 1 84A 763H59 D l  to D5-D9 1 N 64 5A 83 7A692H03 

R 1 2 5 -R 1 2 9 4 . 7K Ohms 1/zW 1 84A763H43 

R 1 26-R1 2 8  4 70K Ohms 1/zW 1 84A763H91 Tra n s i stors 

R 1 27-R 1 4 1  4 7 K  Ohms 1/zW 1 84A763H67 

R 1 4 0  5 6 K  Ohms 1/zW 1 84A 763H69 Q l  t o  Q6-Q� 2N3 4 1 7  848A85 1 H 0 2  

R l 4 2  l K Ohms 5 W  7 63 A 1 29H07 

Zener D i odes Res i stors 

Z l 0 1 - Z l 02 1 N 957B,  6 .8V 1 8 6A797H 06 R l  ( 1 25 volt input) 68K lW 1 87A 64 3 H 7 1  

Z1 03 1 N3 68 8 A , 24 v 862A288H01 
Z 1 04 1 N748 A 3 . 9V 1 8 6A797H 1 3  R l  ( 4 8  volt input) 22K 1/zW 1 8 4A763H59 
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TY PE SKBU-1  AND SKBU - 1 1 PHASE COM PARISON R E LAY ______________ I_
. L

_
.
_
4 1

_
- 9
...:.5..:...4·..:..3 c� 

E LECTR ICAL PARTS LIST (Con t i n ued) 

C I R C U I T  W E S T I N G H OUSE C I R C U I T [W E S T I N G H OU S E  
S Y M B O L  D ES C R I PT I ON S T Y L E  N U M B E R  D E S C R I PT I ON S Y MB O L  S T Y L E  N U M B E R  

PROTEC T I V E  R E LAY BOARD (Continued) OUT PUT BOARD (Continued) 

Res i stors (Continued) 
Res i stors (Cont i nued) 

R2-R3-R4-R8-R9-R 1 3- R302 l 220K Ohms 1/zw 1 8 7A64 1 H8 3  

R 1 4- R 1 2 2-R23 4 . 7K Yzw 629A5 3 1 H4 8  R305 47 Ohms Yzw 1 87A290H 1 7  

R5-R 1 0-R 1 5-R24-R34 82K 629A5 3 1 H 78 R307 47K Ohms YzW 1 84A763H67 

R6-R21 -R30-R39 27K 1/zw 184A763H0 1 R308 - R3 1 2  4 7 0  Ohms 1/zw 1 84A76 3H 1 9  

R7- R1 1-R 1 6-R20- R25- R309 - R3 1 7  1 K Ohms YzW 1 84A763H27 
R29-R40 1 0K Yzw 629A53 1 H5 6  

470K Ohms 1/zW 
1/zw 62 9A53 1 H5 2  

R3 1 3  1 84A76 3 H 9 1  
R 1 2-R1 7-R26 6 . 8K 

R3 1 6  (Pot . )  1 5 K  Ohms Yzw 6 2 9A430H08 
R 1 8- R 1 9-R2 7-R28 22K YzW 1 8 4A763 H59 

R3 1 8 - R322 - R323 4 . 7K Ohms 1/zw 1 84A763H43 

Zener D i ode R3 1 9 - R 3 2 1 - R325 22K Ohms Yzw 1 84 A763H59 

Z l -Z3-Z5-Z7 1 N3686B , 20V 1 85A2 1 2H06 R327 6 . 8K Ohms 1/zW 1 84 A763H47 

Z2-Z4 -Z6-Z8 1 N 957B , 6 . 8V 1 86A797H06 R329 18K Ohms Yzw 1 84 A763H57 

R331  1 0K Ohms 1/zw 6 2 9A5 3 1 H5 6  

OUT PUT BOARD Sty le  201 C025G02 R 3 3 2  6 . 8K O h m s  1/zw 629A53 1 H 5 2  

R333 27K Ohms Yzw 629A5 3 1 H6 6  
Capac itors 

R334 1 5 0 Ohm s 3 W  762A679H01 
C301  1 . 0  Mfd 837A24 1 H 1 5  

C3 02-C3 03-C306-C309 0 . 2 2  Mfd 762A703 H 0 1  Zener D i ode 
C304-C3 05 4 . 7  Mfd 1 84A66 1 H 1 2  

Z301  to Z305 1 N 957B , 6 . 8V 1 8 6 A797H06 
C307-C3 08 500 Mmfd 1 8 7 A694H03 

C3 1 0  0 . 1 0  Mfd 1 8 8 A669H03 
Z306 - Z307 1 N3688A,  2 4  V 86 2A288H01 

C3 1 1  1 . 5  Mfd 1 8 7 A508H09 
R E LAY BOARD Sty le  531 2 D78G0 1 - SKBU - 1 1  

Sty le  53 1 2 D80G0 1 - SKBU-1  
D i odes 

D30 1 to D306-D308 1 N457 A 1 84A855H07 
Capac itors 

D307 1 N645A 837A692H03 C 2 0 1 -C202-C203 0 . 2 5  Mfd 1 8 7A624H02 

Tra n s i stors Res i stors 

Q3 0 1 -Q3 05-Q306-Q307- R201  .& 5 0  Ohms 5 W  1 85A209H06 

Q309 2N3645 84 9A44 1 H0 1  R202-R203 (SKBU-1 1 )  3 . 3 K  Ohms YzW 629A5 3 1 H4 4  

Q302 -Q303-Q304-Q3 08 2N34 1 7  848A85 1 H02 R2 02-R203 (SKBU- 1 )  e 2 . 2K Ohms YzW 1 8 7 A64 1 H35 

F i Iter Choke 
Resi stors 

L 2 0 1  
R301 -R303-R304-R306-

8 . 5 Hy 4 5 0 0hms 1 88A460H01 

R31  0-R3 1 1 -R3 1 4-R3 1 5-

R3 20-R3 2 3 -R3 24-R3 26-
Zener D i odes 

R330-R335 1 0K Ohms 1/zW 1 84A763H5 1 Z2 0 1  .& 1 N 1 828C 43V 629A798 H 1 4 

.& SKBU- 1 1  only • Typical Value - Re sistors s el ected for pro pe r  loading of l o w  pass filt er .  
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TYPE SKBU-1  AND S K BU - 1 1 PH ASE C OMPARISON R E LAY 

TRANSIENT 

AMP L I F I E R  AND KEYING BOARD 

SUPERVISION BOARD ----, 

FAULT DETECTOR BOARD 

Fig. 1 .  Photograph ( Front V iew) SKBU- 1 1  Relay 
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20 VOLT ZENER 
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Fig. 2. Photograph ( Rear View) SK BU- 1 1  R elay 
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TYPE SKBU-1  AN D SKBU-1 1 PHAS E C OM PARISON R E LAY I . L .  4 1 -954.3 C  
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Fig.  4.  Schematic of Fau lt D etector B oard. 
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TYPE SKBU- 1 AND SKBU-1 1 PHASE COMPARISON R E LAY 
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19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Fig. 5 .  Location of Components on A rming B oord 
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Fig.  6 .  Schematic of A rm in g  B oard 
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TYPE SKBU-1  AN D SKBU - 1 1 PHAS E  C OMPAR ISON R E LAY 
I . L .  4 1 -954.3C 
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Fig.  8 .  Schematic of Amp lifier and Keying Board. 
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TYPE SKBU - 1  AN D S K BU - 1 1 PHASE COMPARISON R E LAY -----------------
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Fig. 9.  Location of Components on Output Board. 
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TY P E  SKBU-1  AND SKBU- 1 1  PHASE COMPARISON R E LAY 
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Fig. 1 2 .  Schematic of R e lay B oard. 
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TYPE SKBU-1  AND SKBU- 1 1 PHAS E  C OMPARISON R E LAY 

----U[J----
--QD-- ' 
i �� r I 

[Q4j (00-BOX INDICATES TRANSISTOR 
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Fig.  1 6 .  Schematic o f  Protective R e lay B oard for D istance Phase Comparison System. 
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T Y P E  SKBU-1  AN D SKBU - 1 1  PHASE C OMPARISON R E LAY 

� �·BOX INDICATES TRANSISTOR 
IS NORMALLY CONDUCTING 

81, 84-"B"INOICATES BUFFER CIRCUIT BLOCK 

[""" - - - - -" 
PROTECTIVE RELAY INTER BD 

I �_}� 1'-.:;-:;-� v 
L --- --- --- --- ---- ---- --- -- -- -- �165GOI 

I . L .  4 1 -954.3C 

\ "'  1 :BREAKER FAILURE RESISTOR 
47)( 20V(!LiS INPUT 22K 48VOLTS INPUT 
68K 125VOLTS INPUT 

69 1B1 1 4  

F ig. 7 7. Schematic of Protective R e lay B oard for D istance Phase Comparison System with B linder Control. 
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Fig. 7 8 .  E lementary Connection of TC SKBU- 7 7 .  
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T Y P E  SKBU-1  AND SKBU - 1 1 PHASE COM PARISON R E LAY 

35 
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TY PE SKBU-1  AND SKBU- 1 1 PHASE COMPARISON R E LAY I .L .  4 1 ·954.3C 
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Fig. 2 1  Operating Times of Fault Detectors of SKB U- 1 and SKBU- 1 1  Relay 
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Fig. 22. Operating Time of Fault Detectors of SKBU- 1 and SKBU- 1 1 Relay as a fun ction of Fault Incidence Angle at 5 Amperes. 
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TYPE SKBU-1  AND SKBU - 1 1 PHASE COM PARISON R E LAY _______________ _ 
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T Y P E  SKBU-1  AND SKBU - 1 1 PHAS E COM PAR ISON R E LAY ______________ 1 ·_L_. 4_1_-9_s4_. 3_c 
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Fig. 24. Test Circuit of SKBU- 1 and SKBU- 1 1  Relays. 
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TYPE SKBU - 1  AND SKBU- 1 1 PHASE COMPARISON R E LAY 
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Fig. 25. Test Point Voltages. 
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Fig. 26. Frequency Verifier Wavefo rm s  at 60 Hz. 
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Fig. 28. Width of Keying Pulses at  Different Current L evels of SKBU-1 Relay 
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Westinghouse L L 41 -954 .3 

I N STA L L A TION • OPERA l i O N  • M A I N TE N A N CE 

I N STR U C T IO N S  
TYPE SKBU-1 1 PHASE COMPARISON RELAY FOR 

TC CARRIER CHANNEL 

CAUTION: It is  recommended that the user of this 
equipment b ecome acquainted with the information 

in either this instruction l eaflet or the system in­
struction leaflet b efore energizing the relay system. 
If the SKBU- 1 1  relay is mounted in a cabinet, the 
cabinet must b e  bolted down to the floor or other­
wise secured b efore swinging out the equipment 
rack to prevent its tripping over. 

A P P L I C A T I O N  

The type SKBU- 1 1  relay is a high speed carrier 

relay used in conjunction with a type TC power line 

carrier set to provide compiete phase and ground 
fault protection of a two terminal transmission line.  
Simultaneous tripping o f  the  relays at e ach lin e 
terminal is obtained in less than twenty-five milli­
s econds for all internal faults within the limits of 
the relay s ettings.  The relay operates on line cur­
rent only, and no source of a-c line potential i s  
required. Consequently , t h e  relays will n o t  trip 
during a s wing or out-of-step conditions. The c arrier 
equipment operates directly from the station batt ery . 

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

The type SKBU- 1 1  relay consists of a compo site 

positive and negative sequence current network , two 
mixing transformers , three isolating transform ers ,  a 
20-volt power supply, and printed circuit boards 
mounted on a standard 1 9-inch wide panel, 814 inches 
high ( 5  rack units).  Edge slots are provided for 
mounting the rack on a standard relay rack . 

Sequence Network 

The sequence filter consists of a three-l egged 
iron core reactor and a resistor. The reactor is a 
four-winding reactor with two primary windin gs and 

two s econdary windings . The s econdary windings 
are connected to the resistor which consists of 
three tube resistors and a small formed resistor.  

One secondary winding and the resistor is a nega­

tive sequence current filter while the other second­

ary winding and the resistor i s  a positive sequence 
filter .  

NEW INFORMATION 

Mix ing  Tran sformer 

The voltage from the sequence network is fed 
into two mixing transformers. One transformer sup­

plies the fault detector circuit and the other trans­
former supplies the keying circuit. These trans­
formers and Zener clippers (mounted on printed 
circuit boards) connected across their s econdary 
are used to limit the voltage impressed on the solid­

state circuits, thus providing a small range of volt­
age for a large variation of maximum to minimum 
fault currents. This provides high operating energy 
for light fault, and limits the operating en ergy for 
heavy faults to a reasonable value .  

I so l at ing  Tran sformer 

Three isolating transformers are provided in the 
relay to isolate the D . C .  voltages from the A .  C. 
voltages .  Two of the transformers are also used to 
energize solid-state circuit on alternate half-cycle 
of the power system frequency. 

Power Supp ly  

The solid-state circuits o f  t h e  SKBU- 1 1  are 
regulated from a 20-volt supply on the relay panel. 
This voltage i s  taken from a Zener diode mounted 
on a heat sink . A voltage dropping resistor is  pro­
vided b etween the source D.C . supply and the 2 0-
volt regulated supply .  

Pri nted C i rcu it  Boards 

Seven printed circuit boards are used in the 
SKB U- 1 1  relay: A fault detector board, prot ective 
relay interface board, supervision board, amplifier 
and keying board , arming board, output board, and a 

relay board. The circuits of the protective relay 
board vary with the relaying syst em. 

All of the circuitry that is suitable for mounting 
on print ed boards is  contained in an enclosure that 

projects from the rear of the front panel and is ac­

c essible by opening a hinged door on the front of 
the panel . The printed circuit boards slide in posi-

EFFECTIVE A UGUST 1 968 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE SKBU-1 1 PHASE COMPARISON R E LAY ---------------------

tion in slotted guides at the top and bottom of each 
compartm ent and the board terminals engage a t er­
minal block at the rear of the compartment.  Each 

bo ard and t erminal block is k eyed so that if a board 

i s  placed in the wron g compartment,  it  cannot be 
ins erted into the terminal block . A handle on the 
front of each board is  labeled to identify its function 
in the relay .  

1 .  Faul t Detector Board 

The fault detector board contains a resistor-Zener 
diode combination, a phase splitting network , a 
solid state fault detector, and a frequency v eri­
fier circuit. The controls for setting pickup ( S 1 ) 
and dropout (S2)  of the fault detector are mounted 
on a p late in the front of the ass embly . This 
unit operates when the fault current exceeds a 
definite value. 

The location of co mponents on the board is 
shown in Fig. 3 and the schematic of the board 
is  shown in Fig. 4 .  

2 .  Arming
_ 

Board 

The arming bo ard connects the outputs of the 
supervision board and the fault detector board to 
the final output of the relay .  This board contains 
logic circuits that will arm the trip output ,  set 
up the time delay o f  the trip output, and start 
transient blocking on external faults .  

The location of components on the board i s  
shown in Fig. 5 and t h e  schematic of the b o ard 

is shown in Fig. 6 .  

3 .  Amp l i fier  and Key i ng Board 

The amplifier and k eying board contains a local 
s quaring amp lifier ,  a transmitter k eying circuit , a 
remote s quarin g amplifi er, and a signal s quelch 

circuit for each line terminal. The amplifier cir­
cuits produce the pulses  that are compared by 

the AND circuit o f  the arming board to det ermine 

if the fault is  external o r  internal . 

The location of components on the board is  

shown in figure 7 , and the schematic of the board 
is  shown in Fig .  8 .  

4 .  Output Board 

2 

The output board contains a 4-millisecond pick­
up in stantaneous dropout timer c ircuit,  trip 

' \�ND " (flip-flop circuit ) ,  trip amplifier ,  tran-

sient blocking and unblocking circuits.  The trip 
AND operat es when all the inputs to the AND 
inputs of the arming board are of the correct 
po l arity and the fault detector has operated.  The 
transi ent blocking circuit operates after a time 
del ay on external faults,  and the transi ent  un­
block circuit op erat es after a time delay on a 
sequ ential fault ( external fault followed by an. 

internal fault ) .  The following figures apply to 
thi s board: Fig.  9 Component Location; Fig.  10 
Schematic of the Board. 

5. Rei ay Board 

The relay board contains the phase delay circuit 

for shifting the local si gnals with reference to 
the remote si gnal s .  It also contain s a low-pas s 

filter , and a Zener clipper-resistor combination 

for protection of the s olid-state circuits on the 
relay board . 

The fol lowing figures apply to this board : Fig .  
1 1 Component Location, and Fig. 1 2  for the 
schem atic of the board . 

6. Superv i s ion Board 

The supervision board contains a 8 / 0 timer for 
distan ce fault detector operation,  a 2 . 5  second 
alarm circuit for an arming operation , a fault 

detector (FD 1 ) and a carrier control circui t .  The 
circuits on this board are utilized to start c arri er, 
to alarm an arming operation, and to delay arming 
for distance fault detector operation . 

Fi g .  1 3  shows the component location for this 
board and Fig. 14  shows the schematic o f  the 
board . 

7. Protecti ve Rei ay Board 

The protective relay board contains logic cir­
cuits to connect the di stance fault detectors , 
and s quelch relays into the phase comparison 

portion of the relaying syst em.  This board con­

tains AND circuits, buffer circuit s ,  and OR cir­
cuits to connect the relays into the syst e m .  

Fig. 1 5 shows t h e  component location for t h e  

board. F i g .  1 6 and 1 7  shows t h e  s ch e matic of 
the board. 

Card Extender 

A c ard extender ( Style No. 644B3 1 5G02) i s  
available for facilitating circuit voltage m easure­
m ents or major adjustments.  After withdrawing any-
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one of the circuit boards , the extender is inserted 
in that compartment. The .board then is inserted into 
the terminal block on the front of the extender . This 
restores all components and test points on the 
boards are readily accessible . 

Test Points 

Test points are located on each printed circuit 

board for the major components on the board . Com· 
plete circuit test points are wired to the front panel 

of the relay for convenience in adjusting and testing 
the relay. 

O P E R A T I O N  

A. System 

The SKBU- 1 1  carrier relaying system compares 
the phase position of the currents at the ends of 
a line section over a carrier channel to deter­
mine whether an internal or external fault exists 
on the line section. The three-phase line cur­
rents energize a sequence network which pro­
duces two single-phase output voltages which 
are proportional to either the positive sequence 

current or the negative sequence current. The 
single phase voltages are applied to saturating 
transformers one of which en ergizes the fault 
detector (FD2) circuit and the other energi zes 

the k eying circuit of the SKBU- 1 1  relay.  This 

circuit allows the transmission of carrier on 
alternate half-cycles of the power frequency 
current. Carrier is transmitted from both line 
terminals and is received at the opposite ends 

where it is compared with the phase position of 

the local sequence network output. If the local 
and remote half-cycle pulses are of the correct 
phase position for an internal fault , after a 4 
millisecond delay during the half-cycle in which 
carrier is not transmitted, tripping will be ini­
tiated through operation of the trip "AND" and 
trip amplifier circuits .  

Curreht transformer connections to the sequence 
networks at the two line terminals are such that 

carrier is transmitted on the same half-cycles 

from both terminals during an internal fault to 
allow tripping during the half-cycle that carrier 

is not transmitted. However, if the fault is ex­

ternal to the protected line section, carrier is 

transmitted on alternate half-cycles from oppo­

site terminals.  Thus each terminal blocks the 
opposite terminal during the half-cycle when it 
is attempting to trip . 

The four-millisecond delay previously mentioned 
is added to allow for differences in current 
transformer performance at opposite line termin­
als,  relay coordination, and momentary interrup­
tions in carrier caused by arcing over of protec­
tive gaps in the tuning equipment. 

Since thi s relaying system operates only during 
a fault, the carrier channel is available at all 
other times for the transmission of other functions.  

B.  Rel ay 

With reference to the logic diagram that appli es 

to the particular relay,  the three-phase line 
currents energize a sequence filter that produces 

two single-phase voltages: One voltage propor­
tional to the positive sequence current, and the 
other voltage proportional to the negative se­
quence current . These voltages are applied to 

two mixing transformers which have zero wind­

ings on them. The output of the two transformers 
are applied to two separate boards: 

1 .  Output from one transformer to the fault 
detector board. 

2. Output from the second transformer to the 
relay board. 

1 .  Fault Detector Board 

With reference to the schematic Dwg. of 
Fig. 4 ,  the A . C .  voltage from one mixing 
tran sformer is applied to a phase-splitting 
network (C5 2 ,  R5 2 ,  R53) and a polyphase 
rectifier (diodes D51  to D5 6) .  The D.C.  
voltages so obtained are applied t o  t h e  fault 

detector circuit which operates when the 
D . c .  input " signal " exceeds a predetermined 
value.  

Fault Detector 2 ( F D-2) 

Under normal conditions ,  transistor Q5 1 ,  has 
no base "signal " and is turned off. The 

collector of Q5 1 is at a high enough positive 

potential to provide base drive for transistor 
Q5 2 ,  driving it to full conduction. With Q 5 2  

fully conducting there i s  n o  base drive to 

transistor Q53 and Q5 3 is turned off. With 

no Q53 collector current, the base of tran­
sistor Q54 is supplied from the 20-volt 
source. Thus the Q54 emitter is normally at 
a slightly lower potential than its b ase.  This 
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condition keeps transistor Q54 in a non­
conducting state, equivalent to an open circuit . 

When a fault caus es the D.C.  input voltage 
from the polyphase rectifier to exceed the 
6 . 8  volt rating of Zener diode Z52, a posi­

bias is  applied to Q5 1 b ase causing it to 
conduct.  In turn, Q52 stops conducting,  and 
c apacitor C54 charges, giving a few milli­
s econds time delay before Q53 and Q54 are 
switched to full conduction, thus "closing" 
the fault detector. When the fault detector 
operates, a positive input is applied to the 
arming board at terminal 1 2 .  Resistors R66 

and 82 increase the voltage to Z52 to allow 
the fault detector to drop out at a high drop­
out ratio when the A.C.  current is reduced. 

F requency Verifier 

During certain s witching conditions,  such as 
en ergization of a transmission line, residual 
currents and voltages may exist of higher 

fre quencies than 60 cycles per second.  The 
frequency v erifier prevents fault detector 
operation when frequencies 1 2 0  cycle s  or 

higher are encountered during the switching 
conditions. The frequency verifier circuit 
consists of two functional parts :  Zero-cross­

ing circuit consists of Q55 ,  Q5 6 ,  Q57, and 
Q5 8 .  The commutator circuit consists of Q59 ,  
Q60, C 9 ,  C 5 9  and Q6 1 .  

During the positive or negative half-cycl es 
of the output voltage from the saturating 
transformer, Q5 5 or Q5 7 transistors are 
driven into saturation by the output of the 
FV transformer. Transistors Q56 or Q5 8 
conduct until capacitors C56 or C57 respec­
tively are fully charged. While either c ap a­
citor charges a voltage output in the form of 
very narrow pulse is developed across R76 

and R78 resistors during the start of each 
half-cycl e.  This pulse triggers Q59 control 
switch. When transistors Q55 or Q5 7 are not 
conducting, C56 and C57 capacitors dis­

charge resp ectively through D66 or D62 and 
the parallel combination of R73 and R74 or 
R69 and R70.  

While Q59 is "on" its anode is only about 
0 .  7 volts above negative,  thus turning off 
transistor Q62 to allow capacitor C 60 to 

start charging. However. a shorter time delay 

( consisting of R84 , the capacitor C59 and 
the reference Zener diode Z54) of 4 . 3  milli­
seconds is also started. After 4 . 3 milli­

seconds of delay ,  the control switch Q60 
fires applying the voltage of c apacitor C 8 8  
across Q59 turning i t  off. This raises the 
potential of the Q59 anode to turn on Q62 to 
discharge C60 b efore the charge reaches a 
value to break down Z55 to turn on Q63 . 
After the n ext zero-crossing pulse Q59 switch 

is turned on again , and the Q60 switch is 
turned off by capacitor C58.  Transistor Q6 1 

when turned on by the same voltage that 
fires the gate of Q59 ,  discharges timing 
capacitor C59, thus starting the timing cycle 
with close to z ero charge on the c apacitor. 
If the zero crossing period of the FV voltage 

is less than 4 . 3  milliseconds, the Q6 1 tran­

sistor discharges the timing capacitor thus 
preventing the turning off of Q60 switch. 
This keeps Q59 switch on to allow C60 to 
charge to a value to break over Zener diode 
Z55 to turn on Q63 . Turning Q63 prevents 
Q53 of the fault detector from turning on 

thereby preventing Q54 from turning on to 
prevent an output from the fault detector. 

2. Rel ay Board 

With reference to Fig. 1 2 ,  the A. c. voltage 
from the s econd mixing transformer is  applied 
to the phase delay circuit through a low pass 
filter (C2 0 1 , L 20 1 ,  C202) removes the har­

monics from this voltage and applies a volt­
age that is essentially sinusoidal in wave­
form to R202 and R203 of the phase del ay 
circuit .  By means of capacitor C203 and 
variabl e resistor 85 , the voltage across ter­
minal 4 and 2 can be made to lag the voltage 
across terminal 10 and 11 by a definit e amount 
de pending on the setting of 85.  Each of these 
two voltages are applied to separat e  isolating 
transformers. 

1. Undelayed voltages to a k eying trans­

former ( T 1 )  

2 .  Delayed voltages t o  a local transformer 

(T2) 

A.  Keying  C i rcuit  

With no A .C .  output (Ref. Fig . 8 )  voltage from 
the s equence network , b ase current doe s not 

flow into transistor Q1 03 . The collector of 

Q 1 03 is at positive potential which allows 
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base current to flow from positive 20 volts 

D . C .  through the base of Q1 04 through Rl 1 1  

and R 1 1 2  to negativ e .  This applies negative 

potential to the collector of Ql 04 to prevent 

base current from flowing to Q 1 05 .  Since 

Q1 04 is conducting , transistor Q 1 05 does not 

conduct and the collector of Q1 05 is held at 

positive potential. 

When a sinusoidal voltage is applied to the 

keying transformer (Tl ), the transformer steps 

up the voltage applied to terminals 9 and 8 of 

the amplifier and keying board.  On the posi­

tive half-cycle of voltage ,  terminal 8 is more 

negative than terminal 9 and transistor Q1 03 

does not c onduct . In turn Q104 remains con­

ducting and Q 1 05 does not turn on. On the 

negative half-cycle of sine wave voltage 

from the keying transformer , terminal 9 is 

more positive than terminal 8 and base cur­

rent flows in Ql 03 . This turns Q1 03 on 

which applies negative potential to the col­

lector of Ql 03 . Ba.se current to transistor 

Q104 is stopped and Q1 04 stops conducting , 

and its collector goes to positive potential. 

P ositive potential is thus applied to the 

base of Q1 05 through R 1 1 4 and R 1 1 5  to turn 

on Ql 05 . When Ql 05 conducts,  its collector 

is connected to negative potential. Thus on 

alternate half-cycles of the 6 0-cycle voltage 

from the low pas s filter ,  Ql 05 turns on. If 

the carrier control circuit operates , as seen 

in Fig . 1 8 ,  turning Q 1 05 on and off every 

half cycle , s horts the input to the TC carrier 

s et every other half cycle so that carrier is 

transmitted on the half cycle when Q1 05 is 

not c onducting . 

B .  Local  Squaring Ampl ifier 

The shifted voltage from the local transformer 

(T2) is applied to the local squaring amplifier 

and a loading circuit on the amplifier and 

keying board of the SKBU-1 1  relay. With 

reference to the local squaring amplifier of 

Fig. 8 with no A . C .  input voltage,  Q 1 06 is 

not conducting and the collector of Ql 06 is 

at positive potential. This applies base cur­

rent to transistor Ql 07 through R 1 20 and R 1 2 1  

such that Q 1 07 i s  turned o n .  This applies 

negative potential to the collector of Q107 

to allow base current to flow in Q108.  Q1 08 

turns on to apply positive pot ential across 

R 1 25 .  

With the application of a sine wave voltage 

to terminal 6 and 1 9  of the amplifier and 

keying board,  on the positive half-cycle of 

the voltage,  the base of transistor Q106 is 

more positive than the emitter and Q106 

(amplifier 1 )  conduct s .  On the negative half­

cycle of the a .c .  voltag e ,  Q 1 06 is turned off 

and current flows into the loading circuit . 

Therefore, Q 1 06 is conducting on the posi­

tive half-cycle of A . C .  voltage.  Turning 

Q106 on,  puts negative potential on the col­

lector of Q1 06 and turns off transistor Ql 0 7 .  

Transistor Q1 07 stops conducting and its 

pot ential goes to a positive pot ential which 

turns off Ql 08 to place its collector at a 

negative potential. Thus the outJ)ut of the 

squaring amplifiers square wave voltages 

ranging from 0 volts D .C .  to 20 volts D . C .  

dep ending upon the polarity o f  the voltage 

from the phase delay circuit . 

C .  Remote Squaring Ampl ifier 

Under non-fault conditions,  carrier is not 

transmitted from the remote carrier set . As a 

result the base of Ql 1 3  is more negative than 

its emitter , and Q1 1 3  conducts .  This applies 

positive 20 volts to the base of Q1 09 to 

prevent it from turning on. Henc e ,  Q109 is 

not conducting and negative voltage appears 

across R 1 2 9. 

Under fault conditions , the remote TC car­

rier set is keyed on and off as described 

under the K eying Circuit . This signal is re­

ceived at the local TC carrier receiver and 

is converted to a square wave voltage vary­

ing in magnitude from 45 volt s to 0 volt . 

This voltage is applied to the base of Q1 1 3  

through D l l O and R 1 4 1 . Upon application of 

positive 45 volts d-e to the base of Ql 1 3 , 

the potential of the base is greater than that 

of the emitter and Q1 1 3  stops conducting. 

This r emoves positive potential from R139 

and allows the  base of Q109 to b ecome nega­

tive with respect to the emitter . Ql 09 turns 

on to apply positive voltage to R 1 29.  Henc e ,  

the voltage across R 1 29 is a square wave 

voltage that is developed by the voltage 

received from the TC receiver. 

3. Arm ing Board 

The phase r elationship of the outputs of the 
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local and remote squaring amplifiers are 

compared by an AND circuit of the Arming 

Board . If the local and remote signals are 

out of phase with respect to each other , the 

AND circuit will provide one input to AND 

number 3 which will activate the 4/0 timer. 

A. Interna l Fault  Cond i t ions 

With reference to the logic drawing that ap­

plies to the relay ,  the output voltages from 

one terminal of the sequence filter is 1 80 

degrees out-of-phase with respect to its load 

current condition. This changes the polarity 

of Amplifier #1 such that its output is in 

phase with the remote signal . This means 

that the AND has a half-cycle of negative 

voltage.  The negative voltage is applied to 

AND 3 of the arming board . One condition for 

activating this AND is thereby set up -

negative voltage from AND circuit . The 

second condition to activate the AND is 

provided by arming the SKB U -1 1 .  

In either Fig . 1 9  or 20 ,  arming occurs through 

either the operation of the distance fault 

detectors or the operation of the SKBU - 1 1  

fault detector ( FD 2 ) .  The operation o f  either 

fault detector will apply a voltage to the 

ARM logic of the arming board. The output 

voltage from the ARM logic removes negative 

potential from the trip AND applies a nega­

tive signal into AND 3 of the arming board . 

AND 3 is activated and starts the 4/0 timer . 

Four milliseconds later ,  a negative input is 

applied to the trip AND of the output board. 

Since the three conditions of trip (a negative 

input from the 4/0 timer, not a negative input 

from the ARM logic , and not a negative sig­

nal from the 1 8/0 timer) is fulfilled , a trip 

output is obtained from the SKBU- 1 1  relay. 

B .  Externa l Fau lt  

Under external fault conditions,  the square 

wave voltage from the remote squaring am­

plifier and the square wave voltage from the 

from the local squaring amplifier ar e out-of­

phase such that zero input is being received 

on the AND circuit of the arming board.  As a 

result , the output of the AND circuit are 

zero ,  and AND 3 c annot be activated. This 

blocks AND 3 and the 4/0 timer is not ener­

gized . 

With fault detector operation, an input is 

applied to the ARM logic of the arming board . 

A positive input will be applied to the trip 

AND but tripping will not occur since the 

4/0 timer is not providing a negative input tn 

the Trip AND . Operation of the fault detector 

will provide an input to a 1 / 1 00 timer on the 

Output Board . The timer negates the signal to 

provide a negative input to the transient 

block AND . With the application of the input 

from the 0/ 1 00 timer the three conditions of 

transient block are fulfilled - not a negative 

voltage from the Transient UNBLOCK Cir­

cuit ; and a negative input from the 0/100 

timer . Eighteen milliseconds later the 1 8/0 

timer of the transient b lock circuit times out 

to provide a negative input to the TRIP AND .  

The TRIP AND i s  thus desensitized t o  pre­

vent undesirable operation during transients 

associated with power reversals on the pro­

tective line or at the clearing of an external 

fault. 

C .  Seq uentia i F au lts 

If the above external fault is followed by an 

internal fault before the external fault is 

cleared , the transient unblocJi circuit is set 

up to remove the transient bloc king input to 

the TRIP AND . For the internal fault , the 

square wave pulses on the AND circuit of 

the arming board will reverse such that a 

square-wave output is obtained !rom the AND 

circuit . On the negative half cycle this out­

put energizes AND 3 which negates the sig­

nal to a negative signal. The negative 

signal . . . .  

1 .  Provides an input to the 4/0 timer 

which times out to apply a negative 

input to the TRIP AND . 

2 .  Applies a square w ave input every 

other half cycle to the AND of the 

transient unblock circuit to 'fulfill the 

requirements to obtain an output from 

the transient unblock circuit on every 

other half cycle. 

As a result , a negative input is applied to 

the unblock timer every other half cycle.  

Twenty-five milliseconds later , c apacitor 

C301 will charge such that the unblock timer 

will operate on the negative to remove the 
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negative voltage from the block AND circuit . 
This reset s  the 1 8/0 b lock timer ,  and removes 

the negative input to the AND of the unblock 
timer to reset t he unblock.  The required 
three inputs are thus applied to the trip AND 
and a trip output is  obtained from the SKBU-

1 1  relay .  

D .  Protective Relay Operation 

The SKBU-21 relay is armed by the distance 

fault detectors through a 8 /0 timer on the 
supervision board.  The operation of the dis­
t ance fault det ectors applies negative poten­

tial to t erminal 1 6  of t he supervision b oard . 
Thi s  removes current to transistor Q 1 5 7  and 
allows C 1 5 1  to c harge .  Six millisec onds 

later the voltage on C 1 5 7  reaches the break­
down of Zener diode , Z 1 5 1 . and b ase current 
flows int o  transistor Q 1 5 2  to turn Q152 on.  

This turns on Q153 to apply a positive po­
t ential to t erminal 14 of the arming board . 

4 .  Superv i s ion Board 

The circuits on the supervision board include 

the auxiliary functions of the SKBU- 1 1  relay ,  

and they include a detector (FD-1 ) ,  carrier 

control circuit and timer circuit. 

A. Fault  Detector 1 (FD-1 ) 

Under normal c onditions ,  transistor Q1 6 1 ,  
has no b as e  " signal" and i s  turned off. The 

collector of Q1 6 1  is at positive potential 
and no c ollector current flow s .  With no Q 1 6 1  
collector current flows .  With n o  Q 1 6 1  collect­

or current , the base of transistor Q162  is 
supplied from the 2 0-volt sourc e .  Thus the 
Q162 emitter is normally at a slightly lower 
potential than its b as e .  This condition keeps 

transistor Q162  in a non-conducting state,  
equiv alent to an open circuit. 

When a fault causes the D .C .  input v oltage 
from the p o!yphase rectifier to exc eed the 

6 . 8  volt rating of Zener diode Z 1 5 6 ,  a posi­
tive bias is applied to Q1 6 1  base causing it 

to  conduct. In turn , Q 1 6 2  is  switched to full 
conduction, t hus " c losing " the fault detector .  

When the fault d et ector operat e s ,  a positive 

output is  applied to t he carrier c ontrol cir­
cuit. Resistors R 1 9 1  and S2 increase the 

voltage to Z 1 5 6  to allow t he fault detector 
to drop out at a high dropout ratio when the 

A . C .  current is r educed. 

B .  C arr ier C ontro l C ircu it 

Under normal c onditions Q163 is not con­

ducting and base drive is supplied to Q 1 64 . 

As shown in Fig . 1 8 ,  the emitter of Q 1 64 is 

connected to negative D .C .  The collector of 

Q 1 74 is connected to positive 45 volts D . C .  

o f  the T C  set through R 1 4 2  o f  the amplifier 

and keying board. Normally Q 1 64 is c onduct­

ing . When either FD 1 or the distance fault 

detector operat e ,  base drive is supplied to 

Q1 63 . Q163 turns on and shorts the base of 

Q 1 64 to negativ e .  Q 1 64 turns off to  raise the 

potential of point A of Fig . 1 8 .  This starts 

the transmission of carrier . 

C .  Arming D e lay B y  D is tance F au lt D etectors 
(8/0 T imer) 

The distance superv1s10n arming is delayed 

by 8 milliseconds to allow time for the AND 
of the arming board to re spond at fault in­

ception. Operation of the distance fault 
detectors will apply negative potential to  

terminal 16 of the supervision board .  This 
removes the bas e  current to transistor Q1 5 1 .  

Q 1 5 1  turns off once positive potential is 
applied to capacitor C 1 5 1 . Eight millisec onds 

lat er the voltage on C 1 5 1  reaches a v alue to 
break down Zener diode Z 1 5 1 . This turns on 
Q 1 5 2 , which c onnects the base of Q153  to 
negative through resistor , R158 . Q1 53 turns 
on to apply positive potential to  resistor , 
R 1 6 0  and terminal 1 3 .  From terminal 1 3  the 

voltage is applied to the arming b oard . 

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

Taps are available in the SKBU- 1 1  relay to set 
different s ensitivities of the fault detector (FD- 1 )  
t o  zero and negative sequence currents .  These taps 
are as follows: 

"tap 
Sett ing 

A 

B 
c 

N EGAT I V E  SEQU ENCE TAPS ( 12) 

Negative Sequence 
Sen sit iv ity 

None 
0 . 4  Amperes 
0. 25 Amperes 
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T Y P E  SKBU-1 1 PHASE COMPARISON R E LAY 

Z E RO SEQU ENC E TAPS ( JQ ) 

Tap 
Sett ing 

F 
G 
H 

Zero SequPnce 
Sen s it i v ity 

-------- ----

None 
0.2 Amperes 
0 . 1  Amp eres 

The s econd faul t  detec tor unit  ( FD - 2 )  which 
supervises a!'ming is  adj usted to pick up at a c u r­
rent 25 per c 2nt greater than FD- 1 .  By mean s  of the  
s1 >tdj ustment the pick up of F'D- 2  can be increased  
to  100 per c ent  greater than FD- 1 .  

The positive sequence response of the fault  
detector i s  greater  than 7 amperes . 

The operating time of the fault detectors i s  
shown in Fig .  2 1 . As shown in the fi gure,  the  oper­
ating curve has a maximum anc! minimum val u e .  Thi s 
i s  due to the point on the current wave that fau l t  
cur rent is  applied . Figure 2 2  shows the operating 
times for differenL  points on the  fault wave for fau l t  
wave for fault current a t  five amp eres . 

The k eying response of the SKBU- 1 1  relay is  
independent of the  tap setting.  Figure 23 shows 
typical lengths of keying pulses  with reference to a 
60-cycl e base of thl' SKBU-1 1 relay for different 
values of positive,  negative,  and zero s e quence 
current.  

Typical logic drawings are shown in Fig.  19 and 
in Fig.  20 .  

Operating Time : 

Alarm Tim e :  

Transient Block 
Time:  

Transient Unblock 
Time :  

Ambient Temperature 
Ran g e :  

D . C .  Drain :  

ReE'et Tim e  of 
Transient Bloc k :  

E N E R G Y  

1 5  to 3 2  Milliseconds 

2. 5 Seconds for FD Opoation 

1 8  to 20  l\ii lliseconds 

22 to 28  Mill iseconds 

-20 ° C to 55° C 

0 . 1 4 Amps . at 4 8  Volts D . C .  

1 .  After  Fault Detector has 
operat e d :  100 Milliseconds 

2.  When Unblock time is 
Utilize d :  Instantaneous 

R E Q U I R E M E N T S  

Burdens at balanced three-phase current of  five 
amperes .  (Independent of tap setting) .  

8 

Phase A Phase B Phase C 

VA Angl e VA Ang l e  VA Angl � 

8 . 3  1 06° 2 . 2  50° 4 6  o o  

Burden at five amperes (single-phase to n eutral 

current) .  

Phase A Phase B Phase C 

Rel ay 
Taps VA Ang l e  V A  Ang l e  VA Ang l e  

C-H 1 1 . 7 2 . 1 °  9 . 7  1 . 80  4 4 . 0  2 . 2 °  

B-H 1 1 . 4  2 . 1 ° 1 0 . 3  1 . 80 4 6 . 0  2 . 2 ° 

A-H 1 1. 1  2 .0°  1 1 . 2  1 .80  4 8 . 0  2 . 2° 

C-G 8 . 8  2 .0 ° 7 . 0  1 . 80 4 2 . 0  2 . 2° 

B-G 8 . 7  2 . 0° 7 . 5  1 . 80  4 3 . 5  2 . 2 ° 

A-G 7 . 8  2 . 0 °  8 .5  1 .80  45 . 0  2 . 2° 

C-F 6 . 7  2 . 0 °  7 . 5  1 . 80 4 2 . 0  2 . 2° 

B-F 6 5 2 . 0 °  7 . 2  1 .8 0  42 . 0  2 . 2° 

A-F 5 . 8  2 . 0° 6 . 6  1 . 80 4 3 . 0  2 . 2 °  

The angles above are the degrees b y  which the 
current l ags its  respecti ve voltage . 

S E T T I N G S  

The SKBU- 1 1  relay has s eparat e  tap plat e s  for 
adj ustment of the zero and negative s equence sen­
sitivity of fault detector ( FD 1 ). The tap markings 
and pickup for FD- 1 are :  

Negative Sequence Sensitivity 02 ) 

A. None 
B. 0.4 Amperes 
c.  0.25  Amperes 

Zero Sequenc e  Sensitivity O ol 

F .  None 
G. 0 .  2 Amperes 
H. 0 . 1  Amperes 

Two tap plates  are provided :  one for I2 and the 
other for I o ·  

Tap A should not  be used in service s ince  th is  
would prevent  fault detector operation for phase-to­
phase faults .  However ,  tap F may be  u s e d  with 
either B or  C since negative sequence current flows 
for both phas e-to-phase and ground fault s .  

T h e  recommended settings a r e  tap B o r  C a s  
needed for the required s ensitivity , and tap F .  Taps 
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G and H have b e e n  provided for applications where 
the negative-sequence load flow due to s eries im­
pedance unbalance may be high enough to operate 
FD- 1 with a tap C s etting. In this c as e  s et in tap B 
and in tap G or H .  It is not intended that taps C and 
H be used simultaneously due to the possibility o f  
canc ellation of t h e  n egative-and zero-s equ enc e 
effects on ground faults . With a tap B s etting, a tap 
H setting is preferred. 

To summarize,  the recommended s etting com­
binations in the order of preference are:  

Combination 1 2 Tap lo Tap 

1 c F 
2 B F 

3 B H 

4 B G 

For a long two-terminal line, FD2 should be set 
at 200 per c ent of FD- 1 .  As shipped from factory, 
FD2 is set to pick up at 1 25 per c ent of FD l . 

The SKBU- 1 1  relay is generally supplied in a 
cabinet o r  on a relay rack as part of a c omplete 
assembly. The location must be free from dust, 
excessive humidity, vibration, corrosive fum e s ,  or 
heat.  The maximum temperature around the chassis 

must n ot exceed 55° C. 

AD J U S TM E N T S  AN D MAI N T E NAN C E  

NOTE: The SKBU- 1 1  relay is normally supplied as 

part of a relaying system , and its calibration should 

be checked after the system has been installed and 
interconnected. Details are given in the instructions 
of the assembly. The assembly instructions and not 
the following instruction should be followed when 
the relay is received as an integral part of the relay­
ing syst em. 

In those case s  where the SKBU- 1 1  relay i s  not 
a part of a relaying system, the following proc edure 
c an be followed to verify that the circuits of the 
SKBU- 1 1 are functioning properly. 

T E S T E Q U I P M E N T  

1 .  Oscilloscope 
2. A . C .  Current Source 
3 .  Electronic Timer -1-
4. A . C .  Voltmeter 
5. D . C .  V oltmeter 

I .L. 41 -954 .3 

-1- Scope may be used for timing, by connecting 
scope probe to timer stop points, and extern al 
trigger of scope to timer start. 

AC C E P T E N C E  T E S T  

Connect the relay to the test circuit o f  Fig. 24 
which represents the carrier channel for test pur­
poses.  

Open all  test switches of the test circuit and 

connect a 60-cycle test current between terminals 3 
and 5 of the relay. Connect terminal 2 ,  4, 6 and 8 

of the terminal block together. Set taps I2 -c and 
I o-H-

1. F i l ter Output 

a. Connect a high resistance a-c voltmeter 

acro ss X6 and X5 of the relay .  

b .  Pass 1 0 amperes, 6 0  cycles into terminal 5 
and out terminal 3 .  Voltmeter should read 
20 volts ± 5%. 

2. FD- 1 P i ckup and Dropout 

a. Set relay on taps I2-c and Io·H. 

b. Connect a high resistance D . c .  voltmeter 
across X 1 5 and X4 (neg . ). 

c. Conn ect a 60 cycl e test current to terminal 5 
3 of the relay. Gradually increase the current 

until the voltmeter changes reading from 
approximately 20 volts.  This is the operating 
current of FD and should be 0 .433  ± 5% am­
peres . 

d .  Gradually lower A . C .  test current until the 
D . C .  voltmeter drops to approxi mately zero 
volts. This is the dropout current of FD and 
o ccur at 0 . 3 5  ± 5% amp eres of the pickup 
current. 

3. F D-2 P i ckup and Dropout 

a. With relay set on taps I2 = c. Io = H ,  c onn ect 
a high resistance voltmeter to X 13 and X4 
(neg.) .  

b .  With a 6 0  cycle test current conn ected to 
terminal 5 and 3 of the relay , gradually in­

crease the current until the voltmeter charges 
reading from approximately zero volts to 
approximately 2 0  volts. This is the operating 
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current o f  FD-2 and should be 0. 54 1 ± 5% 
amp eres. 

c .  Gradually lower the A.C. test current until 

the D.C.  voltmeter drops to approximately 
zero volts . This is the dropout current o f  
FD2 and should o ccur a t  0 . 485 to 5 0 %  am­
peres. 

4. Check of Local Squaring Amp l i fi ers 

a. With all switches of test circuit open, apply 

0 . 6  to 0 . 8  amp eres A.C.  to terminals 3 and 5 
of the relay .  

b .  Plac e  scope probe across X 1 2 and X4 ( grd). 
A square wave of voltage should appear 
across X 1 2 and X4 as shown in Table I .  

5. Check of Keying  C i rcuit  

a. With all switches of test  circuit open and 0 . 6  
t o  0 . 8  amperes A . C .  applied t o  terminal 3 and 

5 of the relay ,  with scope check voltage 
acros s  X 1 4 and X4 ( grd. ). 

b .  Waveform shown in Table 1 should be ob­
served. 

6. Check of  Remote Squaring Ampl i fi ers  

a. C l o s e  switches A ,  B ,  and C of test fixture s .  

b .  Apply 0 . 6  to 0 . 8  amperes A.C.  t o  terminals 3 
and 5 of the relay. 

c.  Using scope with grd. l ead on X4 , check 
wave shape o f  voltage across X9. Waveforms 
of Table I should be obse rved. 

7.  Setting of SS and S6 

1 0  

a. Set S5 to minimum resistance and S6 to m ax­
imum resistance ( fully clockwise). 

b .  Close switches A ,  B,  and C of the test cir­
cuit. Apply 0 . 6  to 0 . 8  amperes A.C.  to ter­
minals 3 and 5 of the SKBU- 1 1  relay .  

c .  Connect scope across X 1 0  and X 2  ( grd) .  Ad­

j ust S5 until following waveform appears on 
scope. 

d. Adjust S6 until the relay trips as determined 
by an increase in voltage across X 1 1 to X4 
from zero to approximately 20 volts. This 
sets the triggering of the trip AND after a 4 
millis econd delay . 

e .  Slowly increase S5 to obtain the following 
waveform. This will b e  with S5 at or near 
minimum resistance. 

Min imum P ips .  
May Point up a s  
Shown or Down 

8. Tran s i ent Blocking Delay 
( 18/0 and 0/100 t imer) 
a. Connect electronic timer stop to X 7  and X4 

(grd). Set timer stop on negative going puls e .  

b .  Conn ect timer start to X 1 8 .  Set timer start to  
positive going pulse. 

c .  Close switch A and switch 3 1 . Close s witch 
32 and measure time for voltage to drop from 
20 volts to approximately zero volts . This 

should be between 18 and 2 0  milliseconds. 

d. Set timer start on a negative pulse and timer 
stop on a positive pulse.  
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e. Open switch 3 2, timer should start and 
should stop after a time delay of 80 to 1 3 2  
milliseconds. 

9.  Check of Tran si ent Unblock ing  C i rcuit  

a .  With el ectronic timer stop connected to X7 
and X4 ( grd),  set timer stop on positive going 
pulse .  

b .  Connect timer start t o  timer start contacts of 
switch A .  Set timer start on negative pulse.  

c .  Close switch A and apply 0 . 6  to 0 . 8  amperes 
A . C .  into terminal 3 and 5 of the SKBU- 1 1  

relay. 

d .  Open switch A timer should start and should 

stop after a time delay. Time should be 2 2  

to 2 8  milliseconds . Recheck approximately 
1 0 times in order to tak e  an average of 1 0 
readings.  To recheck tim e ,  it will be neces­

sary to close SW-A and reset relay with SW-D. 
Also short between terminal 4 and TP30 1 on 
output board between reading. This assumes 
that C302 i s  completely discharged. 

10. Alarm on Relay Operation (2 .5  Seconds) 

a. With electronic timer stop connected to X 1 7 
and X4 ( grd ) ,  set timer stop on n egative 

going pulse. 

b .  Connect timer start to X 1 8 .  Set timer start on 
negative pulse.  

c .  Close switch 3 1 and then s witch 32.  Timer 
will start and should stop after 2.3 to 2. 7 
s econds . 

1 1 . Signal Squelch Time ( 10/150) 

a .  Connect timer stop to X 1 4 and X4 ( grd). Re­
move " supervise "  board for tests . 

b .  Connect timer start to switch 28.  Set timer 
start on positive pulse.  Conn ect timer stop 
on positive pulse.  

c .  Close switch 2 8 .  Timer will start and will 
stop after a 8 to 1 2 millisecond delay. 

d .  Set timer stop on negative pulse ,  and timer 
start to negative pulse.  

e .  Open switch 2 8 .  Timer should start and stop 
after a time delay of 1 25 to 1 85 millis econds.  

12. Check of Frequency Veri fi er 

a. Open all switches of test circuit. 

b. Conn ect scope acros s  TP60 and terminal 8 of 
the FD board. 

c. Apply 0 . 6  to 0.8 amperes to terminal 3 and 
5 o f  SKBU- 1 1  relay. 

d. Wave form o f  Fig. 26 should be observed . 

T R O U B L E S H O O T I N G  P R OC E D U R E  

To trouble shoot the equipment . the logic dia­
gram voltages of Table I should be used to isolat e  
t h e  circuit that is not performing c orrectly . The 

schematic of the individual board . and the voltages 
of Table II should then be used to is olate the faulty 
c omponent . 

R E N E W A L P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However , interchangeable parts can be 
furnished to the customers who are equipped for 
d oing the repair work. When ordering parts. always 
give the complete nameplate data. For c omponents 
mounted on the printed circuit b oard ,  give the circuit 
symbol and the electrical value ( ohms . mfd . etc . )  
and c omponent style number .  
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Test 
Point 

54 

55 

56 

Term. 2 

5 1 -52 

5 2 -5 3  

5 3 -5 1  

Term. 5 -6 

TP 5 7  

TP 58 

TP 5 9  

TP 60 

TP 61 

TP 62 

T est 
Point 

Term . l 6  

TP1 5 1  

T P 1 5 2  

Term . l 3  

Term. I S  
TP1 5 3  

TP1 54 

Term . l9 

Term . l O  

TP1 5 8  

Term. 1 

Term.! 5 9  

Term. 6 

Test 
P o i n t  

T e r m .  7 

TP1 01 

Term. 1 0  

TP1 02 

Term. 1 3  

Term. 1 2  

1 2  

TAB LE I I  

VOLTAG E MEASU R EM ENTS ON PR INTED C I RCUIT BOARDS 

F A U LT D E T EC T O R  B OA R D  

l a . c .  = 0 l a .c . = P ic ku p  of F D  

6 . 5  V .  d .c .  less than 1 

less than 1 4 .5 V .  d .c .  

les s  than 1 1 8 t o 2 0 V . d .c .  

les s  than 1 8 .6 V .  d .c .  

0 7 .4 v olts a .c .  (Approx .) 

0 7 . 5  volt s  a . c .  (Approx .)  

0 7 .4 volts a . c .  (Approx . )  

0 1 5  volts a . c .  (Approx .) 

1 8  volts 

18 volts 

le s s  than 1 Pulses See Table III F or 

2 0  v olts Waveform 

1 8  volts 

les s  than 1 

S U P E RV I S I ON B OA R D  

N or mo l 
C ond it i on Abnorma I Condit  ion 

1 2  less than 1 w ith D F D  Operation 

le s s  than 1 7 with D FD Operation 

2 0  le s s  than 1 with D F D  Operation 

less than 1 2 0  

le s s  than 1 1 5  with arming 

1 5  le s s  than 1 with arming 

le s s  than 1 2 0  with arming 

2 0  less than 1 with arming 

le s s  than 1 6 . 8  volt s  d .c .  

2 0  le s s  than 1 

les s  than 1 2 0  

6 2 0  

less than 1 2 0  

A M P L I F I E R  A N D  K E Y I N G  

Serv iceab le Channe l 

Normal  
( l a , c .  = 0) Abnorma l or lAc = P i c ku p  of F D  

1 8  le s s  than 1 breake r  failure on trip 

le s s  than 1 8 . 5  breaker fai lure on trip 

le s s  than 1 less than 1 breaker failure on trip 

5 Vdc 4 . 3  V pulses 

le s s  than 1 -1 6 v olt pulse s  

4 8  Vdc -1 4 8  volt puls e s  

T est 
Point 

TP1 03 

TP1 04 

Term. 1 1  

Term. 2 

TP1 05 

TP1 06 

Term. 1 6  

Term. 1 8  

A M P LI F I E R  A N D  K E Y I N G  (Cont i n ued) 

N orma l 
O a . c .  = 0) 

5 Vdc 

les s  than 1 

2 0  Vdc 

20 V puls e s  

5 Vdc 

le s s  than 1 

2 0  Vdc 

20 volt pulse s  

Serv iceob le Channe I 

Abnorma l or lAc = 
P i c ku p  of F D  

5 volt puls e s  

1 6  volt pulse s  

2 0  volt pul s e s  

2 00 with l o s s  o f  channel 

5 volt puls e s  

1 6  volt puls e s  

2 0  volt pulse s  

2 0  with los s o f  chann e l  

-! Non-squelch c ondition 

A RM I N G  B OA R D  

Test I nterna l Loss of 
Point N orma l F a u lt Chann e l  

TP2 5 1  -1 le s s  than 1 1 0  V pulses l e s s  than 1 

TP252 -1 les s  than 1 1 0  V pulse s  le s s  than 1 

Term. 3 -1 1 0  volts -1 le s s  than 1 1 0  volt s  

TP2 54 -1 le s s  than 1 1 7  volt s  D . C .  les s  than 1 

TP2 5 5  -1 2 0  volt s  It le s s  than 1 2 0  volts 

T P2 5 6  6 . 5  volts le s s  than 1 when armed 

Term. 1 9  les s  than 1 1 8  volt s  w h e n  armed 

-1 Very narrow pulse s  w ould be observed on sc ope . 

It 2 0 v o lts puls e s  with s igna l sque lc h from remote termin a l .  

O U T  P U T  B OA R D  

Test 
Point Nor mol T r i p  B l oc k i ng 

3 0 1  2 0  Applies to Sequenti a l  F ault 

3 02 0 Applies to Sequenti a l  F a u lt 

3 03 2 .2 1 2 .5 le s s  than 1 

304 le s s  than 1 le s s  than 1 0  7 

B oard 1 4  2 0  2 0  les s  than 1 

3 05 1 8 .5 7 1 8 . 5  

3 06 0 1 3 .5 0 

3 07 2 0  le s s  than 1 2 0  

3 08 0 2 0  0 
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TY PE SKBU-1 1 PHASE COM PARISON R E LAY -------------------1-. L_. 
_41_-9_54....:.... 3 

E LECTR ICAL PARTS LIST 

C I RC U I T  
D E SC R I PT ION W E S T I N G HOUSE 

SYMBOL STY LE N U M B E R  

FAU LT D E T ECTOR BOARD Sty le 531 2D 1 3G01 

Capac itors 

C51 0 . 1  Mfd 1 544920 
C5 2-C53 -C59 0 . 5  Mfd 187  A624A 1 1 
C54-C55 1 . 5 Mfd 1 87A508H09 
C56-C57 0 . 02 Mfd 1 87A624H09 
C58 0 . 1  Mfd 1 8 7A624H01 
C60 0 . 2 2  Mfd 762A703H01  

D iodes 

D5 1 to D58-D70 
t o  D73 1 N457A 1 84A855H07 

D59 1 N645A 837A692H03 
D60 t o  D69 1 N4385 1 84A855 H 1 4  

Tra n s i stors 

Q5 1 -Q52-Q53-Q55-
Q57-Q6 1 -Q62-Q63 2N34 1 7  t48A85 1 H02 

Q54-Q56-Q58 2N3645 849A4 4 1 H 0 1  

Switches 

Q5 9-Q60 - 1 2NSs6 - - -- --�1 85A5i7H0_3_ 

Res i stors 

R5 1 5 0  Ohms , 5W 1 8 5 A209H06 
R5 2-R68-R7 1 2 .7K Ohms Yzw 629A5 3 1 H4 2  
R 5 3  ( POT) 2 .5 K  Ohms Yzw 629A430H03 
R54-R55-R58-R62-R64-

R66-R84 -R89-R92 l OK Ohms Yzw 629A5 3 1 H5 6  
R56-R60 1 OOK Ohms l!zW 1 84 A763H75 
R57 47K Ohms YzW 629A53 1 H 7 2  
R59 56K Ohms l!zW I 84A763H69 
R61 -R87 22K Ohms l!zW 629A5 3 1 H64 
R63 6 . 8K Ohms l!zW 629A53 1H52 
R65 27K Ohms l!zW 629A53 1 H66 
R67 150K Ohms 3W 762A679H01 
R69-R73 68K Ohms Yzw 62 9A53 1 H76 
R70-R74-R88 I 39K Ohms YzW 6 29A53 1 H70 
R72-R75-R80 2K Ohms YzW 83 6A503H33 
R76-R78-R90 lK Ohms Yzw 62 9A53 1 H32 
R77 5 . 6  Ohms Yzw 629A53 1 H 5 0  
R8 1 20K Ohms Yzw 6 2 9A5 3 1 H63 
R82 1 .5K Ohms Yzw 83 6A503H30 
R83-R9 1 470 Ohms Yzw 629A53 1H24 
R85 4 . 7K Ohms l!zW 629A531 H48 

C I R C U I T  
D H C R I PTION W E S T I N G HOUSE 

SYMBOL STYLE N U M B E R  

FAU LT D E T ECTOR BOARD (C ont i nued) 

Zener D i odes 

Z5 1 �832C , 62V 1 84A61 7H06 
Z52-Z55 1 N 957B , 6 . 8V 1 86A797H06 
Z53 1 N3 688A , 24V 862A288H01 
Z54 1 N759A , 1 2V 837A693H01 

SUPERVISION BOA R D  Sty le 53 1 5D34G01 

Capac itor 

C 1 5 1 -C 1 53-C 1 5 7 0 . 4 7  Mfd 
C 1 5 2  6 8  Mfd 
C 1 54-C 1 5 8  1 . 5 Mfd 

D i odes 

D 1 5 ! -D 1 56-D! 57-ri1 62 1
_ 

1 N45i A 
D 1 5 2-D 1 55 1 N645A 

---
-

- - -- - - ----

r-- - Trans i stors 

Q 1 5 1 -Q 1 5 2-Q154-Q555-
Q 1 6 1 -Q1 63-Q1 64 2 N34 1 7  

Q153-Ql56-Q162  2N3645 

Res i stors 

R1 5 1 -R 1 5 8-Rl68 -
R 1 8 8-R 1 94 6 . 8K Ohms 

R 1 5 2 -R 1 53-R1 5 7 -
R1 59-R 1 64 -R1 65-
R 1 67-R 1 6 9-R186 l OK Ohms 

R 1 8 9-R1 9 1 -R 1 9 3 -
R 1 96-R 1 54 470 Ohms 

R 1 55-R 1 66-R1 92 22K Ohms 
Rl 56-R 1 6 1  l K  Ohms 
R 1 60-Rl 70-R1 90 82K Ohms 

Yzw 

Yzw 

Yzw 
Yzw 
Yzw 
Yzw 

R 1 6 2  3 3 K  Ohms Yzw 
R 1 63 5 6K Ohms Yzw 
R l 7 1  1 5 0K Ohms 3 W  
R 1 95 2 . 7K Ohms Yzw 

Zener D i ode 

Z l 5 1 -Z 1 52-ZlS6-- r:N957B , Y . SV 
Z 1 5 3  1 N3668 , 24V 
Z 1 5 8  UZ5875 , 75V 

1 8 8 A669H01 
1 87A508H02 
1 8 7A5 08H 09 

1 84A855H07 
83 7A692H03 

848A8 5 1 H02 
849A4 4 1 H0 1  

629A53 1 H5 2  

629A53 1 H5 6  

1 84A763 H 1 9  
1 84A763H59 
1 84A763H27 
629A5 3 1 H78 
1 84A763H63 
1 8 4 A763H69 
762A679H01 
1 84A763H3 7  

1 86A79 7H07 
862A288H0 1 
83 7A693 H04 
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TYPE SKBU-1 1 PHAS E COMPARISON R E LAY ---------------------

E LECTR ICAL PARTS L IST (Conti nued) 

C I R C U I T  W E S T I N G H O U S E  C I R C U I T  
D E SC R I PT I ON W E S T I N G !oj OU S E  

S Y MB O L  D ES C R I PT I ON STY L E  N U M B E R  S Y M B O L  STY L E  N U M B E R  

AM PLI F I E R  & KEYING BOARD Sty le  531 4D77G01 ARMING BOARD Sty le 201 Cl 70G01 

Capac itor D iodes 

C l O l  6 . 8  Mfd 1 84A66 1 H2 1  D 255-D25 7-D260-D 2 6 1 -

C l 0 2 1 . 5  Mfd 1 87A508A09 
to D 2 65-D267 1 N457A 1 84A855H07 

Trans i stors 
D iodes 

Q25 2-Q253-Q256-
D 1 0 1 -D 1 06-D 1 1 0 Q258-Q259 2N34 1 7  848A8 5 1 H02 

to D 1 1 3  1 N457A 1 84A855H07 Q257 2N3645 849A4 4 1 H0 1 
D 1 09 1 N645A 837A692H03 

Resi stors 

Trans i stors R255-R257-R2 6 1 -R262-

Q l O l  t o  Q 1 07 2N34 1 7  848A85 1 H02 R265-R2 74-R2 77-R278-

Q l  08-Ql 09-Ql l 3  2N3 645 84 9A44 1 H 0 1  
R280-R281 -R287-R288 

R260-R264-R275-R276-

22K Ohms YzW 1 84A763H59 

R282-R2 84-R285 l OK Ohms Yzw 1 84A763H5 1 
Res i stors 

R279 27K Ohms Yzw 629A5 3 1 H6 6  
R l O l  6 . 8K Ohms Yzw 629A5 3 1 H5 2  R283-R289 1 2K Ohms YzW 1 84A763H53 

R 1 02-R 1 06 4 7 0  Ohms Yzw 1 84A763 H 1 9  

R 1 0 3  3 9K Ohms Yzw 1 84A763H65 Zener D i odes 

R 1 04 -R 1 08 l K  Ohms Yzw 1 84A763H27 Z25 1 1 N3688A,  24V 862A288H 0 1  

R 1 05-R1 09-R l l 2  

t o  R 1 1 6-Rl 2 1 - PROT ECTIVE R E LAY BOARD 

R 1 24-R 1 3 0  l OK Ohms Yzw 1 84A763H51 Sty le 201 C l 65G01 - 201 C476G01 

R 1 0 7  1 5K Ohms YzW 6 29A5 3 1 H 6 0  

82K Ohms Yzw 629A53 1H78 
Capac itors 

R 1 1 0  

Yzw 1 84A763H63 
C l  to C5 . 047 Mfd 849A437H04 

R l l l -R 1 20 33K Ohms 

R l 1 8  220K Ohms YzW 1 84A763H83 Diodes 
R 1 1 9-R 1 3 2  68K Ohms Yzw 629A5 3 1 H76 

D l  to D5 1 N645 A 837A692H03 
R 1 2 3 - R 1 3 9  22K Ohms Yzw 1 84A763H59 D6 to D l O  1 N457A 1 84A855H07 
R l 2 5-R 1 29 4 .  7K Ohms 1/zW 1 84A763H43 

R1 2 6-R1 2 8  470K Ohms YzW 1 84A763H9 1 Trans i stors 

R l 27-R 1 4 1  4 7 K  Ohms YzW 1 84A763H67 Q l  to Q7-Q9 2N34 1 7  848A85 1 H02 

R140 56K Ohms Yzw 1 84A763H69 Q8 2N3645 84 9A44 1 H0 1  

Zener D iodes Res i stors 

R l  ( 1 2 5  volt input ) 68K l W 1 87 A643H 7 1  
Z l 0 1 -Z 1 02 1 N957B , 6 . 8V 1 86A7 97H06 R l  (48 volt input ) 

Z 1 03 1 N3688 , 24V 862A288H01 R6-R2 1 -R3 0-R3 9 2 7 K  Yzw 1 84A763H01 
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TY PE SKBU-1 1 PHASE COMPAR ISON R E LAY ------------------��,;.;;- L;,;_· ..:..;4 1....;-9..::;.s4�-3 

ELECTR ICAL PARTS LIST (Conti n ued) 

C I R C U IT 
D E SC R I PT ION 

W E S T INGHOUSE C I R C U I T  W E S T I N G H OUSE 
SYMB O L  STY LE NUMB E R  SYMBOL 

D E SC R I PT I ON 
S T Y L E  N U M B E R  

PROTECTIVE R E LAY BOARD (Continued) OUTPUT BOARD (Continued) 

Resi stors (Cont inued) 
Res i stors (Continued) 

R2-R3-R4-R8-R9-R1 3-
R302 2 . 2  Ohms Yzw 1 87A290H2 6 

R 1 4-R1 2 2-R23-R3 1 -

R3 2-R33 4 .7 K  Yzw 629A53 1 H4 8  
R3 05 47K Ohms Yzw 1 87A2 90H l 7  

R5-Rl 0-R 15-R24-R34- R307-R3 1 4-R3 1 9-R3 2 1 -

R38 82K 629A53 1 H78 R3257R3 28 2 2K Ohms Yzw 1 84A763H5 9  

R7-Rl l-R16 -R25-R35 l OK Yzw 629A5 3 1 H5 6  R309-R3 1 7  l K  Ohms Yzw 1 84A763H27 

R 1 2-R17-R26-R37 6 .8 Yzw 6 29A53 1 H5 2  R3 1 2  470K Ohms Yzw 1 84A763H1 9 
R 1 8-R 1 9 -R27-R28 22K Yzw 1 84A763H59 R3 1 3  470K Ohms Yzw 1 84A763H9 1  
R20-R29-R36-R40 l OK Yzw 1 84A763H5 1 

R3 1 6  1 5K Ohms Yzw 62 9A430H08 

Zener D i ode 
R3 1 8-R3 2 2  4 . 7 K  Ohms Yzw 1 84A763H43 

Zl -Z3-Z5-Z7 -Z9 1 N3686B 20V 1 85A2 1 2H06 
R327 6 . 8K Ohms Yzw 1 84A763H47 

Z2-Z4-Z6-Z8-Zl 0 1N957B 6 . 8V 1 8 6A797H06 R329 1 8K Ohms Yzw 1 84A763H5 7  

R33 1 l OK Ohms Yzw 62 9A53 1 H5 6  

OUTPUT BOARD Sty le 201 C025G02 R3 3 2  6 . 8K Ohms Yzw 62 9A53 1 H5 2  

R3 3 3  27K Ohms Yzw 629A53 1 H66 
Capac itors 

R334 1 50K Ohms Yzw 762A679H0 1 

C301 .47 Mfd 1 88A669H0 1 

C3 02-C3 03-C306-C3 09 0 . 2 2  Mfd 762A703H0 1 Zener D i ode 
C304-C3 05 4 . 7  Mfd 1 84A6 6 1 H 1 2  

0 . 047 Mfd 849A437H04 
Z30 1 -Z303-Z304-Z3 05 1 N957B 68V 186A797H06 

C307-C3 08 

1 88A669H03 
Z306 1N3688A 24V 862A288H01 

C3 1 0  0 . 1 0  Mfd 

C3 1 1  1 . 5  Mfd 1 87 A508H09 
R E LAY BOARD Sty le 531 2D78G01 

D i odes 

D 3.0 1 to D3 06-D308 1 N45 7 A  1 84A855H07 
Capac itors 

D3 07 1 N645A 83 7A692H03 C201-C 202-C 203 0.25 Mfd 1 8 7A624H02 

Trans i stors Res i stors 

Q3 0 1 -Q305-Q306-Q307- R20 1 50 Ohms 5W 1 8 5 A2 09H06 

Q308 2N3645 84 9A44 1 H 0 1  R202-R203 3 . 3K Ohms Yzw 629A53 1 H44 

Q302-Q303-Q304-Q308 2N3 4 1 7  848A85 1 H02 

Fi Iter Choke 
Res i stors 

L201 8 .5Hy 450 0hms 1 8 8A460H01 
R30 1 -R303-R304-R306-

R3 1 0-R3 1 1 -R 3 1 5-
Zener D i odes 

R3 20-R323-R324-

R326-R33 0-R335 l OK Ohms Yzw 1 84A763H5 1 Z20 1 1 N 1 828C 43V 629A798H1 4  
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TYPE SKBU-1 1 PHASE COMPARI SON R E LAY
---------------------

1 6  

TRANSIENT 

RESISTORS 
FOR SEQUENCE 

FILTER 

AMPLI F I E R  AND KEYING BOARD 

SUPERVISION BOARD ----� 

FAULT DETECTOR BOARD 

F ig .  l .  Photograph (Front View) 

TERMINAL BLOCK 

101 TERMINALS 

Fig.  2. Photograph (R ear V iew) 

RELAY BOARD 

l 

POWER SUPPLY 

20 VOLT ZENER 
DIODE 
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TY PE SKBU-1 1  PHASE COMPARI SON R E LAY ___________________ __;,;,L.::.L :...:. 4:.;,1 �-9�54�. 3 

+ 

-l{) a:: 

5 312DI 3GOI 

F ig .  4. Schematic of Fcu/t Detector B oord. 
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TYPE SKBU-1 1 PHASE COMPAR I SON R E LAY
---------------------

1 8  

19 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
Fig. 5 .  Location of Components on Arming B oard 

� BOX INDICATES TRANSISTOR 
IS NORM ALLY CONDUCTING 

G=- ---
14 
I 

Fig. 6 .  Schematic of A rming B oard 

2 0 1 C l 7 1  

691B l 1 9  
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TY PE SKBU-1 1 PHASE COMPAR ISON RE LAY _________________ ____;I:..:..:. L:.;.· ,;:.:41:.....;-9;.:;s4�.3 

.. tO!t!tO TltnR SQUlLCU kEYING 
CIRCUIT 

217 1  !:I 

�-BOX INDICATES TRANSISTOR tS NORM4L.LY CONDUCTING 

\.___________, 

� I  
� I 

� �=I== 
I 

SQ . .tB��I';IU RUIOTE SQ. 
• M P. 5314 0 7 7GOI - - - -- -- -- - - - - --L...; --

Fig.  8 .  Schematic of A mp lifier ancl Keying Board. 
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TY PE SKBU - 1 1 PHASE COMPAR ISON R E LAY ---------------------

20 

14 
� 

Fig. 10. Schematic of Output B oard. 
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TY PE SKBU-1 1 PHASE COMPARISON R E LAY _________________ _..:..:L..::.L:....:4:.:..1 ·....:.;95::..:4.::.... 3 
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�ELAY CI�CUIT BOARD 69 1B07 3  
F ig. 12.  Schematic o f  R e lay Board. 

2 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



N N 

"" n :r­ID 3 
�-n 0 ..... "" c: 'tl tD 
� 
;;:;· 
a· ::J 
lXI 0 Q it 

I I I '  
I 

�� � �  l , l  
I 'j' 

� -<  � 0  c .. � _, x  
m ""  » ::\  

I I ' N  1 o.J � Io I -� · 1 0 

I I ( 
I i I i 
I I 

I ! 
I I I i • ' -__j I 

I I  .. o -.� ��� 1� �� f i !I . ! � . I � ii I I ' ' I <> ,. ;, I " '"  m o I 
. 

� 0 
� 

1 
• 0 I . " l i _r_l ' � n 

-

" .. I - " 
/! ill .. � 

� J w .. . 

� --ffiTIJ- -@IQ}--8 -rmm- 0 1 55 -1 C l 5 3  1� � -IR I 6 8 f- T P  rQJ TP153 0 154--ffii§l}-­� 0  � � ©o1s4 --fl:illD- �64 
� + c 1 s2 ----{ffiffi-

---liQiffi---1 R 1 6  g}-- ---@ill-Q � -{Rt5�u � 
eJ 

r?l\ TP 0 15 2181 152 � @ Birn-- � � 181 -miD-- � � 0 164 � @o1s� � R l53 � � 
-{R I5 1}- � � � o 0 - TP15�� 

@016 1 � .PPI58� � 

@0163 a-� 
� -(ffilli- � 

� 

691Bl63 

Fig. 13.  Location of Components on Supervision B oard. 

) 

..... 
-< 
-a 
m 

Cl' 
"' 
D:l 
c: . -
-a 
:J: 
,.. 
Cl' 
m 

n 
0 
:it: 
-a 
,.. 
:::tl 

Cl' 
0 
z 

:::tl 
m 
r­
,.. 
-< 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



--GD-
---Q[}- . 

I .  L. 41 -954 .3  

1.{";) � � 
� � 
0) tO 

-e 
0 
0 

10 
>.. 

� «> a:: 
«> > 
u 
.e 
0 
ci: 
<: 
0 
<: 

·� 
0 
u 
0 

-I 

<e 
«> 
<: 
0 
Q. 
E 
0 

u 1 �� r I 
en __ 1.0 
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IS MOMIALLY COfiOUCTING 
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Fig.  1 6 .  Schemati c  of Protective R e lay B oard for Distance Phase Comparison System. 
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24 

� (00-BOX INDICATES -mANSISTOR 
IS N O R M ALLY C�DUCTING 

81, 84-MB" I N D I CATES BUFFER CIRCUIT BLOCI< 

I 
L _  

PROTECTIVE R E L AY INTER B D  

IN457A 
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Fig.  1 7 . Schematic of Protective R e lay Board for D istance Phase Comparison System with B linder Control.  
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Fig. 20. Logic Diagram of SKBU-1 1  Relay fo. 
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Fig.  2 1 .  Operating T imes o f  Fault D etectors of SKB U- 1 1 R e lay.  
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Fig.  22.  Operating Time of Fault D etector of SKBU- 1 1  R e lay as a fun c tion of Fault Inc idence A n g le at 5 A mperes. 
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-*' 
POS 

4 5 vDc o----------.------------� 

SKBU- 1 1  
J I O I 

CONNECTOR 

C HANNEL COMMON 
KT 

20 VOLTS 
I N 36868 

NE& �*----.-4-��_. __________
___ _._�.__g 

D.C. 

RECEIVED SIGNAL 

VOL Tl'vETER ( o-25 VOLTS} 
TRIP 

TIMER START 

32 

TEST CIRCUIT FOR SKBU- I I  RELAY 
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c 

Fig.  24 . Test C ircuit of SKBU- l l . R elay. 
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TEST 

POI N T  
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X l 2  

X 9  

X 1 6  
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C I R C U I T  

D. C .  I NPUT VOLTA G E  

REGU L ATED D. C .  

C O M M O N  T. C .  

BAT T E RY N E GAT I V E  

TRAN S I ENT B L O C K  

A R M I N G  

PILOT T R I P 

FAULT DETE CTOR 
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CAR R I E R  C O N TRO L 
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4 8  V O LTS D. C .  

2 0  VOLT S D.C.  

45 VOLTS D . C .  

N O R M A L  2 0  V O LT S  

O PE RATE 0 V OLT S 

NOR M A L  2 0  VOLT S 
OPERAT E  0 VOLT S  

N O R M A L  0 VOLT S  

OPE R ATE 20 V O LT S  

NORM A L  0 VOLTS 
O PERATE 2 0  VOLT S  

N O R MA L  2 0  V O LT S 

OPE R ATE 0 V O LT S  

N O R M A L  0 V OLT S 

O PE R AT E  20 VOLTS 

I LOA D 1 4  TO 5 AMPS  
3 12  � � �"'== 1.. 16 .7  M.S .  

1 6  
VOLTS 

I CARRIER ON 2 0 - � I I --0 I I CARRIER OFF 
---1 f-4-- CHANNEL _...._ BLOCK  2 0 - I I DELAY I L ---UNBLOCK 0 I I 

20 - I � --BLOCK I I o - --UNBLOCK I I I 

2 0 --
0 ---J 

7 1 5B4 08 

Fig.  25. Table I Test Point Vo ltages. 
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TE ST 
POI N T  

57 

5 8  

59 

WAV E FO R M S  W I T H  60 HZ CU R R E N T  
A T  FAULT DETECTOR PICK U P  O R  GREATER 

-�---- 16 TO 20 V 

L -- O V. 

----�-------- 1 6 T0 20 V  

-- 0 

--- 16 T0 20 V  

- o v. 

16 1"0 2  PUL S E S  ARE (l (l 3 T0 4 M. S. � . (] 
60 WIDE FOR 60 HZ, t ._____ '-----.., --- 0 V. 

1 20 HZ AND HIGHER � PULSES \LERY NARROW t.,. ----- - IO V.  
r 1 6.7 M. S. 

6 1  --- 16 TO 20 V. 

--- o v.  

6 2  ---- ----- 1 6  TO 2 0  V. 
--- o v. 

----- 5 V. 
VOLTAG E 

ACROSS 
APACI TOR 

C6 --- O V  7 1 5B l 06 

Fig.  2 6 .  Tab le I l l  Frequency Verifier Waveforms at 60 Hz.  
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INST A L L A TION 
Westinghouse I .L .  4 1 -954. 2A 

• OPERATION • MAINTEN A N CE 

I N S T R U CTIO N S  
TYPE SKBU PHASE COMPARISON RELAY FOR TYPE 

TA-2 FREQUENCY SHIFT TONE CHANNEL 

CAUTION: I t  i s  recommended t hat the user o f  this 

equipment become acquainted with the information 
in this i nstruction l eaflet before energizing the 
carrier system. 

If the SKBU rel ay is  mounted in a cabinet, it 
m ust be bolted down to the floor or otherwise s e­
cured before swinging out the equipment rack to 
prevent its tipping o ver. 

A P P L I C A T I O N 

The typ e SKBU relay i s  a high- speed rel ay used 
in conj unction with a typ e TA- 2  fr equency shift tone 
chann el . Sim ultaneous tripp ing of the relays at each 
line terminal is  obt ained in less  than two cycl e s  fo r 
all int ern al faults within the limits of the rel ay s et­
tings. 

The system i s  applicable to a vo ice-grad e  pilot­
wire or micro wav e channel . The m aximum prop aga­
tion del ay whi ch can be tol erated i s  3 . 5  m s ec. for 
two terminal l i nes and 2 m s ec. for three terminal 
l ines .  

In contr ast to the c arrier blocking schem e, thi s  
i s  a tran s fer-trip system;  accordingly,  the blo cking­
start functio n is not required. 

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

The typ e SKBU relay consists 0f  a co mbination 
pos itive , negative,  and zero se quence curr ent net­
work , a s aturating transformer,  a 20 volt power sup­
ply, and printed circuit boards mounted on a stan­
dard 19- inch wide p anel ,  83;4 i nches high ( 5  rack 
unit s) .  Edge slots are provided for mo unting the rack 
on a standard rel ay rac k .  The component s ar e con­

nected as shown in the i nternal schematic of figur es 
1 and 2 .  

SEQUENCE N ETWORK 

T h e  s equenc e filter co nsists o f  a three-legged 
iron core reactor and a s et of r esistors, R 1 and Ro. 
The reactor has three  windings: two primary and a 

SUPERSEDES I .L .  41 -954.2  
*Denotes change from superseded i ssue.  

t app ed seco ndary winding, wound o n  the center leg 

of a "F" type of l amination. The secondary t ap s  

are wired t o  the A, B,  and C t ap connection s  in the 

front of the relay (R l tap s) .  Ro con sists o f  three 
tube resistors with t ap s  wired to F,  G, and H t ap 
connections in the front of the relay. The Ro re sistor 
is a formed resistor asso ciat ed with the tapp ed 
secondary o f  the reactor. 

SATU RATING TRAN SFORM E R  

The voltage from the network i s  fed into the 

tapp ed prim ary of a smal l  s aturating transformer.  
Thi s transform er and a Zener clipper ( o n  a printed 
circuit bo ard) connected acros s  its secondary are 
used to l imit the voltage i mpres sed on the solid 
static circuits ,  thus providing a small range of volt­
ag e for a l arge variation of m aximum to minimum 
fault currents. Thi s  provides high operating energy 
for light faults,  and limits the op erating energy for 
heavy faults to a reaso nable value.  

POW E R  SU P PLY 

The SKBU rel ay oper at es from two regul ated 
volt age s,  45 volts d. c. and 20 volts d. c .  The 20 vol t  

supply i s  tak en from a Zener diode mo unt ed o n  a 
heat sink at the top o f  the relay. An external volt­
ag e r egul ator supplies 45 volts d .c .  to the SK BU. A 
sep arate vo ltage regul ator for the T A- 2 fr equency 
shi ft to n e  set is provi d ed o n  thi s external regulator. 

P R I N T E D  ci RCU I T  BOAR DS 

Six p rinted circuit boards are used in  the SKBU 
r elay ;  fault detector bo ard, sup ervi sion board , am­
pl ifier and k eying board, " AN D "  bo ard, o utput 
board, and a rel ay board.  The circuits of the s uper­

vision , ampl ifi er and k eying, and "AND" bo ards 
varies wit h the application .  

All o f  the circuitry that i s  suitable for mounting 

on p rinted circuit boards i s  co ntained i n  an enclo­

sure that proj ects from the rear o f  the front p an el 
and i s  acc essibl e by opening a hinged door on the 
front of the panel.  The p rinted circuit boards slide 
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TY PE SK BU PHASE COMPARISON RELAY---------------------

into po sition in slotted guides at the top and bo ttom 
of e ach compartment and the bo ard termi n al s  engage 
a terminal blo ck at the rear of  the comp artm ent. Each 
bo ard and terminal block is  k eyed so that if a board 
is pl aced in the wrong comp artment ,  it c anno t be 
inserted i nto the t erminal block. A handle on the 
front o f  each bo ard i s  l abeled to identify its function 
in the rel ay. 

1. Fault Detector Board 

The fault d et ector b o ard contains a resistor­
Zener diode combination, a p hase splitting network , 
and a static fault detector. The control s for s etting 
pickup ( S l )  and dropout ( S 2) of  the fault detector 
are mo unted on a plate in the front of the as sembly. 

This unit op erates when the fault current exc eeds a 
definite val ue. 

2. "AN D" Board 

The "AND" bo ard co ntains r esi stors and diodes.  
The numb er of diodes on the bo ard vari es with the 
application. An output i s  obtained from thi s  cir cui t  
when all inputs are at ne gative potential .  

3 .  Ampl i fi er a n d  Key ing  Board 

The ampl ifier and k eying bo ard contains two 
l o cal squaring amplifiers ,  a transmitter k eying cir­
cuit, and two remote s quaring amplifi ers for e ach 

line terminal. The s e  circuits produc e the pulses 
that are comp ared b y  the "AND" circuits to det er­
mine i f  the fault i s  external or internal .  

4 .  Outp ut Boa rd 

The output b o ard contains a 4 millisecond pi ck­
up and instant aneous drop out timer cir cuit , flip-flop 
circuit, trip amplifi er ,  transi ent blocking and un­
blocking circuit .  The circuits on thi s  board op er­
at es when all the i nputs to the "AND" bo ard are at 
n eg ative pot ent ial and the fault detector has op er­
ated. 

5. Rel ay Bo ard 

The relay bo ard cont ains the phase delay cir cuit 
for shifting the l o c al signal s  with referenc e to the 

remote signal s. Thi s  board also contains the fi nal 
tripping unit ( AR) and the alarm unit ( AL ) of the 
SKBU relay. The phas e  delay circuit is utili zed to 

comp ens ate for the del ay of  the channel equip m ent. 

2 

6. Supervi s ion Board 

The number of circuits on thi s  board vari e s  with 
the application. For all applications a 25 milli­
second pickup and 2 mill isecond dropo ut alarm timer 
circuit, a "NOT" AM s quelch c ircuit, and a 2 .  5 
second alarm circuit for fault detector operation are 
provi ded on thi s board.  The circuits on the bo ard 
ar e utili zed to l o ckout the SKBU rel ay for channel 
fail ure , and noise conditions on the channel equip­
m ent. Where static distance fault detectors  are used, 
an OR circuit is provided on thi s bo ard to connect 

thes e fault detectors into the p hase comp arison 
system. 

CARD EXTENDER 

A card extend er ( Styl e N o .  644B 3 1 5G0 2) is  avail­

abl e  for facilitating circuit voltage m easurements or 
m ajor adj ustments.  After withdrawing any one of the 
circuit bo ard s,  the extender is inserted in that com­
p artment. The bo ard then i s  ins erted into the ter­

mi nal block o n  the front of  the extender. This re­
stores all components and test point s  on the boards 
are readily accessible. 

TEST POI N TS 

Test points ar e lo cated on e ach printed circuit 
board for the major compon ents on the bo ard. Com­
pl ete circuit test points are wired to the front p an el 
of the rel ay for conv eni ence in adj usting and testing 
the r el ay. 

O P E R A T I O N 
A. SYST EM 

In p hase comp arison relaying , the phase po si­
tions of fault curr ents at the ends of a transmi ssion 
l ine are comp ared over a pilot channel to determine 
if  the fault is internal or external to the line se ction. 

When a tone or microwave channel is used as the 
pilot channel ,  the channel i s  sep arate from the pro­

tected line and a dual comp arison trans fer-trip sys­
tem can be util ized. This m eans that the system 
can trip on either half cycl e of the power syst em 

frequency as contr asted to a carri er channel where 

tripping occurs on alternate half- cycl es during the 
ab sence of  a carri er signal .  

The three-p hase line currents energi ze a s e­
quenc e network in the SKB U rel ay which produce s  a 
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singl e-p has e o utput voltage proportio nal to a com· 
bination o f  sequenc e components o f  the line current. 
Thi s single-phase voltage energizes the keying cir­
cuit of the SKBU relay to shift the frequency of the 
tone transmitter on alternate half-cycles of the power 

frequency current. The tone transmitter i s  shifted 
from a sp ac e frequency to a m ark frequency. These 
frequencies are transmitted over t he pilot channel 
to the tone re ceiver which converts the mark and 

sp ace frequencies to two d. c. o utput voltages ,  a 
sp ace o utput that correspo nds to the space frequency 
and a m ark output that corresponds to the m ark fre­
qu ency. Thus, on each half cycle of power system 
frequency either a sp ace or m ark o utput is o bt ained 
from the tone receiver and applied as pulses to the 
remote squaring amplifiers of the SKBU relay.  Each 
o f  these half cycle pulses  are comp ared with the 
p hase po sitio ns of each half-cycle o f  the sine wav e  
voltage from t h e  s equen ce network of t h e  SKB U 

relay at the tone receiver terminal. The sp ac e p ul s e  
i s  comp ared t o  o n e  h al f  cycle o f  the volt ag e and the 
m ark pulse to the other half· cycle .  If the lo cal and 
remote half- cycl e  pulses  are of the correct phase 

po sitions for an internal fault,  after a 4 milli second 
delay tripping will be initiated through operation o f  
t h e  flip- flop and trip amplifier circuits. 

Current transformer connections to the sequence 
network s at the two line terminal s  are such that the 
space and m ark pul s e s  are in p hase with their r e­
sp ective local pul ses during an int ern al fault to 
allow tripping. However, if the fault i s  external to 
the p rotected line section, the sp ace and m ark 
pul ses are out-of-p has e with their respective local 
pul ses and tripping do e s  not occur. 

The fo ur-mill isecond delay previously mentioned 
is ad ded to allow for differenc es in current tran s· 
former p erformance at oppo site line terminal s  an d 
rel ay co-ordination. 

B. R ELAY 

Wit h reference to either Figs. 1 or 2, the three 
p hase l ine  currents energize a sequence filter which 
gi ves a singl e p hase o utput vol tage proportio nal to a 
combination of s equence compo nent s of t he line 

current s. Thi s  singl e p hase o utput voltage is ap· 

pl ied as inp uts to two bo ards from the se condary of 
the saturating transformer: 

1 .  Faul t Detector Board (P hase Splitter Circuit) 

2 .  Relay Board (P hase Del ay Circuit) 

1. Fault Detector Board 

The a. c .  voltage i s  applied to a p hase-splitting 

network (C5 2. R54 , R5 3) and a polyp hase rectifier 
(diodes D5 1  to D5 6). The d. c. voltages so obtained 
requires a minimum of filtering (C5 3) and responds 

r apidly to a change in m agnitude of the a. c. o utput. 
Thi s  d. c. voltage is  applied to the fault detector 

circuit which op erates w hen the d .  c. input "signal "  
exceed s  a p redetermined v al ue. 

Fault  Detector 

Under normal conditions,  transistor Q5 1· has no 
b ase " signal "  and i s  t urned o ff. The coll ector o f  

Q5 1  i s  at a high eno ugh po sitive p otential to provide 
b ase drive for transistor Q5 2· driving it to full con­
duction. With Q5 2  fully co nducting there is no b ase 
drive to transistor Q5 3  and Q5 3  is  turned off. With 
no Q53 collector current, the base of diode typ e 
tran sistor Q54 is supplied from the 45 volt source 

through the drop o f  D58 · Thus the Q54 emitter i s  
normally at a slightly lower potential than i t s  base .  
This condition keeps transistor Q54 in a non-con­

ducting state,  equivalent to an open circuit. Zener 
diode Z53 is to protect transistor Q54 from external 

surge voltages. 

When a faul t c auses the d . c. input voltage from 
the polyphas e rectifier to exceed the 6 .8  volt rating 
of Zener diode Z5 2. (thro ugh R5 5 . and 81 ) a posi tive 
bi as i s  applied to Q5 1  base causing it to conduct. 
In turn, Q5 2  stops conducting, and cap acitor C5 5  
charges,  giving a few mill is econds time delay before 

Q5 3  and Q54 are switched to full conduction, thus 

"closing" the fault detector. The feedb ack r esistors,  
R60 and 82 pro vide a 90 p ercent dropout ratio with 
"toggl e "  action at the dropout point .  

When t h e  fault detector op erates, po sitive 45 
volts d .c .  is  applied to the output bo ard at terminal 
1 8 .  Thi s 45 volts i s  applied to the fl ip-flop circuit 
at terminal 19  and to the transient blocki ng circuit 
through Zener diode Z3Q 2. Thu s, the fault detector 
arm s  the flip- flop and energizes the transient block­
ing of the SKBU relay.  

2. Relay Board 

The a. c. voltage from the s aturating transformer 
is also applied to the relay bo ard to the p hase delay 

circuit through a low pass filter of the relay board. 

The low p as s  filter (C 25 1 · L 25 1 . C 252) removes the 
harmonics from thi s voltage and applies a voltage 
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TYP E  SKBU PHASE COMPARISON RELAY---------------------

that is essentially sinusoidal in waveform to R2 5 1  
and R2 5 2  o f  the phase delay circuit. B y  means o f  

capacitor C 253 and variable resistor 85, the voltage 

across t erminal 4 and 2 can be made to lag the volt­

age acro ss terminal 10 and 4 by a definite amount 

depending on the setting of 85. These voltages are 

applied to the amplifier and k eying board of the SKBU 

relay. 

1. Undel ayed voltag es to the k eying circuit. 

2. Delayed voltage to two lo cal squaring ampli­

fiers. 

A. Keyi ng Ci rcuit 

With no a. c. output vol tage from the s equence 

network, transistor Q1 0 2  has no b ase signal .  The 

collector of Q1 0 2  i s at negative potential which 

allows base current to flow from po sitive 20 vol ts 
d. c.  through the base o f  Q1 0 3  through R1 0 3  and R 1 0 2  
to n egative. l'hi s applies po sitive 20 volts to the 
collector o f  Q1 0 3  to p revent b as e  current from flow­
ing to Q1Q4 . Since Q 104 i s  not conducting, transis­

tor Q105 doe s  not conduct and the coll ector of Q 1 0 5  
i s  held at positive potential .  As a re sult, t h e  voltage 
acro s s  R 1 1 1  i s  zero with respect to positive 45 

vol ts d. c. (terminal 1 4). Thus, the voltage applied 
to the tone transmitter is z ero and the transmitter is 
not k eyed. ( Ref. Fig. 5). 

When a sinusoidal voltage is applied to tran­

si stor Q 1 0 2  from t ermi n al 4 and 9 o f  the rel ay board, 

o n  the p o si tive half cycl e o f  voltage, terminal 9 is 
more po sitive than t erminal 4 o f  the amplifier and 
k eying bo ard and Q 1 0 2  does not conduct. However ,  
on the negative half cycl e o f  sine wave voltage, 
t erminal 9 is more n eg ative than terminal 4 and b ase 
c urrent flows i n  Q 1 0 2· Thi s turns Q 1 0 3  off which in 
turn p uts negative potential on R 1 05· When Q 1 0 5  
co nducts i t s  coll ector i s  co nnected t o  negative 
potenti al ,  and a negative voltage ( with respect to 
positive 4 5  volts) app e ars acro ss R l l l · Thus, o n  

al ternate half cycles o f  the 6 0  cycle voltage from the 

low p ass filter,  a n egativ e  voltag e  app ears acro ss 

Ri l l · This voltage keys the tone transmitter to a 

mark condition. 

B. Local Squaring Amp l i fi ers ( 1 and 2) 

There are two local s quaring amplifi ers i n  the 
SKBU relay. The square wave output voltages are 

functions of the a. c. volt age i nput to the ampl ifiers. 
The pol arity o f  the o utp uts o f  the two amplifi ers are 

such that one amplifi er has an o utput when the 
other one does not. 

4 

With r eference to amplifier number 1 , with n o  
a. c. input voltage Q 107 is not conducting and R 1 1 3 
is at n egative potenti al .  As a result,  the base o f  
Q 108 and Quo is at a lower potential than the 
emitter o f  the transistors. Base current for both 
transistors flows from po sitive 20 volt s  through 

R 1 14 and Ru 3 to negative and both tran sistors con­

duct. With Quo turned o n, positive 20 volts app e ars 
acro ss R 1 17· 

With the applicatio n  of a sine wave voltage to 
terminal 4 and 19 of the amplifi er and k eying board, 
on the po sitive half  cycle o f  the voltage the base o f  
transistor i s  more po sitive than t he emitter and 

Q 1 07 do es not conduct. On the negative half cycl e 

o f  sine wave voltage, the base is more negative than 
the emitter and Q 1 07 conducts. Turning Q 1 07 o n  
applies po sitive 2 0  volts t o  R 1 1 3 to cause Q w s  to 
turn o ff. This caus es Q uo to turn o ff such t hat 
negative p ot ential is applied to R 1 1 7 . Hence,  o n  
alternate half cycl es of sine wave voltage,  negative 

volt age app ears acro s s  R 1 1 7 . The voltage across 
thi s  resistor i s  thus a square w ave voltage rangi ng 
from 20 volts d .  c. to zero volts d. c. depending upo n  

t h e  pol arity of t h e  voltage from t h e  p hase del ay 
circuit. 

Amplifier 2 is the sam e  as amplifi er number 1 
except for the additional stage of Q l 20· The o utput 

voltage from the amplifi er app ears across R 1 40 . By 
appl ying the sam e  analysis of amplifier 1 to ampli­
fier 2 ,  the o utput voltage acro ss R 1 40 is a square 

wave voltage of the rev ersed pol arity than that 
acro ss R 1 17 . 

3. Remote Squari ng Ampl i f iers 

For two terminal lines there ar e two remot e 
squaring amplifiers i n  the SKBU relay. One amplifier 
is to conn ect the sp ace output o f  the tone receiver 
to the SKBU while the other i s  to connect the mark 

output of the tone receiver to the SKBU. The sp ace 
squaring amplifi er consists of tran sisto r Q 1 5 1 on the 
sup ervision board, and Q l l l  o n  the Amplifier and 

Keyi ng bo ard. The Mark remote squari ng amplifi er 

co n si sts of Q u9 and Q 1 20 on the Amplifier and 

Keying bo ard. 

The remote amplifi ers are i n  one of thre e  states:  

1 . Loss of �hannel state 

2. Receiving sp ac e frequency o nly 

3.  Recei vi ng alternate h alf cycl es of sp ac e and 
mark frequency. 
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Fo r a loss o f  channel , the tone receiver cl amp s 
its  output to a m ark condition.  The sp ace output 
from the tone receiver is  zero with respect to po si­
tive 45 volts. This m e an s  that transi stor Q1 5 1  i s  

not conducting. Base drive t o  transistor Q l l l  i s  

provided from po sitive 4 5  volts through R 1 2 2  to 
negative. Q l l l  i s  turned o n  to pro vide a positi ve 20 

volts acro s s  R 1 2 1 - When the channel is in servi ce 
and the receiver i s  in a space co nditio n ,  transi stor 
Q 1 5 1  turns on.  This applys po sitive 45 volts thro ugh 
resi stor R 1 23 and diode D1 0 2  to R 1 2 2- The pot enti al 

of the base of transistor Q u l i s  rai s e  higher than 
its emitter. Hence,  tr an sistor Q l l l  stop s conducti ng 
and the voltage acro ss R 1 2 1  i s  zero . For the condi­
tion where the tone recei ver is recei ving pulses ,  
transi stor Q 1 5 1  turns o n  and off every hal f  cycle of  
power system frequency. Transi sto r Q l l l  turns o n  
an d off for the same half cycle and t h e  voltage 
acro s s  R 1 2 1  is  a square wave voltage varying fro m 
20 volts to zero. 

The output of the m ark remote squaring ampli­

fier is the sam e  as the space r emote amplifi er ex­
c ept that it op erates off of the m ark output of the 
to ne receiver. The voltage is across R 1 4 2. 

For either i nternal or extern al fault co nditions 
the outp uts of both remote squaring amplifi ers ar e 

square wave voltages. Both voltages vary from zero 
volts to approximately 20 volt s and are out of phase 
with each other, i. e . ,  when one voltage is at zero 
volts the other voltage is  at 20 volts.  

4. AND Ci rcu i ts 

There are two AND circuits for compari ng the 
phase relati onship of the o utputs o f  the local and 

remote squaring ampli fi ers .  One AND circuit com­
pares the Sp ace signal with the output fro m ampli­
fier number 1. The second AND circuit co mp ares 
the Mark signal with the output o f  ampl ifier  number 
2. Si nce the local signal s  are al ways 180  degree s 
out of phase with eac h  other and the remote si gnal s  
are al ways 1 8 0  degrees out o f  phas e with each 
other ,  a change in phase angle of one signal with 
respect to the ot her will allow one AN D to trip.  

other inp uts are shown i nto the AND circuits 
and these inputs are to clamp the SKBU in a non­

operative state for noi s e  conditions,  and loss of 
signal .  

The other AND circuits shown i n  the Fig. 2 ar e 

for the purp ose o f  energizing the transient unblo ck­
ing circuit under the conditio n of  an external fault 
followed by an internal fault. 

5. Output 

A. 4/0 Mi l l i second Ti me Del ay 

The 4/0 time del ay con sists of R3 1 5· C 305 · 
R3 1 7 . R3 18 . and R3 19 · The charging p ath to nega­
tive for capacitor C 305 i s  either t hrough D 2 1 5  and 
R20 1 or through D2 1 6  and R20 2 of the AND cir.cuit. 
By m aintaining a constant twenty volts on terminal 
6 of the o utput board C apacitor C305 can not charge 

up and k e ep s base of  Q305 of  the fl ip-flop at po si· 
tive potential.  

Under external fault conditions,  the square wav e  
voltages from t h e  remote squaring ampl ifiers and the 
square wave voltage s from the lo c al squaring ampli­
fiers are out of ph ase such that a conti nuous 20 
volts (po sitive signal )  is  received at terminal 6 of 
the output bo ard. The output from local 1 and remote 
3 are o ut of  p has e to prevent tripp ing on AND 11 1  
and the outputs from local 2 and remote 4 are out o f  
phase to prevent tripping o n  AND 112. C 30 5 does not 

charge and transistor Q305 can not turn on.  

Under internal fault conditions,  the output volt­

age from one t erminal of  the sequence filter is 180 
degrees out o f  p hase with resp ect to its  extern al 
fault polarity. Thi s changes the pol arity of amplifier 
111 and amplifier lf2 such that their outputs ar e i n  

p hase with the remote sign al s .  This m ean s that AND 
111 has a half cycl e of negative voltage and that 
AND 112 has a half cycl e of negative voltage. The 
p eriod of each negati ve voltage will be 180 degrees 
out of  phas e with each other. Cap acitor C305 will 
charge up on the first negative voltage re gardless  if  
it i s  AND 11 1  or AND 11 2 .  After a c al ibrated time 
delay of  4 milliseconds,  the voltage across C305 . 
which is applied to the base- emitter of tr ansistor 
Q30 5 i n  the flip-flop circuit is su fficient to allow 
Q305 to co nduct. 

B. Fl i p- Flop 

The flip- flop circuit consists of tr ansistors Q305 
and Q 30 5 and asso ciated component s. Under normal 
conditions,  transistor Q305 is in a non- co nducting 
state, and transistor Q30 5 is fully conducting. The 
base of transi stor Q30 5 is held well below its emit­
t er potential by me an s of the vol tage divider co n­

sisting of re sistors R325 , R326 . D305 . and R327 · 

With this bias,  transistor Q30 6 is held in saturati on 
and t he flip-flop i s  dese nsitized so t hat even if 

transistor Q305 turns on,  transistor Q306 do es not 
turn off. Thi s  desensitizing circuit is an arrang e­

ment t o  prevent inadvertent operation o f  the flip­
flop in the presence of surges on the d- e system . As 
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TYP E SKBU P HASE COMPARI SON R E LAY---------------------

long as Qso 6 i s  co nducting, its collector i s  at high 
enough po sitive potential such that transistor Qso 7 
in the tripping amplifier  cannot turn on. 

Upon the occurrence o f  an i nternal fault, positive 

4 5  volts d-e is applied from Q5 4  ( FD) to terminal 18  
of the Output board. This removes the desensitizing 

bi as from transistor Q so 6 by m aking the potenti al of 
the junction of  resistor R3 27 and diode D 305 gre ater 
than the 20 volt supply for the flip-flop circuit. 
When thi s  o ccur s ,  ther e  is no current flow through 

re sistor R326 and diode D 3o 5 . and the flip-flop is  
now " armed" or in a ready condition for  a tripping 
op eration. Since the pul s e s  from the "AND " circuit 
are in  phas e ,  after a 4 millisecond delay, the poten­
ti al acro ss c apacitor C305 is sufficient to cause 

Q 305 to conduct. T hi s  immediat ely c auses operation 
of  the fl ip- flop , turning o ff transi stor Q306. When 

Qso 6 is no long er conducting, the potential of the 
junctio n o f  R3 2 9  and R3 28 drops to a rel atively low 
value. When this oc cur s ,  there i s  suffi cient voltage 
acro s s  the b as e- emitter circuit of  transistor Q30 7 in 
the trip amplifier to c ause it to turn on.  

C. Tr ip  Amp l i f i er 

When transistor Q307 i s  turned o n  by op eration 
of the flip- flop , bas e current flows from po sitive 20 

volts through Z3o5 . the emitter- b as e  j unction of 
Q307 , and the resistors R3 28 and R3 29 to negative.  
The collector curr ent o f  transi stor Q307 flows 

through R330 and the b as e-emitter j unction of output 
tran si stor Q308 · The colle ctor of Qso 8 is connected 
to positive 45 volt s  d-e t hrough R253 and the AR 
coil of  the relay bo ard. Collector current thus flows 
from po sitive 45 volt s  d- e through the AR coil , R2 5 3  
to tr ansi stor Qsos . hence,  the AR operates to trip 
the breaker. 

D.  Tran si ent Block i ng 

When Q54 (FD) turn s o n, po sitive 45 volts  is 
applied to terminal 18  0f the o utput board, and ener­
gi zes the tran sient blocking circuit. Base current is  

supplied to transi stor Q302 through re sistor, Rso 5 . 
and Zener diode, Z s0 2 · Transisto r ,  Qso 2 . turns on 
to co nnect the base of  tr ansisto r ,  Qsos . to n egati ve. 
Q303 stop s conducting and cap acitor Csos start s to 
charge.  When the charge o n  capacitor C30 3 is  suffi­
cient to c ause the breakdown to Ze ner diode Zsos. 

it turns on tran si stor Q304 . This provides a con­
ducting pat h  from the base circuit of tran si stor Qso 6 
in the fl ip- flop,  diode D304 . the resi stor R324 . and 
the coll ector emitter circuit o f  tran si stor Q304 to 

negative. Thi s o c curs after a time delay of 20 to 30 

6 

milliseconds and provides a p ath to appl y  a "desen­
sitizing" bias to tran si stor Qso6 in the flip- flop . 
Thus,  the tran sient blo cking circuit allows 20 to 30 
milliseconds aft er the op eration o f  FD for the flip­
flop to operate and energize the output of the r el ay. 
If tripping do e s  not o ccur in this time,  as during an 

ext ernal fault, the operation of the tr ansi ent blo cking 
circuit desensiti zes the flip-flop to prevent unde sir­

abl e  op eration during 'tr ansients as sociated with 
power reversals on the prote ctive line or at the 
cl earing of  an external fault .  The tran si ent blo cking 
circuit is cancelled either by FD resetting or by 
the operation of the transi ent unblo cki n g  ci rcuit. 

E. Trans ient Unblock i n g  

I f  an internal fault o ccurs b efore an extern al 

fault i s  clear ed,  high sp e ed tripping i s  o btained. 
Th e square w av e  output from the local and remote 
squaring amplifi ers change from an o ut-of-p has e 

co ndition to an in-p has e condition. A s  a result ,  
n egative potential i s  applied to the t ran sient un­
blocking circuit at terminal 9 of the Output bo ard. 
Z ener diod e  z30 1 break s  down and b as e  current 

flows through Zso t .  emitter-base of Qso l . resi stor 
Rso s .  diode Dso 2 . and Dso t .  resistor R t so .  and 
through the conducting tran si stor ,  Q304 · to n ega­

tive. Tran si stor Q30 1 turns on to apply po sitive 
potential to resistor , Rsog.  B as e  current then flo w s  

thro ugh r esi stor Rsog , t o  turn o n  tran si stor Qsos .  
C apacito r ,  C s0 3 · will b e  rapidly di scharged to  re­
move the pot ential from the b as e  of tran sistor ,  Q3o4 . 
Transistor Q304 turns off to interrupt the des en­

sitizing circuit from t he base of transistor Qso 6 . 
When thi s  happ ens ,  t he flip- flop will then be able 
to op erate to provide an input to the trip amplifi er. 

6. Supervi s ion Bo ard 

The circuits on the sup erv1 s10 n bo ard includes 
the  auxiliary functio ns o f  the SKBU rel ay. The cir­
cuits on this bo ard varies dep ending on the applica­
tion of the relay. In general tho ugh, this bo ard con­
t ai n s  a loss  of channel tim er, r el ay op eration timer ,  
and noi s e  cl amp . 

A. Loss of Channel (25/1 . 5 T imer) 

With a s erviceable channel either a spac e  fre­
quency or an alt ernate sp ac e m ark frequencies are 
rec eived from the tone equipm ent. Under this con­

di tio n ,  Q 1 5 1  of the sup ervi sion board i s  either 
turned on or is  turned o n  and o ff. With Q 1 5 1  turned 
on, base current i s  supplied to transistor Q 1 5 2 and 

transistor Q 1 5 2  conducts.  The collector o f  Q 1 5 2  is 
thus at n e gative potential and capacitor C 1 5 1 can 

not charge. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  SKBU PHASE COMPARISON RELAY ------------------__:I.:.::.L:.:..-.::.:41:.:.;-9:.::;54:,:;.2:::;_A 

If the channel i s  not s ervi ceable ,  the tone re­
ceiver i s  clamped into a m ark condition and the 
space output is zero. Transistor Q l 5 1  does not turn 
on under thi s  condition and bas e drive is no t sup­

plied to transistor Q1 5 2 · Transistor Q 1 52 turns off 
to apply po sitive potential to cap acitor C 1 5 1  through 

resistor R t 57 · After a 25 millisecond time delay, 
capacitor C l 5 l  charges sufficiently to breakdo wn 
Z ener diode Z t 5 1 · When Z t5 1  break sdown, b ase 
drive is supplied to transistor Q 153  and Q 153 turns 

on. This c onnects the coll ector o f  Q 153  to negativ e 
potential whi ch allows b as e  current to flo w  in tran­

sistor Q 1 5 4  through R t 59 · This turns on transistor 
to apply p o sitive voltage to R 1 63 · Thi s voltage i s  
then applied t o  both AND circuits t o  locko ut the 
SKBU rel ay and to the Alarm circuit. Base current 

is  supplied to transistor Q1 65 through D I6 4  and 
resistor, R t 90 · This turns on transistor Q1 65 · which 
conne ct s its collector to  negative potential. As a 
result, the base drive to transistor Q166  i s  shorted 
to negative and transistor Q166  turns off. Turning 
Q 166  o ff interrupts coil current to the A l  coil on the 
rel ay board and the alarm drop s out to clo se its 
contacts. 

Under the conditio n of alternate mark and sp ac e 
outputs from the tone receiver, transistor Q1 5 1  i s  
turned o n  and off every 8 .  3 milliseconds ( half cycl e 
of power system frequency). Every half cycle ,  cap a­
cito r C l 5 l  starts to charge but o n  the next half 
cycle Q 1 5 2  turns on t o  dis charge cap acitor C t 5 1 · 

The charging time is not suffi cient to allow cap a­
citor C 1 5 1  to breakdow n  Z 1 5 1 · 

B. Faul t Detector Operation (2.  5 Second T i mer) 

When the fault detector operates,  positive 45 
volts d. c. is  appli ed to the base of tran si stor Q 1 6 3  
through diode D 1 59 and resistor R t8 4 · Thi s turns o n  
transistor Q 163 to apply negative pot enti al t o  the 
emitter o f  Q 1 63 · This s horts the base current into 
transistor Q1 64 and turns Q 1 6 4  off and capacitor 
C 1 5 3  starts charging thro ugh resistor R1 9 1 · After 
2 . 5 seconds, the voltage on C 1 5 3  reaches a value to 
breakdown Z 1 5 3 · This puts base current into tran­
sistor Q1 65 to turn Q 1 65 o n. The base drive to tran­
si stor Q 1 66  i s  shorted t o  negative and Q 166  turns 
o ff. Thi s interrupts the coil current to the al arm unit 
to cause thi s  unit to drop o ut and clo se its co ntact s. 

C. No i se 

The AM squelch interface of the SKBU relay 
consists of transistors ,  Q 1 67 , Q1 68· Q 169 and asso­
ciated components. Under normal conditio ns,  the 

output from the AM squel ch of the tone channel i s  
zero. As a result, transistor Q 167 i s  not conducting 
and b ase current is not supplied to transistor Q 1 68 · 
Transistor Q 1 68 is turned o ff and its coll ector is 
held at po sitive potential to prevent base current 
fro m  flowing in transistor Q1 69 · Q 169 is turned o ff 
and negative voltage ( acro s s  R20 4 ) is applied to 
the AND circuits under thi s  condition. 

Under noise conditions,  the AM squelch of the 

tone equipm ent provides a negative output with 
respect to po sitive 45 volts d. c. Thi s negative 
voltage allo ws transistor Q 1 67  to turn on and p ro­

vide b ase current to tr ansistor Q1 68 through resistor 
R2QQ.  This turns transistor Q 1 68 o n  and co nnect s  
its emitter t o  negative potenti al .  Base current then 

flows i n  transistor Q 169 through R20 2 to n eg ative 
and Q 1 69 turns on. This applys po sitive pot ential 
to r esistor R204 to pro vide po sitive noise voltage to 
the AND circuits. This po sitive input locksout the 
SKBU rel ay until the co ndition o f  the c hannel equip­
m ent are normal.  

D. Stati c  D i stance Fau lt  Detectors 

Where static distance fault detectors are used to 

supplement the SKBU rel ay, these fault detectors 
are connected i nto the SKBU relay through diodes 
D 153 · D 1 54 · and D 155 · The circuit used in thi s  con­
nection co nsists of transistors Q 1 59 · Q 1 6Q , Q l 6 b 
Q1 6 2  and as sociated comp onents. 

Under normal conditions the static relay shorts 

the bas e  of transistor Q 159  to negative. Q 1 59 do e s  
n o t  conduct and i t s  collector i s  at po sitive potenti al . 
Base curre nt is then applied to transistor Q 1 60 
through re sistor R 1 77 and Q 1 60 turns o n. With Q 160 
turned on,  the b ase of Ql 6 l  i s  at ne gative potential 
and transistor Q 1 6 1 do es not c onduct. Since Q 1 6 1  
i s  i n  a no n- conducting state,  transistor Q1 5 2 has no 
base drive and is not conducting. 

When a static di stance fault detector operates,  
base driv e is  applied to transistor Q 1 5g t hrough 

re sistor R 1 74 . Tran sistor Q 1 5g turns o n  to short 
the input to the b as e  of transistor Q160 · Transistor 
Q 1 60 turns off to allow b ase drive into Q 1 5 1 through 
res istor R 1 80 · Transistor Q 1 6 1  turns o n  t o  conn ect 
the b as e  of transistor Q 1 6 2  t o  negative thro ugh r e­
sistor R 18 l · Transi stor Q 1 6 2  then turns o n  and 45 
volts d. c. is  applied to the 2 . 5 second al arm timer 
and the arming circuit of the SKBU relay .  
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TYP E SK BU P HASE COMPARISOH R ELAY---------------------

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

The sequence network in the rel ay i s  arr anged 
for several po ssible combinations of sequence com­
ponents. For most applications,  the o utput of the 
network will cont ain the positive ,  negative and zero 
se quence comp onents of t he line current. In this 
c ase,  the T t ap s  on the left- hand tap place indicat e  
t h e  b al anced three phase amp er es whi ch will op erat e  
the fault detector FD. The tap s  avail able are 3 ,  4 ,  5 , 
6, 7 ,  8 ,  and 10 and are on the p rimary of the satur­
ating transformer. For di stance fault detector appli­
cations, the user sho uld reset the fault detector for 
a pick-up of twice tap value.  

For p hase-to-p has e faults AB and CA, enough 
negative sequence current has been introduced to 
allow the fault det ecto r to pick-up at 86 p ercent of 
the tap setting. For BC fault s,  the fault detector 
will pick-up at approximat ely 50 p ercent of the t ap  

s etting. This differenc e in pick-up c urrent for dif­
ferent phase-to-p hase faults is fundamental, and 
o c curs b ecause of the angl es at which the po siti ve 
and negative sequence components o f  current add 
to gether. 

With the sequence network arranged for po sitive,  

ne gative and zero s equence o utput , there are som e  
applicatio ns where t h e  m aximum load current and 
minimum fault current are too clo s e  together to set 
the relay to pi ck-up under a minimum fault curr ent, 
yet not operate under load. For these cases, a tap 
is available on the SKBU rel ay which cuts the three­

p hase sensitivity in half, whil e the phase-to-p hase 
s etting is substantially unchanged. The relay then 
trip s at 90 p erc ent of tap value fo r AB and CA fault s, 
and at twice tap value for three-phase faults. The 
setting for BC faults is 65 p ercent of tap val ue. In 
some cases , it may be de sirabl e to eliminate re­
spo nse to po sitive- sequence current entirely ,  and 
operat e  the SKBU rel ay on negative-plus-zero se­
quence current. A tap is av ail able to operate in thi s 

m anner . The fault detector picks up at tap val ue for 
all p hase-to-p hase faults, but is unaffected by b al­
anced load current or three-phase faults. 

Fo r ground faul ts,  sep ar ate tap s  are avail able 

for adj ustment of the ground fault sensitivity to 
about 1/ 4 or 1/ 8 of the left-hand t ap plat e  setting. 
See Table II. For example,  if  the left- hand tap 

plate of the SKBU relay is set at tap 4, the fault 
detecto r  pick-up current for ground faults can be 
either 1 or Yz amp ere. In sp eci al applicatio ns, it 
m ay b e  desirable to eliminate response to zero se-

8 

quence current. The relay is p rovided with a t ap to 
allow such op eration. 

Operating Time:  12 to 20 Milliseconds 

Alarm Time: 2 . 5 Seconds for Rel ay Oper­
ation 

25 Milliseconds for Lo ss of 
Channel 

Transient Blocking 

Ti me: 20 to 30 Millise conds 

Transient Unblocking 

Time: 20 to 30 Milliseconds 

Ambient Temperature 
Range: - zoac to + 50°C 

Drain on 
Regul ator: 0 . 27a. at 45 V. D.C.  

Dimensions: P anel Hei ght 8% Inch o r  5 
Rack Units 

P anel Width 19 Inch 

E N E R G Y  R E Q U I R E M E N T S 

Burdens measured at a b alanced three-phase 
current of five amp eres. 

PHASE A P HASE B P HASE C 

Relay 
Tap s  V A  Angl e VA Angl e VA Angl e 

A-F- 3 2 .4  so 0 . 6  Oo 2. 5 50° 
A-H- 1 0  3. 25 Oo 0 . 8  100° 1.  28 55° 
B- F- 3  2. 3 oo 0. 6 3  oo 2. 45 55 ° 
B-H- 1 0  4 .95  oo 2. 35 goo 0 . 3  60° 
C-F-3 2 . 3 2 oo 0 . 78 oo 2. 36 50° 
C-H- 1 0  6. 35 34 2° 3 . 8 3  80° 1 . 9 8  185° 

Burdens measured at a single-phase to neutral 
curr ent of fiv e  amp er es. 

P HASE A P HASE B PHASE C 

Rel ay 
Tap s  VA Angle VA Angl e VA Angl e 

A-F- 3 2 . 47 oo 2. 1 10° 1 . 9 7  20° 
A-H- 10 7 . 3  60° 1 2. 5  53° 6. 7 26° 
B-F-3 2 . 45 oo 2.09 15°  2. 07 10°  
B- H- 1 0  1 6 . 8  55° 2 2.0  50° 12 . 3 38° 
C-F- 3 2 . 49 oo 1 . 99 15° 2. 1 1  15° 
C-H- 10 3 1 . 2  4 1° 3 6.0  38°  23. 6 35° 
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TYPE SKBU PHASE COMPARISON RELAY -------------------1-. L_. 4_1_- 9_54_
. 2_A 

The angl es above are the d egre es by which the 
current l ag s  its respective voltage.  

S E T T I N G S 

The SKBU relay has s ep arate tap plates for ad­

justment o f  the p hase and ground fault s ensitiviti es 
and the sequence comp onents included in the net­
work o utput. The rang e of t he avail able t ap s  i s  suf­
ficient to co ver a wide range of applications. The 
m et ho d  of determining the correct tap s  for a given 

installation is discussed in the following p ar agraphs.  

In  all cases, the similar fault d etectors on the 

relays at both termi nals of a line section must be 
set to pick-up at the s ame value o f  lin e current. This 
is necessary for correct blocking during faults ex­
ternal to the p rotected line s e ctio n. 

SEQU E N C E  COMBINATION TAPS 

The two halves of the right-hand tap pl ate ar e 
for connecting the sequence network to provide any 
of the combinations d e·scribed in the previous sec­
tion. The upper half of the tap plate or R1 t ap s  

changes the tap o n  the third winding o f  the mutual 
reactor and thus chan ges the rel ative amo unts of 
positive and negative s equ ence sensitivity. Opera­
tion of the relay with the vario us t aps i s  given in 
the t abl e o n  the next p age.  

TABLE I 

S E Q U E N C E  COMPON E N TS TAPS ON R I GH T  HAN D F A U L T  D E TE C T O R  P I C K - U P  
COMB. 

I N  N E TWO R K  O U T P U T  T A P  B L O C K  
RJ RO 3 ¢ F A U LT ¢ - ¢ F A U L T  

1 Pos. , Neg. , Zero c G or H tt Tap Value 8 6% Tap Value 
( 5 3% on BC Fault) 

2 Pos. , Neg . ,  Zero B + G or H 2 x Tap V al ue 90% T ap Value 
( 65% o n  BC Fault) 

3 N e g . ,  Zero A + G or H -- 100% Tap V alue 

tt - Taps F, G, and H are zero-s equence taps for adjusting ground fault s en sitivity. 

See section on zero-sequenc e current t ap .  

-1 - When t ap s  A and 3 ,  or B and 3 are used, the rel ay pick-up curr ent s for F D  will b e  10 to 15 p ercent higher 
than the indicat ed v alues b ec ause of the variation in self-impedance of the sequence network and the s aturating 
transformer. 

POSI TIVE- SEQU ENCE CU R R EN T  TAP 

The left-hand t ap . plate,  T, has t ap s  of 3, 4 ,  5, 
6,  7 ,  8, and 10 ,  whi ch repres ent the three-phase , 
fault detector pick-up. currents,  when the relay is 
connected for p o sitive, negative and zero sequence 
output . For di stance fault det ector applicatio ns ,  the 
user should reset the SKBU fault detector for a 
pi ck-up of twice tap v alue. 

The T ,  Ro ,  and R 1 tap s  sho uld be sel ected to 
as sur e operation on minimum internal line-to- line 
faults, and yet not op erate o n  norm al load curr ent, 
p articul arly if the c arrier chann el is to be used for 
auxiliary functions.  The dropout current of the fault 

detector is 90 p ercent of the pi ck-up current, and 
thi s factor must al so be co nsidered in selecting the 
p o sitive- sequen ce current tap and sequence co mpon­
ent co mbin atio n .  The m argin between load current 
and fault detector pick-up should be suffi cient to 
allow the fault dete ctor to dropout after an external 
fault, when load current co ntinues to flow.  

Z E RO- SEQU ENCE CUR R EN T  TAP - Ro TAPS 

The lower half o f  the  right-hand t ap plate ( Ro 
taps)  is for adj ustin g  the ground fault response o f  

the rel ay.  Taps G and H give t h e  approximate groun d  
fault sensitiviti es a s  li sted in Table II .  Tap F i s  
used i n  application s where increased sen sitivity to 
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TYP E SK BU P HASE COMPARISON RELAY---------------------

ground fault s  i s  not r equired. When this tap i s  used, 
the voltag e o utput o f  the network c aused by zero­
sequence current is eliminated. 

NOTE: Bec ause of inherent characteristics of the 
sequence network, there will be small v ariations 
( fro m the v alues list ed in T abl es I and II) in the 
pick-up current for v arious p hase or  ground fault 
combinations. 

T A B L E  I I  

Gro und Fault P erc ent of T 

Comb. R 1 T ap P ick-Up Tap Setting 

TAP G TAP H 

1 c 25% 1 2% 

2 B 20% 10% 

3 A 20% 10% 

SETTING P R I NCI P L E S  

Tap C provides the best bal anc e b etween 3 
phase and p hase-to-phase fault sensitivity. Al ways 
use this t ap where di stance fault detector sup er­
vision is used. Where only the SKBU fault det ector 

is used and where the full load current (maximum 
through any t erminal) i s  approximat ely five amp eres 
or more, tap B will provide increased p hase-to-p hase 
fault s ensitivity with little o r  no sacrifice in 3 
p hase fault s ensitivity. For exampl e, if a l eft- hand 
t ap ( T) of 6 is needed with tap C ( 6C ) ,  then use a 
3B setting instead. 

Use t ap A only where s atisfactory unbal anced 
fault sensitivity cannot otherwi se be obtained and 
where other p rotection is av ail abl e for 3 phase 
faults, since with t ap A no 3 p hase fault protection 
i s  avail abl e. 

In all cases pro vide id entical response at all 
stations to insur e adequate k eying voltage from the 
filter for any fault detector by remote-end rel ay. That 

i s, the tap s should be id entical with identical CT 
ratios,  or inversely proportio nal to CT ratios  where 
different. 

Aft er selecting tap C or B, pick the T t ap to al­
low reset of the fault detector in the presence of 

load flow that i s ,  fault detector pi ck-up should b e  
at le ast 1 1 1  p ercent o f  full lo ad current ( maximum 
through any terminal) .  

Now select t ap G or H for desired ground- fault 
sensitivity. 

1 0  

For di st ance fault d et ector applications,  set 
3C to provide the maximum sequence-filter voltage 
for the s quaring amplifi ers.  The SKBU current fault 
detector is then indep end ently desensitized ( by 
adj u stment o f  Sl and S2 settings) to p ermit re set in 
t he p resence o f  full-load c urrent. P hase faults 
which do not op erate the SKBU fault detector will 
be detected by o nly the supplementary di stance 
fault det ector s  (not p art of SKBU rel ay). 

EXAMPL E 

Assume a two-terminal line with current trans­
formers rated 400/ 5 at both terminals.  Also assume 
that full lo ad current is 300 amperes, and that on 
minimum internal p hase-to-phase faults 2000 amp eres 

i s  fed in from one end and 600 amp eres from the 
other end. Further assume that on minimum internal 
ground faults, 400 amp ere s  i s  fed in from o ne end, 
and 100 amp eres from the other end. No distance 
fault detectors are empl oyed. 

POSI T I V E- SEQU ENCE CURRENT TAP 

Secondary Values:  

5 
Load Current = 300 x 

400 
= 3. 75 amp eres ( 1) 

Minimum Phase-to-Phase Fault Currents: 

5 
600 x 

400 
= 7. 5 amp eres ( 2 )  

Fault detector setting ( three phase) must be at 
least: 

3 .  75 _ 4 .  7 amp eres 0 . 9  is dropout ratio o f  
--o:g - fault detector fault s o  that t h e  fault 

detector will reset on lo ad current. ( 3)  

In o rder to complete the trip circuit on a 7 .  5 

amp ere p hase-to-phas e  fault, the fault detector 
pick-up (three-phase) must be not more than:  

1 
7 . 5 x 

0 . 8 7  
= 8 .  7 amp eres 

SEQU ENCE COMBINATI ON TAP 

( 4 )  

From a comparison of ( 3) and ( 4 )  above i t  i s  

evid ent that t h e  fault detector can be set t o  trip 
under minimum ph ase fault conditions and yet not 
operate under m aximum load. From ( 3) we c an select 
tap 5 (T). In this case, al so select tap C ( R1 ) .  How­
ever,  if more m argin is desired over lo ad current, 
instead o f  setting 6C, us e 3B for improved p h ase­
to-p hase fault sensitivity. 
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TYP E SKBU PHASE COMPARISON RELAY -------------------..!:' ·:.:L.:..;. 4:!.!1.:.!-9�54�. 2�A 

Z ERO SEQU ENC E  TAP 

Secondary V alue: 

5 
100 x 

400 
= 1 .  25 amp eres minimum ground fault 

fault current 

With T, tap 3 and R 1 , Tap 8 in use, the fault 
detector p ick-up currents for ground faults are as 
follows:  

Tap G 0 . 2 x 6 = 1 . 2  amp ere 

Tap H 0 . 1 x 6 = 0 . 6  amp ere 

From the above,  t ap H would be used to trip the 
minimum ground fault of 1 .  25 amp eres. 

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

The SKBU r elay i s  generally s upplied in a cab­
inet or o n  a rel ay rack as p art o f  a compl et e  as sem­
bly. The location must be free from dust, excessive 
humidity, vibratio n, corro sive fum es,  or  heat .  The 
m aximum temp erature around the chassis must not 
exc eed 55°C. 

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

N O T E: The SKBU rel ay i s  normally supplied as p art 
of a rel aying system, and its calibration sho uld b e  
checked after the system h a s  been i n st alled and 
interconnected. Detail s ar e given in the i nstructio ns 

o f  the assembly. The as sembly instructio ns and not 
the following instructio n shoul d  be followed when 
the rel ay is r eceived as an integral p art of the rel ay­
ing system. 

In tho se case s where the SKBU relay i s  not a 
p art of a relaying system,  the following p ro cedur e 
can be followed to verify that the circuits of the 
SKBU relay are functioning properly. 

TE ST EQUIPMEN T: 

1 . O scilloscop e 
2. A. C. Current So urce 
3. Electronic Timer 
4 .  A.C.  Voltmeter 
5 .  D . C .  Voltm et er 

ACC EPTANCE T E ST 

Connect the relay to the test circuit of Fi g. 6 
which represents the tone channel fo r test purpo ses.  

Op en all test switches of the test circuit and 

co nnect a 60 cycle test current b et ween t erminal s  3 
and 4 o f  the r el ay. Set relay t ap s  on C and H and 
r emove T tap screw. 

1 . FI L T ER OUTPUT 

a .  Connect a hi gh resi stance a- c voltmeter 

acro s s  common of T tap blo ck and the com­
mon of Ro tap block. 

b .  P as s  3.44 amp ere s ,  60 cycl e s  into termin al 3 
and o ut terminal 4 o f  rel ay .  Voltmeter should 
read between 0.  7 5  volts and 0 . 8 5  volts a- c.  

2.  FD P ICK-UP AN D DROPOUT 

a.  Set rel ay tap s  5,  C and H .  Open all switches 
of t e st circuit. 

b. Connect a high resi stance d- e voltmeter 
acro ss X22 and X4 (Neg.)  

c.  Apply 60 cycl e current to  terminal s  3 and 4 
of the rel ay. Gradually increase the current 
until the voltmeter changes reading from 
approximately zero volts to approximately 20 
volts.  Thi s is the op erating current o f  FD 
and should be 4 . 3 3  ± 5% amp eres. 

d. Gradually lower a- c test current until the d-e 
voltmeter drop s to approximately zero volt s .  
Thi s i s  the dropout current of FD and should 
o ccur at 90% of the pi ck-up current. 

3. CH ECK O F  LOCAL SQUARING AMPL I F I ER S  

a. With all switches o f  test circuit open, apply 
5 amp eres a. c .  to terminal s  3 and 4 of the 
relay .  

b. Place scop e probe acro s s  X 1 2 and X4 ( grd).  
A s quare wave o f  voltage should app e ar 
acro s s  X 1 2  and X4 as sho wn in Table III. 

c. Place scop e probe acro s s  X 1 5  and X4 ( grd). 
A square wave o f  voltage should appear a­
cro s s X 1 5  and X4 as shown in Table III . 

d. If scop e has two traces, connect one probe 
to X 1 2  and second p robe to X l 5.  Conn ect 
grd. of scop e to X4. The p has e rel ations hip 
of Tabl e III should be observed. 

4. CH ECK OF K EY I N G  CI RCU IT  

a .  With all switch es o f  test circuit open and 5 
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T Y P E  SKBU PHASE COMPARI SON R ELAY _____________________ _ 

amp eres a.c .  appl ied to terminal 3 and 4 of 
the rel ay,  with scop e check voltage acro s s  
X 1 4 and X4 ( grd). 

b.  Wav efo rm shown in T abl e III shoul d b e  ob­
served. 

5. CH ECK O F  R EMOT E  SQU ARING AMPLI F I E R S  

a. Clo se switches A ,  B, and C o f  test fi xture. 
(If three terminal application E and F should 
al so be clo sed). 

b.  Apply 5 amp ere s  a. c .  to termi nal s 3 and 4 of 
t he SKBU relay. 

c. U sing scope with grd. l e ad on X4, check 
waveshap e  of voltage across X9 and t hen 
X 1 1 .  ( For three terminal lines, check X 16 
and X 1 3  al so ) .  Wav eforms of Tabl e III ( Fig.  
7 )  shoul d  b e  ob served. 

d. If scope has two traces,  conn ect one probe to 
X9 and the other o n  X l l . Conn ect grd. to X4.  
With scope set  on chopped, the p hase rela­
tionship of Tabl e III should be observ ed. 
(For three t erminal lines the p hase relation­
ship of X 1 6  and X 1 3  should be obser ved) . 

6. SETTI N G  O F  SS AN D S6 

1 2  

a. Set S5 to minimum resist ance and S6 to maxi­
mum resist ance (fully clo ckwi se). 

b.  Set s witch L to exter nal fault and clo se 

switches A, B,  and C of the t e st circuit. 

Apply 5 amp eres a. c .  to terminal s  3 and 4 of 
the SKBU relay.  ( Switches E and F should be 
clo sed on three terminal appli c atio ns. ) 

c. Place scop e acro ss X lO and X2 ( grd) . Adj ust 
S5 until following waveform appears on scope. 

Two Terminal 
Line 

4 m. s. each 
(approximately) 

These two intervals equal 

Three Terminal 
Line 

d. Clo se switch H and adjust S6 until AR trip s.  
This sets the triggering of the flip- flop after 
a 4 millis econd delay. 

e. Slowly increase S5 to obtain the following 
wav eform. This will be with S5 at or near 
minimum resistance. 

Minimum Pips may point 
up as shown 

or down 

7. TRAN SI EN T BLOCK I N G  DELAY 

a. Connect electroni c timer stop to X7 and X4 
( grd).  Set timer stop on negative going p ul s e. 

b .  Connect timer st art to timer st art contact s of 
switch H .  Set timer to m ake.  

c .  Apply 5 amp eres a .  c. to  t erminal s  3 and 4 o f  
t h e  SKBU rel ay.  

d. Close switch H ( all other switches sho ul d  b e  
open). Measure t i m e  for voltage t o  drop from 
20 volts to app roximately zero volts. Thi s 
should be b etween 20 to 30 milli second. Tak e 
average of ten readings. 

8. CH ECK O F  T RANSI ENT U N B LOCK ING CI RCU I T  

a. With el ectronic timer stop conn ected to X7 
and X4 ( grd), s et timer stop on po sitive going 
pulse.  

b .  Co nnect timer start to ti mer start contacts of 
switch c. Set L o n  internal faul t ,  a n d  op en 
other switc hes of test circuit . 

c. Apply 5 amp eres a. c .  into terminal 3 and 4 of 
the SKBU rel ay. Clo se switch A .  

d .  Cl ose switch H and then swit ches E and F 
for a three terminal line. After a short pause, 
clo se switches B and C simultaneously. 
Timer should start and should stop aft er a 
time del ay. 

e .  C heck timing several Urn es by first closing 
switch H,  pausing to let transient blocking to 
o ccur, and then closing switch B and C. 

Time shoul d b e  20 to 30 millis econds. Mea­
sure average of 10 trial s. 

9 .  LOSS O F  SIGNAL TIM E R  

a. With el ectronic timer stop connected t o  X 20 
and X4 ( grd) , set timer stop on po sitive pulse .  
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b. Connect timer start to st art contacts of switch 
C .  Set time st art to break .  

c .  Clo se swi tch C. Alarm relay should pick-up . 

d. Op en switch C. Timer shoul d  start and sho uld 
stop after 23 to 27 milli seconds. 

e. If a three terminal application repeat abov e  
exc ept u s e  X 18 and switch F for timing func­
tion. 

10. ALARM ON R EL AY OP ERATION (2 .5  Second s) 

a. With el ectro ni c timer stop co nnected to X 20 
and X4 ( grd), set timer o n  po sitive going 
pul se. 

b.  Conn ect timer start to contacts of switch H. 
Set timer start on break .  

c. Apply 5 amperes a.c .  t o  terminals 3 and 4 o f  
SKBU relay. 

d. Close switch H. Timer will start and should 
stop after 2 . 3 to 2.  7 seconds. 

1 1 . CH ECK O F  P RO T ECTI V E  R ELAY I N T E R FAC E 
CI RCU I T  (Where U sed) 

a. Conn ect d. c. voltm eter acro ss X8 and X4 
(neg).  Voltage should be 9 to 1 5  volt s. 

b.  Close switches A, B, C, H of t est circuit. 
Set L on internal fault .  (On these terminal 
line appli cations close E and F al so ). 

c .  Clo se switch I of test circuit. 

1. Voltage should change to approximately 
20 volt. 

2 .  AR rel ay wire op erate. 

3 .  Alarm relay sho uld drop o ut after a ti m e  
delay. 

4. Repeat step C except wire switc hes J and 

K. Some results should occur. Only one 
switch either I, J, or K should b e  clo s ed 
at a ti me. 

1 2. CH ECK OF AM SQU ELCH C IRCU I T  

a. Conn ect d . c .  voltm eter acro ss X 1 7  and X4 
(neg). Sho uld read zero volts. 

b. Clo se switches A, B, C, and H of test cir­
cuit. For three t ermin al application clo se 
switches E and F al so . Set L on internal 
fault. 

c. Clo se switch D. Voltage should change to 
20 volts. 

d. Apply 5 amp eres a. c. to terminal 3 and 4 of 
the relay. AR rel ay should not op erate.  

e .  Open switch D. AR rel ay will op erate. 

f. For three terminal line repeat step s C. D. and 
E except use switch G. 

R O U T I N E  M A I N T E N A N C E  

All contacts should b e  periodi cally cleaned. A 
contact b urnisher S 1t l 8  2A8 36HO 1 i s  recommended.  
The use o f  abrasive m at eri al is  not recommended 
be cause o f  the danger o f  embedding sm all p articl es 
in the face of the so ft sil ver and thus impairing the 
contact. 

C A L I B R A T I O N  

Use the following pro c edure for calibrating the 

relay if the relay has b e en tak en apart for rep airs. 
The relay should b e  co nnected to the test circuit of 
Fig. 6. 

1. SEQU ENCE F I L T E R  

T o  calibrate the sequence filter, the top co ver 
must b e  removed and the following pro cedure 
used: Remove the T t ap screw and insert the tap 
screws in tap C and H of the R 1 and R0 taps.  
P ass a singl e-p hase current of 1 0  amp eres, rated 
frequency thro ugh the reactor coil s in series from 
p hase B to phase C ( rel ay t erminal s  4 and 5 ) .  
Accurately measure the a- c voltage from terminal 
3 to the common of the T tap plate .  This voltage 
should be between 3. 7 and 4 . 1 volts. Now p ass 
1 0  amp eres from termi nal 3 to terminal 4 with 

t ap screw C removed, and connect voltmeter from 
termi nal 3 to the right- hand (front R0 view) ad­

just abl e point of the formed resisto r. Adjust this 
point to give a voltage equal to exactly one­
third of the reactor drop. Note the abo ve reading,  
and adjust the intermediate tap of formed re sistor 

to give exactly 2/ 3 of the voltage obtain ed abov e  

for all of formed resisto r .  Measure this voltage 
from terminal 3 to the int ermediate tap .  
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TYPE SK BU PHASE COMPARISON R ELAY---------------------

2. P HASE SPLITTER 

I f  replacement of t h e  fault detector bo ard or major 
component o n  t he board necessitates a complete 
recalibration , proceed as follows: 

a. Set relay taps 5-C-H. 

b. Set Sl to full clockwise po sition. 

c. Set S2 to mid-scale. 

d. P ass 4.33 amp eres t hrough relay terminal 3 
to t erminal 4. 

e. On fault detector board, check the a-c volt­
age from TP 5 1  to TP 5 2  and from TP5 2 to 
TP 53 with a VTVM. Adj ust the small p ot .  
R53 o n  the fault detector board until these 
two voltages are equal. 

f. Clo s e  all switches of test circuit and con­
nect VTVM across X 22 and X4 ( Neg. ) .  

g.  Slowly turn Sl  co unterclockwise, with 4 .  33 
amp eres flowing, until FD oper ates as i ndi­
cated by a change in voltage reading from 
approximately zero volts to 45 volts d- e.  

h. Reduce the a- c current to check FD dropo ut.  
Adjust S2 to obtain 90 percent dropout ( 3 .89 
amp eres). Dropout i s  i ndicated by a change 
in voltage reading from app roximately 45 volt s  
t o  0 volts. 

i .  Recheck FD pick-up and drop out, and touch 
up Sl and S2 in that order fo r the correct cal­
ibration. Tighten the locking devi ce. 

3. T R I P P I N G  R EL AY (A R) 

1 4  

The type AR tripping rel ay unit has been prop erly 
adj usted at the factory to insure correct operatio n 
and shoul d  not be disturbed aft er receipt by the 
customer. If, ho wever, the adj ustments ar e dis­
turbed in error, or it becomes necessary to re­

place some p art in the fiel d,  use the following 

adjustment procedure. Thi s  pro cedure sho ul d not 
be used until it is apparent that the AR unit is  

not in proper work ing o rder,  and then only if suit­
able too l s  are avail able for checking the adj ust­

ments. 

a. Adj ust the set screw at the rear of the top of 
the frame to obtain a 0 .009 inch g ap  at the 
rear end o f  the armature air gap. 

b.  Adjust each contact spring to o btain 4 gram s  
pressure at t h e  v ery end of the spring. Thi s 
pressure is measured when the spring moves 
away from the edge of the slot in the insula­
ted crosspiece. 

c. Adjust e ach stationary contact screw to ob­
tain a contact gap of 0 . 0 20 inch. This will 
gi ve 15- 30 grams cont act pressure. 

4. CH ECK O F  SOL I D- STAT E CI R CU I TS 

Perform test listed under "Acceptance" tests to 

verify that the SKBU relay is functioning cor­
rectly. 

T R O U B L E  S H O O T I N G  P R O C E D U R E  

To tro ubl e shoot the equipment ,  the logic di a­

gram o f  either Fig. 3 o r  4 ,  voltages of Tabl e III, 
s ho uld be u sed to i sol ate the circuit that is no t per­
forming correctly. The schematic of either Fig. 1 o r  

2 ,  and t h e  voltages o f  Table IV should then be used 
to i solate the faulty component. 

T A B L E  I V  

VOL TAGE M EASU R EM ENTS O F  P RI N T ED 
CIRCUIT BOARD 

1 .  FAULT DET ECTO R BOARD 

D-C Voltages - po sitive with r esp ect t o  ne ga­
tive d-e (terminal 8 of board). 

l a.c. = 

Test Po i nt l a .c .  = 0 2 x FD p . u. 

Termin al 1 4  45 .0  V .  D . C .  45 .0 V.  D . C . 

TP 56 1 4 . 5  l e ss than 1 
TP 57 less than 1 14 . 5 

TP 58 45 less than 1 
Terminal 15 FD l e s s  than 1 45 

TP 5 2 - TP 5 1  less than 1 18 V. A . C .  
approx. 

TP 5 2 - TP 53 less than 1 17 .8  V .  A.C.  
app rox. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E SK BU PHASE COMP ARISON R E L AY -------------------.:.:.:'·L:.:.·..:4.!.:1-.:.:95=4.�2A 

2. AMPLI F I E R  AN D K EY I N G  

D-C Voltages - positive with resp ect to nega­
tive (terminal 8 of bo ard).  

Test Point  Normal Fault 

T erminal 4 20 20 
TP 10 1 20 10 
TP 102 20 . 3  1 9 . 8  
T P  1 0 3  l ess than 1 1 0  
Terminal 3 l e ss than 1 9. 8 

3. OU TPUT BO ARD 

D-C Voltages - po sitive with resp ect to nega­
tive (terminal 8 of board). 

Test Point 
TP 302 

TP 30 1 
Terminal 1 4  

Normal 
1 9 . 5 

10 
20 

Fault 
19 . 0 

8 . 5  
1 9 . 0  

R E N E W A L  P A R T S  

Repair wo rk can b e  done most satisfactorily at 

the factory. However, int erchangeabl e parts can b e  
furni shed t o  t he custo mers who are e quipp ed fo r 
doing the repair work. When ordering p art s,  always 
give the complete nam eplat e  d ata. For components 
mounted on the printed circuit board, gi ve the cir­
cuit symbol and the el ectrical value ( o hms , mfd, 
etc. )  and component styl e No . 
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TYP E SK BU PHASE COMP ARISON R EL AY----------------------

E L E C T R I C A L  P A R T S  L I S T 

Circu i t  Symbol Descr ipt ion Westi nghouse Sty l e  No.  

FAULT D E T ECTO R BOARD 

Capacitor  
C5 1 0 . 1 0  MFD 1 5 449 20 

C5 2-C55 0 . 5 1 8 7 A6 24H 1 1  

C5 3  0 . 25 1 8 7 A 6 24H0 2 

C54 1 . 5  18 7A508H09 

Diodes 

D5 1 to D56 1 N 459A 1 8 4A855H0 8 
D57 to D59 1 N 457A 1 8 4A855 H0 7 

Tran s i stors 

Q5 1-Q5 2 2N697 184A638 H 1 8 

Q5 3  2N699 18 4A638H 1 9  
Q54 2N 20 43 184A638 H 2 1  

Resi sto rs 

R5 1 50 Ohm, 5W 185A209H06 
R53 2 . 5K Ohm, Pot. 6 29A430H0 3 
R54 2 .  7K Ohm, YzW 6 29 A5 30H 4 2  
R55- R7 3-R78 lOK O hm, YzW 6 29A530H56 
R60 1 2K Ohm ,  YzW 1 8 4A763H53 
R6 1 . 2 2  M eg.  O hm,  YzW 1 8 4A76 3H8 3 
R62- R64-R68 10K O hm,  lfzW 1 8 7A64 1 H5 1 

R63 . 1 Meg. Ohm , Yzw 187A64 1H75 
R6 5 68K O hm, YzW 1 8 7  A64 1 H 7 1  
R66 l OOK O hm,  YzW 184A763H75 
R67 39K Ohm, YzW 1 8 7  A64 1 H 6 5  
R69 lK O hm ,  YzW 1 8 7 A6 4 1 H 27 
R70 6 . 8K Ohm, !fzW 1 87 A 6 4 1 H47 

Zener Diodes 

Z5 1  1 N l 8 3 2C 184A6 1 7H06 
Z52 1N95 7B 1 8 6A797H06 
Z53 1 N l 7 89 584C434H08 

SU P ER VI SION BOARD 

Capac itor 

C 1 5 1- C l 5 2  4 .  7 MFD 184A66 1 H l 2  

C l 5 3 68 MFD 1 8 7A508H02 

Diodes 

D 1 5 1 to D 1 6 6  1 N 457A 1 8 4A85 5H0 7 

T ran s i  sto rs  

Q l 5 1- Q  155·· Q l 6 2- Q 1 6 7 2N 20 4 3  184A638H 2 1 
Q 1 5 2-Q l 5 3- Q 1 56-Q 1 5 7- Q 1 6 3- Q 1 65- Q 1 68 2N697 18 4A638H 18 
Q l 5 4-Q 1 58-Q 1 G9 2N 1 1 3 2 18 4A638 H20 
Q l 59-Q 1 60- QJ 64 2N696 76 2A 58 5H0 1 
Q 1 G 1- Q l 6 6  2N fl99 1 8 4A638 H 1 9 
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TYP E SK BU PHASE COMPARI SON RELAY -------------------.:.:.'·::.:L.�4;.:..1·.:.;95�4:.:.2.::..A 

E L E C T R I C A L  P A R T S  L I S T (Cont.) 

Circuit Symbol Description Westinghouse Style No. 

SUP ER VI SION BOARD (Cont.) 

Resistors 
R 1 5 1-R 1 5 3-R 1 5 5-R 1 5 6-R 1 60-R 1 6 1-R 1 6 4-

R 1 6 6-R 1 67-R 1 7 1- R 1 7 3-R176- R 1 79-R 1 8 3-
R 1 8 6-R 1 9  2-R 194-R 196-R 197-R 199-R 20 3 10K Ohm, VzW 1 84A763H5 1 

R 1 5 2-R 1 6 2-R 1 8  2-R 189-R198 lK Ohm,  VzW 184A763H 27 
R 1 54-R 1 58-R 1 65-R 1 69- R 20 1 4 7K O hm,  Vzw 184A763H67 
R 1 57- R 1 68 5 . 6K O hm ,  Vzw 18 4A76 3H45 
R 1 6 3- R 1 7 2-R204 4.  7K Ohm, Vzw 184A763H43 
R 1 59- R 1 70 18K O hm ,  VzW 184A763H57 
R 1 79-R 1 75-R1 73-R187- R 19 1 3 3K O hm ,  VzW 184A763H63 
R 1 77-R 1 80-R 1 8 1-R202 20K O hm,  Vzw 184A763H58 
R 1 8 4-R200 lOOK O hm,  VzW 184A763H75 
R 185 68K O hm ,  VzW 184A763H7 1 
R188 30K O hm ,  VzW 184A763H62 
R 190 5 1K O hm, VzW 184A7 63H68 
R 1 9 3  1 2K O hm,  Vzw 1 8 4A763H53 
R 19 5  3 . 3K O h m ,  VzW 184A763H39 

Zen er Diode 
Z 1 5 1- Z 1 5 2  1 N 9 5 7B 1 8 6A797H0 6 
Z 1 5 3  1 N 3 686B 1 8 5A 2 1 2H06 

AMPLI F I E R  AN D K EYI NG BOARD 

Diode 
D lO l  to D 107 1 N 457A 18 4A8 55H07 

Tran s i sto rs 
QlO l to Q 10 4- Q 1 0 6  to Q 1 18- Q 1 20- Q 1 2 2  2 N 652A 1 8 4A63 8H 1 6  
Q 105 2N697 184A638 H 1 8  
Q 1 19-Q 1 2 1  2N 2043 18 4A638 H 2 1  

Resi stors  
R 10 1- R l l 2-R 1 2 2-R 1 26-R 1 28-R 1 39- R 144 lOOK Ohm,  VzW 1 87A64 1 H 7 5  
R 1 0 2  1 50K O hm ,  VzW 184A763H79 
R 1 0 3  3 3K Ohm, Vzw 1 8 7A64 1 H 6 3  
R 1 0 4  68K O h m ,  VzW 187A64 1 H7 1  
R 1 0 5  27K Ohm, VzW 1 8 7 A6 4 1 H6 1 
R 1 0 6- R 1 1 7-R 1 2 1- R l 25- R 1 38- R 1 4 2- R 1 46 4 .  7K Ohm, 1/zw 187A64 1H43 
R 107-R 1 08-R1 35- R 1 36- R 1 37 10K Ohm, VzW 187A6 4 1H5 1 
R 1 0 9  3 . 3K Ohm, Vzw 1 8 4A 76 3H 39 
R 1 1 0 6 . 8K Ohm, VzW 1 8 7 A64 1 H47 
R 1 1 5K O hm,  Yzw 1 8 4A763H44 
R 1 1 3- R 1 29 1 80K Ohm , 1/zW 187 A64 1H8 1 
R 1 1 4-R 1 1 5-R 1 30- R 1 3 1  2 2K O hm ,  Yzw 187A64 1 H59 
R l 16-R 1 19-R 1 3 2 47K Ohm, VzW 187 A64 1H67 
R 1 1 8- R 1 20- R 1 24 470K Ohm , 1/zW 187 A64 1 H9 1  
R 1 23-R 1 2 7-R 1 40- R 1 45 39K Ohm, Vzw 187 A64 1H65 
R l 3 3- R l 34 1 5K Ohm,  VzW 1 8 7  A6 4 1 H55 
R 1 4 1- R 1 4 3  1 K  Ohm , 1/zW 18 7A64 1 H 27 

AN D BOARD 

Diode 
D204 to D232 1N4 57A 18 4A8 55H07 

Resi stors 
R 20 3  2 2K Ohm, VzW 184A76 3H59 
R20 1-R20 2 47K O hm ,  VzW 184A6 4 1H67 
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TY P E  SKBU PHASE COMPARI SON R E LAY----------------------

E L E C T R I C A L  P A R T S  L I S T  (Cont . )  

Circuit Symbol Description Westinghouse Sty le  No. 

OUTPUT BOARD 

C 30 1  1 . 5  MFD 187 A508H09 
C30 2 0 . 25 MFD 1 8 7A624H0 2 
C 30 3  3 . 0  MFD 188A29 3H06 
C 30 4-C 306 0 . 0 5  MFD 1 87A624H08 
C30 5 0 . 2 2 MFD 188A293H02 

Diodes 
D 30 1- D304-D30 5- D 30 6  1N457A 184A8 55H07 
D30 2- D 30 3  1N9 1 1 8 2A88 1 H04 

T ron s i  stor 
Q30 1-Q305-Q30 6- Q307 2N652A 184A638 H 1 6  
Q30 2- Q30 3- Q304 2N697 184A638 H 18 
Q 308 2N 699 184A638 H 19 

Res i stors 
R 30 1-R30 3-R309- R3 10- R 3 1 3-R324-R325 lOK Ohm, YzW 187 A64 1 H 5 1  
R30 2 1 20K Ohm, Yzw 187 A641H77 
R304 47K Ohm, Yzw 1 87A640 H 17 
R305 8 .  2K Ohm, YzW 187A64 1H49 
R30 6-!H'l-5-R 3 2 2  4.  7 K  Ohm, Yzw 187A641H43 
R307-R33 1 2 . 2K Ohm, YzW 187 A64 1H35 
R308-R320 6 . 8K Ohm, YzW 187A64 1H47 
R3 1 1  470 Ohm ,  Yzw 187 A64 1H 19 
R3 1 2  470K Ohm ,  YzW 187A64 1 H9 1 
R3 1 4  22K Ohm, Yzw 184A763H59 
R 3 1 6-R32 1-R323 22K Ohm, lfzW 187A641H59 
R 3 1 7-R328-R332 5 . 6K Ohm, lfzW 184A763H4 5 
R 3 18 15K Ohm, YzW 1 8 7A64 1H55 
R 3 19 Thermistor 1D 10 1 185A 2 1 1 H04 
R 3 26-R3 29 4 .  7K Ohm, YzW 18 4A763H43 
R327 6 . 8K Ohm, YzW 1 8 4A76 3H47 
R3 30 1 . 5K Ohm, YzW 187A64 1H3 1  

Zener Diode 
Z30 1-Z303- Z305 1N957B 18 6A797H0 6 
Z302 1N9 65B 186A7 97H08 
Z304 1N960B 18 6A797H l0 
Z306 lN 1789 584C4 34H08 

R ELAY BO ARD 

Capac i tors 
C25 1-C252-C253 0 . 25 MFD 187A 624H0 2 

Resi stors 
R25 1- R252 2 .  2 Ohms, YzW 187A6 4 1H 35 
R253 800 Ohms, 3W 184A859H06 

F i l ter- Choke 
L 2 5 1  8 . 5  HY, 400 Ohm 188 A460H0 1 

Al arm 
AR Tel ep hone Rel ay 408C062H07 

Trip 
AR AR U nit ( 2 NC - 2 N C) 408C84 5G09 
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Westinghouse I. L. 4 1 - 9 54.  1A 
I N S TA L L ATI O N  • O P E R A T I O N  • M A I N TEN A N CE 

INSTRUCTIONS 
TYPE SKBU PHASE COMPARISON RE LAY 

FOR TYPE TC CARRIER CHANNEL 

CAUT I ON : I t  i s  recommended t hat t he user of this e quipment become 
a c qua 1nt ed vli th t h e  informat ion in this inst ruct ion leaflet before 
energ i zing· t he carrier syst em . If t he SKBU relay is  mount ed in a 
cab inet , t h e  cabinet must be bolt ed ciown t o  the floor or ot herwi s e  
s e cured b efore swinging out the e quipment rack t o  prevent it s 
t ipping over . 

APPLICATION 

The t ype SKBU relay is a high speed carrier relay used in 
c onj unct ion wit h a t ype T C  power line carrier s et to provide 
complet e pha s e  and ground fault prot ect ion of a two t erminal or 
three t erminal t ransmi ssion line . S imult aneous t ri pping of the 
relays at ea ch line t erminal is  obta ined in less t han twent y -f ive 
mill i s e c onds for all int erna l faults wit hin the l imit s of the 
relay s ett ings . The relay operat e s  on line current only , and no 
sourc e of a - c  li ne pot ent ial is r e quired . Cons e quent ly , the 
r elays wi ll not tri p  during a swing or out -of -st ep c ondit ions . 
The carrier e quipment operat e s  directly from t h e  stat ion bat t ery .  

CONSTRUCTION 

The t ype SKBU relay c onsist s of a c ombinat ion posit ive , negat ive 
and z ero s e quen c e  c urrent network , a sat urat ing t ransformer , a 
20 -volt power supply , and print ed circuit boards mount ed on a 
st andard 19 - inch wide panel , $-J/4 inche s high ( 5  ra ck unit s ) . 
Edg e  slot s are provided for mount ing t he ra ck on a standard relay 
ra c k .  The locat ion of these component s is shovm in F igures 1 and 2 .  
The c omponent s are c onnect ed a s  shown in the int ernal s chemat i c s  
o f  F i gur e s  3 and 4 .  
S equenc e  N etwork 
The sequen c e  filt er c onsist s of a t hr e e - l egged iron core react or 
and a set of resi st ors , Rl and RO . The reactor has t hree 
winding s : two primary and a t apped s e condary winding , wound on 
the c ent er leg of a "F " type of laminat ion . The s e condary taps 
are wi red to t h e  A ,  B ,  and C t ap c onne ct ions in the front of the 
relay ( Rl taps ) . RO consist s of three t ube res i st ors with t aps 
wired to F ,  G, and H t a p  c onnect ions in the front of the relay . 
The Rl resistor i s  a formed r e s i st or a s so c iat ed wit h t he t apped 
s e c ondary of the react or . 

SUPERSEDES I. L. 41-954 .  1 EF FECTIVE AUGUST 1968 
*Denotes change from superseded issue. www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



S at urat ing Transformers 
The volt age from the network i s  fed int o the tapped primary of a 
small saturat ing t ransformer . This t ransformer and a Zener clipper 
{ on a print ed c ir cuit board ) c onnect ed across  it s secondary are 
used to limit t he voltage impressed on t he solid stat e c ircuit s ,  
t hus providing a small range of voltage for a large variat ion of 
maximum t o  minimum fault current s .  This provides high operat ing 
energy for light fault s ,  and limit s t he operat ing energy for heavy 
fault s t o  a reasonable value . 

Print ed C ircuit Boards 
The number of boards varies wit h  the applicat i on of the S KBU relay 
but in general c onsist s of four print ed c ircuit boards mount ed in 
the order given { left to right -front view ) ; a fault det ector board , 
an amplifier and keying board , an out put board , and a t ri p  board . 
All of t he c ircuit ry t hat is suit able for mount ing on print ed 
c ircuit boards i s  c ontained in an enclosure t hat pro j e ct s from the 
re�r of the front panel and is a c c essible by opening a hinged door 
on the front of the panel . The print ed c ircuit boards slide int o 
posit ion in slot t ed guides at the t op and bot t om of each c ompart ­
ment and the board t erminals engage a t erminal block at t he rear 
of t he c ompartment . Each board and t erminal block is keyed so t hat 
if a board is pla ced in the wrong compartment it cannot be 
insert ed int o the t erminal block . A handle on the front of each 
board is labeled to ident ify it s funct ion in the relay . 

{ 1 ) Fault Det e c t or Board 
The fault det ect or board cont a ins a resist or-Zener diode comb inat ion , 
a pha se splitt ing network , and two solid st at e fault det ect ors 
{ FD-1 and FD- 2 ) . The c ont rols for sett ing pickup { S l for FD- 2 ,  
S J  for FD-1 ) and dropout ( S 2  for FD- 2 ,  S 4  for FD- 1 )  of t he fault 
det ect ors are mount ed on t he plat e in the front of t he assembly . 

{ 2 ) Amplifier and Keying Board 
The amplifier and keying board contain a local squaring amplifier , 
a remot e squaring amplifier , an 11AND 11 c ircuit , and a t ransmitt er 
keying c ircuit . A carrier squelch c i rcuit is a lso lo cat ed on t he 
board . 

( 3 )  Output Board 
T he out put board c onta ins a 4 millisecond pickup and instant aneous 
dropout , t imer c ircuit , flip-flop c ircuit , t rip amplifier , t rans i ent 
blocking and unblocking c ircuit . 

{ 4 ) Trip Board 
The t rip board c ont ains t he phase delay c ircuit for shift ing the 
local signal wit h reference to the remote signal . This board also 
c onta ins the f inal t ripping out put of the SKBU . 

( 5 )  Card Ext ender A card ext ender ( St yle No . 6 44B3 1 5G0 2 )  i s  available for fa c ilit at ing 
c i rcuit voltage measurement s or ma jor adj ustment s .  Aft er withdrawing 
any one of the c ircuit boards , the ext ender is insert ed in that 
c ompart ment . The board then is insert ed int o t he t erminal blo ck on 
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I. L. 41-954. lA 

t he front of the ext ender . This rest ores all circuit c onnect ions , 
and all c omponent s and t e st po int s on t he boards are readily 
a c c essibl e . 

T e st Po int s 
T e st point s are locat ed on ea ch print ed c ircuit board for the ma j or 
c omponent s on the board . C omplete c ircuit t e st po int s are wired t o  
t he front panel o f  t h e  relay for c onvenience i n  adjust ing and 
t e st ing the relay . 

OPERATION 

A .  Sgst em 
The KBU carri er relaying syst em compares t he pha s e  posit ion of the 
current s at t he ends of a line sect ion over a carrier channel t o  
det ermine whether a n  int ernal o r  ext ernal fault exist s on t he l ine 
sect ion . The three -pha se line current s energ i z e  a sequence network 
which produc es a single -pha se out put voltage proport ional t o  a 
combinat ion of s equence  c omponent s of the line c urrent . During a 
fault , this s ingle-phase voltage energi zes  t he k eying c ircuit t o  
allow t he t ransmission o f  carrier o n  alt ernat e half - cycles of t he 
power frequency current . Carrier is t ransmit t ed from bot h l ine 
t erminals in t hi s  manner , and is received at t he opposit e ends 
where it is c ompared wit h t he pha se posit ion of the local s e quence  
netvrork out put . If t he local and remot e half-cycle puls es are of 
t he correct phase posit ion for an int ernal fault , aft er a 4 milli­
s e c ond delay during t he half cycle in which carrier i s  not trans ­
mitt ed , t ripping will be init iat ed t hrough operat ion o f  the 
flip-flop and t rip amplifier c ircuit s . Current t ransformer 
connect ions t o  the sequence  networks at t he two t erminals are such 
that carrier is t ransmit t ed on t he same half cycles from both 
t erminals during a int ernal fault t o  allow t ripping during t he half 
cycle t hat carrier is not t ransmitt ed .  However , if t he fault is 
ext ernal t o  the prot ect ed line sect ion , carrier is t ransmit t ed on 
alt ernat e half cycles from opposit e t erminals . Thus each t erminal 
blocks t he opposit e t erminal during t he half cycle when it i s  
att empt ing t o  t rip . 

The fopr-millisecond delay previously ment ioned is added t o  allow 
for differences in current t ransformer performanc e at opposit e 
line t erminals , relay c oordinat ion , and moment ary int errupt ions in 
carrier caused by arc ing over of prot ect ive gaps in the t uning 
e quipment . 

S ince this relaying syst em operates only during a fault , the 
carri er channel is ava i lable at all ot her t ime s for the t ransmis sion 
of other funct ions . 

B .  Relay . 
�lit h referenc e t o  either F igs . 3 or 4 ,  the three pha se llne c urrent s 
energi ze a sequence  network vrhi ch gives a single phase out put 
volt age proport ional t o  a comb inat ion of sequence component s of the 
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line c urre'nt . This s ingle pha s e  out put voltage i s  applied a s  
�nput s t o  two boards from t h e  sec ondary o f  t h e  sat urat ing 
t ransformer . 

1 )  Fault Det ector Board ( Phase Split t er C ircuit ) 
2 )  Relay Board ( Pha se Delay C ircuit ) 

1 )  Fault Det ector 
The a-c  volt age i s  applied t o  a phase splitt ing network ( C 5 2 ,  R54 ,  
R53 ) and a polypha se re ct ifier ( diodes D51  to  D 56 ) . The d-e 
voltage so obta ined requires a minimum of filt ering ( C 53 ) and 
responds rapidly t o  a change in magnit ude of the a -c out put . This 
d-e voltage is applied to two fault det ector c ircuit s whi c h  
operat e when t he d - e  input "signa l "  exc eeds a predet ermined value . 

a .  Fault Det ector 1 ( FD-1 ) 
Under normal line c ondit ions ( no fault ) ,  current flows from 
pos it ive 45 volt s d-e through resist or R72 and Z ener diode Z 54 t o  
negat ive , holding W 5 5  emit t er at 6 . 8  volt s posit ive . In t rans ist or 
:� 5 5 ,  c urrent flows from emit t er t o  base , t hen t hrough SJ and R71 
to negat ive , t hus t urning on Q 5 5 .  The collector current of Q 5 5  
provides ba se drive t o  transist ors Q 56 and �57 , t urning t hem on 
also . The voltage drops across Q 5A and Q57 are very low ( about 
0 . 5 volts ) ,  t hus providing t he e quivalent of a c lo s ed c ontact . 
When a fault o c curs , t he d-e voltage from t he polyphas e  rect ifier 
is applied to SJ and R71 . vfhen t his voltage exc eeds t he 6 . 8  volt 
drop ac ro ss Z ener diode Z 5 4 ,  t ransist or � 5 5  st o ps conduct ing .  
This removes the base c urrent from W56 and W57 , causing t hem t o  
stop c onduct ing ,  and providing t he e quivalent of an o pen c ircuit . 
Wit h reference t o  F igure 7 ,  this open c ircuit removes negat ive 
pot ent ial at point A and allows t he pot ent ial at po int C t o  
become 20 volt s . This inc rea se i n  voltage at po int C st art s 
t ransmi ssion of carrier . 

�hen �56 i s  c ut off , it s c olle c t o r pot ent ial r i s e s  t o  about 20 
volt s .  This a lso further ra ises the pot ent ial of Q 5 5  base t hrough 
feedback res i st ors R7 5 and 3 4 ,  t hus holding �5 5  in a non-conduct ing 
st at e .  ', Jhen t he input voltage ( from the polypha se rect ifier ) is 
reduc ed , FDl "reset s n to allow t rans ist ors :� 5 5 ,  :c� 56 and ��57 t o  
conduct . Resistor SJ is for set t ing the FDl pickup current 
( calibrat ion ad justment ) ,  and the set t ing of 3 4  det ermine s t he 80 
perc ent dropout value . 

b .  Fault Det ect or 2 ( FD-2 ) 
Under normal condit ions , · t rans i st or 61 ha s no base "signa l "  and i s  
t urned off . The c ollector o f  .� 51  is a t  a high enough posit ive 
pot ent ial to provide ba se drive for trans ist or ·.J.5 2 ,  driving it t o  
full conduct ion . . lith .6 2 fully c onduct inrs t here is no base drive 
t o  t ransist or 2 53 . '.Jith no ·c� 53  colle ctor current ' t he base of 
PN P-type t rans i st or l54 is supplied from the 45 volt source  t hrough 
t he drop of D 5 8 .  Thus , the ,)_ 5 4  emitter is normally at a slight ly 
lower pot ent ial t han it s base . This cond it ion k eeps t ransist or �54 
in a non- conduct ing st at e ,  e quivalent t o  an open circuit . Z ener 
diode ZJ is t o  protect transistor · 2 5 4  from ext ernal surge voltages . 
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I. L. 4 1 - 9 54 .  lA 

When a fault cause s  t he d-e input voltage from the polyphase 
rect ifier to  exc e ed t he 6 . 8  volt rat ing of Z ener diode Z 5 2 ,  
{ through R 5 5 ,  and S l ) a posit ive bias i s  applied t o  �51 ba se 
causing it to c onduct . In t urn , \.J 5 2  st ops G:Onduct ing , and 
capa c it or C 5 5  charges  up , g iving a f ew milliseconds t ime delay 
before C� 53 and W 5 4  are swit ched t o  full c onduct ion , thus "clo sing "  
F D 2 .  The f eedback resist ors R60 and S 2  provide a 90 perc ent FD2 
dropout rat io with "t oggle " act ion at the dropout po int . 

'VJhen FD-2 o perat es , posit ive 45 volt s d-e is  appl i ed t o  t he out put 
board at t erminal 1 8 .  This 45 volt s is  applied t o  t he flip-flop 
c ircuit at t erminal 19 and t o  the  t ransient blocking c ircuit 
t hrough Z ener diode Z30 2 .  Thus , FD2  will "arm" the flip-flop and 
energize  t ransi ent blocking of the SKBU relay . 

2 Relay Board Th� a-c voltage from the sat urat ing t ransformer i s  also applied t o  
t he phase delay c ircuit t hrough a low-pass filt er of the relay 
board . The low-pa ss f ilt er { C 2 5 1 , 12 51 , C 2 5 2 )  removes the 
harmoni c s  from this voltage and applies a voltage t hat is 
essent ially sinuso idal in v.raveform t o  H251 and R2 5 2  of t he pha se 
delay c ircuit . By mena s of capa c it or C 2 53 and variable resist or 
S 5 ,  t he volt age across t erminals 4 and 9 can be made t o  lag t he 
volt age a cross t erminal 10 and 11 by a definit e amount depending on 
t he sett ing of S 5 .  These two voltages  are applied to the amplifier 
and keying board of t he SKBU relay . 

a )  Undelayed Voltage t o  the Keying C ircuit 
b )  Delayed Volt age t o  t he Lo cal S quaring Amplifier 

a .  K eying C ircuit 
Under normal condit ons t ransist or �10 2 is t urned off . The 
collect or of �10 2 is at negat ive pot ent ial which allows ba se 
c urrent t o  flow from po s it ive 20  volt s d-e through t he ba se of 
t rans i st or �103 , t hrough Hl0 4 and Rl0 2 t o  negat ive . T rans ist or 
'.�103 conduct s and po sit ive 20 volt s is applied t o  t he collector 
of �103 t o  prevent base current from flowing in �10 4 .  S ince �104 
is not c onduct ing , t ransist or Ql0 5 does not conduct and t he 
collector of �10 5 is  held at posit ive pot ent ial . 

�ihen a fault o c curs , sinuso idal voltage is applied t o  t rans i st or 
210 2 from t erminals 4 and 10 of the relay board . On t he posit ive 

half cycl e , t erminal 12 is  more posit ive t han t erminal 4 of t he 
amplifier and k eying board , and ,J!Q 2 does not conduct . However , on 
t he negat ive half cycle of s ine wave voltage , t erminal 12  is more 
negat ive t han t erminal 4 and base c urrent flows in �10 2 .  This 
t urns Ql0 2 on and applies  posit ive 20 volt s to Rl0 2 .  This turns 
Ql03 off which in t urn put s negat ive pot ent ial on Hl06 . ,ll0 4 t hen 
conduc t s  to allow base current to flow int o 110 5 .  1lhen Jl0 5 
c onduct s ,  it s collector is conne c t ed t o  negat ive pot ent ial . Thus , 
the collector of Ql0 5 i s  c onne ct ed t o  negat ive on alt ernat e half 
cycles of t he 60 -cyc l e  voltage from t he low pass f ilt er . If F D-1 
is not conduct ing , as seen from F ig .  7 ,  t urning 110 5 on and off 
every half cycle , short s the input t o  t he TC carrier set every 
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other half cycle so t hat carrier i s  t ransmitt ed on t he half cycle 
vrhen "�10 5 is not c onduct ing .  

b .  Lo cal sauaring Amrlifier 
The shift e voltage rom the pha s e  delay c ircuit is applied t o  t he 
local squaring amplifier of t he SKBU relay . Under non-fault 
condit ions , Ql0 8 is not c onduct ing and Rll 5 is at negat ive 
pot ent ial . As a result , the base of Ql09 and Qlll is at a lower 
pot ent ial t han the emit t er of the transi st ors . Ba se c urrent for 
bot h t ransist ors flows from posit ive 20 volt s t hrough Rll6 and Rll 5  
t o  negat ive and bot h  t ransist ors conduct . Wit h  Qlll t urned on , 
posit ive 20 volt s i s  applied t o  Rll9 wh i c h  i s  applied t o  Rl29 and 
Rl30 t hrough Dlll and Dl09 respect ively . This voltage i s  t he 
input t o  the AND c ircuit from t he local s ignal and i s  t he quant ity 
to be c ompar-ed with t he s ignal from t he remot e t erminal to det ermine 
if a fault is int ernal or ext erna l .  

Under fault c ondit ions , a sine wave of voltage i s  appli ed from 
emit t er t o  ba s e  of t ransist or QlOS . On the posit ive half cyc l e  
t h e  base o f  t rans i st or QlOS i s  more pos it ive t han t he emitt er and 
QlO S does not c onduct . On the negat ive half cycle of s ine wave 
voltage , the base is more negat ive t han t he emit t er and QlO S 
conduct s .  Turning QlO S on applies posit ive 20 vol t s  t o  Rll 5 t o  
cause :,2}09 t o  t urn off . This causes Qlll t o  t urn off such t hat 
negat ive pot ent ial is applied to Rll9 . Henc e ,  on alt ernat e half 
cycles of s ine wave voltage , negat ive volt age appears across Rll9 
t o  apply negat ive voltage t o  Rl29 and Rl3 0 t hrough Dlll and Dl09 
respect ively . The voltage across the resist or is t hus a square 
wave voltage varying from 20 volt s d-e to 0 volt d-e dependent 
upon t he polarity of the voltage from the phase delay c ircuit . 

3 .  Remot e Squaring Amplifier 
Under non-fault condit ions , carri er i s  not t ransmitt ed from t he 
remot e carrier s et . A s  a re sult the base of Qll3 i s  more negat ive 
than it s emit t er ,  and �113 c onduct s .  This appl i e s  posit ive 20 
volt s t o  t he base of Qll 2 t o  prevent it from t urning on . Henc e ,  
Qll 2 i s  not c onduct ing and negat ive voltage appears across Rl2J . 
This voltage i s  applied t o  Rl 29 and Rl3 0 t hrough Dll2 and DllO 
respect ively , and allows the voltage a cros s  t he s e  resist ors t o  
remain at negat ive pot ent ial . 

Under fault condit ions , t he remot e TC  carrier set is k eyed on and 
off as  describ ed under the K eying C ircuit . This signal i s  
received at t he local T C  carrier rec eiver and is c onvert ed t o  a 
square wave voltage varying in magnit ude from 45 volt s t o  0 volt . 
This voltage i s  applied t o  the base of Qll3 through Dl0 8 and Rl28 . 
Upon appl i cat ion of posit ive 45 volt s d-e  t o  the base of Qll3 , 
the pot ent ia l of t he base i s  �reat er t han t hat of t he emitt er and 
,Jll3 st ops c onduct ing . This removes posit ive pot ent ial from Rl24 
and allovrs t he base of '�112 to become negat ive wit h respect to the 
emit t er .  Qll 2  t urns on t o  apply posit ive voltage t o  Rl 23 . Henc e ,  
the voltage across Rl 23 is a square wave voltage t hat i s  developed 
by the voltage received from the T C  receiver . This volt age is 
applied to Rl 29 and Rl3 0  t hrough Dll2 and DllO . 
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4 .  4£0 Mill i s e c onds T ime Delat 
The -;o t ime delay cons i st s  o R3 1 5 ,  C30 5 ,  R3 16 , R3 17 , R3 18 , and 
R3 19 . Under non-fault condit ions , a cont inuous posit ive 20 volt s 
is  rec eived from the local squaring amplifier at t erminal 6 of 
the out put board . This prevent s capa c it o r  C3 0 5  from charging and 
keeps the base of D 0 5  of the flip-flop at posit ive pot ent ial . 

Under  ext ernal fault condit ions , the square wave volt aGe from t he 
remot e squaring amplifier and t he square wav e  volt ages from t he 
local s quaring amplifier are out of pha s e , such t hat a cont inuous 
20 volt s is rec eived at t erminal 6 of t he Out put board . C3 0 5  do e s  
not c harg e , and t ransistor Q30 5 c annot t urn on . 

Under int ernal fault c ondit ions , t he square wave volt ages from t h e  
squaring amplifiers a r e  in pha s e . Henc e ,  for one -half cycle , 
negat ive voltage appears at t erminal 6 of the Out p�t board . This 
allows C3 0 5  t o  c harge t hrough res ist ors R3 1 5  and Rl29 t o  negat ive . 
Aft er a calibrat ed t ime de lay of 4 mill i s e conds , t h e  volt age across 
C30 5 ,  whi ch i s  a ppli ed to t he ba s e - emitt er c ircuit of t ransist or 
Q30 5 in the fli p-flop c ircuit is suff i c i ent t o  allow '�30 5 to conduct . 

5 .  F l ip-Flop 
The flip-flop c ircuit c on s i st s of t rans i st ors Q3 0 5  and �3 06 and 
a s s o c iat ed component s .  Under normal condit ions , t rans istor �3 0 5  
i s  i n  a non-conduct ing st at e ,  and t ransist or Q3 06 i s  fully 
conduct ing . The base of t rans i st or D06 is held well below it s 
emit t er pot ent ial by means of t he volt age divider consist ing of 
r e s i st ors R3 25 , R3 26 , D30 5 ,  and R3 27 . Wit h this bias , t rans i st or 
Q3 06 is held in sat urat ion and t he flip-flop is  desensit i zed so 
t hat even if t rans i st or B 0 5  t urns on , t rans istor D06 does not 
t urn off . This d e s ensit i zing c ircuit is an arrangement to pr event 
inadvert ent o perat ion of t he f lip-flop in the pre s en c e  of sur e s  
on t he d -e  syst em . A s  long a s  1D 06 i s  c onduct ing , it s c olle c t or 
is  at a high enough pos it ive pot ent ial such t hat t ransist or J307 
in t he t ripping ampl if i er c annot t urn on . 

Upon t he o c currenc e of an int ernal fault , posit ive 45 volt s d-e  is  
applied from .,2 5 4  ( FD- 2 )  to  t erminal 18 of t h e  Out put board . This 
removes t he desen s it i zing bias from t rans i st or ·�306 by making the 
pot ent ial of the j unct ion of r e s i st or R3 27 and diode D3 0 5  great er 
t han the 20 volt supply for t he fli p-£lop c i rcuit . When this 
o c c urs , t here i s  no c urrent flow t hrough resistor R3 26 and diode 
D3 0 5 ,  and t he flip-flo p i s  now "armed " or in a ready c ondit ion for 
a t rippincs operat ion . S in c e  the pulses from the "AN D "  c ircuit are 
in pha s e , aft er a L� mill i s e c ond delay , t he pot ent ial a c ross 
capa c it o r  C30 5 i s  suff i c i ent t o  cause .23 0 5  to c onduct . This 
immediat ely causes o perat ion of t he fli p-flop , t urning off 
t ransistor Q3 06 . �!hen Q306 is no longer conduct ing , t he pot ent ial 
of t he j unct ion of R3 29 and R3 28 drops to a relat ively low value . 
:;Jhen t his o c c urs , t here i s  suffi c i ent voltage a cross t he ba s e ­
emitt er c irc uit of t rans i st o r 123 07 i n  the t rip amplifier t o  caus e  
i t  t o  t urn on . 
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6 .  T rip Ampl ifier 
tJhen t rans1st or �307 is  t urned on by operat ion of the flip-flop , 
base c urrent flows from posit ive 20 volt s t hrough Z3 0 5 ,  t he 
emit t er-ba se j unct ion of ,JJ 07 , and the resist ors R3 28 and R3 29 t o  
negat ive . The collector c urrent of t ransist or �307 flows t hrough 
R3 3 0  and t he base-emitt er j unct ion of out put t ransi st or D O S . The 
collect or of Q30 8  i s  conne ct ed t o  posit ive 45  volt s d-e t hrough 
R253 and t he AR c o il of t he relay board . C olle ctor current thus 
flows from posit ive 45 volt s d-e  through the A R  coil , R2 53 t o  
t ransist or Q3 0 8 ,  hence ,  t he A R  operat es t o  t rip the breaker . In 
case of a voltage out put from t he SKBU relay , t ransist or ',�2 5 2  
t urns on t o  provide 20 volt s out put t o  the next devi c e . 

7 .  Carrier s0uelch 
�Jhen the SKB relay operat es a s  a result of an int ernal fault , 
pos it ive pot ent ial is  appl i ed t o  t he squelch circuit of t he ampli ­
fier and k eying board . T en milliseconds aft er posit ive pot ent ial 
is  applied , capa c itor ClOl c harges suff i c i ent ly to allow base 
c urrent to flow to t ransist or Ql06 . T ransist or Ql06 t urns on t o  
short t he carrier st art lead t o  negat ive ( ref . F ig .  7 ) . Carrier 
is t hen t urned off and will remain off for approximat ely 1 50. 
milliseconds aft er the SKBU reset s t o  prevent delayed tripp ing of 
t he remot e breaker due to a short burst of carrier at t he inst ant 
of the local breaker opening . 

8 .  Transi ent Blocking 
t!hen �54 (FD-2)  t urns on , posit ive 45 volt s is  appl i ed t o  t erminal 
18 of the out put board , and energ i z e s  t he t ransi ent block ing c ir­
cuit . Base c urrent is  supplied t o  t ransistor �30 2  t hrough 
resist or , R3 0 5 ,  and Z ener diode , Z30 2 .  Transist or ,  Q3 0 2 ,  t urns on 
to c onne ct the ba se of t ransist or , �303 , t o  negat ive . Q303 st ops 
conduct ing and capa c it or C303 st art s to charg e . When the charge 
on capa c it or C303 is suff i c i ent t o  cause the breakdown of Z ener 
diode Z ener diode Z3 03 , it t urns on t ransistor �30 4 .  This provides 
a conduct ing pat h from the base c ircuit of t ransi stor �3 06 in t he 
fl ip-flop , diode D3 0 4 ,  t he re sistor R3 24 , and the  coll e ct or emitt er 
c ircuit of t rans istor �8 0 4  t o  negat ive . This o c c urs aft er a t ime 
delay of 20 t o  3 0  millise c onds and provides a pat h t o  apply a 
"desensit i z ing " bias t o  t ransist or ,,JJQ6 in t he flip-flop .  Thus , 
the t rans i ent blo cking c ircuit allows 20 t o  3 0  milliseconds aft er 
t he o perat i on of F D - 2  for t he fl ip-flop to o perat e and energ i z e  
t he out put o f  t he relay . If t ripping does not o c c ur i n  t h i s  t ime , 
a s  during an ext ernal fault , t he operat ion of the transi ent block ing 
c ircuit desensit i zes  t he fli p-flop t o  prevent undes irable operat ion 
durins t rans ient s associat ed with power reversals on the prot ect ive 
line or at the clearin� of an ext ernal fault . 

T he t rans i ent block ing c ircuit i s  cancelled eit her by FD-2 
resett ing or by t he operat ion of the trans ient unblock ing c irc uit . 

9 .  Transi ent Unblo�(in� 
If an int ernal fault o c c urs before an ext ernal fault is c leared , 
high speed t ripping i s  obtained . The square wave out put from t he 
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local and remote  squaring amplifier c hang e s  from an out -of-pha s e  
condit ion t o  a n  in-pha se c ondit ion . A s  a re sult , negat ive 
pot ent ial is applied to t he t rans ient unblocking c ircuit at 
t erminal 9 of t he Out put board . Zener d iode Z301 breaks down and 
base c urrent flows t hrough Z301 , emit t er-ba se of �3 01 , resist or 
R3 03 , Diode D3 0 2 ,  and D3 01 , resist or Rl3 0 , and t hrough the 
conduct ing transist or , ,D 0 4 ,  to negat ive . Transistor ·.d3 01 turns 
on t o  apply pos it ive pot ent ial t o  resist or ,  R3 09 . Bas e  c urrent 
t hen flows t hrough resistor R3 09 , to t urn on t ransi st or �303 . 
Capa c it or , C303 , will b e  rap idly discharged t o  remove t he pot ent ial 
from t he base of t rans i st or ,  ·D 0 4 .  Transistor ->23 0 4  t urns off t o  
int errupt t he desensiti zing c ircuit from the base of t ransistor 
·J306 . When this happens , the flop-flop will then be able t o  
operat e t o  provide a n  input t o  t he t rip amplifier . 

CHARACTERISTICS 

The sequenc e network in t he relay is arranged for several po s s ible 
c ombinat ions of sequence component s .  For most applicat ions , t he 
out put of the network w-ill contain t he posit ive , negat ive and z ero 
sequence component s of t he l ine c urrent . In t hi s  case , t he T t aps 
on t he left -han'd tap pla c e  indicat e the balanced t hree pha s e  
amperes vvhich will operat e t he carrier-st art fault det e c t or ( F D-1 ) . 
The taps ava ilable are 3 ,  4 ,  5 ,  0 ,  7 ,  8 ,  and 10 and are on t he 
primary of the sat urat ing t ransformer . The s e c ond fault -det ector 
unit ( F D - 2 ) , vvhich sup ervis e s  operat ion of t ripping , i s  adj ust ed 
to pick up at a current � 5 perc ent above tap value . 

For pha s e -t o -pha se fa ult s A B  and CA , enough negat ive sequenc e 
c urrent ha s been int roduc ed t o  allow t he fault det ector FD-1 t o  
pick up a t  86 perc ent o f  the t a p  set t ing . For BC fault s ,  t he 
fault det ector will pick up at approximat ely 50 perc ent of the tap 
s et t in� . This diff erenc e in p i ckup c urrent for different phase­
t o - phas e  fault s if fundamental , and o c curs becaus e of  the angle s 
at whi ch t he posit ive and negat ive sequenc e component s of current 
a dd t o::;ether . 

Nith t he sequenc e  network arranged for posit ive , negat ive and zero 
sequence out put , t here are some appli cat ions where the maximum 
load ' c urrent and minimum fault current are t oo close t o6et her t o  
set t h e  relay t o  pi ckup under a minimum fault current , yet not 
operat e under load . For these  cases , a t a p  i s  ava i lable on the 
SKBU relay which cut s t he t hree -phase sensit ivity in ha lf , whi le 
the pha se -t o -pha se set t ing i s  substant ially unchanged . The relay 
then trips at 90 perc ent of tap value for j B  and CA fault s , and at 
tvli c e  tap value for t hree -pha se fault s .  T he s ett ing for BC fault s 
i s  h 5 perc ent of t a p  value . I n  some cases , it may be desirable t o  
el iminat e re sponse t o  posit ive - s e 1uenc e current ent irely , and 
operat e the SKBU relay on ne�at ive -plus - zero s e quence current . :� 
tap  is ava ilable to operat e in t hi s  manner . The fault det e c t or 
picks up at tap vctlue for all pha se-to -pha se fault s , but i s  
unaff e ct ed b y  balanc ed load current or t hree -pha se fault s .  
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For ground fault s ,  separat e t aps ( Ro )  are ava ilable for adjustment 
of t he ground fault sensit ivity t o  about lj4 or 1{8 of the left ­
hand t ap plat e sett ing . S ee Table I I . For examp e ,  if t he SKBU 
relay is s et at T ,  tap 4 ,  the fault det ector ( FD-1 ) pickup current 
for ground fault s can be eit her 1 or lj2 ampere . In specia l  
applicat ions , i t  may b e  desirable t o  eliminat e re sponse t o  z ero 
sequenc e c urrent . The relay is provided wit h  a tap to allow such 
operat ion . 

Operat ing T ime 

T ransi ent Blo cking T ime 

Transient Unblocking T ime 

S quelch T ime 

Ambi ent T emperat ure Range 

Out put Volt age ( w·here use d )  

Drain o n  45 volt Power 
S upply of TC S et : 

1 2  t o  20 milliseconds 

20 to 30 milliseconds 

20 t o  3 0  milli seconds 

1 50 milliseconds 

20 milliamperes at 20 volts d-e 

60 JVIA 
100 rJIA 

SO IJIJ\. 

Non-Trip Condit i on 
Trip Condit ion 

( with AR out put ) 
Trip Condit ion 

( with voltage out put ) 

Dimensions : 
Pane l  Height 
Pane l  \Jidt h 

8-3/4 inches or 5 rac k  unit 
19 inches 

ENERGY REQUffiEMENTS 
Burdens mea sured at a balanc ed t hree-pha se c urrent of five amperes . 

Relay Pha se A Pha se B Phase C 
T aps VA .�\ngle VA Angle VA Angle 

A -F -3 2 . 4 5 0 0 . 6  o o 2 . 5 50 ° 
A -H-10 3 . 2 5 o o 0 . 8 100 ° 1 . 28 5 5 ° 
B-F -3 2 . 3  o o 0 . 63 o o 2 . 45 5 5 ° 
B-H-10 4 . 9 5  o o 2 . 3  5 90 ° 0 . 3  60 ° 
C -F -3 2 . 3  2 o o 0 . 78 o o 2 . 3 6 50 ° 
C - H-10 6 . 3  5 3 42 °  3 .  83 80 ° 1 . 9 8 185 ° 
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Burdens measured at a single -pha s e  t o  neut ral current of f ive 
amperes . 

Relay Phase A 
Taps VA A ngle 

A -F -3 2 . 47 o o 
A - H-10 7 . 3  60 ° 
B-F -3 2 . 45 o o  
B-H-10 16 . 8  5 5 °  
C -F -3 2 .  49 o o  
C -H-10 3 1 . 2 41 ° 

Phase B 
VA Angle 

2 . 1 10 ° 
1 2 . 5  53 ° 

2 . 09 1 5 °  
2 2 . 0  50 ° 

1 . 99 1 5 °  
3 6 . 0  3 8 ° 

Pha s e  C 
VA Angle 

1 . 97 20 ° 
6 .  7 26 ° 
2 . 07 10 ° 

1 2 . 3  3 8 °  
2 . 11 1 5 ° 

23 . 6  3 5 °  

The angles above are t he degrees by which the current lags it s 
respect ive voltag e . 

SETTINGS 

The SKBU relay has s eparat e t a p  plat e s  for adjustment of the pha s e  
and ground fault sensit ivit ies  and t he sequenc e  c omponent s included 
in t he networ� out put . The  range of t he ava i lable t aps is 
suff i c i ent to c over a wide range of appli cat ions . The met hod of 
det ermining t he c orre ct taps for a given installat ion is dis cussed 
in t he following paragraphs . 

I n  all cases , t he similar fault det ect ors on t he relays at both 
t erminals of a line sect ion must b e  set t o  pi ckup at t he same 
value of line c urrent . This is nece ssary for correct blocking 
during fault s ext ernal to t he prot ect ed line sect i on .  

S eguenc e  Combinat ion Taps 
The t\'fo halves of tFie right -hand tap plat e are for c onne ct ing ·the 
sequence  network to provide any of the c ombinat ions described in 
t he previous sect ion . The upper half of t he t ap plat e or Rl taps 
changes t he tap on t he third winding of t he mut ual reactor and 
t hus changes t he relat ive amount s of po s it ive and negat ive sequence  
sensit ivit y .  O perat ion o f  t he relay with t h e  various t aps i s  
g iven i n  t h e  t able below .  

TABLE I 

Taps on 
S equence  Component s Right Hand 

Comb . in N etvmrk Out put Tap Block Fault Det ector FD-1 Pickup 
Rl Ro 39 Fault 9-9 Fault _g_ 
c G l-!j�� Tap ' (:_  1 Value 1 Pos . , N eg . , Z ero or 1:5 �5-J Tap 

Value ( 53% on BC Fault ) 

2 Pos . , N eg . , Z ero B I G H 2 x Tap 0''  m Value or 9 1 :, l ap 
Value ( () 5°1 on BC  Fault ) ... ;u 

3 N eg . , Zero A I G or H - - - - - - - - lOOj� Tap Value 
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# - Ta�s F ,  G ,  and H are zero-sequence taps for adjust ing ground 
fault sensit ivit y .  

S ee sect ion on zero-sequence c urrent tap . 

.....Q... - Fault d et e ctor FD-2 is set t o  pickup at 1 2 5;'� of FD-1 for a 
two -t erminal l�ne , or 2 50% for a three-t erminal line . 

1 - When taps A and 3 ,  or B and 3 are used , the relay pickup 
current s for F D-1 and FD-2 will be 10 to 1 5  percent higher t han t he 
indicat ed values because of the variat ion in self-impedanc e of the 
sequence network and the sat urat ing t ransformer . 

Posit ive -S equence  Current Ta� and FD-2 T ap 
The left -hand tap plat e ,  T , as t aps of 3 ,  4 ,  5 ,  A ,  7 ,  8 ,  and 10 
which repre sent t he three -pha s e , fault det ector f<'D-1 pickup 
current s ,  when the relay is conne ct ed for posit ive , negat ive and 
zero sequenc e  out put . The fault det ector FD-2 closes it s c ont act 
t o  allow t ripping at current value 2 5  perc ent above t he fault 
det ector FD-1 sett ing . This 2 5  perc ent diff erenc e  is ne cessary t o  
insure t hat t he carri er-start fault d et ectors ( FD-1 ) a t  both ends 
of a 2-t erminal t ransmi ssion line sect ion pi ckup to start carrier 
on an ext ernal fault before operat ing energy is applied t hrough 
F D- 2 .  

For a ) -t erminal line , there i s  a provision on the print ed c ircuit 
board for changing the t emperat ure compensat ion when calibrat ing 
FD-2  t o  pickup at 2 50% of FD-1 sett ing . This is necessary t o  
allow proper blocking on ) -t erminal lines when approximat ely e qual 
current s are fed in two t erminals , and t heir sum flows out t he 
t hird t erminal of t he line . The relay is shi pped c onnect ed for 
2-t erminal line servi c e .  For a ) -t erminal line , t he j umper on t he 
F D  board must be changed t o  c -3 , and FD-2  must b e  recalibrat ed for 
2 505� of F D-1 . 

The T ,  Ro , and Rl t aps should be sele c t ed t o  assure operat ion on 
minimum int ernal line-t o -line fault s ,  and yet not operat e on 
normal load current , part icularly if the carrier channel is to be 
used for auxiliary funct ions . The dropout c urrent of the FD-1 
fault det ector i s  80 perc ent of the pi ckup current , and : this 
fact or must also be considered in select ing the  pos it ive -sequenc e 
c urrent tap and sequence c omponent combinat ion . The margin 
between load c urrent and fault det ector pickup should be suff i c i ent 
t o  allow t he fault det ector t o  dropout aft er an ext ernal fault , 
when load current c ont inue s t o  flow. 

Z ero-S equence  Current Tap - Ro Taps 
The lower half of the right -band t ap plat e ( Ro taps } is for 
adjust ing t he ground fault re spons e of the relay . Taps G and H 
g ive the approximat e ground fault sensit ivit ies  a s  list ed in 
Table I I . Tap  F i s  used in applicat ions where increased 
s ensit ivity t o  ground fault s i s  not required . \fuen thi s  tap i s  
used , t h e  voltage out put o f  t h e  network caused b y  zero-sequence  
c urrent i s  eliminat ed . 
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N OT Z : Because of inherent chara ct erist i c s  of t he sequenc e  network , 
there v.rill be small variat ions ( from the values list ed in Tables 
I and I I ) in t he p ickup current for various phase or ground fault 
c ombinat ions . 

TABLE I I  

C omb . Rl Tap Ground Fault Pi ckup Perc ent of T Tap S et t ing 

Tap G Tap H 

1 c 2 5% 1 2% 

2 B 20% 10 (0 I 

3 A 20� I 10% 

ExamEles of SKBU Relay S ett ings 

CASE I 
A ssume a two-t erminal l ine wit h  current t ransformers rat ed 400j5 at 
bot h t erminals . A lso a ssume t hat full load current is 3 00 amperes , 
and t hat on minimum int ernal pha se-t o -pha se fault s 2000 amperes is  
fed in from one end and 600 amperes from the other end . Furt her 
a ssume that on minimum int ernal ground fault s ,  400 amperes is fed 
in from one end , and 100 amperes from t he other end . 

Posit ive S equenc e Current Tap 
Sec ondary Values :  

Load Current = 300 x 5 = 3 . 7 5 amperes 4Q(j 
( 1 )  

Minimum Pha se-t o - Pha se Fault Current s :  
r.oo x 5 = 7 . 5 amp e r e s  ( 2 ) 4U'6' 

Fault det ector FD-1 sett ing ( t hree phase ) must be at least : 
3 . 7 5  = 4 . 7 ampere s ( 0 . 80 is  dropout rat io of FD-1 
G:"8TT fault so t hat the fault det ector will ( 3 )  

reset on load c urrent ) 

In  order t o  c omplet e the t rip c ircuit on a 7 . 5  ampere phase-t o ­
pha se fault , t h e  fault det ector FD-1 sett ing ( t hree -Pha s e ) must b e  
not more t han : 

7 . 5 X 1 
0 . 866 

x 1 = 6 . 98 ampere s 
1":75 

1 . 2 5 = FD-2 Pickup 
FD-l Pickup 

-13 -
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S equenc e  C ombinat ion Tar 
From a cbmparison of (3  and ( 4 ) above , i t  i s  evident t hat the 
fault det ector can be set to trip under minimum pha se fault 
condit ion yet not operat e under maximum load . In t hi s  case , t a p  C 
would be used ( se e  Table I ,  Comb .  1 )  as  t here i s  suff i c ient 
differenc e between maximum load and minimum fault t o  use the full 
t hree -pha s e  sensit ivit y .  Current tap o v.rould be us ed in preference 
to t ap 5 to allow for occurrence  of higher load current . 

Z ero S equenc e  TaE 
Secondary Value : 

100 x 5 = 1 . 2 5  amperes minimum ground fault current 
:z;:mJ 

·· iith T ,  t a p  6 and Rl , t ap C in us e ,  t he fault det ector FD-1 pickup 
c urrent s for ground fault s are as follows : 

Tap G lj4 x 6 = 1 . 5 ampere 
Ic1inimum Trip = I .  25 x 1 .  5 ampere 

Tap H lj8 x 6 = 0 . 7 5 ampere 
Minimum T rip = 1 . 2 5  x 0 . 7 5 = 0 . 94 ampere 

From t he above , t ap H would be us ed to t rip the minimum ground 
fault of 1 . 2 5 amperes .  

CASE I I  
A ssume t he same fault current s a s  in Case I ,  but a maximum load 
c urrent of 5 50 ampere s .  In this example , wit h  the same sequenc e 
c ombinat ion a s  in Case I ,  the fault det ectors cannot be set t o  
trip on t he minimum int ernal t hree-pha se fault , yet remain 
inoperat ive on load current . C ompare e quat ions ( 5 ) and ( 6 ) . 
However , by c onnect ing t he network per combinat ion 2 on Table I ,  
the relay can b e  set t o  t rip on minimum phase-t o -pha se fault , 
although it will have only half the sens it ivity t o  t hree -pha se 
fault s . This wil l  allow operat ion at maximum load without picking 
up t he fault det ector , and provide high speed relaying of all exc ept 
l ight t hree -pha s e  fault s .  

I n  order t o  c omplet e t he t rip c ircuit on a 7 . 5 ampere pha se-t o ­
pha se fault , t he fault d et e ct or t a p  must now be not more t han : 

7 . 5  X 1 X 
I:0 

1 = 6 . 6  amperes 
lJ.9 

T o  be sure t he fault det ector FD-1 will reset aft er a fault , the 
min imum tap set t ing is det ermined as  follows : 

Load Current = 5 50 x 5 = 6 . 9 amperes 
4DTI 

0 . 9  = 8 . 6  
0 . 80 

-14-
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I. L. 4 1 - 9 54.  lA 

S ince the fault det ector pickup current for t hree -phas e  fault s is 
twi c e  tap value , half the above value ( Eq .  7 )  should b e  used in 
det ermining the minimum t hree -pha se t ap . 

8 . 6  = 4 . 3  
'""2 

( 8 )  

From a comparison o f  ( 5 ) and ( 8 } above , tap 5 or 6 c ould b e  us ed . 
( Cont inuous load current rat ing of relay i s  10 amp eres . )  

Wit h t he t hree-phas e  tap 5 in use , the fault det ector pickup current 
for ground fault s will b e  a s  follows : 

T ap G lj5 x 5 = 1 . 0  ampere 
Minimum T rip = 1 . 0  x 1 . 2 5 a .  = 1 . 2 5 ampere 

Tap H ljlO x 5 = 0 . 5 ampere 
Minimum Trip = 1 . 2 5 x 0 . 5 a .  = 0 . 63 ampere 

T herefore , tap H would be used to t rip t he minimum ground fault 
of 1 . 2 5 ampere wit h a margin of safety . 

INSTALLATION 

The SKBU relay i s  g enerally supplied in a cabinet or on a relay 
rack as part of a complet e assembly . The locat ion must b e  free 
from dust , exc essive humidity , vibrat ion , corrosive fumes , or heat . 
The maximum t emperat ure around t he chassis must not exc eed 5 5 ° C . 

ADJUSTMENTS AND MAINTENANCE 

N OT E : The SKBU relay is normally supplied a s  part of a carrier 
relaying syst em , and it s calibrat ion should be checked aft er the 
syst em has been inst alled and int erconnect ed . Det ails are given 
in t he inst ruct ions of the  assembly . The assembly inst ruct i ons 
and not t he following inst ruct ion should be followed when t he 
relay i s  rec eived as  an int egral part of the relaying syst em . 

I n  those ca ses Nhere t he SKBU relay is not a part of a relaying 
syst em , t he following pro c edure can b e  followed t o  verify t hat the 
c ircuit s of t he SKBU relay are funct ioning properly . 

T e st Equipment : 
1 .  Osc illoscope 
2 .  A . C .  Current S ourc e  
3 .  2lectronic T imer 
4 .  A . C .  Voltmet er 
5 .  D . C .  Voltmet er 

A c c ept anc e Test 
C onne ct t he relay t o  the t e st c ircuit of F ig . 8 which repre sent s 
the T C  carrier channel for t e st purpo ses . 
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Open all t e st swit ches of the t e st c irc uit and c onnect a 60 cycle 
t e st current b etwe en t erminals 3 and 4 of the relay . S et relay 
t a ps on C and H and remove T tap screw . 

1 .  F ilt er OutEut 

a .  Connect a high res ist anc e a - c  volt met er across  c ommon of T tap 
blo ck and the common of Ro tap blo ck . 

b .  Pa ss wit h 3 . 44 ampere s ,  60 cycles int o t erminal 3 and out 
t erminal 4 of relay . Voltmet er should read between 0 . 7 5 volt s and 
0 . 8 5 volt s a - c . 

2 .  FD-1 PickuE and DroEout 

a .  S et relay t aps 5 ,  C ,  and H .  Close all swit ches of t est c ircuit . 

b .  Conne ct a hi gh re sist anc e d - e  voltmet er across Xl4 and X3 ( N eg . } 

c .  A pply AO cycle current t o  t erminals 3 and 4 of t he relay . 
Gradually increase t he current unt il the voltmet er changes reading 
from approximat ely zero volt s t o  approximat ely 20 volt s .  This is 
t he operat in� current of FD-1 and should be 4 . 3 3  ! 5% amperes . 

d .  Gradually lm,rer a-c  t e st c urrent unt il the d-e voltmet er drops 
to approximat ely z ero volt s .  This is the dropout c urrent of F D-1 
and should o c cur at 80� of t he pickup current . 

a .  With the current t est leads c onne cted as  in t he FD-1 t e st , 
c onne ct t he vo ltmet er a c ross Xl 3 and X3 ( N eg . } 

b .  Graduallv ra ise  a-c  current unt il voltmet er reads approximat ely 
4 5  volt s .  �his should be  5 . 41 � 5% ampere s .  
c .  Gradually lower a - c  t e st current unt il the d-e voltage reading 
drops to z ero volt s . This is dropout of FD-2 and should o c cur at 
90� of pickup current . 

4 .  Check of Lo cal Squaring AmElifier 

a .  Open swit c he s  A ,  B ,  C ,  D ,  and E of t est c ir cuit . 

b .  Pla c e  sc ope a c ross XlO and X3 ( GRD ) . A pply 5 amperes a -c t o  
t erminals 3 and 4 o f  relay . 

c .  A s :1uare wave voltag e should appear across XlO and X3 vrith t he 
wave shape of Table I I I . 

5 .  Check of K eying C ircuit 

a .  Open all swit c he s  of t e st c ircuit and apply 5 amperes a - c  t o  
t erminals 3 and 4 of the relay . 
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I. L. 41 -9 54. lA 

b .  �ith s cope check voltage a c ross Xll and X3 ( GRD ) . Waveform 
should be a square wave a s  shown in Table I I I . 

c .  Close swit ches A ,  B ,  C ,  and D .  No change should be not ed in 
waveform a cross Xll and X3 ( GRD ) . 

6 .  Check of Remot e Sguaring Amplif ier 

a .  Close swit ches A ,  B ,  and C of t he t est c ircuit . 

b .  A pply 5 amperes a - c  t o  t ermina ls 3 and 4 of the SKBU relay . 

c .  Put scope a c ross X9 and X3 ( GRD ) . A square wave of voltage 
should be obt a ined ( s e e  Table I I I ) . 

7 . S ett ing of S 5  and S6 

a .  S et S 5  t o  minimum res i st anc e  and S 6  t o  maximum re s i st a n c e  
( fully c lockv;ri s e ) • 

b .  \'lith swit ches A ,  B ,  and C of t he t e st c ircuit closed , apply 6 
amperes a - q  t o  t erminals 3 and 4 of the SKBU relay . 

c .  Pla c e  scope a c ross 
waveform is obt a ined . 

Adjust S 5  unt il following 

4 ms . each ( approxi ­
mat ely )  These two 
int ervals equal 

d .  Close swi t c h  D and adjust S6 unt il the AR trips . In the case of 
a volt age out put SKBU relay , pla c e  d-e voltmet er a c ross Xl6 and X3 . 
Tripping is indicat ed by a change in voltage from 0 to 20 vo lt s .  
This s et s  t he t r iggering of t he flip-flop aft er a 4 milli s e c ond 
delay . Re check p i c kup by moving 5 5  minimum , opening and c los ing 
swit ch D and t hen adjust ing S 5  unt il AR operat e s . It may be 
n e c essary t o  readjust S 6  to obt a in A R  t ripping on waveform of 
step c .. 

e .  S lowly increase S 5  t o  obt a in t he following waveform . Adj ust for 
minimum area of t he pi ps . This will be with S 5  near minimum 
r e s i st anc e .  

* 
Minimum Pips may 
point up as shown 
or down 
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8 .  Check of Trans i ent Blo cking 

a .  Connect electronic t imer st op t o  X7 and X3 ( GRD ) . S et t imer 
st op on negat ive go ing pulse . 

b .  C onnect t imer st art t o  t imer st art contact s of swit ch D .  S et 
t imer st art t o  make .  

c .  �lit h swit ches A ,  B ,  and C open , apply 6 amperes a-c t o  t erminals 
3 and 4 of the SKBU relay . 

d .  Close swit ch D and mea sure t ime for voltage t o  drop from 20 
volt s t o  approximat ely zero volt s .  This should be betwe en 20 t o  3 0  
milliseconds . Take average of t en readings . 

9 .  Check of ·Trans i ent Unblocking Circuit 

a .  Wit h  electronic t imer st op c onnect ed t o  X7 and X3 ( GRD ) , set 
t imer st o p  on posit ive go ing pulse . - A lso conne ct a-c voltmet er 
ac ro ss X7 and X3 ( NEG . ) 

b .  C onnect t imer st art t o  t imer st art contact s of switch  A .  

c . Apply 6 amperes a -c t o  t erminal 4 and 3 of the SKBU relay , and 
c lose  swit ches A ,  B ,  C ,  and D of t est c ircuit . C los ing swit ch D 
set s up t rans i ent blocking as can be seen by a change in voltage 
from 20 vo lt s d-e to 0 volt d-e . 

d .  O pen swit ch A and mea sure t ime for volt age t o  change from 
approximat ely zero volt t o  20 volt s .  T ime should be 20 t o  3 0  
millisec onds . Mea sure average o f  10 t rials . For each t rial it 
will be nec essary to close switch  A and t hen open swit ch D .  Swit ch 
D should t hen b e  c losed and A opened to mea sure t he unblo cking t ime . 

10 . Check of Carrier Sguelch C ir c uit 

a .  C onnect  t imer st op across  Xll and X3 GRD . S et t imer stop on 
negat ive pulse . 

b .  Connect t imer st art . S et t imer st art t o  make .  

c .  Open swi t c h  C .  Approximat ely 20 volt s should appear across  Xll 
and X3 . 

d .  Close swit ch E and measure t ime for voltage t o  disappear . This 
should be 8 to 12 milliseconds . 

e .  S et t imer st op on posit ive pulse and t imer start on break . 

f .  r.1ea sure t ime for voltage t o  reap-pear by opening swit ch E .  T ime 
should be 120 t o  180 millisec onds . 
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I. L. 41-954. lA 

ROUTINE MAINTENANCE 

A ll c ontact s should be periodi cally cleaned . A c ont a ct burnisher 
S#l82A 83 6H01 is recommended . The use of abra s ive mat erial is not 
recommended because of t he danger of emb edding small part icles  in 
the fa c e  of the soft silver and t hus impa iring the cont a ct . 

CALIBRATION 

Use t he followin; pro cedure for calibrat ing t he relay i£ the relay 
ha s been taken apart for repairs . The relay should be connec t ed 
t o  t he t est c ircuit of F ig . 8 .  

1 .  S e�uence F ilt er 
T o  ca ibrat e the s e quenc e  filt er ,  t he t o p  c over must b e  removed 
and the fo llowing proc edure us e d ;  Remove t he T t a p  s crew and insert 
t he tap s crews in tap C and H of the Rl and Ro taps . Pass a s ingle ­
pha s e  current o f  10 amperes , rat ed frequency t hrough t he reactor 
coils in series  from pha s e  B to  pha se C ( relay t erminals 4 and 5 ) . 
A c curat ely mea sure t he a-c  volt age from t erminal 3 t o  t he c ommon of 
t he T tap plat e .  This voltage should b e  b etween 3 . 7 and 4 . 1 volt s . 
N ow pa ss 10 amperes from t erminal 3 t o  t erminal 4 with tap sc rew C 
removed , and connect volt met er from t erminal 3 t o  the right -hand 
( front Ro view )  adj ust able po int of t he formed resist or .  Adj ust 
this po int t o  give a voltage e qual t o  exact ly one-third of t he 
react or drop . N ot e  t he above reading , and adj ust t he int ermediat e 
tap  of formed resistor t o  give exactly 2j3 of t he voltage obta ined 
above for all of formed resist or .  Measure t his volt ag e  from 
t erminal 3 t o  t he int ermediat e tap . 

2 .  Pha se  Split t er 
If repla c ement of the fault det ector board or ma j or component on 
t he board nec e s s itat e s  a c omplet e recalibrat ion , proc e ed as follows : 

a .  S et relay taps 5 - C - H .  

b .  S et S l  and 83 t o  full c lo c kwi s e  posit ion . 

c .  S et 8 2  and 8 4  t o  mid-scale . 

d .  Pa s s  4 . 3 3  amperes t hrough relay t erminal 3 t o  t erminal 4 .  

e .  On fault det ector board , check the a - c  voltage from TP51  t o  T P 5 2  
and from T P 5 2  t o  T P 53 wit h a VTVJ\L Adj ust t he small pot . R53 on 
the fault det ector board unt il these two voltages are equal . 

f .  Close all swit ches of t e st c ircuit and connect VTVIvl a cross Xl4 
and X3 ( N eg . ) 

g .  S lowly turn 33  count erc lockwise , wit h 4 . 3 3  amperes flowing , 
unt il F D-1 operat e s  a s  indicat ed by a change in voltage reading 
from approximat ely zero volt s t o  20 volt s d-e . 
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h .  Reduc e t he a - c  current t o  check FD-1 dropout . Adj ust S 4  t o  
obtain 80 perc ent dropout ( 3 . 46 ampere s ) . Dropout i s  ind icat ed by 
a change in voltage reading from approximat ely 20 volt s t o  0 volt . 

i .  Re check FD-1 p ic kup and dropout , and t ouch up 33 and 3 4  in t hat 
order for t he c orrect calibrat ion . T ight en the locking devic e .  

j .  S imilarly recalibrat e F D - 2  us ing c ont rols S l  ( pi ckup ) and 3 2  
( dropout ) , repeat ing st eps g ,  h ,  and i ,  exc ept for FD-2  p ickup of 
5 . 41 amperes and dro pout of 4 . 8 5  amperes . Pickup is mea sured using 
Xl3 and X3 ( negat ive ) and i s  indi cat ed by a c hange in voltage reading 
from a low voltage t o  45 volt s .  

3 .  Tripping Relay ( AR )  
The t ype AR t ripping relay unit ha s been properly adj ust ed at t he 
fa ct ory t o  insure c orrect operat ion and should not be dist urbed 
aft er r e c ei pt by t he c ust omer . If , however , the adj ustment s are 
dist urbed in error , or it becomes nec e ssary to repla c e  some part in 
the f i eld , use t he following adj ustment pro c edure . This pro c edure 
should not be us ed unt il it is apparent t hat the AR unit is not in 
proper working order , and t hen only if suit able tools are ava ilable 
for checking the adjustment s . 

a .  A d j ust t he s et sc rew at t he rear of the t op of the frame t o  
obt ain a 0 . 009 inch gap at t he rear end of t he armat ure a ir gap . 

b .  Adjust each c ontact spring t o  obtain 4 grams pressure at the 
very end of the spring . This pressure i s  mea sured when the spring 
moves away f rom the edg e  of t he slot in t he insulat ed cro sspie c e .  

c .  Adj ust ea c h  stat ionary c ontact screw t o  obtain a contact gap 
of 0 . 0 20 inc h .  This will g ive 1 5 -30 grams contact pressure . 

4 . Check of S o lid-St at e C ircuit s 
Perform t est s list ed under "Ac c eptan c e 11 t e st s t o  verify t hat t he 
SKBU relay is funct ioning correct ly . 

TROUBLE SHOOTING PROCEDURE 

T o  t rouble shoot t h e  e quipment , t he logic diagram of e it her F ig . 
5 or 6 ,  volt ages of T able I II , should be used t o  isolat e the 
c ircuit t hat i s  not p erforming correctly .  The schemat i c  o f  e it her 
F ig . 3 or 4 ,  and t he voltages of Table I V  should then be used t o  
isolat e the faulty c omponent . 
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TABL� I V  

VOLTAGZ MEASURElt:ENTS O F  PRINTED CIRCUIT BO/\.FW 

1 .  Fault Det ector Board 

D-C Voltages - posit ive with re spect to negat ive d-e  ( t erminal 8 
of board ) . 

T e st Po int I = O I =2 X FD-2  p . u .  

T erminal 14 45 . 0  VDC 4 5 . 0  VJC 
T P  5 4  6 . 6  6 . 8  
T P  5 5  6 . 6  less t han 1 
T P  56 14.  5 less t han 1 
T P  57 less t han 1 14 . 5 
T P  58 45 less t han 1 
T erminal 13 FD-1 less t han 1 20 
T erminal 1 5  FD- 2  less t han 1 45 
T P  52 - TP 51 less t han 1 18 VA C Approximat e ly 
T P  5 2  - T P  53 less t han 1 17 . 8  VAC Approximat ely 

2 .  Amplifier and K eying 

D-C Voltages - posit ive wit h  respect t o  negat ive ( t ermina l 8 of 
board ) . 

T e st Point N ormal Fault 

T erminal 4 20 20 
T P  101 20 10 
T P  10 2 20 . 3  19 . 8  
T P  103 less t han 1 10 
T erminal 3 less t han 1 9 . 8  

3 .  Output Board 

D-C Voltages - pos it ive wit h re spect t o  negat ive ( t erminal 8 of 
board ) : 

T e st Point 

T P  30 2 
T P  3 01 
T erminal 14 

Normal 

19 . 5 
10 
20 

- 21-

Fault 

19 . 0  
8 . 5 

19 . 0  

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



RENEWAL PARTS 

Repa ir work can b e  done most sat i sfa ct orily at t he fa ctory . 
However , int erchangeable part s can be furnished t o  the c ust omers 
'i'J"ho are e quipped for doing the repair work . \Jhen ordering part s ,  
ah;ays give the c omplete  nameplat e dat a . For c omponent s mount ed 
on t he print ed c ircuit board , g ive t he c ircuit symbol and t he 
electrical value ( ohms , mfd ,  etc . ) . 
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Fault Det ect or Board 

C ircuit 
Symbol 

C 51 
C 5 2-C 5 5  
C 53 
C 54 

D51 t o  D 56 - D61 
D 57 t o  D60 - D6 2 

i<l 51-Q5 2-Q56 -Q 57 
(� 53 
(� 54 
(). 5 5  

R 5 1  
R 5 2  
R53 
R 5 4  
R 5 5-R73 -R78 
R 5 6 -R 5 8  
R57 
R59 
R60 - R6 5 
R6:}.. 
R6 2-R6 4-R6 8-R7 4  
R63 
R66 
R67 
R69 
R70 
R71 
R7 2 
R7 5 
R7f) 
R77 

Z 51 
Z 5 2- Z 5 4  
Z 53 
Z 5 5  

ELECTRICAL PARTS LIST 

Descript i on 

C apac it o r  
o . Io MFD 
0 . 5 
0 . 2 5 
1 . 0  

Diodes 1N459A 
1N 457A 

Transi st ors 2N697 
2N699 
2N 20 43 
2N6 5 2A 

Resistors 
50 Ohm , 5Vi 
9 . lK Ohm , 1/2\J 
2 .  5K Ohm , Pot .  
2 . 7K Ohm , lj2\V 
lOK Ohm , lj�U 
1 5K Ohm , lj2J'l 
l SK Ohm , lj2W 
Thermist or 1D0 5N 
6 8K Ohm ,  1/2�1 

• 2 2  I'1eg . Ohm , lj2�'J 
10K

1,
0hm , lj21.J . 

. 1  •'.Leg . Ohm , l/2 i,J 
470K Ohm ,�Z,• 
3 9K Ohm , 1 Z..J 
lK Ohm,  1 2lJ 
6 . 8K Ohm , �2H 
20K Ohm ,  1 2�l 
3 .  9K Ohm ,  ·. 1 
3 3 K  Ohm ,  lj2\\f 
lOK Ohm , L'l 
lK Ohm ,  lj2 ':J 

Z ener Diodes In!83 2c 
1N9 5 7B 
1Nl7 S9 
1N3 6 86B 

- 23 -
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'v\fest inghouse 
Style N umber 

1 5 449 2 20 
187A6 24Hll 
187A6 24H0 2 
187A6 24H04 

1 84A B 5 5HO S  
l84A B 5 5 H07 

184A63 8Hl8 
184A63 8Hl9 
184A 63 8H21 
184/1.63 SH16 

1 8 5A 209H06 
187A763 H50 
6 29A43 0 H03 
6 29A 530H42 
6 29A 530H56 
187A6 41H5 5  
184A 763 H 5 7  
1 8 5A 211H0 5 
1S7A6 41H71 
184A 763 H83 
187 AA41H51 
187A6 41H7 5 
184A 763 H91 
187A 6 41H6 5 
187A6 41H 27 
187A641H47 
6 29A 5J O H63 
187A64J H41 
1 87 A 6 41H63 
1 87A643 H 51 
6 29A 530H43 

184A617H06 
1 86A797H06 
5B4C 43 4HOS 
l 8 5A 21 2H06 
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Amplifier and K eying 

C ircuit 
Symbol 

C lOl 

Dl01-Dl0 2 -Dl04-
Dl06 t o  Dll2 
Dl03 

QlOl t o  Ql0 4 
Ql07 t o  Qll3 
Ql0 5 -Ql06 

Rl01-Rl03 -Rll4-Rl27 
Rl0 2 
Rl04 
Rl0 5 
Rl06 
Rl07-Rll9 -Rl 23 
Rl08-Rl09 -Rl26 
RllO 
Rlll 
Rll 2  
Rll3 
IU1 5 
Rll6 -Rll7 -Rl30 
RllB-Rl 21-Rl29 
Rl 20-Rl 2 2  
Rl 24-Rl 2 5  
Rl28 

Z lOl 

Out put Board 

C301 
C30 2 
C303 
C304-C306 
C 3 0 5  

D3 01-D3 0 4- D3 0 5- D3 06 
D3 0 2-D3 03 

ELECTRICAL PARTS LIST 

Descript ion 

Capa c it or 39 MFD 

Diodes 
1N457A 
1N91 

T ransist ors 2N652A 
2N697 

Res i st ors 
!ook Ohlri , lj2ll 
1 50K Ohm , lj2\l 
3 3 K  Ohm , lj�W 
6 BK Ohm , J:j21l 
27K Ohm , 1{2W 
4 .  7K Ohm , lL2�l 
lOK Ohm , lf2

.
\/ 

3 . 3 K Ohm , lj21.l 
5 . 6K Ohm , lj2W 
1 .  2K Ohm , lj2\f 
3 3 0  Ohm , 2\{ 
1 80K Ohm , lL2\l 
2 2K Ohm ' lj�1�l 
4 7K Ohm , l{2Vl 
470K Ohm , ll2W 
1 5K Ohm , lj�W 
3 9K Ohm , lj2Vl 

Z ener Diode 1N748A 

ca0a c it ors 
1 .  MFD 
O .  2 5  MFD 
3 .  0 MFD 
0 . 0 5  MFD 
0 .  2 2  MFD 

Diodes 
1N457A 
1N91 

-24-

West inghous e 
Style Number 

187A 508H04 

184A 8 5 5 H07 

182A 881H04 

1 84A63 8Hl6 

184A63 8Hl8 

187A641H7 5 
184A 763 H79 
1 87A6 41H63 
187A641H71 
1 87A6 41H6 1  
1 87A641H43 
187A6 41H51 
184A763 H3 9  
187A6 41H45 
184A 763 H29 
1 8 5A 207Hl 5 
187A641H81 
187A6 41H59 
187A 6 41H67 
187A641H9 1  
1 87A6 41H5 5 
187A641H6 5 

186A797H13 

187A62 4H04 
1 87A6 24H0 2 
1 88A 293 H06 
187A 6 2 4H08 
188A 293H0 2  

184A S5 5 H07 
182A 881H0 4  
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E LECTRICAL PARTS LIST 

Out put Board ( cont inue d )  

C ircuit 
S ymbo l  

R3 01-R303 -R309 -R3 10-
R3 13 -R3 24-R3 2 5  
R3 0 2  
R30 4  
R3 0 5  
R3 06-R3 1 5 -R3 22 
R3 07-R3 3 1  
R3 08-R3 20 
R3 11 
R3 1 2  
R3 16-R3 21-R3 23 
R3 17-R3 28-R3 3  2 
R3 18 
R3 19 
R3 26-R3 29 
R3 27 
R3 3 0  

Z3 01-Z3 03 -Z30 5 
Z3 20 
Z3 0 4  
Z306 

Relay Board 

C 2 51-C 2 5 2-C 2 53 

R251-R 2 5 2  
R 2 53 

1251 

1\R 

Descript ion 

Transistor 
2N652A 
2N697 
2N699 

Res i st ors 
!OK ohm , lj2ll 

1 20K Ohm , lj2VJ 
47 Ohm, lj2>! 
8. 2K Ohm , ljZ;l 
4 . 7K Ohm , lj2�I 
2 .  �K Ohm , lj2:.J 
6 .  8K Ohm , lj2,J 
470 Ohm ,  lf2

.
'v"l 

4 70K Ohm , {5z ... � 
2 2K Ohm , 1 2�'1 
5 . 6K Ohm ,  lj2;,J 
15K Ohm , lj� �.J 
Thermistor lDlOl 
4 . 7K Ohm , lj2vJ 
6 • 8K Ohm , lj2�'l 
1 . 5K Ohm , lj2W 

Z ener Diodes 1N957B 
1N96 5B 
1N960B 
1N l789 

Ca�a c it ors 
o.  5 MFD 
Resist ors 
2. 2K ohm , 1Vzvi 
800 Ohm , y; 
F ilt er Choke 
8 • 5 HY, 40Q Ohm 

I. L. 4 1- 9 54. lA 

\Jest inghouse 
Style N umber 

184A63 8Hl6 
184A63 8Hl8 
1 84A63 8Hl9 

187A641H51 

1 87A641H77 
187A640 Hl7 
187A641H49 
187A6 41H43 
187A6 41H3 5 
187A641H47 
187A641Hl9 
187A641H9 1  
187A641H59 
184A763 H45 
187A 6 4lH 5 5  
185A 211H0 4  
184A763 H43 
184A763 H47 
187A641H3 1 

186A797 H06 
186A797H0 8  
186A797 Hl0 
584C 43 4H08 

187A6 24H0 2 

187A641H3 5 
184A 859H06 

188A 460H01 

40 8C 845G09 

Where a volt age out put i s  re quired , t he AR relay i s  omitt ed and t he 
following addit ional part s are locat e d  on t he board . 
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E LECTRICAL PARTS LIST 

R elay Board ( cont inued ) 

C ircuit 
Symbol 

C 2 54 

D 2 51-D2 5 2  
D 2 53 

R 2 53 , R256  
R254  
R 2 5 5  
R257  
R 2 59 

Z 2 51 

Descript ion 

Capa c it ors 0 . 25 MFD 
Diodes 1N457A 
CER-09 

Trans ist ors 2N398A 
Resist ors 
IK Ohm , 1 j21J 
2 . 2K Ohm , 3 \1 
3 3 0  Ohm , 3 1J 
lOK Ohm , ljZJJ 
2 . 2 5K Ohm , 3 tv 

Z ener Diode 
lN3686B 

-26-

We st inghouse 
Style Number 

187A 6 24H0 2 

1 84A S 5 5 H07 
188A3 42H06 

184A63 8IU 2  

1 84A 763 H27 
184A 8 59 Hl 5  
184A S59Hl 4  
184A763 H51 
184A63 6 H03 

185A 212H06 

' 
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N365472 

Fig. 1 Type SKBU Phase Comparison Relay (Front View) 
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Fig. 2 Type SKBU Phase Comparison Relay (Rear View) 
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------------------------"'r::•---:1 TO TEST ------------------------1"+12..3 IJRESET PUSHBUTTON l3 } TO TEs-, --------------------------l.:.:.IIZ SWITCH 

I I 
I I 
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--------���-=--=-��-·-··· 3 ---, 
I I 

� �TO GROUNO 

� 
I I I I 

I 
I I 
I I 
I 
I 

I i I . I ------+-<r---�-+----rl-�---.:'-.;.j>--------j-. I +20 VOLTS 
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AMPL 
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I 
I 
I 
I 

I I 
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I I 
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I I 
I I 
I I 
I I 
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I 
I I 
I I I 1 I I 
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I I I I 

------------------------�1 2.0 ITO SQUELCH TEST 
-----------------------___,.,.• I} SWITCH 

I 1 ��.6�:; ====================�'0 1 
--------------------------F'il �}��.6�.·; 
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J / 0 1  "v\ I I � TO�EST 

------------------ -----+23=-,) RES£T PUsHeliTTON I> } TO TEST -----------------------l-':=.l2 :iWITCH 
I I 
I I 

--------- -----------------j'_,.jTRA�� .. ��Tl" ----------------------�5 TO CARttt£h I CONTROl 

� ---- , -- -, 
t I 

� �TO GROUND 

� 
I I 

I 

I I 
I I 1-- i 

------------�------�---�'·�� 
I I I I I 
I I 

I I . I 
-----t��-+-�-�+- �r--�:�----� � +20 V�TS 

. BLOCkiNG 
'------v---'�1 4/0 TIMER FLI P- FLOP TRIP 

AMPL 

_ �UTPUT __ -- __ Ii!!C� =:J 

I 
I 
I 
I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I I I 
I I I 1 I I 
I I 
I I I I I I ----------------------____,22�1:�'TOSOU£LCH TEST $YfiTCH 
J / rR tP OUTPuT 

I I I I 
LJ 

7 561704 
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I. L. 4 1 -9 54. lA 

JIOI r � '  � � �GIIOUNO 
·�-----_....;..' 45 ITO TC KIHII 111 I 

I 
I 

.. I 
L_ __ -{-.-;:J--...... -----+-----< t-------4-+zo l TO IQUELCH I ll(ST SWITCM 

I I 
1-4----------------------------4 5 � T�oti�=-EII 

I I �· I  
�,1 �'1 
�2� 

! ! ! ! ! ! I !  • • "j'j""t.ilt;ll. 
I I I I I I I I 

17 II tl 10 II H IS I4 nnl?.-nJOt�M 
AI VII..O ,_  
IIIAIIM IIIL&l' 

I I I I 
I 

TEST M;S[T 
�---i-M4i 0f< TEST �!ill 

L- --'  

898C393 

* Fig. 5 Logic Diagram of the Type SKBU Relay with an AR Output 

JIOI rl 
PWIIII {"5 YOLTS O C�-3� 

TC I'USEO NEGATin 6 
POW[R su�'I.V 

FUSED POSITIVE I 

FROM r·; TC' IICV�J_..j-----+--------.oj �J 

J IQI , .  _r--+---!-.. I G�OUND 
-:-

1 25 ITO TC �"'Til 
I, I 

899C206 

Fig. 6 Logic Diagram of the Type SKBU Relay with a Voltage Output 
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> G � o--tr-c:J-<:>-� 

�1-

:1:� � �  i� � 

� � · . � 
� �� � � Wu .. li� 8 a: =� 0 �� , 

�-� + 

848A657 

Fig. 7 Elementary Connections of TC 
SKBU Control Circuits 

TEST 
POINT 

X I 

X 2  

CIRCUIT 

POSITIVE 45 VOLTS FROM 
TC SET 

REGULATED 20 VOLTS 
Q.C· 

X 3 NEGATIVE FROM TC SET 

x• 
*x s 

r-;-
xs 

xs 

X 9  

X I O  

X I I  

. 
X l2 

X I J  

X l4  

CARR I E R  SQUELCH 

LOW PASS F I LTER 
VOLTAGE AT 2 TIMES 

PICI<UP OF F0-1 

TRANSIENT BLOCKING 

ARMING 

REMOTE $QUARING 
AMPLIFIER 

LOCAL SQUARING 
AMPLIFIER 

K E Y I N G  

LOCAL REMOTE 
COM PARER 

FO - 2  
F 0 - 1  

VOLTAGES TO X 3  ( EXCEPT WHERE SPECIFIED) 
NORMAL*�€ EXTERNAL FAULT INTERNAL FAULT 

� . .  
+ 2 0  

2 0  

1 2  

20 

+ •• � .. 
+ 20 � 20 

RATED SUPPLY 
VOLTAGE 

4 10 7  Dv 4 T0 7 � 
VOLTS - - VOLTS -
RMS RMS 

20 
+ 20 + 2 0  

�=LJLJ 
+ • • � . .  
+ 20 + 2 0  

i6 V D C  rl't'l-1fl IIV D.C. ('{'(W'() o - a -
X l6 ��;� ����

U
G
T
E-g�T

B
�T

R
���� 0 20 VOLTS D.C. 

1t = VOLI S A.t;:. AI,;KU:>S X:� AI XI ** NO LOAD CUIII'IitENT 
a : VOLTS D.C. TO X Z  f = READING VARIES WITH VOLTMETEft USED 

849A037 

* Fig. 9 Table ill, Voltages of SKBU Relay 
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2N699 TRANSISTOR � 

: 6 ! 
SKBU 

TERMINAl j I BLOC!< (1""\ 1 V 1  
I _ _  , 

POS.-�--------------'-"-'.;,L-------1-1 
RATED 

D.C. VOLTAGE 

OMIT THESE 
CONNECTIONS FOR 
SKBU RELAY WITH 
A VOLTAGE OUTPUT 

TES T  C I R C U I T  F:OR SKBU RELAY 
TC CARRIER CHANNEL 

848A844 

* Fig. 8 Test Circuit of SKBU Relay 

2 c 3 �,..---!::::�9��56 �=,'"0� 
fl �J " L:J � I R 5 1 . 

848A570 

Fig. 10 Component Location on Fault 
Detector Printed Circuit 
Board for Type SKBU Relay 
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®ill @ 
DD I 07l @V � R l  I I 

0 106 

� R 1 0 9 � � 8 @ II@ R l07  
R I 0 6  

lD I 0411 R l  @ � IR 1 03l @ lo102B 2 

[[@}] @m@ 0 1 0 1  

848A568 

Fig. 1 1  Component Location on Amp­
lifier and Keying Printed Cir­
cuit Board for Type SKBU 
Relay 

AR 

§i] 
JR 252 l � 
a 

849A010 

Fig. 13  Component Location on Relay 
Printed Circuit Board with an 
AR Output for Type SKBU 
Relay 

I. L. 4 1 - 9 54. 1A 

'i l l l l l l l  l l l l l l l l i 
849A009 

Fig. 12 Component Location on Out­
put Printed Circuit Board for 
Type SKBU Relay 

EJ lR257 I 

8 I R254 I EJ EJ jo252ll 
IR256 I IR 259 I lR252 I [ill[] 
lR253 l e B � 
I R2515 I il l251l 

t§l 

849A290 

Fig. 14 Component Location on Relay 
Printed Circuit Board with a 
Voltage Output for Type SKBU 
Relay 
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* Fig. 1 5  Outline and Drilling Plan for Type SKBU Relay 
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