
Westinghouse I.L . 41-954B 

INSTALLATION • OPERATION • MAINTENANCE 

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  

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

A P P L I C A 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 battery. 

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- amp ere rating is recom­
mended w here 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 Y P E  S K B  A N D S K B- 1  R E L A Y S 

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

The relay consists of a combination positive, 

N EW IN FORMATION 

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 
whic h is mounted on a printed-circuit board. These 
components are all mounted in an FT4 2 Flexitest 
relay case. 

Sequence Network 

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 
R 1 is a formed single wire mounted on the rear of 
the relay sub-base. The output of this network pro­
vides a voltage across 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 Auxi l iary Transformer 

The voltage from the network is fed into the 
tapped primary (upper tap plate) of a small satur­

ating transformer. This transformer and a Zener 
clipper connected across its secondary are used to 
limit the voltage impre ssed on the static fault 
detectors and the carrier control unit, thus providing 
a small range of voltage for a l arge 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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Fig. 1 Typ e SKB Relay - Front View 
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Fig. 2 Type SKB Relay - Rear View 
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Static Fau l t  Detectors 

The static circuitry for the two fault detectors 

FDl 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 FD l 

and FD2 are mounted on a sub-panel in the chassis.  
The controls , with locking shaft s, are adjustable 

from the front of the relay. 

Tri pping Reloy 

The AR tripping relay is a small high-speed 

attracted- armature type o f  unit. An insulated mem­

b er ,  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. 

I nd i cating Contactor Swi tch Unit (ICS) 

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 magnetic core upon 

energization of the switch. When the switch clo s es, 

the moving contacts bridge two stationary contacts, 

completing the trip circuit. Also during this opera­
tion, two fingers on the armature deflect a spring 

located on the front of the swit ch, which all ows the 

the op eration 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 armature and thus 

controls the pickup value of the switch. In the 
SKB- 1 relay, the device has no contacts, and is 

used only as an operation indicator (01). 

OPERATI O N  

The SKB or SKB- 1 carrier relaying system com­
pares the p hase positions of the currents at the ends 

of a line-section over a carrier channel to determine 

whether an internal or external fault exists. The 

three-phase line currents energize a sequence net­

work which gives a single-phase output volt age 

proportional to a combination of sequence compon­

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

p hase voltage energizes a static control unit (TCU) 

which allows t he transmission of carrier on alternate 

half- cycles of the p ower-frequency current. Carrier 

is transmitted from both line terminals in this man7 
ner, and is received at the opp o site ends where it is 

compared with the p hase position of the local se­

quence network output. If the local and remote half-

4 

cycle pulses are of the correct p hase 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 sequence 
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 
trans mitted. However, if the fault is external to the 

protected line section, carrier is transmitted on al­
ternate half cycles from opposite terminals .  Thus 

each t erminal blocks the opp osite 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 oppo site line terminals, relay 

co-ordination, and momentary interruptions in car­

rier caused by arcing over of protective gaps in the 
tuning equip ment. 

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 functional elements of the st atic fault 

detectors are shown in Fig. 3. The single-p hase 
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 ripple 
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 

current s of FD l and FD2.  The output of FD l level 

detector is amplified and provides a ''normally­

closed" FDl static contact to start carrier. 

The operation of FD 2 is delayed about 5 milli­

seconds to insure coordination in setting up blocking 

for external faults where FDl must op erate to start 

carrier blo cking a few milliseconds before FD2 

energizes the comparison and flip-flop circuit s. 

The output of FD2 fault detector circuit is equiv­
alent 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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former, phase- splitting network , and polyphase rec­
tifier occupy 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 type 
AR tripping relay is s hown at the top .  Fig. 5 is a 
simplified s chematic of the SKB relay 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 the SKB relay in the 
trip circuit wiring to terminals 1 ,  10, and 20 , and in 
the connections from the saturating transformer 
tapped secondary to the input terminals 5 and 7 of 
the printed circuit board. The sequence network 
(R 1 ,  RO, and the mutual reactor) and the printed 
circuit board assembly for the static fault detectors 
for the SKB and SKB- 1 relays are identical. Figure 8 
shows the location of components on the printed 
circuit board for the static fault detectors for both 
the SKB and SKB- 1 relays. 

With reference to Fig. 4 ,  the output voltage o f  
the sequence network and saturating transformer i s  
applied t o  a phase-splitting network (C 1 ,  R 1 ,  R2) and 
a polyphase rectifier (diodes D 1  to D6) .  The d-e 
voltage so obtained requires a minimum of filtering 
(C 2), and responds rapidly to a change in magnitude 
of the a-c output. This d-e voltage is applied to the 
FD 1 and FD2 circuits which op erate when the d-e 

input "signal " exceeds a predetermined value. 

FD 1- Under normal line conditions (no fault), 
current flows from relay terminal 1 9  (po s .  45 v)  
through resistor R4 and Zener diode Z 1  to negative,  
holding Q 1  emitter at 6. 8 volts positive. In transistor 
Q 1 ,  current flows from emitter to base , then through 
RA and R3 to negative ,  thus turning on Ql. The 
collector current of Q1 provides base drive to tran­
sistors Q2 and Q7, turning them on also. The voltage 
drop acro ss Q7 is very low (l ess than 0 . 5  volt) ,  
thus providing the equivalent of a closed contact. 
When a fault occurs and the d- e input voltage to Q 1  
base (from the polyphase rectifier) exceeds the 6 . 8-
volt drop acros s  Zener diode Z 1 ,  transistor Q1 stop s 

conducting. This remov es the base current from Q2 
and Q7, causing them to stop conducting, and pro­

viding the equivalent of an open contact at Q7 col­
lector-emitter circuit. 

When Q2 is cut off as j ust explained , its collec­

tor pot ential rises to about 20 volts. This further 
raises the potential of Q1 base through feedback 
resistors R6 and RB, thus holding Q 1  in a non-con­
ducting state. W hen the input voltage is sufficiently 
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reduced to allow FD 1 to "reset, " transistors Q 1 ,  
Q 2 ,  and Q 7  again conduct. Resistor R A  is for setting 
the FD 1 pickup current (calibration adj ustment ) ,  and 
the setting of RB determines the 80 p er cent dropout 
value. 

FD- 2- Under normal conditions, transistor Q3 
has no base "signal " and thus is turned off (not 
conducting). Thus Q3 collector is at a high enough 
positive potential to provide base drive for transis­
tor Q4, driving it to full conduction. With Q4 fully 
conducting, there is no base drive to transistor Q5.  
With no Q5 collector current ,  the base o f  PNP-type 
transistor Q6 is supplied from the 45-volt sourc e 
through the drop of diode D 1 1 .  Thus the Q6 emitter 
is normally at a s lightly lower potential than its 
base. This condition k eeps transistor Q6 in a non­
conducting state, equivalent to an op en contact. 
Zener diode Z3 is to protect transistor Q6 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 Z2, a positive bias is  applied 
to Q3 bas e,  caus ing it to conduct. In turn, Q4 stop s 
conducting, and capacitor C5 c harges up , giving a 
few milliseconds' time delay before Q5 and Q6 are 
switched to full conductio n ,  thus "closing" FD2. 
The feedback resistors R13 and RD provide a 90-
percent FD2 dropout ratio with "toggle "  action at 
the dropout point. 

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

The sequence network in the relays i s  arranged 
for several pos sible combinations of sequence com­
ponents. For most applications,  the output of the 
network will contain the positive, negative, and 

zero sequence components of the line c urrent. In 

this case , the taps on the upper tap p late indicate 
the balanced three-phase amperes which will oper­
ate the carrier- start fault detector FD 1. The second 
fault-detector unit FD2, which supervises operation 
of the AR tripping relay ,  is adj usted to pick up at a 
current 25 percent above tap 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 , 1 4 ,  1 6 ,  and 20 for the SKB- 1 relay. 
Thes e taps are on the primary of the saturating 

transformer. 

For phase-to-phase faults AB and CA, enough 
negative sequence current has been introduced to 
allow the fault detector FD 1 to pick up at 86% of the 
tap setting. For BC faults , the fault detector will 
pick up at approximately 50% of the tap setting. 
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This difference in p ick-up current for different 
phase-to-phase faults is fundamental , and occurs 
because of the angl es at which the positive and 
negative sequence components of current add to­
gether. 

With the sequence network arranged for po sitive, 
negative, and zero sequence output, there are some 
applications where the maximum load current and 
minimum fault current are too close together to set 

the relay to pick up under minimum fault current, 
yet not operate under load. For these cases,  a tap 
is available on both the SKB and SKB- 1 relays 
which cuts the three-phase sensitivity in half, while 
the phase-to-phase setting is substantially un­
changed.  The relay then trips at 90% of tap value 
for AB and CA faults,  and at twice tap value for 
three-phase faults . The setting for BC faults is 65 
percent of tap value. In some cases,  it  may be 
desirable to eliminate response to po sitive-s equence 
current entirely, and op erate the SKB relay on neg­
ative-plus-zero sequence current . A tap 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 faults,  but is unaffected by balanced load 
current or three-phase faults when using this tap. 

For ground faults, separate t ap s  are avail abl e 
for adj ustment of the ground fault sensitivity to 
abo ut 1/4 or 1/8 of the upper t ap plate setting. 
see Tabl e II. For example,  if  the upper tap plate o f  
t h e  SKB relay i s  s e t  at t ap 4 ,  t h e  fault detector 
( FD 1) pick-up current for ground faults can be either 

1 or Y2 ampere. In special appli cations, it  may be 
desirable to eliminate response to zero- sequence 
current. The relay is provided with a tap to allow 
such op eration. 

Trip Ci rcu it  

T h e  main contacts o f  t h e  SKB relay will safely 
close 30 amperes at 250 volts d- e and the s eal-in 
contacts of the indicating contactor switch will 
safely carry thi s current long enough to trip a circuit 

breaker. The trip contacts of the SKB- 1 relay have 
no seal-in device since they energize the low-cur­
rent input of a static tripping relay. 

Trip Circuit  Constants - SKB Relay 

6 

Indicating Contactor Switch ( ICS) 

0. 2-amp ere tap , 6.  5 ohms d-e resistance 
2.0-ampere tap ,  0 . 15 ohms d- e resistance 
1 .0-ampere tap, 0 . 1 ohms d- e resistance 

S E T T I N GS- S K B R E L A Y  

The SKB relay has separate tap plates for adjust­
ment of the phase and ground fault sensitivities and 
the sequence comp onents included in the network 
o utput. The range of the available t ap s  i s  suffi­
cient to cover a wide range o f  application. The 
method of determining the correct t ap s  for a given 
installation i s  di scussed in the following p aragrap hs. 

In all cases, the simil ar fault detectors on the 
relays at all terminals o f  a line section must be s et 
to pick up at the same value of line current. This i s  
necessary for correct blocking during faults external 
to the protected line section. 

Positi ve-Sequence Current Tap and FD2 Tap 

The upp er tap plate has tap s  of 3, 4, 5, 6, 7,  8 ,  
and 10 for t h e  SKB relay, or 6 t o  2 0  for t h e  SKB- 1 
relay. As mentioned before, these numbers represent 
the three-phase, fault detector FD l pick up currents,  
when the relay i s  connected for positive, negative 
and zero sequence output. The fault detector F D 2  
op erates t o  allo w  tripping a t  a current value 25 p er­
cent above the fault detector FD 1 setting. This 25 
p ercent difference i s  necessary to insure that the 
carri er- start fault detectors ( FDl) at both ends o f  a 
2-terminal transmission line section pick up to start 
carrier o n  an external fault before op erating energy 
is applied through FD2. 

For a 3-terminal line, FD2 settings must b e  
readjusted for pick up at 250 p ercent o f  FD l setting. 
This is necessary to allow proper blocking when 
appro ximately equal currents flo w  in two terminal s ,  
an d  their sum flows o u t  the third l i n e  terminal. The 

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

When the SKB i s  to be used on a 3-terminal 
line, FD2 must be recalibrated as explained in the 
previous p aragraph, and the FD2 temp erature- com­
p ensating circuit must also be changed to accomo­
date the new Rc ( FD 2  pickup) setting. Thi s i s  
accomplished b y  changing t h e  j umper near the lo wer 

l eft corner of the printed circuit board ( see Fig. 8 )  
from C- 2 t o  C- 3, a s  shown. 

The taps on the upper and lower t ap p l ates 

should be s el ected to assure op eration on minimum 

internal line-to-line faults, and yet not o p erate o n  
normal load current, p articul arly if  the carrier chan-
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nel is to be used for auxiliary functions. The drop­
out current of the FD- 1 fault detector is 80 p ercent 

of  the pick up current, and this factor must also be 
considered in selecting the positive- sequence cur­

rent tap and sequence component combination. The 
margin between load current and fault detector pick 
up should be sufficient to allo w  the fault detector to 
drop o ut after an external fault, when load current 
continues to flow. 

I. L. 41-9548 

Sequence Combination Tap s 

The two halves of the lower tap plate are for 
connecting the sequence network to provide any of  
the combinations described in the previous section. 
The l eft half of the tap plate changes the tap on the 
third winding of the mutual reactor and thus changes 
the relative amounts of positive and negative se­
quence s ensitivity. Op eration of the relay with the 
various tap s is given in tpe tabl e below. 

T ABL E I 

TAPS ON LOWER 6:. 
FAULT DETECTOR FD 1 PICK-UP 

SEQUENCE COMPONENTS TAP BLOCK 
COMB. 

IN NETWORK OUTPUT L EFT RIGHT 3 ¢ FAULT ¢ - ¢ FAULT HALF HALF 

8 6% Tap Value 
1 c G or H *  P ositive, Negative, Zero Tap Value 

( 5 3% on BC Fault) 

2 P o sitive, Negative, Zero B + G or H 2 x Tap Value 
90% Tap Value 

( 65% on BC Fault) 

3 Negative, Zero A
+ 

G or H -- 9 5% Tap Value 

* Tap s F, G, and H are zero- sequence tap s for adjusting ground fault sensitivity. 
See section on zero-sequence 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 F D 1  and FD 2 will be 10 or 15 per­
cent higher than the indicated values because of the variation in self-impedance of the sequence net­
work and the saturating transformer. 

Zero-Sequence Current TaR combinations. However, these variations will be the 
same from one relay to another. 

The right half of the lower tap p late is for ad­
j usting the ground fault response of the relay. Tap s 
G and H give the appro ximate ground fault sensitiv­
ities as listed in Table II. Tap F is used in appli­
cations where increased sensitivity to ground faults 

i s  not required. When this tap is used, the voltage 
output of the network caused by zero- sequence cur­
rent i s  eliminated. 

NOTE: Because of inherent characteri stics of the 
sequenc e network, there will be small variations 
(from the values listed in Tables I and II) in  the 

pickup current for various phase or ground fault 

COMB. 

1 

2 

3 

TABLE I I  

pROUND FAULT PICKUP 

LOWER 

LEFT TAP TAP G TAP H 

c 25% 1 2% 

B 20% 10% 

A 20% 10% 

7 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Examples  of SK 8 Relay Settings 

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 amp eres, and that on 
minimum internal phase-to-phase faults 2000 am­
p eres is fed in from one end and 600 amp eres 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 i tive-Sequence Current Tap 

Secondary Values: 

Load current = 300 x 
4
g

0 
= 3. 75 amperes ( 1) 

Minimum P hase-to-Phase Fault currents: 

600 x -5- = 7.5 amp eres ( 2) 
400 

Fault detector FD 1 setting ( three-phase) must be 
at  least: 

3· 75 
= 4. 7 amperes ( 0.80 is dropout ratio of 

0·8° 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-phase) must be not more than: 

1 7.5 X 0.866 X 

Sequence Combination Tap 

1 
1. 25 

= 6. 98 amperes ( 4) 

1. 25 = FD2 pickup 
FD 1 pickup 

From a comparison of ( 3) and ( 4) above, it is 
evident that the fault detector can be set to trip 

under minimum phase fault condition yet not op erate 
under maximum load. In this case, tap c on the 

lower left tap block would be used ( see Table 1, 
Comb. 1)  as there is sufficient difference between 
maximum load and minimum fault to use the full 
three-phase sensitivity. Current tap 6 would b e  

used i n  preference to tap 5 t o  allow for o ccurrence 
of higher load current. 

Zero Sequence Tap 

Secondary Value: 

8 

100 X .2_ = 
400 

1. 25 amp eres minimum ground fault 
current. 

With the upp er tap 6 and sequence tap C in use, 
the fault detector FD 1 pickup currents for ground 
faults are as follows: 

Lower right tap G- 1/ 4 x 6 = 1. 5 amp. 
Minimum trip = 1. 25 x 1. 5 = 1. 88 amp. 
Lower right tap H- 1/8 x 6 = 0. 75 amp. 
Minimum trip = 1. 25 x 0. 75 = 0 . 9 4  amp. 

From the above, tap H would be used to trip the 
minimum ground fault of 1.25 amp eres. 

Ca se I I  

Assume the same fault currents a s  i n  Case I ,  
but a maximum load current of  5 50 amp eres. I n  this 
example, with the same sequence combination as in 
Case I ,  the fault detectors cannot be set to trip on 
the minimum internal three-phase fault, y et remain 
inoperative on load current. Compare e quations ( 5) 
and ( 6). However, by connecting the n etwork per 

Combination 2 on Table I, the relay can be set to 
trip on minimum phase-to-phase fault, although it 
will have only half the sensitivity to three-phase 

faults. This will allow op eration at maximum load 
without picking up the fault detector, and provide 
high sp e ed relaying of all except light three-phase 
faults. 

In order to complete the trip circuit on a 7. 5 
amp ere 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 F D 1  will reset 
after a fault, the minimum tap setting is determined 
as follows: 

Load Current = 550 x _l_ = 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 value,  half the above value 
( Eq. 7) should be used in determining the minimum 
three-phase tap. 

8 . 6  

2 
4. 3 ( 8 )  
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From a comparison of ( 5) and ( 8) above, tap 5 or 
6 could be used. ( Continuous load current rating of  
relay is  10 amp eres. ) 

With the three-phase tap 5 in use, the fault 
detector pickup current for ground faults will be as 
follo ws: 

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 amp ere with a margin of  
safety. 

I ndi cating Contactor Switch (ICS) - SKB Rel ay 

No setting is required for relays with a 1 . 0  am­
pere unit. For relays with a 0 . 2/ 2. 0  ampere unit, 
connect the l ead located in front of the tap block to 

the desired setting by means of the connecting 
screw. When the relay energizes a 1 2 5  or 250-volt 
d-e type WL relay switch, or equival ent, use the 0. 2 

amp ere tap; for 48-volt d-e applications set the unit 
in tap 2 and use a typ e WL relay with a s# 304C 209-
GO 1 coil, or equivalent. 

S E T T I N GS S K B- 1 R E LA Y  

The SKB- 1 relay tap s ettings are made from a 
consideration of j ust maximum load current and the 
resetting of FD 1 fault detector. The SKB- 1 current 
tap s are 6, 8, 10 , 12, 14, 16 ,  and 20 . On tap s 6 and 
C, FD 1 will op erate at 6 amp eres, 3-phase, and 
reset at 80% of pickup, or 4. 8 amp eres. This will be 
adequate in most cases where maximum load current 

is in the order of 3 to 4 amp eres, secondary values. 
If maximum load current is 5 amp eres or  slightly 
higher, tap 8 should be used, which will give a 
dropout current for FD 1 or 6. 4 amp eres. 

For most SKB- 1 relay applications, where static 
phase-distance relays are used as phase fault detec­
tors, tap s  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 . 94 ampere. Taps A or B are 
not recommended for SKB- 1 relay application. 

I NSTAL LAT I O N  

The relays should be mounted o n  switchboard 
panel s or their equivalent in a location free from 
dirt, moi sture, excessive vibration, and heat. Mount 

I.L. 41-9548 

the relay vertically by means of the four mounting 
hol es on the fl ange for semi-flush mounting or by 
means of  the rear mounting studs for projection 
mounting. Either a mounting stud or the mounting 
screws may be utilized for grounding the relay. The 
el ectrical connections may be made directly to the 
terminals by means of  screws for steel p anel mount­
ing or to the terminal studs furnished with the rel ay 
for thick panel mounting. The terminal studs may be 
easily removed or inserted by locking two nuts on 
the stud and then turning the p rop er nut with a 
wrench. 

A D J UST M E N T  A N D  MA I N T E NA N C E 

CAUT ION : When changing taps under l o ad, the 
spare tap screw should be inserted in the new tap 

before removing the other tap screw. 

Acceptance Tests 

Since the static fault detector circuits obtain 
their d-e supply voltage from the associated typ e 
TC carrier set, the fault detector calibration c an 
must easily be checked after the SKB relay and TC­
TCU carrier assembly have been installed and inter­
connected. 

NOT E :  The relay current tap numbers and the F D 1  
and FD2 pickup and dropout current values in the 
Acceptance Tests and Calibration sections apply to 
the SKB relay. For the equival ent tap number and 
current value for the SKB- 1 relay, doubl e the figures 
given for the SKB relay. 

The carrier trip circuit should be open for the 
following check : Set the SKB rel ay o n  taps 5, c, 
and H. Connect a 60-cycle t est current circuit 
between phases A and B of the rel ay (terminals 5 
and 7 .) . Connect a high-resistance d-e voltmeter be­
tween relay terminal (or test switch) 1 5  (pas. ) and 
18 ( neg. ). This will read approximately 20 volts 
when FD 1 operates. Gradually increase the current. 
At 4. 33 amp eres, F D 1  should op erate, starting the 
transmission of half-cycle pulses of carrier, and the 
d-e voltmeter will read 20 volts. 

Continue to increase the test current. At 5 . 4 1  
amp eres, FD2 should op erate. I f  the R l0 1  controls 
in the typ e TCU control unit have been set, the AR 
tripping unit in the SKB relay will op erate. The 
operation of FD 1 and FD2 can also be noted by 
observing the change in d-e voltage at the printed 
circuit board terminals 14 ( FD 1) and 15 ( FD 2) rel a­
tive to TP 4 ( negative). See Table I for typical val-
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ues for these voltages under standby and op erating 
conditions. 

Now back off the test current to check the drop­
out values. Fault detector FD 2 should drop out at 
90 per c ent of pickup, or 4 . 8 5  amp eres. The FD 1 
dropout is 80 p er cent of pickup, or 3. 46 amp eres. 

The fault detectors have been properly c ali­
brated at the factory and normally will require no 
further adjustment. If it is found desirabl e to touch 
up the calibration, this c an be done by loosening 
the locking nut and changing the adjustment of  the 
appropriate control as listt�d at the beginning of this 
section. Turning RA or RC in a clock wise direction 
will increase the FD 1 or FD2 pickup. Simil arl y, 
turning RB or RD in a clock wise direction will in­
� the dropout current. 

The pick up and dropout calibration s ettings of 
FD 1 and FD2 are m ade with the four control s on the 
SKB or SK B- 1  relay subp anel, as follows:  

Rel ay Unit 

FD 1 
FD2 

Pickup 

RA 
RC 

Dropout 

RB 
RD 

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

Typical test point voltage values listed in Table 
I will be us eful when checking the apparatus. The 
readings will remain fairly constant o ver an indef­
inite p eriod unless a failure occurs. Voltages should 
be measured with a vacuum-tube voltmeter. To facil­
itate taking these voltages, a test cabl e is availabl e. 
See Fig. 9. To use this cable, remove the SKB or 

SKB- 1 chassis from its case. Remove the printed 
circuit bo ard from the back of the rel ay, and insert 
the board end of the test c abl e in its place. No w 
plug the removed board into the receptacle at the 
other end of the cabl e.  Replace the relay chassis in 

its case on the switchboard and close the test 
switches. The rel ay can now be energized and op er­
ated to obtain the readings in Table I. The test 
cable can also be used, if desired, with the printed 
circuit bo ards 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 in general will be within ± 10% of the values 

listed. 

10 

TEST I SKB = 0 1 sKB = 2 x FD2 p . u.  ¢ 
POINT 

TP 5 4 5 . 0  vdc 45 .0  vdc 

TP6 6 . 5  6 . 8  

TP7 6 . 5  < 0 . 5  

TP8 1 4 . 0  < 0 . 5  

TP9 < 0 . 5  1 4 . 0  

TP10 45 . 0  < 0 . 5  

TP 1 1  44.5  4 4 . 5  

*Term. 1 4  < 0 . 5  20.0 

*Term. 15 - 44.5  

*Term. 1 9  < 0 . 5  20 . 0  

A-C TEST POINT VOLTAGES 

TP 2 to TP 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 0  vac approx. 

TP2 to TP3 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 5  v a c  approx. 

* On Printed Circuit Board 

¢ - Test current of twice FD2 pickup for the taps 
used. 

< 0 . 5  - me ans less than 0 . 5  

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

TEST OF COMPLETE INSTALLATION." 

Routine Maintenance 

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 article s  
i n  the face of  the soft silver and thus impairing the 
contact. 

The prop er adjustments 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 been changed, 
the relay tak en ap art for repairs, or if it is desired 
to check the adjustments at regular maintenance 
p eriods, the instructions below should be followed. 

The p erformance of the phase comp arison carrier 
relaying can be checked p eriodically as expl ained in 

P art III of this I.L. under the heading "TYP E SKB or 

SKB- 1 TEST FACILITIES APPLICATION. " 

Cal ibration 

Normally, there are no adj ustments to be made 

in the sequenc e network. The taps on the thre e 
tubul ar Ro resistors are brazed in place and c annot 
get out of adjustment. The two taps on the formed 
Rl resistor are factory s ettings, and should not 
require readjustment. Ho wever, if there is reason to 
suspect that the tap position has changed, the fol­
lowing proc edure can be used to check the R 1  tap 
settings for either the SKB or SKB- 1 relay: 
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Remove the current tap screw ( upper tap plate), 
and insert the tap screws in tap s  C and H on the 
lower tap plate. 

P ass a single-phase current of ten amperes 
(SKB or SKB- 1) , rated frequency , through the reactor 
coils in series from phase B to p hase C (relay 
terminals 7 and 9) .  Accurately measure the a-c 
voltage from phase A terminal to the upper tap plate. 
This voltage should be between 3.8  and 4 . 0  volts 
a-c. Now p ass 10 amperes 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 give a 
voltage drop acro ss R 1  equal to exactly one-third 
of the reactor drop. Thi s voltage can be measured 
directly acro ss the terminals of the resistor R 1 
from the mounting screw to the last tap on R 1. 

Note the above reading, and adjust the inter­
mediate tap on R 1  to give exactly 1/3 of the voltage 
obtained above for all of R l. Measure the voltage 
from the R 1  mounting screw to the intermedi ate tap.  

If replacement of the printed circuit board or 
major components necessitates a complete recali­
bration, proceed as follows: 

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

2 .  U se a phase A-B test current. ( double the 
followin g  current values for SKB- 1 relay). 

3. Set RA and RC to full clockwise position. 

4. Set RB and RD to mid-scale. 

5. P as s  4.  33 amperes thro ugh the relay (phase 
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. Adjust the 
small pot. R 2  on the printed circuit bo ard 
until these two voltages are equal . 

7. No w slowly turn RA counterclockwise, with 
4. 33 amperes flo wing, until FD 1 operates. 

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

dropout. Adjust RB to get 80 p ercent dropout 
( 3. 46 Amperes). 

9. Recheck FD 1 pickup and dropout, and touch 
up R.A and RB in that order for the correct 
calibration. Tighten the locknuts. 
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10. Similarly recalibrate FD2 using controls RC 
( pickup ) and RD ( dropout), repeating step s 
7, 8, and 9 except for FD2 pickup of 5 . 4 1  
amp. and dropout o f  4 .85  amp . Do not read­
j ust R 2. 

1 1. For 3-terminal lines, change the printed cir­
cuit board link from C2 to C3,  then calibrate 
FD2 for 10 . 8 2  amp . pickup and 9 .  7 amp . 
dropout. 

Tri pping Rel ay (AR) 

The type AR tripping relay unit has been proper­
ly adjusted at the factory to insure correct operation, 
and should not be disturbed after receipt by the 
customer. If, however, the adj ustments are dis­
turbed in error, or it becomes necessary to repl ace 
some p art in the field,  use the following adj ustrr.ent 
procedure. This p rocedure should not be used until 
it is app arent that the relay is not in proper working 
order, and then only if suitable tool s are available 
for checking the adj ustments. 

1. Adj ust the set screw at the rear of the top of  
the frame to obtain a 0 . 009-inch gap at  the 
rear end of the armature air gap. 

2. Adjust each contact spring to obtain 4 grams 
pressure at the very end of the spring. This 
pressure is measured when the spring moves 
a\\ay from the edge of the slot in the insula­
ted cro sspiece. 

3.  Adjust each stationary contact screw to ob­
tain a contact gap of 0 . 0 20 inch. Thi s will 
give 15- 30 grams contact pressure. 

This completes the adjustment procedure for the 
AR relay unit. The resistance of the AR relay coil 
is 100 ohms. 

Ind i cating Contactor Switch ( ICS in SKB Rel ay) 

Close the main rel ay contacts and p as s  suf­
ficient direct current through the trip circuit to 
close the contacts of the ICS. This value of c ur­

rent should not be greater than the p articular ICS 

tap setting being used. The indicator target should 
drop freely. 

Operat ion I nd i cator (01 in SKB- 1 Relay) 

Apply 80 percent of rated voltage acro ss rel ay 

terminals or test switches 1 and 10.  When the AR 
relay i s  operated, the orange target should drop. 
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There are no seal-in contacts on the op eration indi­
cator, which is a voltage-operated device. 

Repl acement of P rinted-C i rcu it Board Components 

If a defective resistor, capacitor, or diode is 

found, cut it out of the circuit by first clipping off 

its leads on the component side of the printed cir­

cuit board. Then tum the board over, melt the solder 

holding the remaining lead to the printed pad, and 
remove the lead with tweezers. 

NOTE: For such work , a 60- watt iron with a small, 

clean, well-tinned tip is recommended. Use a 60- 40 

(tin-lead) rosin-core solder. Do not hold the iron 

against the printed-circuit board any longer than 

necessary to remove and replace the component. If 

the terminal hole in the board closes up with solder, 

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

Where transistors are mounted on small plastic 
pads,  the leads cannot be clipped off. In such a 

case, melt the solder on one connection at a time ,  

while gently tilting back that section o f  the transis­

tor. Because of the small flexible leads,  the trans­

istor will gradually separate from the board. 

Wherever possible, use a heat- sink (such as an 

alligator clip) on any transistor or diode being 
soldered. As an alternate, use a long-nosed pli ers 

to hold th e lead (being soldered) between the device 

and the point of soldering. 

E L ECTR ICAL PARTS LIST 

Symbol Description Style Symbol Description style 

C l  0 . 5  mfd. 200V ± 10% 187A624H l l  R16 68K 1/ 2W ± 10% 187A64 1H7 1  

C 2  0 .  2 5  mfd, 20 0 V  ± 20% 187A624H0 2 R 17 39K 1/ 2W ± 10% 187A64 1H65 

C4 1.0 mfd, 200V ± 20% 187A624H04 R 18 lOK 1/ 2W ± 10% 187A64 1H5 1 

C5 0 . 5  mfd, 200V ± 10% 187A624H l l  R 19 6 . 8K 1/2W ± 10% 187A64 1H47 
CT 0 . 1 mfd, 400V . D . C. 15449 20 R21 18K 1/ 2W ± 5% 18 4A763H57 

D 1 - D 7 IN459A Diode 184A855H08 R22 15K 1/ 2W ± 10% 187A64 1H55 

DB - D 12 IN457A Diode 184A855H07 R23 Typ e 1D0 5 1  Thermistor, 

20K at 25 °C. 185A21 1H05 
Q 1  2N652A 184A638 H 1 6  

R24 470K 1/ 2W ± 5% 184A763H9 1 
Q 2 - Q3 2N69'7 184A638 H 18 

Q4 2N697 184A638 H 18 R25 10K 1W±5% 187A643H5 1 

Q5 2N699 184A638H19 R26 1K 1/ 2W ± 5% 629A530H32 

Q6 2N2043 184A638H 2 1  R27 10K 1/ 2W ± 5% 6 29 A530H56 
Q7 2N69 7 184A638 H 18 

RA 30K pot. 185A067H15 

R1 2. 7K 1/ 2W ± 5% 6 2 9A530H42 RB 200K pot. 185A067H14 

R 2  2 .  5K ± 20 %  1 /  4W Pot 6 29 A430H03 RC 40K pot. 185A067HJ6 

R3 20K 1/ 2W ± 5% 6 29 A530H63 RD 200K pot. 1 85A067H 1 4  

R4 3.9K 1W ± 5% 187A643H4 1 
RT 50 ohms, 2" tube 1 340388 
RL 9 . 1K,1/zwatt, ±5%-SKB- 1 only 

R6 33K 1/ 2W ± 10% 187A64 1H63 Z l  IN957B (6. 8 v ,  0 . 4w) 

R7 lOK 1/ 2W ± 5% 6 29 A530H56 Zener Diode 186A797H06 

R8 lOK 1/ 2W ± 10% 187A64 1H5 1 Z 2  IN9 57B (6 . 8v, 0 . 4w) 
R9 lOK 1/2W ± 5% 6 29 A530H56 Zener Diode 186A79 7H06 
R10 0 . 2 2  MEG, 1/ 2W ± 5% 184A763H8 3 

Z3 IN 1789 (56v, LOw) 

R l l  10K 1 /  2W ± 10% 187A64 1H5 1 
Zener Diode 584C434H08 

R 1 2  15K 1 /  2 W  ± 10% 187A64 1H55 Z4 IN3686B (20v, 0 .  75w) 

R 1 3  68K 1/ 2 W  ± 10% 187A64 1H7 1 Zener Diode 185A2 1 2H0 6 

R 1 4  0 . 1 MEG, 1/ 2W ± 10% 187A6 4 1 H75 ZT IN 1832C (62v,  lOw) 

R 15 10K 1/ 2W ± 10% 187A64 1H51 Zener Clipper 184A6 17H06 
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Test E quipment 

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 o scillo scop e (to check carrier 

k eying and 60-cycle square-wave voltages in 
TCU control Unit). 

4. Test Cable 

R E N E WA L  PAR TS 

Repair work can be don e  most satisfactorily at 

the factory. However, interchangeable parts can b e  

furnished t o  the customers who are equipped for 

doing repair work. When ordering parts, always give 
the complete nameplate data. For components 
mounted on the printed circuit bo ard, give the cir­

cuit symbol, electrical value, and style number. 

E N E R G Y R E Q UI R E M E N TS 
S K B O R  S K B-1 R E LA Y  

Burdens measured at a balanced three-phase 

current of five amp eres: 

Relay Phase A Phase B Phase C 

Tap s VA Angle VA Angle VA Angle 

A-F- 3 2.47 50 0 . 6 o o  2. 5 20 ° 

A-H- 10 3. 25 00 0 . 8  100 ° 1. 28 55 ° 

B- F- 33 2. 3 0 0  0.63 00 2. 45 55 ° 

B-H- 10 4.9 5 00 2. 35 90 ° 0 . 3 60 ° 

C- F- 3 2. 3 2  o o  0 .  78 o o  2. 36 50 ° 

C- H- 10 6 . 35 342 ° 3.83 80 ° 1 .98 185° 

Burdens measured at a single-phase-to-neutral 
current of fiv e  amperes: 

Relay Phase A Phase B Phase C 

Tap s  V A  Angle VA Angle VA Angle 

A-F- 3 2. 47 0 0  2. 1 100 1 . 9 7  200 

A-H- 10 7. 3 60 ° 12. 5 53 ° 6 . 7  26° 

B-F- 3 2. 45 00 2.09 15 ° 2. 07 100 

B-H- 10 16. 8 55 ° 22.0 50 ° 12. 3 38 ° 

c�F- 3 2. 49 00 1 . 99 15 ° 2. 1 1  1 5  ° 

C-H- 10 3 1. 2 4 1 ° 36 . 0  3 8  ° 23. 6 35 ° 

The angles above are the degrees by which the 

current lags its resp ective voltage. 

I.L. 41-9548 

PA R T  II - T Y PE T C U C O N T R O L  U NI T  

The construction, op eration, and adjustment o f  

the typ e TCU Control Unit u s e d  with t h e  SKE o r  
SKB- 1 relays are covered in separate instruction s  

identified a s  I . L .  4 1- 944.5 plus supplements,  when 
required. The control Unit is a part o f  the Typ e TC 
carrier assembly. 

O V E RA L L  T EST O F  
C O M P L E T E  I NS TA L L A T I ON 

After the complete equipment has been installed 

and adjusted, the following tests can be made which 

will provide an o verall check on the relay and car­

rier equipm ent. The phase rotation o f  the thr e e­

phase currents can be check ed by measuring the a-c 

voltage acros s  relay terminals 2 and 3 with a high 

resistance a-c voltmeter o f  at least 1000 ohms p er 

volt. The reading obtained shoul d be appro ximately 

0 . 9  volts per amp ere of balanced 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 test requires that a balanced 

three-phase load current of at least 1 . 0  ampere 
(secondary) be flowing through the line-section 

protected by the SKB relays. At both terminals of 
the protected line section,  remove the SKB or SKB- 1 

relay cover and open the trip circuit by pulling the 

test switch blade with the red handle. Put the tap 

screw o n  the upper tap plate in the 4 tap , and o n  the 
lower ones in the C and H taps.  B e  sure to insert 

the spare tap screw before removing the connected 

one. Now op en test 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 op en the circuit through 
that switch. The above op eration shorts the phase A 
to neutral circuit ahead of the sequence filter and 

disconnects the phase A lead from the filter. This 
caus es the phase B and C currents to return to the 
current tramsformers through the zero-sequence re­

sistor in the filt er, thus simulating a reversed phase 
A-to-groun d  fault fed from one end o f  the line o nly, 
As a result, both the fault det ectors and tripping 

relay at station A should op erate. Completion o f  the 

trip circuit can be checked by connecting a small 

lamp (not o ver 10 watts) acr<,ss the terminals of test 

switch 10. (SKB only.) 

Now perform the above op erations at the oppo­

site end o f  the line section (station B) and momen­

tarily op en and reclo se test switch 1 1  or momen­

tarily depress the Test Reset push-button, if more 
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conveni ent. This simulates a phase-to-ground fault 

external to the protected line s ection. The fault 

detectors, but not the op erating unit should op erate. 

Test switch 11 op eration is required to make sure 

that "flip-flop" stage in the control unit is in reset 
position. No w open and reclose switch 1 1  at station 
A in order to reset "flip-flop" stage from previous 
"trip" condition. The operating unit at station A 

should stay op en now .  Restore test s witches 4 and 5 

at station A to normal (clos ed). The line conditions 

now represent a phase-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 checked phase rotation, 

the polarity of the sequence filter output, the inter­

connection s  between the relay and the carrier set 
and the Phase A current connections to the relay at 

both stations. P hase B and C should be similarly 

checked by op ening test switches 6 and 7 for phase 

B. and switches 8 and 9 for phase C. The same pro­

cedure described for P hase A is then follo wed. 

If all the tests have been completed with sat­

isfactory results, the t est s witches at both lin e  

terminals should b e  clo s ed (close the trip-circuit 

test switch last) and the relay cover replaced. The 

equipment i s  now ready to protect the line-section 

to which it i s  connected. 

PA R T  I l l - TYP E S K B  O R  S K B-1 

T ES T  FAC I L I T I ES A P P L I CA T I O N  

The test facilities provide a simple manually 

op erated test pro c edure that will check the com­

bined relay and carrier equipment. The test can be 
p erformed without the aid of i nstruments. The re­
sults give a ssuranc e  that all equipment is in normal 

op erating condition without resorting to more elab­

orate test procedures. 

C O N S T R UC T I O N  

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

multi-stage s witch. The contact arrangement i s  

shown in Fig. 1 0 ,  and t h e  outline and drilling plan 

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 A1- B l. In the "Off" p osition, the SKB trip cir­

cuit is op ened through contact C5-D5, but the alarm 
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circuit remains clo s ed through contact A 1Z..B 1Z. 
Two test positions to the left of the "Off" po sition. 

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 SKB- 1 relay, refer to the o verall diagram 

which appli es to the particular order for actual 
connections. 

Auxi l i ary Test T ransformer 

The auxiliary test transformer is designed to 

operate from a 120-volt, 60-cycle power source. 
Four seco ndary tap s numbered 1, 2, 3, and 4 are 

provided to vary the magnitude of the phase-e-ta­

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. 12.  

I nd i cating L amps 

The red and blue indicating lamps are standard 

rectangular Minalites. Outline and drilling dimen­

sions are given in Fig. 11. 

A D J US T M E N T  

Choose a transformer tap that will provide ap­

proximately two times the phase-to-ground current 

s ettin g  of the FD-2 fault detector as previously 

determined. 

O P E RA T I O N  

A multi-contact switch i s  provided at each lin e 

terminal which serves the dual functions of a car­

rier on-off switch and a test switch. This switch i s  
arranged t o  apply a single-phase current to t h e  SKB 
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or SK B-1 relay to simulate internal and through 

fault conditions. R e l ay op eration is noted by ob­

s erving a blu e  indicating l amp connc�cted in the 

SK B relay trip circuit. During the test th(� SKB trip 

circ uit to the l i n e  breaker is op ened and a red 

warning l ight is l"nergized through auxiliary con­

tacts on the test s w itch. 

Use of the auxil iary tl�st equip m ent is to be 

l i m ited to provide a si mplified test after the i niti al 

instal l ation tests have been p erform ed as described 

in P art II of this instruction l eafl et. 

The test app aratus is to be connected as shown 

in Fig. 10 with the auxili ary tPst transformers en er­

gi:�:ed from 120- volt, 60- c ycl e power sources, at each 

lin e termi nal , that are in p hase w i th each other. 

The follO\ving operation procedure assumes that the 

sam e pol arity is used in conn ecting the test trans­

former at each l i n e  term i n al .  

1.  Turn the carrier test s w i t c h  a t  both l in e  ter­

mi n als to O F F .  

2. Turn t h e  c arrier t est switch to TEST 1 at 

station A. The "A" rel ay should operate to 

transmit half cycl e impulses of c arri Pr, and 

trip. Trip p i n g  w i l l  be indi cated by the bl u e  

l ight. 

3. Turn the SKB test switch at station B to 

TEST 1. This will simul ate an i nternal faul t 

fed from both l ine t erm inals. The rel ay at 

station B will  trip , and the relay at Station A 

will remain trip p e d .  Tripping will be indi-

INPUT FROM 

SEQlJENCE 

NETWORK 

(SAT. TRANS.) 

PHASE 

SPLITTING 

NETWORK 

RECTIFIER 

I.L. 41 954B 

c ated by the bl ue l i g hts at e ach l i n e  term i n al. 

Carrier will lw transrr:itted in hal f  cycl e i m­

p ulses simultaneously from each end of the 

line. 

4. R eset the SKB test switch at Station A. The 

rel ay at Station A will reset and turn off the 

bl ue l ight. The relay at Station B will  hol d 

its trip contact closed,  li ghti n g  the bl u e  

l ight. 

5. Turn the SK B test switch at Station A to 

TEST 2. DE�press T est Reset p ushbutton 

momentari l y  to reset Flip- Flop stage that n1ay 

h ave operated during switching the test 

s \1 itch to position 2. Op crate Test. R e s et 

p ushbutton at Station B to reset Flip- Flop 

stage from prev ious tripp e d  p osition. Both 

bl u e  l ights should be off at this poi nt, which 

repn�sEmts an external fault. 

6. Reset the test switches at both l i n e  termin 

als to O F F  before returning to ON for normal 

servi ce. P ush in handlr: to turn in ON posi­

tion. 

This comp l et es the test procedure. 

Component Style Numbers 

Test Transform er 

TYPe W-2 Test Switch 

TYPe W-2 T0st Switch 

POSITIVE 
FEEDBACK 

s # 1338284 

S # 505A 7 42GO 1 for 1/8" 

p anel mounting. 

s # 505A742G02 for 1-Yz" 
p anel mounting. 

LEVEL 

DETECTO R  
AMPLIFIER 

FDI 

OUTPUT 

LEVEL 

DETECTOR 

TIME 

DELAY 
AMPLIFIER 

FD2 

OUTPUT 

(-H-) 
629A09 1 

Fig. 3 Static Fault Detector B lock Diagram 
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RELAY 

liD I CAT I NG 

COMTACTOR SWITCH-

ZENER AC CLIPPER 

NOTE: TERMINALS �-6-8 
4RE TO BE JUMPERED AT 

RELAY CASE 

SIMPLIFIED SCHEMATIC 

- --�-- ---- , -- 1 ----
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I.L. 41-9548 
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F i g. 5 Simp l ified Schematic- Type SKB Relay 
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MOTE : TE .. IIALS H·l 
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RELAY CASE 

lED MAIIDLE 
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IIDI CATOI 

112011, 125 Y.D.C, 
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, ., .... 
JIJTliAL REACTOI 
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Fig. 7 Simp lified Schemati c - Type SKB- 1 Relay 
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I.L. 41-9548 
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JUMPER 
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Fig. 8 Printed Circuit Board Component Location, 

SKB or SKB- 1 Relay 

1-------------------·A, FT. ---------------------� 

STYLE 

4 1 0 C 303GOI 

410 C 303G02 

Fig. 9 

DIMt A 
6 FT. 
3 F T.  

Test Cable Assembly 

644834 1 

19 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



N 0 

� 'fl 
0 
11'1 .. 
; 
3 
2.. 
"' n :>-
ID 3 §: n 
0 ... 
;. 
ID 

� 0) 
::0 
ID 
Q "< 
Q :I a. 
..... ID .. .. 
"'I Q � 
::!'. 
ID 

_ .. 
� =-= :>-
..... 
71 .... 
>-
Q .. 3 
::0 
ID 
Q "< I 

c» co 
c» () m N 0 

"' i 

l_L3} { "  BA.CK UP 7 PHASE --o-RELAYS "'-1 

15TS 
�I''' ' .... tllfl!--..+ fl 

l&ov 60rv 
HST S O U R C E  

C A R R I E R  CONTROL C t R C U I T - I Z �  V O L T S  D.C. 
z• � 6aors 1 

001 � 
.�, 

l 3  

SKII S.4.T 

�'"""�::· 
IU ;)\ATIC F0-1 8 f'D-2 

B 

NORM. I 
ON - -

85TS 
Di" " " 
AR 

N(l -()--0 '"" I a 

CQA)( TO 
TYPE TC 

C ARR If A SH 

__\ ( ��·sJ 1!\ 

t 

z z z  I T Z l4 

r J 
[0 

' "  

Z •  C A R R I ER C A B I NE T  T E A N I N A LS. • 898C42 3 )  
t "' VOICE C O M M. C I RCUITS.. 

�Z 5 

�T:R::iij=C�i R�C=U=I T:__,._ POS.-

NEG�. �--------�-

DEVICE NO 
74 
78 

85 -PI 
8 5 - R S 
I ' · T R  
8 5 - T S  

85TS 
W2 CARR. TEST SW 

POSITION 
CONT �':,"� ... .. 

TZ Tl ... 
ABII  X 

A812 X X 

ABI X 

ASS X 

A86 X 

A87 X 

COi l X 

C012 X X 

C O l  X 

CD 5 X 

C06 X 

co 7 X 

EF l l  X X 

EF12 X 

E F I X 

E F S  X 

E F G  X 

E F 7  X X 

NAMEPLATE 
CU!IIEI!: RUAYI!ib 

TUT 1 \  [ r- Oll TUU� 0 �  
_/ ' '--

Wr.l'tiRifluse 
loMH IN U:i.A 

I N T E RNAL S C H E MATIC 

� � 
TYPt T T - l  RHAY - - - - - f81A 3 2 3  
TYPE S« B RElAY - - - - -­
C A R R I E R  TEST PUSHBUTTON 
RESERVE SIGNAl TEST 329C103 
TE S T  RfSfT PUSHBUTTON 
CARRIER T f S T  SW l T C H  (W1 [TEST SllltH 1$ SUPPLIED liTH ASSUIU COfiiiECTOIS. TillS EXTEIIIAL COIII(tfiiiiS �m�.:�1 

1
� � AT DES�UTU 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Fig. 1 1  Outline one/ Drilling P l an of the Type W- 2 Test Switch ancl lnclicatin g L amps Usee/ for 

SKB o r  SKB- 1 Testing 
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Westinghouse 1 L .  4 1 .954C 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT I ONS 
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 

CAU TION: Before putting relays into servic e,  make 
sur e 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 C A 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 
eac h  line terminal is obtained in less than two 
cycles for all internal faults within the limits of the 
relay settings. The relay operate s 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 battery. 

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 typ es SKB and SKB- 1 relays. 

The SKB relay is available with indic ating con­
tactor switches with either a 1-ampere or a 0 . 2/ 2 . 0-
amp ere rating. The 0 .  2/ 2 . 0- ampere rating is recom­
mended where a lockout relay is energized or where 
a hig h 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 trinning device.  

P A R T  

T Y P E  S K B A N D S K B- 1  R E L A Y S  

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

The relay consists of a combination positive, 

SUPERSE E DES I .  L. 41-9548 
*Denotes changed from su perseded issu e .  

negativ e ,  and zero seque nce current network, a 
saturating auxiliary transformer, Zener clipp er, high­
speed typ e 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. 

Sequence Network 

The currents from the current-transformer se­
condaries ar e passed through a network consisting 
of a three-winding iron-core reactor and two resis­
tors. The zero- sequence resistor, R 0, consists of 
three resistor tubes tapped to obtain settings for 
various ground fault conditions . The other resistor 
R 1 is a formed single wire mounted on the rear of 
the relay sub-base. The output of this network pro­
vides a voltage across 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 singl e relay unit energized from the 

network can be used as a fault det ector for all types 

of faults. 

Saturati ng  Auxi l i ary Transformer 

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 across 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 l arge 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 c hanges the o utput 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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T Y P E  SK B AND SKB-1  RELAYS 

_j •  
t I 

Fig. 1 Typ e SKB Relay - Front View 
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TYP E SKB AND SKB-1 RE LAYS I . L .  41 -954C 

Fig. 2 Type SKB Relay - Rear View 
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T Y P E  SKB AND SKB-1 RE LAYS 

Stati c  Fau l t  Detectors 

The static circuitry for the two fault detectors 

FD 1 and FD 2 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 FD 1 

and FD 2 are mounted on a sub-panel in the chassis. 
The controls , with locking shaft s ,  are adjustable 

from the front of the relay. 

Tri pping Rel ay 

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. 

I nd i cati ng Contactor Switch U n 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 magnetic core upon 
energization of the switch. When the switch clo s e s ,  

t h e  moving contacts brid g e  t w o  stationary contacts, 

completing the trip circuit. Also during this opera­

tion,  two fingers on the armature deflect a spring 
located on the front of the switch, which allows the 
the op eration indicator target to drop. The target is 
reset from the outside of the case by a push rod 

located at the bottom o f  the cover. 

The front spring, in addition to holding the tar­
get provides restraint for the armature 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 op eration indicator (OI). 

OPERATI O N  

The SKB or SKB- 1 carrier relaying system com­

pares the p hase positions of the currents at the ends 

of a line-section over 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

p hase voltage energizes a static control unit (TCU) 
which allow s  the transmission of carrier on alternate 

half-cycles of the power-frequency current. Carrier 

is transmitted from both line terminals in this man7 

ner , and is received at the opp osite ends w here it is 

compared with the p hase p osition of the local s e­

quence network output. If the local and remote half-

4 

cycle pulses are of the correct p hase position for an 

internal fault , after a 4-millis econd 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 same 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 cycles from opposite terminals . Thus 
each terminal blocks the opposite terminal during 
the half cycle when it is attempting to trip. 

The four-millis econd d elay previously mentioned 

is added to allow for differences in current trans­
former p erformance at opposite line terminals, relay 
co-ordination, and momentary interruptions in car­

rier caus ed by arcing over of protective gaps in the 

tuning equipment. 

Since this relaying system operates o nly 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 functional elements of the static fault 

detectors are shown in Fig. 3. The single-phase 
output of the sequence network (not shown) connects 
to the INPUT terminal shown at the left side of the 

drawing. This a- c voltage is applied to a p hase­

splitting network and polyp hase rectifier. The 
resulting d-e voltage has relatively little ripple 
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 FD 1 level 

detector is amplified and provides a ' 'normally­

clos ed" FD 1 static co ntact to start carrier. 

The op eration of FD 2 is delayed about 5 milli­

seconds to insure coordination in setting up blocking 

for external faults where FD 1 must op erate to start 

carrier blocking a few milliseconds before FD 2 

energizes the comparison and flip-flop circuits. 

The output of FD2 fault detector circuit is equiv­

alent 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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TYP E SK B AND SKB-1  RE LAYS 

former , phase-splitting network , and polyphase rec­
tifier occupy the lower third of t he 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 type 
AR tripping relay is shown at the top . Fig. 5 is  a 
simplified schematic of the SKB relay 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 differ s from the SKB relay in the 
trip circuit wiring to terminals 1, 10, and 20 , and in 
the connections from the saturating transformer 
tapped secondary to the input terminals 5 and 7 of 
the printed circuit board. The sequence network 
( R 1 ,  RO, and the mutual reactor) and the printed 
circuit board ass embly 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 output voltage of 
the sequence network and saturating transformer i s  
applied to a phase-splitting network ( C 1 ,  R 1 ,  R2) and 
a polyphase rectifier (diodes D 1  to D6).  The d-e 
voltage so obtained requires a minimum of filtering 
(C2),  and responds rapidly to a change in magnitude 
of the a- c output. This d- e voltage is  applied to the 
FD 1 and FD2 circuits which operate when the d-e 
input " signal "  exceeds a predetermined value. 

FD 1 - Under normal line conditions (no fault),  
current flows from relay terminal 19  (po s .  45 v)  
through resistor R4 and Zener diode Z 1 t o  negative,  
holding Q 1  emitter at 6. 8 volts positive. In transistor 
Q 1 ,  current flows from emitter to base, then through 
RA and R3 to negative , thus turning on Q l .  The 
collector current of Q1 provides base drive to tran­
sistors Q2 and Q7, turning them on also.  The voltage 
drop acro s s  Q7 is  very low (less t han 0 . 5  volt) ,  
thus providing the equivalent of a closed contact. 
When a fault occurs and the d-e input voltage to Q 1  
base (from the polyphase rectifier) exc eeds t he 6 . 8-
volt drop acro ss Zener diode Z 1 ,  transistor Q 1  stops 
conducting. This remov es the base current from Q2 
and Q7, causing them to stop conducting, and pro­

viding the equivalent of an open contact at Q7 col­
lector-emitter circuit. 

When Q2 is cut off as just explained, its coll ec­
tor potential rises to about 20 volts. This further 
raises the potential of Q1 base through feedback 
resistors R6 and RB,  thus holding Q1 in a non-con­
ducting state. When the input voltage is sufficiently 

I . L .  41 -954C 

reduced to allow FD 1 to "reset , " transistors Q 1 ,  
Q 2 ,  and Q 7  again conduct.  Resi stor R A  is 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 conditio ns , transistor Q3 
has no base " signal "  and thus is turned off (not 
conducting). Thus Q3 collector is  at a high enough 
positive potential to provide base drive for transis· 
tor Q4, driving it to full conduction. With Q4 fully 
conducting, there is no base drive to transistor Q5.  
With no Q5 collector current, the base of PNP-type 
transistor Q6 is supplied from. the 45-volt source 
through the drop of diode D 1 1. Thus t he Q6 emitter 
is normally at a s lightly lower potential than its 
base. This condition k eeps transistor Q6 in a non­
conducting state, equivalent to an op en contact. 
ZBner diode Z3 is to protect transistor Q6 from ex­
ternal surge voltages. 

When a fault causes the d-e input voltage from 
the adjustable resistor RC to exceed the 6 . 8-volt 
rating of Zener diode Z 2, a positive bias is  applied 
to Q3 base, causing it to conduct. In turn,  Q4 stop s 
conducting, and capacitor C5 c harges up , giving a 
few millisecond s '  time delay before Q5 and Q6 are 
switched to full conduction,  thus "closing" FD2. 
The feedback resistors R 1 3  and RD provide a 90-
percent FD 2 dropout ratio with "toggle " action at 
the dropout point. 

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

The sequence network in the relays is  arranged 
for several pos sible combinations of sequence com­
ponents.  For most applications,  the output of the 
network will contain the positive , negative, and 
zero sequence components of t he line current. In 
this cas e ,  the taps on the upper tap plate indicate 
the balanced three-phase amperes which will oper­
ate the carrier- start fault detector FD 1. The second 
fault-detector unit FD2, which supervises operation 
of the AR tripping relay,  is adj usted to pick up at a 
current 25 perc ent above tap 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, 1 4 ,  1 6 ,  and 20 for the SKB- 1 relay. 

These taps are on the primary of the saturating 
transformer. 

For phase-to-phase faults AB and CA , enough 
negative sequence current has been introduced to 
allow the fault detector FD 1 to pick up at 86% of the 
tap setting. For BC faults , the fault detector will 

pick up at approximately 50% of the tap setting. 
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TYP E  SKB AND SKB-1  R E LAYS 

This difference in pick-up current for different 
phase-to-phase faults is fundamental, and occurs 
because of the angles at which the positive and 
negative sequence components of current add to­

gether. 

With the sequence network arranged for positive, 
negative , and zero se quence output, there ar e some 
applications where the maximum load current and 
minimum fault current are too close together to set 
the relay to pick up under minimum fault current, 
yet not operate under load. For these cas es, a tap 
is available on both the SKB and SKB- 1 relays 
which cuts the three-phase sensitivity in half, whil e 
the phase-to-phase setting is substantially un­
changed. The relay then trips at 90% of tap value 
for AB and CA faults,  and at twice tap value for 
three-phase faults . The setting for BC faults is 65 
percent of tap value. In some cases,  it may be 
desirable to eliminate response to po sitive-sequence 
current entirely, and operate the SKB relay on neg­
ative-plus-zero sequence current. A tap is available 
to operate in this manner. The fault detector FD 1 
picks up at about 95% of tap value for all phas e-to­
phase faults , but is unaffected by bal anced load 
current or three-phase faults when using this tap . 

For ground faults, separate taps are avail able 
for adj ustment of the ground fault sensitivity to 

about 1 / 4  or 1/8 of the upper tap plate setting. 
see Tabl e II. For example,  if the upper tap plate o f  
the SKB relay is  s e t  at tap 4 ,  the fault detector 
( FD 1) pick-up current for ground faults can be either 
1 or Yz amp ere. In special applications, it may be 
desirable to eliminate response to zero- sequence 
current. The relay is  provided with a tap to allow 
such op eration. 

Trip Ci rcu i t  

The main contacts o f  the SKB rel ay will safely 
clo se 30 amp eres at 250 volts d- e and the seal-in 
contacts of the indicating contactor switch will 
safely carry this current long enough to trip a circuit 

breaker. The trip contacts of the SKB- 1 relay have 
no seal-in device since they energize the low-cur­
rent input o f  a static tripping relay. 

Trip C i rcui t Con stants - SK B Relay 

6 

Indicating Contactor Switch ( ICS) 

0 .  2-ampere tap, 6. 5 ohms d- e resistance 
2.0-ampere tap ,  0. 15 ohms d- e resistance 
1 . 0- ampere tap ,  0 . 1 ohms d- e resistance 

S E T T I N G S - S K B  R E L A Y  

The SKB relay has separate tap plates for adjust­
ment of the phase and ground fault s ensitivities and 
the sequence components included in the network 
o utput. The range of the available tap s  i s  suffi­
cient to cover a wide range o f  appli cation. The 
method o f  determining the correct tap s  for a given 
installation is di scussed in the follo wing p aragraphs. 

In all cases, the similar fault detectors on the 
relays at all terminals of a line section must be s et 
to pick up at the same value of line current. This is  
necessary for correct blocking during faults external 

to the protected line s ection. 

Positi ve-Sequence Current Tap and F D2 Tap 

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

and 1 0  for the SK B  relay, o r  6 t o  2 0  for the SKB- 1 
relay. As mentioned before, these numbers represent 
the three-phase, fault detector FD 1 pickup currents,  
when the relay is  connected for positive,  negative 
and zero sequence output. The fault detector FD2 
op erates to allo w  tripping at a current value 25 p er­
cent above the fault detector FD 1 setting. This 25 
percent difference is  necessary to insure that the 
carri er- start fault detectors ( FD 1 )  at both ends of a 
2-terminal transmission line section pick up to start 
carri er on an external fault before op erating energy 
is applied through FD 2. 

For a 3-terminal line, FD2 settings must be 
readjusted for pickup at 250 p ercent o f  FD 1 setting. 
This is  necessary to allow proper blocking when 
appro ximately equal currents flow in two terminal s,  
and their sum flows out the third line terminal . The 
relay is normally shipped calibrated for 2-terminal 
line op eration. 

When the SKB is to be used on a 3-terminal 
line, FD2 must be recalibrated as explained in the 

previous p aragraph, and the FD2 temp erature-com­
p ensatin g  circuit must also be changed to accomo­

date the new Rc ( FD 2  pick up) setting. Thi s is 
accomplished by changing the j umper near the lo wer 

l eft corner of the printed circuit board ( see Fig. 8) 
from C- 2 to C- 3, as shown. 

The tap s  on the upper and lower t ap plates 
should be sel ected to assure op eration on minimum 
internal line-to-line faults, and yet not op erate o n  
normal load current, p articularly if t h e  carrier chan-
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TYPE SKB AND SK B -1 R E LAYS 

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 be 
considered in selecting the positive- sequence cur­
rent tap and sequence component combination. The 
margin between load current and fault detector pick 
up should be sufficient to allow the fault detector to 
drop o ut aft er an external fault, when load current 
continues to flow. 

I .  L .  4 l -954C 

Sequence Combination Taps 

The two halves of  the lower tap plate are for 
connecting the s equence network to provide any of 
the combinations described in the previous section. 
The l eft half of the tap plate changes the tap on the 
third winding of the mutual reactor and thus changes 
the relative amounts of positive and negative se­
quence sensitivity. Op eration of the relay with the 
various taps is given in the table below. 

T ABL E I 

TAPS ON LOWER 6:. 
SEQUENCE COMPONENTS TAP BLOCK 

FAULT DETECTOR FD 1 PICK-UP 

COMB. 
IN NETWORK OUTPUT L EFT RIGHT 

3 ¢ FAULT ¢ - ¢ FAULT HALF HALF 

8 6% Tap Value 
1 c G or H *  Po sitive, Ne gative, Zero Tap Value 

( 53% on Be Fault) 

2 Po sitive, Negative, Zero B + G or H 2 x Tap Value 
9 0% Tap Value 

( 65% on BC Fault) 

3 Negative, Zero A
+ 

G or H -- 9 5% Tap Value 

* Tap s F, G, and H are zero- sequence tap s for adj usting ground fault sensitivity. 
See section on zero- sequence 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 FD2 will be 10 or 1 5 p er­
cent higher than the indicated values b ecause of the variation in self-impedanc e of  the sequence net­
work and the saturating transformer. 

Zero-Sequence Current TaR combinations. However, these variations will be the 
same from one relay to another. 

The right half of the lower tap plate is for ad­
j usting the ground fault response of the relay. Taps 
G and H give the appro ximate ground fault sensitiv­
itie s  as listed in Table II. Tap F i s  used in appli­

cations where increased sensitivity to ground faults 

i s  not required. When this tap is used, the voltage 
output of  the network caused by zero- sequence cur­
rent is eliminated. 

NOT E :  Because o f  inherent characteri stics o f  the 
sequence network , there will be small vari ations 
( from the values listed in Tabl es I and II) in the 

pick up current for various phase or ground fault 

COMB. 

1 

2 

3 

TABLE I I  

�iROUND FAULT PICKUP 

LOWER 

L EFT TAP TAP G TAP H 

c 25% 1 2% 

B 20% 10% 

A 20% 10% 
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TYPE SKB AND SKB- 1  R E LAYS 

Examples  of SK 8 Relay Sett ings 

Case I 

Assume a two-terminal line with current trans­

form ers rated 400/ 5  at both terminal s. Also assume 

that full load current i s  300 amp eres, and that o n  

minimum internal phase-to-phase faults 2000 am­

p eres is fed in from o n e  end and 600 amp eres from 
the other end. Further assume that on minimum in­

ternal ground faults, 400 amperes is fed in from one 

end, and 100 amp eres from the other end. 

Posit ive-Sequence Current Tap 

Secondary Values: 

Load current = 300 x 
4
g

0 
= 3. 75 amp eres ( 1) 

Minimum P hase-to-Phase Fault currents: 

600 x 2.._ = 7. 5 amp eres ( 2) 
400 

Fault detector FD 1 setting (three-phase) must be 

at least: 

3. 75 -
0 . 80 

4. 7 amp eres ( 0 . 8 0  is dropout ratio of 
FD- 1 fault detector) ( 3) 

so that the fault detector will reset o n  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-phase) must be not more than: 

1 7
"

5 X 0 . 8 66 X 

Sequence Combi nation Tap 

1 
1 . 25 

= 6 . 9 8  amp eres (4) 

1.  25 = 
FD2 pickup 
F D 1  pickup 

From a comparison of ( 3) and ( 4) above, it i s  

evident that the fault detector can be set to trip 

under minimum phase fault condition yet not op erate 

under maximum load. In this case, tap c on the 

lower left tap block would be used ( see Table 1, 

Comb. 1) as there is sufficient difference between 

maximum load and minimum fault to use the full 

three-phase sensitivity. Current tap 6 would b e  

u s e d  i n  preference t o  tap 5 t o  allo w for occurrence 
of higher load current. 

Zero Sequence Tap 

Secondary Value: 

8 

100 X 2._ = 
400 

1. 25 amp eres minimum ground fault 
current. 

With the upp er tap 6 and sequence tap C in use, 

the fault detector FD 1 pickup currents for ground 

faults are as follows: 

Lower right tap G- 1/ 4 x 6 = 1 .  5 amp. 
Minimum trip = 1. 25 x 1. 5 = 1 . 88 amp. 

Lo wer right tap H- 1/8 x 6 = 0 . 7 5  amp. 

Minimum trip = 1. 25 x 0. 75 = 0 . 9 4  amp . 

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

minimum ground fault of 1. 25 amp eres. 

Ca se I I  

Assume the same fault currents a s  in Case I, 

but a maximum load current of 550 amp eres. 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, yet remain 

inop erative on load current. Compare equations ( 5) 

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

Combination 2 on Table I, the relay can b e  set to 
trip on minimum phase-to-phase fault, although it 

will have only half the sensitivity to three-phase 

faults. This will allow op eration at m aximum load 

without picking up the fault detector, an d  provide 
high sp eed relaying of all except light three-p hase 

faults. 

In order to complete the trip circuit on a 7. 5 
amp ere 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 F D 1  will reset 
after a fault, the minimum tap setting i s  determined 

as follo ws: 

Load Current = 550 x � = 6.9 amp s 
400 

6 . 9  

0 . 80 
= 8 . 6  

(6)  

(7) 

Since the fault detector pickup current for three­

phase faults is twice tap value, half the abov e  value 

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

three-phase tap .  

8 . 6  

2 
4. 3 ( 8) 
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TYP E SK B AND SKB-1  R ELAYS 

From a comparison of ( 5) and ( 8) above, tap 5 or 
6 could be used. ( Continuous load current rating o f  
relay is 1 0  amperes. ) 

With the three-phase tap 5 in use,  the fault 
detector pickup current for ground faults will be as 
follo ws: 

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 .  63 amp. 

Therefore, tap H would be used to trip the min­
imum ground fault of 1. 25 amp ere with a margin o f  
safety. 

I ndi cati ng Contactor Swi tch (ICS) - SKB Rel ay 

No setting is required for relays with a 1 . 0  am­
pere unit. For relays with a 0 .  2/ 2 . 0  ampere unit, 
connect the l ead located in front of the tap block to 
the desired setting by means of the connecting 
screw. When the relay energizes a 1 2 5  or 250-volt 
d-e type WL relay switch, or equival ent, use the 0. 2 

amp ere tap; for 48- volt d-e applications set the unit 
in tap 2 and use a typ e WL relay with a s# 304C 209-
GO 1 coil, or equivalent. 

S E T T I N G S S K B- 1 R E L A Y 

The SKB- 1 rel ay tap settings are made from a 
consideration of j ust maximum load current and the 
resetting of FD 1 fault detector. The SKB- 1 current 
tap s are 6, 8, 10 , 12 ,  14,  1 6 ,  and 20. On tap s 6 and 
C, FD 1 will operate at 6 amperes, 3-phase, and 
reset at 80% of pickup ,  or 4. 8 amp eres. This will be 
adequate in most cases where maximum load current 
is in the order of 3 to 4 amp eres, secondary values. 

If maximum load current i s  5 amp eres or slightly 
higher, tap 8 should be used, which will give a 
dropout current for FD 1 or 6. 4 amp eres. 

For most SKB- 1 relay applications, where static 
phase-distance relays are used as phase fault detec­
tors , tap s 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 recommended for SKB- 1 rel ay application. 

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

The relays should be mounted o n  switchbo ard 
p anels or their equivalent in a lo cation free from 
dirt, moi sture, excessive vibration,  and heat. Mount 

I . L .  4 l -954C 

the relay vertically by means of the four mounting 
holes on the flange for semi-flush mounting or by 
means of the rear mounting studs for projection 
mounting. Either a mounting stud or the mounting 
screws may be utilized for grounding the relay. The 
el ectrical connections may be made directly to the 
terminals by means of screws for steel p anel mount­
ing or to the terminal studs furnished with the rel ay 
for thick panel mounting. The terminal studs may be 
easily removed or inserted by locking two nuts o n  
the stud and then turning the p roper nut with a 
wrench. 

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

CAUT ION : When changing taps under l o ad,  the 
spare tap screw should be inserted in the new tap 
before removing the other tap screw. 

Acceptance Tests 

Since the static fault detector circuits obtain 
their d-e supply voltage from the associated typ e 
TC carrier set, the fault detector calibration c an 
must easily be check ed after the SKB relay and TC­
TCU carrier assembly have been installed and inter­
connected. 

NOT E:  The relay current tap numbers and the FDl 
and FD2 pickup and dropout current values in the 
Acceptance Tests and Calibration sections apply to 
the SKB relay. For the equival ent tap number and 
current value for the SKB- 1  rel ay, doubl e the figures 
given for the SKB relay. 

The carrier trip circuit should be open for the 
following check : set the SKB relay on taps 5 ,  c, 
and H. Connect a 60-cycle t est current circuit 
between phases A and B of the relay ( terminals 5 
and 7.). Connect a high-resistance d-e voltmeter be­
tween relay terminal (or test switch) 1 5  (pos. ) and 
18 ( neg. ) .  This will read appro ximately 20 volts 
when FD 1 op erates. Gradually increase the current. 
At 4. 33 amp eres,  FD 1 should op erate, starting the 
transmission of half-cycle pul ses of carrier, and the 
d-e voltmeter will read 20 volts. 

Continue to increase the test current. At 5. 4 1  
amp eres, FD2 should op erate. If the R lO l  controls 
in the typ e TCU control unit have been set ,  the AR 
tripping unit in the SKB relay will op erate. The 
operation of FD l and FD2 can also be noted by 
observing the change in d- e voltage at the printed 
circuit board terminals 14 ( FD 1) and 15 ( FD 2) rel a­
tive to TP 4 (negative). See Table I for typical val-
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TYPE SK B AND SKB-1  RE LAYS 

ues for these voltages under standby and op erating 
conditions. 

Now back off the test current to check the drop­
out values. Fault detector FD 2 should drop out at 
90 per c ent of pickup , or 4 . 8 5  amp eres. The F D 1  
dropout i s  8 0  p er cent of pickup ,  o r  3. 46 amp eres. 

The fault detectors have been properly cali­
brated at the factory and normally will require no 
further adjustment. If  it is found desirable to touch 
up the calibration ,  this can be done by loosening 
the locking nut and changing the adj ustment of the 
appropriate control as listPd at the beginning of this 
section. Turning RA or RC in a clock wise direction 
will increase the FD 1 or FD2 pickup .  Similarly, 
turning RB or RD in a clo ck wise direction will in­
crease the dropout current. 

The pickup and dropout calibration settings o f  
F D  1 and F D 2  are made with t h e  four control s on the 

SKB or SK B- 1  relay subp anel, as follows: 

Rel ay Unit 

FD 1 
FD2 

Pickup 

RA 
RC 

Dropout 

RB 
RD 

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

Typical test point voltage values listed in Table 
I will be us eful when checking the apparatus. The 
readings will remain fairly constant o ver an indef­
inite p eriod unless a failure occurs. Voltages should 
be measured with a vacuum-tube voltmeter. To facil­
itate taking these voltages, a test cable is available. 
See Fig. 9. To use this cabl e,  remove the SKB o r  
SKB- 1 chassis from its case. Remove the printed 
circuit bo ard from the back of the relay, and insert 
the bo ard end of the test cable in its place. N o w  
p l u g  the removed bo ard into the receptacl e at the 
other end of the cabl e. Replace the relay chassis in 

its case o n  the s witchboard and close the test 
switches. The relay can now be energized and op er­

ated to obtain the readings in Table I .  The test 
cable can also be used, if desired, with the printed 
circuit bo ards of the typ e TCU Control Unit. How­

ever, do not use these test cabl es 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-e ( TP4 ) .  All voltages are read with a vtvm , 
and in general will be within ± 10% of the values 

listed. 

10  

TEST I SKB = 0 1 SKB = 2 x FD2 p . u .  ¢ 
POINT 

TP 5 45.0  vdc 4 5 . 0  vdc 

TP6 6 . 5  6 . 8  
TP7 6 . 5  < 0 . 5  
TP8 14 .0  < 0 . 5  
TP9 < 0 . 5  1 4 . 0  

TP 10 45 . 0  < 0 . 5  

TP l l  45 45 �* T erm. 14  < 0 . 5  20 .0  

* Term. 15 - 4 4 . 5  

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

A-C TEST POINT VOLTAGES 

TP2 to TP 1 . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8 . 0  vac approx. 
TP2 to TP 3 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 5  vac approx.  

* On Printed Circuit Board 
¢ - Test current of twice FD 2 pickup for the taps 

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 
in P art II of this I .L.  under the heading "OVERALL 

TEST OF COMPLETE INSTALLATION. " 

Routine Ma intenance 

All contacts should be p eriodically cl e aned. A 
contact burnisher s #  18 2A836H0 1 i s recomm ended. 
The use of abrasive material is not recommended 
because of the danger of embedding small p articl e s  
i n  the face of the soft silver and thus impairing the 
contact. 

The prop er adj ustments to insure correct oper­
ation of this relay have been made at the factory 
and should not be disturbed after receipt by the 
customer. If the adj ustments have been changed, 
the relay tak en apart for repairs, or if it is desired 
to check the adjustments at regular maintenance 
p eriods, the instructions below should be follo wed. 

The p erformance of the phase comparison carrier 
relaying can be checked p eriodically as explained in 
P art III of this I . L .  under the heading "TYP E SKB or 
SKB- 1 TEST FACILITIES APPLICATION . "  

Cal ibration 

Normally, there are no adjustments to be made 

in the sequence network. The taps on the three 
tubul ar Ro resistors are brazed in place and cannot 
get o ut of adjustment. The two taps on the formed 
R 1 resistor are factory settings, and should not 
require readjustment. However, if there is reason to 
suspect that the tap 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 SKB-1 RELAYS 

Remove the current tap screw ( upper tap plate ) ,  
and insert the tap screws i n  taps C and H o n  the 
lo wer tap plate. 

P ass a single-phase current of ten amp eres 
(SKB or SKB- 1) ,  rated frequency, through the reactor 
coils in series from phase B to p hase C (relay 
terminal s 7 and 9 ) .  Accurately measure the a-c 
voltage from phase A terminal to the upper tap plate. 
This voltage should be between 3.8 and 4.0 volts 
a-c.  Now pass 10 amp eres from p hase A to p hase B 
with the lower tap screw C remo ved. Adjust the R 1  
tap further from the R 1  mounting screw to give a 
voltage drop acro ss R 1  equal to exactly one-third 
of the reactor drop . This voltage can be measured 
directly acro ss the terminals of the resistor R 1  
from the mounting screw to the l ast tap o n  R 1.  

Note the above reading, and adjust the inter­
mediate tap on R 1  to give exactly 1/ 3 of the voltage 
obtained above for all of R l. M easure the voltage 
from the R 1  mounting screw to the intermediate tap. 

If replacement of the printed circuit board or 
major components necessitates a complete recali­
bration, pro ceed as follows: 

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

2. Use a phase A- B test current. ( doubl e the 
following current values for SKB- 1 relay). 

3. Set RA and RC to full clock wise po sition. 

4. Set RB and RD to mid-scale. 

5. P ass 4.  33 amperes thro ugh the rel ay ( phase 
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. Adjust the 
small pot. R2 on the printed circuit bo ard 
until these two voltages are equal. 

7. Now slowly turn RA counterclockwise, with 
4.  33 amp eres flowing, until FD 1 op erates. 

8. Reduce the phase A- B current to check FD 1 

dropout. Adjust RB to get 80 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 
calibration. Tighten the locknuts. 

I . L .  41 -954C 

10. Simil arly recalibrate FD 2 using controls RC 
(pick up )  and RD ( dropout), repeating step s 
7, 8 ,  and 9 except for FD2 pickup of 5 . 4 1  
amp . and dropout o f  4. 8 5  amp . Do not read­
j ust R2. 

1 1. For 3-terminal lines, change the printed cir­
cuit board link from C2 to C3,  then calibrate 
FD2 for 10 . 8 2  amp . pickup and 9 .  7 amp . 
dropout. 

Tripping Relay (AR) 

The type AR tripping rel ay unit has been prop er­
ly adj usted at the factory to insure correct op eration, 
and should not be disturbed after receipt by the 
customer. If, however, the adj ustments are dis­
turbed in error, or it becomes necessary to replace 
some part in the field, use the following adj ustrr.ent 
pro cedure. This procedure should not be used until 
it is apparent that the relay is not in proper working 
order, and then only if suitable tool s are avail able 
for checking the adj ustments. 

1. Adjust the set screw at the rear of the top of 
the frame to obtain a 0 . 009-inch gap at the 
rear end of the armature air gap. 

2. Adjust each contact spring to obtain 4 grams 
pre ssure at the very end of the spring. This 
pres sure is measured when the spring moves 
aw ay from the edge of the slot in the insula­
ted cro sspiece. 

3. Adjust each stationary contact screw to ob­
tain a contact gap of 0 . 0 20 inch. Thi s will 
give 15- 30 grams contact pressure. 

This completes the adjustment procedure for the 
AR relay unit. The resistance of the AR relay coil 
is 100 ohms. 

Ind i cating Contactor Switch ( ICS in SKB Rel ay) 

Close the main relay contacts and pass suf­
ficient direct current through the trip circuit to 
clos e  the contacts of the ICS. This value of c ur­
rent should not be greater than th e particul ar ICS 

tap setting being used. The indicator target should 
drop freely. 

Operation Ind icator (01 in SKB- 1  Relay) 

Apply 80 p ercent of rated voltage acro ss relay 

terminals or test switches 1 and 10 . When the AR 
relay is operated, the orange target should drop.  
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T YP E  SKB AND SKB -1 RE LAYS 

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

Repl acement of P rinted-Ci rcuit  Board Components 

If a defective resistor, capacitor, o r  diode i s  

found, cut it out o f  the circuit by first clipping off 
its l eads on the component side of the printed cir­

cuit board. Then turn the board over, melt the solder 

holding the remaining l ead to the printed pad, and 
remove the l ead with tweezers. 

NOTE:  For such work , a 60- watt iron with a small , 

cl ean, well-tinned tip is recommended. Use a 60- 40 
(tin-lead) ro sin-core solder. Do not hold the iron 

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

the terminal hole in the bo ard closes up with solder, 

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

Where transistors are mounted on small plastic 
p ads, the leads cannot be clipp ed off. In such a 

case, melt the solder on one connection at a time,  

while gently tilting back that section o f  the transis­

tor. Because of the small fl exibl e l eads, the trans­

istor will gradually s ep arate from the board. 

Wherever po ssible, use a heat- sink ( such as an 

alligator clip) on any transistor or diod e  being 
soldered. As an alternate, use a long- nosed pliers 

to hold the lead ( bein g  soldered) between the device 

and the point o f  soldering. 

* E L E CTR ICAL PARTS LIST 

SYmbol Description Style SYmbol Description styl e 

C l  0 . 5  mfd. 200V ± 10% 187A6 24H l l  R 1 6  68K 1 /  2W ± 10% 18 7A64 1H7 1 
C2 0 .  25 mfd, 200V ± 20% 18 7A624H0 2 R 1 7  39K 1 /  2W ± 10% 18 7A64 1H65 
C4 1.0 mfd, 200V ± 20% 187A6 24H04 R 18 lOK 1/ 2W ± 10% 187A64 1H5 1 
C 5  0 . 5  mfd, 200V ± 10% 187A6 24H l l  R 19 6 . 8K 1/ 2W ± 10% 187A641H47 
CT 0 . 1 mfd, 400V. D . C .  1544920 R 2 1  18K 1/ 2W ± 5% 184A763H57 

D l - D7 IN459A Diode 184A855H08 R22 15K 1/ 2W ± 10% 187A64 1H55 

D8-D9 IN457A Diode 184A855H0 7  R 23 Type 1D0 5 1  Thermistor, 
D 1 0- D 1 2  

20K at 2 5  ° C .  185A21 1H0 5 
Q l  2N6 5 2A 184A638 H 1 6  

Q 2 - Q 3  2N69 7 184A638 H 18 

Q4 2N697 184A638 H 18 R25 lOK 1W ± 5% 187A643H5 1 

Q5 2N699 184A638H 19 R 26 1K 1/ 2W ± 5% 629A530H32 

Q6 2N4356 849 A44 1H02 R27, R29 lOK 1/ 2W ± 5% 6 29 A530H56 
Q7 2N69 7 184A638H 18 

RA 30K pot. 185A067H 15 

R 1  2 .  7K 1/ 2W ± 5% 6 2 9A530 H42 RB 200K pot . 185A067H 1 4  

R 2  2 .  5K ± 20 %  1 /  4 W  Pot 6 29 A430H03 RC 40K pot. 18 5A067H l 6  

R 3 , R 28 20K 1/ 2W ± 5% 6 29 A530H63 RD 200K pot. 185A067H 1 4  

R4 3 . 9K lW ± 5% 187A643H4 1 
RT 50 ohm s ,  2" tub e 1 340388 
RL 9 . 1 K , % watt , ±5%-SKB- 1 only 

R6 33K 1/ 2W ± 10% 187A64 1H63 Z l  IN957B ( 6 . 8v, 0 . 4w) 
R7 lOK 1/ 2W ± 5% 629 A530 H56 Zener Diode 186A797H06 
R8 lOK 1/ 2W ± 10% 187A64 1H5 1 Z2 IN957B ( 6 . 8v, 0 . 4w) 
R9 lOK 1/ 2W ± 5% 6 29A530H56 Zener Diode 186A79 7H06 
R IO 0 . 22 MEG, 1/ 2W ± 5% 184A763H83 

Z3 IN 1 789 ( 56v, l . O w) 

R l l  lOK 1/ 2W ± 10% 187A64 1H5 1 
Zener Diode 584C434H08 

R 1 2  15K 1/ 2 W  ± 10% 18 7A64 1H55 Z4 IN3686B ( 20v,  0. 75w) 

R 1 3  33K 1 /  2 W  ± 10% 187 A64 1H7 1 Zener Diode 185A2 1 2H0 6 

R 1 4  0 . 1 MEG, 1 /  2 W  ± 10% 18 7A64 1H75 ZT IN1832C ( 6 2v, lOw) 
R 1 5  lOK 1 /  2 W  ± 10% 18 7A64 1 H 5 1  Zener Clipper 184A6 1 7H06 
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TYPE SKB AND SKB-1 R ELAYS 

Test Equi pment 

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

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

3. cathode-ray o scilloscop e ( to check carrier 
k eying and 60-cycle square- wave voltages in 
TCU Control Unit). 

4. Test Cabl e 

R E N E W A L  P A R T S 

Repair work can be done most satisfactorily at 
the factory. However, interchangeable p arts can be 
furnished to the customers who are equipp ed for 
doing repair work. When ordering p arts, always give 
the compl ete nameplate data. For components 

mounted on the printed circuit board, give the cir­
cuit symbol , electrical 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  S K B- 1  R E L A Y  

Burdens measured at a balanced three-p hase 
current of five amp eres: 

Relay Phase A P hase B Phase C 

Tap s VA Angle VA Angle VA Angle 

A-F- 3 2. 47 5 0  0 . 6  o o  2. 5 20 ° 

A-H- 10 3. 25 0 0  0 . 8  100 ° 1 .  28 55 ° 

B-F- 33 2. 3 0 0  0 . 63 o o  2. 45 55 ° 

B- H- 10 4 . 9 5  0 0  2. 35 90 ° 0 . 3 60 ° 

C- F- 3 2. 3 2  0 0  0 . 78 o o  2. 36 50 ° 

C-H- 10 6 . 35 342 ° 3 . 8 3  80 ° 1 . 9 8  185 ° 

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

Rel ay P hase A P hase B P hase C 

Tap s  V A  Angle VA Angl e VA Angle 

A- F- 3 2. 47 0 0  2. 1 10 0 1 . 9 7  20 ° 

A-H- 10 7. 3 60 ° 12. 5 53 ° 6. 7 26 ° 

B- F- 3 2. 45 0 0  2.09 15  ° 2 .07 10 ° 

B-H- 10 1 6 . 8  5 5  ° 22.0 50 ° 1 2 . 3 38 ° 

c�F- 3 2. 49 0 0  1 . 99 15 ° 2. 1 1  1 5  ° 

C-H- 10 3 1 . 2 4 1 ° 36 .0  38  ° 23. 6 35 ° 

The angles above are the degrees by which the 

current l ags its resp e ctive voltage. 

I . L .  41 -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 con struction, op eration, and adjustment of  

the typ e TCU Control Unit used with the SKE or 
SKB- 1 rel ays are covered in s ep arate instructions 

identified as I . L .  4 1- 9 44. 5 plus supplements, when 
required. The Control Unit is a p art of the Typ e TC 
carrier assembly. 

O V E R A L L  T E S T  O F  
C O M P L E T E  I N S T A L L A T I O N  

After the compl ete equipment has been install ed 
and adjusted, the following tests can be made which 
will provide an overall check on the rel ay and car­
rier equipm ent. The phase rotation of  the three­
phase currents can be check ed by measuring the a-c 
voltage acro ss relay terminals 2 and 3 with a hi gh 
resistance a- c voltmeter of at l east 1000 ohms p er 
volt. The reading obtained should be appro ximately 
0 . 9  volts p er ampere of balanced 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 test requires that a balanced 
three-phase load c urrent of  at l e ast 1 . 0  ampere 
( secondary) be flo wing through the line- section 
protected by the SK B rel ays. At both terminals of  
the protected line section, remove the SKB or SKB- 1 

relay cover and op en the trip circuit by pulling the 
test s\\itch 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 an d H taps.  Be sure to insert 
the spare tap screw before removing the connected 
one. Now open test 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 j ack 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 
causes the phase B and C currents to return to the 
current tramsformers through the zero- sequence 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. Compl etion of  the 
trip circuit can be checked by connecting a small 
l amp ( not over 10 watts) acw ss the terminals of test 
switch 10 . ( SK B  only. ) 

Now p erform the above op erations at the oppo­

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

convenient. This simulates a phase-to- ground fault 
external to the protected lin e  s ection. The fault 
detectors, but not the operating unit should op erate. 
Test switch 1 1  op eration is required to mak e  sure 

that "flip-flop " stage in the control unit is in reset 
position .  No w open and reclose switch 1 1  at station 
A in order to reset "flip-flop " stage from previous 
"trip " condition. The operating unit at station A 
should stay op en now . Restore test switches 4 and 5 
at Station A to normal (closed). The line conditions 
now represent a phase-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 checked phase rotation, 
the p olarity of  the sequence filter output, the inter­
connections between the relay and the c arrier set 
and the P hase A current connection s  to the relay at 
both stations. P hase B and C should be similarly 
check ed by opening test switches 6 and 7 for p hase 
B ,  and switches 8 and 9 for phase C .  The same pro­
cedure described for P hase A is then follo wed. 

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

P A R T  I l l  - T Y P E  S K B  O R  S K B-1 

T E S T  F A C I L I T I E S A P P L I C A T I O N  

The test facilities provide a simpl e manually 
op erated test procedure that will check the com­
bined relay and carrier equipment. The test can be 
p erformed without the aid of instruments. The re­
sults give assurance that all e quipment i s  in normal 
op erating condition without resorting to more elab­
orate test procedures. 

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

Test Switch 
The typ e W- 2 test s witch i s  a four-po sition, 

multi- stage s witch. The contact arrangement i s  
shown in Fig. 10 , and the outline and drillin g plan 
in Fig. 1 1. The "on " contacts are used to compl ete 
the SKB trip circuit and the alarm circuit. Thes e  
contacts are indicated i n  Fig. 1 0  b y  contacts C 5- D 5  
and A 1-B l. In the "Off" p o sition,  the SKB trip cir­

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

14 

circuit remains clo sed through contact A 12- B 1Z. 
Two test positions to the l eft of the "Off" po sition. 
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-B 6  and A7-B7. Moving the switch 

to the "Test 1" po sition 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" po sition will connect the test transformer 
with a reversed polarity to the SKB relay. 

For the SKB- 1 relay, refer to the overall diagram 
which applies to the p articul ar order for actual 
connections. 

Auxi l i ary Test Tran sformer 

The auxiliary test transformer 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 vary the magnitude of the phase-e-ta­

ground test current approximately as follo ws: 

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 cat ing L amps 

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

A D J U S T M E N T  

Choose a transformer tap that will provide ap­
proximately two times the phase-to- ground current 
setting 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 test switch. This switch i s  
arranged to apply a single-phase current to the SKB 
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TYP E SKB AND SKB -1 R E LAYS 

or SKB- 1 r d ay to s i mulate i ntern al and through 

fault conditions. R e l ay op erati on is noted b.Y ob� 

servin g a blue indi cating l amp connected in the 

SK B rel ay tri!J circuit. Duri n g  the test the SKB trip 

circ uit to the l i n e  break er is op ened and a red 

warning l i ght is energi zed through auxil i ary con­

tacts on the test s witch. 

Use o f  the auxil iary test equipm ent is to be 

limited to provide a simplified lest after the initial 

instal l ation tests have been p erformed as described 

in P art II of thi s in struction l e aflet. 

The� test apparatus is to be connected as shown 

i n  Fig. 10 with the auxil i ary t P st transformers en er­

gized from 1 20-volt,  60-cyel e [JO \\ er sourc e s ,  at each 

l i n e  terminal , that are in p hase w i th each other. 

The fol l o w i n g  op eration pro c edure assumes th at the 

same polarity i s  used in connecting the test trans­

former at each l i n e  term i n al .  

1 .  Turn the carrier lest s w itch at both l i n e  ter­

minal s  to OFF. 

2.  Turn the c arrier t est s witch to TEST 1 at 

station A. The " A" rel ay sho ul d  op erate to 

transmit hal f cycl e i mp ul ses o f  c arri er , and 

trip . Tripp i n g  will be indi cated by the blue 

l i ght. 

3 .  Turn the SKB test S\\ itch at Station B to 

TEST 1. This will  simul ate an i ntern al fault 

feel from both l in(e terminal s .  The rel ay at 

station B will trip , and the relay at statio n  A 

will remain trip p e d .  Trip p i n g  will  be i n cli-

INPUT FROM 

SE QlJENCE 

NETWORK 

( SAT. TRAN S . )  

PHASE 

SPLIT T I NG 

NETWORK 

RECTIFIER 

I . L .  41 -954C 

c atecl by the bl ue l i ghts at e ach l i n e  term i n al 

Carrier will  bEe lransrr, ittccl in hal f  cyel e im­

p ul s e s simul laneousJ.y from e ach end o f  the 

l i n e .  

4 .  R E?sct t h e  S K B  l e st switch a l  Station A .  The 

rel ay at station A will reset and turn o ff the 

bl ue l i ght. The rel ay at Station B will  ho l d  

i t s  trip contact c l o s e d ,  l i ghti n g  the bl ue 

l i ght. 

5. Turn the SKB t e st switch at Station A to 

TEST 2. Depress T est R e set p u shbutton 

momentari l y  to reset Flip· Flop stage that ma.v 

have op erated d uring switchi n g  the test 

S \\  itch to position 2 .  Op erate T e st R es et 

pushbutton at Stati on B to reset Fl i p ·  Flop 

stag e� from vrevious trip p e d  po siti on.  Both 

blue l i ghts sho ul d be o ff at thi s point,  which 

represents an external faul t .  

6.  R e s et the test switches at bo th line term i n  

als t o  O F F  before returning to ON for norm al 

servi ce . Push in handl e to turn in ON po si · 

tio n .  

Thi s c o mpl etes t h e  t e st pro c edure. 

Component Style Numbers 

Test Tran sformer 

Typ e \\- 2 Test Switch 

T.vp e W- 2 Test Switch 

POSITIVE 
FEEDBACK 

s # 1 3 38 284 

s # 50 5 A 7 4 2G0 1 for 1/ 8 "  

p an el mounting. 

s # 50 5 A7 4 2G0 2 for lNz" 
p an e l  mo unting.  

LEVEL 

DETECTO R  
AMPLIFIER 

FD I 

OUTPUT 

LE VEL 

DETE CTOR 

TIME 

DELAY 
AMPLIFIER 

(-lf-) 

FD2 

OUTPUT 

(--11-) 
629 A 0 9 1 

Fig. 3 Static Fault Detector B lock Diagram 
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TYP E SKB AND SKB - 1  R E LAYS 

TRI PPIIG 
RELAY 

PR i nED 
C I RCU I T  
BOARD 

res 

ZUll 
UI PPU 
111U!C -(lUi ) 
FOilED 
111£ 
IES I STOI 
(11 ) 

fiTI lOX "DbeTES 
IOWLLY 
CHMTIH 
TIAIIISTII 

POl ... 
�. I>.C. 

f HT 01 NIITU CIKIIT HAlt 

'-------------------------------------

* Fi g. 4 Complete I n ternal Schematic of SKB Re lay 
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J 

FD-1 

-;;ff--

FD2 

--i f-

TtST sw. 
ctiiiBT 
TtST "" 
Ttaii,U 

6448482 
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TYP E SKB AND SKB-1 RELAYS 

TR I P P I NG 
RELAY 

I H� I CAT I NG 

COMT ACTOR SW I TC H  -

ZENER AC C l l PPER 

NOTE :  TER�IMALS �-6-8 
A R E  TO BE JUMPERED AT 
RELAY CASE 

I . L .  41 -954C 

SIMPLIFI ED SCHEMATIC 

TUBE R E S I STORS 

SATVRATINC LJ--1--+--11 TIAISFOIHER 

8 c 

Fig. 5 Simplified Schematic - Type SKB Relay 

FORMED W I R E  R ES I STOR 

3 W I ND I NG 

MUTUAL REACTOR 

CHAS S r s  O PERATED 
SHORT I IIG SW I TCH 

RED HANDLE 

TEST SW I TCH 

CURRENT TEST JACK 

TERMINAL 

629A095 
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TYP E SKB AND SKB-1 R E LAYS 

TRIPPING 
RELAY 

PRINTED 
CIRCUIT 
BOARD 

FD! PICKUP 
ADJUSTMENT 

FD2 PICKUP 
ADJUSTMENT 

lEIER 
Ctl PPER t RI832C (�2V.) 
FORMED 
WIRE 
RESISTOR 
(R I )  

.. ... 14SW. D.C. 

f MtT 01 I'II ITED CIIUIT 80AID 

* Fig. 6 Complete Internal Schematic of SKB- 1 Relay 
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f D - 1  DROPOUT 
ADJUSTMENT 

FD-1 

---;If-

FD2 

-H--

OPERATION 
I NO I CATOR 

TUBE 
RESISTORS 
( RO) 

MUTUAL 
REACTIR 
CRASS IS DP Hlm!G !II. 

TEST SW. 

CURIUT 
TEST JACK 
TEIIIIt.,;L 

6448481 
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TYP E SK B AND SK B -1 R ELAYS 

MOTE: n.IIULS H-1 
AilE TO IE JUMPEIED AT 

IIEUY CASE 

lED HANDLE 

OPEIATI. 
I ID ICATOI 

1120a. 125 Y.D.C. 

TUIE IESISlliiS 

! WIIDIH 
IIIJlliAl IEACTOI 

tusSIS OPOJTED SltOITIII SWITCII 

TEST .ITCI 

CIIIEIT TtST JACI 
TUIIliW. 

836ASOO 

Fig. 7 Simplified Schematic - Type SKB- 1 Relay 

APPROX . 

I. L. 4 1 -954C 

- --� 

836A766 

* Fig. 8 Printed Circuit Board Component Location, 

SKB or SKB- 1 Relay 

1.-------------------·A, FT.----------------------...-.! 

STYLE 
4 10C 303GOI 
410C 303G02 

Fig. 9 

DIMt A 
6 FT. 
3 F T.  

Test Cable Assembly 

644834 1 
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TY P E  SKB AND SKB-1 R ELAYS 

Fig. J 1  Outline and Drilling P l an of the Type W- 2 Test Switch and Indicatin g L amps Used for 

SKB or SKB-1 Testing 
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Fig. 1 2  Outl ine and Drill ing P l an o f  the SKB Test Transformer 
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TYP E SKB A t-1>  SKB-1 RE LAYS 
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Fig. 1 3  Outl ine a n cl  Drillin g P l an o f  the SKB or SKB-1 R elay in the F T-42 Case 

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 I VI 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

 




