
Westinghouse I.L. 41-954.6 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE SKBU-2A 

DUAL PHASE COMPARISON RELAY 

CAU TION: I t  is recommended that the user of  
this equipment become acquainted with the  infor­
mation in this instruction leaflet and in the system 
instruction leaflet before energizing the system .  

Printed circuit modules should not be  removed or  
inserted where the relay i s  energized. Fai lure to  
observe this precaution can result in an  undesired 
tripping output and can cause component damage. 

APPLICATION 

The type SKBU-2A is a high-speed relay used 
in conjunction with frequency shift type channels. 
Simultaneous tripping of  the relays at each line 
terminal is obtained in less than 22 mil liseconds 
for all internal faults within the l imits of the relay 
settings . 

The system can be used with a frequency-shift 
carrier channel or a frequency-shift audio tone 
over a voice-grade pi lot-wire or m icrowave 
channel .  

In contrast to the carrier blocking scheme, this 
is a transfer trip system; accordingly, the blocking­
start function is not required. 

The S K B U-2A relay may be applied to two­
terminal or three-terminal lines. Two-terminal 
applications require one transmitter and one 
receiver per terminal . Three-terminal app lications 
require one transmitter and two receivers per ter­
minal . 

The overcurrent fault detector in the SKBU-
2A relay responds to all fault types. Therefore, dis­
tance relays are not required to be used with the 

SKBU-2A, although they may be added to im­
prove arming sensitivity. 

CONS TR U C TION 

The phase comparison relays consist of a 
composite positive and negative sequence current 
network, a saturating transformer, a 20-volt power 
supply, and printed circuit boards mounted on a 
standard 1 9-inch wide panel , 83/4 inches high (5 
rack units) .  Edge slots are provided for mounting 
the rack on a standard relay rack . 

Sequence Network 

The sequence network consists of a three-legged 
iron core reactor and a set of resistors, R 1 and Ro. 
The reactor has three windings: two primary 
and a tapped secondary winding, wound on the 
center leg of  an "F" type of lamination. The sec­
ondary taps are wired to the A, 8 and C tap con­
nections in the front of the relay ( R  1 taps) .  Ro 
consists of three tube resistors with taps wired 
to F, G and H tap connections in the front of the 
relay . The R 1 resistor is a formed resistor asso­
ciated with the tapped secondary of the reactor .  

Saturating Transformer 

The voltage from the sequence network is fed 
into the  tapped p ri mary o f  a satu rating 
transformer which has two secondary windings. 
One winding supplies the fault detector and the 
other winding supplies a keying circuit .  

Power Supply 

The sol id-state circuits  of  the relay are 
regulated from a 20-volt supply on the relay panel . 
This voltage is taken from a Zener diode mounted 

A II possible contingencies which may arise during installation, operation, or maintenance, and all 
details and variations of this equipment do not purport to be covered by these instructions. If further 
information is desired by purchaser regarding his particular installation, operation or maintenance of 
his equipment, the local Westinghouse Electric Corporation representative should be contacted. 
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on a heat sink. A voltage dropping resistor is 
provided between the source de supply and the 20 
volt regulated supply .  

Printed Circuit Boards 

Seven printed circuit boards are used in the 
SKBU-2A relay.  A fault detector board, protec­
tive relay interface board, supervision board, 
amplifier and keying board, output board and a 
low pass filter board. 

Al l  of the circuitry that is suitable for moun­
ting on printed boards is contained in an enclosure 
that projects from the rear of the front panel and is 
accessible by opening a hinged door on the front of  
the panel .  The printed circuit boards slide in posi­
tion in slotted guides at the top and bottom of each 
compartment and the board terminals engage a 
terminal b lock at the rear of  the compartment. 
Each board and terminal b lock is keyed so that if a 
board is placed in the wrong compartment, it can­
not be inserted into the terminal b lock. A handle 
on the front of  each board is l abeled to identify its 
function in the relay . 

1 .  FD BOARD (FAULT DETECTOR BOARD) 
The fault detector board contains a resistor­
Zener diode combination, a phase splitting 
network, a solid state fault detector, and a pulse 
width detector. The control for setting pickup 
of  the fault detector is mounted on the fault 
detector board. This unit operates when the 
fault current exceeds a definite value. The pulse 
width detector is activated when the keying 
pul se width decreases  to a va lue  o f  4 
milliseconds. 

The location of components on the board is 
shown in Fig. 2 and the schematic of  the board 
is shown in Fig. 3 .  

2 .  LOW PASS FILTER BOARD (LPF) 

2 

The Low Pass Filter Board contains a low pass 
filter for interfacing the secondary of the sa tur­
ing transformer with the Sine wave to Square 
Wave Convertors of the Amplifier and Keying 
Board. Also six buffer outputs are contained on 
this board to connect the squaring amplifiers to 
externa l  oscil lograph connections. 

The following Figures apply to this board: Fig. 
1 3  Component location, Fig . 1 4  Schematic of 
the Board. 

3. SUPERVISION BOARD (SUPRV. BOARD) 
This board contains interface circuits to the 
channel receivers and a 1 50 millisecond pickup 
and 0 millisecond dropout alarm timer circuit. 
The interface circuits connects the SKBU-2A 
relay to the channel receiver,, and the timer cir­
cuit locks out the relay for failure of the channel 
equipment. 

The following figures apply to this board: Fig. 
1 5, Component Location, Fig. 1 6, Schematic of 
the Board. 

4. AMPL. AND KEY BOARD (AMPLIFIER 
AND KEYING BOARD). 
The Amplifier and Keying Board contains three 
sine wave to square wave convertors, a 
transmitter keying circuit, two de phase delay 
circuits, and four connections for remote 
signals .  One sine wave to square wave convertor 
produces a square wave pulse that is used to key 
the channel transmitter. The other two conver­
tors product two square waves on a lternate half  
cycles of  a 60 Hz. voltage. These two square 
waves are applied to the de phase delay circuits. 
Links are provided on the board to connect the 
relay for two or three terminal applications. 
For two-terminal applications, both link 1 and 
link 2 on the Amplifier and Keying Board must 
be connected C to 2. For three-terminal 
applications, these links must be connected C to 
3 .  

The location of  components on the board is 
shown in Fig. 7 the schematic of the board in 
Fig. 8, and the logic diagram in Fig. 9 .  

5 .  ARMING BOARD 
The Arming Board contains AND circuits that 
compare pulses obtained from the Amplifier 
and Keying Board .  The output obtained from 
the AND circuits is proportional to the time 
difference in the phase angle between the input 
quantities. This board also contains other logic 
circuits such as 4 jO timer, and a 2 or 3 count 
transient unblock circuit. A link is provided on  
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-------------------------------------- I.L. 41-954.6 

this board such that the relay is armed by either 
solid state distance fault detectors or the 
SKBU-2A fault detector. The link must be 
open for arming by the solid state distance fault 
detector only.  

The location of components on the board is 
shown in Fig.  4 ,  the schematic of the board in 
Fig .  5 ,  and the logic diagram in Fig .  6 .  

6 .  OUTPUT BOARD 

The Output Board contains two NAND gates 
connected as flip-flop circuits for tripping. 
Other logic on the board includes a trip 
amplifier, transient blocking circuit, and two 
time delay circuits. The Flip-Flop circuit 
operates when all the inputs to the Arming 
Board are of the correct polarity. The Transient 
block circuit operates after a time delay on 
fault detector operation to prevent tripping. 
One time delay circuit maintains transient 
blocking on the trip flip-flop after the fault 
detector resets. The second time delay circuit 
resets the first time delay circuit in the case of  
an interval fault. 

The following figures apply to this Board: Fig. 
10 Component location, Fig. 1 1  Schematic of 
the Board, Fig. 1 2  logic of  board. 

7 .  P R O T E CTIVE R E L A Y  I N T E R FA C E  
BOARD (PR. INTER.) 
The Protective Relay Board contains logic CL · 

cuits to connect the distance fault detectors L � 
squelch relays into the Phase Comparison 
Relaying System. This board contains buffer 
circuits, and OR circuits to connect the dis­
tance fault  detectors into the system. A 6/0 
timer, 10/ 1 50 signal squelch circuit, and a 2 .5  
second alarm circuit for sustained fault  detec­
tor operation are also ptovided on this board. 
The fol lowing figures apply to this board: Fig. 
1 7 , Component Location, Fig. 1 8 ,  Schematic 
of the Board .  

Card Extender 

A card extender (style no. 644 B3 1 5G02) is 
a v a i l a b l e  for fac i l i t a t ing c i rcu i t  v o l tage 
measurements or m aj o r  adj ustments .  A fter 
withdrawing anyone of  the circuit boards, the ex­
tender is inserted into the terminal block on the 

front of the extender. This restores all components 
and test points on the boards are readily accessi­
ble. 

Test Points 

Test points are located on each printed circuit 
board for the major components on the board . 
Complete circuit test points are wired to the front 
panel of the relay for convenience in adj usting and 
testing the relay.  

O P ERATION 

A. System 
I n  phase comparison rel:>ying, the phase posi­
tion of fault currents at the ends of a transmis­
sion line are compared over a pilot channel to 
determine i f  the fault is internal or  external to 
the l ine section. When a frequency shift 
channel is used as the pilot channel, a dual 
comparison system can be utilized . This 
means that the system can trip on either half­
cycle of power system frequency as contrasted 
to a blocking scheme where tripping occurs on 
alternate half-cycles during the absence of a 
carrier signa l .  

The three-phase line currents energize a se­
quence network in the SKBU-2A relay which 
produces a single-phase o utput vol tage 
proportional to a combination of  sequence 
components of the line current. This single­
phase voltage energizes the primary of a 
saturating transformer with two secondary 
winding. One secondary winding energizes the 

fault detector circuit and the second secondary 
winding energizes the keying circuit through a 
low pass filter. The keying circuit shifts  the 
frequency of  the transmitter from a space fre­
quency to a mark frequency. These frequen­
cies are transmitted over the pilot channel to 
the channel receiver which converts the mark 
and space frequencies to two de output 
voltages, a space output that corresponds to 
the space frequency and a mark output that 
corresponds to the mark frequency. Thus, on 
each half cycle of  power system frequency 
either a space or mark output is obtained from 
the channel receiver and applied as pulses to 
the remote squaring amplifiers to the SKBU-
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2A relay . Each of  these half-cycle pulses are 
compared with the phase positions of each 
half-cycle of the voltage from the sequence 
network of the SKBU-2A relay at the channel 
receiver terminal .  The space pulse is compared 
to one half  cycle of the voltage and the mark 
pulse to the other half-cycle. If  the local and 
remote pul ses are i n  an  inter n a l  fau lt 
relat ionship and the fau lt detector h as 
operated, tripping will  occur 4 mil l iseconds 
later through operation of the trip flip-flop and 
trip amplifier circuits on the output board. 

Current transformer connections to the se­
quence networks at the two line terminals are such 
that the space and mark pul ses are in phase with 
their respective local pulses during an internal 
fault to allow tripping . However, if the fault is ex­
ternal  to the protected l ine section, the space and 
mark pulses are out-of-phase with their respective 
local pulses and tripping does not occur. 

The four-mil lisecond delay previously men­
tioned is added to allow for differences in current 
transformer performance at opposite l ine ter­
minals and relay coordination.  

B. Relay 
With reference to the logic diagram of  figure 
1 9 , the three-phase l ine currents energize a se­
quence network that produces a single phase 
vol tage proportional to a combination of se­
quence components. (See Tables I and I I) .  
This voltage is appl ied to the primary winding 
of  a saturating transformer which produces 
two secondary voltages. 

The secondary voltages are applied to two 
separate boards: 

I .  Fault Detector Board 
2. Low-Pass Filter Board 

I. FAULT DETECTOR BOARD 
With reference to schematic dwg. of  Fig . 3,  the 
ac voltage from the secondary of  the saturating 
transformer is applied to terminals 5 and 6 of 
the fault detector board. This voltage is then 
applied to a phase-splitting network (R2,  R3,  
C3 ,  C4,  and R4)  and a polyphase rectifier 
(diodes D I to D6) The de voltage obtained from 
the rectifier has minimum ripple and is applied 

to the fault detector circuit Q 1 ,  Q2, Q3,  and 
Q4. 

Fault Detector (FD) 
Under non-fault conditions, transister Q 1  is not 
conducting and is turned off. The collector of 
Q I is thus at positive potential and provides 
base drive to transistor Q2, driving it to conduc­
tion. With Q2 conducting, transistors Q3,  and 
Q4 are turned off. 

When fault current causes the de input voltage 
from the polyphase rectifier (across R5 and R6) 
to exceed the 6.8 volt rating of Zener diode, Z2, 
a positive input is applied to the base of  Q 1 
causing it to conduct . I n  turn, Q2 stops conduc­
ting and capacitor, C7 charges, giving 8 
mill iseconds time delay before Q3 and Q4 are 
switched to ful l  conduction. The feedback path 
of resistor R 12 and Diode D8 increase the 
voltage to Z2 after the fault  detector operates. 
This seals in the fault detector and a llows the 
fault detector to drop out at a high droput ratio 
when the ac current is reduced. 

Pulse Width Detector 
Another circuit on the Fault Detector Board is 
the pulse width detector. This circuit checks the 
time between every adjacent transition of  an in­
put square wave which represents the voltage 
produced by the sequence network.  I f  two tran­
sitions occur within a certain time period, a 

block output occurs which wil l  remain until  no  
two transitions occur within the time period. 
The time period can be adjusted from 2 to 8 
mil l iseconds by means of  an adj ustable timer. 
This setting range represents frequencies of  60 
Hz  to  250 Hz  expressed in  terms o f  a 
symmetrical wave. I t  is factory set for a fre­
quency of 1 20 Hz which represents a detection 
period of 4 mill iseconds. Figure 29 shows the 
timing chart of the pulse width detector for 
pulse transitions of  4 mill iseconds and 8 
mil l iseconds. With reference to the internal 
schematic of  Figure 3 ,  the pulse width detector 
consists of the fol lowing parts: 
I .  Generated pulse circuit which produces a 5 

/lS pulse for each transition of  the input 
square wave, The component parts of  this 
circuit are as fol lows: 
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------------------------------------ 1-L. 41 -954.6 

a .  Nand Gate ICI (pins 1 1  and 10, pins 9 
and 8)  

b.  Nand Gate I C2 (pins 10 ,  9 ,  and 8)  
c .  Capacitors C 1 1 and C 1 2  
d .  Diodes DIS and D l 6  

A transition of the input square wave 
produces pulses due to the qpacitor ac­
tion which occurs when the output at 
either pin 10 or pin 8 of I C 1  goes low. 
The capacitor initially discharged by the 
diode will act as a "0" to the input of I C2 
(either pin 10  or pin 9) .  A " 1 "  output will  
be obtained from pin 8 to IC2 until the 
capacitor charges above the threshold 
voltage of  IC2 through the internal I C  
resistance t o  1 5  V de.  The output wil l  
then change to a "0". This wil l  produce a 
5 ps positive pulse on the output of  I C2 
(pin 8) during the charging time of the 
capacitor. 
When the input square wave makes a 
"0" to " 1 "  transition pin 10 (IC 1 )  goes 
low causing the pulse output through 
C 1 2 . When the input square wave makes 
a " 1 "  to "0" transition, pin 8 (I C 1 )  goes 
low causing the pulse output through 
C 1 1 .  

2 .  Timer circuit (oscill ator) serves as a 
reference for the time between the generated 
pulses. The component parts of this circuit 
consists of: 
a .  Timer - Trimpot R22, resistor R23,  and 

Capacitor C9. 
b. Programmable unijunction transistor Q6 
c.  Voltage divider network R26 and R27 
d. Discharge circuit R2 1 and D 14 
e. Resistors R24, R25, and Diode D l 3 .  

The timer circuit is actually an adj ustable free 
running oscillator which is synchronized with 
the transitions of the input square wave. 

C9 is charged through the path of trim pot R22 
and resistor R23 .  It is discharged by one of  two 
paths . 

1 .  Through R2 1 and D 14  and pin 6 of 
I C 1 when at "0". The "0" at pin 6 of  
I C I is produced by the  generated pulse 
circuit for each transition of  the input 
square wave. 

2. Through the breakdown of the uni-

junction transistor Q6. I f  the charge is 
not removed by pin 6 of I C 1  going to 
"0", capacitor C9 wil l  charge to ap­
proximately 10 volts (as determined 
by the R26 ,  R27 voltage d ivider 
relationship). Q6 wil l  conduct 
a. to lower the j unction point voltage 

of  R26 and R27 which will act as a 
"0" to diode D 1 7  and D20. 

b. to discharge C9. Once the anode 
current reaches the valley current 
of  Q6, Q6 will turn off. However, 
the time for this is approximately 
1 5  ps, thereby allowing an adequate 
resetting pulse. 

3. Flip-flop circuits compare information from 
the t imer circuit  (osc i l lator) and the 
generated pul se circuit. These circuits com­
pare the pulse width of the input square wave 
and initiates a block signal if  the input 
square wave is not of a certain duration.  

Flip-flop number 1 IC2 (pins 13 ,  1 2 , and 1 1 ) 
ICI (pins 3 and 4) Flip-flop number 2 I C2 (pins 
1 ,  2, and 3 )  I C 1  (pins 1 and 2) Diodes D 1 8  and 
D 1 9 .  

The generated pulses enable pin 4 (IC2) and 
are inverted through pin 5 and 6 of  I C 1 .  The in­
verted pulse when at "0" 

a .  Sets flip-flop number 1 
b. Resets the oscil lator timer by dis­

charging capacitor C9 through R2 1 
and D 1 4 .  Therefore, every time a 
pulse occurs, the timer circuit is 
reset. As soon as the pulse dis­
appears, the timer starts again in 
order to check the time before the 
next pulse occurs . 

The output of  the first flip-flop pin 1 1  (IC2) 
after being set becomes " 1 "  and works into a 20 
J.1S timer of R28 and C 10 before enabling pin 5 
(IC2).  S ince a "0" output on pin 6 (IC2) sets 
the second flip-flop, the 20 ps delay from the 
first flip-flop prevents that signal from reaching 
IC2 (pin 5) while the generated pulse remains 
on IC2 (pin 4) Both Flip-flops wil l  reset when 
the timer times out to breakdown the unijunc­
tion transistor Q6. This will lower the voltage at 
the junction of R26 and R27 to supply a "0" to 
diodes D 1 7  and 020. 
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I f  a second generated pulse occurs before 
the unijunction transistor Q6 breaks down, the 
first flip-flop is not reset. Both inputs (4, 5) of  
I C2 wi l l  then be  enabled (" 1 " )  to  cause p in  6 to 
become "0". This sets the second flip-flop to 
cause pin 2 of I C 1 to become "0". The "0" wil l  
block the fault detector .  

2 .  LOW PASS FILTER BOARD 
With reference to Fig.  1 4, the ac voltage from 
t h e  s e c o n d  w i n d i n g  o f  th e s a tu r a t i n g  
transformer is applied to terminals 10  and 1 2  of  
the low pass filter board. The low pass filter 
(C 1 ,  L l ,  and C2) removes the harmonics from 
this voltage and applies a voltage that is essen­
tially sinusoidal in  waveform to resistor R 7 .  
(note : -With the Amplifier and Keying Board i n  
place, this voltage is clamped in  magnitude by 
two Zenior diodes on that board .  Due to this 
clamp the voltage is not a sine wave.)  This 
voltage is applied to the three sine wave to 
square wave convertors on the Amplifier and 
Keying Board. 

3. AMPLIFIER AND KEYING BOARD 

6 

The output of  the low pass filter is applied to 
the sine wave to square wave convertors of the 
Amplifier and Keying Board. These convertors 
consist of four resistors and an operational 
amplifier as  shown in Fig. 20 . Resistors R 1 and 
R2 are set equal  to each other and their junc­
tion point is connected to the inverting input of 
the amplifier through a resistor R 7 of the Low 
Pass Filter Board. Resistors R3 and R4 are 
biasing resistors whose junction point is con­
nected to the non-inverting input of the 
amplifier. By selecting the value of R3 and R4, 
the de voltage Y 1 can be made less than or 
greater than the voltage V2. By varying the 
magnitude of this voltage, the square wave 
voltages produced when ac is applied to the 
convertor can be made to vary in width . Also 
the output of the convertor can be made sen­
sitive to the polarity of the input ac voltage. 
This relationship is shown in Fig . 2 1 .  

The output o f  the keying convertor is connected 
through transistors to the transmitter of the 
channel equipment. Also the output of one 
transistor of  the keying circuit is connected to 
the pulse width detector on the Fault Detector 
Board .  

The output of  the local convertors are con­
nected to the AND circuits of  the Arming 
Board through two de phase delay circuits. The 
timing waves of these circuits are shown on 
Figures 22 and 23 . 

Connections are provided on the Amplifier and 
Keying Board to connect the channel interface 
circuits of the Supervision Board to the AND 
circuits of the Arming board. Links on the 
Amplifier and Keying Board can be changed 
for two or three terminal applications.  

4 .  SUPERVISION BOARD 
The circuits on the Supervision Board include 
the interface to the channel receiver and a low 
signal  timer. 

As shown in Fig. 1 6, there are four  interface cir­
cuits in the SKBU-2A.  These circuits include 
input buffers and a transistor that connects the 
channel receiver to the Amplifier and Keying 
Board . Space interface 1 includes Q 1 of the 
Supervision Board and Resistor R27 of the 
Amplifier and Keying Board. Space interface 2 
includes transister Q6 of the Supervision Board 
and R26 of the Amplifier and Keying Board. 
Mark interface 1 includes transistor Q2 of  the 
Supervision Board and Resistor R24 of the 
Amplifier and Keying Board .. M ark interface 2 
includes transistor Q7 of  the Supervision Board 
and Resistor R25 of the Amplifier and Keying 
Board. 

The remote interface circuits are in one of  three 
states: 

1 .  Loss-of-channel state. 
2. Receiving space frequency only. 
3 .  Receiving a lternate half-cycles of space and 

mark frequency. 

With reference to the supervtswn board of 
Fig. 16 for a serviceable channel Q 1 and Q2 
are either alternately turned on and off or Q 1 
i s  turned on and Q2 is turned off. Under both 
conditions, base current is supplied to tran­
sistor Q3 and Q3 is turned on at a l l  times . 
With Q3 turned on, C I can not charge and 
Q4 is turned off. 

When the relay is used with a TCF carrier 
channel, the carrier receiver is clamped into 
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both a mark and space output on a loss of 
channel . This turns on transistors Q 1 and Q2 
and shorts the base of Q3 to negative potential 
and Q3 turns off. Positive potential is  applied 
to C I through R 1 2  and R 13 and !50 milli­
seconds later, Zener diode Z5 breaks down to 
a l low base current to flow to Q4. Q4 turns 
on which provides a path through R 16 for 
base current of Q5 to flow to negative. Q5 
turns on to apply positive voltage to R 1 7 . This 
voltage is then applied to AND I and A N D  2 
of  the arming board to block tripping. The 
voltage is also applied to an external a larm 
circuit .  

When this relay is used on either a T A2 .2  tone 
channel or an MC-22 microwave channel, the 
low-signal clamp is not utilized . If these 
channels are not serviceable, the channel re­
ceiver is clamped into neither a mark nor a 
space output. This instantaneously p laces a 
blocking signal on the AND circuits of  the 
SKBU-2A relay. Hence, the relays wi l l  not 
trip on a low signal clamp. However, the low 
signal timer is not activated and wil l  not pro­
duce an alarm output to the next device. This 
alarm information is supplied directly to the 
next device by the channel receivers . 

For either internal or external fault  conditions, 
the outputs of  both interface circuits are 
square-wave voltages . Both voltages vary from 
zero volts to approximately 20 volts de and a.·e 
out of  phase with each other i .e . ,  when one 
voltage is at zero volts the other voltage is + 20 
volts de. 

5. ARMING BOARD 
The remote signals are compared to the local 
signals by two AND gates on the Arming 
board. These circuits are shown in figures 5 and 
6. 

As shown in figure 5, AND 1 consists of tran­
sistor Q2, diodes D 1, D3, D4, Zener d iode Z5,  
and resistors R 1, R2, R3,  and R4. AND 2 con­
sists of transistor Q 1, diodes D5, D6, D8, Zener 
diode Z4, and resistors R6, R7, R8, and R9.  
Both transistors Q 1 and Q2 have a common in­
put through resistor R5 and Diodes D9 and 
D10. 

Positive input voltages on any of the input ter­
minals of A N D  I wil l  turn transistor Q l  on .  
Also positive input voltages on any of the input 
terminals to AND 2 wil l  turn transistor Q2 on. 
With both Q I and Q2 conducting, transistor Q3 
is turned off, and the collector of  Q3 is at 
positive potential . As a result, base current is 
supplied to Q8 through R35 to turn on tran­
sistor Q8. This places transistor Q8 at negative 
potential to prevent capacitor C2 from charg­
ing. This is a non-trip state. 

Base current is also supplied through R34 to Q8 
from the col lector of transistor Q4. Transistor 
Q4 is normally not conducting, and its collector 
is at positive potential .  I f  a fault  detector 
operates (either the SKBU-2A or supplemen­
tary distance fau lt detectors), a positive input is 
applied to either terminal 12 or 14 of the Ar­
ming Board. This positive -input will :  

I .  Provide a positive output at terminal 9 of the 
Arming Board. 

2. Provide base current to transistor Q4. Q4 
wil l  conduct and remove the base current 
drive to Q8 through resistor R34. However, 
Q8 will not turn off unti l  Q3 conducts. This 
occurs when either Q I or Q2 stops conduc­
ting. Q 1 and Q2 wil l  not stop conducting un­
til al l  positive potentials are removed from 
the input terminals of AND 1 and A N D  2. 

In  examining the condition of the input signals 
to AND 1 and AND 2, it wi l l  be found that: 

a .  Three inputs to AND 1 are dedicated to 
the comparison of  one l ocal square wave 
to two remote square waves . In a similar 
manner, three inputs to AND 2 are 
dedicated to the comparison of a second 
local signal to a set of two remote square 
waves. Provisions for four remote square 
waves are necessary for three terminal 
line applications. For two terminal  line 
applications, one input to both A N D  1 
and AND 2 is connected to negative by 
means of l inks on the amplifier and Key­
ing board so that these inputs cannot 
provide base drive to �ither Q 1 or Q2 . 
Hence, for two terminal l ine applications, 
a local derived square wave is compared 
to a remote square wave on AND 1 and a 
second local derived square wave is com-
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pared to a second derived square wave on 
AND 2 .  

b .  Other inputs to  AN D 1 and A N D  2 are 
dedicated to low signal clamps from the 
Supervision Board . These inputs are zero 
potential with a serviceable channel. As 
such they will not provide base curr�nt to 
either transistor Q 1 and Q2 which will 
allow the A N D  gates to be actived if  all 
other inputs are at negative potential. 

On either load conditions or external fault con­
ditions, the local and remote pulses lineup such 
that a posititive potential is supplied to the in­
put terminals of A N D  I and AN D 2 during 
these conditions.  As a result, base current is 
supplied to transistors Q I and Q2 and the two 
transistors remain conducting. 

On an internal fault, one set of pulses on each 
AND circuit will be of opposite polarity from 
their mates. This means that the input to AN D 
I will be negative for a short period of  time (less 
than 8 milliseconds) and that the input to A N D  
2 will be negative for another period of time. 
(Less than 8 milliseconds) . As a result, either 
Q I or Q2 will stop conducting during these 
periods of negat ive potential to cause Q3 to 
conduct . Base drive is then removed from Q8 
through R35 .  If the fault detector has operated, 
Q8 will stop conducting to apply posititive 
potential to capacitor C2. Four milliseconds 
later, the potential on C2 breaks down the 

Zener diode Z3 to allow base current to flow 
into Q9 . This turns on Q9 to provide a zero in­
put at: 

I. Terminal 6 of ·the Arming Board. 
2. Counting circuit of the 2/3 count circuit of 

the Arming Board. (On the internal fault, 
small positive pulses are applied to the base 
of Q8 each half cycle. These pulses are 
created by the difference in pulse widths of 
the local and remote signals see fig . 27.  This 
small difference insures that the timer can be 
reset and activated three separate times . )  
The  2/3 count circuit consists of several 
NAN D gates connected such that they will 
count the number of times that a zero is ob­
tained from transistor Q9. H owever, the 
count circuit cannot be activated until the 
"0" on pin 5 of A N D  6 is removed. This is 

accomplished by terminal 5 of the Arming 
Board going negative . This condition occurs 
when the transient block circuit on the Out­
put Board is activated . The first count will 
then occur with the first conduction of Q9 . 
This will set the output of the fl ip-flop of 
AN D 5 and AND 6 to a "0". 

a. Pin I ( IC I )  goes to "0" to set pin 3 (IC I )  
at a " ! ". 

b .  Pin 4 ( IC I )  and Pin 5 ( IC I )  is thus at a 
"I" condition .  

c .  Pin 6 (IC I )  goes to a "0" to apply a " I "  
t o  pin 1 3  ( IC I )  o f  the flip-flop o f  AN D 7 
and AND 8 .  

The second count will occur when pin 3 (IC3) of 
AND 9 and AN D 10 goes to a "0". This will 
arm the flip-flop circuit of AN D I I  and AN D 
1 2  such that the output of AND 1 3  will change 
to a "0" when Q9 changes to a "0" for the third 
time. The output of AN D 1 3  (terminal ! O  of the 
Arming Board) will remain until the counting 
chain is reset at terminal 5 by changing to a 
" I ". This will occur when the transient blocking 
circuit of the Output Board is reset . 

6 .  OUTPUT BOARD 
Signals from the Arming Board are applied to 
the Output Board of figures I I  and 1 2. With 
reference to figure I I , the following results will 
occur when the various inputs to the Output 
Board are activated . 

a. Fault Detector Operation Only 

Positive potential is applied to both ter­
minals 9 and 19 of the Board . 
I .  Arming of Flip-Flop 

With reference to the positive input to 
terminal 19 one condition of t rip is set up.  
Q I will turn on to cause Q2 to stop con­
ducting. The collector of Q2 will go to 
positive potential which will interrupt the 
base current path of D9 and R36 of Q 1 1 . 
This will not turn Q 1 1  off since Q 11 base 
current has an additional path to negative 
through R39 and R40. However, one con­
dition (arming) for trip has been set up on 
the trip flip-flop (AN D 4 and A N D  5) .  

2.  Transient Block 
With reference to the application of a 
positive input to  terminal 9 of the Output 
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Board, Q3 wil l turn on to cause Q4 to 
turn o n .  Turning on Q4 wi l l  apply 
positive potential to TP4.  This  positive 
potential wil l :  

a .  Charge capacitor C2. 
b .  Turn on Q6 to connect the collector of 

Q6 to negative potential . This will turn 
off Q8 and apply positive potential to 
capacitor C6 through the path of Q 1 1  
collector (TP6), R28, ZS ,  and D8 . 
Twenty-two (22) mil l iseconds later, 
the potential on C6 breaks down the 
Zener diode Z6 to a llow base current 
to flow into Q9 . Q9 turns on to con­
nect diode D 1 0  to negative potentia l .  
A path for Q 1 1  base current i s  then es­
tablished through R37,  0 1 0, and Q9 
to negative. This condition prevents 
Q 1 1  from turning off. Thus, a trip in­
hibit signal  is applied to Q 1 1  after a 22 
mil l isecond time delay (trans ient 
block) .  

b .  Fault Detector Reset Only 
When the fault detector resets, positive input 
is removed from terminal 9 and 1 9  of the 
Output Board .  With the removal of voltage 
on terminal 1 9 ,  Q 1 turns off to turn Q2 on . 
The Q 1 1  base current path of  R36, 09 and 
Q2 is re-established and the arming signal is 
removed from the trip flip-flop .  
0 I 1000 Time Delay 
With the removal of positive potential from 
terminal 9, Q3 turns off. This turns off Q4 to 
remove positive input to TP4. However,  
capacitor C2 is  charged to positive potential 

and will discharge through R I I , R 1 6  and 03 
into the base of Q6. As a result, Q6 will  re­
main turned on until the charge on capacitor 
C2 is reduced below the "potential hill" of 
D3 and Q6. This will require approximately 
1000 milliseconds during which time Q8 
does not conduct and Q9 remains turned on .  
As a result, transient blocking (Q I I  base 
cu rrent path of Q9,  0 1 0, and R37) is main­
tained for I 000 mil liseconds after the fault 
detector is reset. 

c. Trip Condition 
For a trip signal to appear on terminals 
and 13 of the Output Board, two input 
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signals have to be present at the input ter­
minals of the Output Board within 22 
mi l l iseconds  a fter  the fau lt detector  
operates. These are: 
I .  Positive potential at terminal 1 9 .  (Fault 

Detector Operation) 
2 .  Negative potential at terminal 6. (Output 

from 410 timer of Arming Boa rd) 
With application of positive potential at ter­
minal l 9 ,  Q 1  will turn on to turn off Q2. The 
Q 1 1  base current path of R36, 09, and Q2 
will be removed and the flip-flop circuit is 
armed . 
With the application of  negative potential at 
termina l  6 (due to Q9 of  the Arming Board 
turning on), base current will flow from 
positive potential ,  through Q 1 0  to R3 3 and 
Zener diode Z 1 0  to negative. As a resu lt, 
Q 1 0  will turn on and apply positive potential 
to the junction of resistors R39 and R40 of  
the Output Board. This prevents the flow of  
Q I I  base current through R39 and R40, and 
Q 1 1  turns off. With Q 1 1  turned off, positive 
potential is removed from: 

a .  R28, ZS ,  08, and C6 to prevent the ac­
tivation of transient block .  

b .  Junction of Resistors R42, and R43 . As a 
result, current flows through Z7,  emitter­
base of Q 1 2 , R42 and R43 to negative. 
Q 1 2  turns on to apply positive potential 
to Q 1 3 .  Q 1 3  turns on to turn on Q 1 4 .  
When Q 1 4  turns on, positive potential is 
appl ied to: 
I . Base of transistor Q 1 5  to turn on tran­

sistor Q 1 5 . 
2. Terminal 1 3  of the Output Board to 

provide a trip voltage to the next 
device in the relay system .  

3 .  To  0 1 .  From 0 1 ,  the voltage is 
applied to Capacitor C3 ,  resistor R 1 3  
and Resistor R 1 4 .  A pplying the 
voltage to resistor R 14 causes base 
current to flow into transistor QS. QS 
wil l  turn on to discharge capacitor C2 
and to turn off Q6. This wil l  turn on 
Q8. Hence, with a trip output, the 
01 1 000 timer ( C3) is reset and tran­
sistor Q8 is turned on. With the 
removal of the trip output, capacitor 
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C3 wil l  discharge through R 1 4  to 
m aint ain Q5 conducting for ap­
proximately I 00 mil liseconds. This 
time delay assures that the 0/ 1 000 
timer is completely reset during the 
reclosing cycle. 

d .  Reset of Transient Blocking 
On the clearing of a fault  on an adjacent line 
section, the filter circuits in the S K BU-2A 
have stored energy which wil l  be dissipated 
at faul t  clearing. This stored energy may 
cause a misalignment of pulses to a l low an 
output from the 4/0 timer with the fau l t  
detector in  an  operate condition. To prevent 
operation of the relay under this condition, 
transient blocking is utilized. With transient 
blocking, the relay is setup to prevent trip­
ping 22 milliseconds after the fault  detector 
has been picked up. (At the inception of the 
fau lt). It can only be reset in I of 2 ways. 
a. By reset of the faul t  detector  which 

rem oves a positive input at terminal 9 of 
the Output Board. 1000 mil liseconds 
later, t ransient blocking will reset. 

b. By a negative input at terminal 10 of the 
Output Board. This input is supplied by 
the output of the 2/3 count circuit of the 
Arming Board. The 2/3 count circuit out­
put is obtained by the activation of tran­
sient block and three separate outputs 
from the 4/0 timer. These conditions are 

produced in service on the power system 
by an external fault  fol lowed by an inter­
nal fault. Such an event of faul ts is 
referred to as a sequential fau l t .  

The fault  detector will operate on the  exter­
nal fault but tripping will not occur  because 
the lineup of the local and remote pulses will 
not activate the 4/0 timer circuit .  As a 
res.u lt, transient blocking will be setup  22 
mill iseconds after the faul t  detector has 
operated . If an internal fault now occurs, the 
phase angle of the faul t  current will change 
at the inception of the internal fau l t .  The 
pulse l ineup of the local and remote circuits 
will change in polarity to al low the 4/0 timer 
to be activated one time. Tripping will not 
occur after the first 4 mil l iseconds even 
though positive potential is applied to ter-

minal 19 and negative potential is applied to 
terminal 6 of the Output Board . Transient 
blocking (Q9 conducting) wil l prevent trip­
ping. Tripping can only occur in this case 
with th ree conditions: 

I. Positive input to t(�rminal 19 of Out­
put Board. 

2. Negative input to terminal 6 of Output 
Board. 

3. Negative input to terminal 10 of Out-
put Board. 

Operation of the 2/3 count circuit will apply 
negative potential to terminal 10 of the Out­
put Board. Base current wil l  flow from 
positive potentia l, through Z4, to emitter 
base of Q7, to R22, diode D5 and D4 to 
negative. Q7 will turn on which wil l  apply 
positive potential to capacitor C5 and 
Resisto r R24. With the application of 
positive potential  to resistor R24, base 
current flows into Q8. This turns Q8 on to 
discharge capacitor C6 and turn off tran­
sistor Q9. Transient block is thus reset and 
the three conditions for operation of the flip­
flop are fu l filled. The flip .. flop will operate to 
produce a voltage output  on terminal  13  of  
the Output  Board. 
The reset of transient block will also reset 
the 2/3 count circuit of the Arming Board. 
This will turn off t ransistor Q7 of the Output 
Board. However, the voltage on capacitor 
C5 will maintain Q8 conducting until the 
base path of R25 and D7 is activated. (This 
path is activated by the trip output turning 
on transmitter Q5 which turns off transistor 
Q6.) 

The timing waves of Figure 24 show the perfor­
mance of the logic circuits of fig .  6 for a sequen­
tial fault (an external fault  fo llowed by an inter­
nal fault) 
With reference to fig. 19 and 24, for the exter­
nal fau lt, the local and remote signals overlap 
such that no output is obtained from the AN D 
ci rcuits of the Arming Board. Consequently, 
the 4/0 timer is inhibited from operating and 
AN D 4 of the Output Board does not change 
states. Eight (8) milliseconds after time A, the 
fault  detector  may operate to provide an input 
to A N D  5 of the Output Board. (Through 0 R 
2, AN D 3. LINE D RYR. and BUFF. of the 
ARMING BOA R D). If the fault detector 
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operates, 22 ms later, O R5 of the Output Board 
changes states to place a second inhibit signal 
on AND 5 of the Output Board (through 0 R3 
of Arm ing Board) upon the occurance of the in­
ternal fault at time B, a set o f  pulses (either 
remote or local) on the AN D circuits of the Ar­
ming Board change phase relationship with 
reference to their mates. For the case of the 
tim ing waves of Fig. 24 the remote pulses 
change polarity. The 4/0 timer of the Arming 
Board is activated and 4 milliseconds later OR4 
changes states. Because of this change in state 
AND 4 of the Output Board removes its inhibit 
signal from AN D 5. However, a trip does not 
occur as OR 5 of the Output Board has an in­
hibit signal on AN D 5.  Before this inhibit signal 
can be removed, the 2/3 count input to terminal 
I 0 of the Output Board has to change state. 
This is accomplished by a counting circuit on 
the Arming Board. This circuit counts the 
number of times an output is obtained from the 
4/0 timer. After the 4/0 timer has been ac­
tivated three separate times (at time C), the 
output of the 2/3 count circuit of the Arming 
Board changes state. This removes the inhibit 
signal from OR 5 on AN D 5 of the Output 
Board to allow tripping. Transient Blocking is 
removed which resets the counting chain of the 
Arming Board. 

The 4/0 timer is reset each half  cycle by small 
pulses created by the discrepancy in pulse 
widths of the local and remote signals. This dis­
crepancy insures that the timer can be reset and 
activated three separate times. 

In the case of internal faults other than sequen­
tial faults, the phase relationship of the local 
and remote pulses change states as shown at 
time B of the timing waves. However, fault 
detector operation occurs 8 mil liseconds after 
time B. Hence, the 4/0 timer is activated before 
transient blocking, and t rip wil l occur without 
the 3 count circuit being activated. 

7. PR INTER BOARD (Protective Relay Inter­
face Board) Fig. 1 8  
The protective relay board includes the inter­
face to the protective relays as wel l as the aux­
iliary circuits associated with the protective 
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relays. This board contains a 6/0 timer, 2500 
sustained arming timer, and a 1 0/ 1 50 signal 
squelch timer. 

a. Signal Squelch Timer 
When an input is applied to terminal 1 8  
o f  the protective relay board, positive 
potential is applied to base of Q I 0, Q I 0 
tu rns on to provide a discharge path for 
C8 through R4 1 .  I 0 mil l iseconds after the 
input to terminal 1 8, Q l l turns off to turn 
on Q 1 2. Turning on Q l 2  applies a 
negative input to the keying circuit of the 
amplifier and keying board which keeps 
the keying transistor from turning on. 

Upon removal of  the input  to terminal 1 8  
o f  the protective relay board Q I 0 turns 
off to apply positive potential to C8 .  !50 
mil liseconds later Q I I  turns on to turn 
off Q 1 2  which removes negative potential 
to the keying circuit. 

b. Sustained Arming Alarm (2500 Timer) 
When arming occurs, positive potential is 
applied to terminal I and capacitor C3 of 
the PR INTER Board from terminal 1 9  
o f  the arming board. Two-and-a-hal f  
seconds later, the potential o n  C 3  breaks 
down the Zener diode Z8 to a l low base 
current to flow into Q5 .  This turns on Q5 
which tu rns off Q6. Turning Q6 off 
applies positive potential to the base of 
Q7 and Q7 tu rns off. This removes 
positive potential from R26 and an exter­
nal alarm is energized. 

c. Arming Delay by Distance Fault Detec­
tors 
(6/0) Timer) 
The distance supervision arming is 
delayed by 6 mil l iseconds to al low time 
for the circuits feeding AN D I and AN D 
2 to respond at fault  inception. Operation 
of the distance fault detectors wil l apply 
positive potential to  the protective relay 
board. This turns on Q I which removes 
the base current to t ransistor Q2, Q2 
turns off and positive potential is applied 
to capacitor C2. Six milliseconds later the 
voltage on C2 reaches a value to bre8.)< 
down Zener diode Z7. This turns on Q3, 
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--------------------

which connects the base of Q4 to negative 
through resistor, R 1 5 .  Q4 turns on to 
apply positive potential to resistor, Rl6 
and terminal 2 .  From terminal 2 the volt­
age is applied to the arming board. 

CHARAC TERISTICS 

Tap� arc available in the relay to set the 
-.,cnsitivity tu difl"crcnt combinations of positive, 
JlL'.Q�ttivc. and .1cro sequence components of the line 
,_-urrcnt. The T taps on the left hand tap plate in­
dicate the balanced three phase positive sequence 
;tmpcrcs which will operate the fault detector FD. 
These taps arc as follows: 

3. 4, 5, 6. 7, 8 and 1 0. 

l·ur d ista nee fault detector applications, the 
user should reset the SK BU-2A fault detector for a 
pick-up of twice tap value by means of the trim pot 
at the fn1nt of the fault detector board . 

Positive and Negative Sequence Current-R1 
Taps 

The upper half of the right hand tap plate of R l 
taps changes the number of turns on the third win­
ding of the mutual reactor .  This reapportions the 
L·umpuncnts of the sequence network which 
'-·hangcs the positive and negative sequence sen­
..,itivity llf the fault detector. Operation of the fault 
detector with the various taps is given in the 
J',lllu,, ing tahk: 

TABLE I 

TAPS ON 
SEQUENCE RIGHT FAULT DETECTOR 

COMPONENTS HAND TAP PICK-UP t 
COMB. IN NETWORK BLOCK 

OUTPUT 3Gl 
R1 Ro# FAULT Gl!J FAULT 

I Pus .. N�g .. c G ur Tap S6'·; Tap 
Ll:ro H Value Value 

(5Yr on BC 

Fault) 

' p,ls .. Neg .. B G or 2 x Tap 90'( Tap -
Zl:ro H Value Value 

(65'( on BC 

Fault) 

3 :'>Jl:g .. Zero A G or - 100'/r Tap 
1-1 Value 

12 

# - Taps F, G and H are zero-sequence taps for 
adjusting ground faul t  sensitivity .  See section 
on zero-sequence current tap. 

t - When taps A and 3, or B and 3 are used, the 
fault detector will pickup 1 0  to 1 5  percent 
higher than the above values because of the 
variation in self-impedance of the sequence 
network and the saturating transformer. 

Zero Sequence Current - Ro Taps 

The lower hal f of the right-hand tap plate (Ro 
taps) is for setting the response of the retay to 
ground faults. Taps G and H give the approximate 
ground fault sensitivities l isted in Table II. Tap F 
is used in applications where no response to  zero 
sequence current is required . When this tap is 
used, the voltage output o f  the network caused by 
zero-sequence current is eliminated . 

NOTE: Because of inherent characteristics of the 
sequence network,  there will be small variations 
(from the values listed in Tables I and II) in the 
pick-up current for various phase or ground faul t  
combinations. 

TABLE II 

COMB. R1 TAP GROUND FAULT PERCENT OFT 
PICK-UP TAP SETTING 

TAP G TAP H 

I c 25(-(, 12'7<· 
2 B 20'�· 10% 
3 A 20';(: 10% 

The operating time of the fault detector of 
the S K BU-2A is shown in Fig . 25. As shown in the 
figure, the fault detector has a maximum and 
minimum value . This is due to the point on the 
current wave that fault current is applied as well 
as the affect of the Pulse Width Detector. Fig . 26 
shows the operating times fo r different points on 
the bult wave for ground fault current of 3 amperes. 

Operating Time . . . . . . . . . . . . . . .. 1 5  to 22 Milliseconds 
Alarm . . . . . . . . . . . . . . .  2 . 5  seconds for FD operation 

1 50 Milliseconds Loss-of-Channel 
Transient Block Time . . . . .  22 to 25 Mil liseconds 
Transient Unblock Time 23 to 27 Mil liseconds 
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Ambient Temperature Range . . . .  -20°C to 5 5°C 
de Drain . . . . . . . . . . . . . . .  0.28 Amps at 48 Volts DC 
Reset Time of Transient Block 
I . After Fault Detector 

has Operated . . . . . . . . . . . . . . . . .  !000 Milliseconds 
2.  When unblock time 

is utilized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25ms 

ENERGY REQU IR E M ENTS 

Burdens measured at a balanced three-phase cur­
rent of  five amperes. 

Relay PHASE A PHASE B PHASEC 

Taps VA Angle VA Angle VA Angle 

A-F-3 2.4 so 0.6 oo 2.5 50° 

A-H-10 3.25 oo 0.8 100° 1.28 55° 

B-F-3 2.3 oo 0.63 oo 2.45 55° 

B-H-10 4.95 oo 2.35 90° 0.3 60° 

C-F-3 2.32 oo 0.78 oo 2.36 50° 

C- H-10 6.35 342° 3.83 80° 1.98 185° 

Burdens measured at a single-phase to netural 
current of five amperes. 

Relay PHASE A PHASEB PHASEC 

Taps VA Angle VA Angle VA Angle 

A-F-3 2.47 oo 2.1 100 1.97 20° 

A-H-10 7.3 60° 12.5 53° 6.7 26° 

B-F-3 2.45 oo 2.09 15° 2.07 10° 

B-H-10 16.8 55° 22.0 50° 12.3 38° 

C-F-3 2.49 oo 1.99 15° 2.11 15° 

C-H -10 31.2 41° 36.0 38° 23.6 35° 

The angles above are the degrees by which the 
current lags its respective voltage. 

SETTING S 

Continuous Ratings: 

The Continuous Rating of the S K BU-2A Relay 
is I 0 amperes . The two second overload rating 
of the SKBU-2A is !50 A phase and 1 25 A ground. 

If settings in between taps are desired , the tap 
screw �hould set in the next lowest tap .  Trim Pot 
on FD board should then be adjusted for the 
desired pickup value. 

The S K BU-2A relay has separate tap plates 
for adjustment of the phase and ground fault  
sensitivities and the sequence components included 
in the network output. The method of determining 
the correct taps for a given instal lation is dis­
cussed in the fol lowing paragraphs. 

Setting Principles 

Tap C provides the best balance between 3-
phase and phase-to-phase fault sensitivity . Always 
use this tap where distance fault  detector supervi­
sion is used. Where only the S K BU-2A fau lt detec­
tor is used and where the ful l  load current (max­
imum through any terminal) is approximately five 
amperes or more, tap B will provide increased 
phase-to-phase fault  sensitivity with little or no 
sacrifice in 3-phase fault sensitivity . For example, 
if a left-hand tap (T) of  6 is needed with tap C 
(6C), then use a 3 B setting instead. 

NOTE: From Table I ,  pickup will be 1 05% of Tap 
3 on 3 B  and 90% of Tap 6 for �A to �B fault. 3� 
pickup is 6 amp. both settings. 

Use tap A only where satisfactory u nbalanced 
fault sensitivity cannot otherwise be obtained and 
where other protection is available for 3-phase 
faults. Since with Tap A, no 3-phase fau lt  protec­
tion is available. 

In  a l l  cases provide identical response at al l  
stations to insure proper phase comparison and 
adequate keying for any fault  detected by remote­
end relays . To accomplish this, the letter taps (A, 
B, C ,  F, G,  H) should be identical at a l l  stations .  
Also,  the taps should be identical with CT ratios, 
or inversely proportional to CT ratios where 
different. 

After selecting tap C or B, pick the T tap to 
allow reset of the fault detector in the presence of  
load flow.  That is, fau lt detector pick-up should be 
at least 1 1 1  percent of ful l  load current (maximum 
through any terminal) .  
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Now select tap G or H for desired ground-fault 
sensitivity. 

For distance fault  detector applications, set 3C 
to p rovide the  maxi m u m  sequence-network 
voltage for the squaring amplifiers. The S K BU-2A 
current fault detector is then independently desen­
sitized (by adjustment trim pot on FD board) to 
permit reset in the presence of ful l-load current .  
Phase faults which do not operate the S K BU-2A 
fault  detector will  be detected by the supplemen­
tary distance fault detectors. 

EXAMPLE 

Assume a two-terminal l ine ·with current 
transformers rated 400/5 at both terminals .  Also 
assume that ful l  load current is 300 amperes, and 
that a minimum intenal phase-to-phase faults of 
2000 amperes is fed in from one end and 600 
amperes from the other end . Further assume that 
on minimum internal ground faults, 400 amperes 
is fed in from one end, and I 00 amperes from the 
other end .  No distance fau l t  detectors are 
employed. 

POSITIVE-SEQUENCE CURRENT TAP 

Secondary Values: 

5 Load Current= 300 x 400 = 3.75 amperes (I) 

Minimum Phase-to-Phase Fault Currents: 
5 600 x 400 = 7. 5 amperes (2) 

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

3.75 
0.9 

4. 1 8 amperes (0.9 is dropped ratio of fault 
= detector. Setting will insure that the fault 

detector will reset on load current.) (3) 

In order to complete the trip circuit on a 7.5 ampere 
phase-to-phase fault, the fault detector pick-up from 
Table I must not be more than: 
(based on a three phase fault) 

I 7.5 x 
O.S6 

= 8.7 amperes (4) 

1 4  

ZERO SEQUEN CE TAP 

Secondary Value: 

5 100 x 400 = 1 . 25 amperes minimum ground fault 

current 

With T, tap 6 and R l  Tap B in use, the fault  detec­
tor pick-up currents for ground faults (See Table 
II) are as fol lows: 

Tap G 

Tap H 

0.2 X 6 1 .2 amperes 

0. 1 x 6 = 0.6 amperes 

From the above, tap H would be used to trip 
for a minimum ground fault  of  1 .25  amperes. 

SEQUENCE COMBINATION'TAP 

From a comparison of (3)  and (4) above it is  
evident that the fault  detector can be set to  trip 
under minimum phase fault  conditions and yet not 
operate under maximum load . From (3) we can 
select tap 5 (T) . In this case, also select tap C 
( R  1 ) .  Current tap (6) would be used in preference 
to tap 5 to allow for occurrence of higher load 
current. However, if more margin is desired over 
load current, instead of setting 6C, use 3 B  for 
improved phase-to-phase fault  sensitivity . 

I NSTALLATION 

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
dirt, moisture, excessive vibration and heat . The 
maximum ambient temperature around the chassis 
must not exceed 55°C. Mount the relay by means 
of the four slotted holes on the front of  the case. 
Additional support should be provided toward the 
rear of the relay in addition to the front panel 
mounting. This will  protect against warping of the 
front panel due to the extended weight  within the 
relay case. Ground relay chassis with No .  1 2  AWG 
copper wire to grounding post . 

ADJU STM ENTS AND MAINTENANC E 

NOTE: The phase comparison relay is normally 
supplied as part of  a relaying system, and its 
calibration should be checked after the system has 
been installed and interconnected. Details are 
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given in the instructions of the assembly . The 
assembly instructions and not the following instruc­
tion should be followed when the relay is received as 
an integral part of the relaying system. 

In those cases where the relay is not part of a 
relaying system , the following procedure wil l  
verify that the circuits of the relay are functioning 
properly. 

TEST EQU I PM ENT 

I .  Oscilloscope (Dual Trace) 

2. AC Current Source 

3. Electronic Timer 

4. AC Voltmeter 

5. DC Voltmeter 

6. Single Pole Single Throw Switch 

ACCEPTANC E  TEST 

Connect the relay to the test circuit of Fig. 28 
which represents the channel equipment for test 
purposes . 

The following tests are in reference to an in­
dividual relay separated from a system. If a 
recal ibration o f  the circuits is desired, the 
recalibration in certain cases can be done with the 
relay connected in the system . Those tests that can 
be made in the system will be so designated in the 
following procedures. 

Caution: The fol lowing tests involve a single relay 
but some system type tests are being described. If 
the relay is tested in a relay system, the remote 
line terminal should be disengaged from the trip 
circuit of the breaker by means of the relay system 
test switches. 

I .  FD Pickup and Dropout 
Not a system type test. Requires an adjustable 
test cu rrent. 
a. Set relay on taps 5, C, and H .  

b. Connect a high resistance de voltmeter 
across X22 and X4 (neg . )  

c .  Apply 60 hertz current to terminals I and 3 
of the relay. Gradually increase the current 

until the voltmeter changes reading from ap­
proximately zero volts  to 20 volts .  This is 
the operating current of  the fault detector 
and should occur at values of  current 
whithin the l imits of 4 . 33  ± 5% amperes. 

d. Gradually lower ac test current until the de 
voltmeter drops to approximately zero 
volts. This is the dropout current of the fault 
d�tector and should ot::cur at values of 
current greater than 3 .80 amperes . 

e .  Pickup of the fault  detector should not be 
erratic at pickup.  The waveform of voltage 
across X2 1 to X4 (grd. )  should be as fol lows 
for positive results at pickup.  (Output of 
Phase Splitter) 

f. Adjustment  of pickup can be made by means 
of the trim pot on front of the fault detector 
board. There are no· ::1dj ustments for either 
the dropout ratio or the phase splitter. 

2. Pulse Width Detector 

Not a system type test. Requires a test current . 

a .  Place a scope probe into X l 4  with ground on 
X4. Place a second probe of  scope into X I 0. 
Close switch A of  test circuit. (Note: Switch 
A connects the keying circuit of the S K BU-
2A t o  the channel transmitter) 

b .  Apply  ac current (approximately 0 . 2  
amperes) into terminals I and 3 until the 
pulse width on X 14 is as fol lows: 

4 M S 

c. Adjust the vertical trim pot. on the fault  
d e t ec t o r  b o a r d  u n t i l  t h e  fo l l o w i n g  
relationship is observed on X l4 and X l O .  
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X l 4  t--- 4 M S  

X I O  t:=- 4 M S  

d .  Raise the ac current slightly. The pulse on 
X I 0 should change to a constant zero. 

3. Timers Associated With Fault Detectors. 

1 6  

N o  ac current to be applied to the relay during 
these tests. Hence, tests can be performed in a 
system as well as with the test circuit of Fig. 28. 

NOTE: A scope is specified in the following 
tests to measure time delay. The accuracy of 
the scope on the time scale would be verified by 
check ing against a 60 hertz waveform. ( I  cycle 
== 1 6. 7  mill iseconds) If an electronic timer is us­
ed, timer start would be considered the external 
trigger of scope. Timer stop would be the points 
to which the scope probe is connected. 

a. Fault Detector Time Delay 
( 8 to I 0 mill iseconds) 

I .  Connect scope probe across X22 and X4 
(grd.) 

2. Connect X2 1 to X2 through a SPST 
switch.  (Closure o f  the  switch wi l l  
simulate a fau l t  detector operation.)  

3.  Trigger scope on X2.  Set scope trigger on 
external ,  positive slope. 

4 .  Close SPST switch. Scope should sweep 
and voltage on scope should change from 0 
to 20 volts as shown in the fol lowing sketch : 

JE-- 8 T O  I 0 M S ---=>J�---
b. Transient Block Delay (22 to 25 mil liseconds 

pick-up-950 to 1 050 mil liseconds dropout) 

I .  Connect scope probe to X7 and X4 (grd. )  

2 .  Connect scope trigger to X 3 .  Set  scope 
trigger on external ,  positive slope. 

3 .  Close P R J  switch of test circuit if  test fix-

ture is used. Otherwise connect a SPST 
switch across terminal 7 of the Protective 
Relay Board (PR INTER) and terminal 
4 of the same board. (Note: This test 
s imu la tes a distance fau lt detector 
operation).  Scope should change from 1 8  
volts to zero in 22 to 25 mill iseconds as il­
lustrated in the fol lowing sketch . 

L 2 2  T O  2 5 M S  __ '\�)'---
4. Set scope on negative slope. 

5. Open P R I  switch. (or SPST switch) 
Voltage on scope will  rise from zero to 1 8  
volts in 950 to 1 050 mil liseconds. 

c. Sustained Arming Timer 
(2300 to 2700 mil liseconds) 

1 .  Connect scope probe to X20 and X4 
(grd.) 

2 .  Trigger scope on X 3 .  Set scope trigger on 
external, positive slope. 

3. Close P R J  switch if test fixture is used. 
Otherwise connect a SPST switch across 
terminals 7 and 4 of the Protective Relay 
Board (PR I NTER) .  (Note: This test 
s imu lates a distance fau l t  detector 
operation . )  Voltage on scope wi l l  change 
from 20 volts to zero volts in 2300 to 2700 
mill iseconds.  

4 .  Lineup of Local and Remote Pulses 

Note: This is a system type test that requires a 
signal from the remote terminal. Hence, the test 
switches in a system type test have to be set i n  
an  external  fau l t  condition. Lineup of  the  pulses 
should be made as fol lows before the system is 
put  into service. 

Test circuit of Fig. 28 can be used to check the 
relay but not to put the relay system in service. 

a. Place one scope probe on X9 and X4 (grd . )  
and a second scope probe on X 1 2. 

b. Close switches A,  8,  C, E, and F .  Open 
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switch i. Set L on external fault .  (Test fix­
ture simulates receiving a signal  from the 
remote line terminal-with the system func­
tional test switches set up in an external fault 
condition . )  

c .  Apply 6 .0  to 8 .0 amperes ac into terminals I 
and 3 .  ( I f  a system-type test is utilized, use 
the test current suppl ied by the test 
transformer . )  

d .  Adjust the lower trim pot .  on the front of the 
Amplifier and Keying Board (AM PL .  A N D  
K EY) until the pulses l ine u p  a s  fol lows: 

X� 
X l2l.._ ___ __, 

e. Connect scope probe in X 1 5  and X 1 6  and 
adjust the upper trip pot. on the Amplifier 
and Keying Board (AMPL.  A N D  K EY) un­
til the pulses line up as fol lows:  

X I��--------� 
X 1 5J 

5 .  4/0 TIM ER 4 to 4.4 mil liseconds 

Note: The following is a system type test. 
Signals must be received from the remote ter­
minals and the system functional test switches 
set in an external  fault positions. 

Tests can also be made with the test circuit of 
Fig. 28. 

a .  Connect a scope probe to TP3 and terminal 
8 (grd . )  of the A R M I NG BOA RD.  

b .  Connect a second probe of scope to terminal 
6 of A R M ING BOAR D .  

c .  Connect a d e  voltmeter from X I I  t o  X4 
(grd . )  This is the trip output and the 
voltmeter should read zero volts . 

d .  Apply 6 .0 to 8 .0 amperes ac into terminal I 
and out terminal 3 .  ( I f  relay is connected in a 
system, use test current supplied by the test 
transformers) 

------ ------- I .L. 41-954.6 

e. Close switch L to internal fault .  Voltmeter 
should read 20 volts de. (Note: In system 
functional test units, the test switches must 
be set up in an internal fault position) 

f. The difference in transition time between 
TP3 and terminal 6 going negative wil l  be 4 
to 4.4 mi l liseconds as i l lustrated in the 
fol lowing sketch . 

4 >: T O � 
_n4.4MS I 

I 

6 .  Three-Count Circuit 

4 I � TO r<�­
n 4,4 MS  1 

I L 
The fol lowing tests can be performed either in 
the system or  with the test circuit of Fig . 28 

No ac current is to be applied to the relay dur­
ing the tests . 

a .  Connect a SPST switch from TP3 to ter­
minal 8 (grd . )  of the A R M I N G  BOAR D  

b .  Connect second probe o f  scope t o  X 1 1 . (trip 
output) Voltage wil l  be zero volts . 

c. Close P R  1 switch or jumper X22 to X2 .  
(This simulates a fault detector operation . )  

d .  Close SPST switch one time.  Voltage should 
not change on X 1 1 . Open SPST switch.  

e .  Close SPST switch second time. Voltage 
should not change on X 1 1 . Open SPST 
switch. 

f. Close SPST �witch third time. Voltage on 
X2 1 should change to 20 volts de. Open 
SPST switch voltage on X I I  should remain 
20 volts. 

g .  With SPST switch open and X 1 1  voltage at 
20 volts de,  Close and then release the test 
reset switch on the front panel of the SKBU-
2A Relay. The voltage on X 1 1  should 
change to zero volts . 

h .  I f  a re-check of the three count circuit is 
desired, the test reset switch should be closed 
first and then released before closing the 
SPST switch across TP3 and terminal 8 of 
the A R M I NG BOARD. 
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7 .  Fast Rest Timer 80 to 1 20 mi lliseconds 

The following tests can be performed either in 
the system or with the test circuit of Fig. 28. 

No ac current is to be applied to the relay dur­
ing the tests . 

a .  Connect SPST switch across TP3 and ter­
minal 8 of the A R M I N G  BOAR D .  

b .  Place scope probe across T P 6  and terminal 8 
(grd . )  of the OUTPUT BOAR D .  

c .  Connect scope trigger to X 1 1 . Set trigger on 
external,  negative slope . 

d .  Close P R  I switch or j umper X22 to X2 to 
simulate a fault detector operation.  

e .  Open and close the SPST switch three times 
to obtain a trip output on X 1 1 . 

f. Close and release the test reset switch on the 
S K BU-2A . The scope should sweep and 
change states as follows: 

L- 8 0 T O I 2 0 M S  

8 .  Signal Squelch Timer 

1 8  

8 to 1 2  m il liseconds picku p  
1 30 t o  1 80 mil liseconds dropout 

a. Connect scope probe to TP8 of Protective 
Relay Interface Board (PR I NT E R) with 
ground on terminal 8. Zero volts will appear 
on scope. 

b .  Trigger scope on timer start of pilot trip 
switch . (If relay is connected in a system,  
connect a SPST switch between terminal 1 8  
and 4 o f  Protective Relay I nterface Board) 

c. Close pilot trip switch (or SPST switch) 
Scope should sweep and voltage should 
change from approximately 0 to 1 6  volts in 8 
to 1 2  mill iseconds . 

d .  Set scope on negative slope . 

e .  Open pilot trip switch (or SPST) Voltage on 
scope should change from approxim ately 1 6  
to zero volts in 1 30 to 1 80 mi ll iseconds . 

9 .  Low Signal timer #1 1 30 to 1 80 mi l liseconds .  

Following procedures are to be used where test 
circuit of Fig. 28 is uti l ized . 

a .  Connect scope proble across X 1 9  and X4 
(grd . )  Set switch L to internal fault position . 

b .  Trigger scope on timer start of switch L. Set 
scope trigger on external, positive slope. 

c .  Close switches B, C, and G. 

d. Close switch L to external fault  positiOn.  
Scope wil l  sweep and voltage wi l l  change 
from approximately 0 to 20 volts in  1 35 to 
1 65 mi ll iseconds. 

e .  Open switches B ,  C, and G.  Set L to internal 
fault  position .  

The fol lowing procedure is to be used where relay 
is connected in a system: 

Channel condition has a bearing on the results of  
this test . The  local terminal must  be  receiving a 
steady space signal from the remote terminal .  
Hence, ac current should not be applied to either 
relay terminal . To determine if  the status of the 
channel equipment is as specified, check the 
voltage across terminal 1 3  to terminal 8 of the 
Supervision Board (SUP R V .  BOARD) .  Voltage 
should be approximately zero volts . Also the 
voltage across terminal 1 2  to terminal 8 of  the 
Supervision Board should be approxim ately 1 3 . 5  
volts de. 

a. Connect SPST switch from terminal 1 0  to 
terminal  4 of the  Supervision B oard 
(SU PRV.  BOAR D) .  

b .  Connect scope probe to terminal 1 8  of  the 
S UPRV.  BOAR D  with ground on terminal 
8 of  the board. 

c. Trigger scope on terminal ! O  of the S U P R V .  
BOAR D .  Set scope trigger o n  positive slope. 

d .  Close SPST switch . Scope should sweep and 
change from approximately zero volts to 20 
volts in 1 30 to 1 80 mil liseconds . 

1 0 . Low Signal Timer #2 1 30 to 1 80 mi ll iseconds. 

Following procedures are to be used where test 
circuit of Fig. 28 is utilized. 
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a .  Connect scope probe across X 1 9 and X4 
(grd. )  Set switch L to internal fault position.  

b .  Trigger scope on timer start switch of  switch 
L. Set scope trigger on external,  positive 
pulse. 

c .  Close switches E, F, and G. 

d .  Close switch L to external fault position . 
Scope wil l  change from zero volts to 20 volts 
in 1 35 to 1 65 mil l iseconds . 

Following procedure is to be used where relay is 
connected in a system.  

Channel condition has  a bearing on the results of 
this test. The local terminal must be receiving a 
space signal  from the remote terminal . H ence, no 
ac current should be applied to either terminal .  To 
determine i f  the status of channel equipment is as 
specified, check the voltage across terminal 1 7  to 
terminal 8 of  the Supervision Board (SUPRV.  
BOARD) .  Voltage should be approximaLely zero 
volts. Also the voltage across terminal 1 6  to ter­
minal 8 of the Supervision Board should be ap­
proximately 1 3 . 5  volts de. In case the voltage from 
terminal 17  to terminal 8 is not zero volts, connect 
a jumper from terminal 4 to terminal 2 of the 
Supervision Board. This latter condition could oc­
cur if  the relay system is a two-term inal  applica­
tion instead of a three-terminal application.  

a .  Connect SPST switch from terminal 2 to 

terminal  4 of the  Supervis ion Board .  
(SUPRV.  BOARD) 

b .  Connect scope probe to terminal 1 8  of  the 
SUPRV.  BOAR D  with ground on terminal 
8 of the board. 

c .  Trigger scope on terminal 2 of the S U P RV.  
BOA R D .  Set scope tri gger on  positive slope. 

d .  Close SPST switch . Scope should sweep and 
change from approximately zero volts to 20 
volts in 1 30 to 1 80 mi l l iseconds.  

TRO U B L E  S H OOTING PRO C E D U R E  

T o  trouble shoot the equipment, the logic diagram 
of fig. 19 should be used to isolat� the circuit that 
is not performing correctly.  The schematic of the 
individual board, should then be used to isolate the 
faulty component. 

R ENE WAL PA RTS 

Repair work can be done most satisfactori ly at the 
factory . However, interchangeable parts can be 
furnished to the customers who are equipped for 
doing the repair work: When ordering parts, 
a lways give the complete nameplate data. For 
components mounted on the printed circuit board, 
give circuit symbol and the electrical value (ohms, 
m fd . ,  etc . )  and component style number . 
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ELECTRI CAL PARTS LI ST 

Faul t  Detector Board Style 1 456C49G0 1 

CIRCUIT DESCRIPTION WESTINGHOUSE 

SYMBO L STYLE NUM BER 

Capacitor 
C l  .005 M F D  l OOV 1 84A663 H l 3  
C2 0.27 M FD 200V 1 88A669H05 
C3 0.47 M F D  1 8A669H0 1 
C4 . 22 M FD 876A409H l 5  
C5 0.47 M FD 200V 1 88A669H0 1 
C6 1 . 500 M F D  35V 1 87 A508H09 
C7 0.470M F D  200V 1 8 8A669H 0 1  
C8 1 . 500M F D  35V 1 87A508H09 
CLJ 0.0 1 0M F D  1 00V 763A2 1 9 H 24 
C 1 0  O.O l OM F D  l OOV 763A2 1 9 H 24 
C 1 1 500.000PF 500V 1 87A694H03 
C 1 2  500.000PF 500V 1 8?A694H03 

Diode 
D l  I N457A 1 84A855H07 
D2 IN457A 1 84A855H07 
D3 I N457A 1 84A855H07 
D4 IN457A 1 84A855H07 
D5 I N457A 1 84A855H07 
D6 I N457A 1 84A855H07 
D7 I N457A 1 84A855H07 
D8 I N457A 1 84A855H07 
D9 I N457A 1 84A855H07 
D 1 0  I N457A 1 84A855H07 
0 1 1 IN645A 837A692H03 
D 1 2  IN645A 837A692H03 
D 1 3  I N4 1 4 B  836A928H06 
D l 4 I N4 14B 836A928H06 
D I S  IN4 14B  836A928H06 
D 1 6  I N4 14B 836A928H06 
D l 7  I N4 1 4 B  836A928H06 
D l 8  I N4 1 4B 836A928H06 
D 1 9  I N4 1 4 B  836A928H06 
D20 I N4 1 48 836A928H06 
D2 1 I N4 1 43 836A928H06 
D22 I N457A 1 84A855H07 

INT CKT 

IC l M C680L 6296D58H03 
IC2 MC672L 6296058 H0 1 
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I.L. 41-954.6 

CIRCUIT DESCRIPTION WESTINGHOUSE 

SYMBOL STYLE NUMBER 

Potentiometer 
R5 I OO.OK 0 .75W 880A826H07 
R22 l .OM 0.75W 880A826H02 

Resistor 
R l  50.0 ohms 5 .00W 5% 1 85A209H06 
R2 1 2.0K0.50W 2% 629A53 1 H58  
R3  5 . 1 0. 50W 2% 629A53 1 H49 
R4 1 2 .0K0.50W 2% 629A53 1 H58  
R6 20.0K0. 50W 2% 629A53 1 H63 
R7 I O.OK0.50W 2% 629A53 1 H56 
R8 1 2.0K0. 50W 2% 629A53 1 H58 
R9 470.0 ohms 0. 50W 2% 629A53 1 H24 
R I O  1 2 .0K0. 50W 2% 629A53 1 H5 8  
R l l I O.OK0. 50W 2% 629A53 1 H56 
R l 2  270.0K0. 50W 2% 1 84A 763H85  
R l 3  22 .0K0.50W 2% 629A53 1 H64 
R l 4  470.0 ohms 0 .50W 2% 629A53 1 H24 
R l 5  IO .OK0.50W 2% 629A53 1 H56 
R l 6  I O.OK0. 50W 2% 629A5 3 1 H56 
R l 7  6 .8  0.50W 2% 629A53 1 H52 
R l 8  82 .0K0. 50W 2% 629A53 1 H78 
R l 9  1 50.0 ohms 3 .00W 5% 762A679HO I 
R20 1 50.0 ohms 3 .00W 5% 762A679H0 1 
R2 1 47.0 ohms 0.50W 5% 1 87 A290H 1 7  
R23 1 50.0K0.50W 2% 629A5 3 1 H84 
R24 47 .0 ohms 0.50W 2% 1 87A290H 1 7  
R25 l .OM0.50W 5% 1 84A763H99 
R26 20.0K0.50W 2% 629A5 3 1 H63 
R27 47 .0K0.50W 2% 629A53 1 H72 
R28 1 00.0 ohms 0. 50W 2% 629A53 1 H08 
R29 3 . 3 K0. 50W 2% 629A53 1 H44 
R30 l .OKO.SOW 5% 1 84A763 H27 

Transistor 
Q l  2N34 1 7  848A85 1 H02 
Q2 2N34 1 7  848A85 1 H02 
Q3 2N34 1 7  848A85 1 H02 
Q4 2N3645 848A44 1 H0 1  
Q6 2N6027 878A289H0 1 

Zener Diode 

Z 1  I N 1 8 32C 1 84A6 1 7H06 
Z2 I N957B 6 .8V 1 86A797H06 
Z3 IN957B 6 .8V 1 86A797H06 
Z4 IN3688A 24.0V 862A288H0 1  
Z5 SZ 1 5  1 5 .0V 848A487H02 

2 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE NUMBER 

Supervision Board Style 202C565G0 1  

Capacitors 
C I  6 .8  M F O  1 84C6 1 H 1 0  
C 2  0.27 M FO 1 88A669H05 
C3 6 .8  M F O  1 84A66 1 H 10 
C4 0.27 M F O  1 88A669H05 

Diodes 
0 1  IN645A 837A692H03 
02 IN645A 837 A692H03 
03 IN645A 837 A692H03 
04 IN645A 837 A692H03 
05 IN645A 837 A692H03 
06 IN645A 837A692H03 
07 IN645A 837A692H03 
08 IN645A 837 A692H03 

Resistors 
R I  4 .7  K .5W 2% 629A53 1 H48 
R2 4 .7  K . 5W 2% 629A53 1 H48 
R3 82 K . 5W 2% 629A53 1 H78 
R4 1 0  K . 5W 2% 629A53 1 H56  
R5 4 .7  K . 5W 2% 629A5 3 1 H48 
R6 4 .7  K . 5W 2% 629A53 1 H48 
R7 82 K .5W 2% 629A53 1 H78  
R8 10 K . 5W 2% 629A53 1 H56 
R9 27 K .5W 2% 629A53 1 H66 
R I O  27 K . 5W 2% 629A53 1 H66 
R l l 10  K .5W 2% 629A53 1 H56 
R I 2  47 K .5W 2% 629A53 1 H72  
R l 3  470 ohms .5W 2% 629A53 1 H24 
R I 4  1 0  K . 5W 2% 629A53 1 H 56 
R I S  1 0  K . SW 2% 629A53 1 H56 
R l 6  6 .9  K . SW 2% 629A53 1 H52  
R l 7  82 K . SW 2% 629A53 1 H78 
R I 8  1 50 ohms 3W 762A679H0 1 
R I 9  4 . 7  K . SW 2% 629A53 1 H48 
R20 4 .7  K .5W 2% 629A53 1 H48 
R2 1 82 K . 5W 2% 629A53 1 H78  
R22 10 K . 5W 2% 629A5 3 1 H 56 
R23 4 .7 K .5W 2% 629A53 1 H48 
R24 4 .7  K . 5W 2% 629A53 1 H48 
R25 82 K .5W 2% 629A53 1 H78 
R26 10 K . 5 W  2% 629A53 1 H56  
R27 27 K .5W 2% 629A53 1 H66 
R28 27 K .5W 2% 629A53 1 H66 
R29 1 0  K . 5W 2% 629A53 1 H56 
R30 47 K .SW 2 %  629A53 1 H7 2  
R3 1 470 ohms .5W 2% 629A53 1 H24 
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CIRCUIT DESCRIPTION 
SYMBOL 

R32 10 K . 5W 2% 
R33 1 0  K .5W 2% 
R34 6 .8  K .5W 2% 
R35 82 K . 5W 2% 
R36 1 50 ohms 3W 

Transistors 
Q l  2N34 1 7  
Q2 2N34 1 7  
Q3 2N34 1 7  
Q4 2N34 1 7  
QS 2N3645 
Q6 2N34 1 7  
Q7 2N34 1 7  
Q8 2N34 1 7  
Q9 2N34 1 7  
Q I O  2N3645 

Zener Diodes 
Z l  I N3686B, 20 V 
Z2 I N957B,  6 .8  V 
Z3 I N3686B, 20 V 
Z4 I N957B, 6 .8  V 
zs I N957B, 6.8 V 
Z6 I N3688A, 24 V 
Z7 I N3686B, 20 V 
Z8 I N957B, 6.8 V 
Z9 I N3686B, 20 V 
Z I O  I N957B,  6 .8  V 
Z I I I N957B,  6 .8  V 
Z l 2  I N3688A, 24 V 

Amplifier & Keying Board Style 1 440C83G0 1 

C 1  
C2 

D l  
D2 
D3 
D4 
D5 
D6 

Capacitor 
. 330MFD 200V 
.330MFD 200V 

Diode 
I N645A 
I N645A 
I N645A 
I N645A 
I N645A 
I N645A 

I .L.  41-954.6 

WESTINGHOUSE 
STYLE NUMBER 

629A53 1 H56  
629A53 1 H56 
629A53 1 H52  
629A53 1 H78  
762A679H0 1 

848A85 1 H02 
848A85 1 H02 
848A85 1 H02 
848A85 1 H02 
849A44 1 H0 1  
848A85 1 H02 
848A85 1 H02 
848A85 1 H02 
848A8 5 1 H02 
849A44 1 HO I  

1 85A2 1 2H06 
1 86A797H06 
1 85A2 1 2 H06 
1 86A797H06 
1 86A 797H06 
862A288H0 1 
1 85A797H06 
1 86A797H06 
1 85A2 1 2H06 
1 86A797H06 
1 86A797H06 
862A288H0 1 

1 88A669H06 
1 88A669H06 

837A692H03 
837A692H03 
837A692H03 
837A692H03 
837A692H03 
837A692H03 
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CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE N UMBER 

07 IN64SA 837A692H03 
08 IN64SA 837A692H03 
09 IN64SA 837A692H03 
0 1 0  IN64SA 837A692H03 
0 1 1 IN64SA 837A692H03 
0 1 2  IN64SA 837A692H03 
0 1 3  IN64SA 837A692H03 

INT CKT 
IC I 747D M  1 443CS2H0 1 
IC2 747D M  1 443CS2H0 1 
IC3 M C680L 6296DS8H03 
IC4 MC672L 6296DS8H0 1 
ICS MC660 6677 DS 1 H0 1  
IC6 M C660 66770S l HO l  

Potentiometer 
R l 8  SO.OK .7SW 880A826H06 
R40 SO.OK .7SW 880A826H06 

Resistor 
R l  l O .OK .SOW 1 %  848A820H4S 
R2 l l . 3 K  .SOW 1 %  848A820HSO 
R3 l O .OK .SOW 2% 629AS3 1 HS6 
R4 l O.OK . SOW 2% 629AS3 1 HS6 
RS 22 .0K . SOW 2% 629AS 3 1 H64 
R6 l O .OK .SOW 2% 629AS3 1 HS6 
R7 l O .OK .SOW 2% 629AS 3 1 HS6  
R 8  27.0K .SOW 2 %  629AS3 1 H66 
R9 l O.OK . SOW 1 %  848A820H4S 
R IO 1 7 . 8 K  . SOW 1 %  848A820H69 
R l l 6 . 8K . SOW 2% 629AS 3 1 HS2 
R l 2  1 SO.O ohms 3 .00W S% 762A679H0 1 
R l 3  l O.OK . SOW 2% 629AS3 1 HS6 
R l 4  1 0.0K . SOW 2% 629AS 3 1 HS6  
R l S  I O.OK . SOW 2% 629AS3 1 HS6 
R l 6  2 K  . SOW 2% 629AS3 1 H39 
R l 7  47.0 ohms . SOW 2% 1 87A290H 1 7  
R l 9  l O .OK . SOW 2% 629AS 3 1 HS6 
R20 l O .OK . SOW 2% 629AS 3 1 HS6  
R2 1 82.0K . SOW 2% 629AS3 1 H78 
R22 l O.OK .SOW 2% 629AS 3 1 HS6  
R23 l SO.O ohms 3 .00W S% 762A679H0 1 
R24 6 .8K . SOW 2% 629AS3 1 HS2 
R2S 6 . 8K . SOW 2% 629AS 3 1 HS2  
R26 6 . 8K . SOW 2% 629AS 3 1 HS2 
R27 6 .8K . SOW 2% 629AS 3 1 HS2 
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CIRCUIT 
SYMBOL 

R28 
R29 
R30 
R3 1 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R4 1 
R42 
R43 

Q l  
Q2 
Q3 
Q4 
Q5 
Q6 
Q7 

Z l  
Z2 
Z3 
Z4 
Z5 
Z6 
Z7 
Z8 

Arming Board Style 1 439C95G0 1 

C l  
C2 
C3 
C4 
C5 
C6 

DESCRIPTION 

1 .0K .50W 2% 
1 0 .0K .50W 1 %  
l O .OK . 50W 1 %  
1 0 .0K .50W 1 %  
l O.OK . 50W I %  
1 7 . 8K . 50W 1 %  
l O .OK .50W 1 %  
l O.OK . 50W 2% 
I O .OK . 50W 2% 

2K .50W 2% 
l O.OK . 50W 2% 
47.0 ohms . SOW S% 
l O .OK .SOW 2% 
l O .OK . 50W 2% 

l .OK . SOW 2% 

Transistor 
2N34 1 7  
2N699 
2N34 1 7  
2N34 1 7  
2N3645 
2N34 1 7  
2N34 1 7  

Zener 
I N9S7B 6 .8V 
IN957B 6 .8V 
SZ 1 S  1 5 .0V 
UZS875 7S .OV 
IN3686B 20.0V 
I N70S 4 .8V 
I N705 4 .8V 
I N9578 6 .8V 

Capacitor 
.270MFD 200V 
.330MFD 200V 
.470MFD SOY 
.470MFD SOY 
.470M F D  SOY 
.470MFD SOY 

l.L. 41 -954.6 

WESTINGHOUSE 
STYLE N UMBER 

629A53 1 H3 2  
848A820H45 
848A820H45 
848A820H45 
848A820H45 
848A820H69 
848A820H45 
629A53 1 H56 
629A53 1 H56 
629A53 1 H39 
629A53 1 H56 
1 87A290H 1 7  
629A53 1 HS6 
629AS3 1 HS6 
629A53 1 H32 

848A85 1 H02 
1 84A638H 19 
848A8S I H02 
848A8S 1 H02 
849A44 1 H0 1  
848A85 1 H02 
848A8S 1 H02 

1 86A 797H06 
8 1 6A797H06 
848A487H02 
837A693H04 
1 8SA2 1 2H06 
837A693 H06 
837A693H06 
1 86A797H06 

! 88A669HOS 
1 88A669H06 
762A680H04 
762A680H04 
762A680H04 
762A680H04 
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CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE NUMBER 

Diode 
D l  IN64SA 837A692H03 
03 IN64SA 837A692H03 
04 IN64SA 837A692H03 
DS IN64SA 837A692H03 
06 IN64SA 837 A692H03 
08 IN64SA 837A692H03 
09 IN64SA 837 A692H03 
D I O  IN64SA 837A692H03 
D l l IN64SA 837A692H03 
0 1 2  IN64SA 837A692H03 
0 1 3  IN64SA 837A692H03 
0 1 4  IN64SA 837 A692H03 
D I S  IN64SA 837A692H03 
0 1 6  IN64SA 837A692H03 
0 1 7  IN64SA 837A692H03 
0 1 8  IN64SA 837A692H03 
0 1 9  IN64SA 837A692H03 

INT CKT 
I C I  M C672L 6296DS8H O I  
IC2 MC680L 6296DS8H03 
IC3 MC672L 6296DS8HOI  
IC4 MC672L 6296DS 8 HO I 

Resistor 
R l  22.0K .SOW 2% 629AS 3 1 H64 
R2 22.0K .SOW 2% 629AS3 1 H64 
R3 22.0K .SOW 2% 629AS3 1 H64 
R4 22.0K . SOW 2% 629AS3 1 H64 
R S  22.0K . SOW 2% 629AS 3 1 H64 
R6 22.0K . SOW 2% 629AS3 1 H64 
R 7  22.0K .SOW 2% 629AS3 1 H64 
R8 22.0K . SOW 2% 629AS3 1 H64 
R9 22.0K . SOW 2% 629AS 3 1 H64 
R I O  I O .OK .SOW 2% 629AS3 1 HS6 
R l l 22.0K . SOW 2% 629AS3 1 H64 
R l 2  I O .OK . SOW 2% 629AS 3 1 HS6 
R l 3  22.0K . SOW 2% 629AS 3 1 H64 
R l 4  22.0K . SOW 2% 629AS3 1 H64 
R I S  I O .OK .SOW 2% 629AS3 1 HS6 
R l 6  22.0K . SOW 2% 629AS 3 1 H64 
R l 7  22.0K . SOW 2% 629AS 3 1 H64 
R l 8  22.0K . SOW 2% 629AS 3 1 H64 
R l 9  22.0K . SOW 2% 629AS3 1 H64 
R20 I O .OK .SOW 2% 629AS3 1 HS6 
R2 1 I O .OK .SOW 2% 629AS 3 1 HS6 
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CIRCUIT 
SYMBOL 

R22 
R23 
R24 
R2S 
R26 
R27 
R28 
R29 
R30 
R3 1 
R32 
R3 3 
R34 
R3 S 
R36 
R37 
R38 
R39 
R40 
R4 1 

Q l  
Q2 
Q3 
Q4 
QS 
Q6 
Q7 
Q8 
Q9 

Z l  
Z2 
Z3 
Z4 
ZS 

Output Board Style 1448C 1 SG03 

C l  
C2 
C3 

DESCRIPTION 

22.0K . SOW 2% 
10 .0K . SOW 2% 
10 .0K . SOW 2% 
22.0K . SOW 2% 
1 0 .0K . SOW 2% 
10 .0K .SOW 2% 
6 . 8K .SOW 2% 

82.0K . SOW 2% 
22.0K . SOW 2% 
22.0K . SOW 2% 

1 00.0 ohms 1 .00W 2% 
1 SO.O ohms 3 .00W S% 
22.0K . SOW 2% 
22.0K .SOW 2% 
l O .OK . SOW 2% 
1 S .OK . SOW 2% 
47 .0 ohms . SOW S% 
10 .0K .SOW 2% 
l O .OK .SOW 2% 

1 .0K .SOW 2% 

Transistor 
2N34 1 7  
2N34 1 7  
2N34 1 7  
2N34 1 7  
2N34 1 7  
2N34 1 7  
2N364S 
2N34 1 7  
2N34 1 7  

Zener 
I N3688A 24.0V 
SZ J S  1 S .OV 
IN9S7B 6 .9V 
IN9S7B 6 .8V 
IN9S7B 6 .8V 

Capacitor 
.047M F D  200V 

22.000MFD 3SV 
3 . 300MF D  3SV 

I.L. 41-954.6 

WESTINGHOUSE 
STYLE NUMBER 

629AS3 1 H64 
629AS 3 1 HS6 
629AS3 1 HS6  
629A53 1 H64 
629AS3 1 HS6 
629AS 3 1 HS6  
629AS3 1 HS2 
629AS3 1 H78 
629AS 3 1 H64 
629AS3 1 H64 
1 87 A643H03 
762A679H0 1 
629AS 3 1 H64 
629AS3 1 H64 
629AS3 1 HS6  
629AS3 1 H60 
1 87A290H 1 7  
629AS3 1 HS6 
629AS3 1 HS6 
629AS 3 1 H32 

848A8S 1 H02 
848A8S 1 H02 
848A8 S 1 H02 
848A8S 1 H02 
848A8S 1 H02 
848A8S 1 H02 
848A44 1 H0 1  
848A8S 1 H02 
848A8S l H02 

862A288HOJ  
849A487H02 
1 86A797H06 
1 86A797H06 
1 86A 797H06 

848A437H04 
1 84A66 1 H l 6  
862AS30H0 1 
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CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE NUMBER 

C5 .220MFD l OOV 763A2 1 9 H2 1 
C6 4 .700M FD 3SV 1 84A66 1 H 1 2  

C8 SOO.OOOPF 500V 762A7S7H26 
C9 500.000PF 500V 762A7S7H26 
C IO .220MF D  l OOV 763A2 1 9H2 1 
C l l . l OOMF D  200V 1 88A669H03 
C l 2  l .SOOMF D  3SV 1 87A508H09 

Diode 
D l  IN64SA 837A692H03 
D2 IN64SA 837A692H03 
D3 IN64SA 837 A692H03 
D4 IN64SA 837A692H03 
D5 IN64SA 837A692H03 
D6 IN64SA 837A692H03 
D7 IN64SA 837A692H03 
D8 IN64SA 837A692H03 
D9 IN64SA 837A692H03 
D I O  IN64SA 837A692H03 
D l l IN64SA 837A692H03 

Jumper 
J I 0 O H M  R ESISTOR 862A476H0 1 
.1 2 0 O H M  R ESISTOR 862A478H01  
.1 3 0 OHM R ESISTOR 862A478H01  
J4 0 OHM R ESISTOR 862A478H01  

Resistor 
R l  4 .7K . SOW 2% 629A53 1 H48 
R2 4 .7K . SOW 2% 629AS3 1 H48 
R3 82.0K .SOW 2% 629AS3 1 H78  
R4 l O .OK .SOW 2% 629AS3 1 HS6 
RS 6 . 8K .SOW 2% 629AS3 1 HS2 
R6 27 .0K . SOW 2% 629AS3 1 H66 
R7 l O.OK . SOW 2% 629AS 3 1 HS6 
R8 l O.OK . SOW 2% 629AS3 1 HS6 
R9 l O .OK .SOW 2% 629AS 3 1 HS6 
R I O  6 .8K . SOW 2% 629A53 1 HS2  
R l l 2 .0K . SOW 2% 629A53 1 H39 
R 1 2  100.0 ohms . SOW 2% 629A53 1 H08 
R l 3  l .OK . SOW 2% 629A5 3 1 H32 
R l 4  l S .OK . SOW 2% 629A5 3 1 H60 
R I S  I O .OK . SOW 2% 629A53 1 H56 
R l 6  1 3 .0K .SOW 2% 629A53 1 HS9 
R l 7  l O.OK . SOW 2% 629A53 1 H56 
R l 8  6 .8K . SOW 2% 629A53 1 H5 2  
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I.L. 41 -954.6 

CIRCUIT DESCRIPTION WESTINGHOUSE 

SYMBOL STYLE NUMBER 

R2 l 22.0K . SOW 2% 629AS3 1 H64 
R22 6 .8K . SOW 2% 629AS 3 1 HS2 
R23 47 .0 ohms . SOW 2% l 87A290H l 7  
R24 27.0K . SOW 2% 629AS3 1 H66 
R2S 27.0K .SOW 2% 629AS3 1 H66 
R26 l O .OK .SOW 2% 629AS3 1 HS6 
R28 6 .2K . SOW 2% 629AS3 l HS l  
R29 470.0 ohms . SOW 2% 629AS3 l H24 
R30 470.0 ohms . SOW l %  l 84A 764H9 l 
R3 l l O .OK . SOW 2% 629AS3 l H S6 

R33 22.0K . SOW 2% 629AS 3 1 H64 
R34 l O .OK . SOW 2% 629AS3 1 HS6 
R3S 22 .0K . SOW 2% 629AS 3 1 H64 
R36 l O.OK . SOW 2% 629AS 3 1 HS6 
R37 l O .OK . SOW 2% 629AS3 1 HS6 
R38 l O .OK . SOW 2% 629AS 3 1 HS6 
R39 6.2K . SOW 2% 629AS3 l HS l  
R40 4 .7K . SOW 2% 629AS3 1 H48 
R4 l l O.OK . SOW 2% 629AS 3 1 HS6  
R42 6 .8K . SOW 2% 629AS3 1 HS2 
R43 4 .7K . SOW 2% 629AS3 1 H48 
R44 22.0K . SOW 2% 629AS3 1 H64 
R4S l O.OK . SOW 2% 629AS3 1 HS6 
R46 l O.OK . SOW 2% 629AS3 1 HS6 
R47 6 .8K . SOW 2% 629AS3 1 HS2  
R48 82.0K . SOW 2% 629AS3 1 H78 
R49 l SO.O ohms 3 .00W S% 762A679H0 l 

RS l l O.OK .SOW 2% 629AS3 1 HS6 
RS2 l O .OK .SOW 2% 629AS3 1 HS6 

Transistor 

Q l  2N34 1 7  848A8S 1 H02 
Q2 2N34 1 7  848A8S 1 H02 
Q3 2N34 1 7  848A8S 1 H02 
Q4 2N364S 848A44 1 H0 1  
QS 2N34 1 7  848A8S 1 H02 
Q6 2N34 1 7  848A8S 1 H02 
Q7 2N364S 849A44 1 H0 1  
Q8 2N34 1 7  848A8S 1 H02 
Q9 2N34 1 7  848A8S 1 H02 
Q l O  2N364S 848A44 1 H0 1  
Q l l 2N364S 849A44 1 H0 1  
Q l 2  2N364S 848A44 1 H0 1  
Q l 3  2N34 1 7  848A8S 1 H02 
Q l 4  2N364S 848A44 1 H0 1  
Q I S  2N699 1 84A638 H 1 9  
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CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE NUMBER 

Zener 
Z 1  I N3686B O.OV 1 8 5A2 1 2 H06 
Z2 I N857B6.8V 1 86A797H06 
Z3 IN3688A 24.0V 862A288H01  
Z4 I N960B 9 . 1 V  1 86A797H 1 0  
zs I N957B 6.8V 186A797H06 
Z6 I N957B 6.8V 186A797H06 
Z7 IN957B 6 .8V 1 86A797H06 
Z8 IN3688A 24.0V 862A288H0 1  
Z9 IN 1 789 56 .0V 584C434H08 
Z 1 0  I N960B 9 . 1 V  1 86A797H 10 

PROTECTIVE R ELAY BOAR D  STYL E  202C563G0 1 

Capacitors 
C I  0.047 M F D .  848A437H04 
C2 0.47 MFD.  1 88A669H0 1 
C3 68 M F D .  187  A508H02 
C4 0.27 M F D .  1 88A669H05 
cs 0.047 MFD.  849A437H04 
C6 0.27 M F D .  1 88A669H05 
C7 0.047 M FD. 848A437H04 
C8 6 . 8  M F D .  1 84A66 1 H l 0  

Diodes 
D l  IN645A 837A692H03 
02 IN645A 837A692H03 
03 IN645A 837A692H03 
04 IN645A 837A692H03 
05 IN645A 836A692H03 
06 IN645A 837 A692H03 
07 IN645A 837A692H03 
08 IN645A 837A692H03 

Resistors 
R I  4 .7  K . 5W 2% 629A53 1 H48 
R2 4 .7  K . 5W 2% 629A53 1 H48 
R 3  4 . 7  K . 5W 2 %  629A5 3 1 H48 
R4 4 .7  K .5W 2% 629A5 3 1 H48 
R5 4.7 K .5W 2% 629A5 3 1 H48 
R6 82 K .5W 2% 629A53 1 H78 
R7 10  K . 5W 2% 629A53 1 H56 
R8 6 .8  K . 5W 2% 629A5 3 1 H52 
R9 10 K . 5W 2% 629A5 3 1 H56 
R I O 10  K .5W 2% 629A53 1 H56 
R l l 27 K . 5W 2% 629A53 1 H66 
R l 2  27 K .5W 2% 629A53 1 H24 
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I.L. 41-954.6 

CIRCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STY LE N UMBER 

R l 3  1 0  K .5W 2% 629A53 1 H56 
R l 4  1 0  K .5W 2% 629A53 1 H56 
R 1 5  6 .8  K .5W 2% 629A53 1 H52 
R l 6  82 K .5W 2% 629A53 1 H78 
R 1 8  470 ohms .5W 2% 629A53 1 H24 
R 1 9  47 K .5W 2% 629A53 1 H72 
R20 1 0  K .5W 2% 629A53 1 H56 
R2 1 1 0  K .5W 2% 629A5 3 1 H56 
R22 27 K .5W 2% 629A53 1 H66 
R24 10 K . 5W 2% 629A53 1 H56 
R24 10 K . 5W 2% 629A5 3 1 H56 
R25 6 .8  K .5W 2% 629A53 1 H52 
R26 82 K .5W 2% 629A5 3 1 H78 
R27 4.7 K .5W 2% 629A53 1 H48 
R28 4.7 K .5W 2% 629A53 1 H48 
R29 22 K .5W 2% 629A53 1 H64 
R30 4.7 K .5W 2% 629A53 1 H48 
R3 1 82 K .5W 2% 629A53 1 H78 
R32 10  K . 5W 2% 629A5 3 1 H56 
R33 10 K .5W 2% 629A5 3 1 H56 
R34 6 .8  K .5W 2% 629A5 2 1 H52 
R35 82 K .5W 2% 629A5 3 1 H78 
R36 4 .7  K .5W 2% 629A53 1 H48 
R37 4 .7  K .5W 2% 629A5 3 1 H48 
R38 82 K .5W 2% 629A53 1 H78 
R39 1 0  K . 5W 2% 629A53 1 H56 
R40 6 .8  K .5W 2% 629A53 1 H52 
R4 1 10  K . 5W 2% 629A53 1 H56 
R42 33 K .5W 2% 629A53 1 H68 
R43 10 K . 5W 2% 629A53 1 H56 
R44 6 .8  K . 5W 2% 629A53 1 H52 
R45 27 K .5W 2% 629A5 3 1 H66 
R46 10 K .5W 2% 629A5 3 1 H56 

Transistors 

Q l  2N34 1 7  848A85 1 H02 
Q2 2N34 1 7  848A85 1 H02 
Q3 2N34 1 7  848A85 1 H02 
Q4 2N3645 848A44 1 H0 1  
Q5 2N34 1 7  848A85 1 H02 
Q6 2N34 1 7  848A85 1 H02 
Q7 2N3645 848A44 1 HO I  
Q8 2N34 1 7  848A85 1 H02 
Q9 2N3645 849A44 1 HO I 
Q I O  2N34 1 7  848A85 1 H02 
Q l l 2N34 1 7  848A85 1 H02 
Q 1 2  2N34 1 7  848A85 1 H02 
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CI RCUIT DESCRIPTION WESTINGHOUSE 
SYMBOL STYLE NUMBER 

Zener Diodes 
Z l  IN3686B, 20 V .  l 85A2 1 2H06 
Z2 IN3686B, 20 V .  l 85A2 1 2H06 
Z3 IN3686B, 20 V .  l 85A2 1 2H06 
Z4 IN3686B, 20 V .  l 85 A2 1 2H06 
Z5 IN3686B, 20 V .  1 85A2 1 2H06 
Z6 IN957B, 6 .8  V .  1 86A797H06 
Z7 IN957B, 6.8 V .  l 86A797H06 
Z8 IN957B, 6 . 8  V .  l 86A797H06 
Z9 IN3688A, 24 V .  862A288H0 l 
Z I O  IN3686B, 20 V .  l 85A2 1 2H06 
Z l l IN3686B, 20 V .  l 85A2 1 2H06 
Z l 2  IN3686B, 20 V .  1 85A2 1 2H06 
Z l 3  IN3686B, 20 V .  l 85A2 1 2H06 
Z l 4  IN957B, 6 .8  V .  1 86A797H06 
Z l 5  IN3688A, 24 V .  862A288H01  
Z l 6  IN3686B, 20 V .  l 85A2 1 2H06 
Z l 7  IN957B, 6 .8  V .  1 86A797H06 
Z l 8  IN957B, 6 .8  V .  l 86A797H06 
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Fig. 4. Location of Components on Arming Board 
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A D D E N D U M  T O  Westi ngh o u s e  I . L. 41 -954.6 
I N S T A L L A TI O N  o O P E R A T I O N  o M A I N T E N A N C E 

TYPE SKBU-2A 
D UAL, PHASE COMPARISON R ELAY 

This addendum to Instruction Leaflet 4 1 -954.6 dated January 1 978, relates to a change in the 
SKBU-2A Relay to improve its security for three-terminal line applications. Modifications have been 
made to the arming board such that a timer can be set for either 4 milliseconds for two-terminal lines or 
5 milliseconds for three-terminal lines. 

I. With reference to the schematic drawing of the arming board (figure 5, page 35), the modification 
consists of changing R37 from a resistor to a 50K trimpot SJ¥880A826H06. Adjustment of this trim­
pot for proper time delays can be made by means of the 4 jO timer adjustment described on page 1 7  
of I .L .  4 1 -954.6. The same setup and procedures -of the instruction leaflet should be fol lowed except 
"step r· .  
Step f should read: 

Adjust trimpot R37 such that the difference in transition time between TP3 and terminal 6 going 
negative will be as illustrated in the following sketch. 

� � � I 

T T IE-
I 

I I I T =  4 M I L L I S EC O N D S  F O R  2 T E R M I N A L L I N E  _n n I 
I 

_j I L T =  5 M I LLI S EC O N D S  F O R  3 T E R M I N A L L I N E 
2 .  Fig. 4 (page 34) is to be replaced by Fig. 4 below. 
3 .  Fig. 5 (page 35) is to be replaced by Fig. 5 on other side of this sheet. 

(Sub. 2 1441C70) 
Fig. 4 Location of Components on Arming Board . 

. · 1 // po Hihle < 'OII tillg<'J/('ies "·hi<'h nw.r arise during installation. operation. or maintenance. and all 
d<'taif, a11d mriation' o/ this equipment do nor purport to be covered by thew instructions. ll .further \ 

in/omwtion j, de\ l'rt'd h r  pu"·Jw., er regarding his particular installation. operation or maintenance t�l 
Ju , t'cf l lif'll l t'll t . tilt' lot·a/ We.Hi11glwu.H' Eleori<' Corporation representatire should he nmtcKted. 

ADDENDUM TO I.L. 41 -954.6 EFFECTIVE J U LY 1 978 
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Fig. 5. Schematic of Arming Board. 
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INSTALLATION 
Westinghouse I . L .  4 1 -954 .5D 

• OPERATION • MAINTENANCE 

INSTRU C TI O N S  
TYPE SKBU-2 AND TYPE SKBU-21 

DUAL PHASE COMPARISON RELAYS 

CAUTION : It is recommended that the user of this 
equipment become acquainted with the information 
in this instruction leaflet and on the system instruc­
t ion leaflet before energizing the system .  

Printed circuit modules should not b e  removed or 
inserted where the relay is energized.  Failure to 
observe this precaution can result in an undesired 
tripping output and can cause component damage . 

A P P L I C A T I O N  

The type SKBU-2 and SKBU-2 1 are high-speed relays 
used in conjunct ion with frequency shift type 
channe ls . Simultaneous tripping of the re lays at 
each line terminal  is obtained in less than 32 milli­
se conds for all internal faults within the limits of 
the re lay settings . 

The system is applicable to a v oic e-grade pilot­
wire , micro-wave , or carrier channe l .  

In  c ontrast to the carrier blocking scheme , this is 
a transfer trip system;  accordingly , the blocking­
start function is not required.  

* The SKBU-2 and SKBU-2 1 re lays may be applied to 
two-terminal or  three-terminal lines . Two-terminal 
applications require one trans mitter and one receiver 
per terminal. Three�terminal applications  require one 
transmitter and two receivers per terminal .  

All-distance supervision (distanc e re lays provide 
the arming function for all internal faults ) may be 
applied with both the SKBU-2 and SKBU-2 1 re lays . 
For these applicat ions , the link in the arming board 
must be ope n .  

The overcurrent fault detector in the SKBU-2 re lay 
responds to all fault types . Therefore , distance 
re lays are not required to be used with the SKBU-2 , 
although they may be added to improve arming sensi­
tivity .  The overcurrent fault detector in the SKBU-2 1 
re lay is not res ponsive to three-phase faults . There-

fore , a d istance relay , type SKDU-3 , is required to 
s u p p l e m e n t  t h e  f a u l t  d e t e c t o r  for SKBU-2 1 
applicat ions . 

T A B L E  O F  C O N T E N T S  
These instructions apply t o  SKBU-2 1 and S KBU-2 
phase comparis on re lays for applicati on to the fol­
lowing types of pilot channe ls . 

1 .  TA-2 Ton e Channe l .  
2 .  TA-2 . 1  Tone Channe l .  
3 .  TCF Carrier Channe 1 .  

* 4 .  TA-2 .2  Tone Channe l .  
-¥ 5 .  MC-22 Mic rowave Channe l .  

C O N S T R U C T I O N  
The phase c omparis on re lays consist of a composite 
pos itive and negat ive sequence current network ,  a 
saturating transformer , three isolating transformers , 
a 2 0-volt power supply , and printed c ircuit boards 
mounted on a standard 1 9-inch wide panel ,  8* inches 
high (5 rack units ) .  The SKBU-2 1 re lay has a second 
saturat ing transformer in addition to  these c ompo­
nents . Edge s lots are provided for mount ing the rack 
on a standard re lay rack .  

Sequence Network 
a.  SKBU-2 1 

The s e quence filter c onsists of a three-le g ged 

iron c ore rE:_actor and a resistor .  The reactor is a 
four-winding reactor with two primary windings 
and two s e c ondary windings . The sec ondary 
windings are connected to the resistor which 
consists of three tube resistors and a small formed 
resistor: One sec ondary winding and the resistor 
is a negative sequence current filter while the 
othet sec ondary winding and the resistor is a 
positive sequence filter .  

b .  SKBU-2 Re lay 

The sequence filter consists of a three-le gged 
iron c ore reactor and a set of resistors , R 1 and 

A ll possible contingencies which may arise during installation, operation, or maintenance, and all 
details and variations of this equipment do not purport to be covered by these instructions. If fUrther 
information is desired by purchaser regarding his particular installation, operation or maintenance of 
his equipment, the local Westinghouse Electric Corporation representative should be contacted. 

SUPERSEDES I . L . 4 1 -954 .5C ,  dated Aug ust 1 972 
* Denotes change from superseded issue.  
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Ro. The react or has three windings : two primary 
and a tapped sec ondary winding , wound on the 
center  leg of an " F "  type of lamination . The sec­
ondary taps are wired to the A,  B and C tap con­
nections in the front of the re lay (R 1 taps ) .  Ro 
consists of three tube resistors with taps wired 
to  F .  G and H tap connections in the front of the 
relay . The Ro resistor is a formed resistor ass o­
ciated with the tapped secondary of the react or . 

Saturat ing Tra nsformer 

a.  SKBU-2 1 Relay 

The voltage from the sequence network is fed 
into two saturating or mixing transforme rs . One 
transformer supplies a fault detector c ircuit and 
the other transformer supplies a keying circuit . 
Zero sequence current windings are included on 
the transformer .  

b .  SKBU-2 Relay 

The voltage from the sequence network is fed 
into the tapped primary of a saturating trans­
former which has two sec ondary windings . One 
winding supplies the fault detector and the other  
winding supplies a keying c ircuit . 

I so lat ing Transformer 
Three isolating transformers are provided in the 
re lay to  isolate the de voltages from the ac voltages .  
Two of the transformers are also used t o  ene rgize 
solid-state c ircuit on alternate half-cycle of the 
power syste m frequency . 

Power Supply 
The solid-state c ircuits of the re lays are regulated 
from a 2 0-volt supply on the re lay pane l .  This voltage 
is taken from a Zener d iode mounted on a heat sin k .  
A voltage dropping resistor i s  provided between the 
source de supply and the 20 v olt regulated supply . 

Pr inted C i rc u it Boards 
Seven pr inted circuit boards are used in these r e lays : 

2 

A fault dete ctor board , protective re lay interface 
board , supervision board,  amplifier and keying board , 
output board and a re lay board . The c ircuits of the 
supervision board , and the amplifier and keying 
boards vary with the frequency shift equipment used 
as a pilot channe l .  

A l l  of the circuitry that i s  suitable for mounting on 
pr inted boards is c ontained in an enclosure that 
proj e cts  from the rear of the front pane l and is acces­
sible by opening a hinged door on the front of the 
panel .  The printed circuit boards s lide in position 
in s lotted guides at the top and bottom of each com­
partment and the board terminals engage a terminal 
block  at the rear of the c ompartment . Each board and 

* 

terminal block is keyed so that if a board is placed 
in the wrong compartment , it cannot be inserted into 
the terminal bloc k .  A handle on the front of each 
board is labe led to identify its function in the re lay . 

1 .  FD  Board (Fau l t  Detector Board) 
The fault detector board contains a resistor­
Zener d iode c ombinat ion , a phase splitting net­
wor k ,  a solid-state fault detector, and a frequency 
verifier c ircuit .  The c ontrols for setting pickup 
(S1 ) and dropout (S2 ) of the fault detector are 
mounted on a plate in the front of the re lay . This 
unit operates when the fault current exceeds a 
definite value . 

The location of c omponents on the board is shown 
in Fig.  3 and the schematic of the board is shown 
in Fig.  4 .  

2. Arming Board 
The arming board c ontains AND c ircuits that 
compares pulses produced by the circuits of the 
amplifier and keying board.  An output is obtained 
that is proportional to the t ime difference in the 
phase . This board contains other logic circuits 
that will arm the trip output ,  set up the time de lay 
of the trip output , and start transient blocking on 
external fault s .  A link is provided on this board 
such that the re lay is armed by e ither solid state 
d istance fault detectors or the SKBU fault detec­
tor .  The link must be open for arming by the s olid 
state distance fault detector only . 

The location of c omponents on the board is shown 
in Fig. 5 and the sche matic of the board is shown 
in Fig.  6 .  

3 .  Amp l .  and Key Board (Ampl i f i er and 
Keying Board) 
The amplifier and keying board contains two 
local squaring amplifiers , a transmitter keying 
c ircuit , and f our re mote squaring amplifiers.  These 
These c ircuits produce the pulses that are c om­
pared by the AND c ircuits of the arming board to 
determine if the fault is external or internal. Links 
are provided on this board to connect the re lay 
for two or three terminal operation . For two ter­
m inal application s ,  link 1 and link 2 on the Ampli­
fier and Keyer Board must be connected C to 2 .  
For three terminal  applications , these links must 
be connected C to  3 .  

Because of the different keying requirements of 
the various pilot channels , this board varies with 
the different types of channe ls to which it is c on­
nected .  The following table is with refe rence to 
the different figures that apply for the amplifier 
and keying board for the various type channels.  www . 
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TYPE LOCATION OF SCHEMATIC OF 
CHANNE'L C OMPONENTS BOARD 
-- --

TA-2 Fig. 7 Fig, 8 

-l< TCF , TA2 .2 , 
F ig .  9 F ig .  1 0  

MC-22 

4. Output Board 
The output board contains a 4-millisecond pickup 
and instantaneous dropout timer c ircuit , trip AND 
circuit , trip amplifie r ,  transient block ing and un­
blocking c ircuits and two timer c ircuits . The trip 
AND operates when all the inputs to the arming 
board are of the correct polarity and the fault 
detector has operate d .  The transient b locking 
c ircuit operates after a time de lay on external 
faults , and the trans ient unblock c ircuit operates 
after a time delay on a sequential fault (external 
fault followed by an internal fau lt ).  

The following figures apply t o  this b oard : Fig.  1 1  
Com ponent Location ; Fig.  1 2  Schematic of the 
Board. 

5. Re lay Board 
The relay board contains the phase de lay c ircuit 
for shifting the local signals with reference 
to the remote s ignals . It also contains a low-pass 
filter .  For the SKBU-2 1 relay ,  a Zener c li pper­
resistor combination is provided for protect ion of 
the solid-s tate c ircuits . 

The following figures apply t o  this board : Fig.  13  
Com ponent Location ; an d Fig .  1 4  for t he 
Schematic of the Board . 

6. Superv i s .  Board (Superv i s ion Board) 
The number of c ircuits on this board varies with 
the applicat ion. Howe ver , for all applications 
interface c ircuits to the channel receivers and a 
1 5 0  millisecond pickup and 0 millisecond dropout 
alarm timer c ircuit is provided on this board . The 
interface c ircuits connects the SKBU re lay to the 
channel  receiver , and the timer circuit loc ks out 
the re lay for failure of the channe l equipment . For 
tone channe ls a noise c ircuit is also provided to 
lockout the re lay from information supplied by the 
tone equipment . 

Because the board varies with the channe l equip­
ment , the following figures apply to the board . 

I. L. 41 -954.50 

TYPE LOCATION OF SCHEMATIC OF 
CHANNE L COMPONENTS BOARD 

TA-2 Fig. 15  Fig.  1 6  

TA-2 . 1  Fig .  1 5  F i g .  35  

TCF , TA2 .2 , Fig .  1 7  Fig. 1 8  
MC-22 

7 .  Pr. Inter. Board ( Protective Re lay I nterface Board) 
The protective re lay board contains logic c ircuits 
to connect the distance fault detectors , and 
sque lch re lays into the phase comparison relaying 
syst e m .  This board contains buffer c ircuits , and 
OR circuits to connect the re lays into the syste m .  
A 6/0 timer c ircuit , 1 0/ 1 50 s ignal squelch c ircuit , 
and 2 .5 second alarm circuit for sustained fault 
detector operation are also  provided on this board .  

Ca rd Extender 
A card extender (style no.  644B3 1 5G02 )  is avai lable 
for facilitating c ircuit voltage measurements or maj or 
adjustments . After withdrawing anyone of the c ircuit 
boards , the extender is inserted into the terminal 
block on the front of the extender . This restores all 
components and test points on the boards are readily 
access ible . 

Test Poi nts 
Test points are located on each printed c ircuit board 
for the major components on the board .  Complete 
c ircuit test points are wired to the front panel  of the 
re lay for convenience in adjusting and testing the 
re lay. 

O P E R A T I O N 

A .  System 
In a phase c omparis on re laying , the phase posi­
tion of fault currents at the ends of a t ransmis­
sion line are compared over a pilot channel to 
determine if the fault is internal or external to 
the line section .  When a frequency shift channel 
is used as the pilot channe l ,  a dual comparison 
syste m can be utilized .  This means that the 
system can trip on e ither half-cycle or power 
system fre quency as contrasted to a blocking 
scheme where tripping occurs on alternate half­
cyc les during the absence of a carr ie r signal .  
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4 

a. SKBU-2 1 Re lay 

The three-phase line currents energize a 
sequence network in the SKBU-2 1 re lay which 
produces two s ingle-phase output voltages 
that are proportional to  e ither the positive 
sequence current or the negative sequence 
current . The s ingle -phase voltages are applied 
to two saturating or mixing transformers , one 
which energizes the fault detector circuit and 
the other energizes the keying c ircuit of the 
SKBU-2 1 re lay through a low-pass filter . The 
keying circuit shifts the frequency of the trans­
mitter from a space frequency to a mark fre ­
quency . These frequenc ies are transmitted 
over the pilot channel  to  the receiver which 
converts the mark and s pace frequencies to 
two de output voltages , a s pace output that 
corres ponds to  the mark frequency . Thus , on 
each half-cyc le of power system frequency 
either a space or mark output is obtained from 
the receiver and applied as pulses to the 
remote squaring amplifiers of the SKBU-2 1 
relay . Each of these  half-cycle pulses are 
compared with the phase positions of each 
half-cycle of the voltage from the sequence 
network of the SKBU-2 1 re lay at the rece iver 
terminal . The s pace pulse is compared to  one 
half-cycle of the voltage and the mark pulse to  
the  other half-cycle . If the local and rem ote 
pulses are in an internal fault re lationship 
and the fault detector has operated ,  tripping 
will occur 5 mil liseconds later through opera­
tion of the trip AND an d trip amplifier c ircuits 
on the output board of the re lay. 

b .  SKBU-2 Relay 

The three-phase line currents energize a 
sequence network in the SKBU-2 relay 
which prod uce a single-phase output 
voltage proportional to a combination of 
sequence components of the line current . 
Thi s  single-phase volt age energizes the 
primary of a saturating transformer with 
two secondary winding.  One secondary 
winding energizes the  fault det ector 
circuit and the second secondary winding 
energizes the keying circuit of the relay 
through the low pass filter .  The keying 
c ircuit shift s the frequency of the trans­
mitter from a spac e  frequency to a mark 
frequency . These frequencies  are trans­
mitted over t he pilot channel to the tone 
receiver which converts the mark and space 
frequencies to two de output voltage , a 

space output that correspond s to the space 
frequency and a m ark output that cor­
responds to the m ark frequency. Thu s ,  on 
each half cycle of power system freque ncy 
either a sp ace or mark output is  obtained 
from the tone receiver and applied as 
pulses to the remote squaring amplifiers 
to  the SKBU-2  relay .  Each of these half­
cycle pulses are compared with the phase 
positions of e ach  half-cycle of the voltage 
from the sequence network of the SKBU-2 
relay at the tone receiver terminal . The 
space pulse is  compared to  one half cycle 
of the voltage and the mark pulse to the 
other half-cycle .  If t he l ocal and remote 
pulses are in an internal fault r e lationship 
and the fault detec tor has operated , tripping 
w ill occur 5 mil l iseconds l ater  through 
operation of the trip AND and trip amplifier 
circuits on the output board.  

Current transformer connections to  the sequence 
networks at the two line terminals are such that 
the space and mark pulses are in phase with the ir 
respect ive local pulses during an internal fault 
to allow tripping.  Howe ver ,  if the fault is external 
to the protected line section , the space and mark 
pulses are out-of-phase with their res pective local 
pulse s  and tripping does not occur . 

The four-millisecond delay previously mentioned 
is added to allow for differences in current trans­
forme r performance at opposite line terminals and 
relay coordination. 

B. Relay 

With reference to the logic diagram that applies 
to the particular re lay , the three-phase line cur­
rents energize a sequence filter that varies with 
the type of relay . 

a. SKBU-2 1 Re lay 

In the SKBU-2 1 re lay , the sequence filter pro­
duces two single phase voltages :  One voltage 
proportional to the positive sequence current , 
and the other voltage proportional to negative 
sequence current . These voltages are applied 
to primary windings of two saturating trans­
former where they are mixed to produce two 
se parate secondary voltages proportional to a 
combination of sequence components . Zero 
sequence windings are included on the two 
transformers . 

b. SKBU-2 Re lay 

In the SKBU-2 relay , the sequence filter pro-
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duces a s ingle phase voltage proportional to a 
combination of sequence components . This 
voltage is applied to the primary winding of a 
saturat ing trans former which produces two 
secondary voltages . 

The secondary voltages are applied to two sepa­
rate boards : 

1 .  Fault Detector Board 
2 .  Re lay Board 

l. Fau lt Detector Board 
With refe rence to the schematic dwg.  of Fig . 4 ,  
the ac voltage is applied t o  te rminals 6 ,  5 and 3 
of the fault detector board.  This voltage is then 
applied to  a phase-s plitting network (C5 2 ,  R52 ,  
R53 ) and a polyphase rectifier (diodes D5 1 to 
D56 ).  The de voltages obtained from the rectifie r 
are applied to the fault detector c ircuit (Q5 1 ,  Q52 , 
Q5 3 ,  Q54 )  which operates when the de input 
" s ignal " exceeds a predetermined value . 

Fau l t  Detector ( F D) 
Under normal conditions , transistor Q5 1 has no 
base " signa l "  and is turned off. The collector of 
Q5 1 is at positive potential and provides base 
drive to transistor Q52 , driving it to  conduct ion .  
With Q52 conducting there i s  n o  base drive t o  
transistor Q53 and Q53 is turned off . This condi­
tion keeps transistor Q54 in a non-conducting 
state , equivalent to an open-circuit . 

When a fault causes the de input voltage from the 
polyphase rectifier (across S1 and R54)  to exceed 
the 6.8 v olt rat ing of Zener diode Z5 2 ,  a positive 
input is applied to the base of Q5 1 caus ing it to 
conduct .  In turn , Q52 stops conducting,  and 
capacitor C54 charges , giving a few milliseconds 
t ime de lay before Q53 and Q54 are switched to 
full c onduction,  thus " closing " the fault detec­
tor . When the fault detector operates ,  a pos itive 
input is applied to the arming board at terminal 
1 2 .  The feedback path of res istors R66 and S2 
increase the voltage to Z52 after the fault detec­
tor operate s .  This seals in the fault detector and 
allows the fault detector to drop at a high drop­
out ratio when the ac current is reduced . 

Frequency Ver i fier ( FV) 
During certain switching conditions , such as 
energization of a transmission line , residual 
currents and voltages may exist of higher fre­
quencies than 60 hertz. The frequency verifier 
prevents fau lt detector operation when frequencies 
1 2 0  hertz or h igher are encountered during the 
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switching condition s .  The frequency verifier  
circuit consists of two functional parts : Zero­
crossing and commutator c ircuit s .  With reference 
to Fig. 4 ,  the zero-crossing circuit cons ists of 
Q55 , Q56 , Q57 and Q58 .  The commutator circuit 
consists of Q59 ,  Q60 ,  C 5 8 ,  C 5 9 ,  Z54 and Q6 1 .  

During either the positive or negative half-cyc le s  
o f  the output voltage from the mixing transformer ,  
Q55 or  Q57 transistors are  driven into saturation 
by the output of the FV transformer (T3 ) .  Tran­
sistors Q56 or Q57 conduct unti l  capacitors C56 
or C 5 7  res pe ctive ly are fully charged . While e ither 
capacitor charges ,  a voltage output in the form of 
very narrow pulse is d e ve loped across R76 and 
R78 resist ors . This pulse triggers Q59 control 
switc h .  When trans istors Q55 or Q5 7 are not con­
ductin g ,  C56 and C57 capacitors discharge re­
spective ly through D66 or D62 and the paralle l 
combination of R73 and R74 or R69 and R 7 0 .  

While Q5 9 i s  " on "  its anode (TP-6 0)  i s  only 
about 0 .7  volts above negative , thus turning off 
transistor Q62 to allow capacitor C60 to start 
charging .  Howe ver , a shorter t ime de lay (consist­
ing of R84 , the capacitor C59 and the reference 
Zener d iode Z54)  of 4 .3 mi lliseconds is also 
started .  After 4 .3 milliseconds of delay , the con­
trol switch Q6 0 fires applying the voltage of 
capacitor C58 across C59 turning it off. This 
raises the potent ial  of the Q59 anode to turn on 
Q62 to discharge C6 0 before the charge reaches a 
value to break down Z55 to turn on Q63 . After the 
next ze ro-cros s ing  pulse Q59 switch is turned on 
again , and the Q6 0 switch is turned off by capaci­
tor C58.  Transistor Q6 1 ,  when turned on and off 
by the same voltage that fires the gate of Q59,  
discharges t iming capacitor C 5 9 ,  when on . This 
starts the timing cycle with c lose to  zero charge 
on the capacitor. If the zero crossing period of 
the FV voltage is le ss than 4 .3 mi lliseconds , the 
Q6 1 transistor discharges the timing capacitor to 
prevent Q6 0 from turning on . This keeps Q5 9 
switch on to allow C60 to charge to a value to 
break down Zener d iode Z55 to turn on Q63 . Turn­
ing on Q63 prevents Q53 of the fault detector 
from turning on , thereby preventing Q54 from 
turning on and this prevents an out put from the 
fault detect or . 

2. Relay Board 
With reference to Fig .  1 4 ,  the ac voltage from 
e ither the second saturating transformer (SKBU -2 1 )  
or the se cond wind ing of the s ingle transformer 
(SKBU- 2 )  is applied to terminals 10 and 12 of the 
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re lay board . This voltage is applied to the phase 
delay c ircuit through a low pass filte r .  The low 
pass filter (C20 1 , L2 0 1 , C202)  removes the har­
monics from this voltage and applies a voltage 
that is essent ially s inusoidal in waveform to 
R202 and R2 03 of the phase de lay c ircuit . The 
phase de lay c ircuit consists of R2 02 , R2 03 , C 2 03 
and S5 mounted on the front panel  of the relay .  
By means o f  capacitor C 2 03 and variable resistor 
S5 , the voltage across terminal 4 and 2 can be 
made to lag the voltage across terminal 1 0  and 1 1  
by a definite amount d e pending on the setting of 
85 . Each of these two voltages are applied to 
separate isolating transformer s .  

1 .  Unde layed v oltages (terminals 1 0  and 1 1 )  t o  
keying transformer ( T 1  ) .  

2 .  D e layed voltage (terminals 4 and 2 )  to  local 
t ransformer (T2 ) .  

a.  Keying C i rcu i t  
With no  ac output (Ref. Fig .  8 or  1 0) voltage 
from the sequence networ k ,  transistor Q1 has 
no base current from terminals 2 and 8 of the 
amplifier and keying c ircuit . The c ollector of 
Q1 is at pos itive potential which allows base 
current to flow from pos itive 2 0  volts de to  the 
base of Q2 through R2 and R3 . This applies 
negative potent ia l  to the collector of Q3 to 
prevent base current from flowing to Q3 . Since 
Q2 is conduct ing,  transistor Q3 does not con­
duct and the c ollector of Q3 is held at positive 
potential . As a result , transistor Q4 does not 
conduct . 

When a sinusoidal voltage is applied to the 
keying transformer (T1 ), the transformer steps 
up the voltage applied to terminals 2 and 8 of 
the amplifier  and keying board . On the pos itive 
half-cyc le of this voltage , te rminal 8 is more 
positive than terminal 2 and transistor Q1  does 
not conduc t .  

In turn Q 2  remains conducting and Q3 does not 
turn on . On the negative half-cycle of sine 
wave voltage from the keying transformer (T 1 ) ,  
terminal 2 is more positive than terminal 8 and 
base current flows in Q1 . This turns Q1 on 
which applies negative potential to the c ollec­
t or of Q 1 .  Base current to transistor Q2 is 
stopped and Q2 stops conducting,  and its col­
lector goes to pos itive potential. Positive 
potential is thus applied to the base of Q3 
through R6 to turn on Q3 . When Q3 conducts , 
its collector is connected to negative potential 

and Q4 will conduc t .  Thus an alternate half­
cycles of the 6 0-hertz voltage from the low 
pass filte r ,  Q4 turns on . By connecting Q4 
through the proper interface to the channe l 
transmltter , turning on Q4 keys the t rans mitter 
to  a mark condition . 

Q3 can be pre vented from turning on and off by 
a ne gative s ignal applied t o  terminal 3 of the 
board . This is the input terminal from the 
s ignal squelch circuit of the protective re lay 
board.  With a ne gative input into terminal 3 ,  
Q3 will not turn on e ven though Q 1  and Q2 are 
being turned on and off from the ac voltage 
applied to terminals 2 and 8 .  

b .  Loca l  Squar ing  Ampl if iers ( 1  a n d  2) 

There are two ident ical local squaring ampli­
fiers in the SKBU-2 1 and SKBU-2 re lays . 
(Number 1 Q5,  Q6 , Q7 and number 2 Q 1 2 ,  Q 1 3  
and Q14 . ) 0ne is turned o n  and off by t h e  posi­
t ive half-cycle of voltage from the local trans­
former (T2 ) while the other one is turned on 
and off by the negat ive half-cycle of voltage 
from the transformer (T2 ). The s quare wave 
output voltages are , therefore , funct ions of the 
ac voltage input to  the amplifiers . The polarity 
of the outputs of the two amplifiers are such 
that one amplifier has an output and the other 
one doe s  not when ac voltage is applied to  the 
local transformer.  With no ac s ignal applied 
to  the local transformer ,  both local amplifiers 
have a pos itive output . (This is a bloc king 
signal to  the AND c ircuits of the arming board . )  

With reference to  amplifier number 1 o f  e ither 
Fig.  8 or 1 0 , with no ac input voltage . Q5 is 
not conducting and the collector of Q5 is at 
positive potential.  This applies base current 
to  transistor Q6 through R 1 4  and R 1 5  such 
that Q6 is turned on . This allows base current 
to flow in Q7. Q7 turns on to apply positive 
potential across R 1 9  (blocking c ondition ) .  

With the  applicat ion of  a s ine wave voltage to 
terminals 5 and 18 of the amplifier and keying 
board , on the positive half-cycle of the voltage , 
the base of transistor Q5 is more pos itive than 
the emitter and Q5 (amplifier 1 )  conducts , and 
Q 1 2  (amplifier 2 )  is turned off. On the ne gative 
half-cycle of the ac voltage , Q5 is turned off 
and Q 1 2  is turned on . Therefore , Q5 is con­
ducting on the positive half-cycle of ac voltage 
and Q 1 2  is conducting on the ne gative half­
cyc le of ac voltage . Turning Q5 on, turns off 
t ransistor Q6 . Transistor Q6 stops conducting 
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and its collector goes to a positive potential 
which turns off Q7. Thus the output of the 
squaring amplifier is a square wave voltage 
ranging from 0 volts  de to 2 0  volts de depend­
ing upon the polarity of the voltage from the 
phase de lay c ircuit .  

Amplifier 2 is the same as amplifier number 1 
except it is supplied by the opposite polarity 
of s ine wave voltage from the local transformer 
(T2)  at terminals 5 and 18 of the amplifier and 
keying board . The output voltage from this 
amplifier appears across R42 . By a pplying the 
same analysis of amplifier 1 to  amplifier 2 ,  
the out put voltage across R42 i s  a square 
wave voltage of the reversed polarity than that 
across R 1 9. 

c. Remote Squar ing Ampl i f iers 
As shown in Fig. 7 ,  there are four re mote 
squaring amplifiers in both the SKBU-2 and 
SKBU-2 1 re lays (number 3 Q8 , Q9 , number 5 
Q 1 0, Ql l ,  number 4 Q1 5 ,  Q 1 6  and number 6 
Q 1 7  and Q 1 8 ) .  Two amplifiers connect the 
space outputs of two rece ivers to the re lay 
while the other two amplifiers c onnect the 
mark outputs of the two receivers to  the re lay. 
For a TA-2 tone channe l ,  space s quaring 
amplifier 3 consists of transistors Q8 and Q9 
on the amplifier and keying board in conjunc­
t ion with an interface c ircuit of Q 1 3  and Ql on 
the supervis ion board. Mark remote s quaring 
amplifier 4 consists of Q l 5  and Q l 6  on the 
amplifier and keying board and interface tran­
sistor Q l 4  and Q2 on the supervision board 
(see Fig.  3 7 ). For a TCF carrier channe l ,  
space squaring amplifie r 3 consists of Q l  on 
the supervis i on board and Q8 and Q9 on the 

amplifier 4 consists of Q2 on the supervision 
board and Q 1 5  and Q l 6  on the amplifier and 
keying board . (See Fig . 3 8 )  

The remote squaring amplifiers are in one of 
three states : 

1 .  Loss-of-channel stat e .  
2 .  Receiving space frequency only . 
3 .  Receiving alternate half-cycles of space 

and mark freque ncy . 

a .  TA2 . 1  T one Channel (See Fig .  3 7 )  

For loss of a tone channe 1 ,  the receive r  
c lamps its out put to  a mark c ondition . 
The space out put from the receive r is 
zero with respect to the positive sourc e .  

I .  L .  41 ·954.50 

This means that transistor Q13  and Q1 
( on the supervision board) are not  con­
ducting. On the amplifier and keying 
board , base dr ive to trans istor Q9 is 
provided from positive 20 volts de through 
R26 and R27 to  negative . Q8 is turned 
on to provide a pos itive 20 volts across 
R23 . When the channe l is in service and 
the receiver is in a space c ondition , 
transistors Q 1 3  and Q 1  (on the super­
vision board) turn on . This applies nega­
t ive potential to R27  on the amplifier 
and keying board.  Hence , Q9 can not 
conduct and Q8 stops conducting.  The 
voltage across R23 is -20 volts (with 
ref. to + 2 0  volts ) .  For the c ondition 
where the rece iver is receiving pulses ,  
transistors Q 1 3  and Q1  (on supervision 
board) turns on and off and the voltage 
across R23 of the amplifier and keying 
board is a square wave voltage varying 
from zero volts to a -20 volts de (with 
ref. to  +20 volts ) .  The output of the 
mark remote squaring amplifier is the 
same as the space remote amplifier 
except that it  operates off of the mark 
output of the receiver .  The voltage is 
across R43 . 

b. TCF Channe l  (See Fig.  3 8 )  

For loss o f  a TCF carrier channe l ,  the 
carrier receiver clamps its output into 
both a space and a mark condition . Tran­
sistor Ql and Q2 on the supe rvision 
board turn on.  This removes base current 
to  Q9 and Ql6 ( on amplifier and keying 
board ) respective ly .  Transistors Q9 and 
Q 1 6  turn off which turns off Q8 and Q 1 5 .  
Negat ive 2 0  volts (with ref. to  + 2 0 volt s )  
appears across both E23  and R 2 4 .  

This voltage enables AND 1 and A N D  2 
to allow tripping unti l the AND circuits 
are disabled by the 1 50/0 t imer of the 
supervision board . 

For the condit ion where the rece iver is 
rece1vmg pulses , transistor Q l  ( on 
supervision board ) turns on and off for 
alternate half cyc les  and the voltage 
across R23 ( on amplifier and keying 
board) is a square wave voltage varying 
from zero volts to a -2 0 volts de (with 
ref. to  +20 volts) .  
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c .  TA2 .2 Tone Channe l and MCe22 Micro­
wave Channel  (See Fig.  3 8 )  

In applying the re lay to  the TA2 .2 tone 
channel or MC-22 microwave channel ,  
the channel receivers clamp their out­
puts into neither a space nor mark con­
dit ion for a loss of channel .  

Transistors Q 1  and Q 2  o n  the super­
vision board turn off. This allows base 
current to flow into Q9 and Q 1 6  on am­
plifier and keying board) .  Transistors 
Q9 and Q 1 6  turn on which turns on Q8 
and Q 1 5 .  Positive 2 0  volts (ref. to nega­
t ive ) appears across both R23 and R24 .  
This positive voltage inhibits AND 1 
and AND 2 of the arming board to pre­
vent tripping during the loss of channel.  

For e ither internal or external fault conditions 
the outputs of both remote squaring amplifiers 
are square wave voltage s .  Both voltages vary 
from zero volts to approxi mate ly -2 0 volts de 
and are out of phase with each other : i .e . ,  
when one voltage i s  at zero volts the other 
voltage is at -2 0 volt s .  

Links are provided o n  the board to  connect the 
re lay for e ither two or three terminal lines . 
The c onnection of C t o  3 on link 1 connects 
remote squaring amplifier 5 to AND 1 of the 
arming board , and link 2 (C to 3) connects 
remote squaring amplifier 6 to  AND 2 of the 
arming board for three terminal operation .  For 
two terminal operation the connection of C to 
2 on the links removes the inputs of remote 
amplifier 5 and 6 from the AND circuits of the 
arming board . 

3 .  Arm ing Board 

8 

The phase relationship of the outputs of the local 
and remote squaring amplifiers are compared by 
the two AND circuits of the Arming Board . One 
AND circuit (number 1 )  c ompares the space s ignal 
with the output from local amplifier number 1 .  
The second AND c ircuit (number 2 )  compares the 
mark s ignal with the outputs of local amplifier 
number 2 .  Since the local s ignals are always 1 8 0  
degrees out-of-phase with each other ,  and the 
remote s ignals are always 1 8 0  degrees out-of­
phase with each other , a change in phase angle 
of one signal with respect to the other will pro­
vide one input to AND 3 through OR 1 which will 
act ivate the 4/0 timer .  

A link i s  provided on this board for purposes of 

arming the relay with both distance fault detec­
tors and the SKBU relay fault detector .  Removal 
of the link allows arming by distance fault 
det ector only. 

a.  I nterna l Fau lt Cond i t ions  
With reference to  the  logic drawing that applies 
to  the particular re lay for internal fault fed 
from both line terminals , the output voltage of 
the sequence filter at one line terminal is 1 8 0  
degrees out-of-phase with respect to  its load 
current c ondition . This changes the polarity of 
local Amplifier 1 and local Amplifier 2 such 
that their outputs are in phase with the remote 
signals . This means that AND 1 has a half­
cycle of negative voltage and that AND 2 has 
a half-cycle of negative voltage (not the same 
half -cycle ) .  The pe riod of each negative 
voltage will be 1 8 0  degrees out-of-phase with 
reference to  each other and a ne gative voltage 
will be produced out of OR 1 of the arming 
board.  The negat ive voltage is applied to AND 
3 of the arming board to set-up one c ondition 
(negative voltage from OR 1 c ircuit)  for acti­
vating the AND . The second c ondition to 
activate this AND is provided by arming the 
re lay. 

In e ither Fig.  2 1 ,  22 , 23 or 2 4 ,  with the link 
connected on the arming board , arming occurs 
through OR 2 by either the operat ion of the 
distance fault detectors or the relay fault 
detector will apply a voltage to OR 2 of the 
arming board . The output voltage from OR 2 
applies a positive input to the trip AND of the 
output board through OR 3 and a n e gative input 

into AND 3 of the arming board . AND 3 is 
activated and starts the 4/0 timer.  Four milli­
seconds later , a negat ive input is applied to 
the trip AND of the output board . Since the 
three condit ions of trip (a negat ive input from 
the 4/0 timer,  a positive input from the arm 
lead , and a pos it ive s ignal from the 22/0 timer ) 
is fulfilled , a trip output is obtained from the 
relay . 

For arming by the distance fault detector only , 
the link on the arming board must be opened.  
This removes the input of the SKBU re lay 's 
fault detector from OR 2 of the arming board . 

b. Externa l Faults 
Under external fault condit ions , the s quare 
wave voltages from the re mote squaring ampli­
fiers and the square wave voltages from the 
local squaring amplifiers are out-of-phase such 
that zero output is obtained from the AND 
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c ircuits of the arming board . The output from 
local ! and remote 3 are out-of-phase to prevent 
an output on AND 1 and the outputs from local 
2 and remote 4 are out-of-phase to prevent an 
output on AND 2 .  As a result , the outputs of 
the AND circuits are zero , and AND 3 cannot 
be activated.  This blocks AND 3 and the 4/0 
t ime r cannot be energized . 

With a fault detector operation , an in put is 
applied to OR 2 and OR 4 of the arming board . 
OR 2 will provide a pos itive input to the trip 
AND of the output board . Tripping will not 
occur s ince the 4 /0 timer does not provide a 
negat ive input to the Trip AND . The fault 
detector input to OR 4 will provide an input 
to a 0/1 000 timer on the Output Board . The 
timer negates the signal to provide a negative 
input to the transient block AND . With the 
application of the negat ive input from the 
0/1 000 timer the three conditions of transient 
block are fulfilled - not a negative voltage 
from the Trip AND ,  not a positive voltage from 
the Transient Unblock C ircuit ; and a ne gative 
input from the 0/1 000 timer. Twenty-Two milli­
seconds later the 22/0 timer of the transient 
bloc k  c ircuit t imes out to provide a negative 
input to the Trip AND . The Trip AND is thus 
de-sensitized on the e xternal fault to prevent 
undesirable operation during transients asso­
ciated with power reversals on the prote ctive 
line or at the c learing of an external fault . 

c .  Sequent ia l  Fau lts 
If the above e xternal fault is fol lowed by an 
internal fault before the external fault is 
cleare d ,  the transient unbloc k c ircuit is set up 
to remove the transient block ing input to the 
Trip AND . For the internal fault , the square 
wave pulses on AND 1 and AND 2 of the arm­
ing board will reverse such that an output is 
obtained from the se AND circuits . This output 
energizes ORl which negates the s ignal to a 
negative signal.  The ne gat ive s ignal provides 
the second input to AND 3 which : 

1 .  Provides an input to the 4/0 timer which 
times out to apply a negative input to the 
Trip AND . 

2 .  Applies a ne gat ive input to the AND of the 
transient unblock c ircuit to fulfi ll the re­
Quirements to obtain an out put from the 
transient unblock c ircuit . 

As a result , an input is applied to the unbloc k 
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timer .  Twenty-five milliseconds later ,  the un­
lock t ime r will operate to apply a positive 
voltage to  the transient block AND circuit . 
This resets the 22/0 block timer and removes 
the input to the AND of the unblock t imer to 
reset the unblock c ircuit . The required three 
inputs are thus applied to the trip AND and a 
trip output is obtained from the re lay . Upon 
operation of the relay , the 0/1 00 millisecond 
t ime r resets the 0- 1 000 trans ient block t imer. 

d. Protect ive Re lay Operation 
The phase c omparis on re lay is armed by the 
distance fault detector through a 6/0 timer on 
the prote ct ive relay board . The operation of 
the distance fault detectors applies positive 
potential to  the board at e ither terminal 3 ,  5 ,  
5 or 7 .  This turns Q l  on and turns Q2 off to 
allow C2 to charge . Six mi lliseconds later the 
voltage on C2  reaches the breakdown of Zener 
d iode , Z7 and base current flows into transis­
tor Q3 to turn Q3 on.  This turns on Q4 to apply 
a positive potential to terminal 1 4  of the 
arming board . 

4. Superv i s ion Board 
The c ircuits on the supervision board include the 
interface to  the channel  receiver and they vary 
with the type of equipment used as a pilot chan­
nel .  In genera l ,  though , this board contains a low 
signal c lamp time r .  

a .  Low Si gna l C lamp  ( .5/150 T i mer)  

1 .  Tone Channe l (See Fig.  3 7 )  

With a serviceable channel e ither a s pace 
frequency or an alternate space-mark fre­
quency is received from the channe l equip­
ment . With reference to a T A-2 tone chan­
nel , Q 1 4  and Q2 of the supervision board of 
Fig.  16 are e ither turned off or turned on 
and off. With Q2 turned off , base current 
is supplied to  transistor Q3 and Q3 con­
duc t .  The collector of Q3 is thus at nega­
t ive potential  and capacitor Cl cannot 
charge . 

If the channel  is not serviceable , the tone 
receiver is c lamped into a mark condition 
and the space output is zero. Transistor 
Q 1 4  conducts and transistor Q2 is turned 
on . Negative potential is applied to Q3 and 
stops conducting .  Positive potent ial is then 
applied to  capacitor C l  through resistor R7 
and RS. After a 1 5 0  millisecond time delay ,  
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1 0  

capacitor C 1  charges suffic iently t o  break 
down Zener d iode Z 1 .  When Z 1 conducts , 
base drive is supplied to transistor Q3 and 
Q4 turns on . This connects the collector of 
Q4 to negative potential which allows base 
current to flow in transistor Q5 through 
R 1 1 .  This turns on transistor Q5 to apply 
positive voltage to R 1 2 .  This voltage is 
then applied to AND 1 and AND 2 of the 
arming board and to an alarm output . A pply­
ing the voltage to the AND c ircuits blocks 
tripping . 

Under the condition of alternate mark and 
space outputs from the tone receiver , tran­
s istor Q3 is turned on and off every 8 .3 
mi lliseconds (half cycle of power system 
frequency) .  Every half cycle , capacitor C 1  
starts t o  charge but on the next half-cycle 
Q3 turns on to d ischarge capacitor C 1 .  
Since the charging time is not sufficient to 
allow capacitor C 1 to  break down Z 1 ,  tran­
s istor Q5 will  not turn on to block tripping .  

2 .  TCF Carrier Channel  (See Fig.  3 8 )  

With reference to  the supervisi on board of 
Fig.  1 8  for a serviceable TCF channe l Q1 
and Q2 either alternate ly turned on and off 
or Q1 is turned on and Q2 is turned off. 
Under both c onditions , base current is 
sup plied to transistor Q3 and Q3 is turned 
on at all time s .  With Q3 turned on , C1 can 
not charge and Q4 is turned off. 

If the channel is not serviceable , the 
carrier re c e iver is c lamped into both a mark 
and space output . This turns on trans istors 
Q1 and Q2 and shorts the base of Q3 to 
negative potential and Q3 turns off. Pos i­
t ive potential is applied to C 1 through R 1 2  
and R 1 3  and 1 5 0  millisec onds later , Zener 
d iode Z5 breaks down to  allow base current 
to flow to  Q4 . Q4 turns on which provides 
a path through R 1 6  for base current of Q5 
to flow to ne gat ive . Q5 turns on to apply 
positive voltage to R 1 7 .  This voltage is 
then applied to AND 1 and AND 2 of the 
arming board to block tripping .  The voltage 
is also applied to an external alarm c ircuit . 

When this re lay is used on e ither a TA2 .2  
tone channe l or  a MC-2 2 microwave channe l ,  
the low s ignal c lamp i s  not uti lized . If 
these channe ls are not serviceable , the 
channel receiver is c lamped into neither a 
mark nor a space output . This instantane­
ously places a bloc k ing  s ignal on the AND 

c ircuits of the SKBU relay . Hence , the 
relays w i ll not trip on a low signal c lamp. 
The low s ignal timer is not activated and 
will not produce an alarm output t o  the next 
device.  This alarm information is supplied 
d irect ly to  the next device by the channel  
rece ivers . 

a .  No ise Supervi s i on (Tone Channel Only)  
The n oise supervision interface cons ists of 
transistors Q1 7 ,  Q1 1 ,  Q 1 2  and associated 
components (See Fig . 1 6 ) .  Under normal c ondi­
tions , the output from the noise c ircuit of the 
tone receiver is zero volts . As a result , tran­
sistor Q 1 7  is not c onduct ing  and base current 
is not supplied to transistor Q1 1 .  Transistor 
Q1 1 is turned off and its collector is held at 
positive potential to prevent base current from 
flowing in transistor Q 1 2 .  Negative voltage 
(across R3 1 )  is applied to AND 1 and AND 2 
of the arming board . 

Under noise conditions the noise c ircuit of the 
tone equipment provides a negative output with 
respect to  positive 48 volts d e .  This negative 
voltage allows transistor Q 1 7  to turn on to 
provide base current to Q 1 1 through resistor 
R27 .  Transistor Q l l ,  turns on , and its collec­
tor is connected to negative potential. Base 
current then flows in transistor Q 1 2  through 
resist or , R3 0 ,  and Q 1 2  turns on . Positive 
potential is applied to resistor, R3 1 and to 
terminal 5 and 1 1  of the supervision board . 
From terminal 5 ,  the voltage is applied to  
A N D  1 and A N D  2 o f  t h e  arming board to  block 
tripping. The voltage on terminal 1 1  is applied 
to  an external alarm.  

4.  PR INTER Boa rd (Protective Relay Interface 
Board ) Fig.  2 0  
The protective re lay board includes the interface 
to the protective re lays as well as the auxi liary 
circuits associated with the protective re lays . 
This board contains a 6/0 time r ,  2500 sustained 
arming timer ,  and a 1 5 0/ 1 0  s ignal s que lch timer .  

a.  Signa l Sque lch  T i mer 
When an input is applied to terminal 18 of 
the protective re lay board , posit ive potential 
is applied to base of Q1 0, Q1 0 turns on to 
provide a discharge path for C8  through R4 1 .  
1 0  mi lliseconds after the input to terminal 1 8 ,  
Q l l turns off t o  turn o n  Q 1 2 .  Turning on Q 1 2  
applies a ne gat ive input to  the keying c ircuit 
of the amplifier and keying board which kee ps 
the keying transistor from turning on.  
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Upon removal of the input to terminal 1 8  of the 
protective re lay board Q1  0 turns off to apply 
pos itive potential to C 8 .  1 5 0  milliseconds later 
Q1 1 turns on to turn off Q 1 2  which removes 
negative potent ial to the keying c ircuit. 

b.  Susta ined Arming Alarm (2500 T i mer) 
When arming occurs , positive potential is 
applied to  terminal 1 and capacitor C3 of the 
PR INTER Board from terminal 19 of the 
arming board . Two-and-a-half seconds later , 
the potential on C3 breaks down the Zener 
diode Z8 to allow base current to flow into 
Q5 . This turns on Q5 which turns off Q6 . 
Turning Q6 off applies positive potential to 
the base of Q7 and Q7 turns off. This re moves 
positive potential from R26 and an external 
alarm is energize d .  

c .  Arming Delay by  Di stance Fau l t  Detectors 
(6/0 T i mer) 
The distance supervision arming is delayed by 
6 mi lliseconds to allow time for the circuits 
feeding AND 1 and AND 2 to respond at fault 
ince ption . Operation of the distance fault 
dete ctors will apply positive potential to the 
protective relay board . This turns on Q1 which 
removes the base current to transistor Q2 . Q2 
turns off and pos itive potential is applied to 
capac itor C2 . Six milliseconds later the voltage 
on C2 reaches a value to break down Zener 
diode Z 7 .  This turns on Q3 , which connects 
the base of Q4 to ne gat ive through resistor , 
R 1 5 .  Q4 turns on to apply positive potential to 
resistor , R16 and terminal 2.  From terminal 2 
the voltage is applied to the arming board. 

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

A. SKBU- 2 1  Re lay 
The type SKBU -21 re lay is available for frequency 
shift channe ls , e ithe r tone or carrier .  Taps are 
avai lable to set d ifferent sensit ivities of the fault 
detector to zero and negative sequence currents .  
These taps are a s  follows : 

TAP 
SETTING 

A 

B 

c 

Negative Sequence Taps 02 ) 

NEGATIVE SEQUENCE 
SENSITIVITY 

None 

0.4 Amperes 

0 . 25 Amperes 

I .L. 41-954.50 

Zero Sequence Taps (IO) 

TAP 
SETTING 

F 

G 

H 

ZERO SEQUENCE 
SENSITIVITY 

None 

0 . 2  Amperes 

0 . 1  Amperes 

The pos itive sequence response of the fault 
dete ctor is greater than 7 amperes . 

B .  SKBU-2 Re lay 
Taps are available in the re lay to set the sens i­
t ivity to d ifferent combinat ions of positive , nega­
tive , and zero sequence components of the line 
current . The T taps on the left hand tap plate 
indicate the balanced three phase amperes which 
wi ll operate the fault detector FD . These taps are 
as follows : 

3 , 4 ,  5 , 6 ,  7 , 8 and 1 0 .  

For d istance fault detector a pplications , the user 
should reset the SKBU-2 fault detector for a pick­
up  of twice tap value by means of the S1 setting. 

Pos it ive and Negative Sequence Current- R l  Taps 
The upper half of the right hand tap plate of R1 
taps changes the number of turns on the third 
winding of the mutua,l reactor. This re proportions 
the c omponents of the sequence filter which 
changes the positive and negative sequence sen­
sitivity of the fault detector .  Operation of the 
fault detector w ith the various taps is given in 
the following table : 

TABLE I 

S E Q U E N C E  TA PS ON 
R IG H T  F A U LT D E T E C T OR 

C OM PO N E N T S  H A N D  TA P P I C K -U P  t 
C OM B .  IN  N E TW O R K  B LOC K 

OUT PU T  
R o  II 3 ¢ ¢¢ FA U LT R l FAU LT 

1 Pos . , Neg . ,  c G or Tap 86% Tap 
Zero H V alue V alue 

(53% on BC 
F ault) 

2 Pos . ,  Neg . , B G or 2 x Tap 90% Tap 
Zero H V alue Value 

(65% on BC 
Fault) 

3 Neg. , Zero A G or - 1 00% T ap 
H V alue 
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tt - Taps F ,  G and H are zero-sequence taps for 
adjusting ground fau lt sensitiv ity . See section 
on zero-sequence current tap. 

t - When taps A and 3, or B and 3 are used ,  the 
fault detector will pickup 10 to  15 percent 
higher than the above value s because of the 
variat ion in se lf-impedance of the sequence 
network and the saturating transformer .  

Zero Sequence Current - R Q  Taps 
The lower half of the right-hand tap plate (RQ taps ) 
is for setting the response of the relay to ground 
faults . Taps G and H give the approximate ground 
fault sensit ivities listed in Table II. Tap F is used 
in applications where no  res ponse to zero sequence 
current is require d .  When this tap is used , the 
voltage output of the network caused by zero­
sequence current is e liminated.  

NOTE : Because of  inherent characteristics of the 
sequence networ k ,  there will be small variat ions 
(from the values listed in Tables I and II) in the 
pick-up current for various phase or ground fault 
c ombinations . 

TAB L E  I I  

C O M B .  R 1  T A P G R OU N D  F A U L T  P E RC E N T  O F T 
P I C K-U P T A P  S E T T I N G 

TA P G T A P  H 

1 c 25% 1 2% 

2 B 2 0% 1 0% 
---�·---

3 A 20% 1 0% 

C .  SKBU-2 and SKBU-21  Re lay 

1 2  

The operat ing time of the fault detector of both 
the SKBU-2 and SKBU-2 1 is shown in Fig.  25 . As 
shown in the figure , the fault detector has a maxi­
mum and m inimum value . This is due to  the point 
on the current wave that fault current is applie d .  
F i g .  26 shows the operating t imes for different 
points on the fault wave for fault current at five 
amperes . 

The keying res ponse of the SKBU-2 1 relay is 
inde pendent of the tap settin g .  Fig.  27 shows 
typical lengths of keying pulses with reference to 
a 6 0-hertz base of the SKBU-2 1 relay for different 
values of positive , negarive ,  and zero sequence 
current . Fig.  3 2  shows the res ponse of the 
SKBU-2 . 

The keying voltage across X5 -X 6 of the SKBU-2 1 
Relay with reference to phase A positive , nega­
t ive , and zero sequence currents is given by 

V = 2 . 7  Ia1 /- 1 25° + 1 1 . 8Ia2 /1 2 0" + 3 1  laO � 
This voltage is me asured with currents into the 
odd number terminals . X5 is polarity terminal.  
25 volts is max imum voltage obtainable from 
X5-X5 . 

The keying voltage across X5-X6 of the SKBU-2 
relay with reference to phase A positive , nega­
t ive and zero sequence currents is given by 

Where values of K1 , K2 , and Ko are given in the 
following table 

CONSTANT TAP SETTING 

A - F G H  

B - F G H  

C - F G H  

A - F G H  

B - F G H  

C - F G H  

A - H  

B - H  

C - H 

A - G  

B - G  

C - G  

A , B ,C - F 

VALU E  

0 0 

1 .24 I - 13 0° 
T 

2 .4 7  / - 1 5 50 
T 

4 .35  Ll_"-!55"--0 
T 

5 .3 
T 

5 . 9  
T 

73 
T 

73 
T 

I 4 0° 

I 2 0° 

I 5 0° 

I 4 0° 

6 1 .5 I 250 
T 

'----'==--

4 1  
T 

4 1  
T 

34 
T 

0 

I 5 0° 

I 4 0° 

I 2 0° 

This voltage is measured with currents into the 
odd number terminals . X5 is polarity terminal .  

Typical logic drawing for a tone channel is shown 
in Fig.  2 1  and 23 and for a TCF carrier channe l 
in Fig. 22 and 24 . 
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Operating Time . . . . . . . 1 5  to 3 2  Milliseconds 
Alarm . . . . . . . . . 2 .5 seconds for FD operation 

1 5 0  Milliseconds Loss-of-Channe l 
Transient Block Time . . . .  22 to 2 5  Milliseconds 
Trans ient Unbloc k Time . . •  23 to 27 Milliseconds 
Ambient Tem perature Range . . . .  -2 0°C to 55°C 
DC Drain . . . . . . . . 0 . 1 4  Amps at 48 Volts DC 
Reset Time of Transient Bloc k 
1 .  After Fault Detector 

has Operated . . . . . . . . . 1 000 Milliseconds 
2 .  When unblock time 

is utilized . . . . . . . . . . . . . . Instantane ous 

E N E R G Y  R E Q U I R E M E N T S  

A .  SKBU-21  Re lay 
Burdens measured at a balanced three-phas e cur­
rent of five ampere s .  (Inde pendent of tap setting) .  

PHAS E A P H A S E  B PHA S E  C 

Va A n g l e  V a  A n g l e  V a  A n g l e  

8 . 3  1 06°  2 . 2  50° 4 6 , o
o 

Burden measured at a single-phase to neutral 
current of five ampere s .  

R e lay PHASE A P H A S E  B PHAS E C 

T a ps 
Va A n g l e  V a  A n g l e  Va A n g l e  

C-H 1 1 . 7 2 . 1 ° 9 . 7  1 . 80 4 4 . 0  2 . 2° 

B-H 1 1 . 4  2 . 0° 1 0 . 3  1 . 80 4 6 . 0  2 . 2° 

1\-H 1 1 . 1  2 . 0 °  1 1 . 2 1 . 80 4 8 . 0  2 . 2° 

C-G 8 . 8  2 . 0° 7 . 0  1 . 80 4 2 . 0  2 . 2° 

B-G 8 . 7  2 . 0° 7 . 5  1 . 80 43 . 5 2 . 2° 

A-G 7 . 8  2 . 0° 8 . 5  1 . 80 4 5 . 0  2 . 2° 

C-F 6 . 7  2 .0°  7 . 5  1 . 80 4 2 . 0  2 . 2° 

B-F 6 . 5  2 . 0° 7 . 2  1 .80 4 2 . 0  2 . 2° 

A-F 5 . 8  2 . 0° 6 . 6  1 . 80 43 . 0  2 . 2° 

The angles above are the degrees by which the 
current lags its respective v oltag e .  

B .  SKBU-2 Re lay 
Burdens measured at a balanced three-phase c ur­
rent of five  amperes.  

I .L. 41 -954.50 

Re l ay PHA S E  A P H A S E  B PHA S E  C 
Taps Va A n g l e  Va A n g le Va A n g l e  

A-F-3 2 .4 50 0 . 6  Oo 2 . 5  50° 

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

B-F-3 2 . 3  Oo 0 . 63 Oo 2 .45 55°  

B-H- 1 0  4 . 95 o
o 2 . 35 

g
o

o 0 . 3  60° 

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

C-H-1 0  6 . 3 5  342°  3 . 83 80° 1 . 98 1 85°  

Burdens measured at a single -phase to  ne utral 
current of five amperes .  

R e lay PHASE A PHAS E B P H A S E  C 
T a p s  Va A n g l e  V a  A n g l e  V a  Ang l e  

A-F-3 2 . 4 7  o
o 2 . 1  1 0 °  1 .97 20° 

A-H-1 0  7 . 3  60° 1 2 . 5  53°  6 . 7  26° 

B-F-3 2 . 4 5  o
o 2 .09 1 5 °  2 . 07 1 0° 

B-H- 1 0  1 6 . 8  55°  22 .0  50°  1 2 . 3  38° 

C-F-3 2 . 4 9  Oo 1 . 99 1 5 °  2 . 1 1  1 5° 

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

The angles above are the degrees by which the 
current lags its respe ctive voltage . 

Continuous Ratings : 

The Continuous Rating of the SKBU-2 relay is 
1 0  amperes and the Continuous Rating of the 
SKBU-2 1 is 7 amperes . The two second over load 
rating or the SKBU-2 is 1 5 0  a m p .  phase and 1 2 5  

amp. ground while t h e  t w o  s e c ond rating of 

SKBU-2 1 is 1 25 amp. phase and ground . 

S E T T I N G S  

If settings in between taps are desired,  the tap screw 
should set in the next lowest tap. S1 should then be 
adjusted for the desired pickup value . S2 should then 
be adjusted to proper dropout ratio.  

A. SKBU-21  
The SKBU-2 1 re lay has s e parate tap  plates for 
adjustment of the zero and negative sequence 
sensitivity of the fault detector.  The fault-detector 
tap markings and pickup are : 
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Ne gative Sequence Sens itivity ( 12) 

A .  None 
B. 0 .4 Amperes 
C. 0 .25  Amperes 

Zero Sequence Sensitivity (Io)  

F.  None 
G. 0.2 Amperes 
H. 0 . 1  Amperes 

Two tap plates are provided :  one for 12 and the 
other one for Io .  

Tap A should not be used in s ervice s ince th is 
would prevent fault detector operation for phase­
to-phase faults .  However , tap F may be used with 
e ither B or  C since ne gative sequence current 
flows for both phase-to-phase and ground faults . 

The recommended settings are tap B or C as 
needed for the required sensit iv ity , and tap F .  
Taps G and H have been provided for applica­
t ions where the ne gat ive-sequence load flow due 
to  series impe danc e unbalance may be high 
enough to operate FD with a tap C setting, In this 
case , set in tap B and in tap G or H. It is n ot in­
tended that taps C and H be used s imultane ously 
due to the possibility of cance llation of the 
negative- and zero-sequence e ffects on ground 
faults . With a tap B setting , a tap H setting is 
preferred .  

T o  summarize , the recommended sett ing combina­
t ion s in the order of preference are :  

C OM B I N A T I ON 12 T A P  IQ TA P 

I 1 c F 

2 B F 
1---· 

3 B H 

4 B G 

B .  SKBU-2 Relay 

1 4  

The SKBU-2 re lay has se parate tap plates for 
adjustment of the phase and ground fault sensi­
t iv ities and the sequence components included in 
the network output . The method of determining the 
correct taps for a given installation is discussed 
in the following paragraphs . 

Sett ing Pr inc i p les  
Tap C provides the  best  balance between 3 phase 
and phas e-to-phase fault sensitivity . Always use 

this tap where distance fault detector supervision 
is used .  Where only the SKBU-2 fault detector is  
used and where the  full load current (maximum 
through any terminal) is approximately five am­
peres or more , tap B will provide increased 
phase -to-phase fault sensitivity with little or no 
sacrifice in 3 phase fault sensitivity . For 
example . if a left-hand tap (T) of 6 is needed 
with tap C (6C ) ,  then use a 3 B setting instead . 

NOTE : From Table I ,  pickup will be 1 05% of Tap 
3 on 3B and 90% of Tap 6 for f/>A to  <f>B fault . 
3¢> pickup is 6 amp .  both settings . 

Use tap A only where satisfactory unbalanced 
fault sensitivity cannot otherwise be obtained 
and where other protection is available for 3 
phase faults . Since with Tap A no 3 phase fault 
protection is available.  

In all cases provide identical res ponse at  all 
stations to  insure proper phase comparison and 
adequate keying for any fault detected by remote­
end relay s .  To acc omplish this , the letter taps 
(A, B ,  C, F, G, H) shou ld be identical at all 
stations . Also,  the taps shou ld be identical with 
CT ratios , or inversely proportional to  CT ratios 
where different . 

After selecting tap C or B ,  pick the T tap to allow 
reset of the fault detector in the presence of load 
flow . That is , fault detector pick-up should be at 
least 1 1 1  percent of full load current (maximum 
through any terminal). 

Now se lect  tap G or H for desired ground-fault 
sensitivity . 

For distance fault detector applications , set 3C 
to  provide the max imum sequence-f1ilte r  voltage 
for the squaring amplifiers . The SKBU-2 current 
fault detector is then indepe ndently desensitized 
(by adjustment of Sl  and S2 settings ) to permit 
reset in the presence of full-load current . Phase 
faults which do not operate the SKBU-2 fault 
detector will be detected by the supplementary 
d istance fault detectors . 

EXAM P L E  SKBU- 2: 
Assume a two-terminal line with current transformers 
rated 4 00/5 at both terminals.  Also assume that full  
load current is 3 00 amperes ,  and that on minimum 
internal phase-to-phase faults 2 000 amperes is fed 
in from one end and 6 00 amperes from the other end . 
Further assume that on minimum internal ground 
fault s ,  4 00 amperes is fed in from one e nd ,  and 1 00 
amperes from the other end . No distance fault detec­
tors are employed.  
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POSITI VE-SEQUENCE CURR ENT TAP 

Secondary Values : 

Load Current = 300 x _5_ = 3 .75 amperes 
4 00 

Minimum Phase-to-Phase Fault Currents : 

600  x _5_ = 7 . 5  amperes 
4 00 

( 1 )  

( 2 )  

Fault dete ctor setting (three phase ) must be at leas t :  

3 .75 _ 4 . 1 8  amperes ( 0 .9 is dropout rat io o f  fault 
0 . 9  detect or .  Setting w i l l  insure that the fault 

detector wi ll reset on load current . )  (3 ) 

In order  to complete the trip c ircuit on a 7 . 5  ampere 
phase-to-phase fault , the fault dete ctor pick-up from 
Table I must not be more than : 
(based on a three phase fault ) 

7 . 5  x _1_ = 8 .7 amperes 
0.86 

ZERO S E QU ENC E TAP 
Secondary Value : 

1 00 x _5_ = 1 .25 amperes minimum ground fault 
4 00 current 

( 4 )  

With T ,  tap 6 and R 1  Tap B i n  use , the fault detec­
tor pick-up currents for ground faults (See Table II) 
are as follow s :  

Tap G 0.2 x 6 = 1 . 2  amperes 

Tap H 0 . 1  x 6 = 0 .6  amperes 

From the above , tap H would be used to trip for a 
minimum ground fault of 1 .25 ampere s .  

SEQU E NCE COMBINATION TAP 
From a comparison o f  (3 ) and (4 ) above i t  is evident 
that the fault detector can be set to trip under mini­
mum phase fault conditions and yet not operate under 
maximum load . From ( 3 )  we can select tap 5 (T).  In 
th is .  case , als o  s e lect tap C (R 1 ) . Current tap ( 6 )  
would b e  used in preference to t a p  5 to allow for 
occurrence of higher load current.  However,  if more 
margin is desired over load current , instead of 
setting 6C , use 3B for improved phase-to-phase fault 
sensitivity . 

I N S T A L LA T I O N  

The phase c omparison re lay is generally supplied in 
a cabinet or on a re lay rack  as part of a c omplete 
assembly .  The location must be free from dust , ex­
cessive humidity , vibrat ion , corrosive fumes , or heat. 
The maximum temperature around the chass is must 
not exceed 55°C . 

I .L. 41·954.50 

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

NOTE : The phase comparison re lay is normally 
supplied as part of a re laying system ,  and its cali­
bration should be checked after the system has been 
installed and interconnected . Details are given in 
the instructions of the assemb ly .  The assembly in­
structions and not the following instruction shou ld 
be followed when the re lay is received as an integral 
part of the re laying system .  

I n  those cases where the re lay i s  not part of a re lay­
ing system ,  the following procedure wi ll verify that 
the circuits of the re lay are functioning properly .  

T E S T  E Q U I P M E N T  

1 .  Osc il loscope 
2 .  AC Current Source 
3 .  E lectronic Timer 
4. A C Voltmeter 
5. DC Voltmeter 

A C C E P T A N C E T E S T  

Connect the re lay to the test c ircuit of Fig.  2 8  which 
represents the tone channel  for test purposes .  Fig. 
29  represents the TCF carrier channel for test pur­
poses . Connect 2 ,  4 ,  6 and 8 together on terminal 
bloc k .  

If a test fixture is not available , t h e  remote pulses 
can be obtained from the SKBU keying c ircuit . This 
is accomplished by jumpering various c ircuits of the 
re lay together as follows : (NOTE : These instruc­
tions apply where no  external connections are made 
to the J1 bloc k . )  

1 .  Apply 4 8  volts d e  t o  J 1 -2 ( pos . and J 1 -5 (ne g . ). 
An alternate connection is to X 1  and X4. 

2 .  Jumper J 1 -26 to J 1 -2 7 .  (This replaces the ex­
ternal sque lch test  switch . )  

3 .  Connect terminal 9 o f  supervision board to X 1 4 .  
(This connects space interface c ircuit to keying 
c ircuit . )  As an alternate connection , J 1 -7 can be 
c onnected to J 1 -25 . 

4 .  Connect one pole of a D PST switch across TP-1  
and TP-2 of  amplifier and keying board . This is 
switch L of the tests . External fault position is 
w ith the switch ope n .  Interna l fault position is 
w ith the switch c losed .  

5 .  On the  SKBU for TCF channe l ,  connect terminal 
1 3  to terminal 1 0  on the supervision board . 

(This connects mark interface to output of s pace 
interface . )  
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6 .  On the SKBU for a TA-2 tone channel :  

a .  Connect terminal 1 0  and TP-1 o f  supervision 
board through a diode-resistor network to nega­
tive . (Connect TP-1  through the forward direc­
t ion of a second diode to  the junction of the 
first diode and resistor . )  

b .  Connect J 1 -3 to  pos itive 4 8  volts de . 

With the jumpers added as per the above informa­
t ion , the transistor circuits are connected t ogether 
as shown in Figure 33 . 

If the above connections are utilized to test the 
re lay , the reference to closing switches A ,  B, C ,  D ,  
E ,  F ,  G ,  H and I of the following test procedure 
should be ignored . 

The following tests are with reference to the re lay 
as received.  If a recalibration of the circuits is 
desire d ,  the recalibration can best be obtained by 
setting S 1 , S2 and S5 to c ounterclockwise limit , S6 
and S7 to  c lockwise limit , and R27 on output board 
to  the middle of its range . 

1 .  FD P ickup and Dropout 

1 6  

a .  Set relay on taps C and H .  Set SKBU-2 T tap 5 .  

b .  Connect a high resistance d e  v oltmeter across 
X22  and X4 (ne g . ) .  

c .  Apply 6 0  hertz current t o  terminal 1 and 3 of 
the re lay. Gradually increase the current until 
the volt meter changes reading from approxi­
mately zero volts to approximate ly 20 volts . 
This is the operating current of FD and should 

be 0 .433±5% amperes for SKBU-2 1 relay and 
4 .33 ± 5% amperes for SKBU-2 re lay, 

d .  Gradually lower ac test current until the de 
v oltmeter drops t o  approximately zero volt s .  
This i s  the dropout current o f  FD and should 
occur at .389 to  .3 95 amperes for SKBU-2 1 and 
3 .8 9  to 3 . 95 amperes for SKBU-2 .  

e .  Adjustment of pickup and dropout is made by 
S 1 , and s2 respectively .  

f .  I f  the output o f  the fault detector is erratic at 
pickup, R53 on the fault detector should be 
adjusted such that the following waveform 
should appear across X2 1  to X4 . 

milliseconds 

peaks should be 
nearly equal or , 
if not , rising 
slightly to the 
right.  

2. Check of Loca l Squar i ng Amp l if iers 
a.  With all  switches of test circuit open , apply 

0.6 to 0.8  amperes ac to terminals 1 and 3 of 
the SKBU-2 1 relay , or 6 to  8 amperes ac to 
terminals 1 and 5 of the SKBU-2 relay . 

b .  Place scope probe across X 1 2  and X4 (grd ). 
A square wave of v oltage should appear across 
X 1 2  and X4 as shown in Fig. 3 0 .  

c .  Place scope probe across X 1 5  and X4 (grd ) .  A 
square wave of voltage should appear across 
X 1 5  and X4 as shown in Fig. 3 0. 

d .  If scope has two traces , c onnect one probe to  
X12  and second probe to X 1 5 .  Connect grd . of 
scope to X4 . The phase re lationship of Fig.  
30 should be observed.  

3 .  Check of  Key ing  C i rc u it 
a. With all switche s of test circuit open except 

A and 0.6 t o  0.8  amperes ac applied to ter­
minal 1 and 3 of the SKBU-2 1 relay ,  with scope 
check voltage across X 1 4  and X4 (grd ) .  (This 
v oltage s hould be checked with 6 to 8 amperes 
into terminals 1 and 3 of SKBU-2 relay . )  

b .  Waveform shown i n  Fig. 3 0 shou ld be observed. 

4.  Check of Remote Squar ing Amp l i fi ers 
a.  Close switches A, B and C of test fixture . 

b. Apply 0.6  to 0 .8  amperes ac to terminals 1 and 
3 of the SKBU-2 1 relay ,  or 6 to 8 amperes ac 
to same terminals for SKBU-2 relay . 

c .  Using scope with grd . lead on X4 , check wave­
shape of voltage a: ross X9 and then X 16 . 
Waveforms of Fig.  3 0  shou ld be observed . Als o  
for three terminal application check waveform 
across X 1 3  and X 1 7 .  

d .  If  scope has two traces , c onnect one probe t o  
X9 and the other on X 1 6 .  Connect grd . t o  X4. 
The phase re lationship to Fig.  30 should be 
observed.  

5.  Setti ng of  S6 (4/0 T i mer) 
a. With S5 set to  minimum resistance (fully 

c ounter clockwis e )  and S6 to maximum res is­
tance (fully c lockwis e )  set switch L t o  external 
fault and c lose switches A, B and C, E and F .  
Open switch I .  Apply 0 . 6  to 0 . 8  amperes ac 
to terminals 1 and 3 of the SKBU-2 1 re lay or 
6 to 8 amperes ac to same terminals of SKBU-2 
relay . 

b. Place scope probe across X 1 0  and X4 (grd ). 
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C onne ct a second s c ope probe to X l l. Adjust 
S5 until following waveform appears on scope .  

Z ero Line 

c .  Adjust S6 until the re lay trips as indicated in 
a change in voltage on X11.  

d. Change S5 to obtain the followin g wavefor m .  
This will  b e  with S5 a t  minimum re s istance . 

Equal P ips 

e .  C lose and open switch H, and slowly turn S5 
until  the re lay operates .  Waveform should be 
same as ste p b .  If necessary , readjust S6 and 
re peat d and c .  

-J< 6 .  Sett ing of S7 (Trans ient Unblock) 
a .  With S5 set to minimum res istance (fully 

c ounter c lockwise ) and S7 to maximum resis­
tance (fully c lockwise ) set switch L to ex­
ternal fault and c lose switches A , B and C ,  
E and F .  Open switch I .  A pply 0.6  to 0 . 8  am­
peres ac to terminals 1 and 3 of the SKBU-2 1 
relay or 6 to 8 amperes ac to same terminals of 
SKBU-2 relay .  

b .  P lac e sc ope probe across X l O  and X 4  (grd ) .  
C onnect a second probe t o  X 7 .  Adjust S5 until  
fol lowing waveform appears on sc ope . 

Z ero Line 

I .L. 41 ·954.50 

Slowly turn S7 until  a voltage be gins to show 
on X7 . NOTE : Th i:=; voltage is NOT a sudden 
charge but a small pulse of voltage that 
charges back to zero volts . 

c .  Change S5 to obtain the following waveform .  
This wi ll b e  with S5 at minimum resistanc e .  
(NOTE : This will  not be true if the re lay is 
c onnected in a system . )  

Equal Pips 

If re lay is c onnected in a system ,  pips will 
change when remote te rminal is adj uste d .  
Readjust bottom terminals such that the pips 
remain equa l .  

7 .  Trans ient B loc k ing D e lay (22/0 and  0/1 000 
Ti mer) 
a. Connect e lectronic timer stop to X7 and X4 

(grd ) .  Set timer stop on ne gative going pu lse . 
Re lay not to be energized with ac current . 

b .  Connect timer start to X3 . Set timer start to 
positive going pu ls e .  

c .  C lose PR 1 switch.  (Represents 2 0  volts input 
to te rminal 7 of PR board . )  Timer should start 
and shou ld stop between 22 and 25 mi llis e c onds . 
If neces sary , adjust R27 on output board to 
obtain t iming. 

d. Set timer start on a negative pulse and timer 
stop on a positive pu lse . 

e .  Open PR 1 switch. Timer should start and 
shou ld stop after a time de lay of 980 to 1 02 0  
milliseconds . 

8 .  6/0 T imer D i stance Fau lt Detector 
a. C onnect timer start to timer start of PR 1 

switch . Set timer start on positive puls e .  C on­
nect timer stop to X3 and X4 (comm ). Set timer 
stop on positive pu lse . 

b .  C los e PR l switch (Represe nts 2 0  volts input 
to terminal 7 of PR board . )  Timer should start 
and should stop after 6 to 8 millis e c ond s .  

9.  Susta ined A r ming Alarm 
a .  With e lectronic timer stop c onnected to X20 

X 2 0  and X4 (grd ) ,  set timer stop on ne gative 
going puls e .  1 7  www . 
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b .  C onne ct t imer s tart to X3 . Se t timer start on 
pos itive pu lse . 

c .  C lose PR 1 s w itch . (Re presents 2 0  volts input 
t o  terminal 7 of PR board . )  Timer will  s tart 
and should s t op after 2 . 2 t o  2 .8 seconds . 

d .  Open PR 1 switch.  

10.  Re check s te ps 5,  6 and 7.  Readjust S6 , R27 and 
S7 if necessary . 

1 1 .  Fast  Reset T i mer (0/1 00) 
a. Connect jumper from TP4 t o  te rminal 4 on out­

put board . 

b .  C onne ct start timer to X l l .  Set t imer start on 
positive pu lse . C onnect t imer s t op to TP6 and 
terminal 8 (ne g . ) of output board . Set t imer 
stop on pos it ive puls e .  

c .  Apply 0 .6 t o  0.8 amperes ac into terminal 1 
and out terminal 3 of SKBU -2 1 relay .  (Apply 
6 to 8 ampe res ac to terminals 1 and 3 of 
SKBU-2 re lay . )  (Switche s A , B , C , E ,  F c los e d ,  
H and I open . Switch L o n  external fault 
pos ition . )  

d .  Close switch L t o  inte rnal fault posit ion . 
Re lay shou ld trip and timer should start and 
stop in less than 2 .5 milliseconds . 

e .  Set timer start on negative pulse and timer 
s t op on negat ive puls e .  

f .  C lose s witch L t o  external fault position and 
de -energize re lay . Timer s h ould start and s t op 
after 80 to 1 2 0  mi llisecond s .  

g .  Open a l l  sw itches o n  test fix ture , s e t  L on 
e xternal fau lt . Remove jumpe r  from TP4 t o  
terminal 4 .  

1 2 . 1 50 Timer  Low Signa l C l amp 1 (TCF Channe l  
On ly )  

1 8  

a .  Conne ct t imer stop t o  X 1 9  and X 4  (comm).  Set 
timer stop t o  positive pulse . 

b .  Set s witch L t o  internal fault position .  

c .  C onne ct  t imer s tart t o  timer s tart of switch L .  
Set timer s tart t o  positive pulse . 

d .  C lose s witches B, C and G .  C lose switch L 
to external fau lt position . Timer w i ll start and 
s h ou ld stop in 1 3 0  t o  1 7 0  mil lise cond s .  

e .  Open s witches B ,  C and G .  Set L on internal 
fault pos ition . 

1 3 .  150 T i mer Low Signa l C lamp 2 ITCF Channel 
Only)  

a.  Conne ct t imer stop t o  X 1 9  and X 4  (comm ).  Set  
t imer stop t o  pos itive pu lse . 

b .  Set s witch L to internal fault position . 

c .  C onnect t imer s tart t o  timer s tart of s witch L .  
Set timer s tart t o  pos itive pu lse . 

d .  C lose s witche s E ,  F and G . C lose s witch L t o  
internal fault pos ition.  Timer w i ll s tart and 
should s t op in 1 3 0  to 1 7 0  mi llise conds .  

e .  Open switches E ,  F and G and set  L t o  in­
ternal fau lt posit ion . 

14 .  150 T i mer Low Signa l C lamp 
(TA- 2 Tone On ly)  

a .  Conne ct  t imer s t o p  t o  X 1 9  a n d  X4 (comm).  Set 
t ime r stop t o  pos it ive pu ls e .  

b .  Set s witch L t o  internal fault position . 

c .  C onnect t imer s tart to timer s tart of switch L .  
Set t imer s tart t o  negative puls e .  

d .  C los e s witches B and C .  C lose switch L t o  
e xternal fault pos ition. Timer w i l l  start and 
should s t op in 1 3 0  to 1 7 0 millisecond s .  

e .  Open switches B and C .  Set L on internal 
fault pos ition . 

1 5 .  150  T i mer Low S igna l C lamp 2 
(T A-2 Tone Only)  

a .  Conne ct  t imer  stop X 1 9  and X4 ( c omm ) .  Set 
t imer stop to pos itive puls e .  

b .  Set sw itch L t o  internal fault pos ition . 

c .  Connect t imer s tart to t imer start of s witch L .  
Set t imer s tart to ne gat ive puls e .  

d .  C lose switches E and F .  Close switch L t o  
external fault pos ition.  Timer will  start and 
should stop in 1 3 0  t o  1 7 0  mi llisec onds . 

e .  Open switches E and F and set  switch L on 
internal fault pos ition. 

16. Si gna l Sque lch  T ime ( 1 0/1 50) 
a. C onnect t imer stop t o  X 1 4  and X4 (c omm ).  Set 

t imer stop on negat ive puls e .  C lose switch A .  
C onnect a jum per from T P 1  t o  te rminal 8 of 
the am plifier and keying b oard.  This turns off 
Q2 to turn on Q3 . 

b. C onne ct  t imer s tart to pilot trip switc h .  Set 
t imer s tart on positive pu ls e .  Close switch I .  
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c .  Close pilot trip switch . (Re pre sent 2 0  volt 
input to te rminal 1 4  of PR b oard . )  Timer will 
s tart and will stop after an 8 to  1 2  millis e c ond 
delay . 

d .  Set timer stop on negative pu ls e ,  and timer 
s tart t o  negat ive puls e .  

e .  Open pilot trip switc h.  Timer should start and 
stop after  a time de lay of 1 2 5  to 1 85 milli­
sec onds . 

f .  Re move j um per from TP to terminal 8 .  

17 .  Check o f  No ise  C i rc u it (Where Used) 
a.  C onne ct de volt meter t o  X 1 8  and X4 (grd ) .  

Voltage must read z e r o .  

b .  C lose switch D .  (Connects terminal 7 of s u per­
vis i on b oard to  ne gative for TA-2 t one chann e l ,  
and re pres ents a 2 0  volt input to  termina l 7 of 
supe rvis i on board for TA-2 . 1  tone channe l .  
Switch D can be conne cted to  +2 0 volts in ­
stead of - 1 2  volts . )  Voltage must ris e to 2 0  
volts . Open switch D .  Voltage must change to  
zero volts . C lose switch G .  Voltage must  rise 
to  20 volts . Open switch G . 

18 . Chec k of F requency Ver if i er 
a .  Open all switches of test circuit . 

I . L. 41 -954.50 

b .  C onne ct sc ope across TP60 and terminal 8 of 
the FD board . 

c .  A pply 0 . 5  amperes to terminal 1 and 3 of 
S KBU-2 1 re lay . (Apply 5 amperes to term inal 
1 and 3 on SKBU-2 re lay ) .  

d .  Waveform o f  F i g .  3 1  sh ould b e  obs erved . 

T R O U S L E S H O O T I N G P R OC E D U R E  

To trouble s hoot the e quipmen t ,  the logic d iagram 
voltage of Table III (Fig. 30) should be used to is o­
late the circuit that is not performing c orrectly . The 
sche matic of the ind ividual board , and the voltages 
of Table IV should then be used t o  is olate the faulty 
component . 

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

Re pair work can be done most satisfac torily at the 
factory .  Howeve r ,  interchangeable parts can be fur­
nished to the customers who are equipped for d oing 
the re pair wor k .  When ordering part s ,  a lways give 
the c omplete name plate data.  For components 
mounted on the printed circuit board , give c ircuit 
symbol and the e lectrical value ( ohms , mfd . ,  etc . )  
and component style numbe r .  
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Tes t P o i n t  

54 

55 1------�--

56 

Term .2 
-� 

5 1 -52 

52-53 
-----

53-51  

T E S T  
POI N T  

TP1 --

Term. 1 3  

TP2 

Term.  1 2  

T P  3 

Term. 1 8  

Term. 1 5  

TP4 

TABL E  I V  
VOLTAGE MEASU R EM ENTS O N  P R INT E D  C I R CU I T  BOARDS 

1 .  F au l t  Detector Board Sty le 531 2D l 3 G01 
l o c  = 0 

6 . 5  -- - ---- -

less 

less 

less 

V. DC -- - ----- �--

than 1 

than 1 
· ·--�-

than 1 f-- ---��-

0 

0 

------ -- -----

t--�----�--
0 

l ac = P ic k u p  of F D  

less than 1 
------- �- ------ -- ----- - ---

4 . 5  V. DC 
- --- -- - - -� -

-

1 8  to 22 V . D C  
f--��---- -

8 .6 V. DC 
----------- --- ----

. - ---

- --------

--------

7 . 4  volts ac ( Appr ox . )  

-
··

------ ---- -- - ------ ------ --- --- - -- --

7 . 5  volts ac ( Approx . )  1------- - - -��---�� - -- --�---�-

7 . 4  volts ac ( Approx . )  

Tes t P o i nt 

Ter m .  5-6 
---- --

-
�- - -----

TP 57 
� -��--------

TP 58  
---��---�--

TP 5 9  
- �- - -- - -

TP 60 r-----�--
TP 6 1  

t--- �-

TP 62  

l ac = 0 

0 
�
-

1 8  volts ) 

1 8  volts ) 

less  than 1 ) 
� 

---------

20 volts ) 
-

-

1 8  v olts ) 

less than 1 ) 

2. Supervi s i on Boa rd,  202C564G01 ,  TA-2 T ones 

--

N O R M A L  
C O N D I T ION 

*48 V. DC 
- --- - --

-

-

� 

* le s s  than 1 
------------- -----

* less than 1 

* 1 3 . 5  V. DC 

* less than 1 

less than 1 
--�� ---��--

less than 1 

* * 4 8  V. DC 

A B N ORMA L C ON D IT I ON 

less than 1 with loss 
of channel 1 --�--- 1 6 V .  with loss of 
channel 1 ----�-- -----

4 8  V .  with loss of 
channel 1 
less  than 1 with loss 
of channel 1 -

-
--- ----------

7 V .  with loss of 
channel 1

---�---
20 V .  with loss of 
channel 1 

+---:z o V .  with loss of 
channel 1 
less than 1 with foss 
of channel 2 

T E S T  
POI N T  

Term. 1 7  t------ --
TP5 -- -----· -· --- -

Term. 1 6  
--

TP 6 

Term. 1 9  
----- -----------

TP7 

Term.  5 
-----

Term. 1 1  

N OR MA L  
C ON D I T I ON 

* * less than 1 t-
* less than 1 

------- - �-�---

* 1 3 . 5  V DC 

* less than 1 

less t h an 1 
----------------

less than 1 

less than 1 

less than 1 

* N ormal conditi on c ould be square wave pulses .  

l ac = P i c k u p  of F D  

1 4 . 5  volts ac ( Approx .) 

Pulses see Fig.  31  
___lor Waveform 

r--

A B N O R MA L  C O N D I T I ON 

1 6  V .  with loss of 
channel 2 
4 8  V .  with loss of 
channel 2 
less  than 1 with loss 
of channel 2 
7 V .  w ith loss of 
channel  2 
20 V .  w ith loss of 
channel 2 
4 8  V .  with noise 
clamp 
20 V. with noise 
clamp 
20 V. with noise 
clamp 

* * Normal c ondition c ould be square wave pulses .  On two terminal l ine applic ation normal condition of TP4 � less 
than 1 and term 1 7 - 1 6  volt de .  

3.  Superv i s ion Boa rd,  202C565G01 ,  TCF Channel 

T E S T  N ORMA L 
A B N ORMAL C ON D I T I ON 

T E S T N ORMA L 
A B N O R M A L  C ON D I T I ON POI N T  C ON D I T I ON P O I N T  C ON D I T I ON 

Term. 1 3  * le s s  than 1 
less than 1 with loss 

Term. 1 7  * * less t h an 1 less than 1 with loss 
of channel 1 of channel 2 
less than 1 with loss 

-

--

�

-

- r--�------r-� Term. 1 2  * 1 3 . 5  volts de of channel 1 less than 1 with loss 
Term. 1 6  * 1 3 . 5  volts D C  of channel 2 

TP1 * less than 1 7 V. DC with loss of 
channel 1 7 V. DC with loss of 
20 V. DC with  loss of TP 2 * less than 1 channel 2 Term. 1 8  less than 1 channel 1 ---�--r---
20 V. DC with loss of Term. 1 9  less  than 1 20 V. DC with loss 

Term. 15  less than 1 channel 1 of c hannel  2 

* N ormal c ondition could be s quar e  w ave pulses.  

* * Normal condition could be square wave pulses .  On two terminal line applications normal condition of t erminal 
1 7  is 1 3 .5 volts de . 
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I .L. 41 -954.50 

TABL E  I V  (Con't.) 
VOLTAGE MEASU R EMENTS ON P R I N T E D  C IRCUIT  BOARDS 

T EST P O I N T  N O RMAL ( l
AC = 0) A B N O R MA L  ON l

AC = P I C KU P O F  F D  

4. Ampl i f ier  and  Key i ng Sty le, 202C551 GOl for T A-2 T ones and  Sty le 202C540G01 for TCF 

TP1  4 . 5 volts 4 .5 volt puls es at FD pickup 
--- -------- ----- --

-- -
- - -- -- - -----

---- - ----
-- ----- - --

--TP2 less than 1 5 . 5  vo lt pulses at FD pic kup less than 1 with squelch 
Term .6(tA.:.2 Tonesf --- 48 v6ffs 

r------- --- ------------- - --- -- -- -
- - --- - 12 -volfvulsesaT FD--picku:P 4 8 -v nc-wit!l-s<iue l� 

- - -- - � - --------- ------ - -- - - - -- ----------�------! Term.6 (TCF C arrier) less t han 1 2 0  volt pulses  at FD pic kup less  than 1 with squelch 
r-i'P4 __ ___ - - - --4_--5-volts - -- - -

2 0  volts 
----- - -4-:5V01t pu-rses-at FtfPIC-kU_P ______ _ 

Term.9 
Term . l l  ----- ---- - f-- --- --- ---- 20 volt pulses at FD pic kup 

--- - -----------'------=-----------------1 less  than 1 or 20 volt pulses 2 0  volts  with loss of  TA-2 channel 1 less than 1 
with loss of TCF channel 1 

1---=::---- --------Term. 1 less than 1 or 1 6  volt pulses 
TA-2 , 1 3 .5 volt pulses  TCF 

16 voifS -w-i-th-loss_o_f T-A--2-c-hanne_l_1 _______ 
_ 

Term . 1 2  -- ----- -* * less-ihal-110f2o volt pulsesr--:zo volts loss of TA-2 channel 2 less than 1 
with loss of TCF c hannel 2 

�-------------- - -- --- - ------ -- - - ---------- - - -- ---- --- - ----------------- ----- ---------1 Term . 1 6  * * less than 1 or 1 6  v olt pulse s  1 6  volts with loss of T A-2 channel 2 less  than 1 
-------- - -· 

TA-2 , 1 3 .5 volts TCF with loss of TCF channel 2 
- ---

-
-

-
- .  - - ---

-
--

- - ------ ---
--

---- ----- -- --------------- ---- -------1 TP9 4 . 5  vo lts  4 .5 v olt pulses at FD pickup 
- ---- - - - -- - - - - ------------1 2 0  volt pulses at FD pickup -------- ------- --- -

------ --2 0  volts -- --Term . 1 7  
---- - -- -

------ - - ------- --------------------1 2 0  v olts or 2 0  vo lt pulses less than 1 with loss of channel 1 Term . 1 4  
- - -Term . 1 5  1 3 .5 vo lts  or 1 3 .5 volfpulses -less Than r-wit1iTc)ssOTCii.8.-rineTl 

Term . 10 - -- - *-*-20 volts or 20 voltpulses___ lessTh-an I with.Tclss of c hannel 2 
'"=T:-e-rm-. 1:--:3·--------- - �13-.5 voltsor i3:-5VoTf pulses-- -TessTh-an- :f w ithloss of c_h_a ___ n_n--e'l'2'-------------t 

TP1  less  than 1 

1-------- --TP2 less than 1 

1--------
----- --

---TP3 10 volts 

f----- ---- - - - - - --- -TP4 1 3 . 5  v olts 

5. Armi ng Board Sty l e  202C509G01 
10 volt pulses on internal fault 

* less  than 1 on e xternal fault 
less than 1 on loss of c hannel  
10  volt  pulses on internal fault 

* less  than 1 on external fault 
less than 1 on loss of channel 

* less  than 1 on internal fault 
* 1 0  volts on external fault 

1 0  volts on loss of c hannel 
---- - ---- - ------- - -- ;----------------1 less than 1 at FD pickup 

TP5-- c---- iess than-i --- - - -- 13-:-5-v olfs_a_t FD ·p--i,-c'k_u_p ______________ ---1 

Term�-5 - -- - ---- - iessThan_1 __ _ - ------ ----2o vo_lt_s-atF_D_p-ick u_p ___ _ 

TP_S
___ ______ -- - 26volts -- ---- -- - - - -*less than 1 on internafTaults ________

__ _ 

* 20 vo lts on external fault 
1 20 volts on l o s s  of c hanne l 

6. Output Board Sty l e  202C548G01 

TP1 16  less than 1 when armed 
--------- - --- --- - --- +--- - -- ---- - - - - -------------------------j TP2 
--------TP3 
-----c- ··--- ------TP4 

TP5 

-- ---- - --
less than 1 
20 volts 

- -- - -less than 1 
-- -

20 volts when armed 
less than 1 when armed 

- ----- --- -----20 v olts w hen armed 
less tt!an i aftnp-

TP6 2 0  volts less than 1 whe n  armed 
------ -- -------+ 

-
- ------

-----------1 �P7 __ _ - -- - -les s than_T_ ---- - Applies to sequential fault --an-d-;-;-is_a_pu"'l_s_e--o-;;-f-s'h-or-c-t�dc-ur-at�io-n-l 
c---------------- -- - - --- - - - --- -- ---- ----- r----------- - -------------------1 TPS less than 1 7 volts 22 milliseconds after arming r--;ypg------ - - ----- - 1 8 .5__ _  ---- --- 7 voltsaT1rii;l --'-c::..::_-=---------'"-------------J 

Term . 1 3  - ----- - - --less-than_1 ____ -- ---- +--2'"0c--v-o'ltc-s-at�tr"'i-p------------------l 

*Very narrow pulses w ould b e  observed on scope 
* * V alues for three terminal line applications . On two terminal line applications - Term 12 and 10 are zero volts , 

Term . 1 6  volts TA-2 Tone s ,  1 3 . 5  volt s TCF and Term.  1 3  1 3 .5 volts de for TA-2 tones and TCF . 

2 1  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



E LECTRICAL PARTS L IST  (Con t ' d .) 

C i rcu i t  S y m b o l  Descr i pt i on 

Protective Relay Board Style 202C563GOl 

Capac itors 
C 1 -C5-C7 0 . 04 7  Mfd . 
C2 0 .47 Mfd . 
C3 68  Mfd . 
C4-C6 0 . 2 7  Mfd . 
C8 6 . 8  Mfd . 

D i odes 
D1 to D8 1 N645A 

Trans i stors 
Q1 -Q2-Q3-Q5-Q6-
Q8-Q 1 0-Q1 1 -Q12  2N34 1 7  
Q4-Q7-Q9 2N3645 

Res i stors 
R 1 -R2-R3-R4-R5-
R27-R28-R30-R36 
R37 4 . 7  K Ohm 
R6-R1 6-R26-R3 1 
R35-R38 82 K Ohm 
R8-R 1 5-R25-R34 -
R40-R44 6 .8 K Ohm 
R7 -R9-R1 0-R 1 4-
R20-R2 1 -R23-R24-
R32-R33-R39-R4 1 -
R43-R46 10 K Ohm 
R 1 1 -R22-R45 27 K Ohm 
R 1 2-R 1 8  4 7 0  Ohm 

0R29 ( 48 Vdc) 22  K Ohm 
oR29 ( 1 2 5  Vdc) 68 K Ohm 
R42 33  K Ohm 

Zener D i odes 
Z1 to Z5-Z 1 0  

t o  Z 1 3-Z16  1 N36 86B , 20 V 
Z6-Z7-Z8-Z14-
Z 1 7- Z 1 8  1 N95 7B , 6 . 8  V 
Z 9-Z 1 5 1 N3688A 

Output Board Sty le 202C548G01 

C 1  
C2 

;\ C3 
C4-C 1 2  
C5-C7-C 1 0  
C6 
C8-C9 
C 1 1  

D 1  to D l l  

Capac itor s 
0 .  04 7  Mfd . 
22 Mfd . 
3 . 3  Mfd . 
1 . 5 Mfd . 
0 . 2 2  Mfd . 
4 .7 Mfd . 
500 Mmfd. 
0 . 1  Mfd . 

D i odes 
1 N645A 

1\  C3 - 2.2  MFD . on  some b oard . 
o - Break er Failure Inputs .  

24 

W e s t i nghouse C ir c u i t  Symbol  Descr i pt i on W e s t i nghouse 
Sty le  N umber Sty le N u m ber 

Output Board Sty le  202C548G01 (Cont' d . )  

Tran s i stors 
849A437H04 Q1 -Q2-Q3-Q5 -Q6-
1 88A669H01 Q8-Q9-Q 1 3  2N34 1 7  848A85 1 H02 
1 8 7A508H02 Q4-Q7-Q1 0-Q l l -1 88A669H05 Q 1 2-Q 1 4  2N3645 849A44 1 H0 1  1 84A66 1 H1 0  

Res i stors 
R1-R2-R32-R40-R43 4 . 7  K Ohm 6 2 9A53 1 H48 837A6 92H03 R3-R48 82 K Ohm 629A53 1 H78 
R4-R7-R8-R9-R1 5 -
R 1 7-R1 9-R26-R3 1 -

848A85 1 H02 R34-R36-R37-R38-
849A4 4 1 H0 1  R4 1 -R45-R46 10 K Ohm 629A5 3 1 H5 6  

R5-R10-R1 8-R22-
R42-R47 6.8 K Ohm 6 29A53 1 H5 2  
R6-R24-R25 27 K Ohm 629A53 1 H66 

629A5 3 1 H48 R 1 1 - R 1 3  1 K Ohm 629A53 1 H3 2  
R 1 2  1 00 Ohm 629A53 1 H08 

629A5 3 1 H78 R 1 4-R1 6-R50 15 K Ohm 629A5 3 1 H6 0  
R20 220  K Ohm 1 87A64 1 H83 

629A53 1 H5 2  R21 -R33-R35-R39 
R44 22  K Ohm 629A5 3 1 H64 
R23 47 Ohm 1 87A290H1 7  
R27 (Pot)  15  K Ohm 6 29A430H08 

62 9A53 1 H56 R28-R29 470 Ohm 629A53 1 H24 
629A5 3 1 H66 R30 470 K Ohm 1 84A7 63 H 9 1  
629A5 3 1 H24 R4 9 1 5 0  Ohm,  3 Watts 762A67 9H01  
629A53 1 H64 
187  A643H7 1 Zener D iodes  629A5 3 1 H 68 Z 1  1 N3686B , 2 0  V 1 85 A 2 1 2H06 

Z2-Z4-Z5-Z6-Z7 1 N957B , 6 .8 V 1 86A797H06 
Z3-Z8 1 N3688A,  24 V 862A288H01 

1 85A21 2H06 
Relay Board Sty le 531 2 D80G01 - SKBU-2 

1 86A797 H06 53 1 2 D78G01 - SKBU-2 1  
862A288H01 Capac i tors 

C 2 0 1 -c202-C203 0 . 25 Mfd . 1 87 A624H02 

Res i stors 
849A437H04 R201  50  Ohm s ,  5W 1 85A209H06 
1 84 A66 1 H l 6  • R202-R203 
867 A53 0H0 1 (SKBU-2 1 )  3 . 3  K Ohms 6 2 9A5 3 1 H44 
1 87 A508H09 

* R202-R203 763A2 1 9H2 1 
1 84A66 1 H 1 2  (SKBU-2) 2 .2 K Ohms 1 87A64 1 H3 5  
1 87A694H03 F i lter Choke 1 88A669H03 L20 1 8 . 5  H , 450 Ohms 1 88A460H01 

Zener D i odes 
Z201  

837A692H03 (SKUB-2 1 only) 1 N 1 828C , 43  V 629A7 98H 1 4  

* Typical V alue 

• 

• 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TEST POINTS 

T1 K E YING 
TRANSFORMER 

T2 LOCAL 

TRANSFORMER 

TAP BLOCK (SKBU-2 HAS A SECOND 
TAP BLOCK) 

R2 RESISTORS FOR 

Fig. 1. Photograph (Front View).  

Fig.  2. Photograph ( R ear V iew) .  

I . L. 41 ·954.50 

RELAY BOARD 

P O W E R  SUP P L Y  

20 VOlT Z E N E R  D I O D E  

J 1 TERMINALS 

FREQUENCY V E R I F I E R  

TRANSFORMER 

1'< 3  RESISTOR 
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26 

I[) 
0:: 

5312DI3GOI 
69 1B082 

Fig.  3 .  Location of Componen ts o n  Fault Detector B oard. 

E!R ::. N ORMALLY ;QNDUCTING TRAN�ISTQ-; FOR ST;·iE OF TRANSMISSION SH0WN 
N O  ,� 1... CURRENT 

NEG 

FREQUENCY V E R I F I E R  

691B077 
Fig.  4. Schematic of Fault D etector B oard. 
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--

Fig. 5. Location of C r n g  oard. omponents on A rm "  B 

Fig. 6. S chemotic of A . rmr n g  Board. 

I .L. 41 -954.50 

7 1 5B248 

7 1 5B257 
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I 

Fig.  7. L ocation of Components on A mplifier  and Keying B o ard far T A -2 Ton e Channel.  

[ru: TRAN SISTORS A R E  NORMALLY CONDUCTING 
CONDITIONS FOR STATE OF TRANSISTORS SHOWN 

( I )  SPACE SIGNAL BEING RECEIVED 

(2) NO A.C CURRENT FLOW INTO SEQ FILTER 

+ • CONNECT LINK TO PROPER TERMINAL AS SHIPPED FROM 
T E R M I N A L  L I N E  

FACTORY L I N K  CONNECTED FOR � 

TYPE RELAY TYPE CHANNEL 

SKBU 2 TA2 TONE 
SKBU-2 TA2 . 1  TONE 

SKB U - 2  TA2 TONE 
SKBU-21  

�,. ����======fil 

6 8  
'------

• 
7 

REMARKS STYLE BOARD 

� - 2 7 K 202 C 55 1 GOI 

R E F  

7 1 5B286 

COMPONENT LOCATION 

� '-..r---1 '>....-..r--' � 7 1 5 8 286 
OR AND I AND 2 KEVER 

KEYI N G  C I R C U I T  

7 1 5B285  

Fig.  8 .  Schematic o f  A mplifie r and Keying Board for T A -2 Tone Channel. 
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I .L. 41 -954-50 

-

7 1 5B277 
Fig. 9 .  Location of Components on A mplifier a n d  Keying B oard for T C F  Carrier Channel, TA2. 2 Tone Channel, a n d  MC-22 

M i crowave Channe l. 

1 3  

[ffi = T R A N S I STORS ARE NORMALLY CONDUC T I N G, 
CONDITION S FOR STATE O F  TRANSI STORS SI-IOWN 

( I )  SPACE SIGNAL B E I N G  RECEIVED 
(2) NO A C  CURREN T FLOW I N TO SEQ FI LTER 

..._ • C O N N E C T  L I N K TO PROPER TERMINAL1 A S SHIPPED FROM FA C T ORY, LINK CONNECTED FO R 2 TERM INAL LINE 

crl_��ft'PE 
K B U - 2  

SKBU - 21 

REMOTE REMOTE SQUARING 
SQUARING AMPLIFIER 6 
A�PL.!fiER 4 SEE T A B L E  

REMA R KS 

"* =JUMPE"R IN PLA
.
CE OFD4.1 

R36 OMITTED _j 

7 1 5B276  
Fig. 10. Schematic o f  Amp lifier and Keyin g Board for TCF Carrier Channel, TA2.2 Tone Channel, and MC-22 M i crowave Channel.  
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7 1 5B784 
F i g .  1 1 . Location of Components on Output B oard. 
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-· 

I 
I I � I 1 0 0 (\J I") I 0 0 (\J (\J rn (\J (.) (.) (.) I .--- 1 I I 

/ � I I 
0 I (\J 
...J 0 z _ ,. 

z C N ..J  I 0 - :,� 
'- l----/ -;- m  

Q :;) ¥ >-w ., rn oe  

'--- � �  � I � -0 0 I (\J 
0:: I 

ml 

I 
Fig.  1 3. Location of Components on R elay Board. 

�lL _ _ _ �LOW-PASS PHASE
·
J---------'2c,) <E-"'0'---� FILTER DELAY 

• 

12 L�ZOI � � I s� �'---<1�-��.:-:0:::0:-:��--·-�.------------------------------"�>------;l- l SETTING 

�" 
·· ·" · r� I ., : ,.,, ;;;t:v· 

USED ON<,._ l- - --- · --------------------�2 1 _ i) AOJUSTMniT 

!��u - 1 1 
I 0 0 

S I< IIU,2 1 � I� 
RELAY ON...Y I - 2 N � 1� � I 

I � � u u � I I "' � 

f _, ! 

I : J � N : I I I to • 
r - - -� �---+----- ------------------.:.1 �- I • I 

I" • \ v I 
I LOW PASS PHASE I 
I FILTER DELAY 

SK BU - 1 - SI<BU-2 5312080GOI I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - - - - S�U�:_S!£8U�! �1�7�

0
_!_ j  

RELAY CIRCUIT BOARD 

Fig.  1 4. Schematic of R elay B oard. 

I 
I I 
I 

I 

I 
I 
I I 
I 

691B095  

69 1B073 
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I 
I I I I I ,_J 

r 
Fig. 1 5. Lo cation of Components on Supervision B oard for TA -2 Ton e Channel.  

��==========�========���·il=-=-=t�------- ·� l_i?K �42) - -jR39} - 1 IO K I 

SPA C E I  M A R K I  A N D  1 5 0/0 

INTERFACE l 

L ____ _ 

[jjJ TRANSI STORS ARE NORMALLY 

CONDUCTING 

FOR STATE Of TRANSISTORS 

lf1 

SHOWN SPACE SIGNAL BEING RECEIVED 
FROIII CHANNEL R E C E I V E R .  

" 

---� " 
" 

I N 6 4 5 A  06 

, ,  

Fig. 16. Schematic of Supervision B oard for TA -2. Ton e Ch annel .  

I.L. 41 -954.50 

7 1 5B312 

7 1 5B311  
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01 0 

(\j 

L_ 
= 

Q:> =  

�--------------r-
7 1 5B314 

Fig. 1 7. Lo cation of Components on Supervision Bo ard for TCF Carrier Channel, TA2.2 Tone Channel, and MC-22 

M i crowave Channel. 

' v 1 ' v J \____, ,------1 '-- v _J ' - v__/� 
L INE BUFFER SPACE 2 MARK 2 OR 150/0 

DRIYER I INTERFACE INTERFACE 2 2 -----'- ------'---

16 

18 

[0� TRANSISTORS A R E  
NORMALLY CONDUCTING 

STATE OF TRANSISTORS SHOWN 
SPACE 31GNAL BEING RECEIVED 
FROM CHANNEL RECEIVER 

7 1 5B313  
Fig. 18. S chematic o f  Supervision Board for TCF Carrier Channel, TA2.2 Tone Channel, an d M C-22 Micro wave Channel.  
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NEUTRAL 

SEQUENCE FILTER 

PART OF J l  

PO& ·�t-----1�-4 X I  SOURCE VOLTAGE 200./\. fP +20 VOLTS TO 4 ALL 
80S. EXCEPT R ELAY 

IN2084B � r � TO 8 ALL BDS 
EXCEPT RELAY NEI S�t----��-�-� 

a..._ 

FAULT - I 
DETECTOR J 
I l [ _ _ 

f C���o �---; -; 0 . o  -OJ_ 
----< 0 D N KEYER f--3>1>-----

1 0 D 
" I  

J 5 0 LOCAL SQ AMP 0 9 j I 
'---------<""• r 18 0 LOCAL SQ. AMP. 

2 1
-r -, 1 0 REMOTE SQ. AMP. I I 

1 3 � _Llli_K_I T ,----<Jiopl6_0,__""iREMOT
; 

SQAMR IJ'!�-!�-----
1 I_ - - 12 1  

15 I REMOTE SQ AMP 0 14 
1 4 LINK 2 I _-1_ I I REMOTE SQAMR [0.:'�Jo7:>-----

FROII {:::: : 1:: 

;�:�;E
L
R SPACE2 8•+----------------------t--l 

MARK 2 l6i��Ji---------------------r---
lj:MPLI FIER ANa 6 _ _j L3 __ cr4.Q!J 

KEYIN_§__ _ _  � 

FRO� SQUELCH 
TEST SWITCH 

DISTANCE 
FAULT 

DETECTORS 

, - - - - - - - - 1 
r•+--------A<)<;"] B S 0 0 I 100/10 -·"-""" O 27 ..,. 'f SQUELCH 19 

{�����·"!������-L.�S�O 0 0 S/OTIMERDISt J 
O
�R 81 FAULT DH ):(I' :�""'r l I I 

__ ).,o�2500TIMER I I J 
r L  � .. , 

PILOT TRI P .... L14�- >-BREAKER lOH � 6 �R 17 
_�:t=�=t=1::,0�0 0 0 B 3 0 IN 0 

FAt;".!!� -: :- -
I 

4 
[Ej .PROTECT_!Y!; R.f!:.A'!_ JiUs 8310-=: 

0 0 lSJ'N SIGNALCLAMPll�t 
I NTERFACEJ �l50/0TIMER 1 1 

MARK2 I � -2--�?- - -
'--------<1 - 2  0 INTERFACE j I 16 
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NOTES: 
l FOR THREE TERMINAL LINES, LINKS I AND 2 ON THE AMPLIFIER AND KEYING BOARD 
(POSITION C )  MUST BE CONNECTED BETWEEN C AND 3 ON THE BOARD. 

2. FOR ARMING BY DISTANCE FAULT DETECTOR ONLY, LINK ON ARMING BOARD 
(POSITION D )  MUST BE OPEN 
3.AS SHIPPED FROM FACTORY, RELAY IS CONNECTED FOR TWO TERMINAL 
L I N E  AND FOR ARMING BY BOTH THE DISTANCE FAULT DETECTOR AND 
THE SKBU-21 FAULT DETECTOR. 
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NOTES : 
L FOR THREE TERMINAL LINES, LINKS I AND 2 ON THE AMPLIFIER AND KEYING BOARD 
(POSITION C} MUST BE CONNE'::TED BETWEEN C AND 3 ON THE BOARD. 

2.. FOR ARMING BY DISTANCE F.II,ULT DETECTOR ONLY. LINK ON ARMING BOARD 
{POSITION D) MUST BE OPEN 
3.AS SHIPPED FROM FACTORY,HELAY IS  CONNECTED FOR TWO TERMINAL 
LINE AND FOR ARM1NG BY BOTH THE DISTANCE FAULT DETECTOR AND 
THE SKBU-2 FAULT DETECTOR. 
4.
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Fig. 25. Operating Times of Fault Detector of SKB U-2 1 R elay. 
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876A404 
Fig.  26.  Operating Times for Fau lt D etector of SKB U-2 1 R elay as a Fun ction of Fault Inc idence Angle at 5 amperes. 
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F ig. 27. Width of Keyil)g  P u lses at D i fferent Current L evels af SKBU-2 1  R elay. 
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Fig. 28. Test Circuit o f  SKB U-2 1 Relay for TA-2 Tone C h annel.  
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Fig. 29. Test Circuit  of SKB U-2 1 R elay for TCF Carrier Channel, TA2. 2  Ton e  Channel, and M C- 22 M i crowave Ch annel. 
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tUT CIRCUIT POINT 

X1 D.C. INPUT VOlTAGE 

X2 REOUI..ATEO D.C. 

X4 BATTERY NEOATIV£ 

x:1 TRANSIENT III.OCK 

X8 ARMING 

XII I'ILOTTRIP 
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)(3 DISTANCE FAULT 
DETECTOR OPERATION 
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X20 SU STAI N E D  A R M I N G  

X22 FAULT DETECTOR 
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XII(GNDI LOW ,ASS FILTER 
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C H A N N E L  

� "  
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(3 TERMINAL LINEI 

X10 <X*PARER 
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Fig. 30. Table Ill Test Point Voltage. 
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----�--------------- 16 T0 20 V  
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PULSES 'LERY NARROW � 1 6.7 M.S. � 

6 1  ----- 16 TO 20 V. 
----- o v. 
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Fig.  3 1 .  Frequency Verifier Waveforms at 60 Hz.  
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MA X .  P U L S E  8. 3 M I L L I S E C O N D S  

8 -
-

..,r---
)� � � 7 

/ � � TA P 5 CH 
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Fig. 32.  Width of Keying P u lses at  different current levels of SK B U.l Relay. 
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INTERCONNECTION DIAGRAM OF TEST CONNECTIONS TO OBTAIN 

R EMOTE PULSES FROM K E Y I NG C I R C U I T  OF E I T H E R  

S KB U - 2  OR S K B U - 2 1  FOR A TA-2 O R  T A - 2 . 1  

+'tO VOLTS DC � I 

TONE C HA N N E L  

INTERCONNECTION DIAGRAM OF TEST CONNECTIONS TO OBTAIN 

R EMOTE PULSES FROM KEYING C I R C U IT Of E I T H E R  

SKBU-2 O R  SK B U - 2 1  FOR A T C F  C HA N N E L  

EXTERNAL JUMPER 
� 

EXTERNAL 

NEC.. """"<i:oil8-+--..... --<il--------<il--.... -.... _--�-----<i>--...J � '------..------

52 

tAT. 
MEG. 

� 

'-----------' 
U Y I M G  C I RCU I T  
Wl t F I ER AND 
lEY lNG BOARD 

SPACE I IHERFACE 
SUP �RV I �  I 011 t'':: ARD 

MARK INTERFACE 
SUPERYI StOll BOARD 

IFYIIIG C , RCUIT 
.b4Pl l f l ::1! AltO 
KEYING d',t.RD 

SPACE INTERFACE MAR� I NTERFACE 
SUP ERVISION BOARD SUPERY I S IOII BOARD 

�>-- = P R I NTED C I RCUIT BOARD TERMINALS 

7 1 6B647 
Fig.  33. Inter Conn ection D iagram of Test Connections to Obtain Remote P u lses from Keying C ircuit. 

� 

MOTE: VOLTAGES W I T H I N  P.UEIITHES I S  ( ) , ARE 
WITH REFERENCE TO U-2 CO*. 
VOLTAGES OUTS I D E  OF P.lREMTHES I S  ARE 
WITH REFERENCE TO BATIEIIY MEG. 

,�·--dL�L----------------------4�.-------------�-4r-------------------.--, 
I 
I 
I 

I 
I 
L - - - - - , 

I 
I 
I 

� �  au::, u-r 

. . .  .__ ......... � �����:, 
" 

� � �ACE IITIII�ACE RBCITE IW J 
a-t nn�J, l.i.-2 

716B646 
Fig.  34.  Elementary Connections of SKBU to TA -2 Ton e Channel.  
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lAT. 
MEG. 
SKBU-2 
-.-

SKBU-Z � +48 VOLT S 

T I S  YOLTS ( Tl-2. I COMM. ) 

( - 1 8  VOLTS TA2 . 1  TOllES) 

KEYIU KEYIIIQ '-v---" � 
SKfiJ-2 TA2 . 1  

SKBU-2 
7 

TA-2. 1 I -,-
� I Tl-2.1 

-1 5-

I .L.  41 -954.50 

MOTE· VOLTAGES WITHII PAREIITHESIS ( ), ARE WITH 
REFEtEKCE TO TA-2 . 1 CONN. VOLTAGES OUTSIDE 
OF PAREMTHES I S  ARE WITlt ltEFEitDCE TO IATTEIY 
IIEG. 

+36 VOLTS (+18 TA-2 . 1  TOllES) 

SKIJ-2 7 16B396 
Fig.  35. Elementary Connections of SKBU to TA-2. 1 Ton e Channel:  

R41 

. , .  

471< 

L ___ _ 

l9.!J TRANSISTORS ARE NORMALLY 
CONDUCTING 

fOR STATE O F  TRANSISTORS 
SHOWN SPACE S I G NAL BEING RECEIVED 

FROM CHANNEL R E C E I V E R .  

Fig.  36. Schematic; of Supervi sion B oard for TA -2 . 1 Tone C h annel.  

716B364 
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,� MARK INTERFACE '-----LO_W_S-IGvN-AL-C�LA=M=P====·
,
�IB�

� �� 
SUPERVISION BOARD 

19;;;) • N ORMALLY 

CONDUCTING 

TRANSISTOR 

FOR STATE OF 
TRANSISTORS SHOWN 
A SPACE SIGNAL 
BEING RECEIVED FROM 
CHANNEL RECEIVER 

SPACE 
X 9  

_j 1 9  I AMPLIFIER 3 AMPLIFIER 4 
LOW L AMPLIFIER AND KEYING BOARD ���:�� - _;_;;_ __ ..J 

7 1 7 B 0 5 9 
Fig. 37. Conn ection Di agram of Remqte Squaring Amp lifiers of SKB U-2 on d SKBU- 2 1  Relays for TA-2 Tone Channel. 
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SPACE I 
I NTERFACE 

AMPLIFIER AND KEYING 80. 

� �  
REMOTE SQUARING REMOTE SQUARI NG 

AMPLIFIER3 AMPLIFIER 4 

I [QI] ::: NORMALLY CONDUCTING 
TRANSISTOR 

MARK 

FOR STATE OF TRANSIST"""I 
SHOWN A SPACE SIGNAL� 
BEING RECEIVED FROM 

CHANNEL RECEIVER 

1 4� �CE 

I x9 
I I  I 

L__ __ ---- --- _j 
LOW 

SIGNAL 

CLAMP 

7 1 7 B 1 2 8  
F i g. 38. Conn ection Di agram of R emote Squaring Amp lifiers of SKBU-2 an d SKB U-2 1 R e l ays for TCF Carrier Ch ann el, 

T A 2. 2  Ton e  Channel an d M C-22 M i c ro wave Channel. 
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Westinghouse I .L. 41-954.3E 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT I O N S 
TYPE SKBU-1 AND TYPE SKBU-1 1 PHASE 

COMPARISON RELAY FOR TC CARRIER CHANNEL 

CAUTION :  It i s  recommended that the user o f  this 
e quipm ent  become acquainted with the information 

0 in  this instruction leaflet and i n  the system m ­

struetion leaflet before energizing the s�·ste m .  

Prin ted circu i t  modules should n o t  h e  removed o r  

0 in sprtPd when t h e  relay is  energized. Failure t o  

observe  this  precaution can  result in an  undesired 
t ripping output and c an cause component d am ag e .  

A P P L I C A T I O N  

The type SKBU-1 relay and the type SKBU-1 1 relay 

are relays used in conj u nction with a type TC power l ine  

O carrier set  to prO\·ide complete phase and grou nd fau l t  

protection o f  a two-terminal  transm ission l i n e .  S i mul­

taneous trippi ng of the rela�· at each l ine  terminal is  

obtained in less than twent�·-five mi l l i seconds for all 

in tPrnal faults within the l i m its of the rela�· settings. 

The phase-comparison s�·stem operates on  line current 

on !�·. and no source of ac l ine potential  is  required.  The 

d istanre phase-comparison systems use distance rela�·s 

to complement the fau l t  detectors . Neither s�·stem wil l  

trip  during a swing or out-of step condit ions .  The carrier 

equipment operates directly from the station battery. 

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

The phase comparison relays consist of a com-

O posite positive, negative and zero sequence current net­

work,  a saturating transformer ,  three isolating 
transformers , a 20-volt power supply,  and printed  
circuit boards mounted on a standard 1 9-inch wide 
p anel , 8- 3/4  inches high  ( 5  rack unit s) .  The SKBU- 1 1  
relay has a second saturating transformer in addition 
to these components.  Edge slots are provided for 
mounting the rack on a standard relay rack .  
Sequence Network 

a.  SKBU- 1 1  

The sequence filter consists o f  a three-legged 
iron core reactor and a resistor .  The reactor 
i s  a four- winding reactor  with two p rimary 
windings and t wo secondary windings.  The 
secondary windings a r c  connected to the re­
s istor which consists  of  three tube resistors 
and a small formed resistor .  One secondary 

winding and the resistor is a negative s equence 
cur rent filter while  the other secondary winding 
and the resistor i s  a positive sequence filte r .  

b .  SKBU- 1 Relay 

The sequence filter consists o f  a three-legged 
i ron  core  reactor and a set o f  resistors,  R 1 

and Ro · The reactor has three windings:  t wo 
primary and a tapped secondary winding ,  wound 
on the center leg of a "F" type of l amination 
The s econdary taps are wired to the A ,  B and 
C tap connections in the front o f  the relay 
( R 1 t aps ) .  Ro consists of a three tube resistors 
with t aps wired to F, G and H tap connections 
in the front of  the  relay.  The Ro resistor is a 
formed resistor associated with the tappe d  
secondary of  the reacto r .  

Saturating  Tran sformer 

a. SKBU- 1 1  Relay 

The voltage from the sequence network is fed 
into t wo saturating or  mi xing tran sformers .  
One transformer supplies a fault detector cir­
cuit and the other transformer supplies a keying 
circuit .  Zero sequence current windings are 
are included on the t ransforme r .  

b .  SKBU- 1 Relay 

The voltage from the sequence netwo rk is fed 
into the tapped primary of  a saturating transformer 
which h as two secondary windings .  One winding 
suppl ies the fault detector circuit and the other 
winding suppl ies  a keying circuit .  

/J  II [Wisihle conlinf{encies which may arise during 
in1 WIIation.  operation . or maintenance. and all 
details and mriation1 of this equipment  do not 
purJ)I)rt /0 he co1 ·ered hr these instructions . If 
further information is desired h r  purchaser re­
gardinf{ his particular installatio n .  operation or 
maintenance of his equipmen t .  the local West­
inglwuse fJectric Corporation representa tive 
1/wuld he contacted. 
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I so lat ing  T ran sformer 

Three isolating transformers are provided in the 
relay to isolate the de voltages from the ac voltages .  
Two of  the transformers are also used to energize 
solid-state circuit on alternate half-cycle of the 
po wer system frequency . 

Power Supp l y  

The solid-state circuits o f  the relays are regu­
l ated from a 20-volt supply on the relay pan e l .  This 
voltage is  taken from a Zener diode mounted on 
a heat sink . A voltage droppin g re sistor is provided 
betwe en the source de supply and the 20 volt reg­
ulated supply . 

P r i nted C i rcu i t  Boards 

Seven printed circuit boards are used in the s e  
relays : A fault detector board, prot ective  relay 
interface board, supervision board, amplifier and 
keying board, arming board , output board and a 
relay board . The circuits of the protective relay 
board vary with the relaying system.  

All  of  the circuitry that is sui table for m ounting 
on printed boards is  contai n ed in an enclosure that 
projects from the rear of the front pan e l  and is 
acce ssible  by opening a hinged door on the front 
of the panel .  The printed circuit boards slide in 
position in slotted guides at the top and bottom of 
each compartment and the board terminals engage 
a terminal block at the rear of the compartment .  
Each board and terminal block is  keyed so that  if  a 
board i s  p laced in the wrong compartment,  it cannot 
be inserted into the terminal block. A handl e on the 
front of e ach boa,rd is  labeled to identify its function 
in the relay .  

1 .  FD Board ( Fau l t  Detector Board) 

2 

The faul t  detector board contains a resistor­
Zener diode combination , a phase splitting 
n etwork , a solid-state fault detector,  and a 
frequency verifier circuit. The controls for 
setting pickup (S 1 l and dropout (S2l of the 
fault detector are mounted on a plate in the 
front of the relay .  This unit operates when the 
fault current exceeds a definite value .  

The location of components on the board is  
shown in Fig.  3 and the  schematic of the  board 
is shown in Fig. 4 .  

2 .  Arm ing  Board 

The arming board conn ects the outputs of the 
supervision board and the fault detector board to 

the final output of the relay. '!'his board contains 
logic c ircuits that will arm the trip output, set 
up the time delay of the trip output , and start 
transient blocking on external faults .  

The location of components on the board is  
shown in  Fig. 5 and the  schematic of the  board 
is shown in Fig. 6 .  

3. Amp I i f ier and Key ing  Board 

The amplifier  and keying board contains a local 
s quaring amplifier, a transmitter keying circuit , a 
remote squaring amplifier ,  and a signal s quelch 
circuit for each line terminal . The amplifier  cir­
cuits produce the pulses that are compared by 
AND circuit of the arming board to determine if 
the fault is external or internal . 

The location of compon ent s on the board is  
shown in figure 7 ,  and the  schematic of the  board 
is shown in Fig. 8 .  

4 .  Output Board 

The output board contains a 4-mil lisecond pick­
up instantaneous dropout timer circuit , trip 
"AND" ( flip-flop circuit) ,  t rip amplifier ,  t ran­
sient blocking and unblocking circuits .  The trip 
AND operates when all the inputs to the AND 
inputs of the arming board are of the correct 
polarity and the fault detector has operated. The 
transient blocking circuit operates after a time 
delay on external faults,  and the tran sient un­
block circuit operates after a time delay on a 
sequential fault ( e xternal fault followed by an 
internal fault ) .  The fol lowin g figures apply to 
this board : Fig. 9 Component Location ; Fig. 10 
Schematic of the Board. 

5. Rei ay Board 

The relay board contains the phase delay circuit 
for shifting the local signals with reference to 
the remote signal s .  It  also contains a low-pass  

0 filter. For the SKBU-1 1 relay, a Zener clipper­

resistor com hi nation is provided for protection of 

the solid-state circuits. 

The fol lowing figures apply to this board:  Fig. 
1 1  Component Location,  and Fig. 1 2  for the 
schematic of the board . 

6. Supervi s ion Board 

The supervision board contains a 8/0 timer for 
distance fault detector operation , a 2 . 5  second 
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alarm circuit for sustained arming operatio n ,  a 
fault detector ( FD 1 )  and a carrier control c ircuit. 
Th e circuits on thi s board are utilized to start 
carrier ,  to alarm on an sustained arming opera­
tio n ,  and to delay arming for distanc e fault 
detector operation. 

Fig. 13 shows the component location for this 
board and Fig . 14 shows the schematic of the 
board.  

7. P rotect ive Rel ay Board 

The protective relay board contains logic cir­
cuits to connect the distance  fault detectors ,  
and s quelch relays into the phase comparison 
portion of the rel aying system. This board con­
tains AND circuits ,  buffer c ircuits ,  and OR cir­
cuits to connect the relays into the syst e m .  

Fig. 15 shows t h e  component location for the 
board. Fig.  1 6  and 1 7  shows the schematic of 
the board. 

Card Extender 

A card extender ( style no .  644B3 1 5G02) is avail­
abl e  for facilitating circuit voltage measurements or 
m ajor adjustments.  After  withdrawing anyone of the 
circuit boards ,  the extender is  inserted in that 
compartment. The board then is inserted into the 
terminal block on the front of the extender.  This 
restores all  component s and test points on the 
boards are r eadily accessible .  

Test P o ints  

Test  points are  locat ed on each printed circuit 
board for the major components on the board . Com­
plete circuit test points are wired to the front 
pan el of  the relay for convenience in adj usting 
and t esting the relay .  

O P E R A T I O N 

A. System 

The SKBU carrier relaying system compares 
the phase position of the currents at the ends of 
a line section over a carrier  channel to deter­
mine whether an intern al or extern al fault exists 
on the line section . 

1 . SKBU- 1 1  Rel ay 

The thre e-phase l ine currents energize a 
sequence n et work in the SKBU- 1 1 relay 

which produces two single-phase output 
voltages that are proportional to either the 
positive s e quence current or  the negative 
sequence current . The singl e-phase voltages 
are applied to t wo s aturating or  mixing 
transformers,  one which energizes  the fault 
detector circuit s ( FD- 1 and FD-2) and the 
other energizes the k eying circuit of the 
SKBU- 1 1  relay through a low-pas s fil ter .  
This circuit allows the transmission of c ar­
rier on alternate half-cycles of the power 

0 line frequency. Carrier is transmitted from 

both line terminal s  and is received at the 
opposite ends wher e  it  is  compared with the 
phase position of the local sequence network 
output .  If the local and remote pulses are in 
an internal fault relationship and the fault 
detector has operated , tripping will occur 
5-milliseconds later through operation of the 
trip " AND" and trip amplifier circuits on 
the output board of the relay .  

2 .  SKBU- 1 Relay 

The three-phase line currents energize a 
s e quence n et work in the SKBU- 1 relay which 
produce a single-phase output voltage pro­
portional to a combination of s e quence 
components of the l ine  current.  This singl e­
phase voltage energizes the primary of a 
s aturating transformer with t wo secondary 

windings.  One secondary winding energize s 
the fault dete ctor circuit s ( FD- 1 and FD-2)  
and the se cond s econdary winding energizes 
the keying circuit of the relay through the 
low pass  filter .  This circuit allows the 
t ransmission of carrier on alternate half­
cycles of the power fre quency current . 

0 cycles of the power line frequency . Carrier 

is transmitted from both line terminals 

it is compared with the phase position of  
the local s equ enc e  n etwork output. If the 
local and remote pulses are in an intern al 
fault relation ship and the fault detector h as 
operated,  tripping will occur 5-milliseconds 
later  through operation of the t rip "AND" 
and trip amplifier  circuits on the output 
board of the relay .  

Current transformer connections to the se­
quence networks at the two line terminals are 
s uch that carrier is transmitted on the s ame 
half-cycles from both terminals during an  
internal fault to allow tripping during the  
half-cycle that carrier is  not  transmitted. 
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Howev er, if the fault is  e xternal to the 
protected line section,  c arrier is  transmitted 
on alternate h alf-cycles from opposite t er­
minal s .  Thus each terminal block s the op­
posite terminal during the h al f-cycle when it 
is attempting to trip . 

The four-millisecond delay previously men­
t ioned is added to allow for differences in 
current transformer performance at opposi te  
l ine  terminal s ,  relay coordin ation , and 
momentary interruptions in carrier caused by 
arcing over of  protective gaps in the tuning 
equipment .  

Since this relaying system operates only 
during a fault ,  the carrier channel is  available 
at all other  times for  the transmis sion of 
other functions .  

B.  Rel ay 

4 

With reference to the logic diagram that applies 
to the particular relay ,  the three-phase line 
currents energize a sequence filter that varies  
with the type relay .  

1 .  SKBU- 1 1  Relay 

In the SKBU- 1 1  relay ,  the sequence fi lter  
produc es  t wo single phase voltage s :  One 
voltage proportional to the po sitive sequence 
current ,  and the other voltage proportional 
to negative sequence current. These voltages 
are applied to primary windings of t wo 
s aturat ing transformers wh ere they are 
mixed to produce t wo separate secondary 
voltages proportional to a combination of  
s equence components .  Zero sequence windings 
are included on the t wo transformers.  

2 .  SKBU- 1 Relay 

In the SKBU- 1 relay ,  the sequence filte r  
produc es a singl e phase voltage proportional 
to a combination of  sequence components.  
This voltage is  appl ied to the primary winding 
of  a saturating tran sformer which produc es  
two secondary vol tages .  

The  secondary voltages are applied to  t wo s ep­
arate bo ards : 

Voltage 1 to Fault D etector Board 

Voltage 2 to Relay Board 

1. Fau l t  Detector Board 

With reference to the schem atic drawin g of 
Fig.  4 ,  the ac voltage i s  applied to terminal s 
6 ,  5 ,  and 3 of the fault detector board. This 
voltage is then applied to a phase-splitting 
net work (C5 2 ,  R5 2, R53) and a polyphase 
rectifier ( diod e s  D5 1 to D56). The de voltages 
obtained from the rectifier are applied to the 
fault detector circuit ( Q5 1 ,  Q5 2 ,  Q5 3 ,  Q54) 
which operat e s  when the de input " signal " 
exceeds a predetermined value .  

Fault  Detector ( FD-2) 

Unde r normal condition s ,  transistor Q5 1 ,  has 
no base " signal " and is turned off. The 
col lector of Q5 1 is at positive potential and 
provides base driv e to transistor Q5 2, driving 
i t  to conduction.  With Q5 2 conducting there 
i s  no base drive to t ransistor Q5 3 and Q53 
i s  turned off.  This condition k e eps  transistor 
Q54 in a non-conducting stat e ,  e quivalent 
to an open circuit .  

When a fault causes the de input voltage from 
the polyphase rectifier ( across S1 and R54l 
to exceed the 6 . 8  volt rating of Zener diod e 
Z52 ,  a positive potential i s  applied to the 
base of Q5 1 causing it  to conduct . In turn, 
Q5 2 stops conducting, and capacitor C54 
charge s ,  giving a few milliseconds time delay 
before Q5 3 and Q5 4 are s witched to full 
conduction , thus "closing" the fault detector.  
When the fault detector operates ,  a positive 
input is applied to the arming board at terminal 
1 2 .  The feedback path of res istors R66 and 
S2 increase the voltage to Z 5 2  afte r  the  
fault detector operates .  This  s e als-in the 
fault detector and allows the fault detector  
to drop out  at  a h igh dropout ratio when the  
ac  current is  reduc ed. 

F requenc y V eri f i er ( FV) 

During certain switching condition s ,  such as 
energizat ion of  a transmission l ine ,  residual 
currents and voltages may exist of  higher 
frequencies than 60 hertz. The frequency 
verifier prevents fault detector operation 
when frequenci e s  1 20 hertz or higher are 
encountered during the switching conditions .  
The frequency verifier c ircuit consists of t wo 
functional p arts :  Zero-cros sing and com­
mutator c ircui t s .  With reference to Fig.  4 ,  
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the zero-crossing circuit consists of Q5 5 ,  
Q5 6 ,  Q57  and Q58 . The commutator circuit 
consists of Q59,  Q60 ,  C58 ,  C59 , Z54 and Q6 1 .  

During either the positive or negative half­
cycles of the output voltage from the mixing 
t ransformer,  Q55 or  Q57 transistors are driven 
into saturation by the output of the FV trans­
former (T3) .  Transistors Q5 6 or Q58 conduct 
until capacitors C56 or C5 7 respectively are 
fully charged. While either c apacitor charges ,  
a voltage output i n  the form of very narro w 
pulse i s  developed acro ss  R76 and R78 
resistors.  This pulse triggers Q59 control 
switch.  When transistors Q55 or Q57 are not 
conductin g, C56 and C57 capacitors discharge 
respectively through D66 or D62 and the 
parallel combination of  R73 and R74 or R69 
and R70.  

While Q5 9  is  " on "  its anode (TP60) is  only 
about 0. 7 volts above n egative , thus turn ing 
off transistor Q62 to allow capacitor C60 to 
start charging. However,  a short er time 
delay (consisting of R84 , capacitor C59 and 
the reference Zener diode Z54)  of 4 . 3  milli­
seconds is also started. After 4. 3 milliseconds 
o f  delay ,  the control switch Q60 fires applying 
the voltage of  capacitor C58 across  Q59 
turning it  off. This raises the potential of  
the  Q59 anode to turn on Q62 to discharge 
C60 before the charge reaches a value to 
to break down Z55 to turn on Q63 .  After the 
next zero-crossing pulse Q59 s witch is  turned 
on again, and the Q60 switch is turned off 
by capacitor C58 .  Transistor Q6 1  when 
turned on and off by the same pulse that 
fires the gate of  Q59 ,  discharges timing 
c apacitor C59 ,  when on. This starts the timing 
cycle with close to zero charge on the capac­
itor. If the zero crossing p eriod of the FV 
voltage is  less than 4 . 3  milliseconds ,  the 
Q6 1 transistor discharges the timing c apaci­
t or to prevent Q60 from turning on. This 
k eep s Q59 s witch on to allow C60 to charge 
to a value to break down Z ener diode Z55 to 
turn on Q63 . Turning on Q63 prevents Q5 3 of 
the fault d etector from turning on thereby 
p re venting Q54 from turning on and thus 
p re vents an output from the fault dete ctor. 

2. R el a y  Bo a rd 

With reference to Fig.  1 2 , the ac voltage from 
either  the second s aturating transfo rmer  

( SKBU- 1 1 ) or the  second winding of the  single 
t ransformer (SKBU- 1)  is applied to termin al s  
1 0  and 1 2  of  t h e  relay board . This voltage 
is then applied to the phase delay circuit 
through a low pass filter.  The low p ass filter 
( C 20 1, L 20 1 ,  C 2 0 2) removes the harmonics 
from this  voltage and applie s  a voltage that 
is e s sentially sinusoid al in w aveform to 
R 20 2  and R203 of the phase delay circuit .  
T he phase delay circuit consists of  R202 ,  
R 20 3 ,  C 20 3 ,  and S5 mounted on the front 
p anel of  the relay. By m eans of capacitor 
C203 and variable resistor S5 , the voltage 
aero ss t er minal 4 and 2 c an be m ad e  to l ag 
the voltage across terminal 1 0  and 1 1  by a 
definite amount depending on t he sett ing of 
S5 .  Eac h of these two voltages are applied 
to s eparate isolating transformer s .  

1 . Undelayed voltage terminals  1 0  and 1 1  
to a keying transformer ( T 1  ) .  

2 .  De layed voltages (terminals  4 and 2 )  to 
local transformer (T2).  

a .  Key ing  C i rc u i t  

O With n o  ac output (Ref. Fig. 8 )  voltage 

from the sequence network , base current does 
not flow into transistor Q1 03 , from terminals 
9 and 8 of the amplifier and keying board .  
The  collector of  Q1 03  is at positive potential 
which allows base current to flow from posi -

0 tive 20 volts de to the hase of Q104 through 

R l l l  and R l 1 2 .  This turns on Q 1 04 to pre­
vent base current f rom flowing to Q 10 5. Since 
Q 1 04 is conducting,  transistor � 105  does not 
conduct and the collector of Q 1 0 5  is  held at 
positive potential .  As a r esult , transistor 
Q 1 05 does not conduct. 

When a sinusoidal voltage is applied to the 
keying transformer (T1 ) ,  the transformer steps 
up the voltage applied to terminals 9 and 8 of 
the amplifier and keying board . On the posi­
t ive half-cyc le of this voltage ,  terminal 8 
is more positive than terminal 9 and transistor 
Q 1 03 does not conduct . In turn Q1 04 remains 
conducting and Q1 05 does not turn on . On the 
negative half-cycle of sine wave voltage from 
the keying transformer ,  terminal 9 is  more 
positive than te rminal 8 and base current 
flows in Ql 03 . This turns Q1 03 on which 
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removes base current to transistor Q 1 04 .  
Q 1 04 stops conducting,  and its collector 
goes to positiv e  potential . Positive potential 
is thus applied to t he base of Q 1 05 through 
R l 1 4  and R 1 1 5  to turn on Q 1 05 .  Thus on 

alternate half-cycles of the 60-hertz voltage 
from the low pass filter , Q1 05 turns on . If 
t he carrier control circuit operates ,  as seen 
in Fig .  1 8 ,  turning Q1 05 on and off every 
half cycl e ,  shorts the input to the TC carrier 
set every other half cycle so that carrier is 
transmitted on the half cycle when Q1 05 is  
not  conducting . 

b. S igna l  Sque lch  C i rc u i t  

When a n  input is removed from 'terminal 7 of 
the amplifier  and keying board , positive 
potential is removed from the base of Q1 0 1. 
Q 1  01 turns off and a discharge path from 
C 1 01 is provided through R1 02 and transistor 
Q1 of the protective relay board .  Q1 0 1  stops 
c onducting and a positive potential is ap­
plied to capacitor C 1  02 of the amplifier and 
keying board. Ten milliseconds after the 
input to terminal 7,  C 1 02 charges sufficiently 
to break down Ze ner diode , Z 1 02 .  This turns 
on Q1 02 , which s horts the input of the TC 
carrier set to negative to prevent the trans­
mission of c arrier . 

Upon removal of the input to terminal 7 of 
th e amplifier and keying boar d ,  positive 
potential is  applied to capacitor , C 1 0 1 , 
1 5 0  milliseconds  later C l  0 1  charge s suf­
ficiently to break down Zener diode Z1 0 1 . 
This turns on Q1 01 to provide a discharge 
Qath for C 1 02 through R l 06 and Q1 0 1  to 
negative.  In tur n ,  Q1 02 stops conducting to 
remove the short from the input of the TC 
c arrier set .  

c .  Local Squar ing  Ampl i fi er 
The de layed voltage from the local trans­
former (T2) is  applied to the local squaring 
amplifier (Q1 0 6 ,  Q1 07 , Q 1 08 )  and a loading 
c ircuit on the amplifier and keying board of 
the relay .  With reference to the l ocal  squaring 
amplifier of Fig . 8, with no ac input voltage , 
Q 1  06 is not conducting and the collector of 
Ql06  is at positive potential . This applies 
base current to transistor Q1 07 through R 1 2 0  

and R 1 2 1 such t hat Q 1 07 i s  turned on. This 
allows base current to flow in  Q1 08 .  Q 1 08 
turns on to apply posit ive potential across  
R 1 2 5 ,  (blocking conditi on) .  

With the application o f  a sine wave voltage 
to terminal b and 19 of the amplifier and 
keying board ,  on the negative half-cycle of 
the voltage , the base of transist or Q1 U6 is 
more positive than the emitter and Q1 06 
( amplifier 1 )  conducts .  On the positive half­
cycle of the ac voltage , Q1 06 is turned off 
and current flows into the loading cucuit . 
Therefore , Q1 0b is conducting on the nega­

tive half-cycle of ac voltage . Turning Q 1 06 
on and turns off transistor Q1 07 . Tran­
sistor Q1 07 stops conducting and its collec­
tor goes to a po sitive potential w hich turns 
off Q 1 08 .  Thus the output of the squaring 
amplifier is a square wave voltage ranging 
from 0 volts de to �0 volts de depending upon 
the polarity of the voltage from the phase 
delay c ircuit . 

D. Remote Squar ing Ampl i fi er 

The remote squaring amplifier consists of 
transistors Q1 09 and Q l 1 3  of the amplifier 
and keyi ng board , (Ref.  Fig. 8 ) .  

Under non-fault condit ions ,  carrier is n ot 
transmitted from the remote carrier set .  As a 
result the base of Q1 1 3  is more negative than 
its emitter ,  and Q1 1 3  conducts .  This applies  
positive 20 volts to  the base of Q1 09 to  
prevent it from turning on . Hen c e ,  Q1 09 is  
not conducting and negative voltage ( with 
ref. to +20 volt s )  appears acr oss R 1 2 9 , 
( unblocking condition) .  

Under fault conditions ,  the r emote TC car­
rier set is  keyed on and off as described 
under the Keying Circuit . This signal is re­
ceived at the local TC carrier receiver and 
is converted to a s quare wave voltage vary­
ing in magnitude from 45 volts to 0 volt. 
This voltage is applied to the base of Ql l 3  

through R 1 4 1  and D l l O . Upon application of 
positive 45 volts d-e to the base of Ql l 3 ,  
the potential o f  the base i s  greater than that 
of the emitter and Q 1 1 3  stops con ducting. 
This remove s positive potential from R 1 3 9  
and allows the bas e  o f  Q1 09 t o  become nega-
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tive with respect to the emitt er . Q l 09 turns 
on to apply positive voltage (with ref.  to neg . )  
to R129 .  Hence ,  the voltage across R 1 29 is 
a square w ave voltage that is developed by 
the voltage received from the Tc receiver. 

3.  Arm ing Board (Ref. F ig. 6) 

The phase relat ionship of the outputs of the 
local and remote s quaring amplifiers are 
compared by AND 1 of the Arming Board. 
If the local and remote signals are out of 
phase with respect to each other ,  the AND 
circuit will provide one input to AND number 
3 which will activate the 4/0 time r .  

a.  Interna l  Fault  Cond i ti on s  

With referen ce to  the logic drawing that ap­
plies to the relay ,  the output voltages of the 
sequence filter of one relay are 1 80 degrees 
out-of-phase with resp ect to  its load 
current condition . This changes the polarity 
of Amplifier #1 such that its output is in 
phase with the remote signal . This mean s  
that AND 1 has a half-cycle o f  negative 
voltage . This voltage is applied to AND 3 
of the arming board to set-up one condition 
(negative voltage from OR-1 ) for activating 
the AND . The second condition to activate 
AND-3 is provided by arming the relay .  

I n  either Fig .  1 9 ,  2 0 ,  o r  2 7 ,  arming occurs 
through either the operation of the distance 
fault detectors or the operation of fault de-

0 tector (FD2) of either the SKBU-11 or 

SKBU-1 relays . The operation of either fault 
detector will apply a voltage to OR 2 of t h e  

arming board . The output voltage from OR 2 
0 applies a positive input to the trip AND 

of the output board through ARM and a 

n eg ative signal i nto AND 3 of the  arming 
board . AND 3 is activated and starts the 4/0 
timer .  Four milliseconds later , a negative 
input is  applied t o t he trip AND of the output 
board . Since the three conditions of trip ( a  
negative input  from the 4/0 timer , not a neg­
ative input from the ARM logi c ,  and a positive 
signal from the 22/0 timer)  is  fulfilled,  a 
trip output is obtained from the relay .  

b.  Externa l Fau l t  

Under external fault conditions ,  the  s quare 

wave voltage from the remote s quaring am­
plifier and the s quare wave voltage from t he 
local s quaring amplifier are out-of-phase 
such that zero output is being obtained from 
AND 1 of the arming board . As a result ,  the 
output of AND 1 is zero, and AND 3 c annot 
be activated .  This blocks AND 3 and the 
4/0 timer is not energize d .  
With fault detector operation, a n  input is 

applied to OR-2 and OR-3 of the arming 

board. OR-2 will provide a positive input 

0 (not a negative input) to the trip AND 

but tripping will not occur since the 

4/0 tim er is not providing a n egative input to 
the Trip AND . The fault de tector input to 
OR-3 will provide an input to a 1 /1 00 
timer on the Output Board . The timer 
negates the signal to  provide a negative i nput 
to the t ransient block AND. With the applica­
tion of the i nput from the 0/1 00 timer the three 
conditions of transient block are fulfilled -
not an i nput from the Transient UNBLOCK 
circui t ,  not a negative input from the Trip 
AND ,  and a negative input from the 0/1 00 
timer .  Twenty two milliseconds l ater t he 22/0 
timer of the t ransient block circuit times out 
to remove the posi tive input to t he TRIP 
AND. The TRIP AND is thus desensitized 
to prevent undesirable operation during 
tran sient s  associat ed with power reversals 
on the prot ective line or at the c learing of an 
external fault .  

c .  Sequenti a l  Faults 
If the above external fault is followed by an 
internal fault before the external fault is 
c leared ,  the transient unblock circuit is s et 
up to re move t he transient blocking input to 

the TRIP AND . For the internal fault , the 
square w ave pulses on AND-1 of the arming 
board will reverse such that a square-wave 
output is  obtained from AND-1 .  This output 
energizes OR-1 . The negative signal provides 
the second input to AND-3 which : 

1 . Provides an input to the 4/0 timer which 
times out to apply a negative input to 
the TRIP AND . 

2 .  Applies a s quare wave input every other  
half cycle to  the  AND of  the  transient 
unblock circuit to fulfill the requirements 
to obtain an output from the tran sient 
unblock circuit . 
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As a result , an i nput is applied to the unblock 
tim er e very other half cycle . Twenty-five milli­
seconds later , c apacitor C 3 0 1  ( Ref. Fig. 1 0 )  
will charge such that the unblock timer will 
operat e  to apply a voltage to the block AND 
circui t .  This resets t he 22/0 block timer , 
and removes the i nput to t he AND of the un­
block t imer to reset  t he unblock circuit . The 
required three inputs are t hu s  applied to  the 
Trip AND and a trip output is  obtained from 
t he relay. 

4.  Superv i s ion Board (Ref. F i g .  1 4) 

The circuits on the supervision board include 
the auxiliary functions of the relay , and they 

0 include a fault detector (FD-1) ,  carrier control 

circu it and timer circuit. 

a. Fau lt Detector 1 ( F D- 1 }  (Q1 6 1 ,  Q 162) 

Under normal condition s ,  transistor Q1 61 , 
has no base " signal" and is turned off. The 
collector of Q1 6 1  is  at positive potential 
and no collector c urrent flow s .  This keeps 
transistor Q 1 6 2  i n  a non-conducting state ,  
e quivalent t o  an open  circuit .  

When a fault causes the de input voltage from 
the polyphase rectifier (of the FD Board ) 
across S3 and R 1 85 to exceed the 6 . 8  volt 
rating of Zener diode Z 156 ,  a positive input 
is applied to the base  of Q 1 6 1  base c ausin g 
it to conduct . In turn , Q 1 6 2  is s witched to 
conductio n ,  thus "closing" the fault detector. 
When the fault detector operates ,  a positive 
input is applied to the c arrier  control circuit. 
The feedback path of resistors R 1 9 1  and S4 
increase the voltage to Z 1 5 6  after the fault 
detector operates . T his s eals in the fault 
detector and allows the fault detector to drop 
out at a high dropout ratio when the ac 
i s  reduced. 

B. Carr ier Control C i rcu it  ( Q 1 63, Q 1 64) 

Under normal conditions Q1 63 is not c on ­
ducting and base drive is supplied to Q1 64 .  

As shown in Fig .  1 8 ,  the e mitter of Q1 64 is 
connected to negative de. The collector of 
Q1 64 is connected to positive 45 volts de 
of the TC set through R 1 4 2  of the amplifier 
and keying board.  Normally Q 1 64 is conduct­
ing.  When either F D 1  or the distance c arrier 
start relay operat e ,  b ase drive is supplied to 
Q 1 63 . Q1 63 turns on and shorts the base of 
Q1 64 to negativ e .  Q1 64 turns off to raise  the 
potential of point A of Fig. 1 8 .  This starts 
the transmission of carrier .  

c .  Armi ng Delay By D i stance F a u lt Detector s 
(8/0 T i mer) (Q1 5 1 ,  C 1 5 1 ,  Z 1 5 1 ,  Q 1 52 ,  Q1 53) 

The distance supervision arming is delayed 
by 8 millisec onds to  allow time for the AND 
of the arming board to respond at fault in­
ception . Operation of the distance fault 
detectors will remove base curre nt to tran­
sistor Q 1 5 1 .  Q 1 5 1  turns off, and positive 
potential is applied to c apacitor C 1 5 1 .  Eight 
milliseconds later t he voltage on C 1 5 1  
r e aches a value t o  break down Zener diode 
Z1 5 1 .  This turns on Q 1 5 2 ,  which connects 
the base of Q 1 5 3  to negati v e  t hrough resistor, 
R 1 5 8 .  Q 1 5 3  turns on to apply positive poten­
tial to resistor R 1 60 and terminal 1 3 .  From 
terminal 1 3  the voltage is applied to the 
arming board. 

d. Susta i ned  Arming  A larm (2500 T i mer) (C15?,. 
Z 1 52, Q154 to Ql56) 

When arming occurs , positive potential is 
applied to terminal 1 8  and capacitor C 1 5 2  
from t erminal 1 5  of t h e  armin g  board . Two­
and-one-half seconds later ,  the potential on 
C 1 5 2  breaks down the Zener diode Z 1 5 2  to  
allow base  current to  flow into Q1 54 . This 
turns on Q1 54 which turns off Q1 5 5 .  Turning 
Q154 off applies positive potential to the 

base of Q 1 5 6  and Q 1 5 6  turns off . This removes 
positive potential from R 1 7 0  and an external 
alarm is energized .  
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C H A R A C T E R I S T I C S  

A. SKB U- 1 1 Rel ay 

T aps are available in the SKBU- 1 1  rel ay to set 
different sensitivities of the fault detector 
(FD- 1 )  to zero and negative sequence current s .  
These taps are as follows : 

NEGATIVE SEQUENCE T APS (I2 ) 

TAP 
SETTING 

A 

B 

c 

NEGATIVE SEQUENCE 
SENSITIVITY 

None 

0 .4  Amperes 

0 .25 Amperes 

Zero Sequence Taps (Io ) 

TAP 
SETTING 

F 

G 

H 

ZERO SEQUENCE 
SENSITIVITY 

None 

0 . 2  Amperes 

0 . 1 Amperes 

The second fault detector unit (FD-2 ) which 
supervises arming is adjusted to pick up at a 
current 1 25 per  cent greater than FD-1 . By 
m eans of the S1 adjustment , the pick up of 
FD-2 c an be increased to 250  per cent 
greater than FD-1 . 

The positive sequence response of the fault 
detector is greater than 7 amperes .  

B .  SKB U- 1  Re lay 

Taps are available in the relay to set  t he sensi­
tivity of FD-1 to different combinations of positive, 
negative and zero sequence components of the 
line current . The T taps on the left hand tap 
plate indicate the balanced three phase amperes  
which wil l  operate the fault detector FD - 1 .  
These taps are as follows : 

3 ,  4 ,  5 ,  6 ,  7 ,  8 and 1 0  

The second fault detector unit ( FD-2 ) which 
supervises arming is  adju sted to  pickup at a 
current 1 25 percent greater than FD- 1 .  By 
m e an s  of the 81 adj u stmen t ,  the pickup of 
FD-2 c an be increased to  2 50 percent 
greater than FD-1 . 

For dist ance fault detector application s ,  the 
user should reset the SKBU-1 fault detector for 
a pick-up of twice the t ap value by means of the 
s3 setting . 

Pos it ive and Negati ve Sequence 
Current - R l Taps 

The upper h alf of the  right hand tap  plate or 
R 1  taps changes the number of turns on the 
third win ding of the  mutual r eactor. This 
reproportions the components of the sequence 
filter  which chan ges the positive and nega­
tive sequence s ensitivity of the fault detectm 
Operation of the fault detector (FD-1 ) with 
the various taps is given in the fol lowing 
table:  

T A B L E  

S E Q U E N C E  TA PS O N  
R I G H T  F A U LT D E T EC T O R  

C O M PON E N TS H A N D  TA P ( F D -1 ) PIC K-U P t 
C OM B .  I N  N E TW O R K  B LOC K 

OUT P U T  R J  R o ff  
F�tLT /!f;L T 8 

1 P os . ,  Neg . ,  c G T ap 86% T ap 
Zero or V alue V alue 

H (53% on BC 
F au lt )  

2 Pos. , N eg . , B G 2 x T ap 90% T ap 
Z ero or V alue Valu e 

H (65% on BC 
F ault 

3 Neg . , Z ero A G or - 1 00% Tap 
H V alue 

# - Taps F. G and H are zero-sequence taps for 
adjusting ground fault sensit ivity .  See section 
on zero-sequence current tap . 

t - When taps A and 3 ,  or B and 3 are used,  FD-1  
will  p ickup 1 0  to 1 5  per  cent  higher than t h e  
above values because o f  the v ariation in s elf­
impedance of the s e quence network and the 
saturating transformer. 

e - Fault detector FD-2 is set to pick-up at 125 per 
cent of FD -1  for a two termi nal  l in e ,  or 2 5 0  
p e r  cent o f  F D - 1  for a three t erminal line . 

Zero Sequence Current - Ro Taps 

The lower half  of  the  right-hand tap plate (Ro 
taps) is for setting the  response of  the  relay to  
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E N E R G Y  R E Q U I R E M E N T S 

A. S K B U- 1 1 Re lay 

Burdens measured at a balanced three·phase 
current of five amperes . ( Inde pendent of tap 
setting) .  

P H A S E  A PHAS E B PHA S E  C 

VA A N G L E  VA A N G L E  VA A N G L E  

8 . 3  1 06°  2 . 2  50° 46 o
o 

Burden meas ured at a s ingle-phase to neutral 
current of five amperes . 

R E LAY 
PHASE A PHASE B PHA S E  C 

T A PS 
VA A N G L E  VA A N G L E  V A  A N G L E  

C-H 1 1 . 7 2 . Qo 9 . 7  1 . 8 0 4 4 . 0  2 . 2° 

B-H 1 1 .4 2 . Qo 1 0 . 3  1 . 80 4 6 . 0  2 . 2° 

A-H 1 1 . 1  2 . 0° 1 1 . 2 1 . 80 4 8 . 0  2 . 2° 

C-G 8 .8 2 . 0°  7 .0 1 .80 42 . 0 2 . 2° 

B-G 8 . 7  2 . Qo 7 . 5  1 . 80 4 3 . 5  2 . 2 °  

A-G 7 . 8  2 . 0° 8 . 5  1 . 80 45 . 0  2 . 2° 

C-F 6 . 7  2 . Qo 7 . 5  1 . 8 0 4 2 . 0  2 . 2 °  

B-F 6 .5  2 . 0° 7 . 2  1 .8 0 4 2 . 0  2 . 2° 

A-F 5 . 8  2 . Qo 6 . 6  1 . 8 0 4 3 . 0  2 . 2 °  

B . SKBU-1  Re lay 
Burdens measured at a balanced t hr ee-phase cur­
rent of five ampere s .  

R E LAY PHASE A PHASE B PHASE C 
TA PS VA A N G L E  VA A N G L E  VA A N G L E  

A-F-3 2 . 4  s
o 0 . 6  Qo 2 . 5  5Qo  

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

B-F-3 2 . 3 Qo 0 .63  Qo 2 .45 55°  

B-H-1 0  4 . 95 Qo  2 . 3 5  
g

o
o 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 1 85°  

Burdens measured at  a s ingle-phase to neutral 
current of fiv e  amperes.  

----------------------------------

R E LAY PHASE A PHAS E B PHAS E  C 
T A PS VA A N G L E  VA A N G L E  V A  A N G L E  

A-F-3 2 . 4 7  Q o  2 . 1  1 0° 1 . 97 20° 

A-H-1 0  7 . 3  60° 1 2 .5  5 3 °  6 . 7  26°  

B-F-3 2 . 45 o
o 2 . 09 1 5 °  2 . 07 1 0 °  

B-H - 1 0  1 6 . 8  55°  2 2 . 0  50° 1 2 . 3  38°  

C-F-3 2 .49 Qo  1 . 99  1 5 °  2 . 1 1  1 5 °  

C-H - 1 0  3 1 . 2  4 1 °  3 6 . 0  3 8 °  2 3 . 6  3 5 °  

T h e  angles  above are t h e  degrees b y  which the 
current l ags its r e spective voltage . 

CONTINUOUS RATINGS: The continuous r ating 
of the SKBU-1 is  1 0  amperes and the continuous 
r ating of the SKBU- 1 1  is 7 ampere s .  The two 
second overload r ating of the SKBU- 1 is 1 50 amp. 
phase and 1 2 5  amp . ground w hile the two second 
rating of the SKBU-1 1 is  1 25 amp .  phase and 
ground. 

S E T T I N G S  

If settings in between taps are desired,  the tap 
screw should be s et in the next lowest tap. S 1 and 
s3 should then be adjusted for the d esired pickup 
value .  Dropout s hould be readj u sted by means of 
s2 and s4 . 

A. SK B U- 1 1 
The SKBU-1 1 re lay has separate t ap plates for 
adjustment of the zero and negative sequence 
sen sitivity of the fault detector (FD-1) .  The 
fault detector t ap markings and pickup are :  

Negat ive Sequence Sens i t ivi ty 02) 

A .  None 

B 0.4 Amperes 

C .  0 . 25 Amperes 
Zero Sequence Sens it iv ity ( IQ) 

F .  None 

G. 0.2 Amperes 

H.  0 . 1  Amperes 

Two t ap plates are provided:  one for !2 and t he 
other one for Io.  

Tap A should not be used in service since this 
would prevent fault detector operation for phase­
to-phase faults . Howeve r ,  tap F may be used 
with either B or C since negative sequence 
current flows for both phase-to-phase and ground 
faults .  
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The recommended settings are t ap B or C as 
needed for the required sensit ivity , and t ap F .  
Taps G and H have been provided for applica­
tions where the negative-sequence load flow due 
to series impedance unbalance  may be high 
enough to operate FD with a tap C setting.  In 
this cas e ,  set in tap B and in tap G or H .  It is 
not intended that taps C and H be used simulta­
neously due to the possibility of cance llation 
of the negative-and zero-sequence effects on 
gr ound faults .  With a tap B setting , a tap H 
setting is preferred .  

To summarize , the recommended setting com­
binations in  the order of preference are :  

COMB I N A T I ON 12 T A P  I o TA P 

1 c F 

2 B F 

3 B H 

4 B G 

For a long two-terminal line , FD2 should be set  
at  250  per  cent  of  FD1 . As shipped from the 
factory, FD2 is set  to pickup at 1 25 per cent .  

B .  SKBU-1 R e lay 

1 2  

The SKBU-1  relay has separate t ap plates for 
adjustment of the phase and ground fault 
sensitivities and the sequence c omponents 
included in the network output . The method of 
determining the correct t aps for a given in­
stallation is discussed in  the following 
paragraphs .  

Setti ng Pr inc ip les  

Tap C provides t h e  best balance between three 
phase and phase-to-phase fault sensitivity . 
A lways use this tap where distance fault detector 
supervision is used .  Where only the SKBU - 1  
fault detector is used and where the full load 
current ( maximum through any terminal) is ap­
proximate ly five amperes or mor e ,  tap B will 
provide increased phase-to-phase  fault sensi­
tivity w ith  little or no sacrifice in three phase 
fault sensit ivity .  For example , if a left-hand t ap 
(T) of 6 is needed with tap C ( 6C) , then  use a 
3 B  setting inste ad.  

NOTE : From Table I ,  pickup will be  4 . 15 amp. 
for t ap 3B and 5 . 4 0  amp. for t ap 6C for ¢ a  to 
<;bb fault, 3 ¢  pic-Kup is 6 amperes on t ap 6C and 
6 . 1  amp . on 3B .  

Use  tap A only where  sat isfactory unbalanced 
fault sensit ivity cannot ot herwise be obt ained 
and where other protection is available for three 
phase faults , since with Tap A no three phase 
fault protection is  available .  

In all cas es provide ident ical respons e at  all 
stations to insure proper phase comparison and 
adequat e keying for any fault detected by 
remote-end relays . To accomplish thi s ,  the 
letter t aps (A,  B,  C,  F,  G ,  H )  should be  identical 
at all stations.  Also,  the taps should be identi­
cal with identical CT ratios , or inversely pro­
portional to CT r at ios where different . 

After  select ing t ap C or B ,  pick the T tap to  
allow reset of  the  fault detector in the  presence 
of load flow.  That is,  fault detector pick-up 
should be  at least  1 1 1  per c ent  of full load 
current (maximum t hrough any te rminal ) .  

Now select t ap G or H for desired ground-fault 
sensitivity . 

For distance fault detector applicat ion s ,  s et 
3C to provide the maximum sequence-filter 
voltage for the squaring amplifiers .  The SKBU - 1  
current fault detector F D - 2  is  t h e n  independently 
desensit ized (by adjustment of S1 and S2 s ettings) 
to permit reset in  the presence of full-load cur­
rent . Phase faults which do not operate the 
SKBU-1 fault detector will be detected by the 
supplementary distance fault detector s .  

Exampl e s  of SK B U- 1 ,  Re lay  Sett ings  

CASE I 
Assume a two-terminal line with current transformers 
rated at  400/5 at both terminals.  Also assume that 
full load current is 3 00 amperes , and that on mini­
mum internal phase-to-phase faults ,  2000 amperes is 
fed in from one end and 600 amperes from the other  
end . Further assume that on minimum internal ground 
faults , 4 00 amperes is fed in from one end, and 1 00 
amperes from the other end . 
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a .  Positive Sequence Current Tap 

Secondary Values :  
Load Current = 3 00 x 5 = 3 .  75 amperes 

400 

Minimum Phase-to-Phase Fault Currents :  
6 0 0  x 5 = 7 . 5  amperes  

4 00 

( 1 )  

( 2 )  

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

3 .75 = 4 . 1 8  amperes ( 0 . 90 is d ropout ratio of  
0 . 90 FD-1 . Setting will insure that 

the fault detector will reset on 
load current) ( 3 )  

In order t o  complete t h e  t rip circuit o n  a 7 . 5  ampere 
phase-to-phase fault , the fault  detector FD-1 setting 
from Table I must not be more than :  (based on a 
three phase fault: 

7 . 5  x 1 x = 6 . 93 amperes 

0 . 8 6  1 . 25 ( 4 )  

1 . 25 = FD-2 Pickup 

FD-1 Pickup 

Sequence Com bination T ap 

From a comparison of ( 3 )  and ( 4 )  above,  it is evident 
that the fault detector can be set  to trip unde r mini­
mum phase fault condition y et n ot operate under 
maximum load.  In this cas e ,  tap C would be u sed 
(see  Table I, Comb. 1 )  as there is sufficient dif­
ference between maximum load and minimum fault 
to use  the ful l  three-phase s en sitivity . Current tap 6 
would be used in preference to tap 5 to allow for 
occurrence of higher load current. 

Zero Sequen ce Tap 

Secondary Value :  

5 
1 00 x -- = 1 .2 5  amperes minimum ground fault 

400 
current .  

With T tap 6 and R1 tap ,  the fault detector pickup 
currents for ground faults (See Table II) are as 
follow s :  

Tap G 

Minimum Trip 

Tap H 

Minimum Trip 

. 2 5  x 6 = 1 . 5 ampere (FD-1 ) 
1 . 25 x 1 . 5  ampere = 1 .8  amp.  ( FD-2) 

. 1 2  X 6 = 0 . 7 2  ampere ( FD - 1 ) 

1 . 25 x 0 . 75 = 0 . 90 ampere (FD-2) 

From the above , t ap H would be used to  trip for a 
minimum ground fault of 1 . 2 5  amperes .  

CASE II 
Assume the same fault currents as in Case I ,  but 
a maximum load current of 550 amperes .  In 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 ,  yet remain 
inoperative on l oad curre n t .  (Compare equations (5 ) 
and ( 6 ) . )  However ,  by connecting the network per 
combination 2 on Table I ,  the relay can be set to 
t rip on minimum phase-to-phase fault , although it 
will have only half the sensitivity to three-phas e 
faults . This will allow operation at maximum load 
without picking up the fault detector,  and provide 
high speed relaying of all except light three-phase 
faults .  

I n  order t o  complete the trip circuit on a 7 .  5 ampere 
phase -to-phase fault , the fault detect or tap must 
now be not more than : 

7 . 5  x 1 x 1 = 6 . 67 amperes (5)  

. 90 
To be sure the fault detector FD- 1 will reset afte r  
a fault , t h e  minimum tap setting is determined as 
follows: 

L oad Current = 550 x 5 = 6 . 9  ampere s  ( 6) 

400 

6 . 9  = 7 .7 amps .  ( . 9 0  is  dropout ratio of FD- 1 )  (7) 
0 . 90 

Since from Table I ,  Comb. 2 ,  the fault detector pick­
up current for  three-phase faults is twice tap value,  
h alf the above value (Eq.  7 )  should be  u sed in de­
termining the minimum three-phase tap. 

7 . 7  = 3 .8 6  

2 

( 8 )  

From a comparison of (5 )  and (8 )  above ,  t ap 5 o r  6 
could be used.  (Continuous load current rating of 
re lay is 1 0  amperes) .  

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

Tap G . 2  X 5 = 1 . 0  ampere ( FD - 1 )  

0 Minimum Trip = 1 .0 x 1 .25 = 1 .25 ampere (FD-2) 
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T Y P E  SKBU-1 AND SK BU-1 1 PHASE COM PA R ISON R ELAY
----------------

Tap H = . 1  x 5  = 0 . 5 ampere (FD-1 ) 
Minimum Trip = 1 . 25 x 0 . 5a.  = 0. 63 ampere ( FD-2) 

Therefore ,  tap H would be used to trip the minimum 
ground fault of 1 .  25 ampere with a margin of safety.  

I N S T A L L A T I O N  
The relays should be mounted on switchboard panels 

or their equivalent in a location free from dirt, moisture, 

excessive vibration and heat. The maximum ambient 

temperature around the chassis must not exceed 55• c. 
Mount the relay by means of the four slotted holes on the 

front of the case. Additional support should be provided 

toward the rear of the relay in addition to the front panel 

mounting. This will protect against warping of the front 

panel due to the extended weight within the relay case. 

Ground relay chassis with No. 12 A WG copper wire to 

grounding post. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  
NOTE: The phase c omparison relay is normally 

supplied as part of a relaying system , and its cali­
bration should be checked after the system has been 
installed and interconnected. Details ar e given in 
the instructions of the assembly. The assembly 
instructions and not the following instruction should 
be followed when the relay is received as an integral 
part of the relaying system .  

I n  those cases where the relay i s  not part of a 
relaying system,  the following procedure can be 
followed to verify that the circuits of  the relay are 
functioning properly. 

T E S T  E Q U I P M E N T  
1 .  Oscilloscope 
2 .  AC Current Source 
3 .  E lectronic Timer 
4 .  AC V oltmeter  
5 .  D C  Voltmeter 

A CC E P T A N C E  T E S T  

Connect the relay to the test circuit of Pig . 24 
which represents the TC carrier channel for test 
purposes. On SKBU- 1 1  relays , jumper terminals 
2 to 4 to 6 to 8 .  

If the test fixture i s  not availab le ,  the remote 
pulses can be obtained from the SKBU keyi ng circuit . 
This is accomplished by jumpering various circuits 
of the relay together as follows : (Not e :  These in­
structions apply where no external connections are 
made to the J 1 0 1  block).  

14 

1 .  Apply either 4 8  volts de or 45 volts de to 
J 1 0 1 -2 ( pos . )  and J 1 0 1 -5 (neg . ) .  An alternate 
connection is to X 1 and x4 . Also connect 
positive 4 5  volts de to either X3 or J1  0 1 -3 .  

2 .  Jumper J 1 0 1 -5 to J 1 0 1 -6 .  An alternate con­
nection is terminal 3 to terminal 8 on the 
supervision b oard .  This connects the carrier 
control to negative . 

3 .  Jumper J 1 0 1 -1 3  t o  J 1 0 1 - 1 4 .  A n  alternate c on­
nection is terminal 6 of the supervision 
board to terminal 1 5  of the amplifier and 
keying board . This connects the carrier con­
trol circuit to positive 45 volts de through 
R 1 4 2  of the amplifier and keying board . 

4 .  Jumpe r J 1 0 1 -25 to J 1 0 1 -7 .  An alternate con­
nection is terminal 1 2  to terminal 17 of the 
amplifier and keying board. This connects 
the keying circuit to the remote squaring 
amplifier .  

5 .  Short resistor R141  on the  amplifier and 
keying board . This is necessary to allow the 
remote squaring amplifier to work from a 
lower voltage input than normal. Normally 
45 volts de is applied to J 1 0 1 - 1 7 .  In this test 
circuit , approximately 24 volts de is applied 
to J 1 0 1 - 1 7 .  

6. Connect one pole of a DPST switch as shown 

in Fig. 29. Add diodes as shown. This is switch L 
of the following tests and enables internal-exter­

nal fault tests to be performed on the relay. 

External fault position is with the switch closed. 

Internal fault position is with the switch open. 

This switch removes a stage from the remote 

squaring amplifier to reverse the polarity of the 

remote pulses. 

With the jumpers added as per the above infor­
mation , the transistor circuits are connected together 
as shown in figure 2 9 .  

I f  the above connections are utilized t o  test the 
relay , the reference to closing switches A,  B, C, and 
D should be ignored.  

The following tests are with reference to t he 
relay as received. If a recalibration of the circuits 
is desired , the recalibration can best be obtained by 
setting S1 , S2 , S4 and S5 to counterclockwise limit , 
S6, S3 and S7 to clockwise limit , and R3 1 6  on output 
board to the middle of its range . 

1 .  F D- 1  P i c kup and Dropout 

a. Set relay on taps C and H .  Set SKBU- 1  
T tap 5 .  
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TY PE SKBU-1  AND SKBU-1 1 PHASE COMPARISON R E LAY ______________ 
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b .  Connect a high resistance de voltmeter 
across X 1 6  and X 4 · ( n e g . ) .  

c .  Apply 6 0  hertz current to  terminal 1 and 3 
of the relay .  Gradually increase the c urrent 
until the voltmeter changes reading from 
approximately zero volts to approximately 
20 volt s .  This is the operating current of 
FD-1  and should be 0.433 ± 5% amperes for 
8KBU-1 1 relay and 4 .3 3  ± 5% amperes for 
8KBU-1 relay . 

d. Gradually lower ac test current until the de 
voltmeter drops to approximately zero volt s .  
This i s  the dropout current o f  FD- 1  and 
s hould occur at .389 to  .3 95 amperes for 
8KBU-l l  and 3 .8 9  to 3 . 95 amperes for 8KBU-1 . 

e .  Adjustment of pickup and dropout is made 
by 83 and 84 respectively .  

f .  I f  the output o f  the fault detector i s  erratic 
at pickup,  R35 on the fault detector should 
be  adjusted such that the following w aveform 
should appear across X 1 5  to X4 . 

r 
-.� 
� 1 6 to 1 7  - �  I � millisecon� 

2 .  F D-2 P ickup a n d  Dropout 

peaks s hould be 
n e arly e qual or,  
i f  not , rising 
slightly to the 
right . 

a. With relay set on taps I2 = C ,  Io = H ,  con­
nect a high resistan ce voltmeter to X1 3  and 
x4 (neg . ) .  

b .  With a 6 0  hertz test current connected to 
terminal 1 and 3 of the re lay , gradually in­
crease the current until the voltmeter charges 
reading from approximately zero volts to 
approximately 20 volt s .  This is the operating 
current of FD-2 and should be  between 0 . 5 1 4  
t o  0 . 5 68 amperes for 8KBU-1 1  and 5 . 14 t o  
5 . 68 amperes for 8KB U- 1 .  

c .  Gradually lower the ac test  current until the 
de voltmeter drops to approximately zero 
volt s .  This is the dropout current of FD -2 
and s hould occur at between 0 .4 6 1  to 0 .509 
amperes for 8KBU-1 1 and 4 . 61 to 5 . 09 amperes 
for 8KBU-1 . 

3 .  C heck o f  Loca l  Squaring Ampl i f iers 

a.  With all s witches of test circuit ope n ,  apply 

0 . 6  to 0 . 8  amperes ac to terminals 1 and 3 
of the 8KBU-1 1 relay ,  or 6 to 8 amperes ac 
to t erminals 1 and 3 of the 8KBU - 1  relay .  

b .  Place scope probe across X 1 2  and X 4  (grd ) .  
A square wave o f  voltage should appear 
across X 1 2  and X4 as shown in Fig . 2 5 .  

4 .  Check of  Keyi ng C i rcu i t  

a.  With all s witches  o f  t e s t  c ircuit open and 
0 . 6 to 0 . 8  amperes ac applied to terminal 1 
and 3 of the 8KBU-1 1 relay ,  with scope check 
voltage across X14 and X4 ( grd ) .  (This volt ­
age should be checked with 6 . 0  to 8 . 0  amperes 
into terminals 1 and 3 of 8KBU-1  rel ay ) .  

b .  Waveform shown i n  Fig.  25 should b e  
observed. 

5 .  Check o f  Remote Squar in g Amp I i f iers  

a.  Close  s witches A ,  B and C of  test  fixture . 

b .  Apply 0 . 6  to 0 . 8  amperes ac to terminals 1 
and 3 of the 8KBU- 1 1  relay ,  or 6 to 8 amperes 
ac to s ame term inals for 8KBU -1  re lay . 

c. Using s cope with grd .  lead on X4 , check 
waveshape of voltage across X9 . Waveforms 
of Fig.  25 should be observed .  

6. Sett i ng of SS and S6 
a. With 85 set  to minimum resistance ( fully 

counter-clockwise )  and 86 to  maximum 
resistanc e (fully clockw is e ) ,  ( set  L on e x­
ternal fault) c lose s witches A ,  B and C of 
the test circuit . Apply 0.6 to 0.8 amperes ac 
to  terminals 1 and 3 of the 8KBU-1 1  re lay 
or 6 to 8 amperes ac to same terminals of 
8KBU-1 relay. Open and c lose switch D .  

b .  Place scope across X 1 0  and X 4  ( grd). Adjust 
85 until  following w aveform appears  on scope . 

Zero Line 
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TY PE SKBU-1  AND SKBU - 1 1 PHASE COMPARI SON R E LAY ________________ _ 

c .  Adjust S6 until  the relay trips . This sets 
the triggering of the Trip AND after a 4 milli­
second de lay . 

d. Slow ly change S5 to obtain the following 
waveform. This will be  with S5 at or near 
minimum resistance . 

E qual Pips may 
Point up as shown -..... :---�--­
or down 

e .  C lose and open switch D ,  and slowly turn S5 
until the re lay operates .  Waveform should be 
the same as in step 6 .  If necessary , readjust 
S6 and repeat step d and e .  

7 .  Tran s ient B l ock ing  De lay 
(22/0 and 0/1 00 T i mer) 

a. Connect e lectronic timer stop to X7 and 
X4 (grd) .  Set timer stop on negative going 
puls e .  Re lay not to be energized with ac 
current .  

b .  Connect timer start to X 1 8 .  Set  timer start 
to positive going puls e .  

c .  Close s witch A and s witch 3 1 . Close s witch 
3 2 .  (Represent s 20 volt input to terminals 
3 and 19 of protective re lay board) .  Timer 
should start and should stop between 22  and 
25 milliseconds . If neces sary,  adjust R3 1 6  
on output board t o  obt ain t iming. 

d. Set timer start on a ne gative pulse and timer 
stop on a positive pulse . 

e .  Open switch 3 2 .  ( Represents removal of 2 0  
volt input to terminal 5 o f  the protective relay 
b oard) Timer should start , and shoul d  stop 
after a time de lay of 80  to  135 milliseconds . 

8. 8/0 T i mer  D i stance Fau l t  Detector 

1 6  

a .  Conne ct timer start t o  terminal 1 6  of super­
vision board . Set timer start on pos itive 

pulse .  Connect timer stop to X18 and X4 
( comm ). Set timer stop on positive puls e .  

b.  Close switch 3 1 . C lose switch 3 2 .  ( rep­
resents 20 volt i nput to term inals 3 and 1 9  of 
protective re lay board ) .  Timer should start 
and should stop after 6 to 8 milliseconds . 

9.  Sustained Arm ing A l arm (2 .5  Seconds) 

a.  With e lectronic timer stop connected to X 1 7  
and X4 (grd) , set timer stop o n  ne gative 
going puls e .  

b .  Connect timer start t o  X 1 8 ,  Set timer start 
on positive pulse . 

c .  C l ose switch 3 1  and then s witch 3 2 .  (Rep­
resents 20 volt input to terminals 3 and 1 9  of 
Protect ive re lay board).  Timer will start and 
should stop aft er 2 . 3 to 2 . 7  seconds . 

d .  Open switch 31  and 3 2 .  

1 0. Check of T rans ient U nb loc k i ng C i rcu it  

a.  With e lectronic timer stop connected to X7 
and X4 (grd) , set timer stop on positive going 
puls e .  

b .  Connect timer start t o  timer start contacts of 
s witch A .  Set timer start on ne gative pulse.  
If D PST switch " L "  of test c ircuit of Fig .  29  
is used ,  connect second pole of  s witch to 
+20 volts to t rigger timer . 

c .  Clos e s witch A and apply 0 . 6  to 0 . 8  amperes 
ac into terminal 1 and 3 of the SKBU-1 1 
re lay . ( 6  to 8 amperes into 1 and 3 of 
SKBU- 1 )  

d .  Open s witch A ,  timer should start and should 
stop after a time de lay . Time should be 22 
to 28 milliseconds . Recheck approximately 
1 0  times in order to take an average of 1 0  
readings . To recheck time , it will be neces­
sary to c lose SW-A and reset relay with SW-D 
If test circuit of Fig. 29 is used ,  close s witch 
" L "  to internal fault position.  Timer should 
start and stop after a time de lay of 22  to 28 
milliseconds . Take average of 10 readings .  

1 1 . Recheck step s 6,  7 and 1 0. Read j u st S6, R316, 
and S7 i f  necessary. 
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TY P E  SKBU-1  AND SKBU-1 1 PHASE C OM PARISON R E LAY _____________ __;,;,:I.L::.:.· ..:..4 1.:...-9:.:5:.:.4.::.3E:... 

1 2 .  Signal Sque lch T ime  ( 1 0/1 50) 

a. Connect timer stop to X 1 4  and X4 (grd) . 
Ope n switch C .  

b .  Connect timer start t o  switch 28 . Set timer 
start on positive pulse . Connect timer stop 
on positive pulse . 

c .  Close switch 2 8 .  Timer will start and will 
stop after a 8 to 1 2  millisecond delay . 

d. Set t imer stop on negative pulse , and timer 
start to negat ive puls e .  

e .  Open switch 2 8 .  Timer should start and stop 
after a time delay of 1 2 5  to 1 85 milliseconds . 

1 3 .  Check of F requency Veri fi er 

a .  Open all s witches o f  test circuit . 

b .  Connect scope across TP60 and terminal 
8 of the FD board.  

c .  Apply 0 . 6  to 0.8 amperes to terminal 1 and 3 
of SKBU-1 1  relay .  (Apply 6 . 0  to 8 . 0  amperes  
to terminal 1 and 3 of  SKBU-1 relay)  

d .  Waveform of  Fig.  26  should be  observe d .  

T R O U B L E  S H O O T I N G  P R O C E D U R E  

To trouble s hoot the e quipment , the logic diagram 
voltages of Fig .  25 should be used to isolate the 
circuit that i s  not performing correctly . The schem atic 
of the i ndividual board , and the voltages of Table 
I I I  should then be used to i solate the faulty 
component.  

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

Repair work can be done most satisfactorily at 
the factory. However , interchangeable parts can be 
furnished to the customers who are e quipped for doing 
the repair work . When ordering part s ,  always give 
the complete nameplate data .  For component s mounted 
on the printed circuit board ,  give circuit symbol and 
the e lectrical value ( ohms , mfd . ,  etc . )  and compo­
nent style number.  
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TYPE SKBU- 1 AND SKBU-1 1 PHASE COMPARISON R E LAY-----------------

Test 
P o int  

TP54 

T P 5 5  

TP56 

Term . 2 

5 1 -5 2  

5 2 -5 3  

5 3 -5 1  

Term. 5 -6 

T P  5 7  

T P  5 8  

T P  5 9  

T P  6 0  

T P  6 1  

T P  62 

Test 
Point 

Term . l 6  

T P 1 5 1  

T P 1 5 2  

Term . l 3  

Term . 1 8  

T P 1 5 3  

T P 1 5 4  

Term . l 9  

Term . l O  

T P 1 5 8  

Term.  1 

Term. l 5  

Term.  6 

Test 
P o i n t  

T e r m .  7 
T P 1 01  �e r m .  1 0  

T P 1 02 

Term. 1 3  

lo-Term.  1 2  

1 8  

TABLE I l l 

VO LTAGE MEASU R EMENTS ON PR INTED CI RCU IT BOARDS 

F A U LT D E T E C T O R  BOARD 

la . c . = 0 l a . c . = P i c ku p  of F D  

6 . 5  V .  d .c .  le s s  than 1 

l e s s  than 1 4 . 5 V .  d . c .  

le s s  t ha n  1 1 8  to 2 0  V .  d . c .  

le s s  tha n  1 8 . 6  V .  d . c .  

0 7 .4 v olts a . c .  ( A pprox .)  

0 7 . 5  volts  a .c .  ( A pprox . )  

0 7 .4 v o lt s  a .c .  ( A pprox . )  

0 1 5  v olts a . c .  ( A pprox . )  

1 8  v o lts  

1 8  v o lts  

l e s s  t h a n  1 P u l s e s  S e e  F i g .  2 6  for 
2 0  volts  W a v eform 
1 8  v o lt s  

le s s  tha n 1 

S U P E RV I S I ON B O A R D  

N or m a l  
C ond i t i on Abnorma I C on d it i on 

1 2  l e s s  than 1 w it h  DFD & Operation 
less t ha n  1 7 with D F D  Operation 

2 0  les s than 1 w i t h  D F D  Operation 

le s s  t h a n  1 2 0  

l e s s  t h a n  1 1 5  with s u s t a i ned arming 

1 5  l e s s  than 1 w i t h  sustained arm i ng 

le s s  than 1 2 0  w i t h  s us ta in e d  arming 

2 0  l e s s  than I with sustained arming 

le s s  than 1 6 . 8  v o lt s  d . c .  

2 0  l e s s  than I 
l e s s  than 1 2 0  

6 2 0  &D FD = d i s ta n c e  fault 

l e s s  than 1 2 0  detec tor 

A M P L I F I E R  AND K E Y IN G  

Normal  
( l a . c .  = 0) 
1 8  

l e s s  than 1 

l e s s  than 1 

5 Vdc 

le s s  than 1 

le s s  than 1 

Serv ic eab le C h an n e l  

• ... 
A bnorma l or l AC = P i c ku p  of F D  

e le ss than 1 breaker f a i lure or trip 
e 8 . 5  bre a ker  f a i lure or trip 

e le s s  than 1 breaker fai lure or  tr ip 

& 4 . 3 V p u l s e s  

& /- 6 v o lt p u l s e s  

& I  2 0  volt  p u l s e s  

A M P L I F I E R  A N D  K E Y I N G  (Continued)  

Test  N or m a l  
Point  ( la . c .  = 0) 

T P 1 03 5 Vdc 

T P 1 04 l e s s  than 1 

Term. I I  2 0  Vdc 

Term. 2 o v  
Term. 1 8  2 0  v 
Term. 1 7  0 Volts  

Serv iceab le Channe l  

Abnorma l or l AC = 
P i c k u p  of F D  

& 5 v o l t  p u ls e s  

& 1 6  volt  p u l s e s  

& 2 0  volt  puls e s  

& 2 0 v o  I t  p u l s e s  

& 6  v o l t  puls e s  ( R e f .  +20V) 

& 4 5 volt pulses  

f Non-s que lch condition � Termi n a l  1 0  and 1 2  

e Abnorm a l  connected toge ther.  

& la c  = FD p i c kup 

A R M I N G  B OA RD 

Test Point E xterna I F au I t  I nterna l Fau l t  

TP2 5 2  I l e s s  than 1 1 0  V pu l s e s  

Term .  3 I 1 0  volts  1 0  V pulses 

T TP 2 5 4  I l e s s  t h a n  1 2 0  V pulses 

T P 2 5 5  I 2 0  volts  20  V p u l s e s  

11 T P 2 5 6  l e s s  t h a n  1 le s s  t h a n  1 

11 Term. 1 9  1 8  volts  18  volts  

I Very narrow puls e s  w ou l d  be observed on s c ope . 

11 W i t h  lac = 0 (Unarmed c on d i t i on )  

. T P2 56 - 6  v o lt s ,  Term . 1 9 - 0  volt s .  

OUT P U T  B O A R D  

Test 
Point Norma l Tr i p  B loc k i ng 

3 01  2 0  A p p l i e s  t o  Seq uentia l F a ult 

3 02 0 A pp li e s  to Sequent i a l  F a u lt 

3 03 2 . 2 1 2 . 5 l e s s  than 1 

304 le s s  than 1 l e s s  than 1 0  7 
B oard 1 4  2 0  2 0  l e s s  than 1 

3 05 1 8 . 5  7 1 8 . 5  

3 06 0 1 3 . 5 0 

3 07 2 0  le s s  than 1 2 0  
3 08 0 2 0  0 
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C I RC U I T  
SYMB O L  

D ESCR I PT ION 

E LECTRICAL PARTS L IST 

W E S T I N G HOUS E  
S T Y L E  N U M B E R  

C I R C U I T  
S Y M B O L  

D E S C R I P T I O N  W E S TI N G HOUS E  
STY L E  N UM B E R  

FAU LT D E T ECTOR BOARD Sty le 53 1 2D1 3G01 FAU LT D E T ECTOR BOARD (Continued) 

Capac itors Zener D i odes 1----------�---------·----- f------------··------- ·----,---------1 
C 5 1  0 . 1  Mfd 1 544920 Z5 1 1 N 1 832C , 62V! 1 84A61 7H06 
C52-C53-C59 0 .5  Mfd 1 87 A624A 1 1  Z52-Z55 
C54-C55 1 . 5 Mfd 1 8 7  A508H09 Z53 
C56-C57 0 . 02 Mfd 1 87A624H09 Z54 
C58 0 . 1  Mfd 1 87A624H01 
C60 0 . 2 2  Mfd 762A703H01  

1 N 957B,  6 . 8V 
1 N3688A , 24V 
1 N759A , 1 2V 

1 8 6A797H06 
862A288H01 
837A693H01 

Diodes 
SUPERVIS ION BOARD Sty le 53 1 5D34G01 

D 5 1  to D58-D70 
to D73 

D59 
1 N457A 
1 N 645A 
1 N4 3 85 

1 84A855H07 1--------·--Capac itor 
837A692H03 C 1 5 1 -C 1 53-C 1 57 I0 .4 7  Mfd 1 88A669H01 
1 84A855H1 4  C 1 5 2  I 68 Mfd 1 8 7A5 08H02 D60 to D69 

C l 54-C l 5 8  I 1 .5 Mfd 1 87A508 H 09 

Tran s istors 1----- --- - ___ l_ ____ -----�-- ------1-------------.------.-r-----� Diodes Q5 1 -Q52-Q53-Q55-
Q57-Q6 1 -Q62-Q63 2N34 1 7  848A8 5 1 H02 D 1 5 1-D1 57-D 1 6 2-1-rn45_7

_A --r 1 84A855H07 
Q54-Q56-Q58 2N3645 849A4 4 1 H01  D 1 52-D 155-D 156  1 N645A 83 7A692H03 

1-----------L------ -- --- - --- --
-

- - ---Switches Tra n s i stors 
,_

Q
_
5
_
9-

_
Q
_
6
_
o 
_____ .---

2
_
N

_
8
_
8

_6__ -- 1 ,85As 17ii03 Q�5
1 ��Q��!��:�5�

2N34

--

1

-

7 

-----,-

8

-

4 8

_

A

_

8

_

5

_

1

_

H

: 
Res i stors Q1 53-Q156-Q162  2N3645 849A4 4 1 H0 1  

R5 1 5 0  Ohm s ,  5W 1 85A209H06 
. ___ ---- --------------1 

R52-R68-R7 1 2 . 7K Ohms lhW 629A53 1 H4 2  Res i stors 
R53 ( POT) 2 .5K Ohms lhW 629A430H03

1--
R
-

1
_
5
_
1
-
-R
-

1 5
-

8
-
--R

--
1 6

_
8
_ �--l------ --- -

R54-R55-R58-R62-R64- R188 -R1 94 1 6 .8K Ohms YzW 629A5 3 1 H5 2  
R66-R84-R89-R92 1 0K Ohms lhW 629A5 3 1 H56 R1 52-R 1 53-R157-

R56-R60 l OOK Ohms \6W 1 84A763H75 R 1 5 9 - R 1 64-R 1 65-
R5 7 47K Ohms lhW 629A53 1 H72 R 1 67_R1 69_R186_  
R59 56K Ohms lhW 1 84A763H69 R 1 8 9-R1 9 1-R 1 93-R l96 l OK Ohms YzW 
R61 -R87 2 2 K  Ohms lhW 629A5 3 1 H64 R1 54 470  Ohms YzW 
R63 6 . 8K Ohms YzW 629A5 3 1 H52 R1 66- R 1 92 2 2K Ohms lhW 

R65 27K Ohms lhW 629A53 1 H66 R1 56-R l 6 1  l K  Ohms lhW 
R67 1 5 0  Ohms 3W 762A679H0 1 R1 60-R1 70-R1 90 8 2K Ohms YzW 

R69-R73 68K Ohms lhW 62 9A53 1 H76 R1 55-Rl 62 �- 3 3K Ohms YzW 

R70-R74-R88 39K Ohms YzW 6 2 9A5 3 1 H70 R163 56K Ohm s lhW 

R7 2-R75-R80 2K Ohms lhW 83 6A503H33 R 1 7 1  I 1 5-0  O h m s  3W 

629A53 1H56 
1 84A763H 1 9  
1 8 4A763H59 
1 84 A763H2 7  
629A53 1H78 
184A763H63 
1 84A763H69 
762A679H01 
1 84A763H37 
1 84A763H67 

R76-R78-R90 1 K  O hms YzW 629A5 3 1 H3 2  R 1 95 �i 2 7K Ohms lhW 

R77 5 .6K Ohms Jf2W 629A5 3 1 H50 R 1 85 7K Ohm s lhW 

R7 9-R80 6 . 2 K  Ohms YzW 629A53 1H5 1 f------------- ---- ----· _L___ _____ -1 
R 8 1  20K Ohms lh W  629A5 3 1H63 1-------

Zener D i ode 
R8 2  1 . 5K Ohms lhW 83 6A503H30 Z 1 5 1 -Z 1 52-Z1S_6_ -- �

1

lN95-7B
-

, B . 8V 
-- -

1 8
-

6
-

A79
-
7H

-OB 
R83-R9 1 470 Ohms lhW 629A5 3 1 H24 Z 1 5 3  1 N3688A, 2 4 V  862A288H01 
R85-R93 4 .7K Ohms lhW 629A53 1 H48 Z 1 5 8  UZ5875 , 75V 837A693H04 
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TYPE SKBU - 1  AND SKBU- 1 1  PHAS E  COMPARISON R E LAY 

E LECTR ICA L PARTS L IST (C ont i nued)  

C IR C U I T  W E S T I N G H OUS E C IR C U I T  W E S T I N GH OU S E  
SYMB O L  D ESC R I PT I ON 

S T Y L E  N U M B E R  S Y M B O L  D E SC R I PT I ON 
S T Y L E  N U M B E R  

AM PLI F I E R  & KEY ING B OARD Sty le  531 4D77G01 ARMING BOARD Sty le 201 C1 70G01 

Capac itor D i odes 

C 1 0 1  6 . 8  Mfd 1 84A6 6 1 H 2 1  D 255-D257-D260-D 2 6 1 -

C 1 0 2  1 .5 Mfd 1 87A509H09 
to D 265-D267 1 N457A 1 84A855H07 

Tra n s i stors D iodes 
Q252-Q253-Q256-

D 1 01 -D 1 1 0 to Q25 8-Q259 2N34 1 7  848A8 5 1 H02 D 1 13  l'N457A 1 84A8 55H07 

D 1 02 to D 1 05-
Q257 2N3645 849A44 1 H0 1  

D 1 07 t o  D 1 09 1N645A 8 3 7A692H03 

R e s i stors 
Tran s i stors R255-R25 7-R26 1 -R262-

Q 1 0 1  to  Q107 2N34 1 7  848A8 5 1 H02 R265-R27 4-R277-R278-

Q1 08-Q1 09-Q1 1 3  2N3645 849A4 4 1 H 0 1  R280-R2 8 1 -R287-R288 

R260-R264-R275-R276-

22K Ohms Yzw 1 84A763H59 

Res i stors R28 2-R284-R285 1 0K Ohms Yzw 1 84A763H5 1 
R279 27K Ohms Yzw 629A5 3 1 H66 

R 1 0 1  6 . 8 K  Ohms Yzw 629A5 3 1 H 5 2  R2 83-R290 1 2K Ohms 1/zW 629A5 3 1 H5 8  
R 1 02-R1 06 470 Ohms Yzw 1 84A763H 1 9  

R 1 03 39K Ohms Yzw 1 84A763H65 Zener D i odes 
R 1 04-R 1 08 l K  Ohms Yzw 1 84A763H27 Z25 1 1 N368 8A , 24V 862A288H01 
R1 05-R 1 09-R l 1 2  

t o  Rl l 6 -R 1 2 1- R l 22- PROT ECT I V E  R E LAY BOARD 
Rl 24-R 1 3 0  l OK Ohms YzW 1 84A763H5 1 Sty le 201 C 1 6SG01 - 201 C476G01 

R l 07 1 5K Ohms Yzw 629A53 1H60  
Rl l O  82K Ohms YzW 629A53 1H78  

Capac itors 

R1 1 1 -R l 2 0  33K Ohms Yzw 1 84 A  763H63 Cl to C4 . 04 7  M fd 84 9A43 7H04 

Rl l 8  220K Ohms 1/zW 1 84A763H83 Diodes 
R 1 1 9-R1 3 2  68K O hms Yzw 629A5 3 1 H76 

R l 23-R l 3 9  22K Ohms Yzw 1 84A763H59 D1 to D5-D9 1 N 64 5 A  83 7A692H03 

R1 25-R 1 2 9  4 .  7K Ohms 1/zW 1 84A763H43 

R1 26-R l 2 8  470K Ohms YzW 1 84A763H91 Trans istors 
R 1 27-R 1 4 1  4 7 K  Ohms Yzw 1 84A763H67 

R 1 4 0  56K Ohms lfzW 1 84A 763H69 Q 1  to Q6-Q� 2N34 1 7  848A85 1 H 0 2  

R 1 4 2  l K  Ohms 5W 7 63 A 1 29H07 

Zener D i odes Res i s  tors 

Z l 0 1 -Z l 02 1 N 957B,  6 .8V 1 8 6A797H06 R1 ( 1 2 5  volt  input) 68K l W 1 87A643H7 1 
Z 1 03 1 N3688A,  24  v 862A288H01 
Z l 04 1N748A 3 .9V 1 8 6A797 H 1 3  R l  ( 4 8  volt input) 22K YzW 184A763H59 
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TY P E  SKBU-1  AND SKBU - 1 1 PHASE COM PARISON R E LAY ______________ 
I .L_._4_1 -_9s_4_.a_E 

E LECTR ICA L PARTS LIST {Con t i n ued) 

C IR C U I T  W E S T INGHOUSE C I R C U IT W E S T I N G H O U S E  
SYMB O L  D ES C R I PT ION 

STY LE N U M B E R  D E S C R I P T I ON SYMBOL STYLE N U MB E R  

PROTEC T I V E  R E LAY BOARD (Continued) OUT PUT BOARD (Cont inued ) 

Res i stors (Conti nued) 
Res i stors (Continued) 

R2-R3-R4-R8-R9-R 1 3- R302 220K Ohms YzW 1 87A64 1 H83 
R 1 4-R 1 2 2-R23 4 . 7K Yzw 629A5 3 1 H4 8  R305 47 Ohms Yzw 1 87 A290 H 1 7  

R5-R 1 0-R15-R24-R34 8 2K 629A5 3 1 H78 R307 47K Ohms Yzw 1 84A763H67 
R6-R21 -R30-R39 27K Yzw 1 8 4A763H 0 1  R308 - R3 1 2  470 Ohms Yzw 1 84A763 H 1 9  
R7-Rl l - R 1 6-R20-R25- R309 - R3 1 7  1 K  Ohms Yzw 1 84A763H27 

R29-R40 1 0K Yzw 629A53 1 H5 6  

Yzw 629A53 1H5 2 
R3 1 3  470K Ohms Yzw 1 84A763 H 9 1  

R 1 2-R1 7-R26 6 . 8 K  
R 3 1 6  (Pot . )  1 5 K  Ohms Yzw 629A430H08 

R 1 8-R1 9-R27-R28 22K Yzw 1 8 4A763H59 
R3 1 8 - R3 22 - R323 4. 7K Ohms Yzw 1 84A763H43 

Zener D i ode R3 1 9 - R321 - R325 22K Ohms lfzW 1 84A763H59 

Z1 -Z3-Z5-Z7 1 N3 686B.  20V 1 85A21 2H06 R327 6 . 8 K  Ohms lfzW 1 84A763H47 

Z2-Z4-Z6-Z8 1 N 957B . 6 .8V 1 86A797H06 R329 18K Ohms lfzw 1 84A763H57 

R33 1 l OK Ohms Yzw 6 29A5 3 1 H56 

OUT PUT BOARD Sty le 201 C025G02 R332 6 .8K Ohms YzW 629A53 1 H 5 2  

R333 27 K Ohms Yzw 629A5 3 1 H66 
Capac itors 

R334 1 5 0  Ohms 3 W 762A679H 0 1  
C301  1 . 0  Mfd 837A24 1 H 1 5  

C302-C303-C306-C309 0 . 2 2  Mfd 762A703H01  Zener D iode 
C304-C305 4 . 7  Mfd 1 84A66 1 H 1 2  

Z301 t o  Z305 1 N957B.  6 .8V 1 86A797H06 
C307-C308 500 Mmfd 1 8 7A694H03 

C3 1 0  0 . 1 0  Mfd 1 88A669H03 
Z306 - Z307 1 N3688A.  24 V 862A288H01 

C3 1 1  1 . 5 Mfd 1 87A508H09 R E LAY BOA RD Sty le  531 2 D78G01 - SKBU - 1 1 
Sty le  531 2D80G0 1 - SKBU-1  

D iodes 
D3.01 to D306-D308 1 N457A 1 84A855H07 

Capac itors 

D307 1 N 645A 837A692H03 C201 -C202-C203 0 . 25 Mfd 1 87A624H02 

Tra n s i stors Res i stors 

Q30 1 -Q305-Q306-Q307- R20 1  4 5 0  Ohms 5W 1 85A209H06 

Q309 2N3645 849A44 1 H 0 1  R202-R203 (SKBU-1 1 )  3 .3 K  Ohm s VzW 629A53 1 H44 

Q302-Q303-Q304-Q3 08 2N34 1 7  848A8 5 1 H02 R2 02-R2 03 (SKBU-1 ) e  2 . 2K Ohms VzW 1 87A64 1 H35 

F i Iter Choke 
Resi stors 

L201 
R30 1 -R303-R304-R306-

8 . 5Hy 4 5 0 0hms 1 88A460H01 

R3 1 O-R3 1 1 -R3 1 4-R3 1 5-

R320-R323-R324-R326-
Zener D iodes 

R330-R335 l OK Ohms VzW 1 84A763H5 1 Z20 1  4 1 N 1 828C 43V 629A798 H 1 4 

.A SKBU-1 1  only • Typical Value - Resistors selected for proper loading of low pass filter.  
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T Y P E  SKBU - 1  AND S K BU- 1 1 PH ASE C OMPARISON R E LAY 

22 

AMPL I F I E R  AND KEYING BOARD 

SUPERVISION BOARD -----, 

FAULT DETECTOR BOARD 

TRANSIENT 
UNBLOCKING·---------\ 

T1 KEYING 

RESISTORS 
FOR SEQUENCE 

FILTER 

Fig.  1 .  Photograph (Front V iew) SKBU- 1 1  R elay 
SKBU- 1 Has a Second Tap B lock " T " .  

TERMINALS 

Fig.  2. Photograph ( R ear V iew) SK BU- 1 1  Re lay 

POWER SUPPLY 
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TY P E  SKBU-1  AND SKBU - 1 1 PHASE COMPARISON R E LAY 

24 

'----- 19 

0TP255 
I R276l 

IR255 l I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
F ig. 5 .  Location of Components on A rming Board 

r-- -- -- --- -- -- -- --- --- --ARMING 80. --'1 
k� 22K IR287} � IN457A I 

14 - � �  I -- -
---- - - - - rr� �-N 457A 1 

3 I I OR - 3 4 1  
4 + 20 VOLTS � 

Fig.  6 .  Schematic of A rm ing B oard 
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TYPE SKBU - 1  AND SKBU - 1 1 PHAS E  C OMPARISON R E LAY I .L. 4 1 -954.3E 

I B Z iill --�- -----, 
Z t> I !:J  

�@� � ------ -� � 
rmm � 

DEE] 

<.D 0 
. �o 

� '-c )  
0 r<l 0 �0 � 1-

co ..-::> 
C\1 CJ 
...--4 0 
C\1 

I 
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I 
I I I � ·  I 

"' ==== @ � 
c_____. � - ------__________jl 

B NEG  

FOR STATE O F  
TR,ANSISTORS SHOWN I I  NO AC CURRE N T  TO  SEQUENCE 
NE TWORI< 

� 1 2  NO RECE I VED 
: CARR I E R 
z 

� . =� I I  
SO }���I�IER -RE"!OT£ SQ - ----� A M P. 1 5 3 1 4 0 7 7 8 0 1  - - - - - - - - --'-- -

-,j 
i; 
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c: 
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6 9 1 B 1 5 5  
F i g .  8 .  Schematic of A mp lifier and Keying B o ard. 
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T Y P E  SKBU - 1  AND SKBU - 1 1 PHASE COMPARISON R E LAY-----------------

2 0 1 C OS 4  

F ig. 9 .  L o ca tion o f  Components o n  O utpu t  B oard. 
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Fig. 1 0 .  Schematic of O'utput B oard. 
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TY P E  SKBU-1  AN D SKBU- 1 1  PHASE COMPAR ISON R E LAY 
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----- -- ---------- --------- -- ·� I I I 
R E L A Y  C I R C UIT B O A R D  

t><J � TYPICAL VALUE. VA:.UE VARIES , 

RESISTOR SELECTED TO OBTAIN 
PROPER LOADING ON LOW PASS FILTER .  
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Fig. 1 2 .  Schematic of R e loy B oard. 
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TYPE SKBU - 1  AND S K BU- 1 1 PHASE COMPARISOM R E LAY 
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T Y P E  SKBU-1  AND SK BU - 1 1 PHAS E C OM PAR ISON R E LAY 

� �-BOX INDICATES TRANSISTOR 
IS NORMALLY CONDUCTING 

81, 84-"a" INDICATES BUFFER CIRCUIT BLOCK 

� - - - - -1 9  

PROTECTIVE R E L AY INTER B O  

�__/\_V 1 \ _ -----v-l IN457A \ V 

L 8 4  OR,5 A N D 4 OR 6 7 
--- --- --- --- ---- ---- --- __ -- -- �CI65G O I  

I.L. 41 -954.3E 

\ - 1 :BREAKER FAILURE RESISTOR 
47K 20 VVL.!S INPUT 
22K 48 VOLTS INPUT 
68K 1 2 5 VOLTS INPUT 

69 1 B 1 1 4  
Fig. 1 7. Schematic of P rotective R e lay Board for D istance Phase Comparison System with B linder Control. 
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S K B U - 1  LOG I C  OWG. - .5499032 

--.> J I O I  C O N NECTIONS ON SKBU 
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Fig. 1 8 .  E lementary Connection of TC S K B U - 1 1 .  
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T Y P E  SK BU- 1 AND S K BU - 1 1  PHAS E COM PAR ISON R E LAY 
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TY P E  SKBU - 1  AND SKBU - 1 1 PHAS E COM PARISON R E LAY ______________ ,.L_._4_1 ·_9s_4_.3_E 

..;.-
POS 

4 S voc o--------�------� 
T I M E R  =::- A 
S TA R T  �D 

IOK 

2N699 
TRANSIS TOR 

� 
I I 

I W  

RECEIVED SIGNAL 

* 45 VOLTS TAKEN FROM 
POWER SUPPLY 

VOLT METER ( 0- 25 VOLTS ) 
TRIP 

TIMER START 
2 9  
3 0  
3 1  
32 

c 

SKBU- 1 1  
J"I OI  

CONNECTOR 

NE G. D.C. 

CAR R I E R  C ONTROL 

REMOTE 

T RI P  '---+�ql----l} ARM ING 

C O N T R OL 

POS 2 0  V D.C. 

I PROTECTIVE � R E LAY INPU TS J INT E RNAL T 0 
SK B U - 1 1 

863A 1 5 1 

Fig. 24. Tes t  Circui t  of SKBU- 1 and SK BU- 1 1  Relays. 
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T Y P E  SKBU - 1  AN D SKBU- 1 1 PHASE COM PAR ISON R E LAY 
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Fig. 25. Test Point Voltoges. 
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T Y P E  S K BU- 1  AND SKBU - 1 1 PHASE COMPA RI SON R E LAY ____________ _  
1_.L_· 4_1 _-95_4_·3_E 

TE ST 
POI N T  

57 

5 8  

59 

WAV E F O R M S  W I T H  60 H Z  C U R R E N T  
AT FAU LT DETE CTOR PICK U P  O R  G R EATE R  

------�------ 1 6 T0 20 V 

-- o v. 

----�---------------- 1 6 T0 20 V  

-- 0 

---- 16 T0 20 V  

- o v. 

PUL S E S  A R E  (l 16 TO 20 
3 T0 4  M. S. r fl G 1 20 H Z  A N D  H I G H E R  r I 

. 6 0  W I DE F O R  60 HZ, t L--- L-----, ---- 0 V 
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C 6  

--- 16 T0 20 V  

--- o v  

---- ----- 1 6 T0 20 V  
---- o v 

----- 5 V. 

---- o v  
7 1 5B l 06 

Fig .  26.  Frequ en cy Verifier Waveform s at 60 Hz.  
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TYPE SKBU-1  AND SKBU-1 1 PHAS E  COM PARISON R E LAY ________________ _ 
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TYPE SKBU-1  AND SKBU - 1 1 PHASE COM PARISON R E LAY------------------
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E X TERNAL 
J U M P E R  

4 6  

� 45 OR 4 8 V D C 

J l�l �·�---_1_._ __________________________ �------------------------
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CARRIER CONTROL CIRCUIT 
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� �  
K E Y I N G  10/ 1 50 
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C I R C U I T  
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I.L. 41 -954.3E 
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SWITCH L- I N TERNAL E X T E R N A L  
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Fig. 29. Inter  Conn ection D iogram of Test Conn ections to Obtain Remote P u lses from Keying Circuit 
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TY P E  SKBIJ-1  AND SKBU- 1 1  PHASE COM PARISON R E LAY 
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INSTALLATION 
Westinghouse I . L . 4 1 -954 . 1 E  

• OPERATION • MAINTENANCE 

INSTRU C TI O NS 
TYPE SKBU PHASE COMPARISON RELAY 

FOR TYPE TC CARRIER CHANNEL 

CAU TION : I t  i s  recommended that the user o f  this 
equipment become acquainted with the 
information in this instruction leaflet 
and in the system instruction leaflet 
before energizi n g  the system. 

P rinted circuit modules should not be 
removed or inserted when the relay is 
energized . F ai lure to observe this pre­
caution can result in an undesired trip­
ping output and c ause component damage.  

A P P L I C A T I ON 
The type SKBU relay is a high s peed c arrier relay 
used in conjunction with a type TC power line 
c arrier set to provide c omplete phase and ground 
fault protection of a two terminal or three t erminal 
transmission line.  Simultaneous tripping of the 
relays at e ach line terminal is obtained in  less than 
twenty-five milliseconds for all internal fault s 
within the limits of the relay setting s .  The relay 
operates on line current only , and no source of 
a-c line potential is required . Conseque nt ly , the 
relays will not trip during a swing or our-of-step 
conditions.  The carrier equipment operates directly 
from t he st ation battery. 

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

The type SKBU relay consists of a combination 
positive , negative and zero sequence current net­
work , a sat urating transformer ,  a 2 0-volt power 
supply , and printed circuit boards mounted on a 
stand ard 1 9-inch wide panel ,  8-3/4 inches high 
(5 rac k  units) .  Edge slots are provided for mounting 
the rack on a st andard relay rac k .  The location of 
these components is shown in Figures 1 and 2 .  
The components are connected as shown i n  the 
internal schematics of Figures 3 and 4 .  

Sequence Network 
The sequenc e filter consists of a three-legged iron 
core reactor and a set of resistor s ,  R1 and RO. The 
reactor has three windings : two primary and a t ap­
ped secondary winding , would on the center leg 
of a " F "  type of lamination. The s econd ary taps 
are wired to the A, B and C tap connections in  
the  front of the re lay ( R1 taps) .  RO consists of 

SUPERSEDES I . L. 4 1 -954 . 1 D ,  dated J u ly  1 974 
0 Denotes change from superseded issue . 

three tube resistors with t aps wired to F ,  G and H 
t ap connections i n  the front of the relay .  T he R 1  
resistor i s  a f ormed resistor associated with the 
t apped second ary of the r e actor . 

Saturat ing Tran sformers  
The voltage from the  network is  fed into the t apped 
primary of a smal l  s aturating transformer .  This 
transformer and a Zener clipper ( on a printed 
circuit board) connected across its secondary are 
used to limit the voltage impressed on the solid 
s tate  c ircuit s ,  thus providing a small r ange of 
voltage for a l arge v ariation of maximum to minimum 
fault current s .  This provides high operating e nergy 
for light faults , and limits the operating e nergy for 
heavy faults t u  a r e asonable v alue . 

Printed Circu i t  Boards 
The number of boards varies  with the application 
of the SKBU relay but in general consists of four 
printed circuit boards mounted in the order given 
( left to right-front view) ;  a fault detector b oard , 
an amplifier and keying board , an output board , and 
a trip board. All of the circuitry that is suitable 
for mounting on print ed circuit boards i s  c ontained 
in an e nc losure that projects from the rear of the 
fron: panel  and is accessible by opening a hinged 
door on the front of the panel .  The printed c ircuit 
boards slide i nt o  position in  slotted guides at the 
top and bottom of e ach compartment and the board 
terminals e ng age a terminal bloc k at the rear of 
the compartment . E ach board and terminal block is 
keyed s o  that if a board is placed i n  the wrong 
compartment it c annot be  i nserted i nt o  the t ermi nal 
block .  A handle on the front of e ach board is  lab e led 
to identify its function i n  the re lay .  

A ll  possible contingencies which may arise during 
installation, operation, or maintenance, and all 
details and variations of this equipment do not 
purport to be covered by these instructions. If 
further information is desired by purchaser re­
garding his particular installation, operation or 
maintenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 
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TY P E  SKBU PHASE COMPARISON R ELAY----------------------

( 1 )  Fau It Detector Board 

T he fault detector board c ontains a resistor-Zener 
diode combination,  a phase splitting networ k ,  and 
two solid stat e  fault det ectors (FD-1  and FD-2) .  

The controls for setting pickup ( S 1  for FD-2 ,  S3 
for FD- 1 )  a nd dropout ( 82 for FD- 2 , S4 for FD- 1 )  of 
th e fault d e tecto rs ar e mounted on the plate in  the 
front of  the assembly.  

(2) Amp l i fi er and Key ing  Board 
The amplifier and keying board contain a l9cal 
squaring amplifier ,  a remote squaring amplifier ,  
a n  " AND " c ircuit , and a transmitter keying c ircuit . 
A c arrier squelch c ircuit is also loc ated on the 
board . 

(3) Output  Board 
The output board contains a 4 millisecond pickup 
and inst ant aneous dropout , t imer circuit , flip-flop 
circuit , trip amplifier , transient blocking and un­
blocking circuit . 

(4) Trip Board 
The trip board cont ains the phase delay circuit 
for s hifting the loc al signal with reference to the 
remote signal . This board also cont ains the final 
tripping output of the SKB U .  

(5) Card Extender 
A card e xtender (Style No. 644B3 1 5G02) is  available 
for facilitating circuit voltage measurements  or 
major adjustment s .  After withdrawing any one of 
the circuit boards , the e xt e nder is inserted in that 
compartment .  The board then is inserted into the 
terminal block on the front of the extender . This  
restores all circuit connections , and al l  components 
and test points  on the b oards are readily accessible . 

Test Points 
Test points ar e loc ated on e ac h  printed circuit 
board for the major components on the board.  Complete 
c ircuit test points are wired to the front panel of 
the relay for conve nience in adjusting and testing 
the relay .  

O P E R A T I O N 
A .  Sy stem 

2 

T he SKBU c arrier relaying system compares 
the phase position of the currents at t he ends  
of  a l ine  section over a c arrier channel to  
determine w het her an  int ernal or  external fault 
exists on the line section. The t hree-p hase 
line currents energize a sequence network 
which produce s  a single-phase output voltage 

proportional to a c ombi nation of sequence 
components of the line current . D ur ing a fault ,  
th is  single-phase voltage e nergizes t he keying 
circuit to allow the transmission of c arrier on 
alternate half-cycl e s  of the power frequency 
current . C arrier is  transmitted from bot h  line 
t erminals in  this manne r ,  and is received at the 
opposite ends where it is  compared with t he 
phase position of the local sequence network 
output . If the local and remote half-cycle pulses 
are of  the correct phase position for an internal 
fault , after a 4 millisecond delay d ur ing the 
half cycle in w hich c arrier is  not transmitted,  
tripping will be  initiated t hr ough operation of 
the flip-flop and trip amplifier circuits .  Current 
t ransformer connections to the sequence networks 
at the two t erminals are such that c arrier is 
transmitted on t he s ame half cycles from both 
terminal s  during a int ernal fault to allow tripping 
duri ng the half cycle that c arrier is not trans­
mitted . However , if the fault is  e xter nal to t he 
protected line section , c arrier is transmitted 
on alternate half cycles from opposite terminal s .  
T hu s  e ach terminal blocks the opposite terminal 
during the half cycle when it is attempting 
to trip. 

The four-milli second delay previously ment ioned 
is  added to allow for differenc e s  in c urrent 
tr ansformer performance at opposite line terminals , 
relay coordinat ion, and momentary interruptions 
in  c arrier c aused by arcing over of protective 
g aps in t he tuning e quipment . 

Since this relaying system operat e s . only during 
a fault , the c arrier c hanne l  is available at all 
other times for the transmission of other functions . 

B .  Rel ay 
With reference to e it her Figs.  3 or 4 ,  the thre e 
phase line currents e nergize a sequence network 
w hich gives a s ing le phase output voltage 
proportional to a c ombination of sequence 
components of the line current . This s ingle 
phase output voltage is  applied as inputs to 
two boards from the secondary of the saturating 
transformer .  

1 .  F ault Detector Board ( Phase Splitter Circuit) .  
2 .  Relay Board (Phase Delay Circuit ) .  

1 .  Fau  It  Detector 
T he a-c voltage is applied to a phase split­
ting network (C5 2 ,  R54 , R53 )  and a poly phase 
rectifier (diodes D51 to D5fl ) .  The d-e voltage 
so obtained requires a minimum of filtering 
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(C5 3 )  and respond s  rapidly to a change i n  
magnitude o f  the a-c output . This d-e voltage 
is  applied to two fault detector circuits 
which operate when the d-e input " s ignal "  
exceeds a predetermined value . 

a .  F au l t  Detector 1 ( FD- 1 }  
Under normal line conditions ( no fault ) ,  
current flows from positive 45 volts d-e 
through resistor R72 and Zener diode 
Z54 to negativ e ,  holding Q55 emitter at 
6 . 8  volts positive .  In transistor Q55 ,  
current flows from emitter t o  bas e ,  then 
through 83 and R71  t o  negativ e ,  t hus 
turning on Q55 .  The collector current 
of Q55 provides base  drive to transistors 
Q56 and Q5 7 ,  turning them on also.  The 
voltage drops across Q56 and Q57 are 
very low ( about 0 . 5  volts) ,  thus providing 
the equivalent of a closed contact .  When 
a fault occur s ,  the d-e voltage from the 
polyphase r ectifier is applied to S3 and 
R7 1 .  When this volt age exceeds the 6 . 8  
volt drop across Zener d iode Z54 , transistor 
Q55 stops c onducting . This removes the 
base current from Q56 and Q5 7 ,  causing 
them to stop conducting , and providing 
the equivalent of an open c ircuit . With 
reference to Figure 7 ,  this  open circuit 
removes negative potential at point A 
and allows the potential at point C to 
become 2 0  volt s .  This increase  in  voltage 
at point C starts transmission of carrier . 

When Q56 is cut off, its collector potential 
rises to about 20 volt s .  This also further 
raises the potential of Q55 base  through 
feedback resistors R75 and 84 , thus 
holding Q55 in  a non-conducting state .  
Whe n the  input voltage ( from the polyphase 
rectifier ) is reduced,  FD1 " resets" to 
allow transistors Q55 ,  Q56 and Q57 to 
conduct . Resistor 83 is  for setting the 
FD 1 pickup current (c alibration adjust­
ment ) .  and the setting of 84 d etermines 
the 80 percent dropout value . 

b .  Fau l t  Detector 2 ( F D-2) 
Under normal condition s ,  transistor Q5 1 
has no base " signal" and is turned off. 
The collector of Q5 1 _is at a high enough 
positive potential to provide base drive 
for transistor Q52 , driving it to conduc­
tion . With Q52 c onducting there is no b as e  
drive t o  transistor Q53 and Q53 is turned 

off. This condition keeps transistor 
Q54 in a non-conducting state , equivalent 
to an open c ircuit . Zener diode Z3 is 
to protect transistor Q54 from external 
surge voltages .  

When a fault causes the d-e input voltage 
from the polyphase rectifier to exceed 
the 6 .8  volt rating of Zener diode Z52 ,  
(through R5 5 ,  and S l )  a positive bias 
is  applied to Q5 1 base  causing it to 
conduct. In turn ,  Q52 stops conducti ng , 
and capacitor C55 c harges up,  giving 
a few milliseconds time delay before 
Q53 and Q54 are switched to full con­
duction , thus "closing" FD2 .  The 
feedback resistors R60 and 82 provide 
a 90 percent FD2 dropout r atio with 
"toggle "  action at the dropout point . 

Whe n  FD-2 operates ,  positive 45 volts 
d-e is  applied to the output board at 
terminal 1 8 .  This 45 volts i s  applied 
to the flip-flop circuit at terminal 1 9  
and to the tr ansient blocking circuit 
t hr ough Zener diode Z302 . Thus,  FD2 
will  " arm" the flip-flop and e nergize 
transient blocking of the SKBU relay .  

2 .  Relay Board 
The a-c voltage from the saturating trans­
former is also applied to the phase de lay 
circuit through a low-pass filter of the relay 
board.  The low-pass filter (C25 1 .  L25 1 .  
C252)  remove s  the harmonic s from this voltage 
and applies a voltage that is  essentially 
si nusoidal in waveform to R25 1 and R25 2  
o f  the p hase delay circuit . B y  means of 
capacitor C253 and variable resistor 85 , 
the voltage across terminals 4 and 9 c an 
be made to lag the voltage across  terminal 
1 0  and 1 1  by a d efinite amount depending 
on the setting of 85 . These two voltages 
are applied to the amplifier and keyi ng 
board of the SKBU rel ay .  

a .  Unde layed Voltage to the Keying Circuit . 
b .  Delay ed Voltage t o  the Local Squaring 

Amplifier .  

a .  Keying Ci rc u it 
U nder normal conditions transistor 
Q102  is turned off. The collector of 
Q1 02 is at negative potential which 
allows base current to flow from 
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positive 20 volts d-e through the 
base of transistor Q1 03 , through 
R104 and R102 to negative . Transistor 
Q1 03 c onducts and positive 20 volts 
is applied to the collector of Q1 03 
to prevent base current from flowing 
in Q1 04, Since Q1 04 is not conducting , 
transi st or Q1 05 does not conduct 
and the collector of Q1 05 is he ld at 
positive potential. 

When a fault occur s ,  sinusoidal 
voltage is applied to transistor Q1 02 
from termi nals 4 and 1 0  of the relay 

board . On the positive half cycle , 
termi nal 1 2  is more positive than 

terminal 4 of the amplifier and keying 
boar d ,  and Q102 does not c onduct . 
However , on the negative half cycle 

of sine wave v oltage,  terminal 1 2  
i s  more negative than terminal 4 and 
base current flows in Ql 02 . This 

turns Q1 02 on and applies positive 

20 volts to R1 02 . This turns Q1 03 
off which in turn puts ne gative potential 
on R 1 0 6 .  Q 1 04 then conducts to 
allow base current to flow into Q105.  
When Q1 05 conducts , its collector is 

connected to neg ative potential. 
Thus , the c ollector of Q1 05 is con­
nected to negative on alternate half 
cycles of the 60-hertz voltage from 
the low pass filter. If FD- 1 is not 
conducting , as seen from Fig. 7 ,  
turning Q 1  05 on and off every half 
cycl e ,  shorts the input to the TC 
c arrier set every other half cycle s o  
that carrier is transmitted o n  t he half 
cycle when Q1 05 is not conducting . 

b. Local Squ ar ing Ampl i fier  
T h e  shifted voltage from t h e  phase 
delay circuit is applied to the local 

squaring amplifier of the SKB U relay .  
Under non-fault conditions , Q108 

is not conducting and R 1 1 5  is at 

negative potential . As a result , the 
base of Q1 09 is at a lower potential 

than t he e mitter of the transistor s .  

Base current for both transistors 
flows from positive 20 volts through 
R1 1 6  and R1 1 5  to negative and both 

transistors c onduct . With Q1 1 1  turned 
on ,  positive 20 volts is applied to 

R 1 1 9  which is applied to R 1 2 9  and 
R 1 3 0  through D l l l  and D 1 09 re­
spectively . This voltage is the input 
to the AND circuit from the loc al 
signal and is the quantity to be 
compared with the signal from the 
remote t erminal to determine if a 
fault is internal or external .  

Under fault conditions , a sine wave 
of voltage is applied from e mitter 
to base of transistor Q 1 0 8 .  On the 

positive half cyc le the base of tr an­
sistor Q1 08 is more positive than 
the emitter and Q 1 08 does not conduct. 
On the negative half cycle of s ine 
wave voltag e ,  the b ase is more 
negative than the emitter and Q108 
conducts .  Turning Q108 on applies 
positive 20 volts to R 1 1 5  to c ause 
Q109 to turn off. This causes Ql l l  
to turn off such that negative potential 
is applied to Rl 1 9 .  Hence , on alternate 
half cycles of sine wave volt ag e ,  
negative voltage appears across R 1 1 9  
t o  apply negative voltage t o  R1 29 
and R130 through D l l l  and D 1 09 
respectively. The voltage across the 
resistor is thus a square wave voltage 
varying from 20 volts d-e to 0 volt 
d-e d e pendent upon the polarity of 
the voltage from the phase delay 
circuit . 

3 .  Remote Squar ing Amp l i f ier 
Under non-fault conditions , carrier i s  not 
transmitted from the r e mote c arrier set . As 
a result the base of Q l l 3  is more neg ative 

that its emitter , and Q1 1 3  conducts.  This 
applies positive 2 0  volts to the base of 
Q1 1 2  to prevent it from turning on.  Henc e ,  
Ql l 2  i s  not conducting and negative voltage 
appears across R 1 2 3 .  This voltage is applied 

to R 1 2 9  and R 1 3 0  through D l 1 2  and D l l O  

respectively , and allows the voltage across 

these resistors to remain at negative potential. 

Under fault conditions , the r e mote TC carrier 
set is keyed on and off as de scribed under t he 

Keying Circuit . This signal is r eceived at 

t he local TC c arrier receiver and is con­
verted to a square wave voltage v arying 

in m agnitude from 45 volts to 0 volt. This 

voltage is applied to the base of Q1 1 3  
through D 1 08 and R1 2 8 .  Upon application of 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  SKBU P HAS E COMPARISON R ELAY --------------------'-· L_._4_1--95_4_ .. 1_E 

positive 45 volts d-e to the b ase of Q1 1 3 .  the 
potential of the base is greater than that 
of the emitt er and Q 1 1 3  stops conducting. 
This removes positive pot ent ial from R1 24 
and al lows the base of Q l l 2  to become 
negative with respect to the emitter .  Q1 1 2  
turns on to apply positive voltage to R 1 23 .  
Hence ,  the vciltage across R 1 2 3  is  a square 
wave voltage that is dev-e loped by the voltage 
received from the TC receiver.  Thi s  .voltage 
is  applied to R 1 29 and R l 3 0  through D 1 1  2 
and D l l O .  

4 . 4/0 Mi l l i seconds T i me De lay 
The 4/0 time delay consists of R3 1 5 ,  C305 , 
R3 1 6 ,  R3 1 7 .  R3 1 8  and R3 1 9 . Under non­
fault conditions , a continuous positive 20 
volts is received from the local squaring 
amplifier at tPrm inal 6 of the output board . 
Thi s prevents capacitor C 3 05 from charging 
and keeps the base of Q3 05 of the flip-flop 
at positive potential . 

Under external fault condition s ,  the square 
wave volt age from the remote squ aring 
amplifier and the squar e wave voltages 
from the loc al squaring amplifier are out of 
ph ase ,  suc h that a continuous 20 volts is  
received at terminal 6 of  the  output board . 
C305 does not charge ,  and transistor Q305 
c annot turn on. 

Under internal fault condition s ,  the square 
w ave voltages from the squaring amplifiers  
are  in phase . Hence . for one-half cycle . 
negative voltage appears at terminal 6 of 
the Output board . This allows C305 to charge 
through resistors R3 1 5  and R I 2 9  to negative.  
After a c alibrated time delay of 4 millisecond s ,  
the voltage across C305 . which is  applied 
to thr base-emitter circuit of transistor 
Q3 05 in the flip-flop circuit is sufficient 
to al low Q305 to cond uct . 

5 .  F l i p -F lop 
The flip-flop c ircuit consists of transistors 
Q305 and Q306 and as sociated components.  
Under normal conditions . transistor Q3 05 
is in a non-conducting state . and tr ansistor 
Q306 is  fully conducting.  The base of 
transistor Q306 is held well below its emitter 
pot ent i al by means of the volt age divider 
consi sting of resistors R325 . R3 26 . D305 
and R3 27 . With this bias , transistor Q306 is 
held in satur ation and the flip-flop is  de-

sensitized so that even if transistor Q3 05 
turns on , transistor Q306 does not turn off. 
Thi s desensitizing circuit is an arrangement 
to prevent inadvertent operation of the flip­
flop in the presence of surges on the d-e 
system. As long as Q306 is  conducting,  its 
collector is  at a high enough positive 
potential such that transistor Q307 in the 
tri pping amplifier cannot turn on. 

Upon the occurrence of an i nternal fault , 
positive 4 5  volts d-e is applied from Q54 
(F'D-2)  to terminal 1 8  of the Output board .  
This removes  the desensit izing bias from 
transistor Q3 06 by making the potential 
of the junction of resistor R3 27 and diod e  
D305 greater than the 20 volt supply for 
the flip-flop circuit . Whe n this occur s ,  there 
is  no current flow through resistor R326  
and diode D305 and the  flip-flop is  now 
" armed " or in a ready condition for a tripping 
oper ation . Since the pulses from the " AND" 
circuit are in phase ,  after a 4 millisecond 
delay ,  the potential across capacitor C305 
is s ufficient to c ause Q305 to conduct . 
Thi s immediately c ause s operation of the 
flip-flop , turning off transi stor Q3 06 . When 
Q3 06 i s  no longer conducting , the potential 
of the junction of R3 29 and R32 8 drops to a 
relatively low value . When this occurs , 
there is sufficient voltage across the b ase­
emitter circuit of transi stor Q3 07 in the 
trip amplifier to cause it to turn on . 

6 .  Tr ip  Ampl i f ier  
Whe n tr ansistor Q3 07 is  turned on by operat ion 
of the flip-flop,  b ase current flows from 
positive 20 volts through Z305 , the emitter­
base junction of Q3 07 . and the resistors 
R328 and R329 to negative . The collector 
current of transistor Q3 07 flows through 
R33 0  and the base-€mitter junction of output 
transistor Q3 08 . The collector of Q308 is 
connected to positive 45 volts d-e through 
R253 and the AR coil of the relay board . 
Collector current thus flows from positive 
45 volts d-e through the AR coil , R253 to  
transistor Q308 . henc e ,  the AR operates 
to trip the bre aker .  In c ase of a voltage 
out put from the SKB U relay , transistor Q25 2  
turns o n  t o  provide 2 0  volts output of the 
next device .  
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7 .  Carr ier Sque lch 

W h e n  t he SKB U r e l ay o p e r at e s  as a r e su l t  

of an i n t e r n al f au l t , po s it i v e  pot e n t i a l  i s  

a p p l i e d  t o  t he sque l c h  c ir c u i t  o f  t h e  a m p l i f i e r  

a n d  k e y i ng b o ar d .  T e n  m i ll is e c onds afte r  

p o s i t i v e  pot e nt i al is  applied , c ap acitor  C 1 0 1 

c har g e s  suffi c i e n t ly t o  allow b ase c u r r e nt 

t o  flow t o  transi stor Q J  06 . T r a n s i stor Q J  06 

t ur n s  on to s hort t h e  c arrier  start l e ad t o  

n e g at iv e  ( r e f .  F i g .  7 ) .  C ar r i e r  i s  t h e n  t u r n e d  

off a n d  w i l l  r e m ai n  off f o r  appro x i m at e ly 1 5 0 

m il l i s ec onds after t h e  SDB U r e s e t s  t o  

prev e n t  d e l ay e d  t r i pp i ng of  t h e  r e m ot e  b r e ak e r  

d u e  t o  a s h o r t  b u r st of  c ar r i e r  a t  t he i n s t ant 

of  t he l o c al b r e a k e r  o pe n i n g .  

8 .  Tran s i ent B locking 
W h e n  Q 5 4  ( F D - 2 )  t u r n s  o n ,  p o s i t i v e  4 5  v ol t s  

i s  a p p l i e d  t o  t e r m i n al 1 8  of  t he output b o ar d , 

and e ner g i ze s  t he trans i e nt b l o c k i n g  c i r ­

c u i t . B ase c urrent i s  s u pp li e d  t o  transi stor 

Q3 0 2  t hr o u g h  r e s i stor , R305 and Ze ner d i od e , 

C 3 0 2 . T r a n s i stor . Q 3 0 2 ,  t u r ns on to c o n n e c t  

t he b ase of  tr ansi stor , Q3 03 , t o  n e g at i v e . 

Q3 03 s t o p s  c on d u c t i ng and c apac i t or C3 03 

starts t o  c har g e .  W h e n  t h e  c h ar g e  on c apacitor 

C 3 03 is suffic i e nt t o  c au s e  t he b r e ak d o w n  

o f  Z e ner d i ode Z3 03 , it t ur ns on t r a n s i stor 

Q3 04 .  T h i s  pr o v i d e s  a c o nd u c t in g  path from 

t he b as e  c ir c u i t  of transi stor Q3 06 in t he 

f l i p- f l o p ,  d io d e  D 3 04 , t h e  r e s i stor R 3 2 4 , 

and t h e  c o l l e c tor e mitter  c i r c uit of transi stor 

Q304 to ne g at i v e .  T h i s  o c c u r s  after  a t i m e  
d e l ay of 2 0  t o  3 0  m i l l i s ec onds and pro v i d e s  

a pat h t o  apply a " d e s e n s i t i zi n g "  b i as to 

transi stor Q 3 06 in t he flip-flop.  T h u s , the 

t r an s i e n t  b lo c k i n g  c ir c u i t  allows 2 0  t o  3 0  

m i l li se c o n d s  aft e r  t h e  oper at i o n  of F D - 2  

f o r  t h e  f l i p-fl op t o  oper at e  and e ne r g i ze 

t he out put of t h e  r e i  ay . If tri ppi ng d o e s  not 

o c c ur i n  t h i s  ti m e ,  as d u r i n g  an e xt e r nal 

f au l t , t he o p e r at i o n  of the t r a n s i e n t  b lo c k i n g  

c i r c u i t  d e s e n s i t i ze s  t h e  f l i p - f l o p  t o  p r e v e nt 

u n d e s i r ab l e  oper at i o n  d ur i n g  t r a n s i e n t s  

assoc i at e d  w i t h  p o w e r  r e v e r sals o n  t h e  

prot e c t i v e  l i ne o r  at t h e  c l e ar i n g  of  a n  e xt e r n al 

f ault . 

T h e  trans i e nt b l o c k i n g  c i r c u i t  is c an c e l l e d  

e i t her by F D - 2  r e s e tt i ng or by t h e  operation 

of  t he t r an s i e nt u n b l o c k i n g  ci r c u i t .  

9 .  Tran s i ent Unblock ing 
If an inter nal fau lt o c c u r s  b efore an e x t er nal 

fault i s  c l ear e d , hi g h  speed t r i ppi n g  is 

obtained . The s q u ar e  wave output from t h e  

l o c al a n d  r e m o t e  s q u ar i ng am p l i f i er c hang e s  

from a n  out-of-phase c o nd i t i on t o  a n  i n - p h as e  

c on d i t i on . A s  a r e sult , n e g at i v e  p o t e nt i al 

i s  app l i ed to t he t r ans i e nt unb l o c k i ng c i r c u it 

at t e r m i nal 9 of t he Output b o ard . Z e ner 

diode Z 3 0 1  b r e a k s  d o w n  and b ase c ur r e n t  

flows t hr o u g h  Z 3 0 1 , e mitt er-b as e  of Q3 0 1 ,  

r e s i stor  R 3 0 3 , D i od e  D 3 0 2 , and D 3 0 1 , r e s i stor  

R 1 3 0 and t hr o u g h  t he c o n d u c ti ng t r an s i s t or , 

Q3 04 , to neg at iv e .  Tr an s i stor Q3 0 1  t u r n s  

o n  t o  app l y  p o s i t i v e  pot ent i al t o  r e s i stor , 

R 3 0 9 .  B as e  c ur r e nt t h e n f l o w s  t h r o u g h  

r e si stor R 3 0 9 ,  t o  t u r n  o n  t r a n s i stor Q303 . 

C ap ac itor , C 3 0 3 , w i l l  be r ap id ly d i s c h ar g ed 

t o  r e m ov e  t h e  pot e nt i al from t h e  b ase of 

t r an s i stor , Q304 . T r an s i s t or Q3 04 t u r ns off 

to i nterrupt t h e  d e s e n s i t i zing c ir c u i t  from 

t h e  b ase of  t r an s i stor Q 3 0 6 . When this h ap­

p e n s , t he fl ip-flop w i l l  t he n  b e  ab l e  to 

oper ate t o  pr ovide an i n put to t h e  trip 

am plifi e r . 

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

T he s eq u e n c e  network i n  t h e  r e l ay i s  arranged for 

s e v e r al p o s s i b l e  c o m b i n at i o n s  of s e q u e n c e  c o m ­

ponent s .  F or m o s t  appl i c at i ons , t h e  out put o f  t h e  

n e t w o r k  w i l l  cont ai n  t he p o s i t iv e , n e g at i v e  and 

zero s e q u e n c e  c o mp o n e n t s  of t h e  l i n e  c ur r e nt . 

In t h i s  c as e , t h e  T t ap s  o n  t h e  le ft-hand tap place 
indic at e  t h e  b alanced t hr e e  p h a s e  a m p e r e s  w h i c h  

w i l l  o p e r at e  t h e  c ar r i e r - s t art fault  d et ector ( FD - 1  ) .  

T he t aps av a i l ab l e  are 3 ,  4 ,  5 ,  6 ,  7 ,  8 a n d  1 0  and 

are o n  t h e  p r i m ary of t h e  s at ur at i n g  transformer.  

T h e  s e c ond fau l t - d e t ec t or unit  ( FD - 2 ) ,  w h i c h  

super v i s e s  o p e r at i o n  o f  t r i pp i n g , i s  ad j usted t o  

pi c k  u p  at a c u r r e nt 2 5  p e r c e nt ab ove t ap v al u e . 

For phase-to-phas e  fau l t s  AB and CA , e no u g h  

ne g at i v e  s e q  u e  n e e  c u rre nt h as b e e n  i nt r o d u c e d  t o  

all o w  t h e  f a u l t  d e t e c t or F D - 1  t o  p i c k  u p  at 8 6  

p e r c e n t  of t h e  t a p  s e tt i n g .  F or BC faults , t h e  fault 

detector w i l l  p i c k  up at app r o x i m at e l y  5 0  p e r c e nt 

of t h e  t ap s e t t i n g .  T h i s  d i ffere nc e i n  p i c k u p  c urrent 

for d ifferent p h as e - t o - p h ase fau l t s  if  fundamental , 

and oc c ur s  b e c ause of t h e  ang l e s  at w h i c h  t h e  

posit i v e  a n d  n e g at i v e  s e q u e n c e  c o m p o n e n t s  of  

c urrent add t og et h e r . 
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With the sequence network arranged for po sitive , 
negative and zero sequence output , there are some 
applic ations where the maximum load current and 
minimum fault current are too close together to 
set the relay to pickup under a minimum fault 
current , yet not operate under load . For these case s ,  
a tap i s  available o n  the SKBU relay which cut s 
the three-phase sensitivity in half, while the phase­
to-phase setting is subst antially unchanged. The 

relay then trips at 90 percent of tap value for AB 

and CA fault s ,  and at twice tap value for three­
phas e  faults .  The setting for BC faults is 6S percent 
of tap value.  In some case s ,  it may be desirable to 
eliminate response to positive-sequence current 

entirely, and operate the SKB U r elay on negative­
plus-zero sequence current . A tap is available to 
operate in this manner .  The fault detector picks up 
at tap value for all phase-to-phase fault s ,  but i s  
unaffected b y  balanced load current o r  three-phase 
faults .  

For ground faults, separate taps (Ro) are available 

for adjustment of the ground fault sensitivity to 
about 1 /4 or 1/8 of the left-hand tap plate setting . 
See Table II. For example , if the SKBU relay is set 
at T ,  tap 4 ,  the fault detector (FD- 1 )  pickup current 

for gr ound faults can be either 1 or 1 /2 ampere.  

In special applications , it may be desirable to 

eli minate response to zero se quenc e current . The 
relay is provided with a tap to allow such operation. 

Taps . . . . . . . . . . . .  . 3 ,4 ,S , 6 ,7 ,8 , 1 0  (po s .  seq. ) 
A , B , C ,  (m ixture pos . seq.) 
F , G , H  (zero seq.)  

Operating Time . . . . . . . . . . . . .  12  to 1S millisec onds 

Transient B locking Time . . . . .  20 to 30 milli seconds 

Transient Unblocking Time . . .  20 to 3 0  milliseconds 

Squelch Time . . . . . . . . . . . . . . . . . . .  1 50 milliseconds 

Ambient Temperature Range . . . . . . . . .  -20°C t o  ssoc 

Output Voltage (where used) 

. · · . · · . . . . . . . . .  · . · . 1 0  milliamperes at 20 volts d-e 

Drain on 4S volt Power Supply of TC Set : 

Non-Trip Condition . . . . . . . . . . . . . . . . . . . . . .  60 MA 

Trip C ondition (with AR output) . . . . . . . . . . . .  1 00 MA 

Trip C ondition (with voltage output) . . . . . . . .  80 MA 

E N E R G Y  R E Q U I R E M E N TS 

Burdens measured at a balanced three-phase current 
of five amperes 

R e l a y  Phose A Phose B Phose C 

T o ps VA Ang le VA Angle VA Angle 

A-F-3 2 . 4  s o  0 . 6  oo 2 . S  s oo 
-� --- ----

A-H- 1 0  3 . 2S oo 0 . 8  1 00° 1 . 28 s s o  

B-F-3 2 . 3  oo 0 . 6 3  oo 2 . 4S sse  

B-H- 1 0  4 . 95 oo 2 . 3S goo 0 . 3  60° 

C-F-3 2 . 3 2  oo 0. 78 oo 2 . 36 soo 

C-H- 1 0  6 . 3S 342° 3 . 83 80° 1 . 98 1 8 S 0  

Burdens measured at a single-phase to neutral current 

of five amperes.  

R e lay Phase A Phose B Phase C 

T o ps VA Ang l e  V A  Ang le VA Ang le 

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

A-H-1 0  7 . 3  60° 1 2 . S  S 3 °  6 . 7  26°  

B-F-3 2 . 4 S  oo 2 . 0 9  1 S 0  2 . 0 7  1 0° 

B-H- 1 0  1 6 . 8  sse 2 2 . 0  soo 1 2 . 3  38°  

C-F-3 2 .49 oo 1 . 99 1 S 0  2 . 1 1  1 S0 

C-H-1 0 3 1 . 2  4 1 °  3 6 . 0  38° 2 3 . 6  3SIIl 

The angles above are the degrees by which the 
current lags its respective voltag e .  

Continuous Rating: 
The continuous rating of the relay is 1 0  amper es. 
The two sec ond overload rating of the relay is 1 S O  
amp. phase and 1 2 S amp.  ground . 

S E T T I N G S  

The SKBU relay has separ ate tap plates for adjust­

ment of the phase and ground fault sensitivities 
and the sequence components included in the network 
output . The range of the available tap s  is sufficient 
to cover a wide range of applications.  The method 
of determining the correct taps for a given instal­
lation is discussed in the following paragraphs . 

In all cases,  the similar fault detectors on the 
relays at both terminals of a line section must be 

set t o  pickup at the same value of line current. 
This i s  nece ssary for correct blocking during faults 

external to the protected line section. 

Sequence Combinat ion Taps 

The two halves of the right-hand tap plate are for 
connecting the sequence network to provide any of 
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the combinations described in the previous section. 
T he upper half of the t ap plate or R1 t aps  changes 
the t ap on  the third winding of the mutual reactor 

and t hus changes the relative amounts of positive 
and negative sequence sensitivity . Operation of 
the r el ay with the various taps is given in  the table 
below . 

TAB L E  I 

T A PS ON R IG H T  H A N D  F A U LT D E T E C T O R  

COMB. 
S E Q U E N C E  C OM PON E NTS T A P  B LOC K F D - 1  P IC K U P  

I N  N ET W O R K OUT PU T 
R1 Ro 3 ¢ Fault ¢ - ¢ F ault 0 

1 Pos. , Neg. , Zero c G or Hll Tap Value 
86% Tap Value 
(53% on BC Fault) 

'-------- ----- -- -- -- ---- -- -- -- ------ r---- --- - - ---- - ------ f-----

2 Pos. , Neg. , Zero B t 
f- -- - -- -- -

3 Neg. , Zero A t  

11 - T aps F ,  G and H are zero- sequence taps for 
adjusting ground fault sensitivity . 

See section on zero-sequence current tap.  

0 - F ault detector FD-2 is  set  to pickup at  1 25% 
of FD-1 for a two-terminal line , or 250% for a three­
terminal line. 

t - When tap s A and 3 or  B and 3 are used , FD-1 
will  p ickup 1 0  to 15 percent higher than the above 
values becaus e of the variation in s el f-impedanc e of 
the sequence network and th e saturatin g transfo rmer . 

Pos it i ve-Sequence Current Tap and FD-2 Tap 
The left-hand tap plate , T ,  has t aps of 3 ,  4 ,  5 ,  6 ,  7 ,  
8 and 1 0  which represent the three-phase , fault 
detector FD-1  pickup current s ,  when the relay is 
connected for positive , negative and zero sequence 
output . The fault detector FD-2 closes its cont act 
to allow tripping at current value 25 percent above 
the fault detector FD- 1 setting . This 25 percent 
difference is necessary to insure that the c arrier­
start fault detector s (FD- 1 )  at both end s of a 2-
terminal transmission line section pickup to start  
c arrier on an external fault before operating energy 
is applied through FD-2 . 

For a 3-terminal line ,  t her e is a provision on the 
printed circuit b o ard for changing the temperature 
compensation when c alibr ating FD-2 to pickup at 
250% of FD-1  setting. This is  necessary t o  allow 
proper blocking on 3-terminal line s when approx­
imate ly equal currents are fed in two terminal s ,  and 

8 

G or H  2 x Tap Value 

--- -· -- -- -- - --

G or H  - - - - - -

-�-� 

9CY% Tap Value 
(65% on BC Fault) 
------�-------�-

�--------

l OOo/o Tap Value 

their sum flows out t he third terminal of the line . 
The relay is shipped connected for 2 terminal line 
servic e.  For a 3-terminal line , the j umper on the 
FD board must be c hanged to  c-3 , and FD-2 must 
be recalibrat ed for 250% of FD-1 . 

T he T ,  Ro ,  ahd R 1  taps should be selected to assure 
operation on minimum internal l ine-to- line faults ,  
and yet not operate on normal load current , p articular ly 
if t he c arrier channel is to be used for auxiliary 
functions.  The dropout c urrent of t he FD-1 fault 
detector is 80 percent of the pickup current ,  and this 
factor must also be considered in selecting the 
positiv e-sequence current t ap and sequence c om­
ponent combi n ation .  T he m argin between load current 
and fault detector pickup s hould be sufficient to  
allow the  fault detector to dropout after an  external 
fault , when load current continue s to flow . 

Z ero-Sequence Current Tap - Ro Taps  
The lower half of  t he right-hand t ap plat e  (Ro t aps) 
i s  for adjusting the ground fault response of the 
relay .  T aps G and H give the approximate ground 
fault  sensitivities as listed i n  Table II .  T ap F is  
used  in  applicat ions where  increased sensit ivity 
to ground faults is not required . When this t ap is 
used , the voltage output of the network c aused by 
zero-sequenc e current is e liminated.  

NOT E :  Because of inherent characteristic s of  the 
sequence network ,  there will be small  var i ations 
(from the values listed in Tables I and II)  in  the 
pickup current for various phase or ground fault 
combinations . 
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TAB L E  I I  

G R O U N D  F A U LT P IC K U P  

C OM B .  R l  T A P  P E RC E NT O F  T T A P  S ET T I N G  

TAP G TAP H 

1 c 25% 1 2% 

2 B 20% 1 0% 
-----� f--- ---�------f----

3 A 20% 1 0% 

E xamples of SKBU Re lay Sett i ngs  

CASE I 

Assume a two-terminal line with current transformers 

r ated 400/5 at both terminals . Also assume that 
full load current is 300 amperes ,  and that on minimum 
internal phase-to-phase faults 2000 amperes is 
fed in from one end and 600 amperes from the other 
end . Further assume t hat on miminum internal ground 
fault s ,  400 amperes is fed in from one end , and 
1 00 amp eres from the other end .  

Posit ive Sequence Current Tap 
Secondary Values:  

Load Current = 300 x :rfro= 3 . 75 amperes 

Minimum P hase-to-phase Fault C urrents :  

600 x -& = 7 .5  amperes 

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

( 1 )  

( 2 )  

3 .75 = 4 . 7  amperes ( 0 . 8 0  is dropout ratio 
(f.'8"i) of FD- 1 . Setting will insure 

( 3 )  

that t h e  fault dete ctor will re-
set on load current) 

In order to complete the trip circuit on a 7.5 ampere 
phase-to-phase fau lt ,  the fault detector FD-1 setting 
must not be m ore than: 

From Table I (based on a three phase fault) 

1 1 
7 .5 x � x -� = 6 .93 amperes 

0 .8 1 .25 

1 .25 = FD -2 Pickup 

F D-1 Pickup 

Sequence Combi nat i on Tap 
(4)  

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

that the fault detector c an be set to trip under 
minimum phase fault condition yet not operate under 

maximum load. In this case,  t ap C would be used 
(see T able I,  Comb . 1 )  as t here i s  sufficient dif­

ference between maximum load and minimum fault to 

use the full three-phase sensitivity. Current tap 6 
would be used in preference to tap 5 to allow for 
occurrence of higher load current .  

Zero Sequence Tap 
Secondary Value:  

1 00 x 4%o= 1 . 25 amperes minimum ground fault current 

With T t ap 6 and R 1 , t ap C in use , the fault detector 
FD-1 pickup currents for ground faults are as follows:  

Tap G 1 /4 x 6 = 1 . 5  ampere 
Minimum Trip = 1 . 25 x 1 . 5 = 1 . 88 ampere 

Tap H 1 / 8  x 6 = 0. 75 ampere 
Minimum Trip = 1 . 25 x 0.  75 = 0 .  94 ampere 

From the above , tap H would be u s ed to tri p for a 
minimum ground fault of 1 .25 amperes .  

CASE II 

Assume the same fault currents as in Case I, but a 
m aximum load current of 550 amperes.  In this 

example , with the same sequence combination as 

in C ase I ,  the fault detectors cannot be set to 
trip on t he minimum internal t hree-phase fault , 
yet remain inoperative on load current. Compare 

equations (5)  and (6) .  However , by connecting the 
network per combination 2 on T able I ,  the relay c an 
be set to trip on minimum phase-to-phase fault, 
alt hough it will have only half the sensitivity to 

three-phase fault s .  This will allow operation at 
m aximum load without picking up the fault detector , 

and provide high speed relaying of all except light 
three-phase faults .  

In order t o  complete the trip circuit on a 7 . 5  amper e 
phase-to-phase fault, t he fault detector t ap must 
now be not more t han: 

7 . 5  x 
1 .
�

5 
x 

0
�
9 

= 6 . 67 amperes (5) 

To be sure the fault detector FD-1 will r eset after 
a fault , the minimum tap setting is determined as 
follows.  

Load Current = 550 x 
4
�

0 
= 6 . 9 amperes 

6 . 9 = 8 . 6  
0 . 80 

(6) 

(7) 

Since from Table 1 comb . 2 the fault detector pickup 

current for three-phase faults is twice tap valu e ,  
h alf t h e  above value (E q .  7 )  shou ld be u sed i n  d e ­
termining th e minimum three-phase tap. 
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8 . 6  = 4 . 3  -2-
( 8 )  

From a comparison o f  ( 5 )  and ( 8 )  above , tap 5 or 6 

c ould be used . (C ontinuous load current rating of 
relay is 1 0  amper e s . )  

With t he three-phase tap 5 i n  use , the fault detector 

pickup current for ground faults will be as follows :  

Tap G 1 /5 x 5 = 1 . 0 am pere (FD-1 ) 
Minimum TriP = 1 . 0 x 1 . 25 a. = 1 .25 ampere (FD-2) 

Tap H 1 /1 0 X 5 = 0 . 5  ampere (FD- 1 )  

Minimum Trip = 1 . 2 5  x 0 . 5  a .  = 0.63 ampere (FD-2)  

Therefor e ,  tap H would be used to trip the minimum 
ground fault of 1 . 25  ampere with a m argin of s afety. 

0 I N ST A L L A T I O N 

The relays should be mounted on switchboard panels 

or their equ ivalent in a location free from dirt, mois­

ture, excessive vibration and heat. The maxim u m  ambient 

temperature around the chassis m ust not exceed 55° C. 

Mount the relay by means of the four slotted holes on the 

front of the case. Additional support should be provided 

toward the rear of the relay in addition to the front 

panel mou nting. This will protect against warping of 

the front panel due to the extended weight within the 

relay case. Ground relay chassis is with No. 12 A WG 

copper wire to grounding post. 

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

NOT E :  The SKBU relay is norm ally supplied as 
part of a c arrier r e l ay i ng syste m ,  and its c alibrat i o n  

s h ould be c hecked after the s y s t e m  has been instal­

led and interconnected . D et ails are giv en in the 
instructions of the assembly. The asse mbly in­
structions and not the following i nstruction should 
be followed when the relay is rec eived as an integral 
part of the relaying system. 

In those cases where the SKBU relay is not a part 

of a relaying sy st e m ,  the following procedure can be 

follo wed to v erify that the circuits of the SKBU 
relay are functioning properly . 

Test Equip ment : 

1 .  Oscilloscope 

2 .  A . C .  Current Source 

3 .  Electronic Timer 
4. A . C .  Voltmeter 
5. D . C .  Voltmeter 

Acceptance Test 

Connect the relay to the test circuit of Fig . 8 whic h 

represents the TC carrier c hannel for test purposes.  

1 0  

Open all test switches of the test circuit and c onnect 
a 6 0  hertz test current between terminals 3 and 4 of 

the relay. Set relay taps on C and & and remove T 
tap scre w .  

1 .  F i Iter Output 
a. Connect a high resist ance a-c voltmeter 

across common of T t ap block and t he 

common of Ro t ap b loc k .  

b .  Pass with 3 . 44 ampere s ,  60 hertz into ter­
m in al 3 and out terminal 4 of relay . Volt­
m eter should read between 0 .  75 volts and 
0 . 85 volts a-c . 

2. FD-1 P i c ku p  and Dropout 
a. Set relay t aps 5 ,  C and H. Close all 

switches of test circuit. 

b. Connect a high resist ance d-e voltmeter 
across X14 and X3 ( Neg . ) .  

c .  Apply 6 0  hertz current to  terminals 3 and 
4 of the re lay . Gradu ally i ncrease the 
current until the v oltmeter changes reading 

from approximately zer o volts to approx­

imately 20 volt s .  This is the operating 
current of FD-1 and s hould be 4 . 33 ± 5% 
amperes.  

d .  Gradually lower a-c t e st current u ntil the 
d-e voltmeter drops to  approximately zer o  

volts . T his is t h e  dropout current o f  FD-1 

and should occur at 80% of the pickup 
current. 

3. FD-2 P i c ku p  and Dropout 
a. With the current test leads connected as in 

the FD-1 test , connect the voltmeter across 
X 1 3  and X3 (Ne g . )  

b .  Gradually r aise a-c current until voltmeter 
reads approximately 4 5  volt s .  T his should 
be 5 . 4 1  ± 5% ampere s .  

c .  Gradually lower a-c t est current until the 
d-e voltage r e ading drops to zero volts .  

This is drop out of FD-2 and should occur 

at 90% of  pickup c urrent . 

4. Check of L oca l  Squar ing Am pl if ier  

a. Open switc hes A ,  B ,  C,  D and E of test 
circuit .  

b .  Place scope across X10 and X3 (GRD ) .  
Apply 5 amperes a-c to t er mi nals 3 and 4 
of relay.  

c .  A square wave voltage should appear acr oss 

X 1 0  and X3 with the wavesh ape of Fig. 9 .  www . 
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5. Chec k of Key ing  Ci rcu i t  
a .  Open all switches o f  test circuit and apply 

5 amperes a-c to terminals 3 and 4 of the 
relay.  

b .  With scope check voltage across Xl l and X3 

(GRD ) .  Wavefor m should be a square wave 
as shown in Fig . 9 .  

c .  Close switches A ,  B ,  C and D .  No change 
should be noted in waveform across X l l 
and X3 (GRD ) .  

6. Check of Remote Squar ing Amp l i fi er 
a. Close switches A ,  B and C of the test 

circuit .  

b .  Apply 5 amperes a-c to termi nals 3 and 4 
of the SKBU re lay .  

c .  Put scope across X9 and X 3  (GRD ) .  A 

square wave of voltage should be obtained 
(see Fig.  9 . )  

7. Sett ing o f  SS  and  S6 
a. Set S5 to minimum resistance and S6 to 

maximum resistance (fully clockwi se).  

b.  With switches A, B and C of the test circuit 
closed , apply 6 amperes a-c to terminals 3 
and 4 of the SKBU relay .  

m s .  

c .  Place scope across X 1 2  and X2 (GRD).  
Adjust S5 until following waveform i s  obtained . 

d .  Close switch D and adj ust S6 until the AR 
trips.  In the case of a voltage output SKBU 
relay ,  place d-e voltmeter across X 1 6  and 
X3 . Tripping is i ndicated by a change in 

voltage from 0 to 20 volt s .  This sets the 

triggering of the flip-flop after a 4 milli­

second delay.  Re check pickup by moving 

S5 minimu m ,  opening and closing switc h D 

and then adj usting S5 until AR operates.  

it  may be necessary to re-adjust S6 to 
obtain AR tripping on waveform of step c.  

e .  Slowly increase S5 to obtain the following 

Equal Pips may 

point up as 

shown or down 

waveform .  Adj ust for minimum area of the 

pips . This will be with S5 near minimum 
resist anc e .  

8. Chec k o f  Tran s ient B loc ki n g  
a. Conn ect electronic timer stop t o  X 7  and 

X3 (GRD ).  Set timer stop on negative going 
pulse . 

b .  Connect timer start to timer start contact s 
of switch D .  Set timer start to make . 

c .  With switches A, B and C ope n ,  apply 6 

amperes a-c to terminals 3 and 4 of the 

SKBU relay. 

d .  Close switch D and measure time for voltage 
to drop from 20 volts to approximately zero 

volts .  This should be betwe en 20 to 30 
milliseconds.  Take average of ten readings.  

9. Check of Tran s i ent Unb lock ing  C i rcu i t  
a. With e lectronic timer stop connected t o  X7 

and X3 (GRD ) ,  set timer stop on positive 
going puls e .  Also connect a-c voltmeter 

across X7 and X3 (NEG . ) . 

b .  C onnect timer start to timer start contacts 
of switch A. 

c. Apply 6 amperes a-c to terminal 4 and 3 
of the SKBU relay ,  and c lose switches 
A ,  B, C and D of test circuit . Closing 
switch D sets up transient blocking as 

can be seen by a change in voltage from 
20 volts d-e to 0 volt d-e . 

d .  Open switch A and measure time for voltage 
to change from approximately zero volt to 
20 volts. Time should be 20 to 30 milli­

second s .  Measure average of 1 0  trial s .  For 
each trial it will be necessary to close 

switch A and then ope n switch D .  Switch 

D should then be closed and A opened to 

measure the unblocking time. 

10. Check of Carrier Sque lch C i rcu i t  

a .  Connect timer stop across X l l and X 3  
GRD . Set timer stop on negative pulse.  
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b. Connect timer start . Set timer start to mak e .  

c .  Open switch C .  Approximately 20 volts 
should appear across X1 1 and X3 . 

d .  Close switch E and measure time for voltage 
to dis appear .  This should be 8 to 1 2  
millisecond s .  

e .  Set timer stop o n  positive pulse and timer 
start on break.  

f .  Me asure time for voltage to  reappear by 
opening switch E .  Time should be 1 20 
to 1 8 0  millisecond s .  

R O U T I N E  M A I N T E N A N C E  

All contacts should b e  periodically c le aned . A 
contact burnisher  Stt 1 82A836H01 i s  recommended . 
The use of abr asive mat erial is not recommended 
because of the d anger of embedding small particles 
in the face of the soft silver and t hus impairing the 
contact . 

C A L I B R A T I O N 

Use the following procedure for c alibrating the relay 
if the relay has been taken apart for repair s .  The 
relay should be connected to  the test circuit of 
Fig. 8 .  

1 .  Sequence F i Iter 
To c alibr ate  the sequence filter , the top c over 
must be r emoved and the following procedure 
used : Remove the T t ap screw and i nsert the 
t ap screws in tap C and H of the R 1  and Ro 
taps .  Pass  a s ingle-phase c urrent of 10 amperes , 
r ated frequency through the reactor coils in 

series from phase B to phas e C ( relay termi nals 
4 and 5 ) .  Accurately measure t he a-c voltage 
from terminal 3 to t he common of the T t ap 
plat e .  This voltage should be between 3 . 7  
and 4 . 1  volts .  Now pass 1 0  amperes from 
terminal 3 to terminal 4 with tap screw C 
removed , and c onnect voltmeter from terminal 
3 to the right-hand (fr ont view) adjustable 
point of the formed resistor . Adjust this point 
to give a voltage equal t o  e x actly one-third of 
t he r e actor drop.  Note the above read ing , and 
adj ust the intermediate tap of formed resistor 
to give e x actly 2/3 of the voltage obtained 
ab ove for all of formed resistor . Measure this 
voltage from terminal 3 to the intermediate tap .  

2 .  Phase  Sp l i tter 

1 2 

If replacement of the fault detector board or 
major component on the board necessitates a 
complete rec al ibration , proceed as follow s :  

a .  Set relay taps 5 -C-H . 

b .  Set S 1  and S3 to full clockwise position. 

c. Set S2 and S4 to mid-scal e .  

d .  Pass  4 . 33 amperes through relay terminal 
3 to terminal 4 .  

e .  On fault detector boar d ,  check t he a-c voltage 
from TP5 1 to TP52 and from TP52 to TP53 
with a VTVM. Adj ust the small pot .  R53 on 
the fault detector board until these two 
volt ages are equal.  

f .  Close all switc hes of t e st circuit and con­
nect VTVM across X 1 4  and X3 (Neg . )  

g .  Slowly turn  S3 c ounterclockwise , with 4 .33  
amperes flowi ng ,  unti l  FD-1 operates as 
indicated by a c hange in voltage reading 
from approximately zero volts to 20 volts d-e. 

h .  Reduce the a-c c urrent to  check FD-1 dropout . 
Adjust S4 to obtain 80 percent dropout 
( 3 . 46 amperes ) .  Dropout is indicat ed by 
a change in volt age reading from approxi­
mately 2 0  v olts to 0 volt . 

i .  Recheck FD- 1  pickup and dropout , and 
touch up S3 and S4 in that order for the 
correct c alibration.  Tighten  the locking 
device .  

j .  Similar ly recalibrat e  FD-2 using controls 
S1  ( pickup) and S2 (dropout ) ,  repeating 
steps g ,  h and i ,  except for FD-2 pickup of 
5 . 4 1  amperes and dropout of 4 .  85 amper e s .  
Pickup is  measured using X 1 3  and X3 
(negative) and is indicated by a change in 
voltage read ing from a low volt age to  4 5  
volt s .  

3 .  T r i pp ing  Re lay (AR) 
The type AR tripping relay unit has been 
properly adj usted at the factory to  i nsure cor­
r ect operation and s hould not be d isturbed 
after receipt by the customer.  If ,  however , the 
adj ustments are disturbed in error , or it becomes 
necessary to replace some part i n  the field , 
use the following adj ustment procedur e .  This 
procedure should not be used until it is ap­
parent that the AR unit is not i n  proper w orking 
order , and then only if suitable tools are 
available for checking the adjustment s .  

a. Adjust t h e  set screw at t he rear of t h e  top 
of the frame to obtain a 0 . 009 inch gap at 
the rear end of the armat ure air g ap.  
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T Y P E  SK B U  PHAS E  COMPA R I SON R ELAY ___________________ I_. L_. _4 1_-9_5_4 ._1 E  

b .  Adjust e ach contact spring t o  obtain 4 gr ams 
pressure at t he very end of the spring . Thi s  
pre ssure is m e asured when t h e  spring moves 
aw ay from the edge of the slot in the in­
sulated crosspiec e .  

c .  Adjust each stationary cont act screw t o  

obtain a contact g ap o f  0 . 020 inc h .  This 
will give 1 5-30 grams contact pre ssur e .  

4.  Check of  Sol id-State C i rcu i ts  
Perform t ests listed under ' ' Acceptanc e ' ' tests 

to  verify that the SKBU relay is functioning 
correctly. 

T R O U B L E S H O O T I N G  P R O C E D U R E  

To trouble shoot the equipment , the , •gic diagram 
of either Fig.  5 or 6 , voltages of Fig ), should be 
used to is olate the circuit that is r .J t performing 

correctly . The schematic of e ither Fig. 3 or 4 , and 
the v oltages of Table IV shou ld then be used to 

0 isolate the faulty component . 

TAB L E  I V  
VOLT A G E  M EASU REM ENTS O F  P R I N T E D  

C I RCU I T  BOt.lm 
1.  F au lt D etector Board 
D-C Voltage s - positive with res pect to negative d-e 
(terminal 8 of b oard ) .  

T ES T  POI N T  

Terminal 1 4  
·-� 

TP 54 r--------�---· 
TP 55 

-

TP 56 

TP 57 i 

I = 0 
45.0  VDC 

-----·-----· 

6.6 

6.6 
--

1 4 . 5  

l ess than 1 
--��--------+--

45 TP 58 I __ ' 

Terminal 1 3  FD-1 less than 1 
1----- -··-·-· --- --·· -·------ 1------��-- - ·---

Terminal 1 5  FD-2 less than 1 r---- .  ------

TP 52 - TP 5 1 less than 1 

TP 5 2 - TP 53 less than 1 

I = 2 x F D -2 p.u . 
45 .0  VDC 

_ ,_ 

6.8 
--

less than 1 

less than 1 1----
14 .5  

less than 1 

20 
--

45 

18 VAC 
Approximately 

1 7 .8 VAC 
Approximately 

2. Ampl i f ier and Keying 
D-C Voltages - positive with respect to negative 
(terminal 8 of board).  

T E S T  P O I N T  

Terminal 4 

TP 1 0 1 
- -

TP 10 2 
--

! TP 1 0 3  
LTerrrinal 3 

3. Output Board 

N O RMA L 

20 
f----- -· --·-----·-

20 
--- - - - ------ - - - -

20 . 3  

l es s  than 1 
l e s s  than 1 

I 
F A U L T  

20 
- ----- --·---- -

---- - .  
10  

-· --· ---·----- --

19. 8 
r-----·-·------ -- ----

10 
19 . 8 

D-C Voltages - positive wit h  respect to negativ e 

(t erminal 8 of board).  

T ES T  POINT N OR M A L  I F A U LT 

TP 302 1 9. 5  ' 1 9 . 0  

TP 301 10 8.5 
r- ---- -� 

Terminal 1 4  20 i 1 9.0 

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

Repair work can b e  d one most satisfactorily at the 
factory. However , interchang eable parts can b e  
furnished to t h e  customers who are equipped for 
doing the repair work.  When ordering part s ,  always 
give t he c omplete name !)late dat a. For components 
mounted on the printed circuit board , give the 
circuit symbol and the nameplate value ( ohms , mfd , 
etc . ) .  
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T Y P E  SKBU PHAS E COMPARISON R E LAY ______________________ _ 

E LECTR ICAL PARTS LIST 

C I R C U I T  SYM B O L  D E SC R I PT I ON w 
S T Y L E  N O .  

FAULT D ET ECTOR BOARD STY L E  898C3 1 4G01 

Capaci tor 
� . ------ -- -- ----- ---- - ------,------

C 5 1  0 . 1 0  MFD 1 549220 
C52 0.5 1 87A624H 1 1  
C53 0 . 2 5  1 87A624H02 
C54 1 . 0 1 8 7A624H04 
C55 1 . 5  1 87A5 08H09 -- -- - - - --- - - -------- -

Diodes 
-------�-- --- J---- - - -------··--

D 5 1  to D56 - D 6 1  1 N459A 1 84A85 5 H 08 
D59 to D 6 0 - D62 1 N457 A 1 84A855H 07 

f----- -- - ---------- --
Tran s i stors 

-� ------- -

Q5 1 -Q52-Q56-Q57 2N697 1 84 A6 3 8H 1 8  
Q53 2N699 1 84A6 3 8H1 9 
Q54 2N4356 849A44 1 H02 
Q55 2N652A 1 84A638H 1 6  

------- -----� - - -----

Res i stors 
- -----�---- - --------- · 

R5 1 50 Ohm , 5W 1 85A209H06 
R5 2 9 . 1 K  Ohm ,  YzW 1 8 7A763H50 
R53 2 . 5 K  Ohm , Pot.  629A43 0H03 
R54 2 . 7 K  Ohm , l!zW 629A530H42 
R55 -R73-R78 1 0 K  Ohm, YzW 62 9A530H56 
R56-R58 1 5 K  Ohm , YzW 1 87A64 1 H55 
R57 1 8 K Ohm , Yzw 1 84A763H57 
R59 Thermistor 1 D05N 1 85A2 1 1 H05 
R60-R65 68K Ohm, YzW 1 87 A64 1 H7 1  
R6 1 . 2 2  M e g .  Ohm , YzW 1 84 A763H83 
R62-R64-R68 -R74 1 0 K  Ohm,  YzW 1 8 7A64 1 H 5 1  
R63 . 1  Meg.  Ohm, 1/zW 1 8 7A64 1 H75 
R66 470K Ohm , : Yzw 1 84A763H91 
R67 39K Ohm , %W 1 8 7A64 1 H65 
R69 l O K Ohm , %W 1 87A64 1 H 5 1  
R70 6 . 8  Ohm , 1/zW 1 8 7 A64 1 H47 
R71 20K Ohm , 1/zW 62 9A5 30H63 
R72 3 . 9K Ohm, 1 W 1 8 7 A643H4 1 
R75 33K Ohm , YzW 1 8 7A64 1 H63 
R76 lOK Ohm , 1 W 1 87A643H5 1 
R77 l K  Ohm , %W 629 A530H43 

1 4 

C I RC U I T  S Y M B O L  JL D E SC R I PT I ON S T Y L E  N O .  

FAULT DET ECTOR BOARD (Con't.) 

Zener D i odes 

Z 5 1  1 N 1 83 2 C  1 84A6 1 7H 06 
Z5 2-Z54 1 N 957B 1 86 A797H06 
Z53 1 N 1 7 89 5 84 C434H08 
Z55 1 N3686B 1 85A2 1 2 H 06 

AMP L I F I E R  AND K EY I NG 898C399G01 

Capac i tor 
C l O l  3 9  MFD 1 87 A508H04 

D iodes 
D 1 0 1 -D 1 02-D 1 04-

D 1 06 to D 1 1 3  
1 N457A 1 84 A855H07 

D 1 03 1 N9 1  1 82A881 H04 
L____ 

Tra n s i stors 

Q l O l -Q l  02-Q 1 0 7-Ql 08 
M atched Pair 

6 7 1 B63 2G0 1 
2N652A 

Q 1 05-Q 1 06 2N697 1 84A63 8H1 8 
Q l  03-Ql 04-Ql 0 9-Ql l l  2N3645 849A4 4 1 H 0 1  
Q 1 1 2-Q 1 1 3  2N652A 1 84A638H 1 6  

Res i stors 
R 1  0 1 -R l  03-R1 1 4-R1 27 l OO K  Ohm , %W 1 1 87A6 4 1 H75 
R 1 02 1 OOK Ohm,  lfzW 1 84A763H75 
R 1 04-R 1 3 1  3 3 K  Ohm , Yzw 1 87 A64 1 H6 3  
R 1 05 6 8 K  Ohm ,  %W 1 87 A64 1 H 7 1  
R 1 06 27 K Ohm , %W 1 87 A64 1 H6 1  
R 1 0 7 -R 1 1 9-R123 4.  7 K  Ohm , YzW 1 87 A64 1 H4 3  
R 1 08-R1 09-R 1 26 1 0 K  Ohm , %W 1 87A64 1 H 5 1  
R 1 1 0  3 . 3 K  Ohm, %W 1 84 A763H39 
R 1 1 1  5 . 6 K  Ohm, %W 1 87A64 1 H45 
R 1 1 2  1 . 2 K  Ohm , %W 1 84A763H29 
R 1 1 3  3 3 0  Ohm , 2W 1 85 A207 H 1 5  
R l l 5  l OO K  Ohm , YzW 1 87A64 1 H75 
R 1 1 6-R 1 3 0  2 2 K  Ohm , %W 1 87A64 1 H59 
R 1 1 8-R 1 2 1 -R 1 29 47K Ohm, %W i 87 A64 1 H6 7  
R 1 20-R 1 2 2 470K Ohm , %W 1 87A64 1 H9 1  
R 1 24-R 1 25 1 5 K  Ohm, YzW 1 87A64 1 H5 5  
R 1 28-R1 1 7  3 9 K  Ohm , %W 1 87 A64 1 H65 

--

Zener D iode 

Z 1 0 1  1 N748A 1 86 A797 H 1 3 
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E LECTRICAL PARTS LIST (Con ' t . )  

C I RC U I T  S Y M B O L  D E S C R I PT I ON 
w 

STY L E  N O. 

OUTPUT BOARD 898C31 6G02 

Capac i tors 

C 3 0 1  

C 3 0 2  

C303 

C304-C306 

C305 

Diodes 

D301 -D304-D 305-D306 

D302-D303 

T ran s i  stor 

Q 3 0 1 -Q305-Q 3 06-Q307 

Q3 02-Q3 03-Q304 

Q308 

Res i stors 

R3 0 1 -R3 03-R30 9-R3 1 0-

R3 1 3 -R324-R3 25 

R302 

R304 

R305 

R306-R3 1 5 -R3 22 

R307-R33 1  

R3 08-R3 2 0  

R3 1 1  

R3 1 2  

R3 1 6-R3 2 1 -R3 23 

R3 1 7-R3 28-R3 3 2  

R3 1 8  

R3 1 9  

R326-R329 

R3 2 7  

R33 0 

1 . 0 MFD 

0 . 25 MFD 

3 . 0  MFD 

0 . 05 MFD 

0 . 2 2  

1 N457A 

1 N 9 1  

2N652A 

2N697 

2N699 

1 0K Ohm , lfzW 

1 2 0K Ohm , Yzw 
47 Ohm , lfzW 

8 . 2 K  Ohm, YzW 

4 . 7 K  Ohm, Yzw 
2 . 2 K  Ohm , lfzW 

6 . 8 K  Ohm , lfzW 

470 Ohm ,  lfzW 

470K Ohm, Yzw 
2 2 K  Ohm , YzW 

5 . 6 K  Ohm , %W 

1 5 K  Ohm, lfzW 

Thermistor 1 D 1 0 1  

4 .  7 K  Ohm, lfzW 

6 . 8K Ohm , lfzW 

1 . 5 K  Ohm , Yzw 

1 87A624H04 

1 87A624H02 

1 8 8A293H06 

1 87 A624H08 

1 8 8A293H02 

1 84A855H07 

1 82A8 8 1 H 04  

1 84A638H 1 6  

1 84 A638 H 1 8  

1 84 A638H 1 9  

1 87 A64 1 H5 1  

1 87 A64 1 H7 7  

1 8 7A640 H 1 7  

1 8 7A64 1 H49 

1 8 7A64 1 H43 

1 87A64 1 H35 

1 8 7A64 1 H4 7  

1 87A64 1 H 1 9 

1 87 A64 1 H9 1  

1 87 A64 1 H59 

1 84A763H45 

1 8 7A64 1 H55 

1 85A2 1 1 H04 

1 84A763H43 

1 84 A763H47 

1 87 A64 1 H3 1  

C I R C U I T  S Y M B O L  D E S C R I PT I ON 
w 

S T Y L E  NO. 

OUTPUT BOARD (Con' t.) 

Zener D i odes  
Z 3 0  1 -Z303-Z305 1 N957B 1 86A797 H 06  
Z302 1 N965B 1 86A797 H 08 
Z304 1 N960B 1 86A797 H 1 0  
Z306 1 N 1 7 89 5 84C434H08 

R ELAY BOARD 898C318G02 

Capac itors 
C25 1 -C252-C253 0 . 25 MFD 1 87 A6 24H02 
C254 0 . 02 1 5449 2 1  

R e s i stors 
R25 1 -R252 2 . 2 K  Ohm , lfzW 1 87 A64 1 H35 
R253 800 Ohm , 3W 1 84A85 9H06 
R254 1 5 0  Ohm , 1 W 1 72464 1 

F i Iter Choke 
L25 1 8 . 5HY , 4 00 Ohm 1 8 8 A4 60 H0 1 

T r i p  
AR 408C845G09 

'Vhere a voltage output is required , the AR relay ,  R253 and 
C254 are omitted and the following additional p arts are 
located on the board . Style of bo ard is 899C 2 7 3G0 1 .  

Capac i tors 
C254 0 . 25 MFD 1 87A624 H 02 

Diode 
D25 1 -D252 1 N459A 1 84 A855H08 
D253 CER-69 1 88A342H06 

Tran s i stors 
Q25 1 -Q252 1 2N4356 849A44 1 H02 

R e s i stors 
R253-R256 lOK Ohm , YzW 1 84 A763H5 1 
R254 2 . 2 K  Ohm , 3W 1 84A859H 1 5  
R255 330 Ohm,  5W 83 7 A 233H07 
R257 lOK Ohm , YzW 1 84A763H51 
R259 2 . 25 K  Ohm , 3W 1 84A63 6H03 

Zener D iode  
Z251  1 N3686B 1 85 A 2 1 2H06 
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0::: 
0 I­V) 
v; w 0::: 

V) 0::: 
0 1-V) 
v; w 0::: 

0 0::: 

/ 
I 

/ 
I / 

/ I 
I / 

I 
,; / 
I I 

/ 
I / ,; I I / 
I 

,; / 
I I 

... 
I ,; "' 

I I 
I 

I I 
I 

0::: � w  
z ::iE  - 0::: t- o  <C( u_ 0::: V) ::J Z  1- <C( ..:( 0::: V) l-

F ig.  2. Type SKB U  P h ase Compari son R elay ( R ear View) .  

V) ..J 
<C( 
z 

::f - o::: � w  
..., t-

N 3 6 5 4 7 1 
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TYPE SKBU PHASE COMPAF I . L. 4 1-954. 1 E  

J I O I  

�\1' 

------------·--------------------- t ' l  T O  TEST 

--------------------------------�� ( RESET PUSHBUTTON 

, ,  
1 3  ) ' 

J I O I  
_. I> TO TEST 

r7-r _______________________ __________ ___:1::..2 1 J SWITCH 

FROM TC RCVR I 4 -,----------- I 
TERMINAL 

B!-_QCK 

I FUSED PO 
FROM TC 

S E T  

r 
-------- ------------- ------'2'-"�. TRA�� .. i�TER 

� 
I K  A r- - -- - - r;- - - I 

I I I 

-------4· 10 CARRIER 
I I CONTROL ' I  

- II> 1 TO GROUND 

' I  

.. � VOLTS! 3 

I I' I F R��/c I 4-----+-+-+-1-<1<! 

I =-----�l._---r----'.!o!l9�>- -� 

I '  + 20 VOLTS 

F"USEO NEG 
F"ROM T C  SET ��__.____._��,-+ --� 

rr, -----+---��. I 
�s�BU>CK-;G ___/•"lOT�-�'-��� 

AMPL 

L_ -- -- �U!PUT -- - -- -- - _la!a�od 
I lk  

I 2 3 4 5 
I I I I I 

.!. !.Q .U. !£ !} !.! � �  
1 7  18 19 20 2 1  2 2  23 24 
I I I I I I I I 

�5 �6 V �e � !.0 �  � 
JIOI J R elay with an A R  Output. 

__ 9. 1 
SQUELCH TEST 
SW I T C H  

i I \ T O  T R I P  

If I,. �RCUIT 

--�"-1 1  ·, 0 T R I P  I ) CIRCUIT 

-- - --l� , I ' 

AS VIEWED FROM REAR 0F PANEL 7 5 6 J 6 5 4  
2 1 

�I 
-; 
Dl 
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17 

I 
L 

_Q,___, 
�- ---- -lk_ ,!_ I 

I 
I 

TRANSIENT IM.OCM ING 4�'-- � ----" ' LOP TRIP O TIIIIER F L I P� -� � 
AIIPL 

-- -- -- -- -- -- G!!C� =J _ 
OUTPUT 

e ay w1t Vo ltage O utput. 
:chemotic of the Type SKB U R I . h 7 5 6 J 7 0 4  
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! ! ! ! ! ! ! ! 
;- -;- 7.""111114-;-11 I I I I I I I I 
IT � .. 10 It H li M 
tt H t? .- ftJOIIii 

AI IIIIWC f­
III:AII Of' .LA' 

JIOI 

JIQI r- . '  
� �  .. �GIIIOLINO -

I 5 ITO TC llloiTR 
I I ,, 

l--,,�,��1 : -r -' <9 All I � ·---t------i �rol ro •QIIELCH 

I I 
TEST SWITtH 

Fig . 5. L o g i c  D i agram of the Type SKB U R elay with an A R  O u tput.  

I I 
I 

JIQI 
, ,  � �G�OU'<O 

..,.. 125 ITO TC XMTA 
1 , 2  I 

8 9 8 C 3 9 3  

r?�vi+'-+--------,1---------.j �J 
t----------1414 TEST MSt:T ,--�-· ON TEU PlloN£L 

'--' 

8 9 9 C 2 0 6  
F i g .  6 .  Logic D i agram of the Type SKBU Re lay with a Voltage Output. 
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TY P E  SKBU PHASE COMPAR ISON R E LAY ----------------------

2 6  

0 
z �� 
0 �� 
w �� z � � 0 
� � , m . r z � 0 I � �� ;: � I 

� wu '_I= 
w %� 8 ��� q: =� 0 � � 

�� , . .  
... � t 

N N 

8 4 8 A 6 5 7  
F ig. 7. E lementary Conn ectio n s  of TC SKB U  Control 

C ircuits. 

T E S T  
POINT 

X I 

X 2  

CIRCUIT 

POSITIVE 45 VOLTS FROM 
TC SET 

REGULATED 20 VOLTS 
o.c. 

X 3  NEGATIVE FROM T C  SET 

X 4  

"x • 

-;-
X6 

X 7  

X B  

X 9  

X I O  

X I I  

A X l 2  

X l 3  

X l 4  

X l 5  

C A R R I E R  SQUELCH 

LOW PASS FILTER 
VOLTAGE AT 2 TIMES 

PICKUP OF FD·I 

TRANSIENT BLOCKING 

A R M I N G  

REMOTE SQUARING 
A M P L I F I E R  

LOCAL SOUARI NG 
AMPLIFIER 

K E Y I NG 

LOCAL REMOTE 
COM PARER 

FO - z  

F 0 - 1  

PHASE SPLITTER A T  2 
TIMES "��CKUP OF 

VOLTAGES TO X'3 { EXCEPT WHERE SPECIFIED} 
NORMAL*III EXTERNAL FAULT INTERNAL FAULT 

+ 4 0  

+ 20 

2 0  

1 2  

2 0  

+ • •  

+ 2 0  

+ • •  

+ 2 0  

RATED SUPPLY 
VOLTAGE 

. TO ,  nv 4 T0 7 � 
VOLTS - - VOLTS -

RMS RMS 

2 0  

+ 2 0  + 2 0  

+ • •  + • •  

+ 2 0  + 2 0  

1 6 V  D C  ri"t'"h'"f) I ' V  O..C. ("("("h"(h 
X l 6  ��i� ���,.';.��-Jlu��T

R
���� 20 VOLTS D.C.  

* = VOLTS A. C. ACROSS X 5  A I  X6 ** NO LOAD CURRENT 
6. = VOLTS D.C. TO X 2  
llf = READING VARIES WITH VOLTMETER USED 

8 4 9 A 0 3 7  
Fig.  9.  Table Ill,  Voltages of SKB U  R elay. 

POS 4 5  

� 
2N699 TRANSISTOR ---

N E G1
� 

SKBU ' I 
TERMINAL I I BLOCt< (,'\ ' V ·  

I 

TE S T  C I R C U I T  FOR SKBU R E L AY 
TC C A R R I E R  C H A N N E L  

2 0  VO L T S  
IP.,'36868 

RECEIVED 

SKBU 
..1 1 0 1  
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Westinghouse I .L .  4 1 -954E 

INSTALLATION • OPERATION • MAINTENANCE 

INS T R U C T I O N S  
TYPE SKB AND SKB-1 RELAYS AND 

TEST EQUI PME'NT FOR TYPE TC CARRI ER 

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

CAU TION:  Before putting relays into s ervice,  mak e 
sure that all moving parts operate freely, inspect 
the contacts to see that they are clean and clos e  
properly, and op erate t h e  relay t o  check the settings 
and electrical conne0tions. 

A P P L I C A T I O N  

The type SKB relay is a high-sp eed carrier relay 
with static fault detectors used in conjunction with 
power-line carrier equipment to provide complete 
p has e and ground fault protection of a trans mis sion 
line section. Simultaneous tripping of the relays at 
each line terminal is obtained in l ess than t wo 
cycles for all internal faults within the limits of the 
relay settings.  The relay operates on line current 
only, and no sourc e of a-c line potential is required. 
Consequently, the relays will not trip during a 
system swing or out-of-step conditio ns . The c arrier 
equipment operates directly from the station battery. 

The type SKB- 1 relay is used in distance p hase­
comparison carrier relaying wher e separate distance­
type fault detectors supplement the overcurrent 
fault detectors of the SKB- 1 relay to give improved 
phase-fault sensitivity. U nless 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 r ating is recom­
mended where a lockout relay is  energized or where 
a high resistance auxiliary tripping relay i s  util­
ized. The SKB- 1 relay has a low- current operation 
indicator ,  and the trip circ uit energizes an external 
static triooing devic e. 

P A R T  I 

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, 

SUPERSEDES I .L .  4 1 -954D, dated Feb . 1 973 
* Denotes c hanges from s u perseded issue . 

negativ e ,  and zero sequence current network, a 
saturating auxiliary transformer , Zener clipp er,  high­
sp eed type AR tripping relay unit, indicating con­
tactor switc h 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 s e­
condaries are passed through a network consisting 
of a three-winding iron-core reactor and two resis­
tors. The zero- s equence 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 r elay 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 positiv e ,  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 typ es 
of  faults. 

Saturating  Aux i l i ary Transformer 

The voltage from the network is fed into the 
tapped primary (upp er tap p late) of a small satur­
ating transformer. This transformer and a Zener 
clipper connected acro ss its secondary are used to 
limit the voltage imp ressed on the static fault 

A ll  possible contingencies which may arise during 
installation. operation, or maintenance, and all 
details and variations of this equipment do not 
purport to be covered by these instructions. If 
jimher information is desired by purchaser re­
garding his particular installation, operation or 
maintenance of his equipment, the local West­
inghouse Electric Corporation representative 
should be contacted. 
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TYP E SKB AND SKB -1 R E LAYS-------------------------------------------------

2 

Fig. 7 Type SKB Relay - Front View 
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TYPE SK B AND SKB-1 RE LAY S I .L. 41-954E 

Fig. 2 Type SKB Relay - Rear View 
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TYP E SKB A ND SKB-1 RE LAYS---------------------------------------------------

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 
op erating energy for heavy faults to a reasonabl e 
value. 

The upper tap plate c hanges the output of the 
saturating transformer, and is marked in amp eres 
required to pick up the lower fault detector unit. For 
further discussion, see s ection entitled, SETTINGS. 

Stat ic Fau lt  Detectors 

The static circuitry for the two fault detectors 
FD 1 and FD2 is mounted on a single printed circuit 
board on the rear of the relay chassis. Four controls 
for separately s etting the pickup and dropout of FD 1 
and FD2 are mounted on a sub-panel in the chassis.  
The control s ,  with l ocking shaft s ,  are adjustable 
from the front of t he relay. 

Tri pp ing  Relay 

The AR tripping relay is a small high-speed 
attracted- armature type of unit. An insulated mem­
ber , fastened to the free end of t he armature, draws 
down fo ur moving-contact springs to close the trip­
circuit contacts when the relay coil is energized. 

I nd icating Contactor Switch Un i t  ( I CS) 

The d-e indicating contactor switch in the SKB 
relay is a s mall clapper type device. A magnetic 
armature,  to which leaf-spring mounted contacts are 
attac hed , is attracted to the magnetic core upon 
energization of the switch. When the switch clo ses,  
the  moving contacts bridge two stationary contacts,  
compl eting the trip circuit. Also during this opera­
tion, two fingers on the armature d efl ect a spring 
located on the front of the switch, which allows the 
the op eration indicator target to drop . The target is 
reset from t he outside of the c as e  by a p ush rod 
located at t he bottom of the cover. 

The front spring, in addition to holding the tar­
get provides r estraint 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). 

O P E R A T I O N  

The SKB or SKB- 1 c arrier relaying system com­
p ares the p hase positions of the currents at the ends 
of a line-s ection over a carrier channel to determine 

4 

whether an internal or external fault exists. The 
three-phase line c urrents energize a s equence net­
work w hich give s  a single-phas e output voltage 
prop ortional to a combination of s equence compon­
ent s 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 power-frequency current. Carrier 
is transmitted from bot h line terminals in this man; 
ner, and is received at the opposite ends where it is 
compared with the p hase p osition of t he local s e­
quence network output. If the local and remote half-
cycle pulses are of the correct p hase position for an 
internal fault, after a 4-millisecond delay during the 
half cycle in which c arrier is not transmitted , trip­
p ing 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 c arrier 
is transmitted on the s ame half cycles from both 
terminals during an internal fault, thus allowing 
tripping d uring t he half cycle s  that carrier is not 
transmitted. However, if the fault is external to t he 
protected line section,  carrier is transmitted on al­
ternate half cycles from opposite terminal s .  Thus 
each t erminal blocks the opposite t erminal during 
the half cycle when it is attempting to trip. 

The four- millis econd delay previously mentio ned 
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 caused by arcing over of p rotective gap s  in the 
tuning equipment. 

Since this relaying system operates only during 
a fault, the carrier c hannel 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 
detector s 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 p hase­
splitting network and polyp hase r ectifier.  The 
resulting d-e voltage has relatively little rippl e  
without much filtering which would slow down the 
fault detector op eration. 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 p rovides a ' ' normally­
clos ed" FD 1 static contact to start carrier. 
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TYPE SKB AND SKB-1 RE LAYS----------------------------------------------�I.�L.�4�1�-9�54�E 

The op eration of FD2 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 FD2 
energizes the comparison and flip-flop circuits.  
The output of FD2 fault detector circuit is equi v­
alent to a "normally-open" contact. 

The complete circuitry of the SKB r elay is shown 
in Fig. 4. The sequence network , saturating trans-

former ,  phase- splitting network , and p olyphase rec­
tifier occupy the lower third of the diagram. The FD2 
circuitry is in the middle portion,  and the FD 1 por­
tion is in the upp er p art 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 typ e SKB- 1 
relay. This relay differs from t he SKB relay in the 
trip circuit wiring to terminals 1, 10, and 20 , and in 
the connections from the saturating transformer 
tapped s econdary to the input terminals 5 and 7 of 
the p rinted circuit board. The s equence network 
( R 1 ,  RO, and t he mutual reactor) and the printed 
circuit board assemb ly 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 of 
the sequence network and saturating transformer i s  
applied t o  a p hase-splitting network ( C 1 ,  R 1 ,  R2) and 
a p olyphase rectifier (diodes D 1  to D6) .  The d-e 
voltage so obtained requires a minimum of filtering 
(C2),  and resp onds rapidly to a change in magnitude 
of the a-c output. This d- e voltage is  app lied 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 conditio ns (no fault),  
current flows from relay terminal 1 9  (pos.  45 v) 
through resistor R4 and Zener diode Z 1 to  negative , 
holding Q1 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 p rovides base drive to tran­
sistors Q2 and Q7 , turning them on also.  The voltage 
drop acro ss 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) exceeds the 6 . 8-
volt drop acros s  Zener diode Z 1 ,  transistor Q1 stops 

conducting. This remove s  the base current from Q2 
and Q7, causing them to stop conducting, and p ro­
viding the equivalent of an open contact at Q7 col­
lector-emitter circuit. 

When Q2 is cut off as j ust explai ned , 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 Q1 in a non-con­
ducting state. When the input voltage is sufficiently 
reduced to allow FD 1 to " reset, " transistors Q 1 ,  
Q 2 ,  and Q7 again conduct. Resistor R A  is  for setting 
the FD 1 pickup current ( calibration adjustment), and 
the setting of RB determines the 80 p er 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 conductio n. With Q4 fully 
conducting, there is no base drive to transistor Q5. 
With no Q5 collector current ,  the base of PNP-typ e 
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 open contact. 
Zener 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 Z2, a positive bias is applied 
to Q3 base,  causing it to condu ct. In turn, Q4 stop s 
conducting, and capacitor C5 charg es up , giving a 
few millisecond s '  time delay before Q5 and Q6 are 
switched to full conductio n, thus "closing" FD2. 
The feedback resistors R 1 3  and RD provide a 90-
p ercent FD2 dropout ratio with "toggl e "  action at 
the dropout point. 

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

The s equenc e network in the relays is arranged 
for several p ossible combinations of s equence com­
ponents.  For most applications,  the output o f  the 
network will contain the p ositive, negative, and 
zero s equence components of the line c urrent. In 
this cas e ,  the taps on the upper tap plate indicate 
the balanced three-phase amp eres which will oper­
ate the carrier-start fault detector FD 1. The second 
fault-detector unit FD2, which supervises operation 
of the AR tripping r elay, is  adj usted to p ick up at a 
current 25 p ercent above tap value. The taps avail-
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TYPE SK B AND SKB-1  R E LA YS ________________________________________________ __ 

able are 3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  and 1 0 ,  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 p hase-to-p hase faults AB and CA. enough 
negative sequence current has been introduced to 
allow the fault detector FD 1 to pick up at 8 6% of the 
tap setting. For BC faults ,  the fault detector will 
pick up at approximately 50% of t he tap s etting. 
This difference in pick-up current for different 
phase-to-phase faults is fundamental, and occurs 
because of the angles at w hich t he positive and 
negative s equence components of c urrent add to­
gether. 

With the s equence network arranged for positive,  
negative,  and zero sequence output, t here 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 cases,  a tap 
is available on both the SKB and SKB- 1 r elays 
which cuts the three-phase sensitivity in half, while 
the phase-to-phase setting is  substantially un­
changed.  The relay then trip s at 90% of tap value 
for AB and CA faults ,  and at twice tap value for 
three-phase faults . The s etting for BC faults is 65 
percent of  tap value . In some cas e s ,  it  may be 
desirabl e to eliminate response to po sitive- s equence 
current entirely, and op erate the SKB relay on neg­
ative-plus-zero s equence 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
p hase faults, but is unaffected by balanced load 
current or three-phase faults when using this tap . 

For ground faults, separate t ap s  are available 
for adj ustment of the ground fault sensitivity to 
abo ut 1/ 4 or 1/8 of the upper tap plate setting. 
See Tabl e II. For examp l e, if the upper tap plate o f  
t h e  SKB relay i s  s e t  at tap 4,  t h e  fault detector 
( F D  1) pick-up current for ground faults c an be either 
1 or Yz ampere. In special applications,  it  may b e  
desirable to eliminate response to z ero - sequence 
current. The rel ay is provided with a tap to all o w  
s u c h  op eration. 

Trip C i rc u i t  

The main contacts o f  t h e  SKB rel ay will safely 
clo s e  30 amp eres at 250 volts d- e and the s eal-in 
contacts of the i ndic ating contactor switch will 
safely carry this c urrent long enough to trip a circuit 
breaker. The trip contacts of the SKB- 1 relay have 
no seal-in device since they energize the lo w-cur­
rent input of a static tripping relay. 

6 

Trip  C i rcu i t  Constants -· SKB Relay 

Indic ating Contactor Switch (ICS) 
0. 2-ampere tap ,  6. 5 ohms d-e resistance 
2. 0-ampere tap , 0 . 1 5  ohms d-e resistan c e  
1 . 0- ampere tap ,  0 . 1 ohms d - e  resistan c e  

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
m ent of the phase and ground fault s ensitivitie s  and 
the sequence components included in the network 
output. The range of the available t ap s  i s  suffi­
cient to cover a wid e  range o f  application. The 
m ethod of determining the correct t ap s  for a given 
installation is  discussed in the foll o wing p aragraphs. 

In all cases, the similar fault detectors o n  the 
relays at all terminals o f  a line s ection must be s et 
to p ick up at the same value of line current. This i s  
necessary for correct blocking during faults e xternal 
to the protected line s ection. 

Pos it i ve-Sequence Current Tap and FD2 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 m entioned before, these numbers repres ent 
the three-phase, fault detector FD 1 pickup currents ,  
when the relay i s  connected for p ositive,  n egativ e  
and zero s e quence output. The fault detector F D 2  
o perates t o  allo w  tripping at a current value 25 p er­
cent above the fault detector FD 1 setting. This 25 
p ercent differenc e is necessary to insure that the 
carrier-start fault detectors ( FD 1)  at both ends o f  a 
2-terminal transmission line section pick up to start 
c arrier on an external fault before op erating energy 
is applied through F D 2. 

For a 3-terminal line, F D 2  settings must b e  
readjusted for pickup at 250 p ercent o f  FD 1 s etting. 
This is  necessary to all o w  proper blocking when 
appro ximately equal currents flo w  in two terminal s ,  
and their sum fl o w s  o u t  t h e  third l i n e  terminal. The 
relay is normally shipp ed calibrated for 2-terminal 
line op eration. 

When the SKB is to be used on a 3-termin al 
line, FD 2 must b e  recalibrated as explai ned in the 
previous p aragraph,  a.Hd the FD2 temp erature-com­
p en s atin g  circuit must also be chan ged to accomo­
date the new Rc ( FD 2  p i ck up )  setting. Thi s is 
accomplished by changing the j ump er near the lo wer 
l eft corner of the printed circuit bo ard ( see Fig. 8 )  
from C- 2 t o  C- 3,  a s  shown. www . 
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The tap s  on the upper and lower tap plates 
should b e  s el ected to assure op eration on minimum 
internal line-to-line faults,  and yet not op erate on 
normal load current, p articularly if  the c arrier chan­

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 b e  
considered i n  s el ecting the positive- sequence cur­

rent tap and sequence component combination. The 

margin b etween load current and fault detector pick 
up should be sufficient to allow the fault detector to 

drop out after an external fault, when load current 

continues to flow. 

Sequence Combination Taps 

The two halves of the lower tap plate are for 

connecting the s e quence network to provide any o f  
the combinations described i n  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 s e­
quence s ensitivity. Op eration of the relay with the 
various taps i s  given in the tabl e below. 

TABL 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 *  Po sitive, Negative, zero Tap Value 

( 53% on BC Fault) 

2 Po 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 s en sitivity. 
See section on zero- sequence current tap. 

/'1, 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, FD 1 and FD2 will pickup 1 0  o r  15 percent higher than the 
above values because of the variation in s elf-impedance of the sequence n etwork and the saturatin g 

transformer. 

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

The right half of the lower tap plate is for ad­

justing the ground fault response of the relay. Taps 
G and H give the approximate ground fault sensitiv­
ities as listed in Table II. Tap F is used in appli­

cations where increased s ensitivity to ground fault s  

is not required. When this tap i s  used, t h e  voltage 

output of the network caused by zero- sequence cur­

rent is eliminated. 

NOT E :  Because of inherent characteri stics of the 
sequence n etwork , there will be small variations 
( from the values li sted in Tabl e s  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 

LEFT TAP TAP G TAP H 

c 25% 1 2% 

B 20% 10% 

A 20% 10% 
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TYP E SKB AND SKB-1 RE LAYS ____________________________________________________ _ 

Examples  of SK B Relay Settings 

Case I 

Assume a two-terminal line with current trans­

formers rated 400/5 at both terminal s. Also assume 
that full load current is 300 amp eres, and that on 

minimum internal phase-to-phase faults 2000 am­
peres 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 amp eres from the other end. 

Posi ti ve- Sequence Current Tap 

Secondary Values: 

Load Current = 300 x 
4
g

0 
= 3. 75 amp eres ( 1) 

Minimum Phase-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 
= 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 . 9 8  amp eres ( 4) 

1. 25 = FD2 pickup 
FD l pickup 

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

evident that the fault detector can be set t o  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 i s  sufficient difference between 

maximum load and minimum fault to use the full 
three-phase sensitivity. Current tap 6 would be 

used in preference to tap 5 to 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 upper 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 . 8 8  amp . 

Lower 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  i n  Case I ,  

but a maximum load current of 550 amperes. 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, yet remain 
inop erative on load current. Compare equations ( 5) 
and ( 6). However, by connecting the network 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 operation at maximum load 
without picking up the fault detector, and provide 

high speed relaying of all except light three-phase 

faults. 

In order to compl ete the trip circuit on a 7.  5 
ampere phase-to-phase fault, the fault detector tap 
must now be not more than: 

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

( 5) 

To be sure the fault detector FD 1 will reset 

after a fault, the minimum tap setting is determined 

as follows: 

Load Current = 550 x �
0 

= 6 . 9  amp s 

6 . 9  

0 . 80 
= 8 . 6  

( 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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TY P E  SKB AND SKB-1 RE LAYS ________________________________________________ I_. L_. _4 1_-_95_4E 

From a comparison of ( 5) and ( 8) above, tap 5 or 
6 could be used. ( Continuous l o ad c urrent rating of 
relay is 10 amperes . )  

With the three-phase tap 5 i n  u s e ,  the fault 
detector pickup current for ground faults will be a s  
follows:  

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

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

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

I ndi cat ing Contactor Swi tch (I CS) - SKB Relay 

No setting i s  required for relay s  with a 1 .0 am­
p ere 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 m eans of the connecti n g  
screw.  When the relay energizes a 1 25 or 250-volt 
d-e typ e WL relay s witch, or equival ent, use the 0 . 2 
ampere tap; for 48- volt d-e applications  s et the unit 
in tap 2 and use a type WL relay with a s# 304C209-
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 relay tap s ettings are made from a 
consideration of j ust maximum l o ad 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, F D 1  will op erate at 6 amperes, 3-phase,  and 
res et at 80o/c of pickup, or 4 . 8  amperes.  This will b e  
adequate in mo st cases where m aximum load current 
i s  in the order of 3 to 4 amperes ,  s econdary v alues.  
If m aximum load current is 5 amperes or slightly 
higher, tap 8 should be used, which will give  a 
dropout current for FD 1 or 6. 4 amperes. 

For most SKB- 1 relay applications,  where static 
phase-distance relays are used as phase fault detec­
tors,  tap s 6-C�H are recom mended. This will give a 
minimum trip sensitivity for phase-to-ground faults 
of 6 x 1/8 x 1 .  25 or 0 .94 ampere. Tap s  A or B are 
not recommended for SKB- 1 relay application .  

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

The re lays sh ould be mounted on switchboard 
pane ls or the ir equivalent in  a location free from dirt , 
mois ture , exc essive vibrat i on and heat . Mount the 

re lay vertically by means of the rear mounting stud or 
s tuds for the type FT proj e ct ion case or by means of 
the four mounting holes on the flange for the se mi­
flush ty pe FT cas e .  E ither the stud or the mounting 
s crews may be ut i lized for grounding the r e lay .  Ex-
ternal t oothed washers are provided for use in the 
locations shown on the outline and drilling plan to 
facilitate making a good e lectrical c onnection be­
tween the re lay cas e , its mounting screws or studs , 
and the re lay panel.  Ground wires are affixed to the 
mounting screws or studs as required for poorly 
grounded or insulating panels . Other electrica l c on­
nections may be made directly to the terminals by 
means of screws for steel panel  mounting or to the 
terminal s tud furnished with the re lay for thick panel  
mounting.  The terminal stud may be easily removed 
or inserted by locking two nuts on the stud and then 
turning the proper nut with a wrenc h .  

For detail information o n  the F T  case refer to 
I .L.  4 1- 07 6 .  

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

CAUTION : When changing taps under l o ad,  the 
spare tap screw should be inserted i n  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 asso ciated typ e 
TC carrier set, the fault detector c alibration c an 
must easily be check ed after the SKB relay and TC­
TCU c arrier assembly have been instal led and i nter­
connected. 

NOT E:  T h e  relay current tap numbers and the FD 1 
---

and FD 2 pick up and dropout current v alues i n  the 
Acceptance Tests and Calibration sections apply to 
the SKB relaY. For the equival ent tap n umber and 
current value  for the SKB- 1 relay, doubl e the figures 
given for the SKB relay. 

The c arrier trip circuit should be open for the 
fol lo wing check: Set the SKB relay o n  tap s  5 ,  C, 
and H. Connect a 60-cycl e test c urrent circuit 
b etween 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  (pos. ) and 
18 ( neg. ) .  This will read approximately 20 volts 
when FD 1 operates. Gradually increase the current. 
At 4.  33 amp eres ,  FD 1 should op erate, starting the 
transmission of half-cycle pulses  of c arrier, and the 
d-e voltmeter will read 20 volts. 
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TYP E SK B AND SKB-1  R ELAYS __________________________________________________ __ 

Continue to increase the test current. At 5. 4 1  
amp eres, FD2 should op erate. If the R l0 1  controls 
in the type TCU control unit have been set, th e AR 

tripping unit in the SKB relay will op erate. The 

op eration of FD 1 and FD2 can also be noted by 
observing the change in d-e voltage at the printed 

circuit board terminals 14 ( F D 1 )  and 15 ( FD 2) rela­
tive to TP 4 (negative). See Table I for typical val­

ues for th ese voltages under standby and op erating 
conditions. 

Now back off the test current to check the drop­

out values. Fault detector FD2 should drop out at 

90 per cent of pickup , or 4 . 8 5  amperes. The F D 1  

dropout is 8 0  per cent o f  pick up ,  o r  3. 46 amp eres. 

The fault detectors have been p rop erly c ali­
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 adjustment of the 
appropriate control as li sted at the beginning of this 
section. Turning RA or RC in a clock wise direction 

will increase the FD 1 or F D 2  p ickup .  Simil arly,  
turning RB or RD in a clock wise direction will in­
crease the dropout current. 

The p ick up and dropout calibration settings of 
FD 1 and FD 2 are m ade with the four control s on the 
SKB or SKB- 1 relay subp anel ,  as follows: 

Relay Unit 

FD 1 
FD2 

Pick up 

RA 
RC 

Dropout 

RB 
RD 

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

Typical test point voltage values listed in Table 
I will be us eful when checking the app aratus. The 

readings will remain fairly constant over an indef­

inite period unless a failure occurs. Voltages should 

be measured with a vacuum-tube voltmeter. To facil­

itate taking these voltages, a test cabl e is available. 
See Fig. 9.  To use this cabl e,  remove the SKB or 

SKB- 1 chassis from its case. Remove the printed 

circuit board from the back of the relay, and insert 

the bo ard end of the test cabl e  in its place. Now 
plug the removed board i nto the receptacle at the 

other end of the cable. R eplace the relay chassis in 

its case on 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 

1 0  

l 

cabl e can also be used, if desired, with the printed 

circuit boards 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. 

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

TP5 45.0 vdc 45.0 vdc 

TP6 6 . 5  6 . 8  
TP 7 6 . 5  < 0 . 5  
TP 8 1 4 .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  - 44.5  

* Term. 19 < 0 . 5  20.0 

A·C TEST POINT VOLTAGES 

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

TP 2 to TP 3 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 . 5  vac approx.  

* On Printed Circuit Board 

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

< 0 . 5  - means less than 0 . 5  

After the SKB o r  SKB-1 and associated relays and 

the carrier equipment have been installed and adj ust­
ed, the system can b e  checked following the procedure 

in Part 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 articles 

in the face of the soft sil v er and thus impairing the 

contact. 

The proper adj ustments to insure correct op er­

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 taken apart 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 comparison carri er 

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. " www . 
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TYP E  SKB AND SKB-1 R E LAYS ------------------------'-· L_. _4_1 -_9_54_E 

Ca l i bration 
Normally, there are no adjustments to be made 

in the sequence network. The tap s on the thre e 
tubul ar Ro resi stors are brazed in p lace and c annot 
g et out of adjustment. The two taps on the formed 
R 1  resistor are factory s ettings, and should not 
require readjustment. However, if there is  reason to 
susp ect that the tap p osition has changed, the fol­
lowing p ro cedure can be used to check the R 1  tap 
settings for either the SKB or SKB- 1 relay: 

Remove the current tap screw ( up p er tap plate), 
and insert the tap screws in t ap s  C and H on the 
lower tap plate. 

P ass a singl e-phase current of ten amp eres 
(SKB or SKB- 1), rated frequency, through the reactor 
coils in s eries from phase B to p hase C (relay 
terminal s 7 and 9 ) .  Accurately m easure the a- c 
voltage from phase A t erminal to the upper tap p l ate. 
This voltage should be b etween 3.8 and 4.0 volts 
a-c .  Now p ass 10 amp eres from phase 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 s s  R1 e qu al to exactly one-third 
of the reactor drop. This voltage c an be m easured 
directly acro ss the termin al s  of the resistor R 1  
from the mounting screw to the l ast t ap o n  R l. 

Note the above reading, and adjust the inter­
m ediate tap on R 1  to give exactly 1/ 3 of the voltage 
o btained above for all of Rl. M easure the voltage 
from the R 1  mounting screw to the intermediate tap .  

I f  repl acement o f  the printed circuit board o r  
major components necessitates a compl ete recali­
bration, p ro ceed as follo ws: 

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

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

3.  Set RA and RC to full clock wi s e  po sition. 

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

5. P as s  4. 33 amperes through 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 p ot. R 2  on the p rinted circuit bo ard 
until thes e  two voltages are e qual. 

7. No w slowly turn RA counterclo ck wise,  with 
4.  3 3  amp ere s flo wing, until FD 1 op erate s. 

8. Reduce the phase A-B current to check FD 1 
dropout .  Adjust RB to get 8 0  p ercent dropout 
( 3. 46 Amp eres). 

9 .  Rech eck FD 1 pickup ·and dropout, and touch 
up R .A  and RB in that order for the correct 
calibration. Tighten the locknuts. 

10. Simil arly recalibrate FD2 using controls RC 
(pickup) and RD ( dropout), rep eating step s 
7, 8 ,  and 9 excep t  for F D 2  pickup of 5 . 4 1  
amp.  and dropout o f  4. 8 5  amp . D o  not read­
j ust R 2. 

11. Fo.r 3-terminal lines, change the printed cir­
c uit board link from C 2  to C 3 ,  then calibrate 
FD 2 for 10. 8 2  amp . p ickup and 9 . 7  amp . 
dropout. 

Tri pping R e l ay (AR) 

The typ e AR tripping relay unit has b een prop er­
ly adj usted at the factory to insure correct operation,  
and should not b e  disturbed after receipt by the 
customer. If, how ever, the adj ustments are dis­
turbed in error, or it becomes necessary to rep l ac e  
som e  p art i n  t h e  field, u s e  the following adjustrr.ent 
procedure. This procedure should not be used until 
it is app arent that the relay is not in proper working 
order, and then only if suitable tools are avail able 
for check ing the adjustments. 

1.  Adjust the set screw at the rear of the top o f  
t h e  frame t o  obtain a 0 . 009-inch gap a t  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 
pres sure is  m easured when the spring moves 
aw ay from the edge of the slot in the ins ul a­
ted cro sspiece.  

3.  Adj ust each stationary contact screw to ob­
tain a contact gap of 0 . 0 20 inch. This will 
give 15- 30 grams contact p ressure. 

This complet e s  the adjustment p rocedure for th e 
AR relay unit. The resistance of the AR relay coil 
is  100 ohms. 

I nd icat ing  Contactor Switch (ICS in SKB Re l ay) 

Close the main relay contacts and p as s  suf-
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TYP E SKB AND SKB - 1  R E LAYS----------------------------------------------------

ficient direct current through the trip circuit to 
clo s e  the contacts of the ICS. This value of cur­
rent sho ul d 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 SK B- 1 Relay) 

Apply 80 p ercent o f  rated voltage acro ss relay 
terminals or test s witches I and 1 0 .  When the AR 
relay is op erated, the orange target should drop. 

There are no s eal-i n  contacts on the op eration indi­
cator, which is  a voltage-op erated device. 

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

If a defective resistor, capacitor, or diode is 
found, cut i t  out o f  th e circuit by first clipping o ff 
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 p ad, and 
remove the l ead with twe ezers. 

NOTE:  For such work, a 60-watt iron with a smal l ,  
cl ean, well-tinned tip i s  recommended. U s e  a 60-40 
(tin-l ead) rosin-core solder. Do not hold the iron 
against the printed-circuit board any longer than 
necessary to remove and replace the component. If 
the terminal hol e  in the board 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 pl astic 
p ads, the l eads cannot be clipped o ff. In such a 
case, melt the sol der on one connection at a tim e ,  
whil e gently tilting back that section o f  the transis­
tor. Because of the small fl exibl e l eads , th e trans­
istor will gradually s ep arate from the bo ard. 

Wherever possibl e ,  use a h eat- sink ( such as an 

E L ECTR ICAL PARTS L IST 

Symbol D escription styl e SYmbol D escription Styl e 

C I  0 . 5  mfd. 200V ± IO% I87A6 24H l l  R I6 68K I/ 2W ± IO% I8 7A6 4 1 H7 I 
C 2  0 . 25 mfd , 200 V  ± 20% I 8 7 A6 24H0 2 R I 7 39K I/ 2W ± 10% I8 7A64 1H65 
C4 1 . 0  mfd, 200 V  ± 20% I 87A624H04 R I8 IOK I/ 2W ± IO% I87A6 4 1H 5 I  
C 5  0 1 . 5 mfd , 2 00V ± 1 0% 0 1 8 7A 5 08H09 R I9 6 . 8K I/2W ± 10% I87A641H47 
CT 0 . 1  mfd , 400V .D .C .  1 544920 R20 0 1 0K 0 0 629A53 1 H56 

R2 1 1 8 K  1/2W ± 5% 1 84A763H57 
D I - D 7  IN459 A Diode I84A855H0 8  R 2 2  I5K I /  2 W  ± IO% I8 7A64 1H55 
D8-D9 IN457A Diode I84A855H0 7 R23 Type ID0 5 I  Thermistor, 
D 10-D 1 2  20K at 2 5  ° C. I85A2I IH05 
Q I  2N6 5 2A I84A638 H I 6 R 24 470K I/ 2W ± 5% I84A763H9 1 
Q2 - Q3 2N69 7 184A638 H I 8  
Q4 2N6 9 7  I84A638H I8 R25 IOK IW ± 5% I 87A643H5 I 

Q5 2N699 I84A638H I9 R 26 IK I/ 2W ± 5% 6 29 A5 30 H 3 2  
Q 6  2N4356 8 49 A44 1H02 R27 0 IOK I/2W ± 5% 6 29 A5 30H56 
Q7 2N69 7 I84A638 H I8 

RA 30K pot. 18 5A06 7 H 1 5  

R I  2 .  7 K  I / 2 W  ± 5% 6 2 9A530 H4 2  RB 200K pot. 1 8 5A06 7H 1 4  

R 2  2 .  5K ± 20% I/ 4W Pot 6 29 A430H0 3 RC 40K pot. 1 8 5A067H 1 6  

R3 0 20K I/2W ± 5% 6 29A530H63 RD 200K pot. 1 8 5A067H 1 4  
RT 50 ohm 3 ,  2" tube 1 340388 R4 3 . 9K I W  ± 5% I87A643H4 I 
RL 9 . 1 K , Vz w att , ±5%-SKB- 1 only 

R6 33K I/ 2W ± 10% I87A64 1H63 Z I  IN9 5 7B ( 6 . 8 v, 0 . 4w) 
R7 IOK I/2W ± 5% 629 A530H56 Zener Diode I86A797H06 
R8 IOK II 2W ± 10% I 8 7 A6 4 1 H 5 I  Z 2  IN9 57B ( 6 . 8 v, 0 . 4w) 
R9 IOK I/ 2W ± 5% 6 29 A5 30H56 Zener Diode I86A79 7H06 
RIO 0.  2 2  MEG, I/ 2W ± 5% I84A763H8 3 

Z3 IN I 78 9  ( 56v, l . O w) 

R I I  IOK I/ 2 W  ± IO% I8 7A64 1H5 I Zener Diod·e 5 84C434H08 

R I 2  I5K I/ 2 W  ± IO% I 8 7A64 1H55 Z 4  IN3686B ( 20 v, 0 .  75w) 

R I 3  33K I/ 2 W  ± 10% I87A6 4 1 H 7 I Zener Dio d e  I85A2 I 2H06 
R I 4  O . I  MEG, I/ 2W ± IO% I8 7 A641H75 ZT IN I832C ( 6 2v, lOw) 
R I5 IOK I/ 2W ± IO% I87A641H5I Zener Clip p er I84A6 I7H0 6 
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alligator clip ) on any transi stor or dio de being 
soldered. As an alternate, use a long- no s ed pli ers 
to hold the l ead ( being soldered) between the device 
and the point of  soldering. 
Test Equi pment 

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-cycl e s quare-wave voltages in 
TCU Control Unit). 

4. Test Cabl e 

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

Rep air work can be don e  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 namepl ate data. For components 
mounted on the printed circuit board, give the cir­
cuit symbol , el ectrical value,  and styl e 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 thre e-phase 
current of  five amp eres:  

Relay P hasa A P hase B P hase C 

Tap s VA Angle VA Angl e VA Angle 

A-F- 3 2. 47 5 0 0. 6 0 0 2. 5 20 ° 

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

B-F- 33 2. 3 o o 0 . 63 0 0 2 . 4 5  55 ° 

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

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

C-H- 10 6 . 35 342 ° 3 . 8 3  8 0  ° 1 . 9 8  1 8 5  ° 

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

Relay P hase A P hase B P hase C 

Tap s  VA Angle VA Angl e VA Angle 

A- F- 3 2 . 4 7  0 0 2. 1 10 0 1 . 9 7  20 ° 

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

B-F- 3 2 . 45 0 0 2 . 09 15 ° 2. 0 7  10 0 

B-H- 10 16. 8 55 ° 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 3 5 ° 

The angl es above are the degrees by which the 
current l ags its resp e ctive voltage. 

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 type TCU Control Unit  used with the SKE or 
SKB- 1 relays are covered in s ep arate instructions 
identified as I .L.  4 1-944.5  plus s upplements, when 
required. The Control U nit 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 instal l ed 
and adjusted, the following tests can be made which 
will provide an o v erall check on the rel ay and car­
rier equipment. The phase rotation of  the three­
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 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 tap s  8- C- H  for the SKB- 1 relay. 

The following test requires that a bal anced 
thre e-phase load c urrent o f  at l east 1 . 0  amp ere 
( secondary) be flowing through the lin e- section 
protected by the SK B relays. At both terminal s of 
the protected line s ection ,  remove the SKB or SKB- 1 
relay cover and open the trip circuit by p ulling the 
test sV�. itch blade with the red handl e. P ut the tap 
screw on the upper tap plate in the 4 tap ,  an d  on the 
lower ones in the C an d H tap s .  Be sure to insert 
the spare tap screw before removing the connected 
one. Now o p en test switche s  4 and 5 on the rel ay 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 

1 3  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E SK B AND SKB -1  R ELAYS--------------------------�-----------------------

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. Completion of the 

trip circuit can be checked by connecting a small 
l amp (not o ver 10 watts) acnoss the terminals of test 

switch 10. (SKB only. )  

Now p erform the above operations at the oppo­

site end of the line section ( station B) and momen­
tarily open and reclose test s witch 1 1  or momen­
tarily depress the Test Reset push- button, if more 

convenient. This simulates a phase-to- ground fault 
external to the protected line section. The fault 

detectors, but not the operating unit should op erate. 
Test s witch 1 1  op eration is required to mak e  sure 

that "flip-flop" stage in the control unit is in reset 
position. Now op en 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 open 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 polarity of the sequence filter output, the inter­
connections between the relay and the c arrier set 
and the P hase A current connections to the relay at 
both stations. P hase B and C should be simil arly 

check ed by opening 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 followed. 

If all the tests have been complete£! with sat­
isfactory results, the test switches at both line 

terminal s should be clo sed ( close the trip-circuit 

test switch l ast) and the relay cover repl aced. The 

equipment is now ready to protect the line-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 rel ay and carrier equipment. The test can be 

p erformed without the aid of instruments. The re­
sults give assurance that all e quipment is in normal 
op eratin g condition without resorting to more elab­

orate test procedures. 

1 4  

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

The typ e W- 2 test switch is a four-po sition, 
multi- stage s witch. The contact arrangement is 

shown in Fig. 10, and the 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 A 1- B l. In the "Off" position, the SKB trip cir­

cuit is opened through contact C5-D5,  but the alarm 

circuit remains closed through contact A 12- B 1Z. 
Two test po sitions 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 overall diagram 

which applies to the particular order for actual 
connections. 

Auxi l i ary Test T ransfo rmer 
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-C-to­

ground test current approximately as follows: 

RELAY TAP 
TRANS TAP 

G H 

1 3 amp . 2 amp . 

2 5 amp. 4 amp . 

3 7 . 5  amp . 5. 5 amp. 

4 9 . 5  amp. 7 amp. 

The outline and drilling plan of the transformer 

is shown in Fig. 1 2. 

I nd icat 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. www . 
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T YP E SKB AND SKB - 1  RE LAYS--------------------------------------------���.L�·�41�-9�5�4E 

O P E R A T I O N 
A multi-contact switch is p ro vided at each line 

terminal which s erve s  the dual functions of a car­
rier on-off s witch and a test switch. This switch iS 
arranged to apply a singl e-phase current to the SKB 

or SKB- 1 relay to simulate internal and through 
fault conditions. Relay op eration i s  noted by ob­
s erving a blue indicating l amp connected in the 
SKB relay trip circuit. During the test the SKB trip 
circuit to the line break er is opened and a red 
warning light is  energized through auxiliary con­
tacts on the test switch. 

U s e  of the auxiliary t est equipm ent is to b e  
limited to provide a simplified test after the initial 
installation tests have been p erform ed as described 
in P art II of this instruction l e aflet. 

The test apparatus is  to be connected as shown 
in Fig. 10 with the auxiliary test transformers ener­
gized from 1 20-volt, 60-cycle po wer sources,  at each 
line terminal , that are in p hase with each other. 
The following op eration procedure assumes that the 
same polarity is used in connecting the test trans­
former at each line terminal. 

1. Turn the carrier test switch at both l ine ter­
minals to OFF. 

2. Turn the carrier t est s witch to TEST 1 at 
station A. The "A" relay should op erate to 
transmit half cycl e impul s e s  of carrier, and 
trip . Tripping will be indicated by the blu e  
light. 

3. Turn the SKB test switch at station B to 
TEST 1. This will simulate an internal fault 

INPUT FROM 

SEQUENCE 

NETWORK 

( SAT. TRANS.) 

PHASE 

SPLIT T I N G  

NETWORK 

RECT I F I E R  

fed from both line terminal s.  T h e  relay at 
station B will trip , and the relay at station A 
will remain tripped. Tripping will be indi­
cated by the blue lights at each line terminal . 
Carrier will be transmitted in half cycl e im­
p ul s es simultaneously from e ach end o f  the 
line. 

4. Reset the SKB test switch at station A. The 
relay at Station A will reset and turn o ff the 
blue light. The relay at station B will hold 
its trip contact closed, lighting the blue 
l ight. 

5. Turn the SKB test switch at Station A to 
TEST 2.  D epress Test Reset p ushbutton 
momentarily to reset Flip- Flop stage that may 
have op erated during switching the test 
s witch to position 2. Op erate Test Reset 
p ushbutton at station B to reset Flip-Flop 
stage from previous tripp ed position. Both 
blue lights should be off at this point, which 
represents an external fault. 

6. Reset the test switches at both line termirl­
als to OFF before returning to ON for normal 
s ervi ce. P ush in handle to turn in ON po si­
tion. 

This comp l etes the test procedure. 

Component Sty le  N umbers 

Test Transformer s #  1 338 284 

Typ e W- 2 Test Switch s #  505A742G0 1 for 1/8" 
panel mounting. 

Typ e W- 2  Test Switch s #  50 5A742G0 2 for 1-Yz" 
p anel mounting. 

LEVEL 

DETEC T O R  

LEVEL 

DETEC TOR 

TIME 

DE LAY 

POSITIVE 

FEEDBACK 

AMPLI F I E R  

AMPLI F I E R  

F D I  

OUTPUT 

�) 

F D 2  

OUTPUT 

(-H-) 
629 A09 1 

Fig. 3 Static Fault Detector Block Diagram 
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Fig. 5 Simplified Schematic - Type SKB Relay 
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PRI NTED 
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BDUD 
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Fig. 6 Complete Internal Schematic of SKB- 1 Relay 
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TY P E SKB AN D SKB- 1 R E L AYS ------------------------------------------------
I
._L_.

4_
1
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_
s 

__ 4E 

n,,,.,, ___ _ 
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IIOT£l n.IIUU H-1 
tlf TO IE .n11P£1ED AT 
I!LAY CASE 

lED MMitl.l 

ts2H,tH Y.t.c. 

TUIE IESI� 
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....... _ -·· -

lOT ••ta 
- lOT -
'IUIII&I. 

836ASOO 

Fig. 7 Simplified Schemati c - Type SKB- 1 R elay 
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T Y P E  SK B AND SKB-1 R E LAYS 
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Fig. 1 1  Outline and Drilling P lan of the Type W-2 Test Switch and Indicating L amps Used for 

SKB or SKB- 1 Testing 
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