INSTALLATION

Westinghouse 1.L. 41-954.6
OPERATION ¢ MAINTENANCE

INSTRUCTIONSD

TYPE SKBU-2A
DUAL PHASE COMPARISON RELAY

CAUTION: It 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 is energized. Failure 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 milliseconds
for all internal faults within the limits of the relay
settings.

The system can be used with a frequencysshift
carrier channel or a frequency-shiftfaudioytone
over a voice-grade pilot-wire @my microwave
channel.

In contrast to the carrier blocking scheme, this
is a transfer trip system; ace@rdingly, the blocking-
start function is not requised:

The SKBU-2A relay ‘may be applied to two-
terminal or three-termidal lines. Two-terminal
applications gequircien€ transmitter and one
receiver pergerminalyThree-terminal applications
require on€ytrafismitter and two receivers per ter-
minal.

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

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

CONSTRUCTION

The phas¢ cemparison relays consist of a
composite positive and negative sequence current
network, & saturating transformer, a 20-volt power
supply, and printed circuit boards mounted on a
standardyl9-inch wide panel, 8% inches high (5
rack units). Edge slots are provided for mounting
therack“on a standard relay rack.

Sequence Network

The sequence network consists of a three-legged
iron core reactor and a set of resistors, R and Ry.
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, B and C tap con-
nections in the front of the relay (R] taps). Ro
consists of three tube resistors with taps wired
to F, G and H tap connections in the front of the
relay. The R1 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 primary of a saturating
transformer which has two secondary windings.
One winding supplies the fault detector and the
other winding supplies a keying circuit.

Power Supply

The solid-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
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on a heat sink. A voltage dropping resistor is
provided between the source dc 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.

All 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 block at the rear of the compartment.
Each board and terminal block is keyed so that if a
board is placed in the wrong compartment, it can-
not be inserted into the terminal block. A handle
on the front of each board is labeled to identify its
function in the relay.

1. FD BOARD (FAULT DETECTOR BOARD)
The fault detector board contains a resister-
Zener diode combination, a phase splitking
network, a solid state fault detector, and a pulse
width detector. The control for settingepickup
of the fault detector is mounted on the ‘fault
detector board. This unit operates Whefl the
fault current exceeds a definite value. The pulse
width detector is activated9whenythe keying
pulse width decreases go agwvalue of 4
milliseconds.

The location of compopents on the board is
shown in Fig. 2 andythesehiematic of the board
is shown in Eig. 3,

2. LOW PASS FILTER BOARD (LPF)

The Low Pass Filter Board contains a low pass
filter for interfacing the secondary of the satur-
ing trapsformer with the Sine wave to Square
Wave Cenvertors of the Amplifier and Keying
Board, Also six buffer outputs are contained on
this Beard to connect the squaring amplifiers to
external oscillograph connections.

The following Figures apply to this board: Fig,
13 Component location, Fig.14 Schematic fof
the Board.

3. SUPERVISION BOARD (SUPRV. BOARD)

This board contains interface circuits to the
channel receivers and a 150 millisecond pickup
and 0 millisecond dropout alarm timer circuit.
The interface circuits connect§ theaSKBU-2A
relay to the channel receivemyand, the timer cir-
cuit locks out the relay forfailure,of the channel
equipment.

The following figures apply to this board: Fig.
15, Component LocationgFig. 16, Schematic of
the Board.

4. AMPL. AND/KEY BOARD (AMPLIFIER

AND KEYING BOARD).

The Amplifier and Keying Board contains three
sinfe."wayel to square wave convertors, a
trapsmitter keying circuit, two dc 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 alternate half
cycles of a 60 Hz. voltage. These two square
waves are applied to the dc 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 4/0 timer, and a 2 or 3 count
transient unblock circuit. A link is provided on
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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 Boasd: Fig.
10 Component location, Fig. 11 Schemati¢ of
the Board, Fig. 12 logic of board.

7. PROTECTIVE RELAY INTERFACE
BOARD (PR. INTER.)
The Protective Relay Board, conains logic c:. -
cuits to connect the distance fault deteCtors . 3
squelch relays into the Rhase™€omparison
Relaying System. This “b@ardfeontains buffer
circuits, and OR circuits toypeonnect the dis-
tance fault detectors into the system. A 6/0
timer, 10/150 signalssqueleh circuit, and a 2.5
second alarm_circuityfor, sustained fault detec-
tor operation are alsg provided on this board.
The following figures apply to this board: Fig.
17, Comipongnt Lecation, Fig. 18, Schematic
of the Boards

Card Extender

Afcard extender (style no. 644B315G02) is
avdilable for facilitating circuit voltage
measurements or major adjustments. After
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 pointsdrewired to the front
panel of the relay for cofiventénce/in adjusting and
testing the relay.

OPERATION

A. System

In phase domparison reiaving, the phase posi-
tion of fault cusrents at the ends of a transmis-
sign line@re compared over a pilot channel to
determinesif the fault is internal or external to
the Wline» section. When a frequency shift
chanmel 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 signal.

The three-phase line currents energize a se-
quence network in the SKBU-2A relay which
produces a single-phase output voltage
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 dc 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-



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 pulses are in an internal fault
relationship and the fault detector has
operated, tripping will occur 4 milliseconds
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 pulses 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 line section, the space and
mark pulses are out-of-phase with their respective
local pulses and tripping does not occur.

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

B. Relay

With reference to the logic diagram of figure
19, the three-phase line currents energize agse-
quence network that produces a single(phase
voltage proportional to a combinatiew of,se-
quence components. (See Tables ILandpII).
This voltage is applied to the primary winding
of a saturating transformer which “produces
two secondary voltages.

The secondary voltages (are applied to two
separate boards:

1. Fault DetectofyBoard
2. Low-Pass Eilter Beard

|. FAULT DETE€TOR BOARD
With reference to ‘s¢hematic dwg. of Fig. 3, the
ac voltage from the secondary of the saturating
transformer is applied to terminals 5 and 6 of
the faulg detector board. This voltage is then
appliedutoya phase-splitting network (R2, R3,
C3mC4, and R4) and a polyphase rectifier
(diedes D1 to D6) The dc voltage obtairied from
théwectifier has minimum ripple and is applied

to the fault detector circuit Q1, Q2, Q3, and
Q4.

Fault Detector (FD)

Under non-fault conditions, transister Q1 is not
conducting and is turned off. The collector of
QI 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 dc input voltage
from the polyphase rectifieg(across RS and R6)
to exceed the 6.8 volt rating/of Zener diode, Z2,
a positive input ig applied to the base of Ql
causing it to conduet, In turn, Q2 stops conduc-
ting and capaciter,” C7 charges, giving 8
milliseconds time delay before Q3 and Q4 are
switched to fall 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 allows the
fault detéctor to drop out at a high droput ratio
whenithe 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. If two tran-

sitions occur within a certain time period, a

block output occurs which will remain until no

two transitions occur within the time period.

The time period can be adjusted from 2 to 8

milliseconds by means of an adjustable timer.

This setting range represents frequencies of 60

Hz to 250 Hz expressed in terms of a

symmetrical wave. It is factory set for a fre-

quency of 120 Hz which represents a detection
period of 4 milliseconds. Figure 29 shows the
timing chart of the pulse width detector for

pulse transitions of 4 milliseconds and 8

milliseconds. With reference to the internal

schematic of Figure 3, the pulse width detector
consists of the following parts:

I. Generated pulse circuit which produces a 5
ps pulse for each transition of the input
square wave, The component parts of this
circuit are as follows:
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a. Nand Gate ICI (pins 11 and 10, pins 9
and 8)

b. Nand Gate IC2 (pins 10, 9, and 8)

Capacitors C11 and C12

d. Diodes DIS and D16
A transition of the input square wave
produces pulses due to the capacitor ac-
tion which occurs when the output at
either pin 10 or pin 8 of ICI goes low.
The capacitor initially discharged by the
diode will act as a ““0” to the input of IC2
(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 IC
resistance to 15 Vdc. The output will
then change to a **0”’. This will produce a
5 ws positive pulse on the output of 1C2
(pin 8) during the charging time of the
capacitor.
When the input square wave makes a
“0” to *“1” transition pin 10 (IC1) goes
low causing the pulse output through
C12. When the input square wave makes
a “1” to “0” transition, pin 8 (IC1) goe$
low causing the pulse output threugh
Cll.

o

2. Timer circuit (oscillator) servesy asWa
reference for the time between thé€ generated
pulses. The component parts of this |Circuit
consists of:

a. Timer — Trimpot R22, resistor R23, and

Capacitor C9.

Programmable unijffnction‘transistor Q6

Voltage divider network®R26 and R27

Discharge circyit’R21¥and D14
e. Resistors R24,0R25, and Diode D13.

The timer circuigfisjactually an adjustable free

running oscillatergwhich is synchronized with

the transitions%f the input square wave.

aeo o

C9 is changéd thrfough the path of trimpot R22

and resistor R23/1t is discharged by one of two
paths.

1. Through R21 and D14 and pin 6 of
ICI when at **0’. The 0" at pin 6 of
ICI 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. If the charge 1S

not removed by pin 6 of ICI going to

*0”, capacitor C9 will charge towap-

proximately 10 volts (as determined

by the R26, R27 voltage™divider
relationship). Q6 will conduct

a. to lower the junction peint voltage
of R26 and R2#which will act as a
“0” to digdetDA7 and D20.

b. to discharg&a,C9*Once the anode
current g#eachesvthe valley current
of Q6, Q6 will turn off. However,
the time for this is approximately
15%s, thereby allowing an adequate
résetting pulse.

3. Flip-flop-eircuits compare information from
the #timer “circuit (oscillator) and the
generdted pulse 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.

Elip-flop number 1 IC2 (pins 13, 12, and 11)
ICI (pins 3 and 4) Flip-flop number 2 IC2 (pins
1, 2, and 3) ICI (pins 1 and 2) Diodes D18 and
D19.

The generated pulses enable pin 4 (IC2) and
are inverted through pin 5 and 6 of IC1. Thein-
verted pulse when at ““0”

a. Sets flip-flop number 1

b. Resets the oscillator timer by dis-
charging capacitor C9 through R21
and D14. 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 11 (IC2)
after being set becomes *“1’* and works into a 20
us timer of R28 and C10 before enabling pin 5
(IC2). Since a **0” output on pin 6 (IC2) sets
the second flip-flop, the 20 us 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 will 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 D17 and D20.



If a second generated pulse occurs before
the unijunction transistor Q6 breaks down, the
first flip-flop is not reset. Both inputs (4, 5) of
IC2 will then be enabled (“‘1”’) to cause pin 6 to
become “0”. This sets the second flip-flop to
cause pin 2 of IC1 to become ““0’. The ““0” will
block the fault detector.

. LOW PASS FILTER BOARD

With reference to Fig. 14, the ac voltage from
the second winding of the saturating
transformer is applied to terminals 10 and 12 of
the low pass filter board. The low pass filter
(Cl1, L1, and C2) removes the harmonics from
this voltage and applies a voltage that is essen-
tially sinusoidal in waveform to resistor R7.
(note:-With the Amplifier and Keying Board in
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.

. AMPLIFIER AND KEYING BOARD

The output of the low pass filter is applied to
the sine wave to square wave convertors of the
Amplifier and Keying Board. These convertofs
consist of four resistors and an operational
amplifier as shown in Fig. 20. Resistors R1 and
R2 are set equal to each other and their june-
tion point is connected to the inverting inputi of
the amplifier through a resistor R7 offthe ldow
Pass Filter Board. Resistors R3 and “Rdgare
biasing resistors whose junction pointhis con-
nected to the non-invertingeinput of the
amplifier. By selecting the value 6f,R3 and R4,
the dc voltage V1 can be fmadeyless than or
greater than the voltage V24 By varying the
magnitude of this voltage, ¢he square wave
voltages produced “Wwhenfacsis applied to the
convertor can bé¢ madeo vary in width. Also
the output of4he gonvestor can be made sen-
sitive to the polarity #f the input ac voltage.
This relationship is ‘shown in Fig. 21.

The output of thg keying convertor is connected
through 4transistors to the transmitter of the
channelyequipment. 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 coné
nected to the AND circuits of the Arming
Board through two dc 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 Bodrd 4oythe AND
circuits of the Arming board. Links on the
Amplifier and Keying Board cam be changed
for two or three terminal applieations.

. SUPERVISION BOARD

The circuits on the Stpervision Board include
the interface to the channel receiver and a low
signal timer.

As shown in(Fig. 165 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 Q1 of the
Stipervision Board and Resistor R27 of the
Amplifier and Keying Board. Space interface 2
ingludes 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. Mark 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:

I. Loss-of-channel state.

2. Receiving space frequency only.

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

With reference to the supervision board of
Fig. 16 for a serviceable channel Q1 and Q2
are either alternately turned on and off or Q1
is turned on and Q2 is turned off. Under both
conditions, base current is supplied to tran-
sistor Q3 and Q3 is turned on at all times.
With Q3 turned on, Cl 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 Ql and Q2
and shorts the base of Q3 to negative potential
and Q3 turns off. Positive potential is applied
to Cl through RI12 and R13 and 150 milli-
seconds later, Zener diode Z5 breaks down to
allow base current to flow to Q4. Q4 turns
on which provides a path through R16 for
base current of Q5 to flow to negative. Q5
turns on to apply positive voltage to R17. This
voltage is then applied to AND | and AND 2
of the arming board to block tripping. The
voltage is also applied to an external alarm
circuit.

When this relay is used on either a TA2.2 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 places a
blocking signal on the AND circuits of the
SKBU-2A relay. Hence, the relays will not
trip on a low signal clamp. However, the low
signal timer is not activated and will not pro-
duce an alarm output to the next device. This
alarm information is supplied directly W the
next device by the channel receivers.

For either internal or external fault conditions,
the outputs of both interface circuyits) are
square-wave voltages. Both voltages vary from
zero volts to approximately 204o0lts,de’and are
out of phase with each othér i'e,, when one
voltage is at zero volts the,ethegvoltage is + 20
volts dc.

. ARMING BOARD

The remote signal§ are compared to the local
signals by twey, AND gates on the Arming
board. Thege circuits are shown in figures 5 and
6.

As shown in“figure 5, AND 1 consists of tran-
sistor Q2, diodes D1, D3, D4, Zener diode Z5,
and resistors R1, R2, R3, and R4. AND 2 con-
sists, of transistor QI, diodes D5, D6, D8, Zener
diodeyZ4, and resistors R6, R7, R8, and R9.
Both transistors Q1 and Q2 have a common in-
putethrough resistor RS and Diodes D9 and
D10.

Positive input voltages on any of the inputster=
minals of AND | will turn transistor Q| on
Also positive input voltages on any ofsthelinput
terminals to AND 2 will turn transistor Q2 on.
Withboth QI 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 R3S to turn on tran-
sistor Q8. This places,transistomQ8 at negative
potential to prevent capacitas/C2 from charg-
ing. This is a non-tripstate:

Base current is also supplied through R34 to Q8
from the collector ofytransistor Q4. Transistor
Q4 is normally neg conducting, and its collector
is at positive “potential. If a fault detector
operates (either the SKBU-2A or supplemen-
tary distanee, fault detectors), a positive input is
applied®tg either terminal 12 or 14 of the Ar-
ming Board. This positive-input will:

L. "Pgovide a positive output at terminal 9 of the
Arming Board.

2 Provide base current to transistor Q4. Q4
will conduct and remove the base current
drive to Q8 through resistor R34. However,
Q8 will not turn off until Q3 conducts. This
occurs when either Q1 or Q2 stops conduc-
ting. Q1 and Q2 will not stop conducting un-
til all positive potentials are removed from
the input terminals of AND | and AND 2.

In examining the condition of the input signals
to AND | and AND 2, it will be found that:

a. Three inputs to AND 1 are dedicated to
the comparison of one local 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 AND 1
and AND 2 is connected to negative by
means of links on the amplifier and Key-
ing board so that these inputs cannot
provide base drive to zither QI or Q2.
Hence, for two terminal line 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-

7



pared to a second derived square wave on
AND 2.

b. Other inputs to AND | and AND 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 current to
either transistor QI and Q2 which will
allow the AND 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 AND | and AND 2 during
these conditions. As a result, base current is
supplied to transistors Q1 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 AND
| will be negative for a short period of time (less
than 8 milliseconds) and that the input to AND
2 will be negative for another period of time.
(Less than 8 milliseconds). As a result, eithes
Q1 or Q2 will stop conducting during thegse
periods of negative potential to cause Q3 t@
conduct. Base drive is then removed from Q8
through R35. If the fault detector has opcrated,
Q8 will stop conducting to apply posititive
potential to capacitor C2. Four midliseconds
later, the potential on C2 breaks 'down) the
Zener diode Z3 to allow base curreat to flow
into Q9. This turns on Q9 to prévide a*zero in-
put at:

1. Terminal 6 of -the Armiing Board.

2. Counting circuit of the"2/34count circuit of
the Arming Board. (On the internal fault,
small positive‘pulses’are applied to the base
of Q8 each halfSgycle. These pulses are
created by the'difference in pulse widths of
the local and reméte 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
NAND gates connected such that they will
cotint the number of times that a zero is ob-
tained from transistor Q9. However, the
count circuit cannot be activated until the
20" on pin 5 of AND 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 flip-flop of
AND 5 and AND 6 to a “0".

a. Pin 1 (ICI) goes to 0" {togsetipin 3 (IC1)
at a “1".

b. Pin 4 (ICIl) and Pims, (I€1) is thus at a
*“1” condition.

c. Pin 6 (IC1) goésyto a*0” to apply a ‘1"
to pin 13 (IGH) of the flip-flop of AND 7
and ANDg8

The second coungwill occur when pin 3 (IC3) of
AND 9 and" AND"10 goes to a ““0”. This will
arm the, flip-flop circuit of AND 11 and AND
12 suchithat the output of AND 13 will change
tofae:0"’ when Q9 changes to a “‘0” for the third
timenlhe*output of AND 13 (terminal 10 of the
Arming®Board) will remain until the counting
chainis reset at terminal 5 by changing to a
““I%, This will occur when the transient blocking
civcuit of the Output Board is reset.

OUTPUT BOARD

Signals from the Arming Board are applied to
the Output Board of figures 11 and 12. With
reference to figure 11, 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.

1. Arming of Flip-Flop
With reference to the positive input to
terminal 19 one condition of trip is set up.
QI 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 QI 1.
This will not turn Q11 off since Q11 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 (AND 4 and AND 5J).

2. Transient Block
With reference to the application of a
positive input to terminal 9 of the Output



Board, Q3 will turn on to cause Q4 to
turn on. Turning on Q4 will apply
positive potential to TP4. This positive
potential will:

a. Charge capacitor C2.

b. Turn on Q6 to connect the collector of
Q6to negative potential. This will turn
off Q8 and apply positive potential to
capacitor C6 through the path of QI1
collector (TP6), R28, Z5, and DS8.
Twenty-two (22) milliseconds later,
the potential on C6 breaks down the
Zener diode Z6 to allow base current
to flow into Q9. Q9 turns on to con-
nect diode D10 to negative potential.
A path for Q11 base currentis then es-
tablished through R37, D10, and Q9
to negative. This condition prevents
QI11 from turning off. Thus, a trip in-
hibit signal is applied to Q11 after a 22
millisecond time delay (transient
block).

b. Fault Detector Reset Only

When the fault detector resets, positive input
is removed from terminal 9 and 19 of the
Output Board. With the removal of #oltage
on terminal 19, QI turns off to turn, Q2¥on.
The QI1 base current path of R36, D9,and
Q2 is re-established and the armipng signal’is
removed from the trip flip-flop.

0/1000 Time Delay

With the removal of positiye petential from
terminal 9, Q3 turns off. Thisturns off Q4 to
remove positive inputy ton,, TP4. However,
capacitor C2 is chargéde positive potential
and will discharge through R11, R16 and D3
into the base of Q6:As a result, Q6 will re-
main turned onguntil the charge on capacitor
C2 is redueed below the “potential hill” of
D3 and Q6. This will require approximately
1000 gmilliseconds during which time Q8
does notyConduct and Q9 remains turned on.
As a resulty transient blocking (QI1 base
current path of Q9, D10, and R37) is main-
tained for 1000 milliseconds after the fault
detector is reset.

N I'rip Condition
For a trip signal to appear on terminals 1
and 13 of the Output Board, two input
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signals have to be present at the inputgters
minals of the Output Board within 22
milliseconds after the faultgdetestor
operates. These are:
1. Positive potential at terminal 19«/(Fault
Detector Operation)
2. Negative potential at terminad, 6. (Output
from 4/0 timer of Asming Board)
With application of pasitivelpotential at ter-
minal 19, QI will turmonae'turn off Q2. The
QI1 base currenggpath ‘of R36, D9, and Q2
will be removed and jthe flip-flop circuit is
armed.
With the application of negative potential at
terminal Gaduest® Q9 of the Arming Board
turninggion), “base current will flow from
positive potential, through Q10 to R33 and
Zerner /digde Z10 to negative. As a result,
QL0 willsturn on and apply positive potential
to, the,junction of resistors R39 and R40 of
the\Output Board. This prevents the flow of
Q|11 base current through R39 and R40, and
Q11 turns off. With Q11 turned off, positive
potential is removed from:

a. R28, 75, D8, 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 Q12, R42 and R43 to negative.
Q12 turns on to apply positive potential
to QI3. QI3 turns on to turn on Ql4.
When Q14 turns on, positive potential is
applied to:

1. Base of transistor Q15 to turn on tran-
sistor Q15.

2. Terminal 13 of the Output Board to
provide a trip voltage to the next
device in the relay system.

3. To DI. From DI, the voltage is
applied to Capacitor C3, resistor R13
and Resistor R14. Applying the
voltage to resistor R14 causes base
current to flow into transistor Q5. Q5
will turn on to discharge capacitor C2
and to turn off Q6. This will turn on
Q8. Hence, with a trip output, the
0/1000 timer (C3) is reset and tran-
sistor Q8 is turned on. With the
removal of the trip output, capacitor

9
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C3 will discharge through RI14 to
maintain Q5 conducting for ap-
proximately 100 milliseconds. This
time delay assures that the 0/1000
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 SKBU-2A
have stored energy which will be dissipated
at fault clearing. This stored energy may
cause a misalignment of pulses to allow an
output from the 4/0 timer with the fault
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
fault). It can only be reset in I of 2 ways.

a. By resct of the fault detector which
removes a positive input at terminal 9 of
the Output Board. 1000 milliseconds
later, transient 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 circuitf@ut-
put is obtained by the activation of tpans
sient block and three separatg®™dutputs
from the 4/0 timer. Thesegonditionsjare
produced in service on the power §ystem
by an external fault followed by a@n inter-
nal fault. Such an event ofy faults is
referred to as a sequeftial ‘fault.

The fault detector will @perate on the exter-

nal fault but tripping™will mot occur because

the lineup of the localdand remote pulses will

not activategthe™/0"timer circuit. As a

result, tragsient? blocking will be setup 22

millisecondsyd@fterdthe fault detector has

operated. If anfiaternal fault now occurs, the
phase angle of the fault current will change
at the inception of the internal fault. The
pulse lineup of the local and remote circuits
will,change in polarity to allow the 4/0 timer
to be activated one time. Tripping will not
occur after the first 4 milliseconds even
though positive potential is applied to ter-

minal 19 and negative potential is applied to
terminal 6 of the Output Board. Transi¢nt
blocking (Q9 conducting) will prevent_trips
ping. Tripping can only occur in thi§ case
with three conditions:

1. Positive input to terminal 19 of Out-

put Board.

2. Negative input to terminal 6 of Output
Board.

3. Negative input toterminal’ 10 of Out-
put Board.

Operation of the 2/3(Countieircuit will apply
negative potential tg terminal 10 of the Out-
put Board. Base cumgent will flow from
positive potential,Sthrough Z4, to emitter
base of Q7,(to R22, diode D5 and D4 to
negative. Q7 Will turn on which will apply
positive £ potential to capacitor C5 and
Resistor” R24. With the application of
positiye §potential to resistor R24, base
ctirrent\lows into Q8. This turns Q8 on to
diseharge capacitor C6 and turn off tran-
sistor Q9. Transient block is thus reset and
the three conditions for operation of the flip-
flop are fulfilled. 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 transistor 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

Qo.)

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 followed by an inter-
nal fault)

With refercnce to fig. 19 and 24, for the exter-
nal fault, the local and remote signals overlap
such that no output is obtained from the AND
circuits of the Arming Board. Consequently,
the 4/0 timer is inhibited from operating and
AND 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 AND 5 of the Output Board. (Through OR
2, AND 3. LINE DRVR. and BUFF. of the
ARMING BOARD). If the fault detector
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operates, 22 ms later, ORS of the Output Board
changes states to place a second inhibit signal
on AND 5 of the Output Board (through OR3
of Arming Board) upon the occurance of the in-
ternal fault at time B, a set of pulses (either
remote or local) on the AND circuits of the Ar-
ming Board change phase relationship with
reference to their mates. For the case of the
timing 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 AND 5. However, a trip does not
occur as OR 5 of the Output Board has an in-
hibit signal on AND 5. Before this inhibit signal
can be removed, the 2/3 count input to terminal
10 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 AND 5 of the Odétput
Board to allow tripping. Transient Bloekingds
removed which resets the counting chdin of‘the
Arming Board.

The 4/0 timer is reset each half cycle by small
pulses created by the discrepancy 4n pulse
widths of the local and remotesignals#This dis-
crepancy insures that the timer canybe reset and
activated threc separateftimes:

In the case of internal faultspother than sequen-
tial faults, the phase relationship of the local
and remote pulses chapge states as shown at
time B of thégtiming swaves. However, fault
detector operatiomgoccurs 8 milliseconds after
time B. Hencgl'the4/0 timer is activated before
transient blocking, and trip will occur without
the 3 count cir€uit being activated.

. PRUINTER BOARD (Protective Relay Inter-
facesBoard) Fig. 18

Theyprotective relay board includes the inter-
face to the protective relays as well as the aux-
liary circuits associated with the protective

relays. This board contains a 6/0 timer; 2500
sustained arming timer, and a 10/150%signal
squelch timer.

a. Signal Squelch Timer

When an input is applied to terminal 18
of the protective relay boand, positive
potential is applied towbase of Q10, QIO
turns on to prowvide agdiseharge path for
C8 through R41. 1QumibliSeconds after the
input to termin@l¥8, Qi | turns off to turn
on QI2. Tutning)on QIl2 applies a
negative inputtotthe keying circuit of the
amplifier@and keying board which keeps
the keying tramsistor from turning on.

Upon“removal of the input to terminal 18
of theyprotective relay board Q10 turns
off #o apply positive potential to C8. 150
milliseconds later Q11 turns on to turn
off Q12 which removes negative potential
to the keying circuit.

b. Sustained Arming Alarm (2500 Timer)
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 QS. This turns on QS
which turns off Q6. Turning Q6 off
applies positive potential to the base of
Q7 and Q7 turns off. This removes
positive potential from R26 and an exter-
nal alarm is energized.

¢. Arming Delay by Distance Fault Detec-
tors
(6/0) Timer)
The distance supervision arming is
delayed by 6 milliseconds to allow time
for the circuits feeding AND | and AND
2 to respond at fault inception. Operation
of the distance fault detectors will apply
positive potential to the protective relay
board. This turns on QI which removes
the base current to transistor Q2, Q2
turns off and positive potential is applied
to capacitor C2. Six milliseconds later the
voltage on C2 reaches a value to break
down Zener diode Z7. This turns on Q3,
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which connects the base of Q4 to negative
through resistor, R15. Q4 turns on to
apply positive potential to resistor, R16
and terminal 2. From terminal 2 the volt-
age is applied to the arming board.

CHARACTERISTICS

Taps are available in the relay to set the
sensitivity to different combinations of positive,
negative. and zero sequence components of the line
current. The T taps on the lelt hand tap plate in-
dicate the balanced three phase positive sequence
amperes which will operate the fault detector FD.
These taps are as follows:

3.4,5.6, 7,8 and 10.

IF'or distance fault detector applications, the
user should reset the SKBU-2A fault detector for a
pick-up of twice tap value by means of the trimpot
at the front of the fault detector board.

Positive and Negative Sequence Current-R1
Taps

The upper half of the right hand tap plate of R
taps changes the number of turns on the third winz
ding of the mutual reactor. This reapportions the
components of the sequence network which
changes the positive and negative sequence séns
sttivity of the fault detector. Operation of the fault
detector with the various taps is givengsin the
following table:

TABLE |
TAPS ON
SEQUENCE RIGHT FAULT DETECTOR
COMPONENTS |[HAND TAP PICK-UP t
COMB.| IN NETWORK BLOCK
OUTPUT 30
R{yh. Ro#d| FAULT|coFAULT
Pos.. Neg.. 4IC L Gor Tap 86 Tap
Zcro H Value Value
(53% on BC
Fault)
2 Pos.. Neg.. B | Gor | 2xTap| 90% Tap
Zero H Value Value
(63% on BC
Fault)
3 NegoZero [A | Gor — 100% Tap
H Value

12

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

¥ — When taps A and 3, or B and 3 are used, the
fault detector will pickup 10 to 15 percent
higher than the above values because of the
variation in self-impedance ofsthe sequence
network and the saturating tramsformer.

Zero Sequence Current — Rg Taps

The lower half of the rightshdnditap plate (Rg
taps) is for setting the response” of the reiay to
ground faults. Taps G afid H give the approximate
ground fault sensitivities, listéd in Table I1. Tap F
is used in applications where no response to zero
sequence currengms reguired. When this tap is
used, the voltage output of the network caused by
zero-sequenceycurrent 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
pieksupteurrent for various phase or ground fault
combinations.

TABLE Il
COMB. | Ry TAP | GROUND FAULT | PERCENT OF T
PICK-UP TAP SETTING
TAP G TAPH
| C 25% 12%
2 B 20% 10%
3 A 200% 10%

The operating time of the fault detector of
the SKBU-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 for different points on
the fault wave for ground fault current of 3 amperes.

Operating Time ................ 15 to 22 Milliseconds
Alarm ... 2.5 seconds for FD operation

150 Milliseconds Loss-of-Channel
Transient Block Time ..... 22 to 25 Milliseconds
Transient Unblock Time 23 to 27 Milliseconds
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Ambient Temperature Range ....-20°C to 55°C
dc Drain ............... 0.28 Amps at 48 Volts DC
Reset Time of Transient Block

1. After Fault Detector

has Operated ................. 1000 Milliseconds
2. When unblock time
1s utilized ... 25ms
ENERGY REQUIREMENTS

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

Relay PHASE A PHASEB PHASEC

Taps VA | Angle| VA ([ Angle| VA | Angle
A-F-3 24 5° 0.6 0° 2.5 50°
A-H-10 | 3.25 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 2.45 55°
B-H-10 | 4.95 0° 2.35 90° 0.3 60°
C-F-3 232 0° 0.78 0° 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 PHASE C
Taps VA | Angle( VA | Angle| VA/ | Angle

A-F-3 2.47 0° 2.1 10° 1.97 20°
A-H-10 | 7.3 60° 12.5 53° 6.7 26°
B-F-3 245 0° 2.09 15¢ 2.07 10°
B-H-10 | 16.8 55° 2240 50° 12.3 38°
C-F-3 2.49 0° 1799 15° 2.11 15°

C-H-10 | 31.2 41° 36.0 38° 23.6 35¢

The angles @aboye arevthe degrees by which the
current lagstits’respéctive voltage.

SETTINGS

Continuous Ratings:

TheyContinuous Rating of the SKBU-2A Relay
1s M@hamperes. The two second overload rating
ofithe SKBU-2A is 150 A phase and 125 A ground.

If settings in between taps are desiredgthe,tap
screw should set in the next lowest tap. Trim Pot
on FD board should then be adjust€éd fer“the
desired pickup value.

The SKBU-2A relay has separate tap plates
for adjustment of the phase and ground fault
sensitivities and the sequenge edmponents included
in the network output. The methiod of determining
the correct taps for gamgiven installation is dis-
cussed in the followingéparagraphs.

Setting Principles

Tap C provides, the best balance between 3-
phase and_phasesto-phase fault sensitivity. Always
use this tap/where distance fault detector supervi-
sion‘iswsed,, Where only the SKBU-2A fault detec-
tor is‘usedyand where the full load current (max-
imitmythrough 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,
1f¥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 105% of Tap
3 on 3B and 90% of Tap 6 for @A to @B fault. 39
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 protec-
tion is available.

In all cases provide identical response at all
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 all 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, fault detector pick-up should be
at least 111 percent of full 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 provide the maximum sequence-network
voltage for the squaring amplifiers. The SKBU-2A
current fault detector is then independently desen-
sitized (by adjustment trim pot on FD board) to
permit reset in the presence of full-load current.
Phase faults which do not operate the SKBU-2A
fault detector will be detected by the supplemen-
tary distance fault detectors.

EXAMPLE

Assume a two-terminal line with current
transformers rated 400/5 at both terminals. Also
assume that full 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 100 amperes from the
other end. No distance fault detectors are
employed.

POSITIVE-SEQUENCE CURRENT TAP
Secondary Values:

Load Current = 300 x ?1%6 = 3.75 amper€s ¢1)

Minimum Phase-to-Phase Fault Gurrents:

600 x 4%6 = 7.5 amperes (2)

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

375 4,18 ampereSy(0.93ds dropped ratio of fault
0'—9 = detector. Settingqwill insure that the fault
‘ detectorgwill géset 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 not4be more than:

(based on‘a three phase fault)

1
7.5 % 086 = 8.7 amperes 4)
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ZERO SEQUENCE TAP

Secondary Value:

100 x 71(5)_0 = 1.25 amperes minimum ground fault

current
With T, tap 6 and R 1 Tap B in uge, the fault detec-
tor pick-up currents for ground faults' (See Table
I1) are as follows:
02x6
0.1 x 6

Tap G
Tap H

1 & amperes

0.6 amiperes

From the aboewve, taprH would be used to trip
for a minimupiground fault of 1.25 amperes.

SEQUENCE COMBINATION TAP

Krem,a comparison of (3) and (4) above it is
evident“that the fault detector can be set to trip
underminimum phase fault conditions and yet not
operate under maximum load. From (3) we can
selectytap 5 (T). In this case, also select tap C
(R ) Current tap (6) would be used in preference
tastap 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.

INSTALLATION

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 AWG
copper wire to grounding post.

ADJUSTMENTS AND MAINTENANCE

NOTE: The phase comparison relay is normally
supplied as part of a relaying system, and its
calibration should be checked after the system has
been installed and interconnected. Details are
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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 will
verify that the circuits of the relay are functioning

properly.
TEST EQUIPMENT

1. Oscilloscope (Dual Trace)

AC Current Source

Electronic Timer

AC Voltmeter

5. DC Voltmeter

6. Single Pole Single Throw Switch

el

ACCEPTANCE 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 tofan in-
dividual relay separated from a system. If a
recalibration of the circuits is desirediy.the
recalibration in certain cases can be doe 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 following testsjnvelve a single relay
but some system type tests areybeing described. If
the relay is tested in a felay gystem, the remote
line terminal should be disengaged from the trip
circuit of the breakegbymeans of the relay system
test switches.

1. FD PicKup and Dropout
Not a system type test. Requires an adjustable
test current.
a. Set relay on taps 5, C, and H.

b.4Connect a high resistance dc voltmeter
aeross X22 and X4 (neg.)

ewApply 60 hertz current to terminals | and 3
of the relay. Gradually increase the current

until the voltmeter changes reading from,ap*
proximately zero volts to 20 volts.[Thistis
the operating current of the faultadetector
and should occur at values (of clrrent
whithin the limits of 4.33 + 5% amperes.

d. Gradually lower ac test current until the dc
voltmeter drops to approximately zero
volts. This is the drope@t current of the fault
detector and shouldwéccur at values of
current greater than8.80"amperes.

e. Pickup of the fault detector should not be
erratic at pickup.‘Ghe waveform of voltage
across X2 lgto X4grd.) should be as follows
for positive Tesutlts at pickup. (Output of
Phase Splitter)

AV YV N

f. “Adjustment of pickup can be made by means
of the trim pot on front of the fault detector
board. There are no adjustments 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 X14 with ground on
X4. Place a second probe of scope into X10.
Close switch A of test circuit. (Note: Switch
A connects the keying circuit of the SKBU-
2A to the channel transmitter)

b. Apply ac current (approximately 0.2
amperes) into terminals 1 and 3 until the
pulse width on X 14 is as follows:

j €—— 4 MS

c. Adjust the vertical trim pot. on the fault
detector board until the following
relationship is observed on X 14 and X10.
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X10 __:W <— 4MS

3.
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d. Raise the ac current slightly. The pulse on
X 10 should change to a constant zero.

Timers Associated With Fault Detectors.

No 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
checking against a 60 hertz waveform. (1 cycle
= 16.7 milliseconds) 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 10 milliseconds)

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

2. Connect X2l to X2 through a SPST
switch. (Closure of the switchd wall
simulate a fault detector operation’)

3. Trigger scope on X2. Set scgpe triggeron
external, positive slope.

4. Close SPST switch. Scepe should sweep
and voltage on scope should%ehange from 0
to 20 volts as shown in the following sketch:

|(—8TOIOMS I

b. Transient Block Délay (22 to 25 milliseconds
pick-up—950 to 1050 milliseconds dropout)
I. Connect §¢ope probe to X7 and X4 (grd.)

2.4€onnect scope trigger to X3. Set scope
trigger on external, positive slope.

3 Close PR1 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
simulates a distance fault deteetor
operation). Scope should change from 18
volts to zero in 22 to 25 milliseconds as il-
lustrated in the following_sketch.

€— 22 TO 25MS >

4. Set scope on negative slope.

5. Open PRI switch. (or SPST switch)
Voltageon seope will rise from zero to 18
volts fin 950,to 1050 milliseconds.

c. SustainedyArming Timer
(2300,t0, 2700 milliseconds)

. Comnect scope probe to X20 and X4
(grd.)

2¥ Trigger scope on X3. Set scope trigger on
external, positive slope.

3. Close PRI switch if test fixture is used.
Otherwise connect a SPST switch across
terminals 7 and 4 of the Protective Relay
Board (PR INTER). (Note: This test
simulates a distance fault detector
operation.) Voltage on scope will change
from 20 volts to zero volts in 2300 to 2700
milliseconds.

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 in
an external fault condition. Lineup of the pulses
should be made as follows 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 X12.

b. Close switches A, B, C, E, and F. Open
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X9

Xi2

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.)

. Apply 6.0 to 8.0 amperes ac into terminals |

and 3. (If a system-type test is utilized, use
the test current supplied by the test
transformer.)

. Adjust the lower trim pot. on the front of the

Amplifier and Keying Board (AMPL. AND
KEY) until the pulses line up as follows:

e. Connect scope probe in X15 and X16 and

x15_|

adjust the upper trip pot. on the Amplifier
and Keying Board (AMPL. AND KEY) un-
til the pulses line up as follows:

5. 4/0 TIMER 4 to 4.4 milliseconds

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

Tests can also be made withgthe test circuit of
Fig. 28.

d.

Connect a scgpe probe to TP3 and terminal
8 (grd.) of the ARMING BOARD.

. Conngct a,second probe of scope to terminal

6 offARMING BOARD.

Connect “‘a@fdc voltmeter from XI1 to X4
(grd.) This is the trip output and the
voltmeter should read zero volts.

. WApply 6.0 to 8.0 amperes ac into terminal |

and out terminal 3. (If relay is connected in a
system, use test current supplied by the test
transformers)

€.

6. Three-Count_ Circuit

Close switch L to internal fault. Voltmetes
should read 20 volts dc. (Note: In system
functional test units, the test switehesmmfiust
be set up in an internal fault position)

. The difference in transition time between

TP3 and terminal 6 going negative will be 4
to 4.4 milliseconds as illustrated in the
following sketch.

4 4
—>) To :é%:TO F

n4.4MSl I—14.4 MS :

L

T hefollowing tests can be performed either in
theasystem or with the test circuit of Fig. 28

Nowac 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 ARMING BOARD

. Connect second probe of scope to X11. (trip

output) Voltage will be zero volts.

Close PRI switch or jumper X22 to X2.
(This simulates a fault detector operation.)

. Close SPST switch one time. Voltage should

not change on X11. Open SPST switch.

Close SPST switch second time. Voltage
should not change on XI11. Open SPST
switch,

Close SPST switch third time. Voltage on
X21 should change to 20 volts dc. Open
SPST switch voltage on X11 should remain
20 volts.

. With SPST switch open and X11 voltage at

20 volts dc, Close and then release the test
reset switch on the front panel of the SKBU-
2A Relay. The voltage on XI1 should
change to zero volts.

. If 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 ARMING BOARD.

17



7. Fast Rest Timer 80 to 120 milliseconds

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 ARMING BOARD.

b. Place scope probe across TP6 and terminal 8
(grd.) of the OUTPUT BOARD.

c. Connect scope trigger to X1 1. Set trigger on
external, negative slope.

d. Close PRI switch or jumper X22 to X2 to
simulate a fault detector operation.

e. Open and close the SPST switch three times
to obtain a trip output on XI11.

f. Close and release the test reset switch on the
SKBU-2A. The scope should sweep and

change states as follows:
X

80 TO 120 MS >

8. Signal Squelch Timer
8 to 12 milliseconds pickup
130 to 180 milliseconds dropout

a. Connect scope probe to TP8%ef Protective
Relay Interface Board (PRRINTER) with
ground on terminal 8. Zefovoltsfwill appear
on scope.

b. Trigger scope on timer start of pilot trip
switch. (If relay%is eonnected in a system,
connect a SPST switeh between terminal 18
and 4 of Protegtive Relay Interface Board)

c. Close pilot tripggwitch (or SPST switch)
Scope should sweep and voltage should
change from approximately O to 16 volts in 8
to 124milliseconds.

d. Setiscope on negative slope.

e. Qpen pilot trip switch (or SPST) Voltage on
seope should change from approximately 16
to zero volts in 130 to 180 milliseconds.

18

9. Low Signal timer #1 130 to 180 milliseconds;

Following procedures are to be used where test
circuit of Fig. 28 is utilized.

a. Connect scope proble across X19 and X4
(grd.) Set switch L to internal fault position.

b. Trigger scope on timer start of@witch L. Set
scope trigger on external,Wpositive slope.

c. Close switches B, C, and G

d. Close switch L to“extermal fault position.
Scope will sweepyandvoltage will change
from approximately@7to 20 volts in 135 to
165 millisecands.

e. Open switehesyB, C, and G. Set L to internal
faultdposition.

The following, precedure is to be used where relay
is connectedwminya system:

Channelcondition has a bearing on the results of
thisgtest. The local terminal must be receiving a
steadyWspace signal from the remote terminal.
Hencey 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 13 to terminal 8 of the
Supervision Board (SUPRV. BOARD). Voltage
should be approximately zero volts. Also the
voltage across terminal 12 to terminal 8 of the
Supervision Board should be approximately 13.5
volts dc.

a. Connect SPST switch from terminal 10 to
terminal 4 of the Supervision Board
(SUPRV. BOARD).

b. Connect scope probe to terminal 18 of the
SUPRYV. BOARD with ground on terminal
8 of the board.

c. Trigger scope on terminal 10 of the SUPRV.
BOARD. Set scope trigger on positive slope.

d. Close SPST switch. Scope should sweep and
change from approximately zero volts to 20
volts in 130 to 180 milliseconds.

10. Low Signal Timer #2 130 to 180 milliseconds.

Following procedures are to be used where test
circuit of Fig. 28 is utilized.
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a. Connect scope probe across X19 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 will change from zero volts to 20 volts
in 135 to 165 milliseconds.

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. Hence, no
ac current should be applied to either terminal. To
determine if the status of channel equipment is as
specified, check the voltage across terminal 17 to
terminal 8 of the Supervision Board (SUPRYV.
BOARD). Voltage should be approximately zero
volts. Also the voltage across terminal 16 to ter-
minal 8 of the Supervision Board should be ap-
proximately 13.5 volts dc. 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 conditiomeould.oc-
cur if the relay system is a two-terminal applica-
tion instead of a three-terminal application.

a. Connect SPST switch fromgterminal 2 to

terminal 4 of the Supervision [Boand.
(SUPRV. BOARD)

b. Connect scope probe to terminal, 18 jof the
SUPRV. BOARD with ground on terminal
8 of the board.

c. Trigger scope on terminal 2 of the SUPRV.
BOARD. Set scope triggef on positive slope.

d. Close SPST switch. Seepe should sweep and
change from approximately zero volts to 20
volts in 130 tg 180 milliseconds.

TROUBLE,SHOOTING PROCEDURE

To troubleshoot, the equipment, the logic diagram
of fig. 19 should be used to isolate the circuit that
is notyperforming correctly. The schematic of the
individualyboard, should then be used to isolate the
fatlty,component.

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing the repair work. When ordering parts,
always give the complete nameplate data. For
components mounted on the printed circuit board,
give circuit symbol and the electrical value (ohms,
mfd., etc.) and component style number.
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ELECTRICAL PARTS LIST

C)O

Fault Detector Board Style 1456C49GO01

CIRCUIT DESCRIPTION WESTINGHOUSE
SYMBOL STYLE NUMBER
Capacitor
Cl 005 MFD 100V 18 6%
C2 0.27 MFD 200V 183&
C3 0.47 MFD 1846691101
C4 22 MFD 876 @: 15
Cs 0.47 MFD 200V A669HO 1
C6 1.500 MFD 35V 18TAS08H09
C7 0.470MFD 200V A669H01
8 1.500MFD 35V 087A508H09
€Y 0.0l10MFD 100V 763A219H24
C10 0.0l10MFD 100V @ 763A219H24
Cll 500.000PF 500V 187A694H03
CI2 500.000PF 500V 187A694H03
Diode \
DI IN4STA 184A855H07
D2 IN4S7A 184A855H07
D3 IN457A 184A855H07
D4 IN457A 184A855H07
D5 IN457A 184A855H07
D6 IN457 184A855H07
D7 IN457N 184A855H07
D8 IN457 184A855H07
D9 IN45® 184A855H07
D10 I 184A855H07
DIl & IN645 837A692HO03
DI2 837A692H03
D13 %1 4B 836A928H06
D14 \mms 836A928HO6
DIS 414B 836A928H06
D16 O IN414B 836A928H06
D17 IN414B 836A928HO6
DI8 Q’ IN414B 836A928H06
D19 \ IN414B 836A928H06
D20 IN4148 836A928HO6
D21 IN4143 836A928H06
D22 IN457A 184A855H07
. INT CKT
ICI M C680L 6296DS8H03
IC2 MC672L 6296058 HO1
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CIRCUIT DESCRIPTION WESTINGHOUSE
SYMBOL STYLE NUMBER
Potentiometer
RS 100.0K 0.75W 880A826H07
R22 1.0M 0.75W 880A826H02
Resistor
R1 50.0 ohms 5.00W 5% 185 A209H06
R2 12.0K0.50W 2% 629A63THS8
R3 5.1 0.50W 2% 629A531H49
R4 12.0K0.50W 2% 629A531H58
R6 20.0K0.50W 2% 629A531H63
R7 10.0K0.50W 2% 629A531H56
R8 12.0K0.50W 2% 629A531H58
R9 470.0ohms 0.50W 2% 629A531H24
R10 12.0K0.50W 2% 629A531H58
RI11 10.0K0.50W 2% 629A531H56
RI2 270.0K0.50W 2% 184A763H85
R13 22.0K0.50W 2% 629A531H64
R14 470.0 ohms 0.50Wa2% 629A531H24
RI5 10.0K0.50W 2% 629A531H56
R16 10.0K0.50W 2% 629A531H56
RI17 6.8 0.50W 2% 629A531H52
RI8 82.0K0.50W 2% 629A531H78
R19 150.00hms 3.00W 5% 762A679HO01
R20 15000 ohms 3.00W 5% 762A679HO01
R21 47.0hms 0.50W 5% 187A290H17
R23 150%0K 0:50W 2% 629A531H84
R24 47.0 ohms 0.50W 2% 187A290H17
R25 1.0MO0.50W 5% 184A763H99
R26 2010K0.50W 2% 629A531H63
R27 47.0K0.50W 2% 629A531H72
R28 100.0 ohms 0.50W 2% 629A531HO8
R29 3.3K0.50W 2% 629A531H44
R30 1.0K0.50W 5% 184A763H27
Transistor
Ql 2N3417 848A851H02
Q2 2N3417 848 A851H02
Q3 2N3417 848A851HO02
Q4 2N3645 848A441HO1
Q6 2N6027 878A289HO01
Zener Diode
Z1 IN1832C 184A617H06
72 IN957B 6.8V 186A797H06
Z3 IN957B 6.8V 186A797HO06
Z4 IN3688A 24.0V 862A288HO01
Z5 SZ1515.0V 848A487HO02
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CIRCUIT
SYMBOL

DESCRIPTION

Supervision Board Style 202C565GO01

Capacitors
Cl 6.8 MFD
C2 0.27 MFD
C3 6.8 MFD
C4 0.27 MFD
Diodes
Dl IN645A
D2 IN645A
D3 IN645A
D4 IN645A
D5 IN645A
D6 IN645A
D7 IN645A
D8 IN645A
Resistors
R1 47K .5W 2%
R2 47K .5W 2%
R3 82 K.5W 2%
R4 10 K.5SW 2%
RS 47K .5W2%
R6 47K .5W2
R7 82 K .5W
RS 10 K.5 o
R9 27 K.
R10 27 K.
R11 10
R12 47 K.
R13 e SW 2%
R14 KSW 2%
RI5 K.5W 2%
R16 SW 2%
R17 K.5W2%
R18 150 ohms 3W
R19 47K .5W 2%
R20 47K 5W 2%
R21 82 K.5SW2%
R22 10 K.5W 2%
R23 47K 5SW 2%
R24 47K .5W 2%
R25 82 K .5W 2%
R26 L 4 10 K.5W 2%
R27 27 K .5W 2%
R28 27 K.5W 2%
R29 10 K.5W 2%
R30 47 K .5W 2%
R31 470 ohms .5W 2%

WESTINGHOUSE
STYLE NUMBER

184C61H10
188 A669,

03
83 2HO03
692HO03

TA692HO03
837A692H03
837A692H03

$ 837A692HO03

837A692H03

629A531H48
629A531H48
629A531H78
629A531H56
629A531H48
629A531H48
629A531H78
629A531H56
629A531H66
629A531H66
629A531H56
629A531H72
629A531H24
629A531H56
629A531H56
629A531HS52
629A531H78
762A679HO1
629A531H48
629A531H48
629A531H78
629A531H56
629A531H48
629A531H48
629A531H78
629A531H56
629A531H66
629A531H66

629A531H56
629A531H72

629A531H24

184 1%
188

L 4

C)O
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CIRCUIT DESCRIPTION

SYMBOL

R32 10 K.5W 2%

R33 10 K .5W 2%

R34 6.8K .5W 2%

R35 82 K .5W 2%

R36 150 ohms 3W
Transistors

Ql 2N3417

Q2 2N3417

Q3 2N3417

Q4 2N3417

Q5 2N3645

Q6 2N3417

Q7 2N3417

Q8 2N3417

Q9 2N3417

QIlo0 2N3645

Z1 IN3686B, 20 V

Zener Diodes \\
Z2 IN957B, 6.
Z3 IN368
74 IN9

Z5 I 8V
76 && 4V
Z7 1 N8686B, 20 V
Z8 @ 6.8V
79 B,20V

Z10 . IN957B, 6.8 V
Z11 \ 957B,6.8 V
Z12 IN3688A, 24V

Amplifier & Keying @Qe 1440C83GO01
Capacitor

Cl \ .330MFD 200V
C2 .330MFD 200V

Diode
DI . IN645A
D2 IN645A
D IN645A
IN645A
IN645A
IN645A

WESTINGHO
STYLE NUMB

629A531HS5

629A531H56
629A531H52
629A531H78
7 HOI

848A851H02
848A851HO02
849A441HO1
848 A851HO02
848 A851H02
848A851H02
848A851H02
849A441HOI

185A212H06
186A797TH06
185A212H06
186A797THO6
186A797HO6
862A288HO01
185A797HO06
186A797HO06
185A212H06
186A797HO6
186A797HO6
862A288H01

188A669H06
188A669H06

837A692H03
837A692H03
837A692H03
837A692H03
837A692H03
837A692H03
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CIRCUIT
SYMBOL

D7
D8
D9
D10
Dl11
DI12
D13

ICI
IC2
IC3
IC4
ICS
IC6

RI8
R40

R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R1l1
RI12
R13
R14
R15
R16
R17
RI19
R20
R21
R22
R23
R24
R25
R26
R27

24

DESCRIPTION

IN645A
IN645SA
IN645A
IN645A
IN645A
IN645A
IN645A

INT CKT
747DM
7471DM
MC680L
MC672L
MC660
MC660

Potentiometer
50.0K .75W
50.0K .75W

Resistor
10.0K .S0W. 1%
11.3K HS0W]1%
10.0K “SOW 2%
10.0K"9S0Wa2%
22.0K%.50W 2%
10.0K4.5S0W 2%
JOrOK\WS0W 2%
27.0K .50W 2%
[OK .50W 1%
1%.8K .S0W 1%
6.8K .50W 2%
150.0 ohms 3.00W 5%
10.0K .50W 2%
10.0K .50W 2%
10.0K .50W 2%
2K .50W 2%
47.0 ohms .5S0W 2%
10.0K .50W 2%
10.0K .50W 2%
82.0K .50W 2%
10.0K .S0W 2%
150.0 ohms 3.00W 5%
6.8K .50W 2%
6.8K .S0W 2%
6.8K .50W 2%
6.8K .50W 2%

WESTINGHOUSE
STYLENUMBER

837A692H03
837A692HO03
837A692H03
837A692H03
837A692H03
837A692H03
837A692H03

1443C52H01
1443C52HO01
6296DS8H03
6296D58HO1
6677D5S1HO1
6677DSIHOI

880A826H06
880A826H06

848A820H45
848A820HS50
629A531H56
629A531H56
629A531H64
629A531H56
629A531H56
629A531H66
848A820H45
848A820H69
629A531H52
762A679H01
629A531HS56
629A531H56
629A531HS56
629A531H39
187A290H17
629A531H56
629A531H56
629AS531H78
629A531H56
762A679HO1
629A531HS2
629A531H52
629A531HS52
629A531HS52
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CIRCUIT DESCRIPTION WESTINGH
SYMBOL STYLE NU
R28 1.0K .50W 2% 629A531@
R29 10.0K .50W 1% 848A820H

R30 10.0K .50W 1% 848A820H45
R3] 10.0K .50W 1% 848A820H45
R32 10.0K .50W 1% 8A820H45
R33 17.8K .50W 1%

R34 10.0K .50W 1%

20H69

Xg 820H45

R35 10.0K .50W 2% AS31H56
R36 10.0K .50W 2% 29A531H56
629A531H39

629A531H56
187A290H17

R37 2K 50W 2%

R38 10.0K .50W 2%
R39 47.0 ohms .50W 5%
R41 10.0K .50W 2% Q 629A531H56
R42 10.0K .50W 2% 629A531H56
R43 1 0K .50W 2% @ 629A531H32
Transistor
Ql IN3417 848A851 HO2
Q2 2N699 \ 184A638H 19
Q3 IN3417 848A851HO2
Q4 IN3417 848A851HO2
Q5 IN3645 849A441HO1
Q6 2 848A851HO2
Q7 .@ 848A851HO2
r
ZI B 6.8V 186A797HO6
72 7B 6.8V 816A797HO6
Z3 1515.0V 848A487HO2
Z4 IS Z587575.0V 837A693H04
Z5 \ IN3686B 20.0V 185A212H06
Z6 K IN705 4.8V 837A693H06
77 \ IN705 4.8V 837A693HO6
78 O IN9578 6.8V 186A797H06
Arming® 1439C95G01
Capacitor
Cl 270MFD 200V 188 A669HOS5
C 14 :330MFD 200V 188 A669HO06
3 470MFD 50V 762A680H04
470MFD 50V 762A680H04
470MFD 50V 762A680H04
Cé 470MFD 50V 762 A680H04



CIRCUIT
SYMBOL

DI
D3
D4
D5
D6
D8
D9
D10
DIl
D12
D13
D14
DI5
D16
D17
D18
D19

ICI
IC2
IC3
IC4

R1
R2
R3

DESCRIPTION

Diode

IN645A
IN645A
IN645A
IN645SA
IN645A
IN645SA
IN645A
IN645A
IN645SA
IN645A
IN645SA
IN645SA
IN645SA
IN645A
IN645A
IN645A
IN645SA

INT CKT
MC672L
MC680L
MC672L
MCé672L

Resistor

R4
RS %(

R6 2.0K .SOW 2%
R7 QOK S0W 2%
RS 20K .SOW 2%
R9 22.0K .50W 2%
RI10 10.0K .SOW 2%
RII 22.0K .SOW 2%
RI2 \ 10.0K .50W 2%
R13 22.0K .SOW 2%
R14 22.0K .50W 2%
RIS 10.0K .SOW 2%
R16 22.0K .S0W 2%
R17 . 22.0K .50W 2%
RIS 22.0K .50W 2%
R19 22.0K .50W 2%
R20 10.0K .50W 2%
R2I 10.0K .S0W 2%

O
N
XN
3

WESTINGHOUSE
STYLE NUMBER

837A692HO03
837A692HO03
837A692HO03

837
837
83TA6

7A692HO3
92HO03
A692H03
37A692H03
837A692HO03
837A692HO03
837A692H03
837A692H03

6296D58HOI
6296D58H03
6296D58HO1
6296D58HO1

629A531H64
629A531H64
629A531H64
629A531H64
629A531H64
629A531H64
629A531H64
629A531H64
629A531H64
629A531H56
629A531H64
629A531H56
629A531H64
629A531H64
629A531H56
629A531H64
629A531H64
629A531H64
629A531H64
629A531H56
629A531H56

837A692H
837A692
837A6
3
03

C)O

L 4
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CIRCUIT DESCRIPTION WESTINGHOUSE
SYMBOL STYLE NUM
R22 22.0K .50W 2% 629A531H0
R23 10.0K .50W 2% 629A531H56
R24 10.0K .50W 2% 629A531H56
R25 22.0K .50W 2% 629A531H64
R26 10.0K .50W 2% 31HS56
R27 10.0K .50W 2% 1HS6
R28 6.8K .50W 2% 31HS2
R29 82.0K .50W 2% AS31H78
R30 22.0K .50W 2% 9A531H64
R31 22.0K .50W 2% 629A531H64
R32 100.0 ohms 1.00W 2% 187A643H03
R33 150.0 ohms 3.00W 5% 762A679HO1
R34 22.0K .50W 2% 629A531H64
R35 22.0K .50W 2% 629A531H64
R36 10.0K .50W 2% 629A531HS56
R37 15.0K .50W 2% 629A531H60
R38 47.0 ohms .5 187A290H17
R39 10.0K .50W, 629A531H56
R40 10.0K .50W 629A531H56
R41 1.0K .50 629A531H32
Transisto
Ql 2N 848A851HO2
Q2 2 @ 848A851HO02
Q3 417 848A851H02
Q4 2%* 848A851H02
Q5 848A851H02
Q6 7 848A851H02
Q7 645 848A441HO1
Q8 * 3417 848A851HO02
Q9 K\ IN3417 848A851 HO2
\ Zener
Z1 IN3688A 24.0V 862A288HO0I
72 SZ1515.0V 849A487HO02
73 IN957B 6.9V 186 A797THO06
74 IN957B 6.8V 186A797THO06
75 ® IN957B 6.8V 186A797THO06
Output Bozgd Style 1448C15G03
Capacitor
.047TMFD 200V 848A437HO04
22.000MFD 35V 184A661H16
3 3.300MFD 35V 862A530HO01
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CIRCUIT
SYMBOL

s
C6

C8
C9
Cl10
Cll
Cl2

Dl
D2
D3
D4
D5
D6
D7
D8
D9
DI0
DIl

J1
J2

J3
J4

R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18

O

Q>®

\S'O.OK
6.8K

DESCRIPTION

.220MFD 100V
4.700MFD 35V

500.000PF 500V

500.000PF 500V
.220MFD 100V
.100MFD 200V
1.500MFD 35V

Diode

IN645SA
IN645A
IN645A
IN645A
IN645SA
IN645A
IN645A
IN645A
IN645A
IN645SA
IN645SA

>
'S

0 OHM OR

OOHW TOR
ReSisto

S0W 2%
X S0W 2%
82.0K .50W 2%
S0W 2%
S0W 2%
S0W 2%
S0W 2%
S0W 2%
S0W 2%
6.8K .50W 2%
2.0K .50W 2%
100.0 ohms .50W 2%
1.0K .50W 2%
15.0K .50W 2%
10.0K .50W 2%
13.0K .50W 2%
10.0K .50W 2%
6.8K .50W 2%

3

27.0K
10.0K
10.0K
10.0K

WESTINGHOUSE
STYLE NUMBER

T63A219H21
184A661H12

T62A75TH26
T62A75

76 1
188A

18@9

@692}103
A692H03

37A692H03
837A692HO03
837A692H03
837A692HO03
837A692H03
837A692HO03
837A692H03
837A692H03
837A692H03

862A476H01
862A478HO01
862A478HO01
862A478HO01

629A531H48
629A531H48
629A531H78
629A531H56
629A531H52
629A531H66
629A531H56
629A531H56
629A531H56
629A531HS52
629A531H39
629A531HO8
629A531H32
629A531H60
629A531H56
629A531H59
629A531H56
629A531HS52

C)O



CIRCUIT
SYMBOL

R21
R22
R23
R24
R25
R26
R28
R29
R30
R3l1

R33
R34
R35
R36
R37
R38
R39
R40
R4l
R42
R43
R44
R45
R46
R47
R48
R49

R5I1
R52

Ql
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Ql0
QN
Qi2
Q13
QM4
Q15

DESCRIPTION

220K .
6.8K .

47.0 ohms .50W 2%

270K .
27.0K .

50W 2%
S50W 2%

50W 2%
50W 2%

10.0K .50W 2%

6.2K .

470.0 ohms .50W 2%
470.0 ohms .S0W 1%

10.0K .

22.0K .
10.0K .
22.0K .
10.0K .
10.0K .
10.0K .
6.2K .
47K .
10.0K .
6.8K .
47K £
2210K .
10.0K .
100K .
6.8K .
82.0K .

15070 ohms 3.00W 5%

10.0K .
10.0K .

Transistor
2N3417
2N3417
2N3417
2N3645
2N3417
2N3417
2N3645
2N3417
2N3417
2N3645
2N3645
2N3645
2N3417
2N3645
2N699

50W 2%

S50W 2%

50W 2%
S50W 2%
50W 2%
50W 2%
50W 2%
50W 2%
S50W 2%
50Wi2%
S50W 2%
SOWa2%
SOW,2%
S50W 2%
50W 2%
50W 2%
S0W 2%
50W 2%

S50W 2%
S50W 2%

I.L. 41-954.6

WESTINGHOUSE
STYLE NUMBER

629A531H64
629A531H52
187A290H17
629A531H66
629A531H66
629A531H56
629A531HS 1
629A531H24
F84A764H91
629A531H56

629A531H64
629A531H56
629A531H64
629A531H56
629A531H56
629A531H56
629A531HS1
629A531H48
629A531HS56
629A531HS2
629A531H48
629A531H64
629A531H56
629A531HS56
629A531HS2
629A531H78
762A679HOI

629A531HS56
629A531HS6

848A851HO02
848A851HO02
848A851HO02
848A441HO1
848 A851HO02
848A851H02
849A441HO1
848A851H02
848A851HO02
848A441HO01
849A441HO1
848 A441HO1
848A851HO02
848 A441HO1
184A638H19
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CIRCUIT
SYMBOL

Z1
22
Z3
Z4
Z5
Z6
Z1
Z8
Z9
Z10

PROTECTIVE RELAY BOARD STYLE 202C563GO01

Cl
C2
C3
C4
C5
Cé6
C7
C8

Dl
D2
D3
D4
D5
D6
D7
D8

R1
R2
R3
R4
RS
R6
R7
R8
R9
R0
RI1
R12

Q>®

DESCRIPTION

Zener

IN3686B 0.0V
IN857B6.8V
IN3688A 24.0V
IN960B 9.1V
IN957B 6.8V
IN957B 6.8V
IN957B 6.8V
IN3688A 24.0V
IN1789 56.0V
IN960B 9.1V

Capacitors
0.047 MFD.
0.47 MFD.
68 MFD.
0.27 MFD.
0.047 MFD.
0.27 MFD.
0.047 MFD.
6.8 MFD.

Diodes
IN645SA
IN645

IN64
IN645A

q
64EA

45A

Resistors

47K .5W 2%
47K .5W 2%
4.7K .5W 2%
47K .5W2%
47K 5SW 2%
82 K 5W 2%
10 K.5W 2%
6.8 K .5W 2%
10 K .5W 2%
10 K.5W 2%
27 K .5W 2%
27 K .5SW 2%

WESTINGHOUSE
STYLE NUMBER

185A212H06
186A797THO6
862A288H01
186A797
186A797
186A

186
862 1
08

5
86AT97TH10

O
N
XN

R

848A437H04
188A669HO1
187A508H02
188 A669HO5
849A437HO04
188 A669HO5
848A437H04
184A661HI10

837A692HO03
837A692HO03
837A692HO03
837A692HO03
836A692HO03
837A692H03
837A692HO03
837A692HO03

629A531H48
629A531H48
629A531H48
629A531H48
629A531H48
629A531H78
629A531H56
629A531H52
629A531H56
629A531H56
629A531H66
629A531H24

O o

O

i,



I.L. 41-954.6

CIRCUIT DESCRIPTION WESTINGHQUSE
SYMBOL STYLE NUMBER
R13 10 K.SW2% 629A531HS6
R4 10 K .5W2% 629A531H56
R15 6.8 K .5W 2% 629A531H52
R16 82 K .5SW2% 629A531H78
R18 470 ohms .SW 2% 629A531H24
R19 47K .5W 2% 629A531H72
R20 10 K.5W 2% 629A531H56
R21 10 K .5W 2% 629A531H56
R22 27 K .5W 2% 629A531H66
R24 10 K.5W 2% 629A531H56
R24 10 K.5W 2% 629A531H56
R25 6.8K .5W 2% 629A531H52
R26 82 K .5W 2% 629A531H78
R27 47K .5W 2% 629A531H48
R28 4.7 K 5W 2% 629A531H48
R29 22 K 5SW2% 629A531H64
R30 47K SW 2% 629A531H48
R31 82 K .5W 2% 629A531H78
R32 10 K.5W 2% 629A531H56
R33 10 K.5W 2% 629A531H56
R34 6.8 K .5W2% 629A521H52
R35 82 K.5SW 2% 629A531H78
R36 47K SW 2% 629A531H48
R37 4LKL5W 2% 629A531H48
R38 82 KaSW 2% 629A531H78
R39 10K 5W 2% 629A531H56
R40 6.80K .SW 2% 629A531H52
R41 10/K .5W 2% 629A531H56
R42 33 K.5W 2% 629A531H68
R43 10 K.5W 2% 629A531H56
R44 6.8 K.SW 2% 629A531H52
R45 27 K 5W 2% 629A531H66
R46 10 K.5W2% 629A531H56
Transistors

Ql 2N3417 848A851HO02
Q2 2N3417 848A851HO02
Q3 2N3417 848A851H02
Q4 2N 3645 848A441HO1
Q5 2N3417 848A851H02
Q6 2N3417 848A851HO02
Q7 2N 3645 848A441HO1
Q8 2N3417 848A851H02
Q9 2N3645 849A441HOI
QIO 2N3417 848A851H02
Qll 2N3417 848A851H02
Ql12 2N3417 848A851HO02
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CIRCUIT
SYMBOL

ZI
22
73
Z4
Z5
Z6
Z7
Z8
79
Z10
ZI1
Z12
Z13
Z14
ZI5
Z16
Z17
Z18

DESCRIPTION

Zener Diodes

IN3686B,20 V.
IN3686B,20 V.
IN3686B, 20 V.
IN3686B, 20 V.
IN3686B,20 V.

IN957B, 6.8 V.
IN957B9 6'8 V.
IN957B, 6.8 V.

IN3688A, 24 V.
IN3686B, 20 V.
IN3686B, 20 V.
IN3686B,20 V.
IN3686B,20 V.

IN957B, 6.8 V.

IN3688A, 24 V.

WESTINGHOUSE

STYLE NUMBER

185A212H06
185A212H06
185A212H06
185A212H0

185A
186

18 6
A797HO06
86 88HOI
212H06
5A212H06
185A212H06

185A212H06

OhE
862A288HOI
185A212H06
186A797H06

{\' 186A797HO6
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CAPACITOR

DIovE
DICLE
013uE
DI@DE
Dlave
DIQVE

RESISTOR
RESISTOK
RESI§ToR
RESISTOR
RESISTOR
RESISTOR
RESISTOR
RESISTER

ZENER
ZENER
ZENER
ZENER
ZENER
ZENER

LPF
DESCRIPTION

0-33MFD 200V
0-33MFD 200v

I1N64SA
IN64SA
1N643A
1N645A
1N645A
IN64SA

150.0 3.00w 52
150-0 3.00w 52
150.0 3-.00wW St
150.0 3.00w 52
150-0 3-00w 512
150-0 3.00wW >2
15.0K0-50w 21
1000-0 0.50w 212

1INJ68BA  24a.0V
IN36BBA  24.0V
IN36BEA  24.0V
1836334 2a4.0v
193688A 24.0V
1IN3683A 24.0V

DwG. 1456C30)

STYLE NJ.
IBBA669HO6
188A669H06

B3ITA692HO S
437A632-407
3374692103
B3TAK92HNY
837A%921I3
B837A692H03

162A679H0)
762A679H01
762A6791101
762A6791401
162A679H01
T62A6T9H0 L
629A531KA0
629AS531H32

B62A2RKHOL
862A2.43:140 ¢
B62A23RH0 1
262A2:38:401
B62A24%H01
862A254:101

Sub 3
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Fig. 16. Schematic and Logic Drawing of Supervision Board
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ADDENDUM TO Westinghouse I.L. 41-954.6
INSTALLATION o OPERATION o MAINTENANCE

INSTRUCTIONS

TYPE SKBU-2A
. DUAL, PHASE COMPARISON RELAY

This addendum to Instruction Leaflet 41-954.6 dated January 1978, relates tona €hange in the
SKBU-2A Relay to improve its security for three-terminal line applications. Mgdifications have been
made to the arming board such that a timer can be set for either 4 milliseconds for tworterminal 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 SOK trimpot S#880A826H06, Adjustment of this trim-
pot for proper time delays can be made by means of the 4/0 timer adjustment described on page 17
of I.L. 41-954.6. The same setup and procedures -of the instruction leaflet’should be followed except

“step .
Step f should read:

Adjust trimpot R37 such that the difference in transitiofimtime between TP3 and terminal 6 going
negative will be as illustrated in the following sketehs

|
—>|I T Iﬁ- —>|' T "&
] ! | T=4 MILLISECONDS FOR 2 TERMINAL LINE
H ) [_[ :

L T=9 MILLISECONDS FOR 3 TERMINAL LINE

2. Fig. 4 (page 34) is to be replaced by Figh4 below.
3. Fig. 5 (page 35) is to be replaced by Fig/5 on other side of this sheet.

ARMING BOARD
COMPONENT LCCATION

2098838Cw1 I
(Sub. 2 1441C70)

Fig. 4 Location of Components on Arming Board.

dMsponsible contingencies which may arise during installation, operation, or maintenance, and all
deails and variations of this equipment do not purport to be covered by these instructions. lf further
(mtarmation iv desired by purchaser regarding his particular installation, operation or mainienance of
s cquipment. the local Westinghouse Eleciric Corporation representative should bhe conacted.

ADDENDUM TO I.L. 41-954.6 EFFECTIVE JULY 1978
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INSTALLATION

Westinghouse 1.L. 41-954.5D
OPERATION e MAINTENANCE

INSTRUCTIONTS

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-
tion leaflet before energizing the system.

Printed circuit modules should not be 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.

APPLICATION

The type SKBU-2 and SKBU-21 are high-speed relays
used in conjunction with frequency shift type
channels. Simultaneous tripping of the relays at
each line terminal is obtained in less than 32 milli-
seconds for all internal faults within the limits of
the relay settings.

The system is applicable to a voice-grade pilot-
wire, micro-wave, or carrier channel.

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

The SKBU-2 and SKBU-21 relags may be)applied to
two-terminal or three-terminal Jlines.“*Pwo-terminal
applications require one transmitter and one receiver
per terminal. Three-terminali@pplieations require one
transmitter and two receivess, petyterminal.

All-distance supervision‘y(distance relays provide
the arming function for,all internal faults) may be
applied with both the,SKBU-2 and SKBU-21 relays.
For these applications,“the link in the arming board
must be opean.

The overcurrent faudlt detector in the SKBU-2 relay
responds to all¥fault types. Therefore, distance
relays are not required to be used with the SKBU-2,
although theymay be added to improve arming sensi-
tivitys, The overcurrent fault detector in the SKBU-21
reday, 1S\ not responsive to three-phase faults. There-

fore, a distance relay gtype SKDU-3, is required to
supplement the faudtidetector for SKBU-21
applications.

TABLE, OF* CONTENTS

These instrugtions apply to SKBU-21 and SKBU-2
phase compdtison relays for application to the fol-
lowing typ€S§yof pilot channels.

TA-2"Ton e/Channel.
TA-2y1 Tone Channel.
TCE Carrier Channel.
TA-2.2 Tone Channel.
MC>22 Microwave Channel.

CONSTRUCTION

The phase comparison relays consist of a composite
positive and negative sequence current network, a
saturating transformer, three isolating transformers,
a 20-volt power supply, and printed circuit boards
mounted on a standard 19-inch wide panel, 8% inches
high (5 rack units). The SKBU-21 relay has a second
saturating transformer in addition to these compo-
nents. Edge slots are provided for mounting the rack
on a standard relay rack.

R0 N —

Sequence Network

a. SKBU-21

The sequence filter consists of a three-legged
iron core reactor and a resistor. The reactor is a
four-winding reactor with two primary windings
and two secondary windings. The secondary
windings are connected to the resistor which
consists of three tuberesistors and a small formed
resistor: One secondary winding and the resistor
is a negative sequence current filter while the
othet secondary winding and the resistor is a
positive sequence filter.

b. SKBU-2 Relay

The sequence filter consists of a three-legged
iron core reactor and a set of resistors, R1 and

Albpossible 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. 41.954.5C, dated August 1972

* Denotes change from superseded issve.

EFFECTIVE JANUARY 1976



RQ. 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, B and C tap con-
nections in the front of the relay (Rj 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 resistor is a formed resistor asso-
ciated with the tapped secondary of the reactor.

Saturating Transformer

a. SKBU-21 Relay

The voltage from the sequence network is fed
into two saturating or mixing transformers. One
transformer supplies a fault detector circuit 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 secondary windings. One
winding supplies the fault detector and the other
winding supplies a keying circuit.

Isolating Transformer

Three isolating transformers are provided in the
relay to isolate the dc voltages from the ac voltages.
Two of the transformers are also used to energize
solid-state circuit on alternate half-cycle of*the
power system frequency.

Power Supply

The solid-state circuits of the relays dre regulated
from a 20-volt supply on the relay pangl. Thigyvoltage
is taken from a Zener diode mounted onja heat sink.
A voltage dropping resistor is provided between the
source dc supply and the 20 volt regudated supply.

Printed Circuit Boards

Seven printed circuit boards|aré used in these relays:
A fault detector board,W§proteeétive relay interface
board, supervisionoardy, amplifier and keying board,
output board and“a,relay board. The circuits of the
supervision board, “@nd/the amplifier and Kkeying
boards vary with the frequency shift equipment used
as a pilot channel.

All of the ‘eircuitry that is suitable for mounting on
printed deards is contained in an enclosure that
projects from the rear of the front panel and is acces-
sible“by opening a hinged door on the front of the
pafiéls, The printed circuit boards slide in position
in,slotted guides at the top and bottom of each com-
partment and the board terminals engage a terminal
block at the rear of the compartment. Each board and

2

terminal block is keyed so that if a board is placéd
in the wrong compartment, it cannot be inserted into
the terminal block. A handle on the front of each
board is labeled to identify its function in the relay.

1. FD Board (Fault Detector Board)

The fault detector board contains a resistor-
Zener diode combination, a phasey splitting net-
work, a solid-state fault detector, and*a frequency
verifier circuit. The controls§for setting pickup
(S1) and dropout (S2) of the, fault detector are
mounted on a plate in the(front“of the relay. This
unit operates when theyfault _Current exceeds a
definite value.

The location of compenents on the board is shown
in Fig. 3 and theyschematic of the board is shown
in Fig. 4.

2. Arming Board

The arming@board contains AND circuits that
compares pulses produced by the circuits of the
amplifier and’ keying board. An output is obtained
thatis proportional to the time difference in the
phase.“This board contains other logic circuits
thatywill arm the trip output, set up the time delay
ofathe trip output, and start transient blocking on
external faults. A link is provided on this board
such that the relay is armed by either solid state
distance fault detectors or the SKBU fault detec-
tor. 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. 5and the schematic of the board is shown
in Fig. 6.

3. Ampl. and Key Board (Amplifier and

Keying Board)

The amplifier and keying board contains two
local squaring amplifiers, a transmitter keying
circuit, and four remote squaring amplifiers. These
These circuits produce the pulses that are com-
pared by the AND circuits of the arming board to
determine if the faultis external or internal. Links
are provided on this board to connect the relay
for two or three terminal operation. For two ter-
minal applications, 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 channels to which it is con-
nected. The following table is with reference to
the different figures that apply for the amplifier
and keying board for the various type channels.



l.L. 41-954.5D

TYPE LOCATION OF SCHEMATIC OF
CHANNEL COMPONENTS BOARD

TA-2 Fig. 7 Fig. 8
TCF, TA2.2, Fig. 9 Fig. 10
MC-22

. Output Board

The output board contains a 4-millisecond pickup
and instantaneous dropout timer circuit, trip AND
circuit, trip amplifier, transient blocking and un-
blocking circuits and two timer circuits. The trip
AND operates when all the inputs to 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 transient unblock circuit operates
after a time delay on a sequential fault (external
fault followed by an internal fault).

The following figures apply to this board: Fig. 11
Component Location; Fig. 12 Schematic of the
Board.

. Relay Board

The relay board contains the phase delay circuit
for shifting the local signals with reference
to the remote signals. It also contains a lgw-pass
filter. For the SKBU-21 relay, a Zenef clipper-
resistor combination is provided for paotection of
the solid-state circuits.

The following figures apply to this boardEig. 13
Component Location; and Fig. “14 for the
Schematic of the Board.

. Supervis. Board (Supervision Board)

The number of circuits,on“this board varies with
the application. Howeven, forpall applications
interface circuits to th€¥channel receivers and a
150 millisecond pickup and 0 millisecond dropout
alarm timer circuitgis, prowided on this board. The
interface circuits connects the SKBU relay to the
channel receiver, “andf#the timer circuit locks out
the relaydfor failute of the channel equipment. For
tone ch@anneds a noise circuit is also provided to
lockout therelay from information supplied by the
tone equipment.

Because the board varies with the channel equip-
ment, the following figures apply to the board.

TYPE LOCATION OF SCHEMATIC OF
CHANNEL COMPONENTS BOARD
TA-2 Fig. 15 Eig./16
TA-2.1 Fig. 15 Fig. 35
TCF, TA2.2, Fig. 17 Fig. 18
MC-22

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

The protective relayfboeardieontains logic circuits
to connect the distancer fault detectors, and
squelch relays ifito thegphase comparisonrelaying
system. Thisgboarddeontains buffer circuits, and
OR circuits_to connect the relays into the system.
A 6/0 timér cireuit, 10/150 signal squelch circuit,
and 2.5 see¢ond alarm circuit for sustained fault
detecfor operation are also provided on this board.

Card Extender

A cardyextender (style no. 644B315G02) is available
for faeilitating circuit voltage measurements or major
adjustments. After withdrawing anyone of the circuit
beards, 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
accessible.

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 adjusting and testing the
relay.

OPERATION
A. System

In a phase comparison relaying, the phase posi-
tion of fault currents at the ends of a transmis-
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 channel, a dual comparison
system can be utilized. This means that the
system can trip on either half-cycle or power
system frequency as contrasted to a blocking
scheme where tripping occurs on alternate half-
cycles during the absence of a carrier signal.



a. SKBU-21 Relay

The three-phase line currents energize a
sequence network in the SKBU-21 relay which
produces two single-phase output voltages
that are proportional to either the positive
sequence current or the negative sequence
current. The single-phase voltages are applied
to two saturating or mixing transformers, one
which energizes the fault detector circuit and
the other energizes the keying circuit of the
SKBU-21 relay 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 frequencies are transmitted
over the pilot channel to the receiver which
converts the mark and space frequencies to
two dc output voltages, a space 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 receiver and applied as pulses to the
remote squaring amplifiers of the SKBU-21
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-21 relay at the receiver
terminal. The space pulse is compared to ong
half-cycle of the voltage and the mark pulse‘e
the other half-cycle. If the local and remete
pulses are in an internal fault relationship
and the fault detector has operated, tripping
will occur 5 milliseconds later through opéra-
tion of the trip AND and trip amplifiér circuits
on the output board of the relay.

b. SKBU-2 Relay

The three-phase line currents energize a
sequence network in t4e¥ SKBU-2 relay
which produce a single-phase output
voltage proportional gty a®eombination of
sequence components 40f {the line current.
This single-phase, voliage energizes the
primary of da saturating transformer with
two secofndary” winding. One secondary
winding energizes the fault detector
circuit and the “Ssecond secondary winding
energizes the keying circuit of the relay
through the®low pass filter. The keying
circuit shifts the frequency of the trans-
nmitter “from a space frequency to a mark
frequency. These frequencies are trans-
mitted over the pilot channel to the tone
receiver which converts the mark and space
frequencies to two dc output voltage, a

space output that corresponds to the space
frequency and a mark output that cogs
responds to the mark frequency. Thusj on
each half cycle of power system frequeney
either a space or mark output is obtained
from the tone receiver and applied as
pulses to the remote squaring amplifiers
to the SKBU-2 relay. Eachgfof these half-
cycle pulses are compared with the phase
positions of each half-cyclefef the voltage
from the sequence netWworkypof the SKBU-2
relay at the tone reeeiver! terminal. The
space pulse is compared“to one half cycle
of the voltage and the “mark pulse to the
other half-cycl@én If “the local and remote
pulses are im an internal fault relationship
and the fault,detector has operated, tripping
will occur /5 milliseconds later through
operatien of.the trip AND and trip amplifier
circuits omthe 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 their
fespective local pulses during an internal fault
to allow tripping. However, if the fault is external
to\ the protected line section, the space and mark
pulses are out-of-phase with their respective local
pulses and tripping does not occur.

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

. Relay

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

a. SKBU-21 Relay

In the SKBU-21 relay, 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
separate secondary voltages proportional to a
combination of sequence components. Zero
sequence windings are included on the two
transformers.

b. SKBU-2 Relay
In the SKBU-2 relay, the sequence filter pro-

A,
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duces a single phase voltage proportional to a
combination of sequence components. This
voltage is applied to the primary winding of a
saturating transformer which produces two
secondary voltages.

The secondary voltages are applied to two sepa-
rate boards:

1. Fault Detector Board
2. Relay Board

. Fault Detector Board

With reference to the schematic dwg. of Fig. 4,
the ac voltage is applied to terminals 6, 5 and 3
of the fault detector board. This voltage is then
applied to a phase-splitting network (C52, R52,
R53) and a polyphase rectifier (diodes D51 to
D56). The dc voltages obtained from the rectifier
are applied to the fault detector circuit (Q51, Q52,
Q53, Q54) which operates when the dc input
‘“‘signal’’ exceeds a predetermined value.

Fault Detector (FD)

Under normal conditions, transistor Q51 has no
base ‘‘signal’’ and is turned off. The collector of
Q51 is at positive potential and provides base
drive to transistor Q52, driving it to conduetien.
With Q52 conducting there is no base drive /jto
transistor Q53 and Q53 is turned off. This“eondi-
tion keeps transistor Q54 in a non-conducting
state, equivalent to an open-circuit.

When a fault causes the dc input voltage from the
polyphase rectifier (across Sy andfR54),to"exceed
the 6.8 volt rating of Zener diode Z52,/a positive
input is applied to the base @f Q81 causing it to
conduct. In turn, Q52, stops conducting, and
capacitor C54 charges, giving a“few milliseconds
time delay before Q53 4aMd Q84 are switched to
full conduction, thus ficlosing’’ the fault detec-
tor. When the faultgdetectof operates, a positive
input is applied to the farming board at terminal
12. The feedbaek ‘pathfof resistors R66 and S2
increase the voltage to Z52 after the fault detec-
tor operdtes.Thisseals in the fault detector and
allows the“fault ddetector to drop at a high drop-
out ratio when“the ac current is reduced.

Frequency Verifier (FV)

Daping 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 fault detector operation when frequencies
120 hertz or higher are encountered during the

switching conditions. The frequency {wverifier
circuit consists of two functional parts:“Zero-
crossing and commutator circuits. With reference
to Fig. 4, the zero-crossing circuit consists of
Q55, Q56, Q57 and Q58. The commutator circuit
consists of Q59, Q60, C58, C59, Z54 and Q61.

During either the positive Or negative half-cycles
of the output voltage frem the mixing transformer,
Q55 or Q57 transistors areydriven into saturation
by the output of thef'FVatransformer (T3). Tran-
sistors Q56 or Q57 ‘eonduet until capacitors C56
or C5Trespectively“arefully charged. While either
capacitor charges, a voltage output in the form of
very narrowgpulse“is developed across R76 and
R78 resistors. This pulse triggers Q59 control
switch. When“transistors Q55 or Q57 are not con-
ducting, @56pand C57 capacitors discharge re-
spectively, through D66 or D62 and the parallel
combination of R73 and R74 or R69 and R170.

Whilew Q59 is ‘‘on’’ its anode (TP-60) is only
about, 0.7 volts above negative, thus turning off
tramsistor Q62 to allow capacitor C60 to start
charging. However, a shorter time delay (consist-
ing of R84, the capacitor C59 and the reference
Zener diode Z54) of 4.3 milliseconds is also
started. After 4.3 milliseconds of delay, the con-
trol switch Q60 fires applying the voltage of
capacitor C58 across C59 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 break down Z55 to turn on Q63. After the
next zero-crossing pulse Q59 switch is turned on
again, and the Q60 switch is turned off by capaci-
tor C58. Transistor Q61, when turned on and off
by the same voltage that fires the gate of Q59,
discharges timing capacitor C59, when on. This
starts the timing cycle with close to zero charge
on the capacitor. If the zero crossing period of
the FV voltage is less than 4.3 milliseconds, the
Q61 transistor discharges the timing capacitor to
prevent Q60 from turning on. This keeps Q59
switch on to allow C60 to charge to a value to
break down Zener diode 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 output from the
fault detector.

. Relay Board

With reference to Fig. 14, the ac voltage from
either the second saturating transformer (SKBU-21)
or the second winding of the single transformer
(SKBU-2) is applied to terminals 10 and 12 of the



relay board. This voltage is applied to the phase
delay circuit through a low pass filter. The low
pass filter (C201, L201, C202) removes the har-
monics from this voltage and applies a voltage
that is essentially sinusoidal in waveform to
R202 and R203 of the phase delay circuit. The
phase delay circuit consists of R202, R203, C203
and S5 mounted on the front panel of the relay.
By means of capacitor C203 and variable resistor
S5, the voltage across terminal 4 and 2 can be
made to lag the voltage across terminal 10 and 11
by a definite amount depending on the setting of
S5. Each of these two voltages are applied to
separate isolating transformers.

1. Undelayed voltages (terminals 10 and 11) to
keying transformer (T1).

2. Delayed voltage (terminals 4 and 2) to local
transformer (T2).

a. Keying Circuit

With no ac output (Ref. Fig. 8 or 10) voltage
from the sequence network, transistor Q1 has
no base current from terminals 2 and 8 of the
amplifier and keying circuit. The collector of
Q1 is at positive potential which allows base
current to flow from positive 20 volts dc to the
base of Q2 through R2 and R3. This applie$
negative potential to the collector of Q3“te
prevent base current from flowing to Q3. Since
Q2 is conducting, transistor Q3 does not _con=
duct and the collector of Q3 is held at pgsitive
potential. As a result, transistor Q4 does/not
conduct.

When a sinusoidal voltage is,'applieéd to the
keying transformer (T1), thedransformer steps
up the voltage applied to terminals 2 and 8 of
the amplifier and keying board4On the positive
half-cycle of this voltageyterminal 8 is more
positive than terminad’2 and transistor Q1 does
not conduct.

In turn Q2 remains conducting and Q3 does not
turn on. @n thé negative half-cycle of sine
wave voltage“from the keying transformer (T1),
terminal 2 is more positive than terminal 8 and
base current flows in Ql. This turns Ql on
which applie$pnegative potential to the collec-
tor of Ql. Base current to transistor Q2 is
stoppediand Q2 stops conducting, and its col-
lector, goes to positive 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 conduct. Thus an alternate half-
cycles of the 60-hertz voltage from themlow
pass filter, Q4 turns on. By connecting Q%
through the proper interface to the chanael
transmitter, turning on Q4 keys the transmitter
to a mark condition.

Q3 can be prevented from turnimg on and off by
a negative signal applied to tesminal 3 of the
board. This is the inputhterminal from the
signal squelch circuit ofgtheWprotective relay
board. With a negativé imputyinto terminal 3,
Q3 will not turn on even thotigh Q1 and Q2 are
being turned on and ‘off from the ac voltage
applied to terminalsy2 and 8.

. Local Squaring Amplifiers (1and 2)

There aretwo identical local squaring ampli-
fiers, in (thg ‘SKBU-21 and SKBU-2 relays.
(Number, 1 Q54Q6, Q7 and number 2 Q12, Q13
and Q14.)@ne is turned on and off by the posi-
tivemhalf-cycle of voltage from the local trans-
former (T2) while the other one is turned on
and off by the negative half-cycle of voltage
from~the transformer (T2). The square wave
output voltages are, therefore, functions of the
ac voltage input to the amplifiers. The polarity
of the outputs of the two amplifiers are such
that one amplifier has an output and the other
one does not when ac voltage is applied to the
local transformer. With no ac signal applied
to the local transformer, both local amplifiers
have a positive output. (This is a blocking
signal tothe AND circuits of the arming board.)

With reference to amplifier number 1 of either
Fig. 8 or 10, 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 R14 and R15 such
that Q6 is turned on. This allows base current
to flow in Q7. Q7 turns on to apply positive
potential across R19 (blocking condition).

With the application of a sine wave voltage to
terminals 5 and 18 of the amplifier and keying
board, on the positive half-cycle of the voltage,
the base of transistor Q5 is more positive than
the emitter and Q5 (amplifier 1) conducts, and
Q12 (amplifier 2) is turned off. On the negative
half-cycle of the ac voltage, Q5 is turned off
and Q12 is turned on. Therefore, Q5 is con-
ducting on the positive half-cycle of ac voltage
and Q12 is conducting on the negative half-
cycle of ac voltage. Turning Q5 on, turns off
transistor Q6. Transistor Q6 stops conducting

- %
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C.

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 dc to 20 volts dc depend-
ing upon the polarity of the voltage from the
phase delay circuit.

Amplifier 2 is the same as amplifier number 1
except it is supplied by the opposite polarity
of sine 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 applying the
same analysis of amplifier 1 to amplifier 2,
the output voltage across R42 is a square
wave voltage of the reversed polarity than that
across R19.

Remote Squaring Amplifiers

As shown in Fig. 7, there are four remote
squaring amplifiers in both the SKBU-2 and
SKBU-21 relays (number 3 Q8, Q9, number 5
Q10, Ql1, number 4 Q15, Q16 and number 6
Q17 and Q18). Two amplifiers connect the
space outputs of two receivers to the relay
while the other two amplifiers connect the
mark outputs of the two receivers to thegielay.
For a TA-2 tone channel, space gsquaring
amplifier 3 consists of transistors Q8pand Q9
on the amplifier and keying board ih,conjunc-
tion with an interface circuit of Q13,andyQ1 on
the supervision board. Mark remote “§quaring
amplifier 4 consists of Q15 and Q16 on the
amplifier and keying board amnd interface tran-
sistor Q14 and Q2 on the supervision board
(see Fig. 37). For a TCF9ycarrier channel,
space squaring amplifierd8 consists of Q1 on
the supervision board%and Q8 and Q9 on the
amplifier 4 consists of . Q2 on the supervision
board and Q15 and, Q16 on the amplifier and
keying board. (S€€pF'ig. 38)

The remoOte squaring amplifiers are in one of
three gfates:

1. LessAf-channel state.

2. Receiving space frequency only.

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

a. TA2.1 Tone Channel (See Fig. 37)

For loss of a tone channel, the receiver
clamps its output to a mark condition.
The space output from the receiver is
zero with respect to the positive source.

This means that transistor Q13 and\Ql
(on the supervision board)_ase“notsdcon-
ducting. On the amplifier and) keying
board, base drive to transister Q9 is
provided from positive 20 volts dc through
R26 and R27 to negative. Q8 is turned
on to provide a positive 20 volts across
R23. When the ¢hannel is in service and
the receiver, iswin a space condition,
transistors Q13y.and Q1 (on the super-
vision bogrd) turn“on. This applies nega-
tive potential to R27 on the amplifier
and keying “board. Hence, Q9 can not
conduct an@ Q8 stops conducting. The
veltage“@cross R23 is —20 volts (with
ref. toy +20 volts). For the condition
where the receiver is receiving pulses,
transistors Q13 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 dc (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.

. TCF Channel (See Fig. 38)

For loss of a TCF carrier channel, the
carrier receiver clamps its output into
both a space and a mark condition. Tran-
sistor Q1 and Q2 on the supervision
board turn on. This removes base current
to Q9 and Q16 (on amplifier and keying
board) respectively. Transistors Q9 and
Q16 turn off which turns off Q8 and Q15.
Negative 20 volts (with ref. to +20volts)
appears across both E23 and R24.

This voltage enables AND 1 and AND 2
to allow tripping until the AND circuits
are disabled by the 150/0 timer of the
supervision board.

For the condition where the receiver is
receiving pulses, transistor Q1 (on
supervision board) turns on and off for
alternate half cycles and the voltage
across R23 (on amplifier and keying
board) is a square wave voltage varying
from zero volts to a —20 volts dc (with
ref. to +20 volts).



c. TA2.2 Tone Channel and MC-22 Micro-
wave Channel (See Fig. 38)

In applying the relay 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-
dition for a loss of channel.

Transistors Q1 and Q2 on the super-
vision board turn off. This allows base
current to flow into Q9 and Q16 on am-
plifier and keying board). Transistors
Q9 and Q16 turn on which turns on Q8
and Q15. Positive 20 volts (ref. to nega-
tive) 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 either internal or external fault conditions
the outputs of both remote squaring amplifiers
are square wave voltages. Both voltages vary
from zero volts to approximately —20 volts dc
and are out of phase with each other: i.e.,
when one voltage is at zero volts the other
voltage is at —20 volts.

Links are provided on the board to connect the
relay for either two or three terminal linesf
The connection of C to 3 on link 1 connects
remote squaring amplifier 5 to AND 1 of the
arming board, and link 2 (C to 3) conneets
remote squaring amplifier 6 to AND 2 of the
arming board for three terminal operation. Eor
two terminal operation the connection of € to
2 on the links removes the inputs, ofyremote
amplifier 5 and 6 from the AND ¢ircuits of the
arming board.

3. Arming Board

The phase relationship of thetoutputs of the local
and remote squaring amplifiers are compared by
the two AND circuits of.the Arming Board. One
AND circuit (number 1" )leompares the space signal
with the outpuid fromy local amplifier number 1.
The second AND, circuitdtnumber 2) compares the
mark signal with “the f/outputs of local amplifier
number 2. Since the Iocal signals are always 180
degrees out-of-phase with each other, and the
remote signals are always 180 degrees out-of-
phase with each other, a change in phase angle
of one'signal with respect to the other will pro-
vidé“enevinput to AND 3 through OR 1 which will
activate the 4./0 timer.

Adink"is provided on this board for purposes of

arming the relay with both distance fault deteg-
tors and the SKBU relay fault detector. Remeval
of the link allows arming by distance/ faulf
detector only.

a. Internal Fault Conditions

With reference tothe logic drawing that alpplies
to the particular relay for internal fault fed
from both line terminals, the (outputivoltage of
the sequence filter at one line terminal is 180
degrees out-of-phase withgprespect to its load
current condition. This/changes the polarity of
local Amplifier 1 and loeal/Amplifier 2 such
that their outputs are impphase with the remote
signals. This means, that” AND 1 has a half-
cycle of negati#e®woltage and that AND 2 has
a half-cycle of \negative voltage (not the same
half-cycle)smThed, period of each negative
voltage will be 80 degrees out-of-phase with
referenee to each other and a negative voltage
will be, preduced out of OR1 of the arming
board., The negative voltage is applied to AND
3, ofathe arming board to set-up one condition
(negative voltage from OR 1 circuit) for acti-
vating the AND. The second condition to
activate this AND is provided by arming the
relay.

In either Fig. 21, 22, 23 or 24, with the link
connected on the arming board, arming occurs
through OR 2 by either the operation 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 negative input
into AND 3 of the arming board. AND 3 is
activated and starts the 4./0 timer. Four milli-
seconds later, a negative input is applied to
the trip AND of the output board. Since the
three conditions of trip (a negative input from
the 4/0 timer, a positive input from the arm
lead, and a positive signal from the 22/0timer)
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 relay’s
fault detector from OR 2 of the arming board.

b. External Faults

Under external fault conditions, the square
wave voltages from the remote 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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circuits of the arming board. The output from
local 1 and remote 3 are out-of-phase to prevent
an output on AND 1 and the outputs from local
2 and remote 4 are out-of-phase to prevent an
output on AND 2. As a result, the outputs of
the AND circuits are zero, and AND 3 cannot
be activated. This blocks AND 3 and the 4/0
timer cannot be energized.

With a fault detector operation, an input is
applied to OR 2 and OR 4 of the arming board.
OR 2 will provide a positive input to the trip
AND of the output board. Tripping will not
occur since the 4/0 timer does not provide a
negative input to the Trip AND. The fault
detector input to OR 4 will provide an input
to a 0/1000 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 negative input from the
0/1000 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 Circuit; and a negative
input from the 0/1000 timer. Twenty-Two milli-
seconds later the 22/0 timer of the transienft
block circuit times out to provide a negative
input to the Trip AND. The Trip AND is thus
de-sensitized on the external fault, to“prévent
undesirable operation during transients asso-
ciated with power reversals on themprotéetive
line or at the clearing of an external fauls.

. Sequential Faults

If the above external fault“is followed by an
internal fault before the extérnal fault is
cleared, the transientiinblo€k circuit is set up
to remove the transient ‘Bloeking input to the
Trip AND. For the intetnal fault, the square
wave pulses on ANDnpl.and AND 2 of the arm-
ing board willlreyerse such that an output is
obtained from these/AND circuits. This output
energizes ORIywhich negates the signal to a
negative signal. The negative signal provides
the se@end 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 negative input to the AND of the
transient unblock circuit to fulfill the re-
quirements to obtain an output from the
transient unblock circuit.

As a result, an input is applied to the unblock

timer. Twenty-five milliseconds later, theun-
lock timer will operate to apply™a ‘pesitive
voltage to the transient block{\ANDjcircuit.
This resets the 22/0 block timer @ndfremoves
the input to the AND of the unblock timer to
reset the unblock circuit. The gequired three
inputs are thus applied_to the trip AND and a
trip output is obtainéd frém the relay. Upon
operation of the rélay, the/0/100 millisecond
timer resets the 0,1000ptransient block timer.

d. Protective Relay Qperation

The phase comparison relay is armed by the
distance fault detéctor through a 6/0 timer on
the proté@tive“relay board. The operation of
the distanceWfault detectors applies positive
potential“to the board at either terminal 3, 5,
5 (or /1.0Fhis turns Q1 on and turns Q2 off to
allow _C2 to charge. Six milliseconds later the
voltage on C2 reaches the breakdown of Zener
diode, Z7 and base current flows into transis-
tor Q3 to turn Q3 on. This turns on Q4 to apply
a positive potential to terminal 14 of the
arming board.

4. Supervision Board

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

a. Low Signal Clamp (.5/150 Timer)

1. Tone Channel (See Fig. 37)

With a serviceable channel either a space
frequency or an alternate space-mark fre-
quency is received from the channel equip-
ment. With reference to a TA-2 tone chan-
nel, Q14 and Q2 of the supervision board of
Fig. 16 are either turned off or turned on
and off. With Q2 turned off, base current
is supplied to transistor Q3 and Q3 con-
duct. The collector of Q3 is thus at nega-
tive potential and capacitor Cl1 cannot
charge.

If the channel is not serviceable, the tone
receiver is clamped into a mark condition
and the space output is zero. Transistor
Q14 conducts and transistor Q2 is turned
on. Negative potential is applied to Q3 and
stops conducting. Positive potential is then
applied to capacitor C1 through resistor R7
and R8. After a 150 millisecond time delay,
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capacitor C1 charges sufficiently to break
down Zener diode Z1. When Z1 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
R11. This turns on transistor Q5 to apply
positive voltage to R12. This voltage is
then applied to AND 1 and AND 2 of the
arming board and to an alarm output. Apply-
ing the voltage to the AND circuits blocks
tripping.

Under the condition of alternate mark and
space outputs from the tone receiver, tran-
sistor Q3 is turned on and off every 8.3
milliseconds (half cycle of power system
frequency). Every half cycle, capacitor C1
starts to charge but on the next half-cycle
Q3 turns on to discharge capacitor C1.
Since the charging time is not sufficient to
allow capacitor C1 to break down Z1, tran-
sistor Q5 will not turn on to block tripping.

. TCF Carrier Channel (See Fig. 38)

With reference to the supervision board of
Fig. 18 for a serviceable TCF channel Q1
and Q2 either alternately turned on and off
or Q1 is turned on and Q2 is turned off.
Under both conditions, base current, 1S
supplied to transistor Q3 and Q3 is turned
on at all times. With Q3 turned on, Cl_ean
not charge and Q4 is turned off.

If the channel is not serviceable, ‘the
carrier receiver is clamped ingo both a mark
and space output. This turns offitransistors
Ql and Q2 and shorts the dase ofy) Q3 to
negative potential and Q3)turnsyoff. Posi-
tive potential is applied e CW, through R12
and R13 and 150 milliseconds later, Zener
diode Z5 breaks down_tonallow base current
to flow to Q4. Q4/turnsgon which provides
a path throughhR16)for /base current of Q5
to flow tognegative. Q5 turns on to apply
positive g4voltage to 'R17. This voltage is
then applied to AND 1 and AND 2 of the
arming board téfblock tripping. The voltage
is also applied to an external alarm circuit.

When this Telay is used on either a TA2.2
toneychannel or a MC-22 microwave channel,
then, Jow signal clamp is not utilized. If
these channels are not serviceable, the
channel receiver is clamped into neither a
mark nor a space output. This instantane-
ously places a blocking signal on the AND

circuits of the SKBU relay. Hence, the
relays will not trip on a low signal clamp.
The low signal timer is not activated and
will not produce an alarm output to the“hext
device. This alarm information is supplied
directly to the next device by the channel
receivers.

a. Noise Supervision (Tone €hannel Oaly)

The noise supervision interface consists of
transistors Q17, Q11,4 Q12, and associated
components (See Fig. 16)/Under normal condi-
tions, the output fromighe“noise circuit of the
tone receiver is z€ro volts. As a result, tran-
sistor Q17 is netpconducting and base current
is not supplied to transistor Ql1. Transistor
Q11 is turned off and its collector is held at
positive potential to prevent base current from
flowifg, in fransistor Q12. Negative voltage
(across, R31)4is applied to AND 1 and AND 2
ofythe armingrboard.

Unden,noise conditions the noise circuit of the
tone equipment provides a negative output with
respect to positive 48 volts dc. This negative
voltage allows transistor Q17 to turn on to
provide base current to Q11 through resistor
R27. Transistor Q11, turns on, and its collec-
tor is connected to negative potential. Base
current then flows in transistor Q12 through
resistor, R30, and Q12 turns on. Positive
potential is applied to resistor, R31 and to
terminal 5 and 11 of the supervision board.
From terminal 5, the voltage is applied to
AND 1 and AND 2 of the arming board to block
tripping. The voltage on terminal 11 is applied
to an external alarm.

4. PR INTER Board (Protective Relay Interface
Board) Fig. 20
The protective relay board includes the interface
to the protective relays as well as the auxiliary
circuits associated with the protective relays.
This board contains a 6/0 timer, 2500 sustained
arming timer, and a 150/10 signal squelch timer.

a. Signal Squelch Timer

When an input is applied to terminal 18 of
the protective relay board, positive potential
is applied to base of Q10, Q10 turns on to
provide a discharge path for C8 through R41.
10 milliseconds after the input to terminal 18,
Q11 turns off to turn on Q12. Turning on Q12
applies a negative input to the keying circuit
of the amplifier and keying board which keeps
the keying transistor from turning on.

A,
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Upon removal of the input to terminal 18 of the
protective relay board Q10 turns off to apply
positive potential to C8. 150 milliseconds later
Q11 turns on to turn off Q12 which removes
negative potential to the keying circuit.

b. Sustained Arming Alarm (2500 Timer)

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 removes
positive potential from R26 and an external
alarm is energized.

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

The distance supervision arming is delayed by
6 milliseconds to allow time for the circuits
feeding AND 1 and AND 2 to respond at fault
inception. Operation of the distance fault
detectors will apply positive potential to the
protective relay board. This turns on Ql hich
removes the base current to transistorfQ2. Q2
turns off and positive potential is ,applie@ to
capacitor C2.Six milliseconds later theyvoltage
on C2 reaches a value to break dewn Zener
diode Z7. This turns on Q3, which/connects
the base of Q4 to negative thseugh\ resistor,
R15. Q4 turns on to apply, positive potential to
resistor, R16 and terminal €. Fremfterminal 2
the voltage is applied to the arming board.

CHARACTERISTICS

A. SKBU-21 Relay

The type SKBU-21f reday(is available for frequency
shift channelsy, eithersftone or carrier. Taps are
available #0 set different sensitivities of the fault
detector’ to zero and negative sequence currents.
These tapsfare afs follows:

Negative Sequence Taps (I2)

Zero Sequence Taps (1)

TAP ZEROFSEQUENCE
SETTING SENSITIVITY
F None
G 0°2 Amperes
H 0.1 Amperes

The positive sequencefjresponse of the fault
detector is greater than)i amperes.

B. SKBU-2 Relay

Taps are avadlable in the relay to set the sensi-
tivity to differentyedmbinations 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
will operate the fault detector FD. These taps are
asyfollows:

3,4,5,6,7, 8and 10.

Fon distance fault detector applications, the user
should reset the SKBU-2 fault detector for a pick-
up of twice tap value by means of the S1 setting.

Positive and Negative Sequence Current-R1 Taps

The upper half of the right hand tap plate of R1
taps changes the number of turns on the third
winding of the mutugl reactor. This reproportions
the components of the sequence filter which
changes the positive and negative sequence sen-
sitivity of the fault detector. Operation of the
fault detector with the various taps is given in
the following table:

TABLE |
TAPS ON
SEQUENCE | ‘picyTt FAULT DETECTOR
COMPONENTS | HAND TAP PICK-UP t
COMB.| |N NETWORK BLOCK
OUTPUT
R Ro*| 3% | ¢¢ FAULT
L 0 | FAuLT

1 Pos., Neg.,| C | G or Tap [86% Tap
Zero H Value | Value
(53% onBC
Fault)

TAP NEGATIVE SEQUENCE
SETTING SENSITIVITY
A None
B 0.4 Amperes
C 0.25 Amperes

2 Pos., Neg., | B | G or |2xTap|90% Tap

Zero H | Value|Value
(65% onBC
Fault)
3 Neg., Zero | A | Gor - 100% Tap
H Value

11



¥ — Taps F, G and H are zero-sequence taps for
adjusting ground fault 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 10 to 15 percent
higher than the above values because of the
variation in self-impedance of the sequence
network and the saturating transformer.

Zero Sequence Current — RQ Taps

The lower half of the right-hand tap plate (Rqg taps)
is for setting the response of the relay to ground
faults. Taps G and H give the approximate ground
fault sensitivities listed 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 of 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 fault
combinations.

TABLE Il
GROUND FAULT | PERCENT OF T,
COMB. | Ry TAP PICK-UP TAP SETTING
TAP G TAPH
1 c 25% 12%
2 B 20% 10%
3 A 20% 10%

C. SKBU-2 and SKBU-21 Relay

The operating time of the fault, detector of both
the SKBU-2 and SKBU-21/is shewn in Fig. 25. As
shown in the figure, the fault detector has a maxi-
mum and minimumgalue 3T his is due to the point
on the current wave that fault current is applied.
Fig. 26 shows ‘thef operating times for different
points on the fault“wawe for fault current at five
amperes.

The Kkeying respense of the SKBU-21 relay is
independent of the tap setting. Fig. 27 shows
typical@lengths of keying pulses with reference to
a 60shertz base of the SKBU-21 relay for different
values of“positive, negative, and zero sequence
current, Fig. 32 shows the response of the
SKBU-2.
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The keying voltage across X5—Xg of the SKBU-21
Relay with reference to phase A positive, nega-
tive, and zero sequence currents is given by,

V = 2.71al /-125° + 11.81a2 /120° + 31 a0 /1082

This voltage is measured with currents into the
odd number terminals. X5 is polarity terminal.
25 volts is maximum voltage gobtainable from
X5—-Xg.

The keying voltage across X&§—X@nof the SKBU-2
relay with reference to phase Ayppositive, nega-
tive and zero sequence currents 4s given by

V = Kila, + Kolag & Kolap

Where values of Kb, Kg, and KQ are given in the
following table

CONSTANE. * (TAP SETTING VALUE
Ky A-FGH 0 0
1.24 .,
K, B-FGH T2/ 130
K, C—-FGH .2';_7_ / —155°
K, A-FGH 4.35 55°
T
K, B-FGH 53 40°
T
K C-FGH 5.9, gpe
2 T
Ko A-H s 50°
T
K B—H 3 40°
T
K, c-H 61.5 250
T
Ky A-G 41 50°
T
Ko B-G 41 40°
T
Ko C-G 34 20°
T
K, ABC - F 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. 21 and 23 and for a TCF carrier channel
in Fig. 22 and 24.



I.L. 41 D

Operating Time ....... 15 to 32 Milliseconds Relay PHASE A PHASE B
Alarm. ........ 2..5.sec0nds for FFD operation Taps Vo Angle Va Angle Vo Angle
150 Milliseconds Loss-of-Channel
Transient Block Time ... .22 to 25 Milliseconds A-F-3 [2.4 5| 0.6 0° ) 500
Transient Unblock Time. . .23 to 27 Milliseconds
Ambient Temperature Range .. .. —20°C to 55°C A-H-10 |3.25 0° 0.8 100° 4 1.28 55°
DC Drain ........ 0.14 Amps at 48 Volts DC B-F-3 |[2.3 0° | 0.6 0° | 2.45 550
Reset Time of Transient Block
1. After Fault Detector B-H-10 [ 4.95 0° N2 0| 0.3 60°
has Operated ......... 1000 Milliseconds C-F-3 |2.32 0° . 0° | 2.36 50°
2. When unblock time
isutilized . . . . ..o oo Instantaneous C-H-10 [ 6.35 342 80° | 1.98 | 185°
ENERGY REQUIREMENTS Burdens mfz ure a single-phase to neutral
current of f S.
A. SKBU-21 Relay
Burdens measured at a balanced three-phase cur- Relay P A PHASE B PHASE C
rent of five amperes. (Independent of tap setting). Taps Angle | Va | Angle | Va Angle
A 0° 2.1 10° 1.97 | 20°

PHASE A PHASE B PHASE C
sH- .3 60° 12.5 53° 6.7 26°

Va Angle Va Angle Va Angle
-3 | 2.45 0° 2.09| 15° 2.07| 10°

8.3 106° 2.2 50° 46, 0°
-10{16.8 55° | 22.0 50° 12.3 38°
Burden measured at a single-phase to neutra -F-3 2.49 0° 1.99°| 15¢ 2.11 | 15°

current of five amperes.

C-H-10(31.2 41° | 36.0 38° 23.6 35°

PHASE A PHASE B
Relay

Taps

Va Angle Va |Angle

The angles above are the degrees by which the

CH 11.7 | 2.1° 9.7 1.8° current lags its respective voltage.

B-H 11.4 ] 2.0° 10.3 | 1.8° Continuous Ratings:

2.2° The Continuous Rating of the SKBU-2 relay is
10 amperes and the Continuous Rating of the

A-H |11.1 | 2.0° | 11.2 |@

C-G 8.8 | 2.0° 2.2° .
SKBU-21 is 7 amperes. The two second overload
B-G 8.7 | 2.0° 43.5 2.2° rating or the SKBU-2 is 150 amp. phase and 125
AG 7.8 | 2.00 45.0 9.90 amp. grO}md while the two second rating of
SKBU-21 is 125 amp. phase and ground.
C-F 2.0° 42.0 2.2°
B-F 2| 1.8° 42.0 2.2° SETTINGS
A-F 1.8° 43.0 9.90 If settings 1'n between taps are desired, the tap screw
should set in the next lowest tap. S should then be

adjusted for the desired pickup value. S2 should then
be adjusted to proper dropout ratio.

The angles "above are the degrees by which the
current lags its respective voltage. A. M
g The SKBU-21 relay has separate tap plates for
KBU-2 Rela . .
adjustment of the 2zero and negative sequence
dens measured at a balanced three-phase cur- sensitivity of the fault detector. The fault-detector

ent of five amperes. tap markings and pickup are:

13



Negative Sequence Sensitivity (I2)
A. None

B. 0.4 Amperes
C. 0.25 Amperes

Zero Sequence Sensitivity (Ig)

F. None
G. 0.2 Amperes
H. 0.1 Amperes

Two tap plates are provided: one for I3 and the
other one for Ip.

Tap A should not be used in service since this
would prevent fault detector operation for phase-
to-phase faults. However, tap F may be used with
either B or C since negative sequence current
flows for both phase-to-phase and ground faults.

The recommended settings are tap B or C as

needed for the required sensitivity, and tap F.

Taps G and H have been provided for applica-
tions where the negative-sequence load flow due
to series impedance unbalance may be high
enough to operate FFD with a tap C setting, In this
case, set in tap B and in tap G or H. It is not in-
tended that taps C and H be used simultaneously
due to the possibility of cancellation of the
negative- and zero-sequence effects on ground
faults. With a tap B setting, a tap H setting 4s
preferred.

To summarize, the recommended setting combinaz
tions in the order of preference are:

COMBINATION I TAP 10 AP
1 C
2 B F
3 B H
4 B G
B. SKBU-2 Relay

14

The SKBU-2 relay “has geparate tap plates for
adjustment of the phase and ground fault sensi-
tivities and the sequence components included in
the network output.&'he method of determining the
correct tapsifor a given installation is discussed
in the following paragraphs.

Setting Principles

Taph€, provides the bestbalance between 3 phase
and phase-to-phase fault sensitivity. Always use

this tap where distance fault detector supervision
is used. Where only the SKBU-2 fault detector s
used and where the full load current (maximum
through any terminal) is approximately five ams
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_4s needed
with tap C (6C), then use a 3 Bisetting instead.

NOTE: From Table I, pickup #filll befl 05% of Tap
3 on 3B and 90% of Tap 6(for A to $B fault.
3¢ pickup is 6 amp. both settings4

Use tap A only wheré@ysatisfactory unbalanced
fault sensitivity camnet otherwise be obtained
and where other @rotectien is available for 3
phase faults. Sinee with Tap A no 3 phase fault
protection is ayvailable.

In all casesyprovide identical response at all
stations to imsure proper phase comparison and
adequate, kéwing for any fault detected by remote-
end “relaysh.To accomplish this, the letter taps
(A, B, "€, oF', G, H) should be identical at all
statiens. Also, the taps should be identical with
CTyratios, or inversely proportional to CT ratios
where“different.

After selectingtap 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 111 percent of full load current (maximum
through any terminal).

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

For distance fault detector applications, set 3C
to provide the maximum sequence-filter voltage
for the squaring amplifiers. The SKBU-2 current
fault detector is then independently desensitized
(by adjustment of S1 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
distance fault detectors.

EXAMPLE SKBU-2:

Assume a two-terminal line with current transformers
rated 400/5 at both terminals. Also assume that full
load current is 300 amperes, and that on minimum
internal phase-to-phase faults 2000 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 100
amperes from the other end. No distance fault detec-
tors are employed.

e N
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POSITIVE-SEQUENCE CURRENT TAP

Secondary Values:

Load Current = 300 x 4—36 = 3.75 amperes (1)

Minimum Phase-to-Phase Fault Currents:
600 x 2 _=1.5 amperes (2)
400

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

3.75 — 4.18 amperes (0.9 is dropout ratio of fault
0.9 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)

7.5x L =87 amperes (4)
0.86

ZERO SEQUENCE TAP

Secondary Value:

100 x i = 1.25 amperes minimum ground fault

current

With T, tap 6 and R1 Tap B in use, the fault deteces
tor pick-up currents for ground faults (Sée Table II)
are as follows:

Tap G 0.2x 6 = 1.2 amperes
TapH 0.1 x 6 = 0.6 amperes

From the above, tap H would be usedito trip for a
minimum ground fault of 1.25 amperes.

SEQUENCE COMBINATIONATAP

From a comparison of (3)4and (4)¥above it is evident
that the fault detector gan be “set to trip under mini-
mum phase fault conditions and yet not operate under
maximum load. From™8) we can select tap 5 (T). In
this. case, also selécttap C (Rjp). Current tap (6)
would be used“in preférence to tap 5 to allow for
occurrencg’ of higher load current. However, if more
margin 4s, deésiredy over load current, instead of
setting 6C,“use 3B for improved phase-to-phase fault
sensitivity.

INSTALLATION

The phase comparison relay is generally supplied in
ayp.cabinet or on a relay rack as part of a complete
assembly. The location must be free from dust, ex-
cessive humidity, vibration, corrosive fumes, or heat.
The maximum temperature around the chassis must
not exceed 55°C.

ADJUSTMENTS AND MAINTENANCE

NOTE: The phase comparison relay isg normally
supplied as part of a relaying systemy, and its cali-
bration should be checked after the system has been
installed and interconnected. Details are given in
the instructions of the assembly. The assembly in-
structions and not the fold@wing instruction should
be followed when the pelay.isfreceived as an integral
part of the relaying sysfem.

In those cases wherne the“telay is not part of a relay-
ing system, the following procedure will verify that
the circuits of the rellay are functioning properly.

TEST EQUIPMENT

1. Oscilloseéepe

2. AC/Current Source
3@ FElectronic Timer
4, VA'Q, Voltmeter

5. DC Voltmeter

ACCEPTANCE TEST

Connect the relay to the test circuit of Fig. 28 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
block.

If a test fixture is not available, the remote pulses
can be obtained from the SKBU keying circuit. This
is accomplished by jumpering various circuits of the
relay together as follows: (NOTE: These instruc-
tions apply where no external connections are made
to the J1 block.)

1. Apply 48 volts dc to J1-2 (pos. and J1-5 (neg.).
An alternate connection is to X1 and X4.

2. Jumper J1-26 to J1-27. (This replaces the ex-
ternal squelch test switch.)

3. Connect terminal 9 of supervision board to X14.
(This connects space interface circuit to keying
circuit.) As an alternate connection, J1-7 can be
connected to J1-25.

4. Connect one pole of a DPST switch across TP-1
and TP-2 of amplifier and keying board. This is
switch L of the tests. External fault position is
with the switch open. Internal fault position is
with the switch closed.

5. On the SKBU for TCF channel, connect terminal
13 to terminal 10 on the supervision board.

(This connects mark interface to output of space
interface.)

15



6. On the SKBU for a TA-2 tone channel:

a. Connect terminal 10 and TP-1 of supervision
board through a diode-resistor network tonega-
tive. (Connect TP-1 through the forward direc-
tion of a second diode to the junction of the
first diode and resistor.)

b. Connect J1-3 to positive 48 volts dc.

With the jumpers added as per the above informa-
tion, the transistor circuits are connected together
as shown in Figure 33.

If the above connections are utilized to test the
relay, 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 relay
as received. If a recalibration of the circuits is
desired, the recalibration can best be obtained by
setting S1, S2 and S5 to counterclockwise limit, S6
and S7 to clockwise limit, and R27 on output board
to the middle of its range.

1. FD Pickup and Dropout

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

b. Connect a high resistance dc voltmeter across
X992 and X4 (neg.).

c. Apply 60 hertz current to terminal 1 and 3 of
the relay. Gradually increase the current un#il
the voltmeter changes reading from approxi/
mately zero volts to approximately 204Volts.
This is the operating current of FDpand should
be 0.433*5% amperes for SKBU-21_Telay“®and
4.33 + 5% amperes for SKBU-2 relay.

Q.

Gradually lower ac test currentquntil®the dc
voltmeter drops to approximétely, zero volts.
This is the dropout current '©f FFD Jand should
occur at .389 to .395 amperes for SKBU-21 and
3.89to 3.95 amperes, for SKBU:2.

e. Adjustment of pickup and dropout is made by
S1, and S2 respectiyely.

f. If the output of theyfadtlt detector is erratic at
pickup, R53 on the ‘fault detector should be
adjusted such that the following waveform
should appear across X21 to X4.

peaks should be

f nearly equal or,

- if not, rising

slightly to the
right.

>  _16to 17
milliseconds

16

2. Check of Local Squaring Amplifiers

a. With all switches of test circuit open, apply
0.6 to 0.8 amperes ac to terminals 1 and 3 of
the SKBU-21 relay, or 6 to 8 amperes ac to
terminals 1 and 5 of the SKBU-2 relay.

b. Place scope probe across X12 and X4 (grd).
A square wave of voltage should@ppear across
X12 and X4 as shown in Figh30:

c. Place scope probe across X458 and, X4 (grd). A
square wave of voltage shouldbappear across
X15and X4 as shown ingFig.30s

d. If scope has two trages, connect one probe to
X12 and second prebe tonX15. Connect grd. of
scope to X4. The phase relationship of Fig.
30 should be observied.

3. Check of Keying Circyit

a. With all ‘switche® of test circuit open except
A and, 0.6%to 0.8 amperes ac applied to ter-
minalfhand3)of the SKBU-21 relay, with scope
cheek voltage across X14 and X4 (grd). (This
yoltagenshould be checked with 6 to 8 amperes
inte,terminals 1 and 3 of SKBU-2 relay.)

b./Waveform shown in Fig.30should be observed.

4, Check of Remote Squaring Amplifiers

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-21 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 across X9 and then X16,
Waveforms of Fig. 30 should be observed. Also
for three terminal application check waveform
across X13 and X17.

o)

If scope has two traces, connect one probe to
X9 and the other on X16. Connect grd. to X4,
The phase relationship to Fig. 30 should be
observed.

5. Setting of S6 (4/0 Timer)

a, With S5 set to minimum resistance (fully
counter clockwise) and S6 to maximum resis-
tance (fully clockwise) set switch Lto external
fault and close 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-21 relay or
6 to 8 amperes ac to same terminals of SKBU-2
relay.

b. Place scope probe across X10 and X4 (grd).

N
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*

C.

d.

Connect a second scope probe to X11. Adjust
S5 until following waveform appears on scope.

Zero Line

— 4 M.S.

Adjust S6 until the relay trips as indicated in
a change in voltage on X11.

Change S5 to obtain the following waveform.
This will be with S5 at minimum resistance.

N

Equal Pips

|

. Close and open switch H, and slowlyyturn®ss

until the relay operates. Waveformishould be
same as step b. If necessary, readjust 86 and
repeat d and c.

* 6. Setting of S7 (Transient Unblock)

a.

With S5 set to minimum Teésistance (fully
counter clockwise) ‘@nd ST,to maximum resis-
tance (fully clockwiseYyset switch L. to ex-
ternal fault and close gwitches A, B and C,
E and F. Open switch I. Apply 0.6 to 0.8 am-
peres ac to terminals 1 and 3 of the SKBU-21
relay or 63to 8 amperes ac to same terminals of
SKBU-2’relayy

. Plage scope probe across X10 and X4 (grd).

Conneet a sgcond probe to X7. Adjust S5 until
following waveform appears on scope.

Zero Line

- ZM.S.

Equal Pips

Slowly turn S7 until a voltage begins to show
on X7. NOTE: This voltage is NOT ‘aysudden
charge but a small pulse off voltage that
charges back to zero volts.

. Change S5 to obtain the following waveform.

This will be with S5 at minimum resistance.
(NOTE: This will notgbe true if the relay is
connected in a system.)

N

If“pelay is connected in a system, pips will
change when remote terminal is adjusted.
Readjust bottom terminals such that the pips
remain equal.

7. Transient Blocking Delay (22/0 and 0/1000

Timer)

a.

. Open PR1 switch. Timer

Connect electronic timer stop to X7 and X4
(grd). Set timer stop on negative going pulse.
Relay not to be energized with ac current.

. Connect timer start to X3. Set timer start to

positive going pulse.

. Close PR1 switch. (Represents 20 volts input

to terminal 7 of PR board.) Timer should start
and should stop between 22 and 25 milliseconds.
If necessary, adjust R27 on output board to
obtain timing.

. Set timer start on a negative pulse and timer

stop on a positive pulse.

should start and
should stop after a time delay of 980 to 1020
milliseconds.

8. 6/0 Timer Distance Fault Detector

a. Connect timer start to timer start of PRI

b.

switch. Set timer start on positive pulse. Con-
nect timer stop to X3 and X4 (comm). Set timer
stop on positive pulse.

Close PRI switch (Represents 20 volts input
to terminal 7 of PR board.) Timer should start
and should stop after 6 to 8 milliseconds.

9. Sustained Arming Alarm

a.

With electronic timer stop connected to X20
X20 and X4 (grd), set timer stop on negative

going pulse. 17



b. Connect timer start to X3. Set timer start on

positive pulse.

. Close PR1 switch. (Represents 20 volts input

to terminal 7 of PR board.) Timer will start
and should stop after 2.2 to 2.8 seconds.

d. Open PR1 switch.

10. Recheck steps 5, 6 and 7. Readjust S6, R27 and

S7 if necessary.

11. Fast Reset Timer (0/100)

a. Connect jumper from TP4 to terminal 4 on out-

put board.

. Connect start timer to X11. Set timer start on

positive pulse. Connect timer stop to TP6 and
terminal 8 (neg.) of output board. Set timer
stop on positive pulse.

. Apply 0.6 to 0.8 amperes ac into terminal 1

and out terminal 3 of SKBU-21 relay. (Apply
6 to 8 amperes ac to terminals 1 and 3 of
SKBU-2 relay.) (Switches A,B,C, E, Fclosed,
H and I open. Switch L on external fault
position.)

. Close switch L to internal fault position.

Relay should trip and timer should start and
stop in less than 2.5 milliseconds.

. Set timer start on negative pulse and timer

stop on negative pulse.

. Close switch L to external fault position” and

de-energize relay. Timer should startfand stop
after 80 to 120 milliseconds.

. Open all switches on test fixture, set L on

external fault. Remove jumpéer from TP4 to
terminal 4.

12. 150 Timer Low Signal Clampyl (FECF Channel

18

Only)

a. Connect timer spop t©,X19%and X4 (comm). Set

timer stop to positiwe pulse.

. Set switch L todntern@al fault position.

. Connect timer start"to timer start of switch L.

Settimer start to positive pulse.

. Closefswitches B, C and G. Close switch L

to external fault position. Timer will start and
should stop in 130 to 170 milliseconds.

. Open switches B, C and G. Set L on internal

fault position.

13. 150 Timer Low Signal Clamp 2 (TCF Channel

Only)

a.

Connect timer stop to X19 and X4 (comm)s Set
timer stop to positive pulse.

Set switch L to internal fault position.

. Connect timer start to timer staat of switch L.

Set timer start to positive pulse.

. Close switches E, F and G. @los€"switch L to

internal fault position./#Timer Wwill start and
should stop in 130 to 170 milliseconds.

. Open switches E, F and, G and set L to in-

ternal fault position?

14. 150 Timer Low Signal ‘Glamp 1

(TA-2 Tone Only)

a.

Conneet timer stop to X19 and X4 (comm). Set
timer stopito pésitive pulse.

. Set Switch L to internal fault position.

. Cennechytimer start to timer start of switch L.

Set timer start to negative pulse.

. Clese switches B and C. Close switch L to

external fault position. Timer will start and
should stop in 130 to 170 milliseconds.

. Open switches B and C. Set L on internal

fault position.

15. 150 Timer Low Signal Clamp 2

(TA-2 Tone Only)

a.

Connect timer stop X19 and X4 (comm). Set
timer stop to positive pulse.

. Set switch L to internal fault position.

. Connect timer start to timer start of switch L.

Set timer start to negative pulse.

. Close switches E and F. Close switch L to

external fault position. Timer will start and
should stop in 130 to 170 milliseconds.

. Open switches E and F and set switch L on

internal fault position.

16. Signal Squelch Time (10/150)

a.

Connect timer stop to X14 and X4 (comm). Set
timer stop on negative pulse. Close switch A.
Connect a jumper from TP1 to terminal 8 of
the amplifier and keying board. This turns off
Q2 to turn on Q3.

Connect timer start to pilot trip switch. Set
timer start on positive pulse. Close switch I.

i,
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c. Close pilot trip switch. (Represent 20 volt b. Connect scope across TP60 and te @t of
input to terminal 14 of PR board.) Timer will the FD board.
start and will stop after an 8 to 12 millisecond

c. Apply 0.5 amperes to terminal)1l d 3 of
SKBU-21 relay. (Apply 5 amperes terminal
d. Set timer stop on negative pulse, and timer 1 and 3 on SKBU-2 relay).
start to negative pulse.

delay.

d. Waveform of Fig. 31 should be oﬁserved.
e. Open pilot trip switch. Timer should start and

stop after a time delay of 125 to 185 milli- %
seconds. TROUBLE SHON ROCEDURE

f. Remove jumper from TP to terminal 8. To trouble shoot th
voltage of Tablel

e ent, the logic diagram
i ) should be used to iso-

. . . {
17. Check of Noise Circuit (Where Used) late the circuit that performing correctly. The
a. Connect dc voltmeter to X18 and X4 (grd). schematic of theWindividual board, and the voltages
en be used to isolate the faulty

Voltage must read zero. of Table IV

b. Close switch D. (Connects terminal 7 of super- component

vision board to negative for TA-2 tone channel,

and represents a 20 volt input to terminal 7 of RENEWAL PARTS
supervision board for TA-2.1 tone channel.
Switch D can be connected to +20 volts in- e pa k can be done most satisfactorily at the
stead of —12 volts.) Voltage must rise to 20 However, interchangeable parts can be fur-
volts. Open switch D. Voltage must change to ni to the customers who are equipped for doing
zero volts. Close switch G. Voltage must rise \" repair work. When ordering parts, always give
to 20 volts. Open switch G. the complete nameplate data. For components
ounted on the printed circuit board, give circuit

18. Check of Frequency Verifier

@symbol and the electrical value (ohms, mfd., etc.)
a. Open all switches of test circuit. Q and component style number.

>
O
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TABLE IV
VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS

1. Fault Detector Board Style 5312D13G01
Test Point lge = O lgc = Pickup of FD Test Point lgc = O lgc = Pickup of FD
54 6.5 V.DC less than 1 Term. 5-6 0 14.5 volts ac (Approx.)
55 less than1 |45v.0c | TP5T 18 volts )
56 less than 1 18 t0m27;\7/.17)‘cﬂ ] TP 58 18 volts )
Term.2 less than 1 8.6 V.DC - TP 59 less than 1) E,?lﬁvgsvgf%ermpig' 31
51-52 0 7.4 volts ac (Approx.) TP 60 20 volts )
52-53 0 ] :Iéyélt;;é (.;\D[;rg)x) TP 61 18 volts )
53-51 0 7.4 volts ac (Approx.) TP 62 less than 17
Supervision Board, 202C564G01, TA-2 Tonés
oiNT CONRMAL. | ABNORMAL conDITION|  TEST CORRMAL . | ABNORMAL CONDITION
TP1 48 V. DC é)%scshg]%%ll 1with loss Term. 17 ®adss than 1 }:ga\rllhgligh loss of
Term. 13 *less than 1 éga\éhg{igh loss of TP5 ¥less than 1 3}813%;1.3‘”1"5*‘ loss of
TP2 “less than 1 | 28 V. with loss of Term@g | *13.5vDpC | lgss than [ with loss
Term. 12 | *135V.DC | oihamer 1 o> | 1P “less than 1 | hanmerty108s of
TP 3 *less than 1 Zh\a,lhr‘feilthl loss of Term-"19 less than 1 3?,;,’1;1;”115“ loss of
Term. 18 less than 1 g?]a\,’lhg’{iﬁh loss of TP7 less than 1 g?axp with noise
Term. 15 less than 1 ggath‘{i%h loss of Term. 5 less than 1 g?ar\rq'p with noise
TP4 *+48 V. DC less than | wifh 10S8el 1o 14 less than 1 | 20, With noise

*Normal condition could be square wave pulses.

**Normal condition could be square wavepulses.”On two terminal line application normal condition of TP4 — less
than 1 and term 17— 16 volt dc.

3. Supetvision Board, 202C565G01, TCF Channel

TEST NORMAL TEST NORMAL
POINT CONDITION ABNORMAL CONDITION POINT CONDITION ABNORMAL CONDITION
1 ith 1 i
Term. 13 *less fhan O?SCsth)%rélllwnh 088 Term. 17 |**less than 1 éefscshgtﬁréllzwnh loss
less than 1 with loss
Term. 12 *1345 volfs dc | of channel . less than 1 with loss
i Term. 16 13.5 volts DC{ of channel 2
TP1 *less thand 7 V. DC with loss of
channel 1 TP 2 *less than 1 7 V. DC with loss of
Term. 18 less than 1 gga\rll.n]gflwnh loss of channel 2
i 20 V. DC with loss
Term. 15 less than 1 g(t)la\rlfn?elclwnh loss of Term. 19 less than 1 of chanmel 2

*Normal,condition could be square wave pulses.

**Nermal condition could be square wave pulses. On two terminal line applications normal condition of terminal
17%s 1325 volts dc.

20
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TABLE IV (Con't.)

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS

TEST POINT NORMAL (IAC =0) ABNORMAL ON IAC = PICKUP OF)ED
4. Amplifier and Keying Style, 202C551G01 for TA-2 Tones and Style 202C540G01 for TCF
TP1 4.5 volts |45 volt pulses at FD pickup
TP2 o 1 les§ _t_h,@,,l ‘ - 5.5 volt pulses at FD pickupflésssthan 1 with squelch
Term.6 (TA-2 Tones) 48 volts - | -12 volt pulsesﬁatf‘p?glgygp}ﬁ VIDC with squelch
j‘gm 6 (T__CFL Carrler) ) less than 1 20 volt pulses at FD pickupyless than 1 with squelch
P4 ] 45 volts B B ‘4.5 volt pulses at FD pickup o
Term.9 20 volts v ) 20 vqlt pulses at FD pickup
Term.11 less than 1 or 20 volt pulses | 20 volts with loss OB A<2¢Channel 1 less than 1
B 3 o S with loss of TCE, channe) 1
Term.1 less than 1 or 16 volt pulses | 16 volts with loss“ef. TA-2 channel 1
- ~TA-2,13.5 volt pulses TCF - B
Term.12 “**]ess than 1 or 20 volt pulses | 20 volts los& of TA®2 channel 2 less than 1
N L L - with loss ef TCE, channel 2
Term.16 **less than 1 or 16 volt pulses| 16 voltsfwithdess of TA-2 channel 2 less than 1
} ~TA-2, 13.5 volts TCF withhloss of TICF channel 2
TP9 o ) 4 5 volts_wm B 145 wolt pulses at F'D pickup
' Term.17 ] 20 volts 20 volt pulses at FD plckup B
Term.l‘} } 720 voltrsﬁgirﬁgorvolt pu}sq; | lggthanil vEth loss of channel 1
Term.15 | 13.5 volts or 13.5 volt pulsesjfless ﬁlﬁh 1 with loss of channel 1
Term.10 - | **20 volts or 2’0"661?’5'11’15&*”' lésspthan 1 with loss of channel 2
Term.13 - | **13.5 volts or 13.5 volt pulses<y}. less than 1 with loss of channel 2
5. Arming Board\Style 202C509G01
TP1 less than 1 [ 10 volt pulses on internal fault ]
*less than 1 on external fault
- - 4 3 less thgg 1 on loss of channel
TP2 less than 1 10 volt pulses on internal fault
*less than 1 on external fault
) B i less ttlan 1 on IOSjpf channel
TP3 10 volts *less than 1 on internal fault
*10 volts on external fault
N f ¥ 10 volts on loss of channel
TP4 1345 volis “less than 1 at FD ) pickup
TP5  lesgthan ™ 1 13.5 volts at FD pickup
Term.15 less thany | 20volts at FD pickup
TP8 20 volts *less than 1 on internal faults
*20 volts on external fault
4 20 volts on loss of channel R
6. Output Board Style 202C548G01
TP1 4 16 - less than 1 when armed
TP2 lessthanl 20 volts when armed ]
TP;%_ w 4 20 volts less than 1 when armed
TP4 - ~ less than 1 20 volts when armed
‘TP5  © hE S ~ | less than 1 at trip B
| TP6 ¢ | 20volts less than 1 when armed T
TPT o i 71767575 than1 - Applies to sequential fault and is a pulse of short duration
TP8 less tl}?ln o 7 volts 22 milliseconds after arming
TRY . 18 5 B ] 7 volts at trip
Ferm.13 “less than 1 20 volts at trip

*Very narrow pulses would be observed on scope

**Values for three terminal line applications. On two terminal line applications— Term 12 and 10 are zero volts,
Term. 16 volts TA-2 Tones, 13.5 volts TCF and Term. 13 13.5 volts dc for TA-2tones and TCF.
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ELECTRICAL PARTS LIST (Cont’d.)

Circuit Symbol

Description

Westinghouse
Style Number

Circuit Symbol

Description

Westinghofise
Style Number

Protective Relay Board Style 202C563G01

Output Board Style 202C548G01 (Cont'd.)

Capacitors

Transistors

2N3417

2N3645

Resistors
4.7 K Ohm
82 K @hm

109K Ohm

6.8 K Ohm

27 K Ohm
1 K Ohm
100 Ohm
15 K Ohm
220 K Ohm

22 K Ohm

47 Ohm

15 K Ohm

470 Ohm

470 K Ohm

150 Ohm, 3 Watts

Zener Diodes
1N3686B, 20 V
1N957B, 6.8 V
1N3688A, 24 V

848A851H02

849A441HO01

629A531H438
629A531H78

629A531H56

629A531H52

629A531H66
629A531H32
629A531H08
629A531H60
187TA641H83

629A531H64

187A290H17
629A430H08
629A531H24
184A763HI1
762A679HO01

185A212H06
186AT9THO6
862A288H01

Relay Board Style 5312D80G01 — SKBU-2
5312D78G01 ~ SKBU-21

C1-C5-C17 0.047 Mfd. 849A437H04 | Q1-Q2-Q3-Q5-Q6-
C2 0.47 Mfd. 188A669H01 Q8-Q9-Q13
c3 68 Mfd. 187A508H02 [P
C4-C6 0.27 Mfd. 188A669H05 g‘ifgu‘fflo Qll
lof:} 6.8 Mfd. 184A661H10
Diodes
R1-R2-R32-R40-R43
D1 to D8 IN645A 837A692H03 | Ra3 pas
Transistors R4-R7-R8-R9-R15-
Q1-Q2-Q3-Q5-Q6- R17-R19-R26-R31-
Q8-Q10-Q11-Q12 2N3417 848A851H02 | R34-R36-R37-R38-
Q4-Q7-Q9 2N3645 849A441H01 | R41-R45-R46
_ R5-R10-R18-R22-
Resistors R42-R47
R1-R2-R3-R4-R5-
R27-R28-R30-R36 R6-R24-R25
R37 4.7 K Ohm 629A531H48 gi})-RB
R6-R16-R26-R31 <
R35-R38 82 K Ohm 629A531HT8 gég-ms-r{so
R8-R15-R25-R34-
R40-R44 6.8 K Ohm 629A531H52 | R24-R38:R35-R39
R7-R9-R10-R14- R4d
R20-R21-R23-R24- R23
R32-R33-R39-R41- R27 (Pot)
R43-R46 10 K Ohm 629A53 WH56 W R28-R29
R11-R22-R45 27 K Ohm 629A531H66y| RB0
R12-R18 470 Ohm 629A531H24 |WR49
°R29 (48 Vdc) 22 K Ohm 629A531 HB4
°R29 (125 Vdc) 68 K Ohm 187A643H71
R42 33 K Ohm 629A531H68 | »;
-Z4-7.5-7.6-7,
Zener Diodes gg_gg 5-26-21
Z1 to Z5-Z10
to Z13-Z16 IN3686B, 200V» [WL85A212H06
76-71-28-Z14-
Z17-718 IN95TB, 668 V 4| 186A797HO6
Z9-Z15 IN3688A 862A288H01
Output Board Style 202C548G01 €201-C202-C203
Capacitors R201
Cl1 04047 Mfd. 849A437H04
Cc2 9 Mtd’ 184A661H16 |« R202-R203
AC3 3 Mfd. 867A530H01 (SKBU-21)
C4-C12 1.5 Mfd. 187A508H09 |,
C5-C7-C10 0.22 Mfd. 763A210H21 | ROZA
C6 4.7 Mfd. 184A661H12
C8-C9 500 Mmfd. 187A694H03
C11 0.1 Mfd. 188A669H03 | 1,201
Diodes 7201
Dl,to D11 IN645A 837A692H03 (SKUB-21 only)

Capacitors
0.25 Mfd.

Resistors
50 Ohms, 5W

3.3 K Ohms

2.2 K Ohms

Filter Choke
8.5 H , 450 Ohms

Zener Diodes

1IN1828C, 43 V

187A624H02

185A209H06
629A531H44

187A641H35

188A460HO01

629AT98H14 |
i

A¢C3%=,.2.2 MFD. on some board.
° —Breaker Failure Inputs.
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57 TRANSIENT UNBLOCK
ADJUSTMENT

FAULT DETECTOR BOARD

SUPERVISION BOARD
S¢ TRIP ADJUSTMENT

AMPLIFIER AND KEYING BOARD

S5 PHASE DELAY ARMING BOARD

ADJUSTMENT OUTPUT BOARD
3 PROTECTIVE
RELAY BOARD

TEST POINTS

RELAY BOARD

S1 FAULT DETECTOR
PICKUP ADJUSTMENT

52 FAULT DETECTOR
DROPOUT ADJUSTMENT

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

Fig. 1. Photegraph (Front View).

POWER SUPPLY
20 VOLT ZENER DIODE

T1 KEYING
TRANSFORMER

T2 LOCAL
TRANSFORMER

R3 RESISTOR

R2 RESISTORS FOR

TERMINAL BLOCK
SEQUENCE NETWORK ~™™

s 31 TERMINALS

Fig. 2. Photograph (Rear View).

T3 FREQUENCY VERIFIER
TRANSFORMER
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[Q2)= TRANSISTORS ARE NORMALLY CONDUCTING
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INSTALLATION

Westinghouse I.L. 41-954.3E
OPERATION e MAINTENANCE

INSTRUCTIO NS

TYPE SKBU-1 AND TYPE SKBU-11 PHASE
COMPARISON RELAY FOR TC CARRIER CHANNEL

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet and in the system in-
struction leaflet hefore energizing the svstem.

not be removed or
energized. Failure to

modules should
the
observe this precaution can result in an undesired
tripping output and can cause component damage.

Printed circuit

inserted  when relay is

APPLICATION

The type SKBU-1 relay and the type SKBU-11 relay
are relays used in conjunction with a type TC power line

carrier set to provide complete phase and ground fault
protection of a two-terminal transmission line. Simul-
taneous tripping of the relay at each line terminal is
obtained in less than twenty-five milliseconds for afl
internal faults within the limits of the relay settings.
The phase-comparison system operates on lingl current
only, and no source of ac line potential is requiredd The
distance phase-comparison svstems use distance “relays
to complement the fault detectors. Neither_syvstem will
trip during a swing or out-of step conditiofs. The, carrier
equipment operates directly from the station/battery.

CONSTRUCTIGN

The phase comparison relays “eonsist of a com-
€ posite positive, negative and, zerejsequence current net-
work, a saturating transfepmer,” three isolating
transformers, a 20-volt fpower ‘Supply, and printed
circuit boards mounted On a Standard 19-inch wide
panel, 8-3/4 inches hi®@h%65 rack units). The SKBU-11
relay has a secend saplirating transformer in addition
to these components.WEdge slots are provided for
mounting thé rack on“a@ystandard relay rack.

Sequence Network

a. SKBU-11

The sequence filter consists of a three-legged
Iton core reactor and a resistor. The reactor
is,ha four-winding reactor with two primary
windings and two secondary windings. The
secondary windings are connected to the re-
sistor which consists of thrce tube resistors
and a small formed resistor. One secondary

winding and the resistor“is a/negative sequence
current filter while_the“ether secondary winding
and the resistor A4S aWpositive sequence filter.

b. SKBU-1 Relay

The sequence<filter consists of a three-legged
iron corgé reactor and a set of resistors, R}
and Rg. “Bhe reactor has three windings: two
primary and ‘@ tapped secondary winding, wound
on thefcenter leg of a “‘F’’ type of lamination
The, seedondary taps are wired to the A, B and
CW\\tap? connections in the front of the relay
(Rqtaps). Ro consists of a three tube resistors
with taps wired to F, Gand H tap connections
in the front of the relay. The Ry resistor is a
formed resistor associated with the tapped
secondary of the reactor.

Saturating Transformer

a. SKBU-11 Relay

The
into
One
cuit

voltage from the sequence network is fed
two saturating or miXxing transformers.
transformer supplies a fault detector cir-
and the other transformer supplies a keying
circuit. Zero sequence current windings are
are inctuded on the transformer.

b. SKBU-1Relay

The voltage from the sequence network is fed
into the tapped primary of a saturating transformer
which has two secondary windings. One winding
supplies the fault detector circuit and the other
winding supplies a keying circuit.

All possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport 10 be covered by these instructions. 1f
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.

SUPERSEDES I.L. 41-954.3D, DATED APRIL 1977

© DENOTES CHANGE FROM SUPERSEDED ISSUE.

EFFECTIVE SEPTEMBER 1978
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Isolating Transformer

Three isolating transformers are provided in the
relay toisolate the dc voltages from the ac voltages.
Two of the transformers are also used to energize
solid-state circuit on alternate half-cycle of the
power system frequency.

Power Supply

The solid-state circuits of the relays are regu-
lated from a 20-volt supply on the relay panel. This
voltage is taken from a Zener diode mounted on
a heat sink. A voltage dropping resistor is provided
betwe en the source dc supply and the 20 volt reg-
ulated supply.

Printed Circuit Boards

Seven printed circuit boards are used in these
relays: A fault detector board, protective 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 suitable for mounting
on printed boards is contained in an enclosure that
projects from the rear of the front panel and i$S
accessible 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 keye@® so ‘that if a
board is placed in the wrong compartment, @it cannot
be inserted into the terminal block., A“handle on the
front of each board is labeled to identify itSyfunction
in the relay.

1. FD Board (Fault Detector Board)

The fault detector board“eontains a resistor-
Zener diode combinationy a phase splitting
network, a soOlid-state gfault detector, and a
frequency verifiergycircuit. The controls for
setting pickup (Sp) “and dropout (Sg) 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“®ecation of components on the board is
shown in Fig. 3 and the schematic of the board
isyshewn in Fig. 4.

2. Arming Board

The arming board connects the outputs offthe
supervision board and the fault detector board to

the final output of the relay. This board contains
logic circuits that will arm the trip output, set
up the time delay of the trip output, and@start
transient blocking on external faults.

The location of components ong#the board is
shown in Fig. 5 and the schematic®®f the board
is shown in Fig. 6.

3. Amplifier and Keying Board

The amplifier and keying board contains a local
squaring amplifierga%ransmitter keying circuit, a
remote squaring ‘amplifier, and a signal squelch
circuit for eaghglinederminal. The amplifier cir-
cuits produce the\pulses that are compared by
AND circuit ofi'‘thé arming board to determine if
the fault is, external or internal.

The “lecation of components on the board is
shown in“figure 7, and the schematic of the board
i$ shownsin Fig. 8.

4. Output Board

The”output board contains a 4-millisecond pick-
up instantaneous dropout timer -circuit, trip
‘““AND’’ (flip-flop circuit), trip amplifier, tran-
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 transient un-
block circuit operates after a time delay on a
sequential fault (external fault followed by an
internal fault). The following figures apply to
this board: Fig. 9 Component Location; Fig. 10
Schematic of the Board.

5. Relay Board

The relay board contains the phase delay circuit
for shifting the local signals with reference to
the remote signals. It also contains a low-pass

@ filter. For the SKBU-11 relay, a Zener clipper-
resistor combination is provided for protection of
the solid-state circuits.

The following figures apply to this board: Fig.
11 Component Location, and Fig. 12 for the
schematic of the board.

6. Supervision Board

The supervision board contains a 8/0 timer for
distance fault detector operation, a 2.5 second

ot
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alarm circuit for sustained arming operation, a
fault detector (FFD1) and a carrier control circuit.
The circuits on this board are utilized to start
carrier, to alarm on an sustained arming opera-
tion, and to delay arming for distance fault
detector operation.

Fig. 13 shows the component location for this
board and Fig. 14 shows the schematic of the
board.

7. Protective Relay Board

The protective relay board contains logic cir-
cuits to connect the distance fault detectors,
and squelch relays into the phase comparison
portion of the relaying system. This board con-
tains AND circuits, buffer circuits, and OR cir-
cuits to connect the relays into the system.

Fig. 15 shows the component location for the
board. Fig. 16 and 17 shows the schematic of
the board.

Card Extender.

A card extender (style no. 644B315G02) is avail-
able for facilitating circuit voltage measurement$ orp
major adjustments. After withdrawing anyonéWef the
circuit boards, the extender is insertéd in that
compartment. The board then is insertedjinto the
terminal block on the front of the extemderThis
restores all components and test peints@on the
boards are readily accessible.

Test Points

Test points are located @n“each printed circuit
board for the major components on“the board. Com-
plete circuit test pointsgareQwired to the front
panel of the relay fef@conVéhience in adjusting
and testing the relay.

OPERATION
A. System

The“QSKBU cafrier relaying system compares
the phaseyposition of the currents at the ends of
a line section over a carrier channel to deter-
mine whether an internal or external fault exists
on theline section.

L SKBU-11 Relay

The three-phase line currents energize a
sequence network in the SKBU-11 relay

I.L. 41-954.3E

which produces two single-phaségoutput
voltages that are proportional to  either the
positive sequence current orgthenegative
sequence current. The singlesphasévoltages
are applied to two saturatingg©r mixing
transformers, one which energizes the fault
detector circuits (FD-1 and ,FD-2) and the
other energizes the keying circuit of the
SKBU-11 relay thfoughy, a low-pass filter.
This circuit allews®the Jtransmission of car-
rier on alternate Whalf-cvcles of the power
line frequencgy. /Carrier is transmitted from
both line terminalls and is received at the
opposite ends, where it is compared with the
phase position of the local sequence network
output-8If the local and remote pulses are in
an4internal 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.

SKBU-1 Relay

The three-phase line currents energize a
sequence network in the SKBU-1 relay which
produce a single-phase output voltage pro-
portional to a combination of sequence
components of the line current. This single-
phase voltage energizes the primary of a
saturating transformer with two secondary

windings. One secondary winding energizes
the fault detector circuits (FD-1 and FD-2)
and the second secondary winding energizes
the keying circuit of the relay through the
low pass filter. This circuit allows the
transmission of carrier on alternate half-
cycles of the power frequency current.
cyveles of the power line frequency. Carrier
is transmitted from both line terminals
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.

Current transformer connections to the se-
quence networks at the two line terminals are
such that carrier is transmitted on the same
half-cycles from both terminals during an
internal fault to allow tripping during the
half-cycle that carrier is not transmitted.



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

However, if the fault is external to the
protected line section, carrier is transmitted
on alternate half-cycles from opposite ter-
minals. Thus each terminal blocks the op-
posite terminal during the half-cycle when it
is attempting to trip.

The four-millisecond delay previously men-
tioned is added to allow for differences in
current transformer performance at opposite
line terminals, relay coordination, 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 transmission of
other functions.

B. Relay

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-11 Relay

In the SKBU-11 relay, the sequence filter
produces two single phase voltages: Orne€
voltage proportional to the positive sequence
current, and the other voltage proportiopal
to negative sequence current. These voltages
are applied to primary windings 0Of two
saturating transformers where® they are
mixed to produce two separategsegondary
voltages proportional to a  combination of
sequence components. Zero sequencewindings
are included on the two transformetsé

2. SKBU-1 Relay

In the SKBU-1 relay/ the @sequence filter
produces a single“phasefvoltage proportional
to a combinatidn of “Sequence components.
This voltage i§'applied to the primary winding
of a saturatingitransformer which produces
two secondary voltages.

The secondary volgages are applied to two sep-
arate boards:

Voeltage 1 to Fault Detector Board

Veltage 2 to Relay Board

Fault Detector Board

With reference to the schematic drawing_.ef
Fig. 4, the ac voltage is applied to terminals
6, 5, and 3 of the fault detector board. This
voltage is then applied to a phase-splitting
network (C52, R52, R53) and a polyphase
rectifier (diodes D51 to D56). Thedc voltages
obtained from the rectifier are/applied to the
fault detector circuit (Q5T9Q52, Q53, Q54)
which operates when the dc Thput ‘‘signal’’
exceeds a predetermined/value.

Fault Detector (FD-2)

Under normal conditionsgftransistor Q51, has
no base ‘‘signal’’ "amd is turned off. The
collector of Q51Wis at positive potential and
provides base driveto transistor Q52, driving
it to €enductiony With Q52 conducting there
is no base,drive to transistor Q53 and Q53
ispturnedioff.¥This condition keeps transistor
Q54%in “@ non-conducting state, equivalent
tosan open circuit.

When a fault causes the dc input voltage from
the polyphase rectifier (across S; and Rsq)
to exceed the 6.8 volt rating of Zener diode
Z52, a positive potential is applied to the
base of Q51 causing it to conduct. In turn,
Q52 stops conducting, and capacitor C54
charges, giving a few milliseconds time delay
before Q53 and Q54 are switched to full
conduction, thus ‘‘closing’’ the fault detector.
When the fault detector operates, a positive
input is appliedto the arming board at terminal
12. The feedback path of resistors R66 and
S2 increase the voltage to Z52 after the
fault detector operates. This seals-in the
fault detector and allows the fault detector
to drop out at a high dropout ratio when the
ac current is reduced.

Frequency Verifier (FV)

During certain switching conditions, such as
energization of a transmission line, residual
currents and voltages may exist of higher
frequencies than 60 hertz. The frequency
verifier prevents fault detector operation
when frequencies 120 hertz or higher are
encountered during the switching conditions.
The frequency verifier circuit consists of two
functional parts: Zero-crossing and com-
mutator circuits. With reference to Fig. 4,
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the zero-crossing circuit consists of Q55,
Q56, Q57 and Q58. The commutator circuit
consists of Q59, Q60, C58, C59, Z54 and Q61.

During either the positive or negative half-
cycles of the output voltage from the mixing
transformer, Q55 or Q57 transistors are driven
into saturation by the output of the FV trans-
former (T3). Transistors Q56 or Q58 conduct
until capacitors C56 or C57 respectively are
fully charged. While either capacitor charges,
a voltage output in the form of very narrow
pulse is developed across R76 and R78
resistors. This pulse triggers Q59 control
switch. When transistors Q55 or Q57 are not
conducting, C56 and C57 capacitors discharge
respectively through D66 or D62 and the
parallel combination of R73 and R74 or R69
and R70.

While Q59 is ‘‘on’’ its anode (TP60) is only
about 0.7 volts above negative, thus turning
off transistor Q62 to allow capacitor C60 to
start charging. However, a shorter 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
ofdelay, thecontrol switch Q60 fires applying
the voltage of capacitor C58 acfoss /Q59
turning it off. This raises the potential of
the Q59 anode to turn on Q62 toldischarge
C60 before the charge reachesga value to
to break down Z55 to turn on Q634 After the
next zero-crossing pulse Q59.switech is turned
on again, and the Q60 switch is turned off
by capacitor C58. Transistor’ Q61 when
turned on and off byftheWsame pulse that
fires the gate of Q59 discharges timing
capacitor C59, when“on. This startsthe timing
cycle with closefto zero“charge on the capac-
itor. If the zerQ, crossing period of the FV
voltage is Jlésspthan 4.3 milliseconds, the
Q61 transistorddisecharges the timing capaci-
tor te preventw@Q60 from turning on. This
keeps Q99 switch on to allow C60 to charge
tova, value to break down Zener diode Z55 to
turn om,QB63. Turning on Q63 prevents Q53 of
the fault” detector from turning on thereby
preventing Q54 from turning on and thus
prevénts an output from the fault detector.

Relay Board

With reference to Fig. 12, the ac voltage from
either the second saturating transformer

I.L. 41-954.3E

(SKBU-11) orthe second winding of thessingle
transformer (SKBU-1) is applied to terminals
10 and 12 of the relay board. Ehisyvoltage
is then applied to the phase dela§ circuit
through a low pass filter. The low _pass filter
(C201, L201, C202) removes the harmonics
from this voltage and applies a voltage that
is essentially sinusoidal in" waveform to
R202 and R203 of ghe _phase delay circuit.
The phase delay ciréuit) consists of R202,
R203, C203, andW85 “mounted on the front
panel of the grelay. By means of capacitor
C203 and variable| resistor S5, the voltage
across terminal 9¥and 2 can be made to lag
the voltage across terminal 10 and 11 by a
definitepamount depending on the setting of
S5. gEach™of these two voltages are applied
tosseparate isolating transformers.

1.0l Undelayed voltage terminals 10 and 11
to a keying transformer (T1).

2. Delayed voltages (terminals 4 and 2) to
local transformer (T2).

Keying Circuit

With no ac output (Ref. Fig. 8) voltage
from the sequence network, base current does
not flow into transistor Q103, from terminals
9 and 8 of the amplifier and keying board.
The collector of Q103 is at positive potential
which allows base current to flow from posi-
tive 20 volts dc to the base of Q104 through
R111 and R112. This turns on Q104 to pre-
vent base current f rom flowing to Q105. Since
Q104 is conducting, transistor G105 does not
conduct and the collector of Q105 is held at
positive potential. As a result, transistor
Q105 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-
tive half-cycle of this voltage, terminal 8
is more positive than terminal 9 and transistor
Q103 does not conduct. In turn Q104 remains
conducting and Q105 does not turn on. On the
negative half-cycle of sine wave voltage from
the keying transformer, terminal 9 is more
positive than terminal 8 and base current
flows in Q103. This turns Q103 on which
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removes base current to transistor Q104.
Q104 stops conducting, and its collector
goes to positive potential. Positive potential
is thus applied to the base of Q105 through
R114 and R115 to turn on Q105. Thus on

alternate half-cycles of the 60-hertz voltage
from the low pass filter, Q105 turns on. If
the carrier control circuit operates, as seen
in Fig. 18, turning Q105 on and off every
half cycle, shorts the input to the TC carrier
set every other half cycle so that carrier is
transmitted on the half cycle when Q105 is
not conducting.

Signal Squelch Circuit

When an input is removed from terminal 7 of
the amplifier and keying board, positive
potential is removed from the base of Q101
Q101 turns off and a discharge path from
C101 is provided through R102 and transistor
Q1 of the protective relay board. Q101 stops
conducting and a positive potential is ap-
plied to capacitor C102 of the amplifier and
keying board. Ten milliseconds after the
input to terminal 7, C102 charges sufficiently
to break down Zener diode, Z102. This turng
on Q102, which shorts the input of the EC
carrier set to negative to prevent the trans-
mission of carrier.

Upon removal of the input to terminady7 Of
the amplifier and keying board, (positive
potential is applied to capaciter, %€l01,
150 milliseconds later C101 ,charges suf-
ficiently to break down Zemer diede Z101.
This turns on Q101 to provideya .discharge
path for C102 through R106 @and Q101 to
negative. In turn, Q102 steps conducting to
remove the short from the, input of the TC
carrier set.

Local Squaring Amplifier

The delayed “weltage from the local trans-
former (T2) is applied to the local squaring
amplifier (Q106, Q107, Q108) and a loading
circuit on théramplifier and keying board of
the relay. With reference to thelocal squaring
aniplifien of Fig. 8, with no ac input voltage
@1,06%is not conducting and the collector of
Q106 is at positive potential. This applies
base current to transistor Q107 through R120

and R121 such that Q107 is turned on. This
allows base current to flow in Q108. Q108

turns on to apply positive potential acress
R125, (blocking condition).

With the application of a sine wave voltage
to terminal 6 and 19 of the amplifier and
keying board, on the negative half-cycle of
the voltage, the base of transistor QlU6 is
more positive than thegemitter and Q106
(amplifier 1) conducts. /On/the, positive half-
cycle of the ac voltage, [QLO6 is turned off
and current flows intoWthe loading circuit.
Therefore, Q106 isWeonducting on the nega-
tive half-cyclefof “ac voltage. Turning Q106
on and turnsoff ftransistor Q107. Tran-
sistor Q107 steps“eonducting and its collec-
tor gees to @ positive potential which turns
off Q108 Thus the output of the squaring
amplifien 1S» a square wave voitage ranging
from O0%welts dc to 20 volts dc depending upon
the polarity of the voltage from the phase
delaygcircuit.

Remote Squaring Amplifier

The remote squaring amplifier consists of
transistors Q109 and Q113 of the amplifier
and keying board, (Ref. Fig. 8).

Under non-fault conditions, carrier is not
transmitted from the remote carrier set. As a
result the base of Q113 is more negative than
its emitter, and Q113 conducts. This applies
positive 20 volts to the base of Q109 to
prevent it from turning on. Hence, Q109 is
not conducting and negative voltage (with
ref. to +20 volts) appears across R129,
(unblocking condition).

Under fault conditions, the remote 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 square wave voltage vary-
ing in magnitude from 45 volts to 0 volt.
This voltage is applied to the base of Q113
through R141 and D110. Upon application of
positive 45 volts d-c to the base of Q113,
the potential of the base is greater than that
of the emitter and Q113 stops conducting.
This removes positive potential from R139
and allows the base of Q109 to become nega-

2,
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tive with respect to the emitter. Q109 turns
onto apply positive voltage (with ref. to neg.)
to R129. Hence, the voltage across R129 is
a square wave voltage that is developed by
the voltage received from the TC receiver.

Arming Board (Ref. Fig. 6)

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

Internal Fault Conditions

With reference to the logic drawing that ap-
plies to the relay, the output voltages of the
sequence filter of one relay are 180 degrees
out-of-phase with respect to its load
current condition. This changes the polarity
of Amplifier #1 such that its output is in
phase with the remote signal. This means
that AND 1 has a half-cycle of negative
voltage. This voltage is applied to AND"3
of the arming board to set-up one condition
(negative voltage from OR-1) for 4ctivating
the AND. The second condition“te, activate
AND-3 is provided by arming thelzelay.

In either Fig. 19, 20, or 27,%atming occurs
through either the operation ofithe distance
fault detectors or the operation of fault de-
tector (FD2) of eitherfythe SKBU-11 or

SKBU-1 relays. The“Qperation of either fault
detector will applypa voltage to OR 2 of the

arming board. THe output voltage from OR 2
applies a positive Thput to the trip AND
of the output “board through ARM and a
negative Sigmal{linto AND 3 of the arming
board.“AND3.is activated and starts the 4/0
timer. ,Foun, milliseconds later, a negative
inputds applied to the trip AND of the output
board. Sifice the three conditions of trip (a
negativie input from the 4/0 timer, not a neg-
ative input from the ARM logic, and a positive
signal from the 22/0 timer) is fulfilled, a
trip output is obtained from the relay.

External Fault

Under external fault conditions, the square
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wave voltage from the remote squaring ‘@am-
plifier and the square wave voltage from the
local squaring amplifier aregmoutzef<phase
such that zero output is being obtdined from
AND 1 of the arming board. Asja.gz€sult, the
output of AND 1 is zero, and AND 3 cannot
be activated. This blocks AND 3 and the
4/0 timer is not energized.

With fault detectof operation, an input is
applied to OR®2 amd OR-3 of the arming
board. OR-2 will'provide a positive input
(not a negaftive jinput) to the trip AND
but  tripping® fwill™ not occur since the
4/0 timer isynot®providing a negative input to
the Trip, ANDY The fault detector input to
OR-3Mwill®provide an input to a 1/100
timer onW%the Output Board. The timer
negatesthe signal to provide a negative input
to/thetransient block AND. With the applica-
tion of the input fromthe 0/100 timer the three
conditions of transient block are fulfilled —
not an input from the Transient UNBLOCK
circuit, not a negative input from the Trip
AND, and a negative input from the 0/100
timer. Twenty two milliseconds later the 22/0
timer of the transient block circuit times out
to remove the positive input to the TRIP
AND. The TRIP AND is thus desensitized
to prevent undesirable operation during
transients associated with power reversals
on the protective line or at the clearing of an
external fault.

Sequential Faults

If the above external fault is followed by an
internal fault before the external fault is
cleared, the transient unblock circuit is set
up to remove the transient blocking input to
the TRIP AND. For the internal fault, the
square wave 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 square wave input every other
half cycle to the AND of the transient
unblock circuit to fulfill the requirements
to obtain an output from the transient
unblock circuit .
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As aresult, an input is applied to the unblock
timer every other half cycle. Twenty-five milli-
seconds later, capacitor C301 (Ref.Fig.10)
will charge such that the unblock timer will
operate to apply a voltage to the block AND
circuit. This resets the 22/0 block timer,
and removes the input to the AND of the un-
block timer to reset the unblock circuit. The
required three inputs are thus applied to the
Trip AND and a trip output is obtained from
the relay.

Supervision Board (Ref. Fig. 14)

The circuits on the supervision board include
the auxiliary functions of the relay, and they
include a fault detector (FD-1), carrier control
circuit and timer circuit.

Fault Detector 1 (FD-1) (Q161, Q162)

Under normal conditions, transistor Q161,
has no base ‘‘signal’’ and is turned off. The
collector of Q161 is at positive potential
and no collector current flows. This keeps
transistor Q162 in a non-conducting state,
equivalent to an open circuit.

When a fault causes the dc input voltage from
the polyphase rectifier (of the FD Board)
across S3 and R185 to exceed the 6.8 vOlt
rating of Zener diode Z156, a positive input
is applied to the base of Q161 base causing
it to conduct. In turn, Q162 is switched o
conduction, thus ‘‘closing’’ the fault détector:
When the fault detector operates, a ‘positive
input is applied to the carrier control cireuit.
The feedback path of resistorsqR191 and S4
increase the voltage to Z156 aftemythe fault
detector operates. This seals “infthe fault
detector and allows the fault detector to drop
out at a high dropout,ratieswhen the ac
is reduced.

B. Carrier Control{Circuit,(Q163, Q164)

Under nornial, conditions Q163 is not con-
ducting and baseydrive is supplied to Q164.

As shown in Fig. 18, the emitter of Q164 is
connected to negative dc. The collector of
Q164 is connected to positive 45 volts de
of the TC set through R142 of the amplifier
and keying board. Normally Q164 is conduct=
ing. When either FFD1 or the distance carrier
start relay operate, base drive is supplied to
Q163. Q163 turns on and shorts the base of
Q164 to negative. Q164 turns off tograise the
potential of point A of Figy 187 This starts
the transmission of carrier,

Arming Delay By Distance Fault Detectors

(8/0 Timer) (Q151, C15W),Z151, Q152, Q153)

The distance supervisien arming is delayed
by 8 milliseconds to“allow time for the AND
of the arming, board to respond at fault in-
ception. Qperatien of the distance fault
detectors, will remove base current to tran-
sistor QI5L. Q151 turns off, and positive
poténtial is applied to capacitor C151. Eight
milliseconds later the voltage on C151
reaghes“a value to break down Zener diode
Z151°%This turns on Q152, which connects
the base of Q153 to negative through resistor,
R158. Q153 turns on to apply positive poten-
tial to resistor R160 and terminal 13. From
terminal 13 the voltage is applied to the
arming board.

Sustained Arming Alarm (2500 Timer) (C152,
Z152, Q154 to Q156)

When arming occurs, positive potential is
applied to terminal 18 and capacitor C152
from terminal 15 of the arming board. Two-
and-one-half seconds later, the potential on
C152 breaks down the Zener diode Z152 to
allow base current to flow into Q154. This
turns on Q154 which turns off Q155. Turning
Q154 off applies positive potential to the
base of Q156 and Q156 turns off. Thisremoves
positive potential from R170 and an external
alarm is energized.

A
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CHARACTERISTICS For distance fault detector applications, the
A. SKBU-11 Relay user should reset the SKBU-1 faultf'deteector for

Taps are available in the SKBU-11 relay to set
different sensitivities of the fault detector
(FD-1) to zero and negative sequence currents.
These taps are as follows:

NEGATIVE SEQUENCE T APS (I9)

TAP NEGATIVE SEQUENCE
SETTING SENSITIVITY
A None
B 0.4 Amperes
C 0.25 Amperes

Zero Sequence Taps (Ig)

TAP ZERO SEQUENCE
SETTING SENSITIVITY
F None
G 0.2 Amperes
H 0.1 Amperes

The second fault detector unit (@#D-2) which
supervises arming is adjusted to pick up at a
current 125 per cent greater than FD-=1. By
means of the S} adjustment,gthe piek up of
FD-2 can be increased to@ 250wper cent
greater than FD-1.

The positive sequence, response of the fault
detector is greater than 7 “amperes.

. SKBU-1 Relay

Taps are available in the relay to set the sensi-
tivity of FD-1 to different combinations of positive,
negative andfzero, sequence components of the
line cument\The /T taps on the left hand tap
plate dndicate the balanced three phase amperes
whiéh wdll operate the fault detector FD-1.
These gaps dre as follows:

3,4,5,6,7,8and 10

The second fault detector unit (FD-2) which
supervises arming is adjusted to pickup at a
current 125 percent greater than FD-1. By
means of the S; adjustment, the pickup of
FD-2 can be increased to 250 percent
greater than F'D-1.

a pick-up of twice the tap value by‘meang of the
S5 setting.

Positive and Negative Sequence
Current-R1 Taps

The upper half of the right hand tap plate or
R1 taps changesfthegnumber of turns on the
third windingypof“the/mutual reactor. This
reproportions_the‘eomponents of the sequence
filter which changes the positive and nega-
tive sequence sensitivity of the fault detector
Operation“of the fault detector (FD-1) with
the vamious/taps is given in the following

COMBYy( IN NETWORK | BLOCK

taple:
TABLE |
TAPS ON
SEQUENCE
RIGHT FAULT DETECTOR

COMPONENTS | HAND TAP|  (£pi1) PICK-UP 1

OUTPUT | Ry | Ro¥| 3¢ G
FAULT FAULT 6

1 Pos., Neg., C G Tap 86% Tap

Zero or Value |Value
H (53% on BC
Fault)

2 Pos.,Neg., B G |2 x Tap|90% Tap

Zero or | Value |Value
H (65% on BC
Fault
3 Neg., Zero A |Gor — 100% Tap
H Value

# —Taps F, G and H are zero-sequence taps for

adjusting ground fault sensitivity, See section
on zero-sequence current tap.

t —When taps A and 3, or B and 3 are used, FD-1

will pickup 10 to 15 per cent higher than the
above values because of the variation in self-
impedance of the sequence network and the
saturating transformer.

6 —Fault detector FD-2 is set to pick-up at 125 per

cent of FD-1 for a two terminal line, or 250
per cent of FD-1 for a three terminal line.

Zero Sequence Current—RQ Taps

The lower half of the right-hand tap plate (Rg
taps) is for setting the response of the relay to
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ENERGY REQUIREMENTS
A. SKBU-11 Relay

Burdens measured at a balanced three-phase
current of five amperes. (Independent of tap
setting).

PHASE A PHASE B PHASE C

I.L. 41-954.

RELAY PHASE A PHASE B PH C

TAPS VA |ANGLE| VA |ANGL NGLE
A-F-3 2.47 0c| 2.1 1 1197 20°
A-H-10 7.3 60° [12.5 53° | 6.7 26°

B-F-3 2.45 0° | 2.09 13" 2.07 10°

VA ANGLE VA ANGLE VA ANGLE

8.3 106° 2.2 50° 46 0°

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

PHASE A PHASE B PHASE C

RELAY
TAPS

VA ANGLE| VA ANGLE| VA ANGLE

C-H 11.7| 2.0° 9.7 | 1.8° 44.0 | 2.2°

B-H il.d | 2.0° 10.3 1.8° 46.0 | 2.2°

2.2°

A-H 11.1 | 2.0° 11.2 1.8°

C-G 8.8 | 2.0° 7.0 | 1.8°

B-G 8.7 2.0° 7.5 1.8°

A-G 7.8 | 2.0° 8.5 1.8°

C-F 6.7 | 2.0° 7.5 | 1.8°

B-F 6.5 | 2.0° 7.2 | 1.8°

A-F 5.8 | 2.0° 6.6 | 1 2.2°

L 4
B. SKBU-1 Relay \

Burdens measured at,a &e three-phase cur-
rent of five amperes.

RELAY |  PHASE A HASE B PHASE C
VA |ANGLE| VA |ANGLE
0.6 0° | 2.5 50°

0.8 100° | 1.28 55°

B-F-3 0.63 0° | 2.45 55°

B-H-10 0° | 2.35 90° | 0.3 60°

C-F-3 (#2.32 0° ] 0.78 0° | 2.36 50°

C-H-10 6.35 | 342° | 3.83 80° | 1.98 | 185°

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

B-H-10 | 16.8 55° . 50° /12.3 38°
C-F-3 2.49 . 15°{ 2.11 15°

C-H-10 | 31.2 3 38°|23.6 35°

e the degrees by which the
spective voltage.

The angles 4abo
current lags i

CONTINUO ATINGS: The continuous rating
of thelSK is 10 amperes and the continuous
ratin the SKBU-11 is 7 amperes. The two
SEco verload rating of the SKBU-1 is 150 amp.
p d 125 amp. ground while the two second

of the SKBU-11 is 125 amp. phase and
round.

SETTINGS

If settings in between taps are desired, the tap
screw should be set in the next lowest tap. S; and
S3 should then be adjusted for the desired pickup
value. Dropout should be readjusted by means of
Sz and S4.

A. SKBU-11

The SKBU-11 relay has separate tap plates for
adjustment of the zero and negative sequence
sensitivity of the fault detector (FD-1). The
fault detector tap markings and pickup are:

Negative Sequence Sensitivity (12)

A. None

B 0.4 Amperes

C. 0.25 Amperes
Zero Sequence Sensitivity (lg)

F'. None
G. 0.2 Amperes
H. 0.1 Amperes

Two tap plates are provided: one for I and the
other one for Ig.

Tap A should not be used in service since this
would prevent fault detector operation for phase-
to-phase faults. However, tap F may be used
with either B or C since negative sequence
current flows for both phase-to-phase and ground
faults.

N
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12

The recommended settings are tap B or C as
needed for the required sensitivity, and tap F.
Taps G and H have been provided for applica-
tions where the negative-sequence load flow due
to series impedance unbalance may be high
enough to operate FFD with a tap C setting. In
this case, 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 cancellation
of the negative-and zero-sequence effects on
ground faults. With a tap B setting, a tap H
setting is preferred.

To summarize, the recommended setting com-
binations in the order of preference are:

COMBINATION I TAP lg TAP
1 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 125 per cent.

SKBU-1 Relay

The SKBU-1 relay has separate tap plates for
adjustment of the phase and ground fadlt
sensitivities and the sequence components
included in the network output. The methéd of
determining the correct taps for a given in-
stallation is discussed in the 4following
paragraphs.

Setting Principles

Tap C provides the best balanee between three
phase and phase-to-phase/ fault sensitivity.
Always use this tap Wheredistance fault detector
supervision is usged. Where only the SKBU-1
fault detector i usgd and” where the full load
current (maximum®through any terminal) is ap-
proximately five amperes or more, tap B will
provide increased phase-to-phase fault sensi-
tivity with little .or no sacrifice in three phase
fault sensitivity. For example, if a left-hand tap
(T) of 46, isyneeded with tap C (6C), then use a
3B setting instead.

NOTE: From Table I, pickup will be 4.15 amp.
for tap 3B and 5.40 amp. for tap 6C for ¢a to
¢b fault, 3¢ pickup is 6 amperes on tap 6C and
6.1 amp. on 3B.

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

In all cases provide identdcal Tesponse at all
stations to insure properphaSe g£omparison and
adequate keying for anyWfault detected by
remote-end relays. ToW.accomplish this, the
letter taps (A, B, C§{ F.AG, H) shouldbe identical
at all stations. AY¥se, the"taps should be identi-
cal with identi€al, CTyratios, or inversely pro-
portional 4o CT raties’ where different.

After, selecting@tap C or B, pick the T tapto
allow“resetnefithe fault detector in the presence
of “lead “flow. That is, fault detector pick-up
shouldWbe, at least 111 per cent of full load
current (maximum through any terminal).

Now “select tap G or H for desired ground-fault
sensitivity.

For distance fault detector applications, set
3C to provide the maximum sequence-filter
voltage for the squaring amplifiers. The SKBU-1
current fault detector FD-2 is then independently
desensitized (by adjustment of Sl and S2 settings)
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 detectors.

Examples of SKBU-1, Relay Settings

CASE I_

Assume a two-terminal line with current transformers
rated at 400/5 at both terminals. Also assume that
full load current is 300 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, 400 amperes is fed in from one end, and 100
amperes from the other end.
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a. Positive Sequence Current Tap

Secondary Values:
Load Current = 300 x 5 = 3.75 amperes (1)

400

Minimum Phase-to-Phase Fault Currents:
600 x 5 = 7.5 amperes (2)

400

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

at least:
3.75 = 4.18 :amperes (0.90 is dropout ratio of
m FD-1. 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 FFD-1 setting
from Table I must not be more than: (based on a
three phase fault:

7.5 x 1 x 1 = 6.93 amperes

0.86 1.25 (4)

1.25 = FD-2 Pickup
F'D-1 Pickup

Sequence Combination Tap

From a comparison of (3) and (4) above, it iSyesident
that the fault detector can be set to trip Umder<mini-
mum phase fault condition yet not operatepunder
maximum load. In this case, tap C would\be used
(see Table I, Comb. 1) as there is,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 loadleurrent.

Zero Sequence Tap

Secondary Value:

100 x 200 = 1725 amperes minimum ground fault
current.

With T tap 63and’'R1 tap, the fault detector pickup
currents for ground faults (See Table II) are as
follows:

TapiG .25 x 6 = 1.5 ampere (FD-1)
Minimum Trip = 1.25 x 1.5 ampere = 1.8 amp. (FD-2)

Tap'H 12 x6 = 0.72 ampere (FD-1)
Minimum Trip = 1.25 x 0.75 = 0.90 ampere (FD-2)

I.L. 41-954.3E

From the above, tap H would be used to \trip for a
minimum ground fault of 1.25 amperes.

CASE 11

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 detectorsfcannot be set to trip on
the minimum internal thtee-phase fault, yet remain
inoperative on load current®¢Compare equations (5)
and (6).) However, by conmnecting the network per
combination 2 on Tablé 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 gwill, allow operation at maximum load
without picking up’ the fault detector, and provide
high speédurelayping of all except light three-phase
faults.

In order to, complete the trip circuit on a 7.5 ampere
phase-fo-phase fault, the fault detector tap must
nowpbe not more than:

7.5 x 1 x 1
1.25 .90
To be sure the fault detector FD-1 will reset after
a fault, the minimum tap setting is determined as
follows:

= 6.67 amperes (5)

Load Current = 550 x 5
400

= 6.9 amperes (6)

6.9 = 7.7 amps. (.90 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,
half the above value (Eq. 7) should be used in de-
termining the minimum three-phase tap.

7.7 = 3.86 (8)

2

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

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

Tap G = 2x5 = 1.0 ampere (FD-1)
Q Minimum Trip = 1.0 x 1.25 = 1.25 ampere (FD-2)

13
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Tap H 1 x5 = 0.5 ampere (F'D-1)
Minimum Trip = 1.25 x 0.5a. =0.63 ampere (FD-2)

I

Therefore, tap H would be used to trip the minimum
ground fault of 1.25 ampere with a margin of safety.

INSTALLATION

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 AWG copper wire to
grounding post.

ADJUSTMENTS AND MAINTENANCE

NOTE: The phase comparison 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 are given in
the instructions of the assembly. The assembly
instructions and not the following instruction should
be followed when the relay is received as an integral
part of the relaying system.

In those cases where the relay is not part of 4
relaying system, the following procedure can ‘e
followed to verify that the circuits of the relayWare
functioning properly.

TEST EQUIPMENT
Oscilloscope
AC Current Source
Electronic Timer
AC Voltmeter
DC Voltmeter

ACCEPTANCE/TEST

m.&ww:—

Connect the relay to themtestweircuit of IFig. 24
which represents the TC[ cafriér channel for test
purposes. On SKBU-1., relays, jumper terminals
2to 4 to6to8.

If the test fixture€'is met available, the remote
pulses can be obtained,frem the SKBU keying circuit.
This is accomplished by jumpering various circuits
of the relay together as follows: (Note: These in-
structions apply where no external connections are
made to theaJ101 block).

14nApply either 48 volts dc or 45 volts dc to
J101-2 (pos.) and J101-5 (neg.). An alternate
connection is to X; and X4. Also connect
positive 45 volts dc to either X3 or J101-3.

14

2. Jumper J101-5 to J101-6. An alternate con~
nection is terminal 3 to terminal 8 on the
supervision board. This connects the carrier,
control to negative.

3. Jumper J101-13 to J101-14. An alternate con-
nection is terminal 6 of the supervision
board to terminal 15 of themamplifier and
keying board. This connects .the carrier con-
trol circuit to positive 45yhvoltsfdc through
R142 of the amplifier an@W%keying board.

4. Jumper J101-25 to dl01-%.4An alternate con-
nection is terminal 12%te terminal 17 of the
amplifier and keying.doard. This connects
the keying circuityto the remote squaring
amplifier.

5. Short resistorwpyR141 on the amplifier and
keyingypboard./This is necessary to allow the
remote, squaring amplifier to work from a
lower, Voltage input than normal. Normally
45"wolts dc is applied to J101-17. In this test
circuit, approximately 24 volts dc is applied
to J101-117.

6. WwConnect 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 29.

If the above connections are utilized to test the
relay, the reference to closing switches A, B, C, and
D should be ignored.

The following tests are with reference to the
relay as received. If a recalibration of the circuits
is desired, the recalibration can best be obtained by
setting S1, S2, S4 and S5 to counterclockwise limit,
S6, S3 and S7 to clockwise limit, and R316 on output
board to the middle of its range.

1. FD-1 Pickup and Dropout

a. Set relay on taps C and H. Set SKBU-1
T tap 5.

2
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2.

Connect a high resistance dc voltmeter
across Xjg and X4 (neg.).

Apply 60 hertz current to terminal 1 and 3
of the relay. Gradually increase the current
until the voltmeter changes reading from
approximately zero volts to approximately
20 volts. This is the operating current of
FD-1 and should be 0.433 +5% amperes for
SKBU-11 relay and 4.33+5%
SKBU-1 relay.

amperes for

Gradually lower ac test current until the dc
voltmeter drops to approximately zero volts.
This is the dropout current of FD-1 and
should occur at .389 to .395 amperes for
SKBU-11and3.89 to 3.95 amperes for SKBU-1.

Adjustment of pickup and dropout is made
by S3 and S4 respectively.

If the output of the fault detector is erratic
at pickup, R35 on the fault detector should
be adjusted such that the following waveform
should appear across X5 to Xq.

peaks shouldfbe
nearly equal or,

'KVVW\ if not, rising
! slightly, £0 the
righta

16 to 17‘_4
milliseconds

FD-2 Pickup and Dropout

a.

With relay set on taps I3 = C,qlg = H, con-
nect a high resistance goltmeter to X13 and
X4 (neg.).

With a 60 hertZytestiycurrent connected to
terminal 1 and 3 “ofythe “relay, gradually in-
crease the current until*the voltmetercharges
reading from ‘approximately zero volts to
approximately$20 volts. This is the operating
current of \FD-2 and should be between 0.514
to 0:568pamperes for SKBU-11 and 5.14 to
5468 amperes) for SKBU-1.

Gradgiallydlower the ac test current until the
dc voltmeter drops to approximately zero
volts. This is the dropout current of FD-2
and should occur at between 0.461 to 0.509
amperes for SKBU-11 and4.61 to 5.09 amperes
for SKBU-1.

3. Check of Local Squaring Amplifiers

a.

With all switches of test circuit open, apply

I.L. 41-95473E

0.6 to 0.8 amperes ac to terminalsgl, and 3
of the SKBU-11 relay, or 6 to 8 amperes ac
to terminals 1 and 3 of the SKBU-1 selay.

Place scope probe across X12 and‘X4 (grd).
A square wave of voltage sheuwld appear
across X12 and X4 as shown in Fig. 25.

4. Check of Keying Circuit

a.

With all switehesVof 'test circuit open and
0.6 to 0.8 amperes, aé®applied to terminal 1
and 3 of the SKBU-119relay, with scope check
voltage across/X14“and X4 (grd). (This volt-
age shouldbechecked with 6.0 to 8.0 amperes
into terminalsi and 3 of SKBU-1 relay).

Waveform ‘shown in Fig. 25 should be

observed.

5. Check/ofiRemote Squaring Amplifiers

Close switches A, B and C of test fixture.

Apply 0.6 to 0.8 amperes ac to terminals 1
and 3 of the SKBU-11 relay, or 6 to 8 amperes
ac to same terminals for SKBU-1 relay.

Using scope with grd. lead on X4, check
waveshape of voltage across X9. Waveforms
of Fig. 25 should be observed.

6. Setting of S5 and S6

a.

With S5 set to minimum resistance (fully
counter-clockwise) and S6 to maximum
resistance (fully clockwise), (set L. on ex-
ternal fault) close switches A, B and C of
the test circuit. Apply 0.6 to 0.8 amperes ac
to terminals 1 and 3 of the SKBU-11 relay
or 6 to 8 amperes ac to same terminals of
SKBU-1 relay. Open and close switch D.

Place scope across X10 and X4 (grd). Adjust
S5 until following waveform appears on scope.

Zero Line

e 4 M.S.
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Adjust S6 until the relay trips. This sets
the triggering of the Trip AND after a 4 milli-
second delay.

Slowly change S5 to obtain the following
waveform. This will be with S5 at or near
minimum resistance.

Equal Pips may

Point up as shown

or down \
e. Close and open switch D, and slowly turn S5

until the relay operates. Waveform should be
the same as in step 6. If necessary, readjust
S6 and repeat step d and e.

7. Transient Blocking Delay
(22/0 and 0/100 Timer)

a.

Connect electronic timer stop to X7 and
X4 (grd). Set timer stop on negative going
pulse. Relay not to be energized with ac
current.

Connect timer start to X18. Set timer Start
to positive going pulse.

Close switch A and switch 31. Clese“switch
32. (Represents 20 volt input (to temminals
3 and 19 of protective relayp board). Timer
should start and should stop between 22 and
25 milliseconds. If necegsary, adjust R316
on output board to obtain timing.

Set timer start omy,a negative pulse and timer
stop on a positive pulse.

Open switch®32. (Represents removal of 20
volt input to termin@l 5 of the protective relay
board) Timer should start, and should stop
after a time delay of 80 to 135 milliseconds.

8. 8/0 TimeriDistance Fault Detector

16

a.

Connect timer start to terminal 16 of super-
vision board. Set timer start on positive

pulse. Connect timer stop to X18 and X4
(comm). Set timer stop on positive pulse.

Close switch 31. Close switch 32. (tep-
resents 20 volt input to terminals 3 and 19 of
protective relay board). Timer should start

and should stop after 6 to 8 milliseconds.

9. Sustained Arming Alarm (2.5 Secofids)

a.

With electronic timer stop cemneéted to X17
and X4 (grd), set timgr stop “on negative
going pulse.

Connect timer stast to X8, Set timer start
on positive pulses

Close switch 319and then switch 32. (Rep-
resents 200voltdinput to terminals 3 and 19 of
prote@hive relay, board). Timer will start and
shouldystop after 2.3 to 2.7 seconds.

Open switeh 31 and 32.

10. Check ofiTransient Unblocking Circuit

d.

With electronic timer stop connected to X7
and X4 (grd), set timer stop on positive going
pulse.

Connect timer start to timer start contacts of
switch A. Set timer start on negative pulse.
If DPST switch ‘‘L’’ of testcircuit of Fig. 29
is used, connect second pole of switch to
+20 volts to trigger timer.

Close switch A and apply 0.6 to 0.8 amperes
ac into terminal 1 and 3 of the SKBU-11
relay. (6 to 8 amperes into 1 and 3 of
SKBU-1)

Open switch A, timer should start and should
stop after a time delay. Time should be 22
to 28 milliseconds. Recheck approximately
10 times in order to take an average of 10
readings. To recheck time, it will be neces-
sary toclose SW-A andreset relay with SW-D
If test circuit of Fig. 29 is used, close switch
““L”’ to internal fault position. Timer should
start and stop after a time delay of 22 to 28
milliseconds. Take average of 10 readings.

11. Recheck steps 6, 7 and 10. Readjust S6, R316,

and S7 if necessary.

i o



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY LL. 41-

12. Signal Squelch Time (10/150)

a. Connect timer stop to X14 and X4 (grd).
Ope n switch C.

b. Connect timer start to switch 28. Set timer
start on positive pulse. Connect timer stop
on positive pulse.

c. Close switch 28. Timer will start and will
stop after a 8 to 12 millisecond delay.

d. Set timer stop on negative pulse, and timer
start to negative pulse.

e. Open switch 28. Timer should start and stop

after a time delay of 125 to 185 milliseconds.

13. Check of Frequency Verifier

a. Open all switches of test circuit.

b. Connect scope across TP60 and terminal
8 of the F'D board.

c. Apply 0.6 to 0.8 amperes to terminal 1and3
of SKBU-11 relay. (Apply 6.0 to 8.0 amperes
to terminal 1 and 3 of SKBU-1 relay)

4

N
S

Q
o
¥

L 4

d. Waveform of Fig. 26 should be 00.
TROUBLE SHOOTING PRQURE

To trouble shoot the equipment, ge logic diagram
voltages of Fig. 25 should be used to isolate the
circuit that is not performing ctly. The schematic
of the individual bo e voltages of Table
III should then begu to isolate the faulty

component.
QWA L PARTS

Repait \work“can be done most satisfactorily at

the fa . wever, interchangeable parts can be
furnishe e customers who are equipped for doing
ep ork. When ordering parts, always give

ete nameplate data. For components mounted
printed circuit board, give circuit symbol and
electrical value (ohms, mfd., etc.) and compo-
style number.

17
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TABLE I
VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS

FAULT DETECTOR BOARD AMPLIFIER AND KEYING (Continued)
Test Serviceable Channel
Point lg.c. =0 lg.c. = Pickup of FD
Test Normal Abnormalg@rAc =
TPS4 6.5 V.d.c. less than 1 Point (lo.c. - 0) Piekup of FD
TPSS less than 1 4.5 V.d.c.
TP56 less than1 | 18 to 20 V. d.c. TP103 5 Vdc 45 volt pultes
Term. 2 less than 1 8.6 V. d.c. TP104 less than 1 A 6 volt palses
=52 0 7.4 Its a.c. (A .
o1 i volts a.c. (Approx.) Term. 11 20 Vde 420 V8lg pulses
52-53 0 7.5 volts a.c. (Approx.)
53-51 0 7.4 volts a.c. (Approx.) Term.2 ov A 2Queflt pulses
Term. 5-6 0 15 volts a.c. (Approx.) Term. 18 20V AGpvolt pulses (Ref.+20V)
TP 57 18 volts Term. 17 0 Volts A 45 volt pulses
TP 58 18 volts R
TP 59 less than 1 Pulses See Fig. 26 for # Non-squelch coadition >« Terminal 10 and 12
TP 60 20 volts Waveform ® Abnormal connected together.
TP 61 18 volts )
TP 62 less than 1 Al = FR R1Skyp
ARMING BOARD
SUPERVISION BOARD —
Test Normal TestiPoint External Fault Internal Fault
Point Condition Abnormal Condition
- TP252 # less than 1 10 V pulses
Term. 16 12 less than 1 with DFD A Operatién T 3 210 vol 10 V pul
TP151 less than1l |7 with DFD Operation erm- voits pulses
TP152 20 less than 1 with DFD Operation TIP254 # less than 1 20V pulses
Term.13 less than1 |20 TP255 420 volts 20 V pulses
Term.18 less than 1 15 with sustained arming # TP256 less than 1 less than 1
TP153 15 less than 1 with sustaided armigg % Term. 19 18 volts 18 volts
TP154 less than 1 20 with sustainedy,arming
Term.19 20 less than | with sustained¥afming | £ Very narrow pulses would be observed on scope.
Term.10 less than 1 | 6.8 volts d.c. # With [, . = 0 (Unarmed condition)
a
TP158 20 less than 1 .TP256—6 volts, Term. 19 — 0 volts.
Term. 1 less than 1 20
. 20 ADFD = di§tance fault
Term15 | 6 D OUTPUT BOARD
Term. 6 less than 1 20 detector
Test
AMPLIFIER'ANDYKEYING Point Normal Trip Blocking
T . .
Serviceable Channel 301 20 Applies to Sequential Fault
302 0 Applies to Sequential Fault
Test Normal ® A 303
Point (lg.c. = 0) Abnormal or IAC = Pickup of FD 2.2 12.5 less than |
> 304 less than ] less than 10 7
Term. 7 ® less than 1 breaker failure or trip
Board 14
TP101 less than 1" | @8.5 breaker failure or trip oar 20 20 less than 1
pTerm. 10 less, than 1 |@less than 1 breaker failure or trip 305 18.5 7 18.5
TP102 S, Vde A4.3 V pulses 306 0 13.5 0
Term. 13 less than 1 |A# G volt pulses 307 20 less than | 20
"--Term. 12 less than 1 | o# 20 volt pulses 308 0 20 0

18
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I.L. 41-954:3E

ELECTRICAL PARTS LIST

CIRCUIT WESTINGHOUSE CIRCUIT WESTINGHOUSE
SCRIPTION
SYMBOL DESC STYLE NUMBER SYMBOL DESCRIPTION STYLE NUMBER
FAULT DETECTOR BOARD Style 5312D13G01 FAULT DETECTOR BOARD (Continued)
Capacitors Zener Diodes
C51 ]0.1 mfd 1544920 Z51 \ IN1832C) 62V, 184A617HO6
C52-C53-C59 0.5 Mfd 187A624A11 | Zz52-755 1N 957B#6.8V 186AT9THO6
C54-C55 1.5 Mfd 187A508H09 | z53 LN3688A, 24V | 862A288HO1
C56-C57 0.02 Mfd 187A624H09 | z54 INT59A, 12V 837A693H01
C58 0.1 mfd 187A624H01
C60 0.22 Mfd 762A703H01
' . SUPERVISIONsBOARD Style 5315D34G01
Diodes
D51 to D58-D70 Capacit
to D73 1N457A 184A855H0T ~apactior
D59 IN645A 837A692H03 | ClohCIl53-C157 0.47 Mfd 188A669H01
D60 to D69 1N4385 184A855H14 | C152 68 Mfd 187A508H02
€154-€158 1.5 Mfd 187A508H09
Transistors ,A, .
Q51-Q52-Q53-Q55- P - Diodes
Q57-Q61-Q62-Q63 2N3417 848A851H02). D151-D157-D162 1N457A 184A855H07
Q54-Q56-Q58 2N3645 849A444H0OL | 'D152-D155-D156 IN645A 837A692H03
A S P
&“ihisﬂk\i,,_, B Transistors
Q59-Q60 2N886 185A517THO3 | Q151-Q152-Q154-Q155-
Q161-Q163-Q164 IN3417 848A851HO02
Resistors Q153-Q156-Q162 2N3645 849A441H01
R51 50 Ohms, 5W/| 185A209H06 S
R52-R68-R71 2.7K Ohnfs Y6W |~ 629A531H42 » Resistors B
R53 (POT) 2.5K"0Ohms, %bW/| 629A430H03 R151-R158-R168-
R54-R55-R58-R62-R64- R188-R194 6.8K Ohms %W | 629A531H52
R66-R84-R89-R92 10K'Ohms "W 629A531H56| Ri59 R153-R157-
R56-R60 100K Ohims '2W| 184A763H75| Ri59-R164-R165-
R57 47K Obims 1AW | 620A531HT2[ plen bieo R1g6-
R59 56K Ohms 15W| 184AT63H69] R189-R191-R193-R196| 10K Ohms %W | 629A531H56
R61-R87 92K Ohms %W| 629A531H64| Ri54 470 Ohms %W| 184A763H19
R63 6.8K Ohms “%W| 629A531H52] R166-R192 22K Ohms '4W| 184A763H59
R65 27K Ohms 4W| 629A531H66{ R156-R161 1K Ohms  '%W! 184A763H27
R67 150 Ohms 3W, 762A679H01) R160-R170-R190 82K Ohms /oW 620A531H78
R69-R78 68K Ohms 1%W| 629A531H76| R155-R162 | 33K Ohms  J2W/| 184A763H63
R70-R74-R88 39K Ohms %W| 629A531H70| E163 56K Ohms 72W) ~ 184A763H69
R72-R75-R80 2K Ohms %W| 836A503H33| R171 | 150 Ohms 13W 762A679H01
R76-R78-R90 | 1K Ohms LW 629A531H32 R195 2.7K Ohms /Czw 184A763H37
R77 5.6K Ohms %W | 629A531H50| R185 47K Ohms '2W| 184A763H67T
R#9-R80 6.2K Ohms %W| 629A531H51 -y bide
R81 20K Ohms ' w| 629A531H63 o ener Yiode
R82 1.5K Ohms %W | 836A503H30| Z151-Z152-Z156 IN957B, 6.8V 186A797HO6
R83-R91 470 Ohms Y%W| 629A531H24| Z153 IN3688A,24V | 862A288H01
R85-R93 4.7K Ohms %Ww| 629A531H48| Z158 UZ5875, 15V 837A693H04
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ELECTRICAL PARTS LIST (Continued)

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

AMPLIFIER & KEYING BOARD Style 5314D77G01

ARMING BOARD Style 201C170G01

Capacitor Diodes
c1o1 6.8 Mfd 184A661H21 | D255-D257-D260-D261-
C102 1.5 Mfd 187509509 | U0 D265-D267 IN457A 184A855H07
Transistors
Diodes
Q252-Q253-Q256-
D11)?11_9PMO o 1N457A 184A855H07 | Q208-Q259 2N341%9 848A851H02
D102 to D105- Q257 2N3645 849A441HO1
D107 to D109 IN645A 837A692H03
Resistors
Transistors R255-R257-R26 10262
Q101 to Q107 2N3417 848A851H02 | R265-R274sR277-R278%
Q108-Q109-Q113 IN3645 849A441H01 | R280-R28L'RAET-RIBS | 22K Ohms oW | 184AT63H59
R260-R264-R275-R276-
. R282-R284-R285 10K Ohms YW | 184A7T63H51
Resistors
R2179 27K Ohms %W | 629A531H66
R101 6.8K Ohms AW | 629A531H52 | _R283-R290 12K Ohms Y%W | 629A531H58
R102-R106 470 Ohms W {184A763H19
R103 39K Ohms ¥2W | 184A763H65 Zener Diodes
R104-R108 1K Ohms  %2W | 184AT63H2T), 7251 1IN3688A, 24V | 862A288HO01
R105-R109-R112
to R116-R121-R122- PROTECTIVE RELAY BOARD
R124-R130 10K Ohms %W , 184A763H51 Style 201C165G01 — 201C476G01
R107 15K Ohms %W | 629A539H60 c
it
R110 82K Ohms ,%WA \629A531H78 apacttors
R111-R120 33K Ohms W, 189A763H63 | Cl to C4 .047 Mfd 849A437THO04
R118 220K OhnfS Y%aWe 184A763H83 .
Diodes
R119-R132 68K Ohms WaW | 629A531H76
R123-R139 22K Ohmis §Y4W | 184A763H59 | D1 to D5-D9 IN645A 837A692H03
R125-R129 4.9K Ohmé YW | 184AT63H43
R126-R128 470K Ohms AW | 184A763H91 Transistors
R127-R141 47KfOhms %W | 184A763H67
R140 56K Ohms %W | 184A763H69 | Ql to Q6-QY 2N3417 848A851H02
R142 1K Ohms 5W | 763A129H07
Zener Diodes Resistors
Z101-Z102 IN957B, 6.8V | 1864797H06| RI (125 volt input) 68K 1W 187A643H71
2103 1N3688A, 24 V| 862A288HO1 .
7104 INT48A 3.9V | 186A797H13| K1 ( 48 volt input) 22K AW 184AT63H59

20
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I.L. 41-954.3E

ELECTRICAL PARTS LIST (Continued)

CIRCUIT
SsYmMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

PROTECTIVE RELAY BOARD (Continued)

OUTPUT BOARD (Continued)

Resistors (Continued)

Resistors (Continued)

R2-R3-R4-R8-R9-R13- R302 220K Ohims %W | 187A641H83
R14-R122-R23 4.TK 2w 629A531H48 | 305 4MOhms %W | 187A290H17
R5-R10-R15-R24-R34 | 82K 629A531HT8 | 307 49K Ohms %W/| 184A763H67T
R6-R21-R30-R39 27K oW 184A763H01 } p308 — R312 470 Ohms '%W| 184A763H19
R7-R11-R16-R20-R25- R309 — R317 1K Ohms “%W| 184A763H27
R29-R40 10K %W 629A531H56 )
R 12-R1T-R26 68K 620A53 1050 | F313 470K Ohms %W | 184A763H91
- - . 2
R316 (Pot. 15K Ohms %W | 629A430H08
R18-R19-R27-R28 220K VoW 184A763H59 (P o} &
R318— R322 BR323 4.7K Ohms YW | 184A763H43
Zener Diode R3192R 320 R325 22K Ohms 14W| 184A763H59
1
Z1-23-25-Z1 IN3686B, 20V | 185A212H06 827 6.8K Ohms oW | 184A763H47
Z2-Z4-76-Z8 IN957B, 6.8V | 186A797HO64 F329 18K Ohms %2W| 184A763H57
R331 10K Ohms %W ! 629A531H56
1
OUTPUT BOARD Style 201C025G02 R332 6.8K Ohms W | 629A531H52
R333 27K Ohms 4W| 629A531H66
Capacitors
R334 150 Ohms 3W| 762A679HO01
C301 1.0 Mfd 837A241H15
C302-C303-C306-C309 | 0.22 Mfd T62A703HO01 Zener Diode
C304-C305 4.7 Mfd 184 A661H12
7301 to Z305
C307-C308 500 Mmtd 187A694H03 IN957B, 6.8V 186ATITHO6
310 0.10 M | 88AG69H03 | 2306 - Z30T 1N3688A, 24 V| 862A288H01
c31l 19 JUN 18TAS0BHO9 | pE| AY BOARD Style 5312D78G01 — SKBU-11
Style 5312D80G01 — SKBU-1
Diodes
D301 to D306-D308 1N457 A 184 A855H07 Capacitors
D307 186454 837A692H03 | C201-C202-C203 0.25 Mfd 187A624H02
Transistors Resistors
Q301-Q305°Q306%Q307- R201 A 50 Ohms  5W | 185A209H06
Q309 2N3645 849A441H01 | R202-R203 (SKBU-11) | 3.3K Ohms 2W| 629A531H44
Q302-Q303Q304°Q308 | 2N3417 848A851H02 | R202-R203 (SKBU-1)® | 2.2K Ohms '2W| 187A641H35
R Filter Choke
esistors
R301-R303-R304-R306 L201 8.5Hy 450 Ohms| 188A460H01
R310-R311-R314-R315- - —
R320>R323-R324-R326- ener Lrodes
R330-R335 10K Ohms %W | 184A763H51 2201 A 1N1828C 43V | 629A798H14

ASKBU-11 only

® Typical Value — Resistors selected for proper loading of low pass filter.
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AMPLIFIER AND KEYING BOARD — T——ARMING BOARD

SUPERVISION BOARD
FAULT DETECTOR BOARD

~—OUTPUT BOARD
PROTECTIVE RELAY
BOARD

TRANSIENT

UNBLOCKING

RELAY BOARD

TRIP Pl

PHASE
DELAY

FD-1 SETTINGS
PICKUP

DROPO

FD-2 SETTINGS
PICKUP

DROPOUF—Mm—

TAP BLOCK

Fig. 1. Photograph (Front View) SKBU-11 Relay
SKBU-1 Hasg"Second Tap Block ‘‘T’".

T1 KEYING
TRANSFORMER

T2 LOCAL
TRANSFORMER

POWER SUPPLY
20 YOLT ZENER
DIODE

RESISTORS
FOR SEQUENCE i .
FILTER T3 FREQUENCY
F_VERIFIER
TRANSFORMER

TERMINAL BLOCK
1101 TERMINALS i,

Fig. 2. Photograph (Rear View) SKBU-11 Relay
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INSTALLATION

Westinghouse 1.L. 41.954.1E
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE SKBU PHASE COMPARISON RELAY
FOR TYPE TC CARRIER CHANNEL

CAUTION: It is recommended that the user of this
equipment become acquainted with the
information in this instruction leaflet
and in the system instruction leaflet

before energizing the system.

Printed circuit modules should not be
removed or inserted when the relay is
energized. Failure to observe this pre-
caution can result in an undesired trip-
ping output and cause component damage.

APPLICATION

The type SKBU relay is a high speed carrier relay
used in conjunction with a type TC power line
carrier set to provide complete phase and ground
fault protection of a two terminal or three terminal
transmission line. Simultaneous tripping of the
relays at each line terminal is obtained in less.than
twenty-five milliseconds for all internaldfaults
within the limits of the relay settings. The, relay
operates on line current only, and no “Seurceyof
a-c line potential is required. Consequentlyy, the
relays will not trip during a swing or our-ef-step
conditions. The carrier equipment operates directly
from the station battery.

CONSTRUCT{ON

The type SKBU relay consists@ef a combination
positive, negative and zere, séquence current net-
work, a saturating transformér, a 20-volt power
supply, and printed circuit,_boards mounted on a
standard 19-inch wide 4panel, 8-3/4 inches high
(5 rack units). Edge ‘slots/are provided for mounting
the rack on a'standard relay rack. The location of
these compOnents is ‘shown in Figures 1 and 2.
The components apeé connected as shown in the
internal schematies of Figures 3 and 4.

Sequence Network

The sequenc® filter consists of a three-legged iron
core Teactor and a set of resistors, R1 and RO. The
reacter vhas three windings: two primary and a tap-
ped “secondary winding, would on the center leg
of a “F” type of lamination. The secondary taps
are, wired to the A, B and C tap connections in
the front of the relay (R1 taps). RO consists of

SUPERSEDES I.L. 41-954.1D, dated July 1974

© Denotes change from superseded issve.

three tube resistors with taps wired to F, G and H
tap connections in the frent “of the relay. The RI1
resistor is a formed resiStoryassociated with the
tapped secondary of the reactor.

Saturating Transfofmers

The voltage from the network is fed into the tapped
primary of a“(small saturating transformer. This
transformepf@and “a Zener clipper (on a printed
circuit, board) connected across its secondary are
used toWlimite'the voltage impressed on the solid
state circuibs, thus providing a small range of
voltagenfor a ldarge variation of maximum to minimum
fault “qurrents. This provides high operating energy
for bight faults, and limits the operating energy for
heavy faults to a reasonable value.

Printed Circuit 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 board,
an amplifier and keying board, an output board, and
a trip board. All of the circuitry that is suitable
for mounting on printed circuit 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 into 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 is placed in the wrong
compartment it cannot be inserted into the terminal
block. A handle on the front of each board is labeled
to identify its function in the relay.

All 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
Sfurther 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.

EFFECTIVE NOVEMBER 1977



TYPE SKBU PHASE COMPARISON RELAY

(1) Fault Detector Board

The fault detector board contains a resistor-Zener
diode combination, a phase splitting network, and
two solid state fault detectors (FD-1 and FD-2).
The controls for setting pickup (S1 for FD-2, S3
for FD-1)and dropout (S2 for FD-2, S4 for FD-1) of
the fault detectors are mounted on the plate in the
front of the assembly.

(2) Amplifier and Keying Board

The amplifier and keying board contain a local
squaring amplifier, a remote squaring amplifier,
an ‘“AND”’ circuit, and a transmitter keying circuit.
A carrier squelch circuit is also located on the
board.

(3) Output Board

The output board contains a 4 millisecond pickup
and instantaneous dropout, timer circuit, flip-flop
circuit, trip amplifier, transient blocking and un-
blocking circuit.

(4) Trip Board

The trip board contains the phase delay circuit
for shifting the local signal with reference to the
remote signal. This board also contains the final
tripping output of the SKBU.

(5) Card Extender

A card extender (Style No. 644B315G02) is avaidable
for facilitating circuit voltage measurements’ or
major adjustments. After withdrawing anys one_of
the circuit boards, the extender is insernted if\that
compartment. The board then is insentedWinto the
terminal block on the front of the,(extender. This
restores all circuit connections,%and albl components
and test points on the boards are readily accessible.

Test Points

Test points are locatedgonveach printed circuit
board for the major components on/the board. Complete
circuit test pointsdare Wwired“to the front panel of
the relay for convenignce in adjusting and testing
the relay.

OPERATION
A. System

The SKBU carrier relaying system compares
the phase position of the currents at the ends
of ‘A Whine section over a carrier channel to
d€étermine whether an internal or external fault
exists on the line section. The three-phase
line) currents energize a sequence network
which produces a single-phase output voltage

proportional to a combination of sequence
components of the line current. During agfault,
this single-phase voltage energizes the (keying
circuit to allow the transmission of carriersén
alternate half-cycles of the power frequency
current. Carrier is transmitted from both line
terminals in this manner, and is_received at the
opposite ends where it is compared with the
phase position of the local, sequefice network
output. If the local and remote“half-cycle pulses
are of the correct phasefposition for an internal
fault, after a 4 millisecond/ delay during the
half cycle in which carpier is not transmitted,
tripping will be inibiated through operation of
the flip-flop and trip, amplifier circuits. Current
transformer connectionsto the sequence networks
at the twogterminals are such that carrier is
transmitted ,on the same half cycles from both
terminalsjduringfa internal fault to allow tripping
during the ‘half cycle that carrier is not trans-
mitted™sHowever, if the fault is external to the
protected line section, carrier is transmitted
on alternate half cycles from opposite terminals.
Thus each terminal blocks the opposite terminal
during the half cycle when it is attempting
to'trip.

The four-millisecond delay previously mentioned
is added to allow for differences in current
transformer performance at opposite line terminals,
relay coordination, 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 forthe transmission of other functions.

. Relay

With reference to either Figs. 3 or 4, the three
phase line currents energize a sequence network
which gives a single phase output voltage
proportional to a combination of sequence
components of the line current. This single
phase output voltage is applied as inputs to
two boards from the secondary of the saturating
transformer.

1. Fault Detector Board (Phase Splitter Circuit).
2. Relay Board (Phase Delay Circuit).

1. Fault Detector

The a-c voltage is applied to a phase split-
ting network (C52, R54, R53) and a polyphase
rectifier (diodes D51 to D56).The d-c voltage
so obtained requires a minimum of filtering
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(C53) and responds rapidly to a change in
magnitude of the a-c output. This d-c voltage
is applied to two fault detector circuits
which operate when the d-c input ‘‘signal’’
exceeds a predetermined value.

a. Fault Detector 1 (FD-1)

Under normal line conditions (no fault),
current flows from positive 45 volts d-c
through resistor R72 and Zener diode
Z54 to negative, holding Q55 emitter at
6.8 volts positive. In transistor Q55,
current flows from emitter to base, then
through S3 and R71 to negative, thus
turning on Q55. The collector current
of Q55 provides base drive to transistors
Q56 and Q57, 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 occurs, the d-c voltage from the
polyphase rectifier is applied to S3 and
R71. When this voltage exceeds the 6.8
volt drop across Zenerdiode Z54, transistor
Q55 stops conducting. This removes the
base current from Q56 and Q57, causing
them to stop conducting, and previding
the equivalent of an open circ@it. With
reference to Figure 7, this open cireuit
removes negative potential at point A
and allows the potential at/point, C" to
become 20 volts. This increase in voltage
at point C starts transmission oOffcarrier.

When Q56 is cut off, its4olleetor potential
rises to about 20 volts. This also further
raises the potential of§Q55 base through
feedback resistors WR75° and S4, thus
holding Q55 ifi a mon-conducting state.
Whenthe input voltage (from the polyphase
rectifier) i§ reduced, FDl ‘‘resets’ to
allowqtransistors Q55, Q56 and Q57 to
conduct.WResistor S3 is for setting the
ED1 pickup®current (calibration adjust-
ment), and the setting of S4 determines
the 8Qypércent dropout value.

b. Fault Detector 2 (FD-2)

Under normal conditions, transistor Q51
has no base ‘‘signal’’ and is turned off.
The collector of Q51 is at a high enough
positive potential to provide base drive
for transistor Q52, driving it to conduc-
tion. With Q52 conducting there is no base
drive to transistor Q53 and Q53 is turned

off. This condition keeps transistor
Q54 in a non-conducting state gequivalent
to an open circuit. Zener diede Z3 is
to protect transistor Q54 from “external
surge voltages.

When a fault causes the d-¢c input voltage
from the polyphasé reetifier to exceed
the 6.8 volt rating “of Zener diode Z52,
(through R55, _.andWS1) a positive bias
is applied t© @51, Dbase causing it to
conduct. In turn, Q52 stops conducting,
and capacitor, C55 charges up, giving
a few ‘milliseconds time delay before
Q53 gandy, Q54 are switched to full con-
ductien, “thus ‘‘closing’’ FD2. The
feedback, resistors R60 and S2 provide
a /90 wpercent FD2 dropout ratio with
‘‘toggle’’ action at the dropout point.

When FD-2 operates, positive 45 volts
d-c is applied to the output board at
terminal 18. This 45 volts is applied
to the flip-flop circuit at terminal 19
and to the transient blocking circuit
through Zener diode Z302. Thus, FD2
will “‘arm’’ the flip-flop and energize
transient blocking of the SKBU relay.

Relay Board

The a-c voltage from the saturating trans-
former is also applied to the phase delay
circuit through a low-pass filter of the relay
board. The Ilow-pass filter (C251, L251,
C252)removes the harmonics from this voltage
and applies a voltage that is essentially
sinusoidal in waveform to R251 and R252
of the phase delay circuit. By means of
capacitor C253 and variable resistor S5,
the voltage across terminals 4 and 9 can
be made to lag the voltage across terminal
10 and 11 by a definite amount depending
on the setting of S5. These two voltages
are applied to the amplifier and keying
board of the SKBU relay.

a. Undelayed Voltage to the Keying Circuit.
b. Delayed Voltage to the Local Squaring
Amplifier.

a. Keying Circuit

Under normal conditions transistor
Q102 is turned off. The collector of
Q102 is at negative potential which
allows base current to flow from
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positive 20 volts d-c through the
base of transistor Q103, through
R104 and R102 to negative. Transistor
Q103 conducts and positive 20 volts
is applied to the collector of Q103
to prevent base current from flowing
in Q1 04, Since Q104 is not conducting,
transistor Q105 does not conduct
and the collector of Q105 is held at
positive potential.

When a fault occurs, sinusoidal
voltage is applied to transistor Q102
from terminals 4 and 10 of the relay
board. On the positive half cycle,
terminal 12 is more positive than
terminal 4 of the amplifier and keying
board, and Q102 does not conduct.
However, on the negative half cycle
of sine wave voltage, terminal 12
is more negative than terminal 4 and
base current flows in Q102. This
turns Q102 on and applies positive
20 volts to R102. This turns Q103
off which in turn puts negative potential
on R106. Q104 then conducts to
allow base current to flow into Q1054
When Q105 conducts, its collectordis
connected to negative potential}
Thus, the collector of Q105 is com-
nected to negative on alternatemhalf
cycles of the 60-hertz voltage from
the low pass filter. If FDslw is \not
conducting, as seen , from Fig 7,
turning Q105 on and off ewery’ half
cycle, shorts the input tey.the TC
carrier set every bther“half cycle so
that carrier is transmitted '6n the half
cycle when Q105 1s mot conducting.

Local SquaringsAmplifier

The shifted\voltage from the phase
delaygcircuit s applied to the local
squaringdamplifier of the SKBU relay.
Under 4 nonéfault conditions, Q108
is not@conducting and R115 is at
negative potential. As a result, the
base of Q109 is at a lower potential
than“the emitter of the transistors.
Base current for both transistors
flows from positive 20 volts through
R116 and R115 to negative and both
transistors conduct. With Q111 turned
on, positive 20 volts is applied to

R119 which is applied to R129 and
R130 through D111 and D109 7re-
spectively. This voltage is the.inpuf
to the AND circuit from the loeal
signal and is the quantity to be
compared with the signal fram the
remote terminal to _determine if a
fault is internal or extermal

Under fault conditiens{®™a sine wave
of voltage is# applied@ from emitter
to base of transistor Q108. On the
positive halficyecle” the base of tran-
sistor QKO8 1iS¥» more positive than
the emitter and#@Q108 does not conduct.
On the negative half cycle of sine
wave woltage, the base is more
negative than the emitter and Q108
conducts. Turning Q108 on applies
positive 20 volts to R115 to cause
Q109 to turn off. This causes Q111
to turn off such that negative potential
is applied to R119. Hence, on alternate
half cycles of sine wave voltage,
negative voltage appears across R119
to apply negative voltage to R129
and R130 through D111 and D109
respectively. The voltage across the
resistor is thus a square wave voltage
varying from 20 volts d-c to 0 volt
d-c dependent upon the polarity of
the voltage from the phase delay
circuit.

3. Remote Squaring Amplifier

Under non-fault conditions, carrier is not
transmitted from the remote carrier set. As
a result the base of Q113 is more negative
that its emitter, and Q113 conducts. This
applies positive 20 volts to the base of
Q112 to prevent it from turning on. Hence,
Q112 is not conducting and negative voltage
appears across R123. This voltage is applied
to R129 and R130 through D112 and D110
respectively, and allows the voltage across
these resistorstoremain at negative potential.

Under fault conditions, the remote TC carrier
setis keyed on and off as described under the
Keying Circuit. This signal is received at
the local TC carrier receiver and is con-
verted to a square wave voltage varying
in magnitude from 45 volts to 0 volt. This
voltage is applied to the base of Q113
through D108 and R128. Upon application of
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positive 45 volts d-c to the base of Q113, the
potential of the base is greater than that
of the emitter and Q113 stops conducting.
This removes positive potential from R124
and allows the base of Q112 to become
negative with respect to the emitter. Q112
turns on to apply positive voltage to R123.
Hence, the voltage across R123 is a square
wave voltage that is developed by the voltage
received from the TC receiver. This .voltage
is applied to R129 and R130 through D112
and D110.

4/0 Milliseconds Time Delay

The 4/0 time delay consists of R315, C305,
R316, R317. R318 and R319. Under non-
fault conditions, a continuous positive 20
volts is received from the local squaring
amplifier at terminal 6 of the output board.
This prevents capacitor C305 from charging
and keeps the base of Q305 of the flip-flop

at positive potential.

Under external fault conditions, the square
wave voltage from the remote squaring
amplifier and the square wave voltages
from the local squaring amplifier are ouit of
phase, such that a continuous 20 v@lts is
received at terminal 6 of the outpat board.
C305 does not charge, and transistoraQ30%
cannot turn on.

Under internal fault conditions,, the square
wave voltages from the squafing amplifiers
are in phase. Hence, fory one:-half cycle,
negative voltage appears{ at“terminal 6 of
the Output board. This,allows C305 to charge
through resistors R315“and R129 to negative.
After acalibrated timédelayof4 milliseconds,
the voltage across'C305, which is applied
to the base-emitter circuit of transistor
Q305 in the flip-flop circuit is sufficient
to allow Q305yto conduct.

Flip-Flop

The flip-flopdcircuit consists of transistors
Q305 and Q306 and associated components.
Under normal conditions, transistor Q305
is in a%non-conducting state, and transistor
Q306 is fully conducting. The base of
transistor Q306 is held well below its emitter
potential by means of the voltage divider
consisting of resistors R325, R326, D305
and R327. With this bias, transistor Q306 is
held in saturation and the flip-flop is de-

sensitized so that even if transistor),Q305
turns on, transistor Q306 does not turn, Off.
This desensitizing circuit is an arpangement
to prevent inadvertent operation of the flip-
flop in the presence of surges on the d-c
system. As long as Q306 is conducting, its
collector is at a highr enough positive
potential such that transistor Q307 in the
tripping amplifier cannet turnon.

Upon the occurrence /of an internal fault,
positive 45 voltsy, d-c is applied from Q54
(FD-2) to terminal 18 of the Output board.
This removes the desensitizing bias from
transiston, Q306 by making the potential
of theWjunction of resistor R327 and diode
D305 fgreater than the 20 volt supply for
the, flip-flop circuit. When this occurs, there
1S, no, current flow through resistor R326
andy, diode D305 and the flip-flop is now
t‘armed’’ or in a ready condition for a tripping
operation. Since the pulses from the ‘“AND”’
circuit are in phase, after a 4 millisecond
delay, the potential across capacitor C305
is sufficient to cause Q305 to conduct.
This immediately causes operation of the
flip-flop, turning off transistor Q306. When
Q306 is no longer conducting, the potential
of the junction of R329 and R328 drops to a
relatively low value. When this occurs,
there is sufficient voltage across the base-
emitter circuit of transistor Q307 in the
trip amplifier to cause it to turn on.

Trip Amplifier

When transistor Q307 is turned on by operation
of the flip-flop, base current flows from
positive 20 volts through Z305, the emitter-
base junction of Q307, and the resistors
R328 and R329 to negative. The collector
current of transistor Q307 flows through
R330 and the base-emitter junction of output
transistor Q308. The collector of Q308 is
connected to positive 45 volts d-c through
R253 and the AR coil of the relay board.
Collector current thus flows from positive
45 volts d-c through the AR coil, R253 to
transistor Q308, hence, the AR operates
to trip the breaker. In case of a voltage
output from the SKBU relay, transistor Q252
turns on to provide 20 volts output of the
next device.
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7. Carrier Squelch

When the SKBU relay operates as a result
of an internal fault, positive potential is
applied to the squelch circuit of the amplifier
and keying board. Ten milliseconds after
positive potential is applied, capacitor C101
charges sufficiently to allow base current
to flow to transistor Q106. Transistor Q106
turns on to short the carrier start lead to
negative (ref. Fig. 7). Carrier is then turned
off and will remain off for approximately 150
milliseconds after the SDBU resets to
prevent delayed tripping of the remote breaker
due to a short burst of carrier at the instant
of the local breaker opening.

8. Transient Blocking

When Q54 (F'D-2) turns on, positive 45 volts
is applied to terminal 18 of the output board,
and energizes the transient blocking cir-
cuit. Base current is supplied to transistor
Q302 through resistor, R305 and Zener diode,
C302. Transistor, Q302, turns on to connect
the base of transistor, Q303, to negative.
Q303 stops conducting and capacitor C30
starts to charge. When the charge on capaci

C303 1is sufficient to cause the breakd

of Zener diode Z303, it turns on tran or
Q304. This provides a conducting path_fro

the base circuit of transistor Q306/1n
flip-flop, diode D304, the resistor ,
and the collector emitter circuit of transistor
Q304 to negative. This occlits. after

delay of 20 to 30 millisecon provides

a path to apply a ‘‘de ing’” bias to
transistor Q306 in the% Thus, the
transient blocking cir s 20 to 30

milliseconds after the, operation of FD-2
for the flip-flop e and energize
the output of ,the NIf tripping does not
occur in this “time,wa$ during an external
fault, the ratio the transient blocking
i the flip-flop to prevent

circuit
undesirable ation during transients
power reversals on the

time

associated w
protective line or at the clearing of an external
fault. Y

transient blocking circuit is cancelled
by FD-2 resetting or by the operation
e transient unblocking circuit.

9. Transient Unblocking

If an internal fault occurs before an extern

fault is cleared, high speed trippi 1S
obtained. The square wave output from the
local and remote squaring amplifier ghanges
from an out-of-phase conditiem to an in-phase
condition. As a result, me e potential
is applied to the transi un king circuit
at terminal 9 of th u board. Zener
diode Z301 breaks (do nd base current
flows through Z er-base of Q301,
resistor R303, Diode 2, and D301, resistor
R130 and throu he’ conducting transistor,

Q304, to g e. Transistor Q301 turns
on to app osifive potential to resistor,
R309. urrent then flows through

resisto 7 to turn on transistor Q303.
Ca tor' 03, will be rapidly discharged
the potential from the base of
Q304. Transistor Q304 turns off
interrupt the desensitizing circuit from

base of transistor Q306. When this hap-
pens, the flip-flop will then be able to
perate to provide an input to the trip
amplifier.

CHARACTERISTICS

The sequence network in the relay is arranged for
several possible combinations of sequence com-
ponents. For most applications, the output of the
network will contain the positive, negative and
zero sequence components of the line current.
In this case, the T taps on the left-hand tap place
indicate the balanced three phase amperes which
will operate the carrier-start fault detector (F'D-1).
The taps available are 3, 4, 5, 6, 7, 8 and 10 and
are on the primary of the saturating transformer.
The second fault-detector unit (FD-2), which
supervises operation of tripping, is adjusted to
pick up at a current 25 percent above tap value.

For phase-to-phase faults AB and CA, enough
negative sequence current has been introduced to
allow the fault detector FD-1 to pick up at 86
percent of the tap setting. For BC faults, the fault
detector will pick up at approximately 50 percent
of the tap setting. This difference in pickup current
for different phase-to-phase faults if fundamental,
and occurs because of the angles at which the
positive and negative sequence components of
current add together. '
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With the sequence network arranged for positive,
negative and zero sequence output, there are some
applications where the maximum load current and
minimum fault current are too close together to
set the relay to pickup under a minimum fault
current, yet not operate under load. For these cases,
a tap is available on the SKBU relay which cuts
the three-phase sensitivity in half, while the phase-
to-phase setting is substantially unchanged. The
relay then trips at 90 percent of tap value for AB
and CA faults, and at twice tap value for three-
phase faults. The setting for BC faults is 65 percent
of tap value. In some cases, it may be desirable to
eliminate response to positive-sequence current
entirely, and operate the SKBU relay 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 faults, but is
unaffected by balanced load current or 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 ground faults can be either 1 or 1/2 ampere.
In special applications, it may be desirable, to
eliminate response to zero sequence cufrent./The
relay is provided with a tap to allow sueh, operation.

TaADPS « ¢+ v v 0 v 0 v v v o 3,4,5,6,7,8,10,(posSy,s€q.)
A,B,C, (mixture pes.seq.
F.,G,H (zero seq.)
Operating Time ............. 12 to 35 fmilliseconds
Transient Blocking Time .. ... 200to 30" milliseconds
Transient Unblocking Time, 4. -“20 to 30 milliseconds
Squelch Time . ........ .« . . 150 milliseconds
Ambient Temperature Range ......... -20°C to 55°C

Output Voltage (whére sised)
................... 10/milliamperes at 20 volts d-c

Drainjen 45 volt Power Supply of TC Set:

Non-Trip Condition ...................... 60 MA
Trip Condition (with AR output) ............ 100 MA
TripiCondition (with voltage output) ........ 80 MA

ENERGY REQUIREMENTS

Burdens measured at a balanced three-phase current
of five amperes

Relay Phase A Phase B Phase C

Taps VA | Angle [ VA | Angle || VA ¢[ Angle
A-F-3 2.4 5° | 0.6 0° | 296 50°

A-H-10 | 3.25 0° | 0.8 100° | 1.28 55°

B-F-3 2.3 0° | 0.63 0° | 2.45 55°

B-H-10 | 4.95 0°y2.35 90° | 0.3 60°
C-F-3 2.32 0%¢in0.78 0° | 2.36 50°

C-H-10 | 6.35 | 342° | 383 80° | 1.98 | 185°

Burdens measured at a ‘Single-phase to neutral current
of five amperes.

Relay Phase A Phase B Phase C

Taps VA, ["Angle | VA Angle] VA Angle
A-F3 2.47 0° 2.1 10° 1.97 20°

A-H-10 (7.3 60° |12.5 53° 6.7 26°

B<E:-3 2.45 0° 2.09( 15° 2.07 | 10°
—+

B=H-10 | 16.8 55° | 22.0 50° |12.3 38°
C-F-3 2.49 0° 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.

Continuous Rating:

The continuous rating of the relay is 10 amperes.
The two second overload rating of the relay is 150
amp. phase and 125 amp. ground.

SETTINGS

The SKBU relay has separate 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 taps 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 to pickup at the same value of line current.
This is necessary for correct blocking during faults
external to the protected line section.

Sequence Combination 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.
The upper half of the tap plate or R1 taps changes
the tap on the third winding of the mutual reactor

and thus changes the relative amounts of positive
and negative sequence sensitivity. Operationgef
the relay with the various taps is given in the table

below.
TABLE |
TAPS ON RIGHT HAND FAULT DETECTOR
COMB. STQU'IEENCE:I?”(‘)PO'LENTS TAP BLOCK FD-1 PICKUP
N NETW UTPUT
R1 Ro 3¢ Fault ¢ =P Bault 0
86% TapWalue
. . C » ap Value
1 Pos., Neg., Zero Gor H Tap u (53%.01 BC Fault)
| 4 90%Tap Value
Pos., Neg., Z B Gor H 2 x Tap Value
2 0S eg ero T r x Tap u 65% on BC Fault)
3 Neg., Zero At GorH | —————= 100% Tap Value

# — Taps F, G and H are zero-sequence taps for
adjusting ground fault sensitivity.

See section on zero-sequénce current tap.

6 — Fault detector FD-2 is set to pickup at 125%
of FFD-1 for a two-terminal line, or 250% for a three-
terminal line.

t — When taps A and 3 or B and 3 are used, FD-1
will pickup 10 to 15 percent higher than the abovée
values because of the variation in self-impedance“of
the sequence network and the saturating transformer.

Positive-Sequence Current Tap and FD-2 Tap

The left-hand tap plate, T, has taps of“3,,4,5, 6,7,
8 and 10 which represent the threesphase, fault
detector FD-1 pickup currents, whern“the relay is
connected for positive, negative andyjzeroWsequence
output. The fault detector FD-2 4#£16sesWits contact
to allow tripping at current value 25 percent above
the fault detector FD-1 setting, “Phis 25 percent
difference is necessary to (insuiré)that the carrier-
start fault detectors (FDal) “atgboth ends of a 2-
terminal transmission line Section pickup to start
carrier on an extefnal fault before operating energy
is applied through FD=2:

For a 3-terminal line, there is a provision on the
printed circuit board for changing the temperature
compensation, when calibrating FD-2 to pickup at
250% of BD-I\setting. This is necessary to allow
proper bloeking” on 3-terminal lines when approx-
imatelyjequal)currents are fed in two terminals, and

their sum flowsWeut the third terminal of the line.
The rel@ymis shipped connected for 2 terminal line
service. Reor a®3-terminal line, the jumper on the
FD board must be changed to c-3, and FD-2 must
be recalibrated for 250% of FD-1.

The'L, Roy and R1 taps should be selected to assure
gperation on minimum internal line-to-line faults,
andyet not operate on normal load current, particularly
if the carrier channel is to be used for auxiliary
functions. The dropout current of the FD-1 fault
detector is 80 percent of the pickup current, and this
factor must also be considered in selecting the
positive-sequence current tap and sequence com-
ponent combination. The margin between load current
and fault detector pickup should be sufficient to
allow the fault detector to dropout after an external
fault, when load current continues to flow.

Zero-Sequence Current Tap - Ro Taps

The lower half of the right-hand tap plate (Ro taps)
is for adjusting the ground fault response of the
relay. Taps G and H give the approximate ground
fault sensitivities as listed in Table II. Tap F is
used in applications where increased sensitivity
to ground faults is not required. When this tap is
used, the voltage output of the network caused by
zero-sequence current is eliminated.

NOTE: Because of inherent characteristics of the
sequence network, there will be small varidtions
(from the values listed in Tables I and II) in the
pickup current for various phase or ground fault
combinations.
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TABLE Il

GROUND FAULT PICKUP

COMB.|R1 TAP PERCENT OF T TAP SETTING

TAP G TAP H
1 C 25% 12%
2 B 20% 10%
3 A 20% 10%

Examples of SKBU Relay Settings

CASE I

Assume a two-terminal line with current transformers
rated 400/5 at both terminals. Also assume that
full load current is 300 amperes, and that on minimum
internal phase-to-phase faults 2000 amperes is
fed in from one end and 600 amperes from the other
end. Further assume that on miminum internal ground
faults, 400 amperes is fed in from one end, and
100 amperes from the other end.

Positive Sequence Current Tap_

Secondary Values:

Load Current = 300 x 44503: 3.75 amperes (1)

Minimum Phase-to-phase Fault Currents:

_.5_— 7
600 x 00 .5 amperes

Fault detector FD-1 setting (three (phase)
must be at least:
3.75 = 4.7 amperes (0.80.s ‘dropout ratio
0.80 of FD-1. Sefting,will insure
that theyfaultidetector will re-
set on loadycurrent)
In order to complete thg'trip .circuit on a 7.5 ampere
phase-to-phase fault, the fault detector FD-1 setting
must not be more than:

(3

From Table I\(based on a three phase fault)

1 1
75 &4 —5 x = 6.93 amperes
0.8 1.25
195 = _F‘D-2 Pllckup
FD-1 Pickup (4)

Sequence Combination Tap

From, a comparison of (3) and (4) above, it is evident
thatwthe fault detector can be set to trip under
minimum phase fault condition yet not operate under
maximum load. In this case, tap C would be used
(see Table I, Comb. 1) as there is sufficient dif-
ference between maximum load and minimum fault to

use the full three-phase sensitivity. Current dap 6
would be used in preference to tap (5 to @llow for
occurrence of higher load current.

Zero Sequence Tap

Secondary Value:
100 x TBT: 1.25 amperes minimum ground fault current

With T tap6 and R1, tap C'im use, the fault detector
FD-1 pickup currents{forground faults are as follows:

Tap G 174" x 6 = 1.5 ampere
Minimum<“Erip = .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 used to trip for a
minimum (ground fault of 1.25 amperes.

LCASE IT%

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 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 complete the trip circuit on a 7.5 ampere
phase-to-phase fault, the fault detector tap must
now be not more than:

1y 1 - 5
7.5 X W X 0.5 6.67 amperes (6))

To be sure the fault detector FFD-1 will reset after
a fault, the minimum tap setting is determined as
follows.

Load Current = 550 x 45W): 6.9 amperes (6)

6.9 =8.6 @)

Since from Table 1 comb. 2 the fault detector pickup
current for three-phase faults is twice tap value,
half the above value (Eq. 7) should be used in de-
termining the minimum three-phase tap.
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8.6 = 4.3 (8)
2

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

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

Tap G 1/5 x5 =1.0 ampere (FD-1)
Minimum Trip =1.0 x 1.25 a. =1.25 ampere (FD-2)

Tap H 1/10x 5 = 0.5 ampere (FD-1)
Minimum Trip = 1.25x 0.5 a. = 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.

O INSTALLATION

The relays should be mounted on switchboard panels
or their equivalent in a location free from dirt, mois-
ture, 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 is with No. 12 AWG
copper wire to grounding post.

ADJUSTMENTS AND MAINTENANCE

NOTE: The SKBU relay is normally supplied “a@s
part of a carrier relaying system, andéts calibration
should be checked after the system has been instal-
led and interconnected. Details, aréd given?in the
instructions of the assembly. The assembly in-
structions and not the followingginstruetion should
be followed when the relay is regeivedias an integral
part of the relaying system.

In those cases where ¢he SKBU jsrelay is not a part
of a relaying systemgthe following procedure can be
followed to verify’ that> the“circuits of the SKBU
relay are functioning, properly.

Test Equipment:

Oscilloscope

A.C. Current Source
Electronic Timer
A.C. Voltmeter
D.C. Voltmeter

o o -

Aceeptance Test

Coénnect the relay to the test circuit of Fig. 8 which
represents the TC carrier channel for test purposes.

10

Open all test switches of the test circuit and connect
a 60 hertz test current between terminals 3 and 4 of
the relay. Set relay taps on C and & and remove_ T
tap screw.

1. Filter Output

a. Connect a high resistancegma-c voltmeter
across common of T,tap block and the
common of Ro tap block.

b. Pass with 3.44 amperes, 60 hertz into ter-
minal 3 and out terminal 4 of relay. Volt-
meter should read between 0.75 volts and
0.85 volts a-c.

2. FD-1 Pickup and Dropout

a. Set relay taps 5, C and H. Close all
switchesgof test ‘€ircuit.

b. Cofinect a  high resistance d-c voltmeter
across X14 and X3 (Neg.).

c. Apply®m60 hertz current to terminals 3 and
4 “of, the relay. Gradually increase the
current until the voltmeter changes reading
from approximately 2zero volts to approx-
imately 20 volts. This is the operating
current of FD-1 and should be 4.33 + 5%
amperes.

d. Gradually lower a-c test current until the
d-c voltmeter drops to approximately zero
volts. This is the dropout current of FD-1
and should occur at 80% of the pickup
current.

3. FD-2 Pickup and Dropout

a. With the current test leads connected as in
the FD-1 test, connect the voltmeter across
X13 and X3 (Neg.)

b. Gradually raise a-c current until voltmeter
reads approximately 45 volts. This should
be 5.41 * 5% amperes.

c. Gradually lower a-c test current until the
d-c voltage reading drops to 2zero volts.
This is dropout of FD-2 and should occur
at 90% of pickup current.

4. Check of Local Squaring Amplifier

a. Open switches A, B, C, D and E of test
circuit.

b. Place scope across X10 and X3 (GRD).
Apply 5 amperes a-c to terminals 3 and 4
of relay.

c. A square wave voltage should appear across
X10 and X3 with the waveshape of Fig. 9.
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5. Check of Keying Circuit

a.

Open all switches of test circuit and apply
5 amperes a-c to terminals 3 and 4 of the
relay.

With scope check voltage across X11 and X3
(GRD). Waveform should be a square wave
as shown in Fig. 9.

Close switches A, B, C and D. No change
should be noted in waveform across Xl11
and X3 (GRD).

6. Check of Remote Squaring Amplifier

a.

Close switches A, B and C of the test
circuit.

Apply 5 amperes a-c to terminals 3 and 4
of the SKBU relay.

Put scope across X9 and X3 (GRD). A
square wave of voltage should be obtained
(see Fig. 9.)

7. Setting of S5 and S6

a.

Set S5 to minimum resistance and S6 to
maximum resistance (fully clockwise).

With switches A, B and C of the test gircuit
closed, apply 6 amperes a-c to terminals 3
and 4 of the SKBU relay.

4 ms.

A

Place scope gacress X12 and X2 (GRD).
Adjust SSuntilfellowing waveformis obtained.

Closefswitch@b and adjust S6 until the AR
trips. Inhe case of a voltage output SKBU
relay, Wplacedd-c voltmeter across X16 and
X3. Tripping is indicated by a change in
voltage from 0 to 20 volts. This sets the
triggering of the flip-flop after a 4 milli-
second delay. Recheck pickup by moving
S5 minimum, opening and closing switch D
and then adjusting S5 until AR operates.
it may be necessary to re-adjust S6 to
obtain AR tripping on waveform of step c.

Slowly increase S5 to obtain the following

Equal Pips may
point up as
shown or down

waveform. Adjust®for “minimum area of the
pips. This will be fwith S5 near minimum
resistance.

8. Check of Transient Blocking

a. Connec¢t electronic timer stop to X7 and
X3 (GRB.). Set timer stop on negative going
pulse,.

b.yConnect timer start to timer start contacts
ofiswitch D. Set timer start to make.

c.®With switches A, B and C open, 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 between 20 to 30
milliseconds. Take average of ten readings.

9. Check of Transient Unblocking Circuit

a. With electronic timer stop connected to X7
and X3 (GRD), set timer stop on positive
going pulse. Also connect a-c voltmeter
across X7 and X3 (NEG.).

b. Connect 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 close 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-c to 0 volt d-c.

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-
seconds. Measure average of 10 trials. For
each trial it will be necessary to close
switch A and then open switch D. Switch
D should then be closed and A opened to
measure the unblocking time.
10. Check of Carrier Squelch Circuit

a. Connect timer stop across X11 and X3
GRD. Set timer stop on negative pulse.

11
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All

b. Connect timer start. Set timer start to make.
c. Open switch C. Approximately 20 volts
should appear across X11 and X3.

d. Close switch E and measure time for voltage
to disappear. This should be 8 to 12
milliseconds.

e. Set timer stop on positive pulse and timer
start on break.

f. Measure time for voltage to reappear by
opening switch E. Time should be 120
to 180 milliseconds.

ROUTINE MAINTENANCE

contacts should be periodically cleaned. A

contact burnisher S#182A836H01 is recommended.
The use of abrasive material is not recommended
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
contact.

CALIBRATION

Use the following procedure for calibrating the relay
if the relay has been taken apart for repairs. The
relay should be connected to the test circuit of
Fig. 8.

1.

Sequence Filter

To calibrate the sequence filter, the top ‘@ever
must be removed and the following procedure
used: Remove the T tap screw and ingert/the
tap screws in tap C and H of the R1 and Ro
taps. Pass a single-phase current of 10 amperes,
rated frequency through the r€acton, coils in
series from phase B to phase C (elay terminals
4 and 5). Accurately measure“the a-c voltage
from terminal 3 to the commen ofythe T tap
plate. This voltage shofild be¥between 3.7
and 4.1 volts. Now pass 10 amperes from
terminal 3 to terminalgmd “with tap screw C
removed, and conne€t gHfolfmeter from terminal
3 to the right-hand“(fpont view) adjustable
point of the formed reésistor. Adjust this point
to give a violtage equal to exactly one-third of
the reactor drop. Note the above reading, and
adjust the intermediate tap of formed resistor
to give exactly 2/3 of the voltage obtained
above for allvof formed resistor. Measure this
voltage from terminal 3 to the intermediate tap.

Phase Splitter

If replacement of the fault detector board or
major component on the board necessitates a
complete recalibration, proceed as follows:

a. Setrelay taps 5-C-H.
b. Set S1 and S3 to full clockwise pOsition.
c. Set S2 and S4 to mid-scale.

d. Pass 4.33 amperes through relay terminal
3 to terminal 4.

e. Onfaultdetector board, chéckthe a-c voltage
from TP51 to TP52 and, from TP52 to TP53
with a VTVM. Adjust.theWsmall pot. R53 on
the fault detector/'board,until these two
voltages are equal.

f. Close all switehes 0f test circuit and con-
nect VITVM aerosspX14 and X3 (Neg.)

g. Slowly turn,S3 counterclockwise, with 4.33
amperes™flowing, until FD-1 operates as
indicated’ by» a change in voltage reading
frompappreximately zero volts to 20 volts d-c.

hmpReduce the a-c current to check FFD-1dropout.
Adjust S4 to obtain 80 percent dropout
(3746 amperes). Dropout is indicated by
af’change in voltage reading from approxi-
mately 20 volts to 0 volt.

i. Recheck FD-1 pickup and dropout, and
touch up S3 and S4 in that order for the
correct calibration. Tighten the locking
device.

j. Similarly recalibrate FD-2 using controls
S1 (pickup) and S2 (dropout), repeating
steps g, h and i, except for FFD-2 pickup of
5.41 amperes and dropout of 4.85 amperes.
Pickup is measured using X13 and X3
(negative) and is indicated by a change in
voltage reading from a low voltage to 45
volts.

Tripping Relay (AR)

The type AR tripping relay unit has been
properly adjusted at the factory to insure cor-
rect operation and should not be disturbed
after receipt by the customer. If, however, the
adjustments are disturbed in error, or it becomes
necessary to replace some part in the field,
use the following adjustment procedure. This
procedure should not be used until it is ap-
parent that the AR unit is not in proper working
order, and then only if suitable tools are
available for checking the adjustments.

a. Adjust the set screw at the rear of the top
of the frame to obtain a 0.009 inch gap at
the rear end of the armature air gap.
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b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
pressure is measured when the spring moves
away from the edge of the slot in the in-
sulated crosspiece.

c. Adjust each stationary contact screw to
obtain a contact gap of 0.020 inch. This
will give 15-30 grams contact pressure.

4. Check of Solid-State Circuits

Perform tests listed under ‘‘Acceptance’’ tests
to verify that the SKBU relay is functioning
correctly.

TROUBLE SHOOTING PROCEDURE

To trouble shoot the equipment, the ’>gic diagram
of either Fig. 5 or 6, voltages of ¥ig ) should be
used to isolate the circuit that is r .t performing
correctly. The schematic of either Fig. 3 or 4, and
the voltages of Table IV should then be used to
isolate the faulty component.

TABLE 1V

VOLTAGE MEASUREMENTS OF PRINTED
CIRCUIT BOA:D
1. Fault Detector Board
D—C Voltages — positive with respect t@ negative d-c
(terminal 8 of board).

TEST POINT 1=0 lg=2 xED-2 p.u.

Terminal 14 45.0 VDC - 45.0,VDC
TP 54 6.6 6.8
TP 55 6.6 less than 1
TP 56 14.5 less than 1
TP 57 less than 1 14.5
TP 58 45 less than 1
Terminal 13 FD-1 lessithan 1 20

| Terminal 15 FD2sly, lesdthan1 | 45
TP 52 — TRS1 Jess than 1 fp;’rf(\)fimately
TP 52 4'TP 53 less than 1 17.8 VAC

Approximately

2. Amplifier and Keying

D—C Voltages — positive with respéct to negative
(terminal 8 of board).

TEST POINT NORMAL . FAULT
Terminal 4 20 20
TP 101 20 B 10
TP 102 %203 | 198 |
TP 103 less than 1 10
[ Termrinal 3 lessthan 1 19.8

3. Output/Board

D—€ Véltages — positive with respect to negative
(terminal 8 of board).

TEST POINT NORMAL | FAULT
TP 302 19.5 19.0
TP 301 10 ‘ 8.5
Terminal 14 20 1 19.0

RENEWAL PARTS

Repair work can be done most satisfactorily at the
factory. However, interchangeable parts can be
furnished to the customers who are equipped for
doing the repair work. When ordering parts, always
give the complete namenlate data. For components
mounted on the printed circuit board, give the
circuit symbol and the nameplate value (ohms, mfd,
etc.).
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ELECTRICAL PARTS LIST

w w
CIRCUIT SYMBOL DESCRIPTION | (_ = o | CIRCUIT sYmBOL DESCRIPTION | «-ViF No.
FAULT DETECTOR BOARD STYLE 898C314G01 FAULT DETECTOR BOARD (Con't.)
Capacitor Zener Diodes
C51 '0.10 MFD 1549220 255)1 5 12;23% 1§ZA6;7ESZ
52 0.5 187A624H11 gsg-z ! 1N178§ ;8422311{08
€53 0.25 187A624H02 Z55 1N3686B 185A212H06
C54 1.0 187A624H04
C55 1.5 187A508H09
e A AMPLIFIER AND KEYING#898C399G01
Diodes
B N Capacitor
D51 to D56 — D61 1N459A 184A855H08| c101 30sMFD 187A508H04
D59 to D60— D62 IN457A 184A855H07 -
Diodes
Transistors D101-D102-D104”
Do 1N 1N457A 184 A855H07
Q51-Q52-Q56-Q5T 2N697 184A638H18| D103 IN91 182A881H04
Q53 2N699 184A638H19[ 1 o
Q54 2N4356 849A441H02 _
Q55 2N652A 184A638H160Q101-Q102-Q107-Q1 08 “;;g;ij Palr 1 6718632601
Q105-Q106 2N697 184A638H18
Resistors Q103-Q104-Q109-Q111| 2N3645 849A441H01
P —— Q112-Q113 2N652A 184A638H16
R51 50 Ohm, 5W 185A209H06 :
R52 9.1K Ohm, %W  |187a963850| Resistors
R53 2.5K Ohm, Pot. 4 [629A430H03| R101-R103-R114-R127| 100K Ohm, %W | 187A641H75
R54 2.7K Ohm, %W 629A530H42 | R102 100K Ohm, %W | 184A763H75
R55-R73-R78 10K Ohm, %AW 629A530H56 | R104-R131 33K Ohm, %W | 187A641H63
R56-R58 15K Ohm, YW 1874641155 | R105 68K Ohm, 2W | 187A641HT71
R5T 18K Ohm, VoW 184 A763H57 | R106 27K Ohm, 1/12W 187A641H61
- - m, A
- 8K OhmmiaW 187A641HT1 :
R60-R65 6 hmoﬁ v | 164 amearss [E110 3.3K Ohm, %W |184A763H39
R61 &M "y A R111 5.6K Ohm, %W |187A641H45
R62-R64-R68-R74 10 KNQ h mmAW 187TA641H51 | 5119 1.9K Ohm, oW | 184 A763H29
R63 .1Meg."Ohm, 1/ZW 187TA641HT5 R113 330 Ohm, 2W 185A207H15
R66 470K Ohm, :'aW | 184AT63HI1| R115 100K Ohm, %W | 187A641H75
R67 39K/Ohm, %W 187A641H65| R116-R130 22K Ohm, %W | 187A641H59
R69 10K Ohm, %W 187A641H51|R118-R121-R129 47K Ohm, %W |187A641H67
R70 6.8 Ohm, L4W 187A641H47|R120-R122 470K Ohm, %W |187A641H91
RT1 20K Ohm, W 629A530H63| R124-R125 15K Ohm, YW 187TA641H55
R72 3.9K Ohm, 1W 187A643H41 | R128-R117 39K Ohm, oW 187A641H65
R75 33K Ohm, %W 187A641H63 .
Zener Diode
R76 10K Ohm, 1W 187A643H51
R77 1K Ohm, %W 629A530H43|Z101 IN748A 186AT97TH13
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ELECTRICAL PARTS LIST (Con't.)

¥ ¥
CIRCUIT SYMBOL DESCRIPTION STYLE NO. CIRCUIT SYMBOL DESCRIPTION STYLE NO.
OUTPUT BOARD 898C316G02 OUTPUT BOARD (Con’t.)
Capacitors Zener Diodes
Z301-2303-Z305 1N95%B 186AT9THO06
C301 1.0 MFD 187TA624HM4 |  Zz302 {N965B8 186A797HO08
C302 0.25 MFD 187A624H02| 2304 1N960B 186AT97TH10
C303 3.0 MFD 188A293H06 2306 1 N9789 584C434H08
C304-C306 0.05 MFD 187A624H08
RELAY, BOARD 898C318G02
C305 0.22 188A293H02
Capacitofs
Diodes C251-C252-C253 0.25 MFD 187A624H02
C254 0.02 1544921
D301-D304-D305-D306 | IN457A 184A855H07
Resistors
D302-D303 1N91 182A881HM4
R251-R252 2.2K Ohm, LW 187A641H35
. R253 800 Ohm, 3W 184A859H06
Transistor R254 150 Ohm, 1W 1724641
Q301-Q305-Q306-Q307 | 2N652A 184A638H46 | Filter Choke
Q302-Q303-Q304 2N697 184 A638H18 L251 8.5HY, 400 Ohm |188A460H01
Q308 2N699 184A638H19 [ Trip
AR 408C845G09
Resistors !
Whereavoltage output isrequired, the AR relay, R253 and
R301-R303-R309-R310- C254 are omitted and the following additional parts are
10K Ohm, %W 187A641H51 i
R313-R324-R325 located on the board. Style of board' is 899C273G01.
R302 120K Ohm, %W 187A641H77 Copocifors
R304 47.0hm, W 187A640H17 C254 0.25 MFD 187A624H02
R305 g.2K Ohm, %W 187A641H49| Diode
R306-R315-R322 4K Ohm, %W 187A641H43 D251-D252 1N459A 184A855H08
R307-R331 202K Ohm, %W 187A641H35 D253 CER-69 188A342H06
R308-R320 6.8K Ohm, ’/zW 187A641H47 Tronsisfors
R311 470 Ohm, AW 187A641H19 Q251-Q252 9N4356 849A441H02
R312 470K Ohm, W 187TA641H91 n
Resistors
- - 1
R316-R321-R323 22K Ohm, %W 187A641H59 R253-R256 10K Ohm, %W 184A763H51
R317-R328-R332 5.6K Ohm, AW 184A763H45 R254 2.2K Ohm, 3W 184A859H15
R318 15K Ohm, W 187A641H55 R255 330 Ohm, 5W 837A233H07
/
K3 Thermistor 1D101| 185A211H04|  R®257 10K Ohm, W | 184A763H51
R259 2.25K Ohm, 3W 184A636H03
R326-R329 4.7K Ohm, %W 184A763H43
R327 6.8K Ohm, W | 184A763H47| Zener Diode
R330 1.5K Ohm, %W 187A641H31 2251 IN3686B 185A212H06

15
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Fig. 9. Table lll,

Voltages of SKBU Relay.

Fig. 10. Component Location on Fault Detector Printed

Circuit Board for Type SKBU Relay.
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INSTALLATION

Westinghouse 1.L. 41.954E
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE SKB AND SKB-1 RELAYS AND
TEST EQUIPMENT FOR TYPE TC CARRIER

INSTRUCTIONS

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

APPLICATION

The type SKB relay is a high-speed carrier relay
with static fault detectors used in conjunction with
power-line carrier equipment to provide complete
phase and ground fault protection of a transmission
line section. Simultaneous tripping of the relays at
each line terminal is obtained in less than two
cycles for all internal faults within the limits of the
relay settings. The relay operates on line current
only, and no source of a-c line potential is reqdired.
Consequently, the relays will not trip during/ a
system swing or out-of-step conditions. The “Garrier
equipment operates directly from the station“battery.

The type SKB-1 relay is used in distange phase-
comparison carrier relaying where separate distance-
type fault detectors supplement (the avercurrent
fault detectors of the SKB-1 relagyto“give improved
phase-fault sensitivity. UnlesS otherwise stated,
the following sections of@this“instruction leaflet
apply to both the types SKBypand SKB-1 relays.

The SKB relay is available with indicating con-
tactor switches with gither,a 1-ampere or a 0.2/2.0-
ampere rating. The 0.2/2.0-ampere rating is recom-
mended wheregda lockeut relay is energized or where
a high resistanc@ auxiliary tripping relay is util-
ized. The SKB41 relay has a low-current operation
indicator, and the Arip circuit energizes an external
static triooing device.

PART |
TYRE SKB AND SKB-] RELAYS
CONSTRUCTION

The relay consists of a combination positive,

SUPERSEDES |I.L. 41-954D, dated Feb. 1973

* Denotes changes from superseded issue.

negative, and zero sequence gefirrent network, a
saturating auxiliary transfermet, Zener clipper, high-
speed type AR tripping relay unit, indicating con-
tactor switch plus the stati¢ fault-detector circuitry
which is mounted, on a‘printed-circuit board. These
components are_allymounted in an FT42 Flexitest
relay case.

Sequence Network

The, currents from the current-transformer se-
condariesWare passed through a network consisting
of "agthree-winding iron-core reactor and two resis-
torsy, The zero-sequence resistor, Rg, consists of
three Tesistor tubes tapped to obtain settings for
various ground fault conditions. The other resistor
Ry is a formed single wire mounted on the rear of
the relay sub-base. The output of this network pro-
vides a voltage across the primary of the saturating
transformer.

The lower tap block provides for adjustment of
the relative amounts of the positive, negative, and
zero sequence components of current in the network
output. Thus, a single relay unit energized from the
network can be used as a fault detector for all types
of faults.

Saturating Auxiliary Transformer

The voltage from the network is fed into the
tapped primary (upper tap plate) of a small satur-
ating transformer. This transformer and a Zener
clipper connected across its secondary are used to
limit the voltage impressed on the static fault

All 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
Jurther 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.

EFFECTIVE NOVEMBER 1977
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Fig. 1 Type SKB Relay — Front View
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Fig. 2 Type SKB Relay — Rear View
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detectors and the carrier control unit, thus providing
a small range of voltage for a large variation of
maximum to minimum fault currents. This provides
high operating energy for light faults, and limits the
operating energy for heavy faults to a reasonable
value.

The upper tap plate changes the output of the
saturating transformer, and is marked in amperes
required to pick up the lower fault detector unit. For
further discussion, see section entitled, SETTINGS.

Static Fault Detectors

The static circuitry for the two fault detectors
FD1 and FD2 is mounted on a single printed circuit
board on the rear of the relay chassis. Four controls
for separately setting the pickup and dropout of FD1
and FFD2 are mounted on a sub-panel in the chassis.
The controls, with locking shafts, are adjustable
from the front of the relay.

Tripping Relay

The AR tripping relay is a small high-speed
attracted-armature type of unit. An insulated mem-
ber, fastened to the free end of the armature, draws
down four moving-contact springs to close the trip-
circuit contacts when the relay coil is energized:

Indicating Contactor Switch Unit (I1CS)

The d-c indicating contactor switch in the SKB
relay is a small clapper type device. A#magnetic
armature, to which leaf-spring mounted contacts are
attached, is attracted to the magnetiey.coré” upon
energization of the switch. When thegswitchycloses,
the moving contacts bridge two stationany contacts,
completing the trip circuit. Alsomduringpthis opera-
tion, two fingers on the armagure deflect a spring
located on the front of the switchy, which allows the
the operation indicator target #4o¢drop. The target is
reset from the outsidenpof ‘the case by a push rod
located at the bottom of theycover.

The front springsin addition to holding the tar-
get provides restraintydfor the armature and thus
controls the pickup value of the switch. In the
SKB-1 relay, the device has no contacts, and is
used only as an operation indicator (OI).

OPERATION

The SKB or SKB-1 carrier relaying system com-
pares‘the, phase positions of the currents at the ends
ofea, line-section over a carrier channel to determine

whether an internal or external fault exists. The
three-phase line currents energize a sequenceéfet-
work which gives a single-phase output veltage
proportional to a combination of sequence compon-
ents of the line current. During a fault, this single-
phase voltage energizes a static control unity(TCU)
which allows the transmission of carrier on alternate
half-cycles of the power-frequency cuffent. Carrier
is transmitted from both line terminals dn this man:
ner, and is received at the oppesitelends where it is
compared with the phase pagsitionpof the local se-
quence network output. If the local and remote half-

cycle pulses are of the correetyphase position for an
internal fault, after a 4-millisecond delay during the
half cycle in whichfcarrier is not transmitted, trip-
ping will be initiated, through operation of the flip-
flop and trip amplifier “eircuits in the TCU control
unit. Current transformer connections to the sequence
networks atithe two'terminals are such that carrier
is transmitted omy the same half cycles from both
terminals, ‘during an internal fault, thus allowing
tripping during the half cycles that carrier is not
tranSmittedsy However, if the fault is external to the
proteeted line section, carrier is transmitted on al-
ternate Phalf cycles from opposite terminals. Thus
each| terminal blocks the opposite terminal during
theshalf cycle when it is attempting to trip.

The four-millisecond delay previously mentioned
is added to allow for differences in current trans-
former performance at opposite line terminals, relay
co-ordination, and momentary interruptions in car-
rier caused by arcing over of protective gaps in the
tuning equipment.

Since this relaying system operates only during
a fault, the carrier channel is available at all other
times for the transmission of other functions.

OPERATION
STATIC FAULT DETECTORS

The functional elements of the static fault
detectors are shown in Fig. 3. The single-phase
output of the sequence network (not shown) connects
to the INPUT terminal shown at the left side of the
drawing. This a-c voltage is applied to a phase-
splitting network and polyphase rectifier. The
resulting d-c voltage has relatively little ripple
without much filtering which would slow down the
fault detector operation. The d-c voltage is fed to
two level detectors which determine the operating
currents of FD1 and FD2. The output of FD1 level
detector is amplified and provides a ‘‘normally-
closed’’ FD1 static contact to start carrier.
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The operation of FD2 is delayed about 5 milli-
seconds to insure coordination in setting up blocking
for external faults where FD1 must operate to start
carrier blocking a few milliseconds before FD2
energizes the comparison and flip-flop circuits.
The output of FD2 fault detector circuit is equiv-
alent to a ‘‘normally-open’’ contact.

The complete circuitry of the SKB relay is shown
in Fig. 4. The sequence network, saturating trans-

former, phase-splitting network, and polyphase rec-
tifier occupy the lower third of the diagram. The FD2
circuitry is in the middle portion, and the FD1 por-
tion is in the upper part of the diagram. The type
AR tripping relay is shown at the top. Fig. 5 is a
simplified schematic of the SKB relay with the static
fault detector circuitry omitted.

Figures 6 and 7 are the complete and simplified
schematic diagrams, respectively, of the type SKB-1
relay. This relay differs from the SKB relay in the
trip circuit wiring to terminals 1, 10, and 20, and in
the connections from the saturating transformer
tapped secondary to the input terminals 5 and 7 of
the printed circuit board. The sequence network
(R1, RO, and the mutual reactor) and the printed
circuit board assembly for the static fault détectors
for the SKB and SKB-1 relays are identical&Eigufe 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 gutput,voltage of
the sequence network and sattirating transformer is
applied toa phase-splitting networky(C1, R1, R2) and
a polyphase rectifier (diodes“D1 to“D6). The d-c
voltage so obtained requiresja minimum of filtering
(C2), and responds rapidly™fo a“ehange in magnitude
of the a-c output. This d-c voltage is applied to the
FD1 and FD2 circuitsgwhieh”operate when the d-c
input “‘‘signal’’ excegds{) a predetermined value.

FD1-Under nommal line conditions (no fault),
current flows ffom relay terminal 19 (pos. 45 v)
through resistor R44and Zener diode Z1 to negative,
holding Q1 emitter at 6.8 volts positive. In transistor
Q1, current flows from emitter to base, then through
RA and R3_ to negative, thus turning on Q1. The
collector current of Q1 provides base drive to tran-
sistors, Q2 and Q7, turning them on also. The voltage
drop ‘across Q7 is very low (less than 0.5 volt),
thus providing the equivalent of a closed contact.
When a fault occurs and the d-c input voltage to Q1
base (from the polyphase rectifier) exceeds the 6.8-
volt drop across Zener diode Z1, transistor Q1 stops

conducting. This removes the base current\from Q2
and Q7, causing them to stop conducting, and pro-
viding the equivalent of an open contaet at Q7 col-
lector-emitter circuit.

When Q2 is cut off as just explained, its collec-
tor potential rises to about 20 volts. This further
raises the potential of QI{ base)through feedback
resistors R6 and RB, thuspholding Q1 in a non-con-
ducting state. When theginputiuoltage is sufficiently
reduced to allow FDQA to “‘reset,’’ transistors Ql,
Q2, and Q7 again canduct. Resistor RA is for setting
the FD1 pickup currenty¢calibration adjustment), and
the setting of RB determines the 80 per cent dropout
value.

FD-2Under“normal conditions, transistor Q3
hasgno bage ffsignal’’ and thus is turned off (not
conducting)wThus Q3 collector is at a high enough
positive potential to provide base drive for transis-
tor Q4ydriving it to full conduction. With Q4 fully
conducting, there is no base drive to transistor Q5.
Withsno Q5 collector current, the base of PNP-type
transistor Q6 is supplied from the 45-volt source
through the drop of diode D11. Thus the Q6 emitter
is normally at a slightly lower potential than its
base. This condition keeps 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-c 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 conduct. In turn, Q4 stops
conducting, and capacitor C5 charges up, giving a
few milliseconds’ time delay before Q5 and Q6 are
switched to full conduction, thus ‘‘closing’’ FD2.
The feedback resistors R13 and RD provide a 90-
percent FD2 dropout ratio with ‘‘toggle’’ action at
the dropout point.

CHARACTERISTICS

The sequence network in the relays is arranged
for several possible combinations of sequence com-
ponents. For most applications, the output of the
network will contain the positive, negative, and
zero sequence components of the line current. In
this case, the taps on the upper tap plate indicate
the balanced three-phase amperes which will oper-
ate the carrier-start fault detector FD1. The second
fault-detector unit FD2, which supervises operation
of the AR tripping relay, is adjusted to pick up at a
current 25 percent above tap value. The taps avail-



TYPE SKB AND SKB-1 RELAYS

able are 3, 4, 5, 6, 7, 8, and 10, for the SKB relay,
and 6, 8, 10, 12, 14, 16, and 20 for the SKB-1 relay.
These taps are on the primary of the saturating
transformer.

For phase-to-phase faults AB and CA, enough
negative sequence current has been introduced to
allow the fault detector FD1 to pick up at 86% of the
tap setting. For BC faults, the fault detector will
pick up at approximately 50% of the tap setting.
This difference in pick-up current for different
phase-to-phase faults is fundamental, and occurs
because of the angles at which the positive and
negative sequence components of current add to-
gether.

With the sequence network arranged for positive,
negative, and zero sequence output, there are some
applications where the maximum load current and
minimum fault current are too close together to set
the relay to pick up under minimum fault current,
yet not operate under load. For these cases, a tap
is available on both the SKB and SKB-1 relays
which cuts the three-phase sensitivity in half, while
the phase-to-phase setting is substantially un-
changed. The relay then trips at 90% of tap value
for AB and CA faults, and at twice tap value for
three-phase faults. The setting for BC faults is 85
percent of tap value. In some cases, it maygbe
desirable to eliminate response to positive-sequence
current entirely, and operate the SKB relay ongiheg-
ative-plus-zero sequence current. A tap is available
to operate in this manner. The fault detectér FDd
picks up at about 95% of tap value for all phase-to-
phase faults, but is unaffected by bdlancedsload
current or three-phase faults when using this tap.

For ground faults, separate taps,are”available
for adjustment of the ground #fault, sensitivity to
about 1/4 or 1/8 of the upper tap/ plate setting.
See Table II. For example, 4f the upper tap plate of
the SKB relay is setgat tapf'4,/the fault detector
(FD1) pick-up current)for“ground faults can be either
1 or % ampere. Infspee¢ial applications, it may be
desirable to eliminate response to zero-sequence
current. The relay isWprovided with a tap to allow
such operation.

Trip Circuit

The mainjcontacts of the SKB relay will safely
close 30 “amperes at 250 volts d-c and the seal-in
contatis™ef) the indicating contactor switch will
safely ‘earry this current long enough to trip a circuit
breaker.“The trip contacts of the SKB-1 relay have
no seal-in device since they energize the low-cur-
rent input of a static tripping relay.

6

Trip Circuit Constants - SKB Relay

Indicating Contactor Switch (ICS)
0.2-ampere tap, 6.5 ohms d-c resistance
2.0-ampere tap, 0.15 ohms d-c resistance
1.0-ampere tap, 0.1 ohms d-c resistance

SETTINGS - SKBWRELAY

The SKB relay has separate 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 taps is suffi-
cient to cover a wideyrange of application. The
method of determining theWycorrect taps for a given
installationis diseussed,in the following paragraphs.

In all eases, (the/'similar fault detectors on the
relays at all\terminals of a line section must be set
to pick Uppat the same value of line current. This is
necessaryafor correct blocking during faults external
to the‘pretected line section.

Positive-Sequence Current Tap and FD2 Tap

The upper tap plate has taps of 3, 4, 5, 6, 7, 8,
and 10 for the SKB relay, or 6 to 20 for the SKB-1
relay. As mentioned before, these numbers represent
the three-phase, fault detector FD1 pickup currents,
when the relay is connected for positive, negative
and zero sequence output. The fault detector FD2
operates to allow tripping at a current value 25 per-
cent above the fault detector FFD1 setting. This 25
percent difference is necessary to insure that the
carrier-start fault detectors (FD1) at both ends of a
2-terminal transmission line section pick up to start
carrier on an external fault before operating energy
is applied through FD2.

For a 3-terminal line, FD2 settings must be
readjusted for pickup at 250 percent of FD1 setting.
This is necessary to allow proper blocking when
approximately equal currents flow in two terminals,
and their sum flows out the third line terminal. The
relay is normally shipped calibrated for 2-terminal
line operation.

When the SKB is to be used on a 3-terminal
line, FD2 must be recalibrated as explained in the
previous paragraph, and the FD2 temperature-com-
pensating circuit must also be changed to accomo-
date the new Rc (FD2 pickup) setting. This is
accomplished by changing the jumper near the lower
left corner of the printed circuit board (see Fig. 8)
from C-2to C-3, as shown.

s,
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The taps on the upper and lower tap plates
should be selected to assure operation on minimum
internal line-to-line faults, and yet not operate on
normal load current, particularly if the carrier chan-
nel is to be used for auxiliary functions. The drop-
out current of the FD-1 fault detector is 80 percent
of the pick up current, and this factor must also be
considered in selecting the positive-sequence cur-
rent tap and sequence component combination. The
margin between load current and fault detector pick
up should be sufficient to allow the fault detector to
drop 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 sequence network to provide any of
the combinations described in the previous section.
The left half of the tap plate changes the tap on the
third winding of the mutual reactor and thus changes
the relative amounts of positive and negative se-
quence sensitivity. OQperatioen of the relay with the
various taps is given infthe table below.

TABLE |
TAPS ON LOWER
FAULT DETECTOR FD1 PICK-UP
COMB SEQUENCE COMPONENTS TAP BLOCK
) IN NETWORK OUTPUT LEFT RIGHT
HALF A RN 3¢ FAULT ¢-¢ FAULT
86% Tap Value
1 Positive, Negative, Zero C Gler H* Tap Value
(53% on BC Fault)
90% Tap Val
2 Positive, Negative, Zero B + Gor H 2 x Tap Value % Tap Value
(65% on BC Fault)
3 Negative, Zero A * GorH _ 95% Tap Value

* Taps F, G, and H are zero-sequence taps for adjusting ground fault sensitivity.

See section on zero-sequencefcurrent tap.

A Fault detector FD2 is setfto pick up at 125% of FD1 for a two-terminal line, or 250% for a three-termin-

al line.

+ When taps A and 3for B'@nd 3 are used, FD1 and FD2 will pickup 10 or 15 percent higher than the
above values because of the variation in self-impedance of the sequence network and the saturating

transformer.

Zero-Sequence Current, Tap

The right Half of"the lower tap plate is for ad-
justing thejground{fault response of the relay. Taps
G and H give“thé approximate ground fault sensitiv-
ities as listed in Table II. Tap F is used in appli-
cations where increased sensitivity to ground faults
is ot required. When this tap is used, the voltage
output of the network caused by zero-sequence cur-
rent 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
pickup current for various phase or ground fault

combinations. However, these variations will be the
same from one relay to another.

TABLE I
GROUND FAULT PICKUP
LOWER
COMB.
LEFT TAP | 1ap g TAP H
1 c 25% 12%
2 B 20% 10%
3 A 20% 10%
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Examples of SKB Relay Settings

Case |

Assume a two-terminal line with current trans-
formers rated 400/5 at both terminals. Also assume
that full load current is 300 amperes, and that on
minimum internal phase-to-phase faults 2000 am-
peres is fed in from one end and 600 amperes from
the other end. Further assume that on minimum in-
ternal ground faults, 400 amperes is fed in from one
end, and 100 amperes from the other end.

Positive-Sequence Current Tap

Secondary Values:

5

Load Current = 300 x 00 = 3.75 amperes (1)
Minimum Phase-to-Phase Fault Currents:
600 x S = 7.5 amperes (2)
400
Fault detector FD1 setting (three-phase) must be
at least:
3.7 - . .
o380 4.7 amperes (0.80 is dropout ratio of

FD-1 fault detector) (3)
so that the fault detector will reset on load current.

In order to complete the trip circuit on am%.5
ampere phase-to-phase fault, the fault detector ED1
setting(three-phase) must be not more than:

1 1 =
. — —_ 6.98gamperes (4)
S X 0.866 X 1.2 o

(37}

1.25 = F'D2 pickup
F'Di, pickup

Sequence Combination Tap

From a comparison of ((3)fand (4) above, it is
evident that the fault “detectordcan be set to trip
under minimum phage fault “éendition yet not operate
under maximum l@ad.£In this case, tap C on the
lower left tap blocki woudd be used (see Table 1,
Comb. 1) as there is sufficient difference between
maximum load and minimum fault to use the full
three-phase sensitiyity. Current tap 6 would be
used in preference to tap 5 to allow for occurrence
of higherload current.

Zero Sequence Tap

Secendary Value:

100 x 40% = 1.25 amperes minimum ground fault

current.

With the upper tap 6 and sequence tap C in use,
the fault detector FD1 pickup currents for ground
faults are as follows:

Lower righttap G-1/4 x 6 ={1.5amp.
Minimum trip = 1.25 x 1.5%. 1.88¢amp.
Lower right tap H-1/8 x46p.~ 0275 amp.
Minimum trip = 1.25 x/0.7 <90.94 amp.

From the above, tap. H would be used to trip the
minimum ground fault of 1225 amperes.

Case ll

Assume the sameypfault 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
inopérative on load current. Compare equations(5)
and \(6). However, by connecting the network per
@ombination 2 on Table I, the relay can be set to
trip \on minimum phase-to-phase fault, although it
willd ' 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 complete the trip circuit on a 7.5
ampere phase-to-phase fault, the fault detector tap
must now be not more than:

75x_1 x _1 =66 (5)
1.25 0.9

To be sure the fault detector FD1 will reset
after a fault, the minimum tap setting is determined
as follows:

Load Current - 550 x % = 6.9 amps (6)
6.9 _
—— . = 8.6 T
0.80 (

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 = 4.3 (8)
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From a comparison of (5) and (8) above, tap 5 or
6 could be used. (Continuous load current rating of
relay is 10 amperes.)

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

Tap G-1/5x5 — 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. =0.63 amp.

Therefore, tap H would be used to trip the min-
imum ground fault of 1.25 ampere with a margin of
safety.

Indicating Contactor Switch (ICS) — SKB Relay

No setting is required for relays with a 1.0 am-
pere unit. For relays with a 0.2/2.0 ampere unit,
connect the lead located in front of the tap block to
the desired setting by means of the connecting
screw. When the relay energizes a 125 or 250-volt
d-c type WL relay switch, or equivalent, use the 0.2
ampere tap; for 48-volt d-c applications set the unit
in tap 2 and use a type WL relay with a S# 3046209+
GO1 coil, or equivalent.

SETTINGS - SKB-1 RELA¥

The SKB-1 relay tap settings are madeyfrom a
consideration of just maximum loadgeurrent/'and the
resetting of FD1 fault detector. The SKB-1 current
taps are 6, 8, 10, 12, 14, 16, and 20,.0n taps 6 and
C, FD1 will operate at 6 amperes, 3-phase, and
reset at 80% of pickup, ofy4e8 amperes. This will be
adequate in most cases whergamaximum load current
is in the order of 3 to 4famperes, secondary values.
If maximum load current, is /5 amperes or slightly
higher, tap 8 should be used, which will give a
dropout currentgfor EDT or 6.4 amperes.

For moSt SKIB-1 relay applications, where static
phase-distancé relags are used as phase fault detec-
tors, taps 6-C=H Are recommended. This will give a
minimum trip sensitivity for phase-to-ground faults
of 6 x 1/8 x 1.25 or 0.94 ampere. Taps A or B are
not, recommended for SKB-1 relay application.

O INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration and heat. Mount the

relay vertically by means of the rear mounting stud or
studs for the type F'T projection case of by méans of
the four mounting holes on the flange,.for the semi-
flush type FT case, Fither the stud or th& mounting
screws may be utilized for grounding the relay. Ex-
ternal toothed washers are provided 4for use in the
locations shown on the outlime and drilling plan to
facilitate making a good elegtrical connection be-
tween the relay case, itS@mounting screws or studs,
and the relay panel. Ground Wwires are affixed to the
mounting screws or (studs %as required for poorly
grounded or insulating pamels. Other electrical con-
nections may be, madendirectly to the terminals by
means of screws for.steel panel mounting or to the
terminal stud(furnished with the relay for thick panel
mounting. Thejterminal stud may be easily removed
or inserted by,.locking two nuts on the stud and then
turping thelproper nut with a wrench,

For ‘detail information on the FT case refer to
I.I5m41-076.

ADJUSTMENT AND MAINTENANCE

CAUTION: When changing taps under load, the
spare tap screw should be inserted in the new tap
before removing the other tap screw.

Acceptance Tests

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

NOTE: The relay current tap numbers and the FDI1
and FD2 pickup and dropout current values in the
Acceptance Tests and Calibration sections apply to
the SKB relay. For the equivalent tap number and
current value for the SKB-1 relay, double the figures
given for the SKB relay.

The carrier trip circuit should be open for the
following check: Set the SKB relay on taps 5, C,
and H. Connect a 60-cycle test current circuit
between phases A and B of the relay (terminals 5
and 7.). Connecta high-resistance d-c voltmeter be-
tween relay terminal (or test switch) 15 (pos.) and
18 (neg.). This will read approximately 20 volts
when F'D1 operates. Gradually increase the current.
At 4.33 amperes, FD1 should operate, starting the
transmission of half-cycle pulses of carrier, and the
d-c voltmeter will read 20 volts.
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Continue to increase the test current. At 5.41
amperes, FD2 should operate. If the R101 controls
in the type TCU control unit have been set, the AR
tripping unit in the SKB relay will operate. The
operation of FD1 and FD2 can also be noted by
observing the change in d-c voltage at the printed
circuit board terminals 14 (FD1) and 15 (FD2) rela-
tive to TP4 (negative). See Table I for typical val-
ues for these voltages under standby and operating
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 4.85 amperes. The FDI1
dropout is 80 per cent of pickup, or 3.46 amperes.

The fault detectors have been properly cali-
brated at the factory and normally will require no
further adjustment. If it is found desirable to touch
up the calibration, this can be done by loosening
the locking nut and changing the adjustment of the
appropriate control as listed at the beginning of this
section. Turning RA or RC in a _clockwise‘ direction
will increase the FD1 or FD2 pickup. Similarly,
turning RB or RD in a clockwise direction will in-
crease the dropout current.

The pickup and dropout calibration settings of
FD1 and FD2 are made with the four controls on the
SKB or SKB-1 relay subpanel, as follows:

Relay Unit Pickup Dropeut
FD1 RA RB
FD2 RC RD

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

Typical test point voltagevalues listed in Table
I will be useful when checking'the apparatus. The
readings will remain fd@irly“eonstant over an indef-
inite period unless adfailure occurs. Voltages should
be measured with a vacuum-tube voltmeter. To facil-
itate taking these voltages,@ test cable is available.
See Fig. 9. To use this cable, remove the SKB or
SKB-1 chassis from its case. Remove the printed
circuit board from the“back of the relay, and insert
the board end“ef the test cable in its place. Now
plug the removed board into the receptacle at the
other end ofathe cable. Replace the relay chassis in
its caseWon the switchboard and close the test
switches.“The relay can now be energized and oper-
ated tomobtain the readings in Table I. The test

10

cable can also be used, if desired, with the printed
circuit boards of the type TCU Control Unit. How-
ever, do not use these test cables in the TC trans-
mitter where r.f. voltages are involved.

TABLE |

Note: All d-c voltages are positive with respect to
negative d-c(TP4). All voltages are readgWith a vtvm,
and in general will be within £10% of fhe values
listed.

TEST IskB =0 PskBf2 x FD2 p.u. &
POINT
TP5 45.0 vdc 45.0 vdc
TP6 6.5 6.8
TP17 6.5 < 0.5
TP8 14.0 < 0.5
TP9 <0.5 14.0
TP10 45.0 <0.5
TP11 45 45
*Term, 14 <0.5 20.0
*Term. 15 —_ 44.5
*Term. 19 <0.5 20.0
A-C TEST POINT VOLTAGES
TB2 tOVTP 1 e 18.0 vac approx.
TR24A0 TP 3 17.5 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 or SKB-1 and associated relays and
the carrier equipment have been installed and adjust-
ed, the system can be checked following the procedure
in Part II of this I.L. under the heading ‘‘OVERALL
TEST OF COMPLETE INSTALLATION.”’

Routine Maintenance

All contacts should be periodically cleaned. A
contact burnisher S# 182A836H01is recommended.
The use of abrasive material is not recommended
because of the danger of embedding small particles
in the face of the soft silver and thus impairing the
contact.

The proper adjustments to insure correct oper-
ation of this relay have been made at the factory
and should not be disturbed after receipt by the
customer. If the adjustments have been changed,
the relay taken apart for repairs, or if it is desired
to check the adjustments at regular maintenance
periods, the instructions below should be followed.

The performance of the phase comparison carrier
relaying can be checked periodically as explained in
Part III of this I.L.. under the heading ““TYPE SKB or
SKB-1 TEST FACILITIES APPLICATION."”
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Calibration

Normally, there are no adjustments to be made
in the sequence network. The taps on the three
tubular Ry resistors are brazed in place and cannot
get out of adjustment. The two taps on the formed
R1 resistor are factory settings, and should not
require readjustment. However, if there is reason to
suspect that the tap position has changed, the fol-
lowing procedure can be used to check the R1 tap
settings for either the SKB or SKB-1 relay:

Remove the current tap screw (upper tap plate),
and insert the tap screws in taps C and H on the
lower tap plate.

Pass a single-phase current of ten amperes
(SKB or SKB-1), rated frequency, through the reactor
coils in series from phase B to phase C (relay
terminals 7 and 9). Accurately measure the a-c
voltage from phase A terminal to the upper tap plate.
This voltage should be between 3.8 and 4.0 volts
a-c. Now pass 10 amperes fromphase A to phase B
with the lower tap screw C removed. Adjust the R1
tap further from the R1 mounting screw to give a
voltage drop across Rl equal to exactly one-third
of the reactor drop. This voltage can be measured
directly across the terminals of the resiStor JR1
from the mounting screw to the last tapBenfR1.

Note the above reading, and adjust the,inter-
mediate tap on R1 to give exactly 1/3 offthe, voltage
obtained above for all of R1. Measure) the voltage
from the R1 mounting screw to the intermediate tap.

If replacement of the printedy ciré@it board or

major components necessitates a complete recali-
bration, proceed as follows:

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

2 Use a phase A4B{test current. (double the
followingGcurrentsdvalues for SKB-1 relay).

3. Set/RA and RC to full clockwise position.
4. Set RB and RD to mid-scale.

5. Passg@4.33 amperes through the relay (phase
A to B).

6. Check the a-c voltage from TP2 to TP1 and
from TP2 to TP3 with a vtvin. Adjust the
small pot. R2 on the printed circuit board
until these two voltages are equal.

7. Now slowly turn RA counterclockwise, with
4.33 amperes flowing, until FDidwoperates.

8. Reduce the phase A-B current to“ehéck FD1
dropout. Adjust RB to get 80 percent dropout
(3.46 Amperes).

9. Recheck FD1 pickupfandsdropout, and touch
up RA and RB Impthat order for the correct
calibration. Tighten the Iocknuts.

10. Similarly recalibrate/ FD2 using controls RC
(pickup) and “RD “(dropout), repeating steps
7, 8, andW9, except for FD2 pickup of 5.41
amp. andydropout of 4.85 amp. Do not read-
just R2.

11. For 8-tepminal lines, change the printed cir-
cuit board link from C2 to C3, then calibrate
FD2 for 10.82 amp. pickup and 9.7 amp.
dropout.

Tsipping Relay (AR)

The type AR tripping relay unit has been proper-
ly adjusted at the factory to insure correct operation,
and should not be disturbed after receipt by the
customer. If, however, the adjustments are dis-
turbed in error, or it becomes necessary to replace
some part in the field, use the following adjustment
procedure. This procedure should not be used until
it is apparent that the relay is not in proper working
order, and then only if suitable tools are available
for checking the adjustments.

1. Adjust the set screw at the rear of the top of
the frame to obtain a 0.009-inch gap at the
rear end of the armature air gap.

2. Adjust each contact spring to obtain 4 grams
pressure at the very end of the spring. This
pressure is measured when the spring moves
away from the edge of the slot in the insula-
ted crosspiece.

3. Adjust each stationary contact screw to ob-
tain a contact gap of 0.020 inch. This will
give 15-30 grams contact pressure.

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

Indicating Contactor Switch (ICS in SKB Relay)

Close the main relay contacts and pass suf-

n
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ficient direct current through the trip circuit to
close the contacts of the ICS. This value of cur-
rent should not be greater than the particular ICS
tap setting being used. The indicator target should
drop freely.

Operation Indicator (Ol in SKB-1 Relay)

Apply 80 percent of rated voltage across relay
terminals or test switches 1 and 10. When the AR
relay is operated, the orange target should drop.

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

Replacement of Printed-Circuit Board Components

If a defective resistor, capacitor, or diode is
found, cut it out of the circuit by first clipping off
its leads on the component side of the printed cir-
cuit board. Then turn the board over, melt the solder

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

NOTE: For such work, a 60-watt iron with a Small,
clean, well-tinned tip is recommended. Use a 60-40
(tin-lead) rosin-core solder. Do not hold the iron
against the printed-circuit board any longer than
necessary to remove and replace tfie’ component. If
the terminal hole in the board €losesfup with solder,
use the iron to melt it, then open“up the hole with a
fine awl or similar tool.

Where transistors are ,mounted on small plastic
pads, the leads cannot beWelipped off. In such a
case, melt the solder ompone/ connection at a time,
while gently tilting back,that section of the transis-
tor. Because of th@ small“flexible leads, the trans-
istor will graduadl§pseparate from the board.

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

ELECTRICAL PARTS LIST

Symbol Description Style Symbol Description Style
C1 0.5 mfd. 200V + 10% 187A624H11 | R16 68K 1/2W + 10% 187A641H71
Cc2 0.25 mfd, 200V t 20% 187A624H02 | R 147 39K 1/2W + 10% 187A641H65
Cc4 1.0 mfd, 200V + 20% 187A624H04 | R18 10K 1/2W + 10% 187A641H51
cs O 1.5 mfd, 200V + 10% 187A508H09 PR 19 6.8K 1/2W + 10% 187A641H47
CT 0.1 mfd, 400V.D.C. 1544920 R20 © | 10K O © | 629A531H56

R21 18K 1/2W * 5% 184A763H57
D1-D7 | IN459A Diode 184A855H08 R 22 15K 1/2W + 10% 187A641H55
DBE)DQ ) IN457A Diode 184A855H0TY R23 Type 1DO51 Thermistor,
D10-D1 20K at 25°C. 185A211H05
Ql 2N652A IBFAGIBHIG | oy 470K 1/2W + 5% 184AT63H9 1
Q2- Q3 2N697 184A638H18
Q4 ONBOT 18aa63smn1s | R25 10K 1W 1 5% 187A643H51
Q5 2N699 184A638H19 | R26 1K 1/2W t 5% 629 A530H32
Q6 2N4356 849A441H02I R27 Q) | 10K 1/2W +5% 629 A530H56
Q7 2N697 184A638H18

RA 30K pot. 185A067H15
R1 2.7K 1/2W + 5% 629A530H42 | RB 200K pot. 185A067H14
R2 2.5K + 20% 1/4W Pot 629 A430H03 | RC 40K pot. 185A067H16
R3 © WK 1/2W ®5% 620A530H63 g’; ggofmf]‘jt-z,, Cube 1320*\3?:;1“4

+ =
Rd 3.9K 19~ 5% 187A643Ha1 Y o) 9.1K, Y watt, +5%-SKB-1 only
R6 33K 1/2W t 10% 187A641H63 | Z1 IN957B (6.8v, 0.4w)
R7 10K 1/2W %/5% 629A530H56 Zener Diode 186 AT9THO6
RS 10K 1/2W + 10% 187A641H51 { IN957B (6.8v, 0.4w)
R90 10K 1/2W i/5% is ?nggggigg Zener Diode 186A79 THO6
R1 0.22 MEG, 1/2W + A
% Z3 IN1789 (56v, 1.0w)

R11 10K 1/2W + 10% 187A641H51 Zener Diode 584C434H08
R12 15K 1/2W + 10% 187A641H55 | 24 IN3686B (20v, 0.75w)
R13 33K 1/2W + 10% 187A641H71 Zener Diode 185A212H06
R14 0.1 MEG, 1/2W * 10% 187A641H75 | 2T IN1832C (62v, 10w)
R15 10K 1/2W + 10% 187A641H51 Zener Clipper 184A617HO6

12
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alligator clip) on any transistor or diode being
soldered. As an alternate, use a long-nosed pliers
to hold the lead (being soldered) between the device
and the point of soldering.

Test Equipment

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

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

3. Cathode-ray oscilloscope (to check carrier
keying and 60-cycle square-wave voltages in
TCU Control Unit).

4. Test Cable

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interechangeable parts can be
furnished to the customers «4#h@) are equipped for
doing repair work. When“ordering parts, always give
the complete namepldte data. For components
mounted on the printed/cireuit board, give the cir-
cuit symbol, electrical\,wvalue, and style number.

ENERGY REQUIREMENTS

SKB OR SKB-1

Burdens measured at a balanced three-phase

current of five amperes:

REL AX

Burdens measured at a single-phase-to-neutral
currentief five amperes:

Relay Phase A Phase B Phase C

Taps VA |Angle| VA |Angle| VA |Angle

Relay Phase A Phase B Phase C

Taps, | vA |Angle| VA | Angle| VA | Angle

A-F- 3| 2.47| 5° 0.6 0° 2.5 20°
A-H-10| 3.25 0° 0.8 |100° 1.28 | 551
B-F-33| 2.3 0° 0.63| 0° 2.45| 55°
B-H-10| 4.95| 0° 2.35| 90° | 0.3%|£60°
C-F- 3| 2.32| 0° | 0.718| 0° 2.36,| 50°
C-H-10| 6.35 |342° | 3.83| 80° 1,98, 185°

A-F- 3| 247| o0° 2.1 10° 1.97| 20°
A-H-10| 7.3 | 60° | 125 | 53° | 6.7 | 26°
B-F- 3| 2.45| 0° | 209| 15° 2.07| 10°
B-H-10| 16.8 55° | 22.0 | 50° | 12.3 38°
C:F- 3| 2.49| 0° 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 lagsdits respective voltage.

PART Il-TYPE TCY CONTROL UNIT

The construction, operation, and adjustment of
the type TCU Control Unit s#1sed with the SKB or
SKB-1 relays are c¢overed in separate instructions
identified as L. 414944.5 plus supplements, when
required. Thé& Control Unit is a part of the Type TC
carrier assémbly?

OVERALL TEST OF
COMPLETE INSTALLATION

After the complete equipment has been installed
and ‘adjusted, the following tests can be made which
will%previde an overall check on the relay and car-
rierhequipment. The phase rotation of the three-
phase currents can be checked by measuring the a-c
voltage across relay terminals 2 and 3 with a high
resistance a-c voltmeter of at least 1000 ohms per

volt. The reading obtained should be approximately
0.9 volts per ampere of balanced three-phase load
current (secondary value) with relay taps 4, C and
H, or taps 8-C-H for the SKB-1 relay.

The following test requires that a balanced
three-phase load current of at least 1.0 ampere
(secondary) be flowing through the line-section
protected by the SKB relays. At both terminals of
the protected line section, remove the SKB or SKB-1
relay cover and open the trip circuit by pulling the
test switch blade with the red handle. Put the tap
screw on the upper tap plate in the 4 tap, and on the
lower ones in the C and H taps. Be sure to insert
the spare tap screw before removing the connected
one. Now open test switches 4 and 5 on the relay at
one end of the line section (station A) and insert a
current test plug or strip of insulating material into
the test jack on switch 5 to open the circuit through

13
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that switch. The above operation shorts the phase A
to neutral circuit ahead of the sequence filter and
disconnects the phase A lead 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 operate. Completion of the
trip circuit can be checked by connecting a small
lamp (not over 10 watts) across the terminals of test
switch 10. (SKB only.)

Now perform the above operations at the oppo-
site end of the line section (station B) and momen-
tarily open and reclose test switch 11 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 operate.
Test switch 11 operation is required to make sure
that ‘“flip-flop’’ stage in the control unit is in reset
position. Now open and reclose switch 11 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
operating 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 «arriergset
and the Phase A current connections tg the‘telay at
both stations. Phase B and C should “be similarly
checked by opening test switches 6 and 7 for phase
B, and switches 8 and 9 for phasé¢ C. The same pro-
cedure described for Phase A Wis then followed.

If all the tests have beén_ompleted with sat-
isfactory results, the Test ‘switches at both line
terminals should begclosedy(close the trip-circuit
test switch last) and thé relay cover replaced. The
equipment is now ready todprotect the line-section
to which it is connected.

PART IlIl — TYPE SKB OR SKB-1
TEST EACILITIES APPLICATION

The test ‘facilities provide a simple manually
operated test™procedure that will check the com-
bined relaywand carrier equipment. The test can be
performed, without the aid of instruments. The re-
sults ‘giverassurance that all equipment is in normal
operating condition without resorting to more elab-
orate test procedures.
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CONSTRUCTION

Test Switch

The typ_e W-2 test switch is a four-position,
multi-stage switch. The contact arrangement uis
shown in Fig. 10, and the outline and drilling plan
in Fig. 11. The ‘‘on’’ contacts are used to complete
the SKB trip circuit and the alarm circuit. These
contacts are indicated in Fig. 10 by confacts C5-D5
and Al1-Bl. In the “‘Off’’ positiony the SKB trip cir-
cuit is opened through contact &£5-D5y, but the alarm

circuit remains closed through/contact A1Z-B1Z.
Two test positions to the left of\the ‘‘Off’’ position.
are provided. When the switch%is moved to either of
these positions, the relay trtip and alarm circuits are
interrupted and a red alarm light is turned on by
switch contacts A6-B6yand A7-B7. Moving the switch
to the ““Test 1’’gposition’will connect the output of
the auxiliapy test/transformer directly to the SKB
terminals number 8%and 9. Moving the switch to the
““Test 22’ positiondwill connect the test transformer
with a reversédypolarity to the SKB relay.

Forthe SKB-1 relay, refer to the overall diagram
which appliés to the particular order for actual
connections.

Auxiliary Test Transformer

The auxiliary test transformer is designed to
operate from a 120-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. 12.

Indicating Lamps

The red and blue indicating lamps are standard
rectangular Minalites. Outline and drilling dimen-
sions are given in Fig. 11.

ADJUSTMENT

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.
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OPERATION

A multi-contact switch is provided at each line
terminal which serves the dual functions of a car-
rier on-off switch and a test switch. This switch is
arranged to apply a single-phase current to the SKB

or SKB-1 relay to simulate internal and through
fault conditions. Relay operation is noted by ob-
serving a blue indicating lamp connected in the
SKB relay trip circuit. During the test the SKB trip
circuit to the line breaker is opened and a red
warning light is energized through auxiliary con-
tacts on the test switch.

Use of the auxiliary test equip[rlent is to be
limited to provide a simplified test after the initial
installation tests have been performed as described
in Part II of this instruction leaflet.

The test apparatus is to be connected as shown
in Fig. 10 with the auxiliary test transformers ener-
gized from 120-volt, 60-cycle power sources, at each
line terminal, that are in phase with each other.
The following operation procedure assumes that the
same polarity is used in connecting the test trans-
former at each line terminal.

1. Turn the carrier test switch at bothfline ger-
minals to OFF. D

2. Turn the carrier test switch tof TEST “1 at
station A. The ‘‘A’’ relay should/operate to
transmit half cycle impulsesfof carrier, and
trip. Tripping will be imdicated by the blue
light.

3. Turn the SKB test“switchyat Station B to
TEST 1. This will simulate an internal fault

fed from both line terminals. Thejrelay 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 cycle im-
pulses simultaneously from edeh end of the
line.

Reset the SKB testyswiteh at Station A. The
relay at StationfAywillyreset and turn off the
blue light. The relay” at Station B will hold
its trip contactyelosed, lighting the blue
light.

Turn, (the “"SKB test switch at Station A to
TEST92. Depress Test Reset pushbutton
momentarily to reset Flip-Flop stage that may
have Joperated during switching the test
switéh to position 2. Operate Test Reset
pushbutton at Station B to reset Flip-Flop
stage from previous tripped Dosition. Roth
blue lights should be off at this point, which
represents an external fault.

Reset the test switches at both line termin-
als to OFF before returning to ON for normal
service. Push in handle to turn in ON posi-
tion.

This completes the test procedure.

Component Style Numbers

Test Transformer

Type W-2 Test Switch

Type W-2 Test Switch

s# 1338284

s#505A742G01 for 1/8”’
panel mounting.

S#505A742G02 for 1-14”’
panel mounting.
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Fig. 3

Static Fault Detector Block Diagram
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SIMPLIFIED SCHEMAT C
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