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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 thg
relay settings. The relay operates on line current
only, and no source of a-c line potential is réquired.
Consequently, the relays will not trip “during a
system swing or out-of-step conditions. “Bhe carrier
equipment operates directly from the station battery.

The type SKB-1 relay is used in distance/phase-
comparison carrier relaying where separate distance-
type fault detectors supplement \the /overcurrent
fault detectors of the SKB-1 relaydto give improved
phase-fault sensitivity. Unléss, otherwise stated,
the following sections of{this instruction leaflet
apply to both the types™SKBWand SKB-1 relays.

The SKB relay isgavailable with indicating con-
tactor switches with either a 1-ampere or a 0.2/2.0-
ampere rating., The 0.2/2.0-ampere rating is recom-
mended where a lockout relay is energized or where
a high registance auxiliary tripping relay is util-
ized. The SKB-1 relay has a low-current operation
indicator, and the trip circuit energizes an external
static tripping device.

PART |
TYPE SKB AND SKB-1 RELAYS
CONSTRUCTION

The relay consists of a combination positive,

SUPERSEEDES I.L. 41-954B

*Denotes changed from superseded issue.

negative, and zero sequence‘current network, a
saturating auxiliary transformer; Zener clipper, high-
speed type AR tripping /relay unit, indicating con-
tactor switch plus they,static fault-detector circuitry
which is mountedyon a'printed-circuit board. These
components aremall “mounted in an FT42 Flexitest
relay case.

Sequence/Network

Theycurrénts from the current-transformer se-
condaries ‘are passed through a network consisting
ofpa three-winding iron-core reactor and two resis-
tors.WThe zero-sequence resistor, R consists of
threepresistor tubes tapped to obtain settings for
various ground fault conditions. The other resistor
R1 is a formed single wire mounted on the rear of
the relay sub-base. The output of this network pro-
vides a voltage 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
detectors and the carrier control unit, thus providing
a small range of voltage for a large variation of
maximum to minimum fault currents. This provides
high operating energy for light faults, and limits the
operating energy for heavy faults to a reasonable
value.

The upper tap plate changes the output of the
saturating transformer, and is marked in amperes
required to pick up the lower fault detector unit. For
further discussion, see section entitled, SETTINGS.
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Fig. 1 Type SKB Relay —~ Front View
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Fig. 2 Type SKB Relay ~ Rear View
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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 (ICS)

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 magnetic core upon
energization of the switch. When the switch closes,
the moving contacts bridge two stationary contacts,
completing the trip circuit. Also during this opera-
tion, two fingers on the armature deflect a spring
located on the front of the switch, which allows the
the operation indicator target to drop. The targetyis
reset from the outside of the case by a push rod
located at the bottom of the cover.

The front spring, in addition to holdingsthe tar<
get provides restraint for the armature{and thus
controls the pickup value of the switeh.“%In" the
SKB-1 relay, the device has no contacts;jand is
used only as an operation indicatori(OI).

OPERATION

The SKB or SKB-1 carriet relaying system com-
pares the phase positions of the currents at the ends
of a line-section overpa carrier@hannel to determine
whether an internal orgexternal fault exists. The
three-phase line Currents efiergize a sequence net-
work which gives aWsingle-phase output voltage
proportional to a combination of sequence compon-
ents of the line current. During a fault, this single-
phase voltage energizes a static control unit (TCU)
which allowstthe transmission of carrier on alternate
half-cycles, ‘6f, the power-frequency current. Carrier
is transmitied from both line terminals in this man:
ner,.and)is received at the opposite ends where it is
compared )with the phase position of the local se-
qQuenecenetwork output. If the local and remote half-

cycle pulses are of the correct phase position for @an
internal fault, after a 4-millisecond delay duringsthe
half cycle in which carrier is not transmitted, trip=
ping will be initiated through operation of the “flip#
flop and trip amplifier circuits in the TCU control
unit. Current transformer connections to the sequence
networks at the two terminals are such that carrier
is transmitted on the same half ¢ycles) from both
terminals during an internal “fault,” thus allowing
tripping during the half cycles, that, carrier is not
transmitted. However, if the faultWis external to the
protected line section, carrier is transmitted on al-
ternate half cycles from oppesite terminals. Thus
each terminal blocks theyopposite terminal during
the half cycle when itfistattempting to trip.

The four-millisecondydelay previously mentioned
is added to allow/forddifferences in current trans-
former performance,at opposite line terminals, relay
co-ordinationj) and, momentary interruptions in car-
rier causedmby. ‘arcing over of protective gaps in the
tuningyequipment.

Since this relaying system operates only during
affault,“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 FDI1 level
detector is amplified and provides a ‘‘normally-
closed’’ FD1 static contact to start carrier.

The operation of FD2 is delayed about 5 milli-
seconds to insure coordination in setting up blocking
for external faults where 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-
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former, phase-splitting network, and polyphase rec-
tifier occupy the lower third of the diagram. The FD2
circuitry is in the middle 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 detectors
for the SKB and SKB-1 relays are identical. Figure 8
shows the location of components on the printed
circuit board for the static fault detectors for both
the SKB and SKB-1 relays.

With reference to Fig. 4, the output voltage of
the sequence network and saturating transformer is
applied to a phase-splitting network (C1, R1, R2) and
a polyphase rectifier (diodes D1 to D6). The d-c
voltage so obtained requires a minimum of filtering
(C2), and responds rapidly to a change in magnitude
of the a-c output. This d-c voltage is appliedito the
FD1 and FD2 circuits which operate whenypthe“d-c
input ‘‘signal’’ exceeds a predetermined value.

FD1-Under normal line conditiens((no fault),
current flows from relay terminall 19 (pos. 45 v)
through resistor R4 and Zener diededZl40 negative,
holding Q1 emitter at 6.8 volts{positive. In transistor
Q1, current flows from emitterte 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 gvefy low (less than 0.5 volt),
thus providingsthe {eqgtivalent of a closed contact.
When a fault eccurs andfthe d-c input voltage to Q1
base (from the polyphase rectifier) exceeds the 6.8-
volt drop aeross Zener diode Z1, transistor Q1 stops
conducting. This #emoves the base current from Q2
and Q7, causing“them to stop conducting, and pro-
viding the equivalent of an open contact at Q7 col-
lector-emitteér circuit.

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

reduced to allow FDI1 to ‘‘reset,” transistors|\Ql,
Q2, and Q7 again conduct. Resistor RA4s fongsétting
the FD1 pickup current (calibration adjustment), and
the setting of RB determines the 80 per‘eent dropout
value.

FD-2-Under normal conditions, transistor Q3
has no base ‘‘signal’”’ and’thus, is turned off (not
conducting). Thus Q3 ‘@ellecétor is at a high enough
positive potential to provide base drive for transis-
tor Q4, driving it to/full%eonduction. With Q4 fully
conducting, there is nofbase drive to transistor Q5.
With no Q5 collectomycurrent, the base of PNP-type
transistor Q6 iSysupplied from the 45-volt source
through the de@pyof‘diode D11. Thus the Q6 emitter
is normallyyat a“slightly lower potential than its
base. Thisycondition keeps transistor Q6 in a non-
conducting/ state, equivalent to an open contact.
Zenen 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
ratifig 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 D2, which supervises operation
of the AR tripping relay, is adjusted to pick up at a
current 25 percent above tap value. The taps avail-
able are 3, 4, 5, 6, 7, 8, and 10, for the SKB relay,
and 6, 8, 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 F'D1 to pick up at 86% of the
tap setting. For BC faults, the fault detector will
pick up at approximately 50% of the tap setting.
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This difference in 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 65
percent of tap value. In some cases, it may be
desirable to eliminate response to positive-sequence
current entirely, and operate the SKB relay on neg-
ative-plus-zero sequence current. A tap is available
to operate in this manner. The fault detector FD1
picks up at about 95% of tap value for all phase-to-
phase faults, but is unaffected by balanced load
current or three-phase faults when using this tap.

For ground faults, separate 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, if the upper tap plategof
the SKB relay is set at tap 4, the fault detector
(FD1) pick-up current for ground faults can begeither
1 or Y% ampere. In special applications, it/ may ‘be
desirable to eliminate response to zeré-sequence
current. The relay is provided with a, tap to,allow
such operation.

Trip Circuit

The main contacts of the SKByrelay will safely
close 30 amperes at 250 volts /d-¢ and the seal-in
contacts of the indicdting “eontactor switch will
safely carry this current longyenough 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 trippifig relay.

Trip Circuit Constants - SKB Relay

Indicating"€ontactor 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 - SKB RELAY

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 wide range of application. "The
method of determining the correct taps fer a given
installationis discussed in the following paragraphs.

In all cases, the similar fault detectors on the
relays at all terminals of a line’ slection must be set
to pick up at the same value ofiline current. This is
necessary for correct blocking during faults external
to the protected line seetion.

Positive-Sequence LurrentyTap and FD2 Tap

The upperitap ‘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 theyrelay»is connected for positive, negative
and zero sequence output. The fault detector FD2
operatesyto allow tripping at a current value 25 per-
cént /abeve the fault detector FD1 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 FFD1 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, FFD2 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-2 to C-3, as shown.

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-



TYPE SKB AND SKB-1 RELAYS

1.L.,41-954C

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/ platé, 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 peSitive and negative se-
quence sensitivity. Operatien of the relay with the
various taps is given in theytable below.

TABLE |
TAPS ON LOWER
FAULT DETECTOR FD1 PICK-UP
COMB SEQUENCE COMPONENTS TAP BLOCK
' IN NETWORK OUTPUT LEFT RIGHT
HALF HALF 3¢ FAULT ¢- ¢ FAULT
86% Tap Value
1 Positive, Negative, Zero C Gor B* Tap Value
(53% on BC Fault)
90% Tap Value
2 Positive, Negative, Zero B + G or'H 2 x Tap Value o 1ap
(65% on BC Fault)
3 Negative, Zero A i Gor H _— 95% Tap Value

* Taps F, G, and H are zero-sequengéytapsifor adjusting ground fault sensitivity.

See section on zero-sequence current tapr

AFault detector FD2 is set to pick up at 125% of FD1 for a two-terminal line, or 250% for a three-termin-

al line.

+ When taps A and 3, o8B and, 3 are used, the relay pickup currents for FD1 and FD2 will be 10 or 15per-
cent higher than the indieated values because of the variation in self-impedance of the sequence net-

work and the saturating transformer.

Zero-Sequence Current/Tdp

The right” half%ef the lower tap plate is for ad-
justing the ground fault response of the relay. Taps
G and H givefthe approximate ground fault sensitiv-
ities as listed%in Table II. Tap F is used in appli-
cations where increased sensitivity to ground faults
is not 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 variat:ons
(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 PICK UP
LOWER
COMB.
LEFT TAP | 1ap g TAP H
1 o 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:

Load Current = 300 x 40% = 3.75 amperes (1)

Minimum Phase-to-Phase Fault Currents:

600 x -9 = 7.5 amperes (2)
400
Fault detector FD1 setting (three-phase) must be
at least:
3.75

80 = 4.7 amperes (0.80 is dropout ratio of
-8 FD-1 fault detector) (3)

so that the fault detector will reset on load current:

In order to complete the trip circuit on af'7.§
ampere phase-to-phase fault, the fault detectorFD1
setting(three-phase) must be not more than:

7.5 x 0—.18—66 X %55 = 6.98,amperes (4)

1.25 = FED2 pickup
FD1 pickup

Sequence Combination Tap

From a comparisonqef (8)and (4) above, it is
evident that the fault detector“can be set to trip
under minimum phase fault condition yet not operate
under maximum load./In this case, tap C on the
lower left tap block would be used (see Table 1,
Comb. 1) as there is sufficient difference between
maximum load and minimum fault to use the full
three-phase gsensitivity. Current tap 6 would be
used in preference to tap 5 to allow for occurrence
of higher load eéurrent.

Zero Sequence Tap

Secondary Value:

100 x 2 = 1. 25 amperes minimum ground fault
400 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 right tap G-1/4 x 6%~ W6 amp.
Minimum trip = 1.25 x 1.5 —41.88 amp.
Lower right tap H-1/8 x6 /5,0.75 amp.
Minimum trip = 1.25 x 0278 = )0.94 amp.

From the above, tap4H would be used to trip the
minimum ground fault ofyl. 25%amperes.

Case ll

Assumehthe®same fault currents as in Case I,
but a maximumiload®current of 550 amperes. In this
exampley, withtthe¥same sequence combination as in
Case_ I, ‘the fault detectors cannot be set to trip on
the minimumyinternal three-phase fault, yet remain
inoperativegon 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:

7.5x 1

x L =6.6 (5)
.25 0.9

To be sure the fault detector FD1 will reset
after a fault, the minimum tap setting is determined
as follows:

5

Load Current ~ 550 x 200 = 6.9 amps (6)
6.9 _
—= _ =28.6 7
0.80 D

Since the fault detector pickup current for three-
phase faults is twice tap value, half the above value
(Eq. T7) should be used in determining the minimum
three-phase tap.

8.6 = 43 (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# 304C209-
GO1 coil, or equivalent.

SETTINGS - SKB-1 RELAY

The SKB-1 relay tap settings are made ¥rom a
consideration of just maximum loadgeurrentfand the
resetting of F'D1 fault detectar. The SKB-1 current
taps are 6, 8, 10, 12, 14, 16, and, 20mOn taps 6 and
C, FD1 will operate at 6 amperes, 3-phase, and
reset at 80% of pickup, or‘4#8 amperes. This will be
adequate in most cases whereymaximum l1oad current
is in the order of 3 to 4/ampeges, secondary values.
If maximum load currentyis /6 amperes or slightly
higher, tap 8 should bé,used, which will give a
dropout current4er FPA or 6.4 amperes.

For moét SK#B-1 relay applications, where static
phase-distance relags are used as phase fault detec-
tors, taps 6-C-H,dare 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 4 recommended for SKB-1 relay application.

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 fourimounting
holes on the flange for semi-flush méunting or by
means of the rear mounting studs fer projection
mounting. Either a mounting stud or the mounting
screws may be utilized for grounding the relay. The
electrical connections may be made directly to the
terminals by means of screwsafor steel panel mount-
ing or to the terminal studs furnished with the relay
for thick panel mounting.“Ehe terminal studs may be
easily removed or inserted by locking two nuts on
the stud and then turningwthe proper nut with a
wrench.

ADJUSTMENT_AND MAINTENANCE

CAUTION: 4 when¥changing taps under load, the
spare tap@serewypshould be inserted in the new tap
before removingrthe other tap screw.

Acceptance Tests

Since the static fault detector circuits obtain
theirfyd-c supply voltage from the associated type
TQfcarrier 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 FD1
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.). Connect a high-resistance d-c voltmeter be-
tween relay terminal (or test switch) 15 (pos.) and
18 (neg.). This will read approximately 20 volts
when FDI1 operates. Gradually increase the current.
At 4.33 amperes, FF'D1 should operate, starting the
transmission of half-cycle pulses of carrier, and the
d-c voltmeter will read 20 volts.

Continue to increase the test current. At 5.41
amperes, F'D2 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-
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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
SKBor SKB-1 relay subpanel, as follows:

Relay Unit Pickup Dropout
FD1 RA RB
FD2 RC RD

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

Typical test point voltage values listed in Table
I will be useful when checking the apparatus. The
readings will remain fairly constant over angindef-
inite period unless a failure occurs. Voltages should
be measured with a vacuum-tube voltmeter“To faeil-
itate taking these voltages, a test cable4s available.
See Fig. 9. To use this cable, remoge the,SKB or
SKB-1 chassis from its case. Remeve“the printed
circuit board from the back of the relag, and insert
the board end of the test cable impits' place. Now
plug the removed board into/the receptacle at the
other end of the cable. Replaceftheirelay chassis in
its case on the switchboard, and close the test
switches. The relay«an now be energized and oper-
ated to obtain the readingsfin Table I. The test
cable can also be used, ‘ififdesired, 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 ré. voltages are involved.

TABLE |

Note: Adl“d=e woltages are positive with respect to
negative dsc (TP4). All voltages are read with a vtvm,
and_inWgeneral will be within + 10% of the values
listed.
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TEST IskB =0 ISKkB=2 x FD2 p.u. &
POINT
TP5 45.0 vdc 45.0 vdc
TP6 6.5 6.8
TP7 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
TP2 to TP1 .coeeeinnniennn i oo h 18.0 vac approx.
TP2 t0 TP3ueieeie bl 17.5 vac approx.

* On Printed Circuit.Board

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

<0.5 - means lessithan0.5
Aftefithe SKB or SKB-1 and associated relaysand
the carrier“equipment have been installed and adjust-
ed, the system'éan be checked following the procedure
in Part II ofsthis 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 Il of this I.L.. under the heading ‘“‘“TYPE SKB or
SKB-1 TEST FACILITIES APPLICATION.”’

Calibration

Normally, there are no adjustments to be made
in the sequence network. The taps on the three
tubular Rg 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:
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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 R1 equal to exactly one-third
of the reactor drop. This voltage can be measured
directly across the terminals of the resistor R1
from the mounting screw to the last tap on R1.

Note the above reading, and adjust the inter-
mediate tap on R1 to give exactly 1/3 of the voltage
obtained above for all of R1. Measure the voltage
from the R1 mounting screw to the intermediate tap.

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

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

2. Use a phase A-B test current. (doubledthe
following current values for SKBx1 relay).

3. Set RA and RC to full clockwiseposition.
4. Set RB and RD to mid-scale.

5. Pass 4.33 amperesithrough the relay (phase
A to B).

6. Check the a-c voltage/from TP2 to TP1 and
from TP2 tof TP3, with a vtvm. Adjust the
small pOGt. R2Con/the printed circuit board
until these two voltages are equal.

7. Nowdslowlydturn RA counterclockwise, with
4.33 amperes flowing, until FD1 operates.

8. Reduce the phase A-B current to check FD1
dropout. Adjust RB to get 80 percent dropout
(3.46 Amperes).

9) Recheck FD1 pickup and dropout, and touch
up RA and RB in that order for the correct
calibration. Tighten the locknuts.

10. Similarly recalibrate FD2 using controls \RC
(pickup) and RD (dropout), repeatinggsteps
7, 8, and 9 except for FD2 pickupof 5.41
amp. and dropout of 4.85 amp. Deghot read-
just R2.

11. For 3-terminal lines, change the printed cir-
cuit board link fromfC2te, C3, then calibrate
FD2 for 10.82%amp® pickup and 9.7 amp.
dropout.

Tripping Relay (AR)

The type ARytripping relay unit has been proper-
ly adjusted at_ the faetory to insure correct operation,
and should,‘not “be, disturbed after receipt by the
customer._ If, yhowever, the adjustments are dis-
turbed i error, or it becomes necessary to replace
someypartfin fhe field, use the following adjustment
procedure. This procedure should not be used until
ityis 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-
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 (O1 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.

1N
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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 the component. If

the terminal hole in the board closes up with solder,
use the iron to melt it, then open up the hole with a
fine awl or similar tool.

Where transistors are mounted on small plastic
pads, the leads cannot be clipped off. In such a
case, melt the solder on one connection at a time,
while gently tilting back that section efithe transis-
tor. Because of the small flexible leads, the trans-
istor will gradually separate from the,board.

Wherever possible, useWa, heat-sink (such as an
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 seldering.

* 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 + 20% 187A624H02 | R17 39K 1/2W + 10% 187A641H65
c4 1.0 mfd, 200V + 20% 187A624H04 | R18 10K 1/2W + 10% 187A641H51
C5 0.5 mfd, 200V * 10% 187A624H11 | RA9 6.8K 1/2W + 10% 187A641H47
CT 0.1 mfd, 400V.D.C. 1544920 R21 18K 1/2W + 5% 184A763H57
D1-D7 IN459A Diode 184A855H08/] R22 15K 1/2W + 10% 187A641H55
D8-D9 IN457A Diode 184A8556H0 TR 23 Type 1DO51 Thermistor,
D10-D12 20K at 25°C. 185A211H05
Q1 2N652A 184A638H16
Q2-Q3 2N697 184A638H18
Q4 ONB9T 184A638H18 | R25 10K 1W + 5% 187A643H51
Q5 2N699 184A638H19 | R26 1K 1/2W + 5% 629A530H32
Q6 2N4356 849A441H02| R27,R29 | 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 + 209% 1/4W Pot 629A430H03 | RC 40K pot. 185A067H16
R3,R28 | 20K 1/2W +5% 629 A530H63 gg §8°fhf§§t'2n b igié‘ggﬁgm‘l
+ ,

R4 3.9K 1W +5% 187A643H41 | o 9.1K, Y5 watt, +5% SKB-1 only
R6 33K 1/8W £10% 187A641H63 | Z1 IN957B (6.8v, 0.4w)
R7 10K 142Wit 5% 629A530H56 Zener Diode 186AT9THO6
RS 10K 1/2Wat 10% 187A641H51 | 5, IN957B (6.8v, 0.4w)
R9 10K 1/2W i/s% + 5% 6§9A530326 Zener Diode 186 AT9 THO6
R10 0.22 MEG, 1/2W £ 5 184A763H83

c 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 | ZT IN1832C (62v, 10w)
RIS 10K 1/2W t 10% 187A641H51 Zener Clipper 184A617HO6

12
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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, interchangeable parts can be
furnished to the customers who are equipped for
doing repair work. When ordering parts, always give
the complete nameplate data. For components
mounted on the printed circuit board, give the cir-
cuit symbol, electrical value, and style number.

ENERGY REQUIREMENTS
SKB OR SKB-1 RELAY

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

Relay Phase A Pha‘se B Phase'€

Taps VA |Angle| VA |Angle| VAW|Angle

A-F- 3| 2.47 5° 0.6 0° 2.5 20°
A-H-10| 3.25 0° 0.8 |100° 14280, 55 °©
B-F-33| 2.3 0° 0.63| 02 246 | 55°
B-H-10| 495| 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| 8Q° 1.98 | 185°

Burdens measured (at a Single-phase-to-neutral
current of five amperes:

Relay Phalse A Phase B Phase C

Taps VA |Angle| VA | Angle| VA | Angle

A-F- 3| 27| 0° 2.1 10° 1.97| 20°
A-H-10| 7.3 ¥60° | 125 | 53° | 6.7 | 26°
B-F- 3| 2.45| 0° 2.09| 15° 2.07| 10°
B-H-10| 16.8 | 55° [ 22.0 | 50° | 12.3 | 38°
C:E- 03| 2.49 0° 1.99| 15° 2.11| 15°
©-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.

PART Il -TYPE TCU CONTROL UNIT

The construction, operation, and adjustment of
the type TCU Control Unit used with®the SKRB or
SKB-1 relays are covered in separate instructions
identified as I.L. 41-944.5 plus supplements, when
required. The Control Unit is, a part of the Type TC
carrier assembly.

OVERALL “TEST OF
COMPLETE /INSTALLATION

After the complete equipment has been installed
and adjusted, theyfollowing tests can be made which
will providefanyeverall check on the relay and car-
rier equipment. The phase rotation of the three-
phase currents@ean be checked by measuring the a-c
voltage, aeross relay terminals 2 and 3 with a high
reSistanceya-c voltmeter of at least 1000 ohms per
volt.3Theyreading obtained should be approximately
0.9mvolts per ampere of balanced three-phase load
cuteent (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
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

13
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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 aphase-to-ground fault fed from Station
B. only. The fault detectors at A should resetandthe
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 carrier set
and the Phase A current connections to the relay 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 phase C. The same pro-
cedure described for Phase A is then followed.

If all the tests have been completed with sat-
isfactory results, the test switches at both line
terminals should be closed (close the trip-circuit
test switch last) and the relay cover replaced. The
equipment is now ready to protect the line-section
to which it is connected.

PART Il = TYPE SKB ORaSKB-1
TEST FACILITIES APPLIGATION

The test facilities provide a “simpleypmanually
operated test procedure that willmeheeksy the com-
bined relay and carrier equipment. The test can be
performed without the aid of_instruments. The re-
sults give assurance that allf{equipment is in normal
operating condition without résorting to more elab-
orate test procedures,

CONSTRUCTION

Test Switch

The tyﬁe W-2 test switch is a four-position,
multi-stage gwitch. "The contact arrangement is
shown in Fig.10, and the outline and drilling plan
in Fig. 11."Théx%on’’ contacts are used to complete
the SK@® trip \circuit and the alarm circuit. These
contacts'are indicated in Fig. 10 by contacts C5-D5
and Al-Bi1. In the ‘““‘Off’’ position, the SKB trip cir-
cliit 1ssopened through contact C5-D5, but the alarm

L

circuit remains closed through contact A1Z-B1lZ.
Two test positions to the left of the ‘‘Off’’ positiom
are provided. When the switch is moved to either of
these positions, the relay trip and alarm circuitSyare
interrupted and a red alarm light is turned on by
switch contacts A6-B6 and A7-B7. Moving the switch
to the ‘“Test 1’’ position will connect the output of
the auxiliary test transformer directly to the SKB
terminals number 8 and 9. Moving thefswitch to the
‘““Test 2’’ position will connect theytest*transformer
with a reversed polarity to the SKByrelay.

For the SKB-1 relay, refento“the overall diagram
which applies to the particular order for actual
connections.

Auxiliary Test Transformer

The auxiliary ftest” transformer is designed to
operate from) “ay 120-volt, 60-cycle power source.
Four seeondary taps numbered 1, 2, 3, and 4 are
provided “te. 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. T amp.

The outline and drilling plan of the transformer
is shown in Fig. 12.

Indicating L amps

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.

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

e
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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 equipment is to be
limited to provide a simplified test after the initial
installation tests have been performed as described
in Part II of this instruction 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 both line ter-
minals to OFF.

2. Turn the carrier test switch to TEST 1
station A. The ‘“A’’ relay should opesa

transmit half cycle impulses of capfl
trip. Tripping will be indicated bhy<the
light.

3. Turn the SKB test switch at@ to
1

TEST 1. This will simulate fault

fed from both line terminals. relay at

&N

cated by the blue lights at each lin @
Carrier will be transmitted in yele im-
pulses simultaneously from eaeh e of the
line.

Reset the SKB test switch at‘tation A. The
relay at Station A wild, reset and turn off the
blue light. The_ relay tation B will hold

its trip contac losg lighting the blue
light.

Turn the switch at Station A (o
TEST 2. D ss Test Reset pushbutton
momentar o/reset Flip-Flop stage that may

havef o ted during switching the test
Swi to position 2. Operate Test Reset
5 t at Station B to reset Flip-Flop

om previous tripped position. Roth
ghts should be off at this point, which
esents an external fault.

Reset the test switches at both line termin-
als to OFF bhefore 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-¥"
panel mounting.

T
Station B will trip, and $he r Station A
will remain tripped. TENWHI bhe indi-

O “— POSITIVE
FEEDBACK
@ LEVEL AMPLIFIER FOI
. N
DETECTOR OuTPUT
)
¢P05|T|VE
l FEEDBACK L
. uT FCT:OTD——- SPPL’I-‘TATSIiG RECTIFIER LEVEL TIME AMPLIFIER |—oO P2
; 4 — MPL
OUTPUT
K NETWORK DETECTOR DELAY
TRANS.) (_“_)
629A091

Fig. 3

Static Fault Detector Block Diagram
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* Fig. 8
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Westinghouse I.L. 41-954.5
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE SKBU-2 AND TYPE SKBU-21 DUAL PHASE
COMPARISON RELAYS

CAUTION: It is recomsendsd thot the user & thi. eduiswent .ecomg fequainted

vith the inforretion in this instruction leaflet onfthe system
instruction leaflet before energizing the systeul.

For three terminal lines applications, links 1 and Ifmk 2 on amplifier
and 'keying board must be connected C to 3. For all /ddstance supervision
relaying systen, link on arming ooard must be Opcr

APPLICATION

The type SKEU-21 is a high-speed reday used in conjunction with fregquency
shift type channels. Simultaneous tripsing of the relays at each line
terminal is obtained in less than 32 milliseconds for all internal faults
within the limits of the relay settins.

The system is applicable 0 @ volce-grade pilot-wire, microwave, or
carrier channel.

In contrest to the ca¥pier vlocking scheme, this is a transfer trip
syster; accordinglyy thegolocking-start function is not required.

TABLE OF CONTENTS

These @nskpltictions apply to SKBU-21 and SKBU-2 phase comparison relays
for applicagion o the following types of pilct channels.
1. TA-2 Tone Channel
2. TCI Carrier Channel

CONSTRUCTION

The phase counpsrison relays consist of a composite positive and regplive sequence

eurrent network, a saturating transformer, three isolating trensfruers, a 20-volt

pover supply, and printed circuit boards mounted on a standard 19-inch wide panel,

NEW INFORMATION EFFECTIVE MAY 1969



8-3/4 inches high (5 rack units). The SKBU-21 relay has & second saturating

transformer in addition to these components. Edge slots are provided for 0
mounting the rack on a standard relay rack.
4

Sequence Network

a

The sequence filter consists of a three-legged iron core@ r and a

windings

resistor. The reactor is a four-winding reactor with two p

and two secondary windings. The secondary windings arﬁ ed to the

resistor which consists of three tube resistors and L forned resistor.
e

One secondary wincing and the resistor is a negativ uence current filter

while the other secondary winding and the r is a positive sequence

filter. \\

b. SKBU-2 Relay
The sequence filter consists @legged iron core reactor and a set

of resistors, Ry and Ry. The rxhas three windings: two primary and a

tapped secondary winding, woul center leg of a "F" type of lamination.
The secondary taps are wire ?DA, B, and C tap connections in the front
of the relay (R} taps). ¢ ists of a three tube resistors with taps
wired to F, G, and H nections in the front of the relay. The R

resistor is a forme@stor assoclated with the tapped secondary of the
reactor. @
Saturating e

The voltage from the sequence networls is fed into two saturating or mixing

L 4

transformers. One transformer supplies a fault detector circuit and the

ansformer supplies a keying circuit. Zero sequence current, windings

included on the transformer.



b. SKBU-2 Relay

The voltage from the sequence network is fed into the tapped primary of a O
small saturgtlng transformer. This transformer has two secondary windi@
One winding supplies the fault detector cimcuit and the other winding supplies

L 4

a keying circuit.

Isolating Transformer \Q
Wi

Three isolating transformers are provided in the rela@s late the

dc voltages from the ac voltages. Two of the transformer also used to

energize solid-state circuit on alternate half-cycle thé power system

frequency.
Power Supply @

egulated from a 20-volt

The solid=-state circuits of the rela

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

on a heat sink. A voltage dropping resi
dc supply and the 20 volt regul m
Printed Circuit Boards

Seven printed circuit b \1e used in these relays; A fault detector

board, supervision board, amplifier and

is provided between the source

board, protective relay i
keying board, arming b. tput poard and a relay board. The circuits of
the supervision bo &i the amplifier and keying voards vary with the
frequency shift e@en‘c used as a pilot channel.

All of t cuitry that is suitable for mounting on printed voards is
contained in enclosure that projects from the rear of the front panel and
is acc%y 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
e comgartment and the board terminals engage a terminal block at the rear

o) compartment. Each ooard and terminal block is keyed so that if a

oard is placed in the wrong compartment, it cannot be inserted into the
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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
phase splitting network, a solid-state fault detector, and a frequeacy
verifier circuit. The controls for setting pickup (S;) and dropeut (S5)
of the fault detector are mounted on a plate in the front of the relay.
This unit operates when the fault current exceeds a definite value.

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

2. Arming Board

The arming board contains AND circuits that™eempares pulses produced

by the circuits of the amplifier and keyingfboard. An output is obtained

that is proportional to the time differefnice, i’ the pulses. This board

contains other logic circuits thatgwill a¥m’ the trip output, set up the

time delay of the trip output, dnd start transient blocking on external

faults. A link is provided on fthis, board such that the relay is armed by

either solid state distance fault“detectors or the SKBU fault detector.

The link must be open fomp arming by the solid state distance fault detector only.
The location of components on the board is shown in Fig. 5 and the

schematic of the board is shown in Fig. 6.

3. Ampl. and Key Board (Bmplifier and Keying Board)

The apiplifiex, and keying board contains two local squaring amplifiers,
a transmitter keying circuit, and four remote squaring amplifiers. These
circuits produce the pulses that are compared by the AND circuits of the
arming board to determine if the fault is external or internal. Links are

provided on this board to connect the relay for two or three terminal operation.

Because of the different keying requirements of the various pilot channels,
fhis board varies with the different types of channels to which it is

connected. The following table is with reference to the different figures

N TR



that apply for the amplifier and keying board for the various type channels.

TYPE LOCATION OF SCHEMATIC OF
CHANNEL COMPONENTS BOARD
TCF Fig. 9 Fig. 10
4
4. Output Board %
The output board contains a 4-millisecond pickup andM neous
dropout timer circuit, trip AND circuit, trip amplifier, (it ent blocking

and unblocking circuits and two timer circuits. The@ND operates when
all the inputs to the AND circuits of the arming r re of the correct

polarity and the fault detector has operated. @r nsient blocking
circuit operates after a time delay on exte ults, and the transient
unblock circuit operates after a time de a sequential fault (external
fault followed by an internal fault).

The following figures apply is board: Fig. 11 Component
Location; Fig. 12 Schematic Board.

5. Relay Board \

The relay board cont@e phase delay circuit for shifting the local

signals with referegce o) e remote signals. It also contains a low-pass

filter for the S@Uﬁ\l&y. A Zener clipper-resistor combination is

of the solid-state circuits.

provided for pro
The foll@@figures apply to this board: Fig. 13 Component Location,
and Fige.gllt he Schematic of the Board.
6. Supe s&d (Supervision Board)

T ber of circuits on this board varies with the application.

However, for all applications interface circuits to the channel receivers
nd 3150 millisecond pickup and O millisecond dropout alarm timer circuit

provided on this board. The interface circuits connects the SKBU relay

also provided to lockout the relay.

o the channel receiver, and the time circuit locks out to the relay for
failure of the channel equipment. For tone channels a noise circuit is
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Because the board varies with the channel equipment, the following

figures apply to the boara. O

TYPE LOCATION' OF SCHEMATIC OF Q
CHANNEL COMPONENTS BOARD
TA -2 Fig.15 Fig. 16
4
TCF Fig. 17 Fig.
7. Pr. Inter. Board (Protective Relay Interface Board) \
The protective relay board contains logic circuits to conne@
distance fault detectors, and squelch relays into the p e gomparison
relaying system. This board contains buffer circuit 0 ircuits to
connect the relays into the system. A 6/0 timer it and a signal
squelch circuit, 2.5 second alarm circuit for ined fault detector operation
are also provided on this board.
Fig. 19 shows the component location fork&ard and Fig. 20 shows
the schematic of the board. @
Card Extender Q
A card extender (style no. 6MLN ) is available for facilitating
circuit voltage measurements or md, Jjustments. After withdrawing anyone

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

board then is inserted into,the rminal block on the front of the extender.

This restores all compo d test points on the boards are reedily accessible.

Test Points

Test point r@ted on sach printed circuit board for the major

components onfthe’b d. Complete circuit test points are wired to the front

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

A.

th

s OPERATION
Syst

se comparison relaying, the phase positions of fault currents at

s of a transmission line are compared over a pilot channel to determine
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if the fault is internal or external to the line section. When a frequency

shift channel is used as the pilot channel, a dual comparison transfer trip
system can be utilized. This means that the system can trip on either ha@
cycle of power system frequency as contrasted to a blocking scheme where tripping
occurs on alternate half-cycles during the absence of a carrier %. ¢

a. SKBU-21 Relay

The three-phase line currents energize a sequenc@ork in the

SKBU-21 relay which produces two single-phase output ges that are
proportional to either the positive sequence cur the negative
sequence current. The single-phase voltages Qﬁ.ed to two saturating
or mixing transformers one which energiz t@lt detector circuit and
the other energizes the keying circui f e WWKBU-21 relay through a
low-pass filter. The keying circui 1 the frequency of the trans-

mitter from a space frequency to a & requency. These frequencies

are transmitted over the pilot @@ to the receiver which converts the

mark and space frequencies

two dc output voltages, a space output that

corresponds to the space lency and a mark output that corresponds to

the mark frequency. This each half-cycle of power system frequency

either a space or ma o) ut is obtained from the receiver and applied as
L 4

pulses to the rem \ aring amplifiers of the SKBU-21 relay. Each of
D

es are compared with the phase positions of each half-

these half—cyx
cycle of the @ from the sequence network of the SKBU-21 relay at the

The space pulse is compared to one half-cycle of the

receiver 1
volt \ e mark pulse to the other half-cycle. If the local and
a

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

ter a fault detector operation, 4 millisecond tripping will be
iniziated through operation of the trip AND and frip amplifier circuits

on the output board of the relay.



b. SKBU-2 Relay

The three-phase line currents energize a sequence network in the
SKBU-2 relay which produce 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 energizeg the fault
detector circuit and the second secondary winding energizes the keying
circuit of the relay through the low pass filter. The keying circuit
shifts the frequency of the transmitter from a spageffrequency to a mark
frequency. These frequencies are transmitted ower the pilot channel to
the tone receiver which converts the mark and, spacé frequencies to two
dc output voltage, a space output that eorresponds to the space frequency
and a mark output that corresponds to gheymark frequency. Thus, on each
half cycle of power system frequencyWeither a space or mark output is
obtained from the tone receiver and applied as pulses to the remote
squaring amplifiers to the €KBU=2 relay. Each of these half cycle pulses
are compared with the phasé pesitions of each half-cycle of the voltage
from the sequence netwofk ofwthe SKBU-2 relay at the tone receiver
terminal. The space, pulsé is compared to one half cycle of the voltage
and the mark pulse toWthe other half-cycle. If the local and remote
half-cycle pulses dre of the correct phase positions for an internal
fault, aftef a4y millisecond delay tripping will be initiated through
operation ofy, the trip AND and trip amplifier circuits on the output board.

Current trangformer connections to the sequence networks at the two line

terminals are such that the space and mark pulses are in phase with their
respeetive Tocal pulses during an internal fault to allow tripping. However,
if thewfault is external to the protected line secrion, 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 transformer performance at opposite line terminals O

and relay coordination. O

B. Relay

With reference to the logic diagram that applies to the particular

relay, the three-phase line currents energizes a sequence fil\@varies
with the type relay. @
A, SKBU-21 Relay

In the SKBU-21 relay, the sequence filter pro e o single phase
ofiti

voltages: One voltage proportional to the p ive sequence current,

and the other voltage proportional to ive sequence current.

These voltage are applied to prima s of two saturating

transformer where they are mixed ce two separate secondary
voltages proportional to a combi ion of sequence components. Zero

sequence windings are inc he two transformers.

B. SKBU-2 Relay

In the SKBU-2 relay, \uence filter produces one single phase
voltage proportionads t combination of sequence components. This
voltage is appf' d

which produ % secondary voltages.

The sgceondary volt@ applied to two boards:
l. Fault Board

s

he primary winding of a saturating transformer

rence to the schematic dwg. of Fig. 4, the ac voltage is applied
to phas&splitting network (C52, R52, R53) and a polyphase rectifier (diodes
D D56). The dc voltages so obtained are applied to the fault detector

ircuit which operates when the dc input "signal" exceeds a predetermined value.
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Fault Detector (FD)

Under normal conditions, transistor Q51, has no base "signal"” and is
turned off. The collector of Q51 is at & high enough positive potential %0
provide base drive for transistor Q52, driving it to full conduction. With
Q52 fully conducting there is no base drive to transistor Q53 and Q53 is
turned off. With no Q53 collector current, the base of transigtor Q5 is
supplied from the 20 volt source. Thus the Q54 emitter is norxfallypat a
slightly lower potential than its base. This condition keeps txdnsistor Q5u4
in a non-conducting state, equivalent to an open circuit.

When a fault causes the dc input voltage from the “polyphase rectifier to
exceed the 6.8 volt rating of Zener diode 252, @positive bias is applied to
Q51 base causing it to conduct. In turn, Q52wstops conducting, and capacitor
C54 charges, giving a few milliseconds timeldelay, before Q53 and Q54 are
switched to full conduction, thus "closing"&the fault detector. When the
Tault detector operates, a positivegeutput is applied to the arming board
at terminal 12. Resistors R66 andyS2 increase the voltage to 252 to allow
the fault detector to drop out at aW%high dropout ratio when the ac current
is reduced.

Freguency Verifier (FV)

During certain switchingiconditions, such as energization of a transmission
line, residual currents_and voltages may exist of higher frequencies than

60 hertz. The freguenCy verifier prevents fault detector operation

when frequenclies 120 hertz or higher are encountered during the switching
conditions. #Thepfrequency verifier circuit consists of two functional parts:
zero-crossing and commutator circuits. With reference to Fig. 4, the zero-
crossing circuit consists of Q55, Q56, Q57, and Q58. The commutator circuit

congdsts of Q59, Q60, C9, C59 and Qbl.
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During the positive or negative half-cycles of the output voltage from
the saturating transformer, Q55 or Q57 transistors are driven into saturatien
by the output of the IV transfamer (T3} Transistors Q56 or Q58 conduct untid
capacitors C56 or C57 respectively are fully charged. While either capa@ifior
charges a voltage output in the form of very narrow pulse is developed across
R76 and RT8 resistors during the start of each half-cycle. Thié puise
triggers Q59 control switch. When transistors Q55 or Q57 are not conducting,
C56 and C57 capacitors discharge respectively through D66 orf{D62 and the
parallel combination of R73 and RT74 or R69 and RTO.

While Q59 is "on" its anode is only sbout 0.7 wolts ‘@bove negative, thus
turning off transistor Q62 to allow capacitor, C6Q 4o |start charging. However,
a shorter time delay (consisting of R84, the capaeitor C59 and the reference
Zener diode 7Z54) of 4.3 milliseconds is alsoWstarted. After 4.3 milliseconds
of delay, the control switch Q60 fires applying the voltage of capacitor C88
across Q59 turning it off. This raigsesg’ the potential of the Q59 anode +to
turn on Q62 to discharge C60 before the charge reaches a value to break down
755 to turn on Q63. After the hextWzero-crossing pulse Q59 switch is turned
on again, and the Q60 switch) i& turned off by capacitor C58. Transistor Q61
when turned on by thegsame voltage that fires the gate of Q59, discharges
timing capacitor C59,qthusWstarting the timing cycle with close to zero charge
on the capacitor. If%he zero crossing period of the FV voltage is less than
4.3 milliseconds, “the Q61 transistor discharges the timing capacitor thus
preventing®&theyturning off of QA0 switch. This keeps Q59 switch on to allow
C60 togeharge t6 a value to break over Zener diode Z55 to turn on Q63.
Turning Q63yprevents @53 of the fault detector from turning on thereby
preventing Q54 from “urning on to prevent an output from the fault detector.
2. GWRelay Board

With reference to Fig. 1L, the ac voltage from either the second

saturating transformer (SKBU—21) or the second winding of the single transformer
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(SKBU-2) is applied to the phase delay circuit through a low pass filter
of the relay board. The low pass filter (C201l, L20l, C202) removes the
harmonics from this voltage and applies a voltage that is essentially
sinusoidal in waveform to R202 and R203 of the phase delay circuit. By means
of capacitor C203 and variable resistor S5, the voltage across terminal 4 and
2 can be made to lag the voltage across terminal 10 and 11 by a definisge
amount depending on the setting of S5. Each of these two voltagesWare applied
to separate isolating transformers.

1. Undelayed voltages to a keying transformer (T1)

2. Delayed voltages to a local transformer (T2)

A. Keying Circuit

With no ac output (Ref. Fig. 8 or 10) voltége from the sequence
network, transistor Ql has no base current.® The collection of Ql is
at positive potential which allows base, current to flow from positive
20 volts dc through the base of Q2 throlgh R6 to negative. This applies
negative potential to the colllector of Q3 to prevent base current from
flowing to Q3. Since Q2 is comnducHing, transistor Q3 does not conduct
and the collector of Q3 is (held at positive potential.

When a sinusoidal voltage is applied to the keying transformer (T3),
the transformer step§ up%he voltage applied to terminals 2 and 8 of
the amplifier and_Xkeying board. On the positive half-cycle of voltage,
terminal 8 is mome negative than terminal 2 and transistor Q1 does not
conduct. @In‘turn Q2 remains conducting and Q3 does not turn on. On the
negative HA1f-¢ycle of sine wave voltage from the keying transformer (T3)
terminal @4is more positive than terminal 8 and base current flows in Ql.
This turns Ql on which applies negative potential to the collector of Ql.
Base current to transistor Q2 is stopped and Q2 stops conducting, and
its collector goes to positive potential. Positive potential is thus

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

half-cycles of the 60-hertz voltage from the low pass filter, Q3 turns
on. By connecting Q3 through the proper interface to the channel transa-
mitter, turning on Q3 keys the transmitter to a mark condition.

Q3 can be prevented from turning on and off by a negative signal
applied to terminal 3 of the board. This is the input terminal from
the signal squelch circuit of the protective relay board. With"a negative
input into terminal 3, Q3 will not turn on even though Ql AndW\Q2" are being
turned on and off from the ac voltage applied to terminals 2wé&nd 8.

B. Local Squaring Amplifiers (1 and 2)

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

and SKBU-2 relays. One 1is turned on and offyby(the jpositive half-cycle

of voltage from the local transformer (T2) whil&ythe other one is turned

on and off by the negative half-cycle of véiltdge from the transformer (T2).
The square wave output voltages are, thérefeme, functions of the ac voltage

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

are such that one amplifier hasg@m output when the other one does not

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

applied to the local transforme¥, both local amplifiers have a positive

output. (This is a blockirg #ignal to the AND circuits of the arming board).
With reference to @mplifier number 1 of either Fig. 8 or 10, with

no ac input voltage, (@5 “@s not conducting and the collector of Q5 is at

positive potentiall®This applies base current to transistor Q6 through

R15 such that Q6 is %urned on. This applies negative potential to the
collector of @6/te allow base current to flow in Q7. Q7 turns on to
apply pdsitive 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 Ql2 (amplifier 2) is turned off. On the

negative half-cycle of the ac voltage, Q5 is turned off and Ql2 is turned
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on. Therefore, Q5 is conducting on the positive half-cycle of voltage
and Ql2 is conducting on the negative half-cycle of ac voltage. Turning
Q5 on, puts negative potential on the collector of Q5 and turns off O
transistor @6. Transistor Q6 stops conducting and its potential goes O
to a positive potential which turns off Q7 to place a nergative potentiail.
across R19. Thus the output of the squaring amplifier is a sqm%
wave voltages ranging from O volts dc to 20 volts dc dependi\l the
polarity of the voltage from the phase delay circuit.

Amplifier 2 is the same as amplifier number 1 excep¥that its base
is supplied by the opposite polarity of sine wave voltage from the
squaring transformer. The output voltage from th ifier appears
across Rk2. By applying the same analysis of a ier 1 to amplifier
2, the output voltage across Rk2 is a squ&ve voltage of the reversed
polarity than that across R19.

C. Remote Squaring Amplifiers @

As shown in Fig. [, there ¢ u.r remote squaring amplifiers in

both the EKBU-2 and SKBU-21 rel . WTwo amplifiers connect the space

outputs of two receivers to t@ay while the other two amplifiers

connect the mark outpuss he two receivers to the relay. For a TA-2

t
tone channel, space s hamplifier 3 consists of transistors Q8 and

Q9. on the amplific}keying board in conjunction with an interface

n the supervision board. Mark remote squaring

circuit of Ql3 a

amplifier u\é’ of Q15 and Q16 on the amplifier and keying board
and interfa transistor Ql4 and Q2 on the supervision board. For a

TCF carrie annel space squaring amplifier 3 consists of Ql on the
supervis:‘on board and Q8 and Q9 on the amplifier and keying board. Mark
3 ing amplifier 4 consists of Q2 on the supervision board and Q15 and

n the amplifier and keying board.

e remote squaring amplifiers are in one of three states:
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l. Loss-of-channel state

2. Receiving space frequency only O
3. Receiving alternate half-cycles of space and mark frequency <: ,

a. Tone Channel

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

to a mark condition. The space output from the receiver %ro.
s

with respect to the positive scurce. This means that t or Q13 and
QL (on the servision board) are not conducting. O the anmplifier nd ing board, base
drive to transistor Q9 is provided from positive % hrough
R27 to negative. Q8 is turned on to provide a ive 20 volts

across R123. When the channel is in service ang the receiver is

in a space condition, transistors Q13 and @he supervision baard) are
tumed on. This spplies neegtive potential to R2T. amlifier and keying board Q9
does not conduct and the potential e ase of transistor Q8 is
raised higher than its emitter; h@ ansistor Q8 stops con-

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

where the receiver is rec ses, transistors Ql3 and Ql

a square wave voltage varying from

and the voltage across
zero volts to a -20 c. The output of the mark remote

squaring amplifier t same as the space remote amplifier

except that it %s off of the mark output of the receiver.
r

The voltage L\ s RL3.

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

b. TCF Channel

For@ of a TCF carrier channel, the carrier receiver clamps
n

to both a space and a mark condition. Transistor Ql

on the supervision board turn off. This applies negative
al to the base of Q9 and Q16 (on amplifier and keying board)
reipectively. Transistors Q9 and Ql6 turn off which applies

positive potential to the base of Q8 and Q15. Negative 20 volts

appears across both R23 and RkL3.
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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 O
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 is a square an\@

varying from zero volts to a -20 volts dc. @
For either internal or external fault conditions the outputs remote

squaring amplifiers are square wave voltages. Both volta from zero

volts to approximately -20 volts dc and are out of phage with each other;

i.e., when one voltage is at zero volts the other is at -20 volts.
Links are provided on the board to conne
three terminal lines. The connection of C to& ink 1 connects remote

squaring amplifier 5 and AND 1 of the armi &rd, and link 2 (C to 3)
comects remote squaring amplifier 6 of the arming board for three
terminal operation. For two termi Qra’cion the connection of C to 2 on
the links removes the inputs of erplifier 5 and 6 from the AND circuits
of the arming board. @
3. Arming Board ¢

The phase relatiox&}he outputs of the local and remote squaring
e two AND circuits of the Arming Board. One AND

amplifiers are compar@
circuit (number l@p res the space signal with the output from amplifier

}\

fi number 2. Since the local signals are always 180 degrees

number l. T ND circuit (number 2) compares the mark signal with the

outputs of
out-of -phase with each other, and the remote signals are always 180 degrees out-
of ~phage witf each other, a change in phase angle of one signal with respect to

the will provide one input to AND 3 which will activate the lL/O timer.



A link is provided on this board for purposes of arming the relay with both
distance fault detectors and the SKBU relay fault detector. Removal of the
link allows arming by distance fault detector only.

A. Internal Fault Conditions

With reference to the logic drawing that applies to the particular

relay for an internal fault fed from both line terminals, thegbutput

voltages of the sequence filter at one line terminal is 280%degrees out-

of -phase with respect to its load current condition. , This changes the
polarity of Amplifier 1 and Amplifier 2 such that their Joutputs are

in phase with the remote signals. This means th&t AND 1 has a half-cycle
of negative voltage and that AND 2 has a halféfeyclevof negative voltage

(not the same half-cycle). The period of8achinegative voltage will be

180 degrees out-of-phase with referende %oy,cach other and a negative

voltage will be produced out of OR 1 of, therarming board. The negative

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

for activating the AND negative, voltage from OR 1 circuite. The second
condition to activate this “AND#is provided by arming the relay.

In either Fig. 21, 22,23, or 24, with link connected on the arming
board, arming occurs through/OR 2 by either the operation of the distance
fault detectors or”theyoperation of the relay fault detector. The oper-
ation of eithexr fauwlt detector will apply a voltage to OR 2 of the arming
board. The output“Woltage from OR 2 applies a positive input to the
trip AND ofsthe™dutput board through OR 31 and a negative input into AND 3
of the ammingsboard. AND 3 is activated and starts the M/O timer. Four

mi¥liséconds later, a negative input is applied to the trip AND of the

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

M/O timer, a positive input from the arm lead, and a positive signal from

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

Under external fault conditions, the square wave voltages from

the remote squaring amplifiers and the square wave voltages from (the

local squaring amplifiers are out-of-phase such that zero output “is
obtained from the AND circuits of the arming board. The output from local
1 and remote 3 are out-of -phase to prevent an output on AND l/and the
outputs from local 2 and remote L4 are out-of-phase to¥prevent an output
on AND 2, As a result, the outputs of the AND cirGuits¥are zero, and
AND 3 cannot be activated. This blocks AND _ 3 and the M/O timer can not
be energized.

With a fault detector operation, an¥input is applied to OR 2 and
OR L4 of the arming board. OR 2 will proyid& a positive input to the
trip AND of the output board. T#ipping will not occur since the M/O timer
does not provide a negative input™to the Trip AND. The input to OR L
operation of the fault detector/will provide an input to a O/lOOO timer
on the Output Board. The timeri negates the signal to provide a positive
input to the transient ©lock®AND. With the application of the positive
input from the 0/1000r timér the three conditions of transient block are
fulfilled--not a_negaitive voltage from the Trip AND; not a positive voltage
from the Transient WUnblock Circuit; and a negative input from the O/lOOO
timer. Eighteen milliseconds later the 18/0 timer of the transient block
circuit times¥out to provide a negative input to the Trip AND. The
Trip AND s thus desensitized on thé external fault to prevent undesirable
operation during transients associated with power reversals on the

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

If the above external fault is followed by an internal f‘auit 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 AD 1apd-AND 2 of the arming btoard will reverse®such tiat
a negative output is obtained from the AND circuits. This t;@
energizes ORl which nemates the signal to a :'gegative signa
The negative signal... m
l. Provides a second input to AND 3 and the h/ i times out
to apply a negative input to the Trip AN

2. Applies a negative input to the AND @ansient unblock
circuit to fulfill the requireme tojobtain an output from
the transient unblock circuit. \

As a result, a negative input is &ed to the unblock timer.
Twetty-five milliseconds later, the @imer will operate to apply a

positive voltage to the blocl\ircuit. This resets the 18/0 block
3

timer, which remnves the posi input to the unblock timer and which

resets the unblock circuiit. e required three inputs are thus applied
to the trip AND and a"r'\ put is obtained from the relay. Upon
th

operation of the rK e 0/100 millisecond timer resets the 0/1000
transient block

distance fault detectors applies positive potential to the board. This

turns Qon and twms Q2 off to allow C2 to charge. Six milliseconds later the
ge on C2 reaches the breakdown of Zener diode, Z7 and base current
flows into transistor Q3 to turn Q3 on. This turns on Q4 to apply =

positive potential to terminal 12 of the arming board.
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L. 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 channel. In

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

A.

Low Signal Clamp (.5/150 Timer)

l. Tone Channel

With a serviceable channel either a space frequencyforhan“alternate
space-mark frequency is received from the channel equipmen®s With
reference to a TA-2 tone channel, Ql4 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 transistoxriQ3 and Q3 conducts. The
collector of Q3 is thus at negative potehtialj,and capacitor can nc.
charge.

If the channel 1s not serviceabde,§the tone receiver is clamped
into a mark condition and thegéPaceloutput is zero. Transistor QL4
conducts and transistor Q24is“tuirned on. Negative potential is applied
to Q3 and Q3 stops conductdhg. WPositive potential is applied to
capacitor Cl through resistor’R7. After a 150 millisecond time delay,
capacitor Cl chargesdqsufficiently tc break down Zener diode Zl. When
Z1 conducts, badefdrive is supplied to transistor Q4 and QU4 turns on.
This connects fhe eollector of Q4 to negative potential which allows
base current t6,flow in transistor Q5 through Rl. This turns on
transistorWQ5 to apply positive voltage to R1l2. This voltage is then
appli¥ed todAND 1 and AND 2 of the arming board and to an alarm output.
Applying the voltage to the AND circuits blocks tripping.

Under the condition of alternate mark and space outputs from the
tone receiver, transistor Q3 is turned on and off every 8.3 milliseconds

cycle of power system frequency). very ha cycle, capacitor
(half cycle of tem f )o E half le, capacitor Cl
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starts to charge but on the next half-cycle Q3 turns on to discharge
capacitor Cl. Since the charging time is not sufficient to allow
capacitor Cl to break down Z1l, transistor Q5 will not turn wn to Q
block tripping.

2. TCF Carrier Channel ¢

With reference to the supervision board of Fig. @

serviceable TCF channel Ql and Q2 either alternately ed on and

off or @l is turned on and Q2 is turned off. UnderWpoth conditions,

base current is supplied to transistor Q3 and i rned on at
all times. With Q3 turned on, Cl can not c and Q4 is turned off.

If the channel is not serviceable ier receiver is
clamped into ooth a mark and space his turns on transistors
Ql and Q2 of the supervision boar ing on the two transistors,

Positive potential is app through R12 and R13 and 150 milli-

shorts the base of Q3 to negat@“ential and Q3 turns off.

seconds later, Zener d\S breaks down to allow base current to

h provides a path through R16 for base

4

voltage to R17. K
the arming 1&& block tripping. The voltage is also applied to

an externa@‘m circuit.
B.. Noise Sgalsion (Tone Channel Only)
e\ supervision interface consists of transistors Ql7, Qll,

agBociated components. under normal conditions, the output

flow to Q4. QU turns W
current of Q5 to fb@ga’cive. Q5 turns on to apply positive

oltage is then applied to AND 1 and AND 2 of

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

9

transistor QL7 is not conducting and base current is not supplied to
nsistor Qil. Transistor Qll is turned off and its collector is held
at positive potential to prevent base current from flowing in transistor

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

Under 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 Ql7 to turn on and provides base

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

collector 1is connected to negative potential. Base current X@rs

in transistor Ql2 through resistor, R30, and Ql2 turns on. @ ve
o)

potential is applied to resistor, R31 and to terminal 5 a >f the

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

and AND 2 of the arming board to block tripping. e ltage on
terminal 11 is applied to an external alarm.

5e PR INTER Board (Protective Relay Interfac

The protective relay board includes the i rface to the protective relays
as well as the auxiliary circuits associlated the protective relays. This
board contains a 6/0 timer, 2500 faul te operation timer, and a 150/10

signal squelch timer.
A. Signal Squelch Timer \

When an input is appld merminal 18 of the protective relay

board, positive potenﬁ pplied to base of Ql0, Q10 turns on to
provide a discharg &for C8 through R4l. 10 milliseconds after the

input to terminal@ 8 stops conducting and Qll turns off to turn on

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

Ql2
amplifier’an ng board which keeps the keying transistor from turning
on.

Upon removal of the input to terminal 18 of the protective relay
board Q18 turns off to apply positive potential to C8. 150 milliseconds
Q1O turns on to turn off Ql2 which removes negative potential to

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

When arming occurs on the SKBU-2l, 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,pbsitive
potential from R26 and an external alarm is energized.

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

The distance supervision arming is delayed,Jby 6wmilliseconds
to allow time for the circuits feeding AND 1/andfAND 2 to respond at
fault inception. Operation of the distance “fault detectors will apply
positive potential to the protective,relay Board. This turns on Q1
which removes the base current to transistor Q2. Q2 turns off and
positive potential is applied tofcapacitor C2. Six millisegonds later
the voltage on C2 reaches afvalue t0 break down Zener diode Z7. This
turns on Q3, which connectsythieybase of Q4 to negative through resistor,
R15. Qb turns on to apply pesitive potential to resistor, R16 and
terminal 2. From, termindl 2 the voltage is applied to the arming board.

CHARACTERISTICS

SKBU-21 Relay

The type SKBU:2l relay is available for frequency shift channels, either

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

fault defector o zero and negative sequence currents. These taps are

as followse

Negative Sequence Taps (I,)

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



Zero Sequence Tups (IO)

TAP ZERO SEQUENCE
SETTING SENSITIVITY O

F None
G 0.2 Amperes
H 0.1 Amperes
The positive sequence response of the fault detector is greater than ¢
T awperes. \%
B. SKBU-2 Relay @
Taps are availavle in the relay to set the sensitivity ferent
combinations of positive, negative, and zero sequence c s of the line

current. The T taps on the left hand top plate indi e “Bhe valanced three
phase amperes which will operate the fanlt detec These taps are as
follows:

3} LI') 5) 6} 7) 8) and 10 &\

For distance feult detector applica the user should reset the

SKBU-2 fault detector for a pick-up tw tap value.
For phase-to-phase faults A3~§~Q~ZA, enough negative sequence current has
ctor to pick-up at 86 percent of the

been introduced to allow the fa%
tap setting. For BC faults, e 1t detector will pick-up at approximately

¥
50 percent of the tap set*g~ei' his difference in pick-up current for

different phase-to-ph&,‘...']is is fundamental, and occurs because of the
angles at which the posidive and negative sequence components of current add
together.

With t

‘:E!ﬂﬁ ce network arranged for positive, negative and zero

sequence o t,4there are some applications where the maximum load current
and minimum fault current are too close together to set the relay to pick-up
underga minzﬁum fault current, yet not operate under load. For these cases,
a_ ta available on the relay which cuts the three-phase sensitivity in

, While the phase-to-phase setting is substantially unchanged. The relay

en trips at 90 percent of tap value for AB and CA faults, and at twice tap
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value for three-phase faults. The setting for BC faults is 65 percent of tap
value. In some cases, it maybe desirable to eliminate response to positive-
sequence current entirely, and operate the relay on negative-pius-zero sequence
current. A tap is available to operate in this manner. The fault detector
picks up at tap value for all phase-to-phase faults, but is unaffecsed by
balanced load current or three-phase faults.

For ground faults, separate taps are available for adjugtment of the
ground fault sensitivity to about]ﬂ+or 1/8 of the left-handWtap plate setting.
See Table II. For example, if the left-hand tap platemef the relay is set at
tap 4, the fault detector pick-up current for ground faults can be either 1 or %
ampere. In special applications, it may be desirable (to eliminate response to
zero sequence current. The relay is provided withya tap to allow such operation.

The operating time of the fault detector 6f)both the SKBU-2 and SKBU-21 is
shown in Fige 25. As shown in the figureg the,fault detector has a maximum and
minimum value. This is due to the pointy onythe current wave that fault current
is applied. Fig. 26 shows the operating times for different points on the fault
wave for fault current at five amperes.

The keying response of theWSKBU-21 relay is independent of the tap setting.
Fig. 27 shows typical lengthd of Weying pulses with reference to a 60-hertz base
of the SKBU-21 relay for different values of positive, negative, and zero sequence

current.

Typical logicdrawing for a tone channel is shown in Figs. 21 and 23 and
for a TCF carrier (chammel in Figs. 22 and 2L.

Operating Tdme 15 to 32 Milliseconds

Alagfm TTme 2.5 seconds for FD operation
150 Milliseconds Loss-of -Channel

Transieént Block Time 16 to 20 Milliseconds
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Transient Unblock Time 23 to 27 Milliseconds

Ambient Temperature Range -20°C to 55°C
DC Drain 0.14 Amps at 48 Volts DC O
Reset Time of Transient Block O
l. After FPault Detector has Operated 1000 Milliseconds s
2. When unblock time is utilized Instantaneou %
ENERGY REQUIREMENTS ‘:EEE;:~

a. SKBU-2l1 Relay
Burdens measured at a balanced three-phase currentQ/e amperes.

(Independent of tap setting)

@ Phase C
VA ANGLE VA ANGI VA ANGLE

Phase A Phase B
VA G
8.3 106° 2.2 46, o°

Burden measured at a single-phase t@al current of five amperes.
Relay Phase A e Phase C
Taps VA ngle VA Angle
C-H 11.7 7 1.8° Lh, 2.2°
B-H 11.L 3 1.8° L6 2,20
A-H 11.1 1.8° L8 2.2°
c-G 8.8 0 1.8° Lo 2,2°
B-G 8.7 5 1.8° 43,5 2.20
A-G 7.8 5 1.8° 45 2.20
C-F 6.7 5 1.89 Lo 2.20
B-F 6.5 2 1.8° L2 2.20
A-F 5.8 6 1.8° 43 2.2°

The angles abO& the degrees by which the current lags its
respective vol@

Phase B Phase C
VA ANGLE VA ANGLE
0.6 0° 2.5 50°
0.2 1002 1.28 558
2w B
0.78 Og 2.36 500
3.83 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 ANGIE VA ANG
A-F-3 2.47 0° 2.1 10° 1.97 0°
A-H-10 7.3 602 12.5 53° 6.7

B-F-3 2.145 0, 2.09 15° 2.07 10°
B-H-10 16.8 55, 22.0 50° 12.3 438°
C-F-3 2.49 0 1.99 159 2. 152
C-H-10 31-2 410 36.0 38 23 35°

respective voltage.
SETTINGS 0
A. BSKBU-21 Q

The SKBU-21 relay has separate tap plat @ustment of the zero

and negative sequence sensitivity of the fault ctor. The fault-detector

tap markings and pickup are: \
Negative Sequence Se&

itivity (I2)

A. None
B. 0.k e
C. O res
Zero SequenN sitivity (IO)
Amperes

Two tap plab&provided: one for Ip and the other one for Ig.

Tap A sh be used in service since this would prevent fault

detector o i for phase-to-phase faults. However, tap F may be used

with @or‘ C since negative sequence current flows for both phase-to-phase
and ground“faults.

They recommended settings are tap B or C as needed for the required
itivity, and tap F. Taps G and H have been provided for applications
re the negative-sequence load flow due to series impedance unbalance may be

high enough to operate FD with a tap C setting. In this case set in tap B
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and in tap G or H. It is not intended that taps C and H be used simuitaneously
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 preferredo

To summarize, the recommended setting combinations in the order of

preference are: *
COMBINATION I» TAP Io
1 C
2 B
3 B
L B

B. SKBU-2 Relay Q

The SKBU=-2 relay has separate tap plates for adju of the phase
and ground fault sensitivities and the sequence com included in the
network output. The method of determining the cttaps for a given

installation is discussed in the following pa&
Sequence Combination Taps - Rl Taps @
The two halves of the right-hang p plate are for connecting the

sequence network to provide combina\

upper half of the tap plate or Rl %hanges the tap on the third winding

sequence current respomse. The

of the mutual reactor and thus hanges the relative amounts of positive and

negative sequence sensitivi&\peration of the relay with the various taps

is given in the followin

Q>®
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TABLE 1

SEQUENCE COMPONENTS B O D
CoMB I MNETWCRK OUTPUT TAP BLOCK FAULT DETECTOR PICK
2y 20 3¢ Fault ¢-¢ Fau
1 Pos., lleg., Zero C G or Hf Tap 865 Tap Value

Value (534 on.BC Fault)

2 Pos., Neg., Zero B/G or H 2 x Tap %ap Value

Value %lon BC Fault)

3 Neg., Zero A/G or H —"—%% Tap Value

# - Taps F, G, and H are zero-sequence taps for adjustingy,gropnd fault sensitivity.

See section on zero-sequence current tap. Q

J- When taps A and 3, or B and 3 are used, the rella ck-up currents for

FD will be 1C to 15 percent higher than the

the varistion in self-impedance of theKe
transformer. \

Zero Sequence Current - RO Taps

ted values because of

network and the saturating

The lower half of vthe right @ tap plate (RO taps) is for adjusting
the ground fault response of th elay. Tups G and H give the approximate
ground fault seunsitivities as% in Table II. Tap F is used in applications
where increased sensiti‘it tofround faults is not required. When this tap
is used, the voltage o@f the netvork caused by zero-sequence current is
eliminated. \
N_O’g@__ Because of fmbherent characteristics of the sequence networils, there will
ve small varistiofis (from the values listed in Tables I and II) in the pick-up

current s phase or ground fault comoinations.

TABLE I
COMB. . Ry TAP GROUND FAULT PICK-UP PERCENT OF T TAP SETTING
TAP G TAP H
C 25% 126
20% 109
3 A 20% 10%



Setting Principles

Tap C provides the best balance betweenn 3 phase and phase-to-phase fault O
sensitivity. Always use this tap where distance fault detector supervision 0
is used. Where only the SKBU-2 fault detector is used and where the full
load current (meximum through any terminzl) is approximately five amperes or 4
more, tap B will provide increased phase-to-phase fault sensitivit v@
little or no sacrifice in 3 phase fault sensitivity. For example \

left-hand tap (T) of 6 is needed with tap C (6C), then use a 3B4ge g instead.

Use tap A only where satisfactory unbalanced fault sensititwd cannot
otherwise be obtained and where other protection is availe@r 3 phase
faults, since with tap A no 3 phase fault protectiom,i able.

In all cases provide identical response at ns to insure

adequate keying voltage frow the filter for an;& detector by remote-end

relays. That is, the taps should be identical™with identical CT ratios, or

nt .

After selecting tap C or B, pick T tap to allow reset of the fault

detector in the presence of load fl\?t is, fault detector pick-up should

ve at least 111 percent of full

inversely proportional to CT ratios whe

rrent (maximun through any terminal).

Now select tap G or H fﬁ\ G ground-fault sensitivity.
For distance fault x &or
r

sequence-filter volta geQ
detector is then ind@ ly desensitized (by adjustment of S1 and S2 settings)

to permit rese \

not operate {BUs2 fault detector will .oe detected by the supplementary

pplications, set 3C to provide the maximum

squaring amplifiers. The SKBU-2 current fault

esence of full-load current. Phase faults which do

distance fault detectors.

¢ INSTALLATION
T se comparison relay is generally supplied in a caobinet or on a
r rack as part of a complete assemibly. The location must be free from
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dust, excessive humidity, vibration, corrosive fumes, or heat. The maximum
temperature around the chassis must not exceed 55°C. O

ADJUSTMENTS AND MAINTENANCE

NOTE: The phase comparison relay is novmally supplied as part of a relaying
system, and its calibration should be checked after the system has beeh
installed and interconnected. Details are given in the in u@ of the
assembly. The assembly instructions and not the followinmxctinn should

be followed when the relay is received as an integral pa

system.
In those cases where the relay is not a par Qalaying system,

the following procedure can be followed to i t the circuits of the

he relaying

relay are functioning properly.

TEST EQ T

1. Oscilloscope

2. AC Current Source @

3. Electronic Timer Q

L. AC Voltmeter \

5. DC Voltmeter @
’\C)ACCEPTANCE TEST

Connect the & o the test circuit of Fig. 28 which represents the

tone channel fox@ purposes. Fig. 29 represents the TCF carrier channel

for test pur@
1. & Dropout

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

b. Connect a high resistance dc voltmeter across Xpop and XL (neg.).
Ce .Apply 60 hertz current to terminal 5 and 1 of the relay. Gradually
increase the current until the voltmeter changes reading from

approximately zero volts to approximately 20 volts. This is the
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operating current of FD and should be O.h33i 5% amperes for SKBU-21
relay and 4.33 + 5% amperes for SKBU-2 relay.

d. Gradually lower ac test current until the dc voltmeter drops To
approximately zero volts. This is the dropout current of FD and
should occur at 90% of the pickup current.

Check of Local Squaring Amplifiers

a. With all switches of test circuit open, apply O.5 ampereshacto
terminals 1 and 5 of the SKBU-21 relay, or 5 amperes ac €0 terminals
1l and 5 of the SKBU-2 relay.

b. Place scope probe across X12 and X4 (grd). A_square wave of voltage
should appear across X12 and X4 as shown{imn Tdble ILI.

c. Place scope probe across X15 and X4 (&rdy). WA square wave of voltage
should appear across X15 and XU as shown ih Table III.

d. If scope has two traces, connect one ‘probe to X12 and second probe
to X15. Connect grd. of scop&yto Xks The phase relationship of
Table IIT shodd be observed.

Check of Keying Circuit

a. With all switches of gesticircuit open except A ad 0.5 amperes ac applied
to terminal 1 and Shofwthe SKBU-21 relay, with scope check voltage
across X14 andWii4 (grd). (This voltage should be checked with 5
amperes intofterminals 1 and 5 of SKBU-2 relay).

be. Waveform ghown in Table IIL should be ochserved.

Check offRemote Squaring Amplifiers

a. Closefswitches A, B, and C of test fixture.

b. Apply 0.5 amperes ac to terminals 1 and 5 of the SKBU-21 relay, or
5 amperes ac to same terminals for SKBU-2 relay.

@, “Using scope with grd. lead on X4, check waveshape of voltage across
X9 and then X16. Waveforms of Table III should be observed. Also for

three terminal application check waveform across X13 and X17.
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d. If scope has two traces, connect one prooe to X9 and the other on
X16. Connect grd. to X4. ith scope set on chopped, the phase O
relationship to Tavle IIT should be observed. O

Setting of S5 and S6

a. Set S5 to minimum resistance and S6 to maximum resistance (ful&

clockvise). \Q

b. Set switch L to external fault and close switches d C of
the test circuit. Apply 0.5 amperes ac to terr% and 5 of the
SKBU-21 relzy or 5 amperes ac to same terminals -2 relay.

c. Place scope across X10 and X2 (grd). Adjust until following
waveform appears on scope. @

&

Zero Line

4

&

d. Adjust 8@ until the relay trips. This sets the triggering of the
e

Trip er a U4 millisecond delay.
]N crease 55 to obtain the following waveform. This will be
h at or near minimum resistance.
L 4
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Minimum Pips
may Point up as
shown or down

Transient Blocking Delay (18/0 and 0/1000 Timer) \®

Qe

Connect electronic timer stop to X7 and X4 (grd). Set @stop

on negative going pulse. Relay not to be energize it c current.
Connect timer start to X3. Set timer start to @e going pulse.
Close PR1 switch. Time should start and shoudd p oetween 18 and
20 milliseconds.

Set timer start on a negative pulse Q§2-;f stop on a positive

pulse.
Open PR1 switch. Timer should star should stop after a time

delay of 960 to 1020 millis .
c

Check of Transient Unolocking

ae

With electronic timer s@nected to X7 and Xk (grd), set timer

stop on positive ggin pulse.

Connect timer sta ‘%hiyimer start contacts of switch L. Set L on
ose switches A, B, C, E and F of test circuit.

external fault
Set timer sta@ negative going pulse.

Apply @ub eres ac into terminal 1 and 5 of the SKBU-21 relay, or 6
amperés erminal 1 and 5 of the SKBU-21 relay.

Ccl

after

riteh L to internal fault, timer should start and should stop

me delay. Time should be 22 to &8 milliseconds. If time
has Xp be rechecked, capacitor Cl on output board should ose shorted
vpefore each reeding. The short should be removed from the capacitor

before the reading is taken. Time can be changed by adjusting S7 on the
front panel.
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8. Fast Reset Timer (0/100)

Qe

b.

Ce

do.

Connect jumper from TP4 to terminal 4 on output board.
Connect timer start to X1l. Set timer start on positive pulse O
Connect timer stop to TP6 and terminal 8 of output board. Se@

stop on positive pulse.

4
Apply 0.6 to 0.8 amperes ac into terminal 5 and out %’nal 1l of

SKBU-21 relay. (Apply 6 to 8 amperes ac to terminal d 1l.of

SKBU-2 relay). (Switches A, B, C, E, F closed, 1@ open and

switch L on external fault position). 0

Close switch L to internal fault positiong' Relay should trip and

timer should start and stop in less th%milliseconds.

imer stop on negative pulse.

Set timer start on negative pulse an
Close switch L to external fauxl on and de-energize relay.
Timer should start and stop aﬁ to 120 milliseconds.

Open all switches on test » set L on external fault. Remove

10.

b.
4

Ce

jumper from TP4 to t L,
Timer Distance Faul& or
Connect timer stax@imer start of PRl switch. BSet timer start

on positive pulge. {Connect timer stop to X3 and X4 (comm). Set

timer stop Q\;itive pulse.
Close Pb& .

Timer should start and should stop after 6 to 8

millise

eldy Operation (2.5 Seconds)

h @lectronic timer stap connected to X20 and X4 (grd), set timer
on negative going pulse.

Connect timer start to X3. Set timer start on positive pulse.
Close PRl switch. Timer will start and should stop after 2.3 to
2.7 seconds.

Open PR1 switch.
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1l.

12.

130

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

positive pulse. O

tion.

witch L. Set timer start to

p in 130 to 170 milliseconds.

start to timer start of switch L. Set timer start

150 Timer Low Signal Clamp 1 (TCF Channel Only)

a.

be. Set switch L to internal fault position.

c. Connect timer start to timer start of switch L. Set timer start @
to positive pulse. @

d. Close switches B, C, and G. Close switch L to externa \
position. Timer will start and should stop in 130 t %lliseconds.

e. Open switches B, C, and G. Set L on internal fa 0

150 Timer Low Signal Clamp 2 (TCF Channel Only) Q

a. Connect timer stop to X19 and X4 (comm). @r stop to positive
pulse. -

b. Set switch L to internal fault posit&

c. Connect timer start to timer star k
positive pulse.

d. Close switches E, F and se switch L to enternal fault position.
Timer will start and sho\

e. Open switches E, F, a mi set L to internal fault position. .

150 Timer Low Signal TA-2 Tone Only)

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

b. Set switc internal fault position.

Ce.

pulse.
d.

Close switches B and C. Close switch L to external fault position.
Time% will start and should stop in 130 to 170 milliseconds.

pen switches B and C. Set L on intermal fault position.



1L,

15.

150 Timer Low Signal Clamp 2 (TA-2 Tone Only)

Qe

(S

Connect timer stop to X19 and X4 (comm). Set timer stop to O
positive pulse. O
Set switch L to internal fault position.

Connect timer start to timer start of switch L. Set timer Start

to positive pulse. \Q

Close switches E and F. Close switch L to ext% ult position.
Timer will start and should stop in 130 to@ iseconds.
Open switches E and F and set switch L o te¥nal fault position.

Signal Squelch Time (10/150)

Se

Connect timer stop to X1hk and Xk @Set timer stop on

negative pulse. Close switch nect a jumper from TPl to
terminal 8 of the amplifier eying board. This turns off Q2

to turn on Q3.

Connect timer start il rip switch. Set timer start on
positive pulse. o) switch I.

Close pilot trip it Timer will start and will stop after a
o elay.

8 to 12 milli

. 1
Set timer X negative pulse, and timer start to negative pulse.
Open pk ip switch. Timer should start and stop after a time
delayf of 425 to 185 milliseconds.
jumper from TPl to terminal 8.

oise Circuit (Where Used)

nect dc voltmeter to X18 and X4 (grd). Voltage must read zero.
Close switch D. Voltage must rise to 20 volts. Open switch D.
Voltage must change to zero volts. Close switch G. Voltage must

rise to 20 volts. Open switch G.
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17. Check of Frequency Verifier

a. Open all switches of test circuit. O
b. Connect scope across TP6O and terminal 8 of the FD board.
c. Apply 0.5 amperes to terminal 1 and 5 of SKBU-21 relay. (Apply 0
5 amperes to terminal 1 and 5 on SKBU-2 relay). ¢
d. Waveform of Fig. 31 should be observed. %
TROUBLE SHOOTING PROCEDURE \
To trouble shoot the equipment, the logic diagram volta @ble II

should be used to isolate the circuit that is not performingWeorrectly. The

schematic of the individual board, and the voltages of e should then
be used to isolate the faulty component. @
TABLE IV.

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARE\

1) Fault Detector Board Style 5312D13GO1 \

Test Point Ipe =0 (b Igc = Pickup of FD

5L 6.5V less than 1

55 less tha\ k.5 v IC

56 less@l 18 to 20 V IC
Term 2 3 l@\an 1 8.6 V ¢

51-52 7.4 volts ac (Approx.)

Q
52-53 O\ 7.5 volts ac (Approx.)
0]

53-51 T.4 volts ac (Approx.)
Terminal 5 @ 0 15 volts ac (Approx.)
TP 57 \ 18 volts )
TP 58 18 volts ) |
TP 59 less than 1 ) Pulses see

s Fig. 31 for
TP¢60 20 volts ) Waveform

18 volts )

P 62 less than 1 )
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2. Supervision Board, 202C564GOLl, TA-2 Tones

TEST NORMAL

POINT CONDITION ABNORMAL CONDITION O
TPl * 48 v DC less than 1 with loss of ch@l
Term 13 * less than 1 16 V. with loss of channel 1

TP2 * less than 1 L8 V. with loss of channel i

Term 12 # 13.5 V IC less than 1 with\o channel 1
TP 3 % less than 1 7 V. with loss fof nel 1

Term 18 less than 1 20 V. with lo channel 1

Term 15 less than 1 20 V. wi of channel 1

TPL *%¥L8 vV DC less :with loss of channel 2
Term 17 *¥¥ less than 1 1 %loss of channel 2

TPS * less than 1 with loss of channel 2

Term 16 * 13.5 V DC % than 1 with loss of channel 2
TP6 * less than 1 \7 V. with loss of channel 2

Term 19 less than 1 20 V. with loss of channel 2

TP7 less than Q 48 V. with noise clamp

Term 5 less than% 20 V. with noise clamp

Term 11 less t 20 V. with noise clamp

L 4
* Normal co i@uld be square wave pulses.
i

%% Normal c could be square wave pulses. On two terminal line

applicadti ormal condition of TP4 - less than 1 and term 17 - 16
v%\
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3. Supervision Board, 202C565G0l, TCF Channel

TEST
POINT

Term 13
Term 12
TPL

Term 18
Term 15
Term 17
Term 16
TP 2

Term 19

NORMAL
CONDITION

* less
* 13.5
¥ less

less

less
*%less
¥ 13.5
* less

less

than 1
volts dc
than 1
than 1
than 1
than 1
Volté BE
than 1

than 1

ABNORMAL CONDITION

less than 1 with loss of channel 1
less than 1 with loss of channel 1
TV DC with loss of channelgX

20 V DC with loss of channel &

20 V DC with loss of channel 1
less than 1 with less oOf channel 2
less than 1 with loss of channel 2
7 Vo DC with{loess, of channel 2

20 V DC withyloss of channel 2

¥ Normal condition could be square waveypulses.,

¥% Normal condition could be square wave pulses. On two terminal line

applications narmal conditiongof terminal 17 is 13.5 volts dc.

Amplifier and Keying Style, 202C551GO1l for TA-2 Tones and Style

TEST
POINT

TPl

TP2

Term 6

(TA -2 Tofies)

Term 6
(TCF Carrier)

TP4

Terme9

202C540G0L gfor TCF

NORMAL

I =0

4.5 Volts

less, than 1

48%Volts

less than 1

4.5 Volts

20 Volts

- 40 -

ABNORMAL ON
Ianc-= PICKUP OF FD

4.5 Volt pulses at FD pickup

5.5 Volt pulses at FD pickup
less than 1 with squelch

-12 Volt pulses at FD pickup
48 V DC with squelch

20 Volt pulses at FD pickup
less than 1 with sguelch

4.5 Volt pulses at FD pickup

20 Volt pulses at FD pickup



4, Amplifier and Keying Style, 202C551G0Ol for TA-2 Tones and Style

202C540G0L, for TCF (CONTINUED)
TEST NORMAL ABNORMAIL, ON O
POINT (Ipc = 0) Ipc = PICKUP OF FD
Term 11 less than 1 or 20 Volts with loss of TA-2 channel 1
20 Volt pulses less than 1 with loss of TCF cgannel 1
Term 1 less than 1 or 16 Volts with loss of channel 1
16 volt pulses
TA-2, 13.5 Volt
pulses TCF @
Term 12 *¥% less than 1 or 20 Volts loss of -2 channel 2
20 Volt pulses less than 1 w loss of TCF channel 2
Term 16 *% less than 1 or 16 Volts w 10ss of TA-2 channel 2

16 Volt pulses TA-2, less tha h loss of TCF ¢hannel 2
13.5 Volts TCF

TPO 4.5 Volts 4.5 ulses at FD pickup

Term 17 20 Volts K t pulses at FD pickup

Term 14 20 Volts or %‘,s than 1 with loss of channel 1
20 volt pulses

Term 15 13.5 Volts or ess than 1 with loss of channel 1
13.5 Volt pu

Term 10 ** 20 Volts\ less than 1 with loss of channel 2
20 Volt p

Term 13 13.5 1 or less than 1 with loss of channel 2

%
13.%V pUlses

*¥* Values for K&rmiml line applications. On two terminal line

applicatio@lerm 12 and 10 are zero volts, Term 16 16 volts TA-2

Tones, @volts TCF amd Term. 13 13.5 volts de for TA-2 tones and TCF.

%
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Arming Board Style 202C509G01

TEST NORMAL ABNORMAL ON
POINT Ipnc =0 Iac = PICKUP OF FD
TPl less than 1 10 Volt pulses on internal fault

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

TP2 less than 1 10 Volt pulses on internal faudt
% less than 1 on external fau
less than 1 on loss of c e
TP3 10 Volte ¥ less than 1 on internall f

¥ 10 Volts on external u
10 Volts on loss of,.ch

TPL4 13.5 Volts less than 1 at FD piekup

TP5 less than 1 13.5 Volts at 1ekup
Term 15 less than 1 20 Volts a ckup
TP8 20 Volts ¥ less t internal faults
* 20 ¥V external fault
20 \LQ loss of channel

¥ Very narrow pulges would be obse ope
Output Board Style 202C548G01 \:

TEST NORMAL

POINT

TPl 16 Q\C) less than 1 when armed

20 Volts when armed

TP2 less thak
TP3 20 VOJN less than 1 when armed
ha

TPL less(t 20 Volts when armed
TP5 less than 1 at trip
TP6 X@ts less than 1 when armed
TPT @ s than 1 Applies to sequential fault and
is a pulse of short duration
TP8 less than 1 7 Volts 18 milliseconds after arming
TP9 L 4 18.5 7 Volts at trip
T less than 1 20 Volts at trip

- 4o -

C)O

L 4



RENEWAL PARTS
Repair work can be done most satisfactorily at the factory. Howe
interchangeable parts can be furnished to the customers who are equippe
for doing the repair work. When ordering parts, always give the complete

nameplate data. For components mounted on the printed circuit boarﬁ, give

the circuit symbol and the electrical value (ohms, mfd, @ component

style number. @
ELECTRICAL PARTS LISTQ

Fault Detector Board Style 5312D13GOl1
CIRCUIT Q WESTINGHOUSE

SYMBOL - DESCRIPTION @ STYLE NUMBER

Capacitors

C51 0.1 Mfd 1544920

C52-C53-C59 0.5 Mfd\ 187A624H11
Cc5L4-Cc55 1.5 Mf 18T7A508H09
C56-C57 0.02 1874624H09
c58 0.1l 187A624HOL
C60 762A703HO1

iodes
D51 to D58-D70 \

to D73 NL5T7A 184A855H07
D59 1N6LSA 837A692H03
D60 to D69 . ( ) 1NL385 18LAB55H1L
K\ Transistors
Q51-Q52-Q53-Q5\
Q57-Q61-Q62-Q63 2N3417 848A851H02
Q54 -Q56-Q58 2N36U45 8loalik1HOL
\@ Switches
Q596Q6 2N886 185A51THO3
Resistors
R51 50 Ohms, 5W 185A209H06
R§2-§68-R71 2.7 K Ohms 629A531H42
53 (POT) 2.5 K Ohms 629A%30H03
4 -R55-R58-R62
R6U-R66-RB84-R89-RI2 10 K Ohms 629A531H56
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m

R56-R60
R57

RG1 -RET
R63

R65

R6T
R69-RT3
R70-R7h-RES
RT2-RT5 R8O
RTe-RTOR90
R81

R82
R83-RIL

R85 O3

z51
750255

753
Z54

DESCRIPTION
Resistors

100 % Obns—

47 K Ohms

56 K Ohms

25 K Ohms

6.8 K Ohms

27 K Ohms

120 Ohms, 3W

8 K O

vl

R O
Oo:;—q
§§§
[6)]

.r.-.r:,._.go\\n'_'m
=
=
o
=y
8
(0]

>
70
7

Zener Diodes

1N1832C, 62 V

1N957TB, 6.8 V.

1N3688a, 2k v

ol -

=T,
N

S

oate
0

1H32
& 531H50

WESTINGHOUSE
STYLE NUMBER

16UATE3HTS

620A531HT2

629A531H52

6
62

gho31H1

18LAGLTHOG
186AT9THO6
8624288H01
837A693HOL



Supervision Board Style 202C564GO1 TA-2 Tone Channel

CIRCUIT
- SYMBOL DESCRIPTION
Capacitors
Cl-C3 6.8 Mfd
Cc2-Cl-c6 0.27 Mfd
C5 0.47 Mfd
Diodes
D1 to D7 1N6L5A
Transistors
Ql to Qk,
Q6 to Q9-Qll 2N3417
Q5-Q10-Q12 2N3645
Ql3 to Q17 2NL356

R1-R3-R7-R1L4-R16
R20-R27

R2-R4-R6-R9-R10-
R15-R17-R19-R22-
R23-R28-R29-R3k4-
R36-R38-R4O-R41-

RL2-R43

R5-R18

R8-R21 Ohm
R11-R2L-R30 %8 K Ohm
R12-R25-R31 2 X Ohm

R13-R26-R32 . O 150 Ohm, 3 W
R33-R35-R37-R39 \ 2 K Ohm

721-723 \ 1N95TB, 6.8 Volt
Z2-24-25-26 1N3688A, 24 Volt

z7 Uz5875, 75 Volt

%

Zener Diode

N

&

- 45 -

Resistor@

WESTING

184AG61H1O
188A669H05

83TA692H03

8LEAB51H02
8LOALLIHOL
8LOALLIHO2

629A531HT2

629A531H56
629A531H66
629A531H2L
629A531H52
629A531H78
T62A6T9HOL
629A531H39

186AT9THO6
862A288H01
837A693HOL



Supervision Board Style 202C565G01 TCF Carrier Channel

CIRCUIT WESTINGHOUSE
SYMBOL DESCRIPTION STYLE NUMBER
CaEaci’ﬁors 0
Ccl-C3 6.8 Mfd 18LA661H10
c2-Ck 0.27 Mfd 188A669H05

D1l to D8 1N6U5A \xo3
Transistors 0
QL-Q2-Q3-Qk

Q6-QT7-Q8-Q9 2N3L1T 848A851H02
Q5-Q10 2N36U45 84oALLIHOL
Resistors @

R1-R2-R5-R6-R19-

R20-R23-R24 4.7 K Ohm 629A531HL8

R3-R7-R17-R21- \

R25-R35 82 K Ohm 629A531HT8

R4-R8-R11-R1k4-

R15-R22-R26-R29-

R32-R33 10 K Ohm 629A531H56

R9-R10-R27-R28 27 K O 629A531H66

R12-R30 L7 K 629A531HT2

R13-R31 470 o& 629A531H2k

R16-R34 6.8 629A531H52

R18-R36 150 }%ﬂ T62A6TIHOL
S Zener ‘Diodes

Z21-23-Z27-29 M86B, 20V 185A212H06

72-24-75-28-

210211 B, 6.8V 186ATITHO6

26-212 88a, 24 v 862A288H01

O %
Q>®
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Amplifier and Keying Board Style 202C551G0Ol1 TA-2 Tones

CIRCUIT
SYMBOL

D1-D3-D4-D5

Ql-Q2-Q3-Q5-
Q6-Q9-Q11-Ql2-
Q13-Q16-Q18
Q4-QT7-Q8-Q10-
Ql4-Q15-Q17
Q19

DESCRIPTION
Diodes
1N6LSA

Transistors

2N36L5

2N699
Resistors B Q

R1-R19-R23-R30- (b
R42-R43-RU9 82 K Omm

R2-R14-R37

33 K Ohm

R3-R4-R6-RT7-R8-
R15-R16-R17-R2k- \
R28-R31-R35-R38-
R39-RLO-RUk4-RLE-

R50-R54-R56 10 K
R5-R9-R18-R25 -

R2T7-R32-R34-R41-RL5
R4T-R51-R53-R55-R57 Ohm
R12-R13-R20 Ohm
R21-R22-R29 Ohmn
R26-R33-R46-R52 K Ohm
R36

22

20 X Ohm
L 4 \C) Zener Diodes
\S Uz5875, 75 Volts

- 47 -

N
Ry

WESTING

83TA692HO3
4

8L8AB51H02

8LoALLIHOL
184A638H19

629A531H78
629A531H68

629A531H56

629A531H66
629A531HT6
18LAT763HI1
629A531H52
18LAT63H83

83TA693HOL



Amplifier and Keying Board Style 202C5LCGCL TCF Carrier Channel

CIRCUIT WESTINGHOUSE i
SYMBOL DESCRIPTION STYL! NUMBER

Diodes O
D1 to D5 1HOUSA G3TAG92HO3

Transistors %
Q1-G2-03-65- \
Q6-Q9-Q11-Q12-
€13-Q16-Q18 23417 8 @ 35 1HO2

Qh-G7-06-q10-
¢14-Q15-Q17 2N3645

Resistors Q
R1-R10-R19-R23-
R30-R42-R43-RL9 &2 K Ohn @ 529A531HT8
R2-R14-R37 33 K Ohin €£29A531H68
R3-RL4-R6-RT-R0-
R15-R16-R17-R2kL-
R20-R31-R35-R308- \

OaLL1HOL

R39-RLU-R4+-RUE -

RS5C-R5L 10 K Ohm 629A531HS56
R5-R18-R25-R27 -

R32-R34-RY1-RUS -RLT -

R51-R53 27T K O 629A531H66
R9-R26-R33-RUH-R52 6.6 KoOh 629A531H52
R11 50 6§$§Q~‘ s 762A5TOHCL
R12-R13-R20 66 K i 629A531HT6
R21-R22-R29 Lo 16LAT763H91
R30 220w ©amn 164AT63HBS

z1 é\@é:ﬂa, 24 Volts CORA288H0L

sy



Arming Board Style 202C509G01

CIRCUIT WESTINGH

SYMBOL DESCRIPTTION STYLE
Capacitors

Cl .27 Mfd 188A629H05

Diodes

D1 to D18 1N6L5A \%{%92&03

Transistors @
Q1-Q2-Q3-Ql- 00
Q5-Q6-Q8 2N3417 848A851H02
QT-Q9 2N36L5 Q 8LoAlL1HOL
Resistors @

Rl to R10-R12-Rlk
R15-R16-R18-R19-R20-

R31-R32-R37-R36 629A531H6L
R11-R13-R17-R21-R2k4-

R27-R28=R35-R36 629A531H56
R22-R25-R29 629A531H52
R23-R26-R33-R3L4-R39 629A531H66
R30 629A531HT8
R4O T62A6T79HOL
71 @N3688A, .2k Volts 862A288HO1

O
N

&
R



Protective Relay Board Style 202C563G01

CIRCUIT
SYMBOL

C1-C5-C7
c2

C3

Cl=C6

c8

D1 to D8

€1-Q2-Q3-65 Q5 -
Q38-G10-Q11-Q12
Ql-47-Q9

R1-R2-R3-R4-R5-
R27-R28-R30-R36-R37
R6-R16-R26-R31
R35-R38
RO-R15 -R25 -R34 -
RLO-RUk
R7-R9-R10-R13-R1k-
R20-R21-R23-R24-R32-
R33-R39-R41-R43-146
R11-R22-R45

R12-R16

R19

R29

Rl2 \ ’

Z1 to 25-210
to 413416
264726214 =2
7%9-416

DESCRIPTION

Capacitors

0.047 Mfd
L7 MFa
66 Mfd
0.27 Mfd
6.6 Mfd

Qiodes
1N6LSA

Transistors

Q

oN3h17
2N30MH45

Zener Diodes

1N3686B, 20 Volts
IN957B, 6.0 Volts
1136688

WESTINGHOUSE
STYLE NUMBER

O
8LOoALITHOL

188A66CHOL 4

18TA508H02
8A66
1

Gz,m%}m

CkGAB51H02
OuoALLIHOL

629A531H48
620A531HT8
629A531H52

62945 31H56
629A531H66
629A531H2Lk
629A531HT2
62945 31HEL
629A531HGE

185A212H06
166LT79TRCE
G624 208H01



Output Board Style 202C5L8G01

CIRCUIT
SYMBOL

cl
c2

C3

chk-Cc12
C5-C7-C10
Cé6.

c8-c9
Ccll

D1 to D11

Q1-Q2-Q3-Q5-Q6-
Q8-@9-Q13
Qk-Q7-Q10-Q11-
Ql2-Qlhk

R1-R2-R32-R40O-R43
R3-R48

R4 -R7-R8-R9-R15-R17 -
R19-R26-R31-R3L-R36-
R37-R38-RL41-R45-RL6
R5-R10-R18-R22-R42-RL47
R6-R24%-R25

R11-R13 2

R12

R1L-R16-R50 K\
R20 \
R21-R33-R35-R39-

R23

R27 (Pot)

R28-R29
R30

Q>®

z1
22-Z4-25%26-Z7
Z3-28

S

R

DESCRIPTION
Capacitors

0.047 Mfd
22 Mfd
2.2 Mfd
1.5 Mfd
0.22 Mfd
4,7 Mfd
500 Mfd
0.1 Mfd

Diodes

1N6U5A

Transistors @
23417 $

470 K Ohm
150 Ohm, 3 Watts

Zener Diodes

1N3686B, 20 Volts
1N95TB, 6.8 Volts
1N36884, 24 Volts
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TA2L1H16
08HO9
19H21

A661H12
‘i::;;!!:’§88A669HO3

WESTINGHOU
STYLE NUMB

B49AL3THOL
18LAG61HL6

TA69LHO3
837A692H03

848A851H02
8haoalli1HOL

629A531HL8
629A531HT8

629A531H56
629A531H52
629A531H66
629A531H32
629A531H08
629A531H60
187A6LIHE3
629A531H6N
18TA290H1T
629AL430H08
629A531H24
184LAT63HIL
T62A6T79HOL

185A212H06
186ATITHO6
862A288H01



Relay Board Style 5312D80GOLl - SKBU-2

- SKBU-21

CIRCUIT WESTINGHOUSE

SYMBOL DESCRIPTION STYLE NUMBER
Capacitors

C201-C202-C203 0.25 Mfd 187A624H02
Resistors

R201 50 Ohms, 5 W 1858209H06

R202-R203 (SKBU-21) 3.3 K Ohms

R202-R203 (SKBU-2) 2.2 K Ohms

Filter Choke

L201 8.5 Hy, 450 Ohms 188aL460HO01

Zener Diodes

2201 (SKBU-21 only) 1N1828C, 43 V 629AT98H14
AMPLIFIER AND KEYING/BOARD ARMING BOARD
SUPERVISION BOARD OUTPUT BOARD
FAULT DETECTOR PROTECTIVE

RELAY BOARD

TRANSIENT RELAY BOA
UNBLOCKING "

I

PHA.
DEL
ADJUSTME

TEST
POINTS

N

FAULT DETECTOR
ADJUSTMENTS
PICKUP

TAP BLOCK

DROPOUT

Fig. 1 Photograph (Front View).
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T1 KEYING

TRANSFORMER

T2 LOCAL
TRANSFORMER

POWER SUPPLY

20 YOLT ZENER

TERMINAL BLOCK

J101 TERMINALS

RESISTORS
FILTER

FOR SEQUENCE

Fig. 2 Photograph (Rear View).
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[Q1): NORMALLY CONDUCTING TRANSISTOR

CONDITIONS FOR STATE OF TRANSISTORS SHOWN.
(A} SPACE SIGNAL FROM TONE RECEIVERS.
(B) NO A.C.CURRENT FLOW INTO SEQ.FILTER
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Fig. 6 Schematiclef Arming Board.
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@= TRANSISTORS ARE NORMALLY CONDUCTING.
CONDITIONS FOR STATE OF TRANSISTORS SHOWN
(1) SPACE SIGNAL BEING RECEIVED
{2) NO A.C. CURRENT FLOW INTO SEQ. FILTER

b = CONNECT LINK TO PROPER TERMINAL. AS SHIPPED FROM FACTORY LINK CONNECTED FOR z TERMINAL

LINE
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Fig. 8 Schematic of Amplifier and Keéying Board for TA-2 Tone

Channel.
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{@2): TRANSISTORS ARE NORMALLY CONDUCTING
CONDITIONS FOR STATE OF TRANSISTORS SHOWN
(1) SPACE SIGNAL BEING RECEIVED
(2) NO A.C. CURRENT FLOW INTO SEQ. FILTER
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Fig. 10 Schematic of Amplifier and Keying Board for TCF Carrier

Channel.
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Fig. 15 Location of Components on Supervision Board for TA-2 Tone

Channel.
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Westinghouse I L. 41-954. 4
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE SKBU-21 PHASE COMPARISON RELAY FOR TYPE TA-2
FREQUENCY SHIFT TONE CHANNEL

CAUTION: It is recommended that the user of this equipment become

acquainted with the information in either th®s instruction
leaflet or the system instruction leaflet before

energizing the system.

If the SKBU-21 is mounted in a cabinet, it must be bolted
down to the floor or otherwise secured befope swinging out the
equipment rack to prevent its tipping over.

APPLICATION

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

The system is applicablke te a voice-grade pilot-wire or
microwave channel.

In contrast to thegearzier blocking scheme, this is a
transfer-trip systemg accordingly, the blocking-start function
is not required.

TABLE OF CONTENTS

These instrugctions apply to SKBU-21 relays for application
to the following relaying systems.

1. A1l distance supervision

2. Misgance phase comparison

CONSTRUCTION

The type SK3U-21 relay consists of a composite positive and
necative sequence current network, two mixing transformers, three-
Wsolating transformers, a 20-volt power supply, and printed
eilrcuit boards mounted on a standard 19-inch wide panel, 8-3/4

NEW INFORMATION EFFECTIVE OCTOBER 1968



inches high (5 rack units). Edge slots are provided for mounting
the rack on a standard relay rack.

Sequence Network

The sequence filter consists of a three-legged iron core
reactor and a resistor. The reactor is a four-winding_greactor
with two primary windings and two secondary windings. ( _The
secondary windings are connected to the resistor whi@h eonsists
of three tube resistors and a small formed resistog.j, One
secondary winding and the resistor is a negative sedguence current
filter while the other secondary winding and the “heS¥stor is a
positive sequence filter.

Mixing Transformer

The voltage from the sequence netwerk is fed into two mixing
transformers. One transformer suppliesf\the fault detector circuit
and the other transformer supplies thewmkeying circuit. These
transformers and Zener clippers (moumted on printed circuit
boards) connected across their secgndary are usecd to limit the
voltage impressed on the solid-state circuits, thus providing
a small range of voltage for a large variation of maximum to
minimum fault currents. Thismprovides high operating energy for
light fault, and limits thefoperating energv for heavy faults to
a reasonable value.

Isolating Transformer

Three isolating transformers are provided in the relay to
isolate the D.C. voltagess from the A.C. voltages. Two of the
transformers are alSo wsed to energize solid-state circuit on
alternate half-cyelenof the power system frequency.

Power Supply

Tre solidéstate circuits of the SKRU-21 are regulated from a
20-volt supply=on the relay panel. This voltage is taken from a
Zener diodeé mounted on a heat sink. A voltage dropping resistor
is provided petween the source D.C. supply and the 20-volt
regulated“supply.

Printed4Circuit Boards

Seven printed circuit boards are used in the SKBU-21 relay:
Awfault detector board, protective relav interface board,
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supervision board, amplifier and keying board, arming board,
output board and a relay board. The circuits of the protectiwe
relay, and the arming board varies with the relaying system.

All of the circuitry that is suitable for mounting on
printed boards is contained in an eaclosure that projects friom
the rear of the front panel and is accessible by openifig_a
hinged door on the front of the panel. The printedy,cifcuit
boards slide in position in slotted guides at the top%and bottom
of each compartment and the board terminals engagé a‘terminal
block at the rear of the compartment. Each board and terminal
block is keyed so that if a board is placed ing thepwrong
compartment, it cannot be inserted into the termimal block. A
handle on the front of each board is labeled to%identify its
function in the relay.

1. Fault Detector Board

The fault detector board contalns ‘amresistor-Zener diode
combination, a phase splittingfnetwork, a solid-state fault
detector, and a frequency verifie¥ circuit. The controls
for setting pickup (S1) andgdroepout (S2) of the fault
detector are mounted on a plate in the front of the
assembly. This unit operatesswhen the fault current
exceeds a definite value4

The location of compeneénts on the board is shown in Fig. 3
and the schematic of /the board is shown in Fig. 4.

2. Arming Board

The arming boarxrd connects the outputs of the supervision
board and the, fault detector board to the final output of
the relay.# This board contains logic circuits that will
arm the trip output, set up the time delay of the trip
output,fapd start transient blocking on external faults.

The components of this board vary with the relaying system.
The Schematic of the board for the distance phase
compardson system is shown in Fig. 6 and the schematic of
the board for the all-distance supervision system is shown
in Fig. 7. The difference in the two boards is that the
distance phase comparison board has an additional resistor
and diode on the board. The location of components is
stoun in Fig. 5.
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The amplifier and keying board contains two local squaring
amplifiers, a transmitter keying circuit, two remote
squaring amplifiers, and a signal squelch circuit for each
line terminal. The amplifier circuits produce the pulses
that are compared by the AND circuits of the armimg board
to determine if the fault is external or intermals

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

The output board contains a 4-millisecond, pickup instant-
aneous dropout timer circuit, trip "ANDY, (flip-flop
circuit), trip amplifier, transieng,blocking and unblocking
circuits. The trip AND operates whenhyall the inputs to the
AND inputs of the arming board “aréwof the correct polarity
and the fault detector has operxated. 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 (extérmal fault followed by an
internal fault). The following figures apply to this
board: Fig. 10 Component Location; Fig. 11 Schematic of

The relay board c¢ontains the phase delay circuit for shifting
the local signa%ls with reference to the remote signals. It
also containsqa low-pass filter, and a Zener clipper-resistor
combination Jfor%protection of the solid-state circuits on

The following figures apply to this board: Fig. 12 Component
Locationd and Fig. 13 for the schematic of the board.

3. Amplifier and Keying Board
4. OQutput Board
the board.
5. Relay Board
the relay bp®Gardd
6. Superyision Board

The circuits on this board vary with the relaying system.
For all applications a 150 millisecond pickup and 15
millisecond dropout alarm timer circuit and a 2.5 second
alarm circuit for fault detector operation are provided
on this board. The circuits on the board are utilized to
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lockout the SKBU-21 relay for channel failure on the channél
equipment. For tone channels a noise circuit is provided

to lock out the SKBU-21 relay from information supplied(by
the tone equipment.

Because the board varies with the noise circuit of the
channel equipment, the following figures apply togthe

board.

Type Location of Sebematic of
Channel Components Board
TA-2 with AM Squelch Fig. 14 Fig. 15
TA-2 with TA-3 Noise Fig. 16 Fig. 17
Supervision

7. Protective Relay Board

The protective relay board contains,logic circuits to
connect the distance fault detectoxs, and squelch relays
into the phase comparison portiomoef the relaying system.
This board contains AND circuits, circuit buffer and OR
circuits to connect the relays,into the system.

For a distance phase ¢omparison system Fig. 18 shows the
component location of, the board and Fig. 19 shows the
schematic of the board®, For an all-distance supervision
system, Fig. 20 shows/the component location of the board and
Fig. 21 shows the _schematic of the board.

Card Extender

A card extender%(Style No. 644B315G02) is available for
facilitating cipeuit#voltage measurements of major adjustments.
After withdrawing anyone of the circuit boards, the extender is
inserted in that “€ompartment. The board then is inserted into
the termimal{bloek on the front of the extender. This restores
all compénents™and test points on the board are readily accessible.

Test Poimts

Test ponts are located on each printed circuit board for
the majér components on the board. Complete circuit test points
areyzwired to the front of the relay for convenience in adjusting
andwtesting the relay.



OPERATION

A. System

In phase comparison relaying, the phase positions of fault
currents at the ends of a transmission 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 transfer-trip syStemsCan be
utilized. This means that the system can trip on eifherv»half-
cycle of power system frequency as contrasted to a ‘blocking
scheme where tripping occurs on alternate half-cyckes*during the
absence of a carrier signal.

The three-phase line currents energize a“sequence network
in the SKBU-21 relay which produces two single-phase output
voltages which are proportional to eithéx the positive sequence
current or the negative sequence currenti WIhe single-phase
voltages are applied to saturating tra@msformers one which energizes
the fault detector circuit and the othex, energizes the keying
circuit of the SKBU-21 relay. Thisgcixcuit shifts the frequency
of the transmitter from a space frequency to a mark frequency on
alternate half-cycles of the powefr )frequency current. These
frequencies are transmitted ower “the pilot channel to the
receiver which converts the nark and space frequencies to two
D.C. output voltages, a spacenoutput that corresponds to the
space frequency and a mark outpuwt that corresponds to the mark
frequency. Thus, on eachghalf=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’ gf\theése half-cycle pulses are compared with
the phase positions ©f "each half-cycle of the sine wave voltage
from the sequencefmetwork of the SKBU-21 relay at the receiver
terminal. The spaceypulse is compared to one half-cycle of the
voltage and the mark pulse to the other half-cycle. If the local
and remote halfecyele pulses are of the correct phase positions
for an internaly fault, after a fault detector operation, 4 milli-
second trippinZ=will be initiated through operation of the trip
"AND'" and trip%wamplifier circuits.

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 respective 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 lccal pulses and tripping does not
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occur.

The four-millisecond delay previously mentioned is added t®
allow for differences in current transformer performance at
opposite line terminals and relay coordination.

B. Relaz

With reference to the logic diagram that applies, to the
particular relay, the three-phase line currents efiergize a
sequence filter that produces two single-phase yoltages: One
voltage proportional to the positive sequence curkent, and the
second voltage proportional to the negative sequence current.
These voltages are applied to two mixing transfermers which have
zero sequence windings on them. The output of the two transformers
are applied to two separate board:

1. Output from one transformer to\ the fault detector
board.

2. Output from the second tfansformer to the relay
board.

These transformers andfayZener clipper connected across
their secondaries are used toflimit the voltage impressed on the
solid state circuits, th@is providing a small range of voltage for
a large variation of fault “eurrents.

With reference tomthe/schematic Dwg. of Fig. 4, the A.C.
voltage from one mixing transformer is applied to a phase-
splitting network (€529#R52, R53) and a polyphase rectifier
(diodes D51 to D56). The D.C. voltages so obtained are applied
to the fault detectox circuit which operates when the D.C. input
"signal'' exceeds' a‘predetermined value.

Fault Detect®r

Under mormal conditions, transistor Q51, has no base '"'signal"
and igl turned off. The collector of Q51 is at a high enough
positive potential to provide base drive for transistor Q52,
driving i1t to full conduction. With Q52 fully conducting there
is no base drive to transistor Q53 and Q53 is turned off. With
no Q53 “collector current, the base of transistor Q54 is supplied
from the 20-volt source. Thus the Q54 emitter is normally at a
slightly lower potential than its base. This condition keeps
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transistor Q54 in a non-conducting state, equivalent to an open
circuit.

When a fault causes the D.C. input voltage from the polyphase
rectifier to exceed the 6.8 volt rating of Zener diode Z52, a
positive bias is applied to Q51 base causing it to conduct. In
turn, Q52 stops conducting, and capacitor C54 charges, giwing
a few milliseconds time delay before Q53 and Q54 are switehed to
full conduction, thus '"closing'' the fault detector. When ‘¢he
fault detector operates, a positive output is applied to, the
arming board at terminal 12. Resistors R66 and S2 Jncrease the
voltage to Z52 to allow the fault detector to drop out at a high
dropout ratio when the A.C. current is reduced.

Frequency Verifier

During certain switching conditions, such as energization

of a transmission line, residual currents and,voltages may exist
of higher frequencies than 60 cycles pex“second. The frequency
verifier prevents fault detector operation,when frequencies 120
cycles or higher are encountered during “the switching conditions.
The frequency cerfier circuit consistsyof two functional parts:
Zero-crossing and commutator circuits%, With reference to Fig. 4,
the zero-crossing circuit consiS%s 0f/Q55, Q56, Q57, and Q58.

The commutator circuit consisgs of Q59, Q60, C9, C59 and Q61.

During the positive or negative half-cycles of the output
voltage from the saturating transformer, Q55 or Q57 transistors
are driven into saturation, by /sthe output of the FV transformer.
Transistors Q56 or Q58 conddct until capacitors C56 or C57
respectively are fully4chasged. While either capacitor charges
a voltage output in the form of very narrow pulse is developed
across R76 and R78 ‘¥esIstors during the start of each half-cycle.
This pulse triggerswQ59» control switch. When transistors Q55 or
Q57 are not condueting,C56 and C57 capacitors discharge respectively
through D66 or P62 and the parallel combination of R73 and R74 or
R69 and R70.

Whilé Q59 is "on'" its anode is only about 0.7 volts above
negative, ‘thusfturning off transistor Q62 to allow capacitor
C60 to start¥charging. However, a shorter time delay (consisting
of R84, the capacitor C59 and the reference Zener diode Z54) or
4.3 milliseconds is also started. After 4.3 milliseconds of
delay)), the control switch Q60 fires applying the voltage of
capacitor C88 across Q59 turning it off. This raises the potential
of the Q59 anode to turn on Q62 to discharge C60 before the charge
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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 capacitor C58. Transistor Q61

when turned on by the same voltage that fires the gate of Q59%
discharges timing capacitor C59, thus starting the timing cycle
with close to zero charge on the capacitor. If the zero-
crossing period of the FV voltage is less than 4.3 milddseconds,
the Q61 transistor discharges the timing capacitor qthus’ preventing
the turning off of Q60 switch. This keeps Z59 switchyofi'to

allow C60 to charge to a value to break over Zenex diode Z55 to
turn on Q63. Turning Q63 prevents Q53 of the fault/ detector

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

2. Relay Board

With reference to Fig. 13, the A.C.woltage from the second
mixing transformer is applied to_the, phase delay circuit
through a low pass filter of the“r#kay board. The low pass
filter (C201, L201, C202) removes the harmonics from this
voltage and applies a voltage thatwis essentially sinusoidal
in waveform to R202 and R203_of%\the phase delay circuit.

By means of capacitor C203 and‘wariable resistor S5, the
voltage across terminal ##%and, 2 can be made to lag the
voltage across terminal 10"and 11 by a definite amount
depending on the settimg ef S5. Each of these two

voltages are applied to “separate isolating transformers.

1. Undelayed voltages to a keying transformer (Tl)
2. Delayed voltages*to a local transformer (T2)

A. Keying Circuit

With no A.Cy output (Ref. Fig. 9) voltage from the sequence
network,base current does not flow into transistor Q1l03.
The collec¢tor of Ql03 is at positive potential which

allogws base current to flow from positive 20 volts D.C.
thfough the base of Ql04 through R111l and R112 to negative.
This{applies negative potential to the collector of Ql04

to prevent base current from flowing to Ql05. Since Ql04
is conducting, transistor Ql05 does not conduct and the
collTector of Q105 is held at positive potential.

When a sinusoidal voltage is applied to the keying
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transformer (Tl), the transformer steps up the voltage
applied to terminals 9 and 8 of the amplifier and keying
board. On the positive half-cycle of voltage, terminal 8
is more negative than terminal 9 and transistor Q103 does
not conduct. In turn, Ql04 remains conducting and Ql05 does
not turn on. On the negative half-cycle of sine wave
voltage from the keying transformer, terminal 9 is jmore
positive than terminal 8 and base current flows4inteQl03.
This turns Q103 on which applies negative potential €0 the
collector of Q103. Base current to transistor MQl04 “is
stopped and 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 Ql05.
When Q105 conducts, its collector is connécted to negative
potential. Thus on alternate half-cycles“of the 60-cycle
voltage from the low pass filter, QlO5(tuxms on. By
connecting Q105 through the proper interface to the channel
transmitter, turning on Ql05 keys the txansmitter to a
mark condition.

Local Squaring Amplifiers (1 an@d 2)

There are two identical local gquaring amplifiers in the
SKBU-21. One is turned on%and off by the positive half-cycle
of voltage from the local transformer (T2) while the other
one is turned on and off by the negative half-cycle of
voltage from the transformer. The square wave output
voltages are, therefore, ,yfunctions of the A.C. voltage input
to the amplifiers. The polarity of the outputs of the two
amplifiers are such thHat one amplifier has an output when

the other one dogs, not when A.C. voltage is applied to the
squaring transfermew®.

With reference to’amplifier number 1 of Fig. 9 with no A.C.
input voltage, Q106 is not conducting and the collector of
Ql06 is ag™positive potential. This applies base current

to tramsistor Ql07 through R120 and R121 such that Q107 is
turngd on, This applies negative potential to the collector
of Q107 to allow base current to flow in Q108. Q108 turns
on tolapply positive potential across R125.

With the application of a sine wave voltage to terminal 6
and 19 of the amplifier and keying board, on the positive
half-cycle of the voltage, the base of transistor Q106 is
more positive than the emitter and Ql06 (amplifier 1)
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conducts, and Ql10 (amplifier 2) is turned off. On the
negative half-cycle of the a.c. voltage, Ql06 is turnedr off
and Q110 is turned on. Therefore, Q106 is conducting'on

the positive half-cycle of voltage and Ql10 is conducting

on the negative half-cycle of A.C. voltage. Turning Q106

on, puts negative potential on the collector of Ql06 ‘and
turns off transistor Ql07. Transistor Ql07 stoePps,conducting
and its potential goes to a positive potential “Which turns
off Q108 to place its collector at a negative petential.

Thus the output of the squaring amplifiers(square wave
voltages ranging from O volts D.C. to 20 #olgts’ D.C. depending
upon the polarity of the voltage from the phase delay circuit.

Amplifier 2 is the same as amplifiernumber 1 except it is
supplied by the opposite polarity ofi,sime wave voltage

from the local transformer (T2)_ at( terminals 19 and 6 of the
amplifier and keying board. Theeoutpit voltage from the
amplifier appears across R138., By applying the same analysis
of amplifier 1 to amplifier 2\ the»output voltage across

R138 is a square wave voltageyofwthe reversed polarity than
that across R125.

Remote Squaring Amplifieks

As shown in Fig. 9,“thére are two remote squaring amplifiers
in the SKBU-21. One amplifier is to connect the space
output of the recedwen, to the SKBU-21 while the other is

to connect the mark’ output of the receiver to the SKBU-21
relay. The space sguaring amplifier consists of transistor
Ql09 on thesamplifier and keying board in conjunction with
an interfacegcdircuit of Ql67 on the supervision board. The
mark remote“squaring amplifier consists of Q113 on the
amplifier ‘and keying board and interface transistor Ql65 on
the supefrvigion board.

The rémote squaring amplifiers are in one of three states:
1.  TLess-of-channel state
20, Receiving space frequency only

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

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

-11-



to a mark condition. The space output from the receiver is
zero with respect to the positive source. This means that
transistor Ql67 (on the supervision board) is not
conducting. Base drive to transistor Ql09 is provided

from positive source through R131 to negative. Q109 is
turned on to provide a positive 20 volts across R129. When
the channel is in service and the receiver is in a space
condition, transistor Ql67 is turned on. This appli€s
source voltage through R130 and diode D106 to R13My, #The
potential of the base of transistor Ql09 is railsed, higher
than its emitter; hence, transistor Q109 stops “conducting
and the voltage across R129 is -20 volts. For“the
condition where tle receiver is receiving pulses, transistor
Ql67 (on supervision board) turns on and 0ffyfor the same
half-cycle and tle voltage across R129 is“a, square wave
voltage varying from zero volts to a -20/welts D.C.

For either internal or external faulf eenditions the outputs
of both remote squaring amplifiers 'ase), square wave voltages.
Both voltages vary from zero voltls te approximately -20 volts
D.C. and are out of phase with éachgyother; i.e., when one
voltage is at zero volts the other voltage is at -20 volts.

Arming Board

The phase relationshipfof¥the outputs of the local and remote
squaring amplifiers are @empared by the two AND circuits of
the Arming Board. Oné AND civcuit (number 1) compares the
space signal with the oQutfput from local squaring amplifier
number 1. Tle second AND circuit (number 2) compares the
mark signal with @bewmeutput of local squaring amplifier
number 2. Since theéy local signals are always 180 degrees
out-of-phase with%each other, and the remote signals are
always 180 degrees out-of-phase with each other, a change
in phase angle of one signal with respect to the other will
provide op@&%input to AND number 3 which will activate the
4/0 timer\

Intérndl Fault Conditions

With reference to the logic drawing that applies to the
relay, the output voltages from one termina! of the
sequénce filter is 180 degrees out-of-phase with respect
to its load current condition. This changes the polarity
of Amplifier 1 and Amplifier 2 such that their outputs
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are in phase with the remote signals. This means that
AND 1 has a half-cycle of negative voltage and that AND,2
has a half-cycle of negative voltage (not the same half~
cycle). The period of each negative voltage will be™ 80
degrees out-of-phase with reference to each other and a
negative voltage will be produced out of the OR cireuit
of the arming board. The negative voltage isgapplied to
AND 3 of the arming board. One condition «orgéctivating
this AND is thereby set up--negative voltagelnffom the OR
circuit. The second condition to activaté jthe” AND is
provided by arming the SKBU-21.

In either Fig. 22 or 23, for a distanceyphase comparison
system, arming occurs through eithef the operation of the
distance fault detectors or the operation of the SKBU-21
fault detector. The operation of efither fault detector

will apply a voltage to the ARM, logic of tlhe arming board.
The output voltage from the ARM, Tegic removes negative
potential from the trip AND\and,applies a negative signal
into AND 3 of the arming beards, AND 3 is activated and
starts the 4/0 timer. TFaofir midlliseconds later, a negative
input is applied to the_trip AND of the output board. Since
the three conditions of t®ip (a negative input from the 4/0
timer, not a negati@éy,input from the ARM logic, and not a
negative signal from the 18/0 timer) is fulfilled, a trip
output is obtained from the SKBU-21 relay. For an all-
distance supervisiom System, arming occurs through operation
of the distanceffault detectors only. As shown in either
Fig. 24 or 25,,the/operation of the distance fault detector
applies the voltage to the ARM logic of the arming board

to activate®GANDs3.

ExternallFault

Under ‘external fault conditions, the square wave voltages
from™tFre“remote squaring amplifiers and the square wave
voltages from the local squaring amplifiers are out-of-phase
suek that zero input is being received on the AND circuits
of tHe arming board. The output from local 1 and remote 3
arel out-of-phase to prevent tripping on AND 1 and the
ottputs from local 2 and remote 4 are out-of-phase to prevent
tripping on AND 2. As a result, the outputs of these AND
circuits are zero, and AND 3 cannot be activated. This
blocks AND 3 and the 4/0 timer is not energized.
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With fault detector operation, an input is applied to the
ARM logic of the arming board. A positive input will be
applied to the trip AND but tripping will not occur since

the 4/0 timer is not providing a negative input to the

Trip AND. Operation of the fault detector will provide

an input to a 1/100 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 0/100 timer the three conditions of “ramSient
block are fulfilled--not a negative voltage fromgthe TRIP
AND; not a negative voltage from the Transient UNBLQOCK
Circuit; and a negative input from the 0/100 timer. Eighteen
milliseconds later the 18/0 timer of the tranSient block
circuit times out to provide a negative inputhto 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 cledming/ of an external
fault.

Sequential Faults

If the above external fault is followed by an internal fault
before the external fault is c¢leared, the transient unblock
circuit is set up to removemthe/ transient blocking input

to the TRIP AND. For thtefingfernal fault, the square wave
pulses on AND 1 and AND42 ‘0f the arming board will reverse
such that a negative output s obtained from these AND
circuits. This outputfenergizes the OR circuit which
negates the signal to_a fmegative signal. The negative
signal...

1. Provides a seond,input to AND 3,and tte 4/9 timer
times out te apply a negative input to the TRIP AND.

2. Applies alnegative input to the AND of the transient
unblockgeiredit to fulfill the requirements to obtain
an qQutput from the transient unblock circuit.

As a geswlt» a negative input is applied to the unblock
timernd Eighteen milliseconds later, tre unblock timer will
operate 0 remove the negative voltage from the block AND
circuit. This resets the 18/0 block timer, and removes the
negatiwe input to the AND of the unblock timer to reset the
unblock. The required three inputs are thus applied to the
trip AND and a trip output is obtained from tle SKE[-21
relay.
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D. Protective Relay Operation

The SKBU-21 relay is armed by the distance fault detectors
through a 6/0 timer on the supervision board. The operdtion
of the distance fault detectors applies negative potential
to terminal 16 of the supervision board. This removes
current to transistor Q157 and allows Cl51 to g¢haxge. Six
milliseconds later the voltage on Cl57 reaches “the break-
down of Zener diode, Z151, and base currentfloews into
transistor Ql52 to turn Ql52 on. This turnas/on Q153 to
apply a positive potential to terminal 144,0f, the arming
board.

4. Supervision Board

The circuits on the supervision board|include the auxiliary
functions of the SKBU-21 relay, \and‘“they vary with the
application of the relay andgthe “type of equipment used as
a pilot channel. 1In general, “though, this board contains

a low signal clamp timer and“an ‘arming timer.

A. Low Signal Clamp (.5/150 Time®)

With a serviceable channelwéither a space frequency or

an alternate space-mark frequency is received from the
channel equipment. % With reference to Fig. 15 or 17, Ql67
of the supervisionmboard is either turned on or is turned
off. With Ql69 turned on, base current is supplied to
transistor Ql58and«Q1l58 conducts. The collector of Q158
is thus at megative potential and capacitor Cl55 cannot
charge.

If the chanmel®is not serviceable, the tone receiver is
clamped finto"a mark condition and the space output is

zero. Txansistor Ql67 does not conduct and transistor Q158
is turned off. Positive potential is applied to capacitor
C155 through resistor R177. After a 150 millisecond time
delayy, capacitor Cl55 charges sufficiently to break down
Zenerydiode Z154. When Z154 conducts, base drive is
supplied to transistor Q159 and Q159 turns on. This
connects the collector of 0159 to negative potential which
allows base current to flow in transistor Ql60 through R18l.
This turns on transistor Ql60 to apply positive voltage to
R183. This voltage is then applied to AND 2 of the arming
board and to an alarm output. Applying the voltage to
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AND 2 blocks tripping.

Under the conditions of alternate mark and space outputs
from the tone receiver, transistor Q158 is turned on and
off every 8.3 milliseconds (half-cycle of power system
frequency). Every half-cycle, capacitor Cl55 starts to
charge but on the next half-cycle Q158 turns on to diScharge
capacitor C155. Since the charging time is not suffdcient
to allow capacitor Cl55 to break down Z152, transister Q159
will not turn on to block tripping.

B. Loss-of-Potential Alarm (2500 Timer)

When arming occurs on the SKBU-21, negative potential is
removed from terminal 18 of the supervisien board. This
applies positive potential to capacitor (CL52, Two-and-a-
half seconds later, the potential on ‘CLk52(breaks down the
Zener diode Z152 to allow base currentitoyflow into Ql54.
This turns on Ql54 which turns off Ql55.) Turning Q155 off
applies positive potential to thebaseyof Ql56 and Ql56
turns off. This removes positive poténtial from R170 and
an external alarm is energized.

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

The distance supervisionharming is delayed by 6 milliseconds
to allow time for the cixcuits feeding AND 1 and AND 2 to
respond at fault inceptiong, Operation of the distance fault
detectors will apply megative potential to terminal 16 of
the supervision begard. |This removes the base current to
transistor Ql51. Qi5¥turns off when positive potential

is applied to capaciter Cl51. Six milliseconds later the
voltage on Cl51lixeaehes a value to break down Zener diode
Al51. This tufns, 6n Q152, which connects the base of Q153
to negative through resistor, R158. Q153 turns on to

apply positive_ potential to resistor, R160 and terminal 13.
From terminal 13 the voltage is applied to the arming board.

D. NoiseSupervision for a TA-2 Tone Channel with AM Squelch

The noise¥supervision interface of the SKBU-21 relay for a TA-2
tone channel with AM squelch consists of transistors Ql66, Qlé6l,
Ql62, and associated components. Under normal conditions, the
output from the noise circuit of the tone channel is zero volts.
As "a result, transistor Ql66 is not conducting and base current
is’ not supplied to transistor Ql6l. Transistor Ql61l is
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turned off and its collector is held at positive potential
to prevent base current from flowing in transistor Q162
and negative voltage (across R158) is applied to AND 1 @and
AND 2 of the arming board.

Under noise conditions the noise circuit of the tone
equipment provides a negative output with respectmto
positive 48 volts D.C. This negative voltageqalloeWws
transistor Q166 to turn on and provides base currefit to
Q161 through resistor, R187. Transistor Ql6¥ turns on, and
its collector is connected to negative potenti@al. Base
current then flows in transistor Q162 throughy,resistor,
R188, and Ql62 turns on. Positive potential d4s applied to
resistor, R190 and to terminal 5 and 1 _0f“the supervision
board. From terminal 5, the voltage is “applied to AND 1
and AND 2 of the arming board to blo¢k/tripping. The voltage
on terminal 1 is applied to an external/alarm.

The noise supervision interfaceiOfwthe SKBU-21 relay for a
TA-2 tone channel with a TA-3"oiSe supervision is the same
as above except Q166 is omitted.

CHARACTERISTICS

The type SKBU-21 relayg is available for a frequency shift
tone channel. Tapshare available to set different
sensitivities of the_fault detector to zero and negative
sequence currents. [ These taps are as follows:

Negative Sequence Taps (I2)

Tap Negative Sequence
Setting Sensitivity
A None
B 0.4 Amperes
(6 0.25 Amperes

Zero Sequence Taps (Iq)

Tap Zero Sequence
Setting Sensitivity
F None
G 0.2 Amperes
H 0.1 Amperes
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The positive sequence response of the fault detector is
greater than 7 amperes.

The operating time of the fault detector is shown in

Fig. 24. As shown in the figure, the operating curve has
a maximum and minimum value. This is due to the point en
the current wave that fault current is applied. Figure 25
shows the operating times for different points,onthe
fault wave for fault current at five amperes.

The keying response of the SKBU-21 relay is,independent of
the tap setting. Figure 26 shows typical lengths of
keying pulses with reference to a 60-cycle“base of the
SKBU-21 relay for different values of pgsitive, negative,
and zero sequence current.

Operating time 15 €o, 32 Milliseconds

Alarm Times 2.5wseconds for FD Operation
L50WMilliseconds Loss-of-Channel

Transient Block Time 18 to 20 Milliseconds
Transient Unblock Time 25 to 30 Milliseconds
Ambient Temperature Range -20°C to 55°C
D.C. Drain 0.14 Amps. at 48 Volts D.C.
Reset Time of Transient
Block

1. Aftér g fault detector 100 Milliseconds

hasr operated

2. oWhenw Unblock time 1is
Utilized Instantaneous

ENERGY REQUIREMENTS

Burdens atbalanced three-phase currents of five
amperes. (Independent of tap setting).

Phase A Phase B Phase C
VA Angle VA Angle VA Angle
8.3 106° 2.2 50° 46 0°
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Burden at five amperes (single-phase to neutral current).

Relay Phase A Phase B Phase C
Taps VA Angle VA Angle VA Angle
C-H 11.7 2.1° 9.7 1.8° 44. 2.2°
B-H 11.4 2.1° 10.3 1.8° 46 2.2°
A-H 11.1 2.0° 11.2 1.8° 48 2.2°
C-G 8.8 2.0° 7.0 1.8° 42 2,2°
B-G 8.7 2.0° 7.5 1.8° 43.5 2.2°
A-G 7.8 2.0° 8.5 1.8° 45 2,2°
C-F 6.7 2.0° 7.5 1.82 42 2,2°
B-F 6.5 2.0° 7.2 1.8° 42 2.2°
A-F 5.8 2.0° 6.6 1. 8° 43 2,2°

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

SETTINGS
The SKBU-21 relay has separateftap plates for adjustment of
the zero and negative sequence, sensitivity of the fault detector.

The fault-detector tap markingsyand pickup are:

Negative Sequence Sensitivity (I2)

A. None
B. 0.4 Amperes
C. 0.25=~Amperes

Zero Sequence, Sensitivity (Ig)

F. None
G. 092 Amperes
H. 0.1 Amperes

Two té@p,plates are provided: one for I2 and the other one

TapfA 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 and C as needed for the
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required sensitivity, and tap F. Taps G and H have been provided
for applications where the negative-sequence load flow due to
series impedance unbalance may be high enough to operate FD wilth
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 simultaneously

due to the possibility of cancellation of the negative- and
zero-sequence effects on ground faults. With a tap B se®fting,

a tap H setting is preferred.

To summarize, the recommended setting combination$yin the
order of preference are:

Combination I2 Tap 19 4Tap
1 C F
2 B F
3 B H
4 B G
INSTALLATION

The SKBU-21 relay is generaldly supplied in a cabinet or on
a relay rack as part of a complete/assembly. The location must
be free from dust, excessive humidi®¥y, vibration, corrosive fumes,
or heat. The maximum temperatufe around the chassis must not
exceed 55°C.

ADJUSTMENTS AND MAINTENANCE

NOTE: The SKBU-21 rélay,is normally supplied as part of a relay-
ing system, and its calibration should be checked after the
system has been installed and interconnected. Details are given
in the instructionS™ef,the assembly. The assembly instructions
and not the following instruction should be followed when the
relay is receivedWas/ an integral part of the relaying system.

In those“cases where the SKBU-21 relay is not a part of a
relaying /System, the following procedure can be followed to
verify that' the circuits of the SKBU-21 are functioning properly.

TEST EQUIPMENT

Oscilloscope

A.C. Current Source
Electronic Timer 4
A.C. Voltmeter

D.C. Voltmeter

v & W~

4 Scope may be used for timing by connecting scope probe to timer
stop points, and external trigger of scope to timer start points.
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ACCEPTANCE TEST

Connect the relay to the test circuit of Fig. 27 which
represents the tone channel for test purposes.

Open all test switches of the test circuit and connect a
60-cycle test current between terminals 3 and 5 of thé& relay.
Connect terminal 2, 4, 6 and 8 of the terminal blégck“fogether.
Set taps Ip-C and Ip-H.

1. Filter Output

a. Connect a high resistance a-c voltmetexr across
X6 and X5 of the relay.

b. Pass 10 amperes, 60 cycles intl jferminal 5 and out
terminal 3. Voltmeter shodlld,réad 20 volts T 5%.

2. FD Pickup and Dropout

a. Set relay on taps Ip-C/ andwIp-H.

b. Connect a high resistance D.C. voltmeter across X99
and X4 (neg.)

c. Connect a 60 ¢ycleytest current to terminal 5 and 3
of the relay. ,Gradually increase the current until
the voltmeter chamnges reading from approximately zero
volts to approximately 20 volts. This is the
operating eurrent of FD and should be 0.433% 59, amperes.

d. Gradually lower A.C. test current until D.C. voltmeter
drops‘to approximately zero volts. This is the
dropbut, durrent of FD and should occur at 0.35 t 59
ampexes) of the pickup current.

3. Check, offLocal Squaring Amplifiers

a./ Witk all switches of test circuit open, apply 0.6 to 0.8
amperes A.C. to terminals 3 and 5 of the relay.

b. Place scope probe across X12 and X4 (grd). A square

wave of voltage should appear across X12 and X4 as
shown in Table TI.
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Place scope probe across X15 and X4 (grd). A square
wave of voltage should appear across X15 and X4 as

If scope has two traces, connect one probe to X12 and
second probe to X15. Connect grd. of scope to X4.
The phase relationship of Table I should be observed.

With all switches of test circuit open and{0.6 to 0.8
amperes A.C. applied to terminal 3 and 5"f the relay,
with scope check voltage across X14 andWwX4 (grd).

Apply 0.6 to 0.8 amperes A.Chgto terminals 3 and 5 of

Using scope with grdiylead on X4, check waveshape of
voltage across X9 and/ then X16. Waveforms of Table I

If scope has tw¢ traces, connect one probe to X9 and
the other on X16/ /Connect grd. to X4. With scope
set on chopped, the phase relationship of Table I

c.
shown in Table I.
d.
4. Check of Keying Circuit
a.
b. Waveform shown in Table I should be “ebserved.
5. Check of Remote Squaring Amplifiers
a. Close switches A, B, and C ‘oftest fixture.
b.
the SKBU-21 relay.
c.
should be observed.
d.
should be obsenwed.
6. Setting of S5 @nd“86

a.

Set S50.to minimum resistance and S6 to maximum
resisstanée (fully clockwise).

Setyswitch L to external fault and close switches A, B,
afid C' of the test circuit. Apply 0.6 to 0.8 amperes
A.CL to terminals 3 and 5 of the SKBU-21 relay.

Connect scope across X10 and X2 (grd). Adjust S5 until
following waveform appears on scope.
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Zero Line

Adjust S6 until the relay trips as, determined by an
increase in voltage across X]] to X from zero to
approximately 20 volts. Thisgsets,the triggering of
the flip-flop after a 4 millilsecond delay.

Slowly increase S5 to obtain, the following waveform.
This will be with S5 at 6x near minimum resistance.

Minimum Pips
Point up as
shown or down

7. Transient Blocking Delay (18/0 and 0/100 Timer)

a.

Connect electronic timer stop to X7 and X4 (grd). Set
timer stop on negative going pulse.

Connect timer start to X22. Set timer start to positive
going pulse.

Apply 0.6 to 0.8 amperes A.C. to terminals 3 and 5 of
the SKBU-21 relay. Measure time for voltage to drop
from 20 volts to approximately zero volts. This
should be between 16 and 20 milliseconds.
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d. Set timer start on a negative pulse and timer stop on
a positive pulse.

e. De-energize relay. Timer should start and should stop
" after a time delay of 80 to135 milliseconds.

8. Check of Transient Unblocking Circuit

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

b. Connect timer start to timer start contaets of switch
L. Set L on external fault, and close gother” switches
of test circuit.

c. Apply 0.6 to 0.8 amperes A.C. ingo terminal 3 & 5 of the
SKBU-21 relay.

d. Close switch L to internal faul®%, timer should start
and should stop after a time_delay. Time should be
16 to 20 milliseconds.

9. Loss of Channel Timer (.5/150)

a. With electronic timerWysfop connected to X19 and X4 (grd),
set timer stop on positiwe pulse.

b. Connect timer start/to¥start contacts fo switch C.
Set time start tO break.

c. Close switch €.

d. Open switch €. "Timer should start and should stop
after 130f toql70 milliseconds.

10. Alarm on Relay ©Operation (2.5 Seconds)

a. With,electronic timer stop connected to X20 and X4 (grd),
Set/ timer stop on negative going pulse.

b. Connect timer start to X22., Set timer start on negative
pulse.

e€.% Apply 0.6 to 0.8 amperes A.C. to terminals 3 & 5 of SKBU-21
relay.
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d. Timer will start and should stop after 2.3 to 2.7
seconds.

11. Signal Squelch Time (10/150)

a. Connect timer stop to X14 and X4 (grd). Connect a
jumper from TP102 to terminal 8 of the amplifier and
keying board. This turns off Ql04 to turnfof Q105.

b. Connect timer start to switch 28, Set stimer’ 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 delayf

d. Set timer stop on negative pulgesNand timer start to
negative pulse.

e. Open switch 28. Timer shotild 'start and stop after a
time delay of 125 to 185ymihliseconds.

12. Check of Noise Circuit

a. Connect D.C. voltmeter to X17 and X4 (grd). Voltage
must read zero.

b. Close switch D. “Woltage must rise to 20 volts.

13. Check of Frequency Verifier

a. Open all switehes of test circuit.

b. Connedt seope across TP60 and terminal 8 of the FD
boards

c. Apply 0.6 to 0.8 amperes to terminal 3 & 5 of SKBU-21 relay.

d¢ Wave form of Fig. 29 should be observed.
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TROUBLE SHOOTING PROCEDURE

To trouble shoot the equipment, the logic diagram voltages
of Table I should be used to isolate the circuit that is not
The schematic of the individual board,
and the voltages of Table II should then be used to isolate the

performing correctly.

faulty component.

TABLE 1I

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS

1)

Fault Detector Board

Test Point

54

55

56
Term 2
51-52
52-53
53-51
Terminal 5-6
TP 57
TP 58
TP 59
TP 60
TP 61
TP 62

2. Supervision Board

Test Point

Term 16
TP151
TP152
Term 13
Term 18
TP153
TP154
Term“19
Term 17

TP155

Ip,.=0

6.5 V. d.c.
less than 1
less than 1
less than I
0

0

0

0

184volts

18, volts
lessythan 1
20/ vwolts

18 volts
less than 1

Normal Condition

N o o o o

12

less than 1
20

less than 1

less than 1
15

less than 1
20

*48 VDC(receiving

space)

*less than 1

(receiving space)
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less
7
less
20
15
less
20
less
less

Tawc.= Pickup of FD

less than 1
4.5 V. d.c.
18 to 20 V.
8.6 V. d.c.
7.4 volts a.c.
7.5 volts a.c.
7.4 volts a.c.
15 volts a.c.

d.c.

(Approx.)

(Approx.)

(Approx.)
(Approx.)

Pulses see
Table II for
Waveform

Abnormal Condition

than 1 with DFD Operation
"

than 1 " " "

with arming
1 " "

" "

than

than 1 " "
than 1 with loss of

channel
18 with loss of channel
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Supervision Board (Cont'd.)

Test Point

TP156

Term 11
TP157
TP158

Term 1
Term 15

Amplifier and Keying

Normal Condition

Abnormal Condition

20(receiving space)

less than 1
less than 1

20

less than 1
*less than 1

less than 1 with loss of
channel

20

46 with“noise clamp

less than 1 with noise
clamp

204with noise clamp

46 with loss of channel

* Normal condition could be square wave pulSes

Servieeable Channel

Test Point Normal Abnormal or IAc = Pickup of FD
(Ia.c.= 0)
Term 7 18 less than 1 breaker failure on trip
TP101 less than)'1 8.5
Term 10 less,than 1 less than 1 " " "ron
TP102 5 Vdc 4.3 pulses
Term 13 lesg™than 1 *6 volt pulses
Term 12 48 Vdc *48 volt pulses
TP103 9 Vdc 5 volt pulses
TP104 Tess/ than 1 16 volt pulses
Term 11 20 Vdc 20 volt pulses
Term 2 20 V pulses 200 with loss of channel
TP105 5 Vdc 5 volt pulses
TP106 less than 1 16 volt pulses
Term 16 20 Vvdc 20 volt pulses
Term 18 20 volt 20 with loss of channel
pulses

* Non-8Squelch condition

-27-



Arming Board O

Test Internal Loss of 0
Point Normal Fault Channel

TP251 #fless than 1 10 V pulses less than 1
TP252 fless than 1 10 V pulses les nl
Term 3 #10 volts fless than 1 %

TP254 #less than 1 17 volts D.C.

TP255 #20 volts *less than 1

TP256 6.5 volts less than 1 armed
Term 19 less than 1 18 volts en armed

¢4 Very narrow pulses would be observed on op
* 20 Volts pulses with signal squelch fr ote terminal.

Qutput Board

Test
Point Normal Blocking
301 es to Sequential Fault
302 " 1"
303 12 5 less than 1
304 less tha less than 10 7

Board 14 less than 1
305 5 18.5
306 13 5 0
307 less than 1 20

308 f(\ 26 g
&
Q>®
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RENEWAL PARTS

Repair work can be done most satisfactorily at the factory.
However, interchangeable parts can be furnished to the customérs
who are equipped for doing the repair work. When ordering parts,
always give the complete nameplate data. For components m6unted
on the printed circuit board, give the circuit symbol”and the
electrical value (ohms, mfd, etc.) and component ‘style number.

ELECTRICAL PARTS LIST

Fault Detector Board Style 5312D13GO1l
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CIRCUIT WESTINGHOUSE

SYMBOL DESCRIPTION STYLE NUMBER
Capacitors

C51 0.1 Mfd 1544920

C52-C53-C59 0.5 Mfd 187A624A11

C54-C55 1.5 Mfd 187A508H09

C56-C57 0.02 Mfd 187A624H09

C58 0.1 Mfd 187A624H01

C60 0422 Mfd 762A703H01

Diedes
D51 to D58-D70
to D73 LN457A 184A855H07

D59 1LN645A 837A692H03

D60 to D69 1N4385 184A855H14
Transistors

Q51-Q52-Q53-055

Q57-Q61-Q62-063 2N3417 848A851102

Q54-Q56-Q58 2N3645 849A441101
§y}tches

Q59 - 060 2N886 185A517H03



CIRCUIT
SYMBOL

R51
R52-R68-R71
R53 (POT)
R54-R55-R58-R62
R64-R66-R84-R89-R92
R56-R60

R57

R59

R61-R87

R63

R65

R67

R69-R73
R70-R74-R88
R72-R75-R80
R76-R78-R90
R77

R81

R82

R83-RI1

R85

Z51
Z252-255
Z53
254

DESCRIPTION

Resistors

50 Ohms, 5W
2.7K Ohms 1/2wW
2.5K Ohms 1/2wW

10K Ohms 1/2wW
100K Ohms 1/2W
47K Ohms 1/2W
56K Ohms 1/2W
22K Ohms 1/2wW
6.8K Ohms 1/2W
27K Ohms 1/2W
150K Ohms 3W

68K Ohms 1/2W
39K Ohms 17/2W
2K Ohms B/2W
1K Ohms 1/2W
5.6K Obms 2w
20K Ohms /1/2W
1.5K"0hms 1/2W
470 Ohms 1/2W
4, 7ROhms 1/2W

Zener Diodes

W1832C, 62V
IN957B, 6.8V
IN3688A, 24V
IN759A, 12V
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WESTINGHOUSE
STYLE NUMBER

185A209H06
629A531H42
629A430H03

629A531H56
I84A763H75
629A531H72
1/ 4A763H69
629A531H64
629A531H52
629A531H66
762A6 79H01
629A531H76
629A531H70
836A503H33
629A531H32
629A531H50
629A531H63
836A503H30
629A531H24
629A531H48

184A617H06
186A797H06
862A288H01
837A693H01
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Supervision Board Style 5315D33GOl

CIRCUIT WESTINGHOUSE

SYMBOL DESCRIPTION STYLE NUMBER
Cagacitor

Cl51-C153-C157 0.47 Mfd 188A669H01

C152 68 Mfd I'87A508H02

Cl154-C156-C158 1.5 Mfd 18 7A508H09

Cl155 6.8 Mfd 184A661H10
Diodes

D151-D153-D158-

to D162 IN457A 184A855H07
D152-D154-D155 IN645A 837A692H03
Transistors

Q151-Q152-A154-A155

Q158-Q159-A161 2N3417 848A851H02

Q153-A156-Q160-Q162 2N3645 849A441101

Q165-Q166-Q167 2N4356 849A441H02
Resdistors

R151-R158-R168-R177
R181-R188 6.8K Ohms 1/2W 629A531H52
R152-R153-R157-R159-
R164-R165-R167-R169-

R176-R180-R182-R186 10K Okms 1/2W 629A531H56
R189-R200

R154 470 Obms 1/2wW 184A763H19
R155-R166-R197-R201 22K Ohms 1/2wW 184A763H59
R156-R161-RLZ8 1K Obms 1/2W 184A763H27
R160-R170-R183%#R190 82K Ohms 1/2W 629A531H78
R162 33K Ohms 1/2W 184A763H63
R163 56K Ohms 1/2wW 184A763H69
R171-R184-R191 150K  Ohms 1/2wW 762A679H01
R175-R18% 47K Obms 1/2wW 184A763H67
R179 39K Obms 1/2u 629A531H70
R198-R202 2K Ohms 1/2W 184A763H34%

Zener Diode

Z151-7152-7154% 1N957B, 6.8V 186A797H07
Z2153-7Z155-Z157-7Z159 1N3688, 24V 862A288H01
2158 UZ5875, 75V 837A693H0%
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Amplifier & Keying Board Style 5314D78GO1l
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CIRCUIT WESTINGHOUSE
SYMBOL DESCRIPTION STYLE NUMBER
CaEacitor
C1l01 6.8 Mfd 184A661H21
Cl102 1.5 Mfd 187A508A09
Diodes

D101-D106-D110 IN457A I84A855H07

D102 to D105-D107-D109 1N645A 837A692H03
Transistors

Q101 to Q1l04-Ql06

Q107-Q110-Q111 2N3417 848A851H02

Q105 2N699 184A638H19

Q108-Q109-Q112-Q113 2N3645 849A441H01
Resistors

R101-R117 6.8K Ohms” 1/2w 629A531H52

R102-R106 470 Ohms 1/2w 184A763H19

R103 39K Ohms 1/2wW 184A763H65

R104-R108 1R " " 184A763H27

R105-R109-R112-R113-

R115-R116-R121-R122-

R124-R134-R135-R137 10K " " 184A763H51

R107-R127-R130-R142 15K " " 629A531H60

R110 82K " " 629A531H78

R111-R120-R133 33K " " 184A763H63

R114-R123-R136 22K " " 184A763H59

R118 220K " " 184A763H83

R119-R132 68K " " 629A531H76

R125-R129-RIE38-R139 4.7K " " 184A763H43

R126-R128 470K " " 184A763H91

R127-R¥30-R1%l 47K " " 184A763H67

R131-R140 56K " " 184A763H69
ZSHSE Diodes

Z101-7102 1N957B, 6.8V 186A797H06

2103 uz5875, 75V 837A693H04
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I. L. 41-954.4

Arming Board Style 201C174GOl1 - 201C172GO1

Diodes

D251 to D257-D260-D261

to D265 - D267 1IN457A 184A855H07
Transistors

Q251-Q252-Q253-Q256

Q258-Q259 2N3417 848A851H02

Q257 2N3645 849A441H01
Resistors

R251 to R257-R259-R261

R262-R263-R265-R274 :

R277-R278-R280-R281

R287-R288 22K Ohms%, 172w 184A763H59

R258-R260-R264=-R275

R276-R282-R284-R285 10K Ohms 1 /2w 184A763H51

R279 27K Ohms, 1/2W 629A531H66

R283-R289 12K Ohms 1/2W 184A763H53
Zener Diodes

Z251 LN3688A, 24V 862A288H01

Protective Relay Boafd Style 201C1l66G01 - 201C148GO1l

Capacitors
Cl to C5 .047 Mfd 849A437H04
Diodes
D1 to D5 IN645A 837A692H03
D6 to4D10 1IN457A 184A855H07
Transistors
Q1 to Q7-Q9 2N3417 848A851H02
Q8 2N3645 849A441H01
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CIRCUIT WESTINGHOUSE

SYMBOL DESCRIPTION STYLE NUMBER
Resistors
R1 (125 volt input) 68K 1w 187A643H71
Rl (48 volt input)
R6-R21-R30=R39 27K 1/2w 184A763H01
R2-R3-R4-R8-R9
R13-R14-R122-R23
R31-R32-R33 4.7K 1/2w 629A531H48
R5-R10-R15-R24-R34-R38 82K 1/2w 629A531H78
R7-R11-R16-R25=-R35 10K 1/2w 629A531H56
R12-R17-R26-R37 6.8K 1/2w 629A531H52
R18-R19-R27-R28 22K 1/2wW 184A763H59
R20-R29-R36-R40 10K 1/2w 184A763H51
Zener Diode
Z1-23-725-27-29 1N3686B 20V 185A212H06
22-724-726-728-Z10 1N957B 6.8V 186A797H06
OQutput Board Style 201C025GOl
Capacitors
C301-C304-C305 4% Mfd 184A661H12
C302-C303-C306-C309 022 Mfd 762A703H01
C307-C308 04047 Mfd 849A437H04
C310 0410 Mfd 188A669H03
C311 1.5 Mfd 187A508H09
Diodes
D301 to D306-D308 1IN457A 184A855H07
D307 1IN645A 837A692H03
Transistors
Q301-Q305-0Q306-Q307
Q308 2N3645 849A441H01
Q302-Q303-Q304-Q308 2N3417 848A851H02

-34-

e,



I.L. 41-954.4

CIRCUIT
SYMBOL

R301-R303-R304-R306

R310-R311-R315
R320-R323-R324
R326-R330-R335
R302
R305

R307-R314-R319-R321

R325-R328
R309-R317
R312
R313
R316
R318-R322
R327
R329
R331
R332
R333
R334

Z301-Z2303-Z2304-2305

2306

DESCRIPTION

Resistors

10K Ohms 1/2w
2.2M Ohms 1/2W
47K Ohms 1/2W

22K " "
1K " "
470 "
470K Y
15K " "
4.7k " O\W
6. 8K !
18K 1" 1"
10K " "
6. 8K neon
27K n "
L50K "3

Zener Diodes

1N957B
IN3688A

Relay Board Style (&5312D78GO01

C201-C202-C203

R201
R202=R203

L201

2201

Capacitors

0.25 Mfd

Resistors

50 Ohms 5W
3.3K Ohms 1/2w

Filter Choke

8.5Hy 450 Ohms

Zener Diodes

1N1828C 43V
-35-

WESTINGHOUSE
STYLE NUMBER

L84A763H51
187A290H26
187A290H17

184A763H59
184A763H27
184A76 3H19
184A763H91
629A430H08
184A763H43
184A763H47
184A763H57
629A531H56
629A531H52
629A531H66
762A679H01

186A797H06
862A288H01

187A624H02

185A209H06
629A531H44

188A460H01

629A798H14



AMPLIFIER AND KEYING BOAR ARMING BOARD

SUPERVISION BOARD OUTPUT BOARD

PROTECTIVE

FAULT DET| OR
ESIR RELAY BOARD

TRANSIENT
UNBLOCKING RELAY BOARD
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ADJUSTME

TEST
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LT DETECTOR
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PICKUP.

TAP BLOCK

DROPOUT

Fig. 1 Type SKBU#21 Relay (Front View)

T1 KEYING
TRANSFORMER

T2 LOCAL
TRANSFORMER

POWER SUPPLY
20 YOLT ZENER
DIODE

RESISTORS
FOR SEQUENCE : .
FILTER ‘ ' £ : 3 FREQUENCY

* ; ' ~ £ VERIFIER
TRANSFORMER

TERMINAL BLOCK
3101 TERMINALS

Fig. 2 Type SKBU-21 Relay (Rear View)
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1.

691B077
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Fig. 4 Schematic of Fault Detector Board .
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Figy 6 Schematic of Arming Board for Distance Phase Comparison System.

-38-

,,Mf%gp%



I. L. 41-954.4
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Fig. 7 Schematic of Arming Board for All Distance Supervision System.
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I. L, 41-954.4
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Westinghouse 1.L. 41-954.3C
INSTALLATION o OPERATION e MAINTENANCE

INSTRUCTIONS

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 on the system in-
struction 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-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 transmis-
sion line. Simultaneous tripping of therelays at each
line terminal is obtained in less than twenfy-five
milliseconds for all internal faults within the limits
of the relay settings. The relay operates onfline
current only, and no source of a-c line potential“is
required. Consequently, the relays will'hnot itrip
during a swing or out-of-step conditionst, The jcarrier
equipment operates directly from thegStationgbattery.

CONSTRUCTION

The phase comparison fzelaysyconsist of a com-
posite positive and negative“Sequence current net-
work, a saturating transfommer, three isolating
transformers, a 20-volt pewer supply, and printed
circuit boards mountéd on a standard 19-inch wide
panel, 8-3/4 inches highi'(5)rack units). The SKBU-11
relay has a se¢ondisaturating transformer in addition
to these cemponents.®Edge slots are provided for
mounting theyrack onda standard relay rack.

Sequence Network

a. SKBU-11

The) sequence filter consists of a three-legged
iron core reactor and a resistor. The reactor
1s* a four-winding reactor with two primary
windings and two secondary windings. The
secondary windings are connected to the re-

SUPERSEDES I.L. 41-954.3B

*Denotes change from superseded issue.

sistor which consistis, ofythree tube resistors
and a small formed/ resistor. One secondary
winding and the4esistor’is a negative sequence
current filter whileWthe other secondary winding
and the resistom,is/ a positive sequence filter.

b. SKBU-1 Relay

The Sequence filter consists of a three-legged
ironycorefreactor and a set of resistors, Ry
and) Rg» The reactor has three windings: two
primary and a tapped secondary winding, wound
ony 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
(R taps). Ro consists of a three tube resistors
with taps wired to F', G and H tap connections
in the front of the relay. The Rg resistor is a
formed resistor associated with the tapped
secondary of the reactor.

Saturating Transformer

a. SKBU-11 Relay

The voltage from the sequence network is fed
into two saturating or mixing transformers.
One transformer supplies a fault detector cir-
cuit and the other transformer supplies a keying
circuit. Zero sequence current windings are
are included on the transformer.

b. SKBU-1 Relay

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

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

EFFECTIVE FEBRUARY 1973




TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

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 is
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 keyed so that ifVa
board is placed in the wrong compartment, it cdnnet
be inserted into the terminal block. A handle ©ns#he
front of each board is labeled to identify itsfflinctien
in the relay.

1. FD Board (Fault Detector Board)

The fault detector board contaimns,a resistor-
Zener diode combination,/ a phase splitting
network, a solid-state fault, detector, and a
frequency verifier cigeult.’ 4, The controls for
setting pickup (S, and dropout (S9) of the
fault detector are mounted on a plate in the
front of the rglay.T'his unit operates when the
fault current ex@eéds addefinite value.

The location of components on the board is
shown in Fig. 3,and the schematic of the board
is showa in Fig. 4.

2. Arming,Board

Thegarming board connects the outputs of the
supervision board and the fault detector board to

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

The location of components on the board is
shown in Fig. 5 and the schematic of theyboard
is shown in Fig. 6.

Amplifier and Keying Board

The amplifier and keyingfboardycontains a local
squaring amplifier, a transmitter keying circuit, a
remote squaring amplifiempand a signal squelch
circuit for each line terminal. The amplifier cir-
cuits produce th€ pulses that are compared by
AND circuit of the arming board to determine if
the fault is extemaler internal.

The loecation Veff components on the board is
shown in figure 7, and the schematic of the board
is showmmin F'ig. 8.

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.

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.

Supervision Board

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



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

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 measurements’ or
major adjustments. After withdrawing anyone of the
circuit boards, the extender is inserted, ift that
compartment. The board then is inserted o the
terminal block on the front of the extender. This
restores all components and test fpoints, on the
boards are readily accessible.

Test Points_

Test points are locatedqon eaeéh printed circuit
board for the major componentsyon the board. Com-
plete circuit test points apes wired to the front
panel of the relay for cdnvenience in adjusting
and testing the relay.

OPERATION
A. System

The SKBU garrier relaying system compares
the phase position of the currents at the ends of
a line section over a carrier channel to deter-
mine whether an internal or external fault exists
on the line section.

1.7 SKBU-11 Relay

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

L.L. 41-954.3C

which produces two single-phase Qutput
voltages that are proportional toWeither the
positive sequence current of thegnegative
sequence current. The single-phasel voltages
are applied to two saturating or mixing
transformers, one which energizes the fault
detector circuits (F'D-1 and“F'D-2) and the
other energizes th€¥ keying circuit of the
SKBU-11 relayg, thredgh))a low-pass filter.
This circuit allows. the’transmission of car-
rier on altergate, half-cycles of the power
frequency cursent. Carrier is transmitted from
both line “‘erminals and is received at the
opposite,ends\where it is compared with the
phasegpositien of the local sequence network
output. If§the local and remote pulses are in
an internal fault relationship and the fault
deteetor” has operated, tripping will occur
54milliseconds 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.
Carrier is transmitted from both line terminals
and is received at the opposite ends where
it is compared with the phase position of
the local sequence network output. If the
local and remote 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.
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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: One
voltage proportional to the positive sequengé
current, and the other voltage proportional
tonegative sequence current. These voltages
are applied to primary windings ©f twg
saturating transformers where 4heyagare
mixed to produce two separatel secondary
voltages proportional to a Seembination of
sequence components. Zero sequence windings
are included on the two tranSformers.

2. SKBU-1 Relay

In the SKBU-1 relay,\the /sequence filter
produces a single phase véltage proportional
to a combinafion ©f seqQuence components.
This voltage istapplied 46 the primary winding
of a saturating tranSformer which produces
two secondary voltages.

* The secondary voltages are applied to two sep-
arate boards:

Vieltagedl to Fault Detector Board

Voltage 2 to Relay Board

1. Fault Detector Board

With reference to the schematic drawingiof
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). Thédc voltages
obtained from the rectifiergarefapplied to the
fault detector circuit (Q51,“Q52,MQ53, Q54)
which operates when thegd@yinput ‘‘signal’’
exceeds a predetermined yalue.

Fault Detector (FD:2)

Under normal coftditiens, transistor Q51, has
no base ‘‘signal’’ and is turned off. The
collector ofgQ%l 1Shat positive potential and
provides basefdrivie to transistor Q52, driving
it to cenductien. With Q52 conducting there
is,no base“dsive to transistor Q53 and Q53
is“turned,off. This condition keeps transistor
Q54 imy, a non-conducting state, equivalent
to amyopen circuit.

When a fault causes the dc input voltage from
the polyphase rectifier (across S; and R54)
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 millisecondstime delay
before Q53 and Q54 are switched to full
conduction, thus ‘‘closing’’ the fault detector.
When the fault detector operates, a positive
input is applied to the arming board at terminal
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 F'V trans-
former (T3). Transistors Q56 or Q58 conduct
until capacitors C56 or C57 respectively are
tully 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 tuming
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 millisééonds
ofdelay, the control switch Q60 firesf@pplying
the voltage of capacitor C58 across! Q59
turning it off. This raises the potentialyof
the Q59 anode to turn on Q62 tomdischarge
C60 before the charge reaches a value to
to break down Z55 to turn onm@Q63. After the
next zero-crossing pulse Q59 switeh is turned
on again, and the Q60 switchgiS turned off
by capacitor C58. Transi§tor Q61 when
turned on and off@by the same pulse that
firecs the gate of 'Q89, .discharges timing
capacitor C59, when om This starts the timing
cycle with close to,zer0 charge on the capac-
itor. If the g&ero” crossing period of the F'V
voltage @is lesS than 4.3 milliseconds, the
Q61 transister discharges the timing capaci-
tor #fto preventr Q60 from turning on. This
keeps Q59 switch on to allow C60-to charge
to a valuedto break down Zener diode Z55 to
turn on Q63. Turning on Q63 prevents Q53 of
the fault detector from turning on thereby
preventing Q54 from turning on and thus
prevents an output from the fault detector.

Relay Board

With reference to Fig. 12, the ac voltage from
either the second saturating transformer
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(SKBU-11) or the second winding of the single
transformer (SKBU-1) is appliedgte tetminals
10 and 12 of the relay board.{ ThisVvoltage
is then applied to the phase delag 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 sindsoidal in waveform to
R202 and R203%ef the phase delay circuit.
The phase delay cimcult consists of R202,
R203, C203, @nd %S5 mounted on the front
panel of the relay) By means of capacitor
C203 and variable resistor S5, the voltage
across téerminal)4 and 2 can be made to lag

*the voltage aeross terminal 10 and 11 by a
definite amount depending on the setting of
SsmEachyof these two voltages are applied
to sepanate isolating transformers.

1IN, 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 A.C. output (Ref. Fig. 8) voltage
fromthe 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 D.C. to thebase of Q104 through
R111 and R112. This turnhs on Q104 to pre-
vent base current from flowing to Q105. Since
Q104 is conducting, transistor Q105 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 positivethan 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 opetrates, 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 Kkeying 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, 2102, This tugns
on Q102, which shorts the input of the TC
carrier set to negative to prevent the tpans:
mission of carrier.

Upon removal of the input to jerminal T\ of
the amplifier and keying boar@, pesitive
potential is applied to capacitoriy C101,
150 milliseconds later CW01 charges suf-
ficiently to break down Zenemdiode Z101.
This turns on Q101 to provide a discharge
path for C102 through "R1060'and Q101 to
negative. In turn, QI02.%8tops conducting to
remove the shopt, from the input of the TC
carrier set.

Local Squaring Amplifier

The delayed voltage from the local trans-
former (T2) is applied to the local squaring
amplifier (QT06, Q107, Q108) and a loading
circuit on the amplifier and keying board of
therelay. With reference to the local squaring
amplifier of Fig. 8, with no ac input voltage,
Q106 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 acposs
R125, (blocking condition).

With the application of a sinegwave voltage
to terminal 6 and 19 of the amplifier and
keying board, on the negative half-cycle of
the voltage, the base ofgtransistor QlU6 is
more positive than the femitter and Q106
(amplifier 1) conducts. @n the positive half-
cycle of the ac yoltage, Q106 is turned off
and current flows“imnto/'the loading circuit.
Therefore, QUO6 ¥s, conducting on the nega-
tive half-cyclenof ac voltage. Turning Q106
on and gurns, off transistor Q107. Tran-
sister, Q107 stops conducting and its collec-
tor goesyto“@ positive potential which turns
off QI08. Thus the output of the squaring
ampliffer)is a square wave voltage ranging
from40, volts dc to zu volts dc depending upon
theypolarity of the voltage from the phase
delay circuit.

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 QI113,
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-
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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 bv 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 togAND"3
of the arming board to set-up onejgeondition
(negative voltage from OR-1) faor acétigating
the AND. The second condition t@y,activate
AND-3 is provided by arming thegrelay.

In either Fig. 19, 20, or 2{/, afming occurs
through either the operationjefs#the distance
fault detectors or theloperation of fault de-
tector (FD2) offyeither the SKBU-11land
SKBU-1 relays. The“@peration of either fault
detector will apply agvoltage to OR 2 of the
arming board. The output voltage from OR 2
removes negative potential from the trip
AND throughdthe arm logic AND applied a
negabive “signa@l into AND 3 of the arming
bodrd. AND 3Wis activated and starts the 4/0
timer.4 Fow milliseconds later, a negative
inputis, applied to the trip AND of the output
board. Since the three conditions of trip (a
negative input from the 4/0 timer, not a 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 volfage frém the
local squaring amplifier are, out-of-phase
such that zero output is being obt@ined from
AND 1 of the arming board. As a result, the
output of AND 1 is zero, and¢AND 3 cannot
be activated. This blocks AND 3 and the
4/0 timer is not energizeds

With fault detector opesfation, an input is
applied to OR-24and OR-3 of the arming board.
OR-2 will providena positive input (not a
negative ipput)fiwidll be applied to the trip
AND but tripping will not occur since the
4/0 timer<s, not providing a negative input to
the Tripnh AND. The fault detector input to
OR-3, will " provide an input to a 1/100
timer, on the Output Board. The timer
negatesrthe signal to provide a negative input
tothe transient block AND. With the applica-
tien 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.

4. Supervision Board (Ref. Fig. 14)

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

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

Under normal conditions, transistor Q161,
has no base “‘signal’’ and is turned off. The
collector of Q161 1is at positive potential
and no collector current flows. This keeps
transistor Q162 in a non-conducting state,
equivalent to an open circuit.

*x Whena fault causes the de input voltage fr
the polyphase rectifier (of the FD Board)
across S3 and R185 to exceed the 6.8 x0
rating of Zener diode 2156, a positive
is applied to the base of Q161 base
it to conduct. In turn, Q162 is s
conduction, thus ““closing”’ thodt

increase the voltage to
detector operates. This in the fault
detector and allows etector to drop
out at a high  drd atio when the ac

Is reduced.

Carrier C ircuit (Q163, Q164)

Under normal litions Q163 is not con-

ducting and base drive is supplied to Q164,

L 4

As shown in Fig. 18, the emitter of Q164 i
connected to negative dc. The collect f
Q164 is connected to positive 45 volts dc
of the TC set through R142 of the ampli
and keying board. Normally Q164 is conduct-
ing. When either FFD1 or the distance csrier
start relay operate, base drive_ds supplied to
Q163. Q163 turns on and short base of
Q164 to negative. Q164 t of raise the
potential of point A of This starts
the transmission of carfie

ault Detectors

Z151, Q152, Q153)

sion arming is delayed
to allow time for the AND
ard to respond at fault in-
tion of the distance fault
ill remove base current to tran-
Q151 turns off, and positive
ial 1s applied to capacitor C151. Eight
onds later the voltage on C151
reaches a value to break down Zener diode

51. This turns on Q152, which connects
he 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 2152 to
allow base current to flow into Ql154. This
turns on Q154 which turns oft Q155. Turning
Q154 oft applies positive potential to the
base of Q1536 and Q156 turns off. This removes
positive potential from R170 and an external
alarm Is cnergized.



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

CHARACTERISTICS

A. SKBU-11 Relay

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 (Ip)

TAP ZERO SEQUENCE
_SETTING SENSITIVITY
F None
G 0.2 Amperes

H 0.1 Amper

The second fault detector unit
supervises arming is adjusted t
current 125 per cent greater

means of the S; adjustmen
FD-2 can be increased [to
greater than F'D-1. ’x

. SKBU-1 Relay Q
Taps are avail i relay to set the sensi-

tivity of F nt combinations of positive,
negative

e balancoed three phase amperes
crate the fault detector FD-1.

These tapstare 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
FFD-2 c¢an be increased to 250 percent
greater than FD-1.

a pick-up of twice the tap value by means of the

S5 setting.

Positive and Negative Sequence 4
Current -R1 Taps

The upper hal right hand tap plate or
R1 taps changes mber of turns on the
third winding” o mutual reactor. This

reproportions ponents of the sequence
filter whic es the positive and nega-
tive seq ce S€nsitivity of the fault detector

he fault detector (FD-1) with
taps is given in the following

TABLE |

TAPS ON

RIGHT FAULT DETECTOR
COMPONENTS | HAND TAP (FD-1) PICK-UP 1

IN NETWORK | BLOCK

ouTPUT | Ry [ Ro*| 3¢
FAULT FAULT ¢

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 |Gorl _ 1100% Tap
H Value

# —Taps F, G and H are Zzero-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.

% — 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 threc terminal line.

Zero Sequence Current — Rg 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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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 scquence current is required. When this tap
is used, the voltage output of the network caused
by zero-scquence current is eliminated.

The keying voltage across Xg — Xgof the SKBU-
Relay with reference to phase A positive,
tive, and zero sequence currents is give

ga-
y:

V =Kilar + Kolgo + Kglgg

the values of Ki, Ko and Ky

settings and are given in the fol

ary w1th tap
table:

NOTE: Because of inherent characteristics of
the sequence network, there will be small varia- * CONSTANT TAP SETTI VALUE
tions (from the values listed in Tables I and . II) K _FG 0
in the pick-up current for various phase or ground 1 1.24
fault combinations. K1 - FGH T /=130°
TABLE Il K1 TJ“ /—155°
GROUND FAULT| PERCENT OF T Ko Q 4.35 / 55¢
PICK-UP TAP SETTING T
COMB. | Ry TAP Ko FGH 53 / 40°
TAP G TAPH T
1 c 25% 12% c-rFai 5.9 L2
- S T
2 B 20% 10(70 & A —H l’g_ // 50°
’ A 20 1% &o B-H a3/ 40°
T
C. SKBU-1 and SKBU-11 Rela )
ey Kg C—-H 61.5 / 25
The operating time of the fault detectors of T
both the SKBU-1and SKBU-11 is shown in Fig. 2 Ko A-G % [_50°
As shown in the figure, the fault detector h
a maximum and minimum value. This is due to Kg B -G % 10°
point on the current wave that fault curre
applied. Fig. 22 shows the operating ti Ko C-G 3_1'}_ /. 20°
ditterent points on the fault wave for fault
rent at five amperes. Ko ABC —F

of the SKB
of the tap settin

The keying response
independent

typical lengths of Keying puls eference
to a 60-hertz base of the 1 relay for
different values of positive e, and zero

current.
(T

sequence
of the SKBU-1.
picked up)

Flig. s the response

h\'o apply with F'D-1

0ss X5 Xg of the
rence tophase A positive,

The VO —

Keving

negative and zero sequence currents is given by:

Vo207 Iy 41250 S o /120° + 31 1,0 /=15°
This is measurcd with currents into

nbher terminals exeept for zero sequence
with current into the even terminals.
polarity 25 volts

X6.

s
terminal. is maximum

e obtainable from X3 —

This voltage is measured with currents into the
odd number terminals. X5 is polarity terminal.
Operating Time... . 15 to 32 Milliseconds

Alarm .. ........... 2.5 seconds for FD operation
100 Mllllsocond% Loss-of-Channel

Transient Block Time..........22 to 25 Milliseconds
Transient Unblock Time .....23 to 27 Milliseconds

Ambient Temperature Range ..........~20"C to 55 C

DC Drain........................0.14 Amps at 48 Volts DC

Reset Time of Transient Block ...

1. After Fault Detector has Operated

100 Milliseconds

2

P

When unblock time is utilized

. Instantancous



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

ENERGY REQUIREMENTS
SKBU-11 Relay

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

setting).
PHASE A PHASE B PHASE C
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.

B. SKBU-1 Relay

RELAY PHASE A PHASE B PHASE C
TAPS YA ANGLE| VA ANGLE| VA ANGLE
C-H 11.7 | 2.0° 9.7 1.8° 44.0 | 2.2°
B-H il1.4 | 2.0° 10.3 1.8° 46.0 | 2.2°
A-H 11.1 | 2.0° 11.2 1.8° 48.0 | 2.2°
C-G 8.8 | 2.0° 7.0 1.8° 42.0 | 2.
B-G 8.7 2.0° 1.5 1.8° 43 °
A-G 7.8 | 2.0° 8.5 1.8° 5. .2°
C-F 6.7 2.0° 7.5 1.8° 2.2°
B-F 6.5 | 2.0° 7.2 1.8° 2.2°
A-F 5.8 | 2.0° 6.6 1.8° 0| 2.2°

l.L. 41

RELAY PHASE A PHASE B ASE C

TAPS VA |ANGLE| VA |ANGLE| VA, |ANGLE
A-F-3 2.47 0°| 2.1 10° 20°
A-H-10 7.3 60° |12.5 53° | 6.7 26°
B-F-3 2.45 0° | 2. lg? 2.07 10°
B-H-10 16.8 5 2 50° 12.3 38°
C-F-3 2.49 2 15° | 2.11 15°
C-H-10 | 31.2 19 38° (23.6 35°

Burdens measured at
rent of five amperes

&&d three-phase cur-

RELAY |  PHAS PHASE B PHASE C

TAPS vAy | ANGLE|/ VA |ANGLE| VA |ANGLE
A-F-3 .4 °| 0.6 0° | 2.5 50°
A-H-10 0° | 0.8 100° | 1.28 55°
B-F-3 2. 0°| 0.63 0c | 2.45 55°
B-H-10 ’4.95 0° | 2.35 90° | 0.3 60°
C-B-3 2.32 0°| 0.78 0° | 2.36 50°
6.35 | 342° | 3.83 80° | 1.98 185°

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

e the degrees by which the
pective voltage.

The angles a
current lagsiits r

RATINGS: The continuous rating

U-1 is 10 amperes and the continuous
e SKBU-11 is 7 amperes. The two
erload rating of the SKBU-1 is 150 amp.
d 125 amp. ground while the two second
of the SKBU-11 is 125 amp. phase and

CONT

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
So and Sgq.
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 I3 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



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 FD 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 Iy TAP
1 F
2 B P
3 B H
4 B G

For a long two-terminal line, FFD2 should be set
at 250 per cent of FDI1. As shipped from the
factory, FFD2 is set to pickup at 125 per cent.

. SKBU-1 Relay
The SKBU-1 relay has separate tap plates\

adjustment of the phase and ground (fa

sensitivities and the sequence co e
included in the network output. The n@of
determining the correct taps for n-
stallation is discussed in t a%owing
paragraphs. \

Setting Principles

Tap C provides the bes ce between three

phase and phase4o-p ault sensitivity.
Always use this where ance fault detector
supervision isguse Where only the SKBU-1

fault detector ed d where the full load
current (maximum gh 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
ivity. For example, it a left-hand tap
nceded with tap C (6C), then use a
instead.

TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

NOTE: From Table I, pickup will be 4.15 am
for tap 3B and 5.40 amp. for tap 6C for ¢

¢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 avdila for three

phase faults, since with T %ee phase
fault protection is available.

In all cases provide identi esponse at all
stations to insure prope comparison and
adequate keying fo ny ) fault detected by
remote-end relay 0 complish this, the
letter taps (A, B, F, @, H) should be identical
at all station 1s he taps should be identi-
cal with identi T ratios, or inversely pro-

portiona T os where different.
ing tap C or B, pick the T tapto
t of the fault detector in the presence
w. That is, fault detector pick-up
e at least 111 per cent of full load
r (maximum through any terminal).

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 1

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 x5 = 3.75 amperes

400

(1)

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

400

(2)

From the above, tap H would be use

1.L. 41

ot or a

minimum ground fault of 1.25 amperes.

CASE II

Assume the same fault currents as iy Case I, but
a maximum load current o 50 amperes. In this
example, with the same,se ombination as in
Case I, the fault detect ca be set to trip on
the minimum internal e- se fault, yet remain
inoperative on load I'L Compare equations (5)

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

3.75 = 4.18 amperes (0.90 is dropout ratio of

0.90 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:
75 x 1 x

0.86

1
1.25

6.93 amperes

1.25 = FD-2 Pickup
FD-1 Pickup

Sequence Combination Tap

From a comparison of (3) and (4) above,N nt
that the fault detector can be set to trip"imderdmini-
mum phase fault condition yet not @pgrate” under

maximum load. In this case, tap
(see Table I, Comb. 1) as t‘ere

ouldfbe used
is sufficient dif-
ference between maximum lo nimum fault

to use the full three-phase s itivity. Current tap 6

would be used in prefer ap 5 to allow for
occurrence of higher loa r
Zero Sequence Tap

mperes minimum ground fault
current.

Secondary Val

100 -471.2

With T tap 6 and R1 tap, the fault detector pickup
currents fo‘ ground faults (See Table II) are as
follows:

.25 x 6 = 1.5 ampere (FD-1)

um Trip = 1.25 x 1.5 ampere = 1.8 amp. (FD-2)
pH 12 x6 = 0.72 ampere (FD-1)
Minimum Trip = 1.25 x 0.75 = 0.90 ampere (FD-2)

1S

and (6).) However/
combination 2 o
trip on minim

will have only
faults. This
without

y necting the network per
a I, the relay can be set to
-to-phase fault, although it

the sensitivity to three-phase

ill allow operation at maximum load
ing “up the fault detector, and provide
ying of all except light three-phase

T

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

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:

* 7.5 x = 6.67 amperes (5)

Load Current 550 x = 6.9 amperes (6)

400

* 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

2

3.86 (8)

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:

2x5 1.0 ampere (FD-1)
-~ 1.0x 1.25 = 1.0 ampere (FD-2)

Tap G
Minimum Trip

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

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

INSTALLATION

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

ADJUSTMENTS AND MAINTENANCE

NOTE: The phase comparison relay is normally
supplied as part of a relaying system, and its 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 a
relaying system, the following procedure can be
followed to verify that the circuits of the relay are
functioning properly.

TEST EQUIPMENT

Oscilloscope

AC Current Source
Electronic Timer
AC Voltmeter

DC Voltmeter

W o W NN -

ACCEPTANCE TEST

Connect the relay to theftest circuit of [Fig. 24
which represents the ZC ecarrier channel for test
purposes. On SKBU#11 “felays, jumper terminals
2to 4 to 6 to 8.

If the test fixtureWisgnot available, the remote
pulses can be obtained from the SKBU keying circuit.
This is accomplished by jumpering various circuits
of the relaystogether’as follows: (Note: These in-
structions_apply where no external connections are
made to the J101 block).

1, "Apply either 48 volts dc or 45 volts dc to
J101-2 (pos.) and J101-5 (neg.). An alternate
connection is to X1 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=x
nection is terminal 3 to terminal 8 ongthe
supervision board. This connects the carrier
control to negative.

3. Jumper J101-13 to J101-14. An alternateypcon-
nection is terminal 6 of they supervision
board to terminal 15 of the amplifier and
keying board. This connects, the,carrier con-
trol circuit to positive 48, volts dc through
R142 of the amplifier and Keying board.

4, Jumper J101-25 to J101#%. An alternate con-
nection is terminal®l2 t0 terminal 17 of the
amplifier and fKeying board. This connects
the Kkeying cireuit to the remote squaring
amplifier.

5. Shorf Wesistor/R141 on the amplifier and
keyingyboard. This is necessary to allow the
fémete ‘squaring amplifier to work from a
lower voltage input than normal. Normally
45, volts dc isapplied to J101-17. In this test
circuit, approximately 24 volts dc is applied
to J101-17.

6.4 Connect one pole of a DPST switch from
terminal 17 to terminal 1 of the amplifier and
keying board. This is switch L of the fol-
lowing tests and enables internal-external
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.
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2.

Connect a high resistance
across X1g and X4 (neg.).

dc voltmeter

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% amperes for
SKBU-1 relay.

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

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

If the cutput 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 Xgq.

peaks ghould be
nearl§. equal or,

../W\Tmf\’ if @notyd rising
’ slightly. tow the
rights

14
f— 1610 17_,,{
| milliseconds

FD-2 Pickup and Dropout

a.

With relay set on taps@lp =M@€# 1y = H, con-
nect a high resistange voltmeter to X13 and
X4 (neg.).

With a 60 hertzmtestyeurrent connected to
terminal 1 andf3 of¢the relay, gradually in-
crease the currenpuntil the voltmeter charges
reading from 4 approximately zero volts to
approximately 20 volts. This is the operating
curfent of@ED-2 and should be between 0.514
to 0.568 amperes for SKBU-11 and 5.14 to
5.68fampefres for SKBU-1.

Gradually lower the ac test current until the
dc voltmeter drops to approximately zero
volgs. 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. 41.954.3C

0.6 to 0.8 amperes ac to terminals 1 and 3
of the SKBU-11 relay, or 6 tof8” amperes ac
to terminals 1 and 3 of the(SKBU-1 relay.

Place scope probe across X12 and X4 (grd).

A square wave of voltage should appear
across X12 and X4 as showndn Fig. 25.

4. Check of Keying Circuit

a.

With all switchesWef test circuit open and
0.6 to 0.8 amperes, ac applied to terminal 1
and 3 of the SKBU-11 relay, with scope check
voltage across X14 and X4 (grd). (This volt-
age shouldbe ¢hecked with 6.0 to 8.0 amperes
intogterminals 1 and 3 of SKBU-1 relay).

Waveform “~shown in Fig.25 should be

observed.

5.3, Checku6f Remote Squarin g 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

1

4 M.S.

15
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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 shouldbe
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 gqing

pulse. Relay not to be energized with ae

current.

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

Close switch A and switch 31.(Close,switch
32. (Represents 20 volt imput“to terminals
3 and 19 of protective relaygboard). Timer
should start and should stop hetween 22 and
25 milliseconds. If necessary, adjust R316
on output board to obfainytiming.

Set timer stapy on“@ynegative pulse and timer
stop on a p@sitiye pulse.

Open switch.32i, ARepresents removal of 20
volt input to terminal 5 of the protective relay
board) Timer should start, and should stop
aftep a time delay of 80 to 135 milliseconds.

8. 8/0 TimerDistance 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 pudse.

Close switch 31. Close switch 32. (rep=
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"Seconds)

a.

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

Connect timer startWefX18, Set timer start
on positive pulse.

Close switch®l and then switch 32. (Rep-
resefits 20 yoltinput to terminals 3 and 19 of
Drotectivie relay board). Timer will start and
should'stop’after 2.3 to 2.7 seconds.

©penswitch 31 and 32.

10. Check of Transient Unblocking Circuit

a.

+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.
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12. Signal Squelch Time (10/150)

a. Connect timer stop to X14 and X4 (grd).
Open 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 FD board.

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

N
S

4

Q
o
¥

L 4

d. Waveform of Fig. 26 should be obs

TROUBLE SHOOTING PROEEDURE

To trouble shoot the equipnient, the logic diagram
voltages of Fig. 25 ul%ed to isolate the
circuit that is not perfsN ctly. Theschematic
of the individual board, da he voltages of Table

IIT should then be g to isolate the faulty
component.

EWAL PARTS

Repair rk"can be done most satisfactorily at
owever, interchangeable parts can be
he customers who are equipped for doing
work. When ordering parts, always give
lete nameplate data. For components mounted
printed circuit board, give circuit symbol and

nent style number.

on
\xelectrical value (ohms, mfd., etc.) and compo-

17
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TABLE 11l

VOLTAGE MEASUREMENTS ON PRINTED CIRCUIT BOARDS

0 volt pulses

AG volt pulses (Ref.+20V)

>4 Terminal 10 and 12

connected together.

Internal Fault

10 V pulses
10 V pulses
20 V pulses
20 V pulses
less than 1

18 volts

Blocking

Applies to Sequential Fault

Applies to Sequential Fault

less than 1

less than 10 7

less than 1
18.5
0
20
| 0

FAULT DETECTOR BOARD AMPLIFIER AND KEYING (Continued)
Test
Point lg.c. =0 lg.c. = Pickup of FD
Test Normal
TPS4 6.5V.d.c. | less thanl Point (lg.e. =0
TP5SS less than 1 4.9 V.d.c.
TP56 less than | 18to20 V.d.c. TP103 5 Vdc
Term. 2 less than 1 8.6 V.d.c. TP104 less than 1
- 0 . .C. .
51-52 7.4 volts a.c. (Approx.) Term. 11 20 Vde
52-53 0 7.5 volts a.c. (Approx.)
53-51 0 7.4 volts a.c. (Approx.) Term.
Term.5-6 0 15 volts a.c. (Approx.) Term.
TP 57 18 volts Term. A 45 volt pulses
TP 58 18 volts
TP 59 less than 1 Pulses See Fig. 26 for # Non-squ
TP 60 20 volts Waveform
TP 61 18 volts
TP 62 less than |
ARMING BOARD
SUPERVISION BOARD
Test Normal External Fault
Point Condition Abnormal Condition
# less than |
Term.16 12 less than 1 with DFD AOp
. . Term. 3 410 volts
TPI151 less thanl |7 with DFD Operation
TP152 20 less than 1 with DED Ope TTP254 7 less than 1
Term.13 less than | 20 TP255 # 20 volts
Term.18 less than 1 |15 with sustained ar # TP256 less than 1
TP153 15 less than 1 witlvus ned arming| 4 Term. 19 18 voles
TP154 less than 1 |20 with sustaine 1
Term.19 20 less than 1 withgsustat arming # Very narrow pulses would be observed on scope.
Term.10 less than 1 6-8 volts d\ # With IaC =0 (Unarmed condition)
TP158 20 less than TP256—06 volts, Term. 19 — 0 volts.
Term. 1 less than | 20
Dy f
Term.15 6 20 stance fault OUTPUT BOARD
Term. 6 less than 1 20 detector
Test
AMPLIFIER AND.KEYING Point Normal Trip
Serviceable Channel 301 20
302 0
Test Normal A
Point (lg.c. = 0) Abnormal or 1poc = Pickup of FD 303 2.2 12.5
& 304 less than 1
® less than | br?aker fallu-re ortrip| pood 14 20 20
than 1 | ®8.5 breaker failure or trip
than 1 |®less than 1 breaker failure or trip 305 18.5 7
Vdc A4.3 V pulses 306 0 13.5
less than 1 |A# 6 volt pulses 307 20 less than 1
less than 1 |A# 20 volt pulses 308 0 20
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L.L. 40-954,3C

ELECTRICAL PARTS LIST

CIRCUIT

SYMBOL DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

FAULT DETECTOR BOARD Style 5312D13GO01

FAULT DETECTOR BOARD (Continued)

Capacitors Zener Diodés
C51 0.1 Mfd 1544920 Z51 | 1N1839€ 62V 184A617HO6
C52-C53-C59 0.5 Mfd 187A624A11 | 7z52-755 1N957TB, 6.8V | 186AT9THO6
C54-C55 1.5 Mfd 187A508H09 | zs53 {N3688A, 24V | 862A288HO1
C56-C57 0.02 Mfd 187A624H09 | 754 INT59A, 12V 837 A693HO1
C58 0.1 Mfd 187A624H01
C60 0.22 Mfd 762A703H01
— SUPERVISION BOARD Style 5315D34G01
Diodes
D51 to D58-D70 .
to D73 1N457A 184 A855H07 Capacitor
D59 1IN645A 837A692H03 | C151-€153:;C157 0.47 Mfd 188A669H01
D60 to D69 1N4385 184A855H14 | “€152 68 Mfd 18TA508H02
C154-C158 1.5 Mfd 187A508H09
Transistots _ ]
Q51-Q52-Q53-Q55- | B Diodes
Q57-Q61-Q62-Q63 2N3417 848A854HO2W, D151-D157-D162 1N457A 184A855H07
Q54-Q56-Q58 2N3645 849m44THO1 | D152-D155-D156 IN645A 837A692H03
Switchgs Transistors
Q59-Q60 2N886 185A517THO3 | Q151-Q152-Q154-Q155
- Q161-Q163-Q164 2N3417 848A851H02
Resistors Q153-Q156-Q162 2N3645 849A441HO1
R51 50 Ohms,[ 5W{ 185A209H06 i i
R52-R68-R71 2.7K Ohms Waw'| 629A531H42 Resistors
R53 (POT) 2.5KOhm8NaW | 629A430HO3| Ri51-R158-R168- )
R54-R55-R58-R62-R64- R188-R194 6.8K Ohms %W | 629A531H52
R66-R84-R89-R92 10K'@hms %W | 629A531H56 R152-R153-R157-
R56-R60 100Ky Ohms YW 184AT63HT5 R159-R164-R165-
R57 47K /Ohms  YaW| 629A531H72|  pien R169-R186-
R59 56K Ohms '2W| 184A763H69| RI189-R191-R193-R196| 10K Ohms Y2W| 629A531H56
R61-R87 22K Ohms %W| 629A531H64| R154 470 Ohms Y2W| 184A763H19
R63 | 6.8K Ohms Y2W| 629A531H52| R166-R192 22K Ohms  'oW) 184AT763H59
R65 } 27K Ohms Y%W| 629A531H66] R156-R161 1K Ohms  %W| 184AT763H27
RET ' 150 Ohms 3w | 762A679H01| R160-R170-R190 82K Ohms %W| 629A531H78
RE9-RT3 \ 68K Ohms '%W| 629A531176| R195-R162 33K Ohms %W| 184A763H63
R70-R74-R88 39K Ohms %W | 629A531H70| R163 56K Ohms  '2W| 184AT63H69
R72-R75-R80 | 2K Ohms  %W| 836A503H33|{ R171 150 Ohms 3W | 762A679HO1
R76-R78-R90 1K Ohms  Y%w/| 629A531H32( R195 2.7K Ohms %W, 184A763H37
R7% | 5.6K Ohms YW| 629A531H50| R185 47K Ohms %W/| 184A763H67
R79-R80 | 6.2K Ohms %W | 629A531H51[ ot -
N | 20K Ohms %W | 629A531H63| . LemerDiode
R82 1.5K Ohms YW | 836A503H30| Z151-Z152-Z156 IN957B, 6.8V 186 AT9THO6
R83-R91 470 Ohms Y%W| 629A531H24| Z153 IN3688A, 24V 862A288H01
R85-R93 4.7K Ohms Y%W| 629A531H48| Z158 UZ5875, 15V 837A693HO04
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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 187A509H09 | 'O D265-D267 IN4574 184A855H0T
- Transistors
Diodes
Q252-Q253-Q256-
Dlljtill—?})l 10 to IN45TA 184A855H07 | Q258-Q259 2N3417 848A851H02
D102 to D105- Q257 2N3645 849A441HO01
D107 to D109 IN645A 837TA692H03
I Reésistors
Transistors R255-R25#-R 2614R 262-
Q101 to Q107 IN3417 848A851H02 | R265-R2TIR2TTR278-
Q108-Q109-Q113 IN3645 849A441H01 | T280-R28BIR28T-R288 | 22K Ohms YW | 184AT63H59
R260-R264-R275-R2176-
— R28%2:R284-R285 10K Ohms %W [ 184A763H51
Resistors
R279 27K Ohms '.W | 629A531H66
R101 6.8K Ohms W | 629A531H52 | R283-R290 12K Ohms YW | 629A531H58
R102-R106 470 Ohms YW | 184A763H19
R103 39K Ohms %W | 184A763H65 Zener Diodes
R104-R108 1K Ohms %W | 184A763H27 | "Z251 1IN3688A, 24V | 862A288H01
R105-R109-R112
to R116-R121-R122- PROTECTIVE RELAY BOARD
R124-R130 10K Ohms Y%W.{\84A%63H51 Style 201C165G01 — 201C476GO01
R107 15K Ohms YW, | 629A4531H60
Capacitors
R110 82K Ohms< %W | 629A531H78 ‘
R111-R120 33K Ohffis %W | 184A763H63 | Cl to C4 .047 Mfd 849A437H04
R118 220K Ohths 4W | 184 A7T63H83 .
Diodes
R119-R132 68K Ohm§ YW | 629A531H76 |
R123-R139 92K Ohrfls W | 184AT63H59 | D1 to D5-D9 1N645A | 837A692H03
R125-R129 4.7K'Ohms %W | 184AT63H43
R126-R128 470K Ohms %W | 184A763H91 Transistors
R127-R141 47K Ohms %W | 184AT63H67
R140 56K Ohms %W | 184A763H69 | Q1 to Q6-QY 2N3417 848A851H02
R142 1K Ohms 5W | 763A129H07
Zener Diodes . - Resistors
Z1014Z102 IN957B, 6.8V | 1864797H06| R1 (125 volt input) 68K 1W 187TA643H71
7103 1N3688A, 24 V! 862A288H01 _
Z104 INT48A 3.9V | 186A797H13| Rl ( 48 volt input) 22K W 184A763H59
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TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

LL. 41-954.3C

ELECTRICAL PARTS LIST (Continued)

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

°f
IWESTINGHOUSE

STYLE NUMBER

PROTECTIVE RELAY BOARD (Continued)

OUTPUT BOARD (Continued)

Resistors (Continued)

Resistors (Continted)

R2-R3-R4-R8-R9-R13- R302 | 220K, Ofims %w | 187A641H83
R14-R122-R23 4.7K %W 629A531H48 | 305 4T'Ohms %W | 187A290H17
R5-R10-R15-R24-R34 82K 629A531H78 | g3g7 47K Ohms Y%W| 184AT63H67
R6-R21-R30-R39 27K YW 184AT63HO! | R308 — R312 %70 Ohms YW | 184AT63H19
R7-R11-R16-R20-R25- R309 — R317 1K Ohms %W | 184A763H27
R29-R40 10K oW 629A531 H36 R313 470K Ohms %W | 184AT63H91
ms
R12-R17-R26 6.8K 4w 629A531H52 1/2
R316 (Pof.) 15K Ohms YW | 629A430H08
R18-R19-R27-R28 22K %W 184 A763H59 :
R318= R32259R323 4.7K Ohms %W| 184A763H43
Zener Diode R319 - R321"-R325 22K Ohms %W | 184A763H59
1
Z1-23-25-27 IN3686B, 20V | 185A212H06 PB>2" 6.8K Ohms oW | 184AT63H47
7.2-74-76-78 IN957B, 6.8V | 186A797HO6(| K329 18K Ohms %2W | 184AT63H517
R331 10K Ohms YW ! 629A531H56
OUTPUT BOARD Style 201C025G02 R332 6.8K Ohms "2W| 629A531H52
R333 27K Ohms Y%W| 629A531H66
Capacitors
R334 150 Ohms 3 W/| 762A679H01
C301 1 1.0 M 837A241H15
C302-C303-C306-C309 | 0.22 Mfd 769A703HO01 Zener Diode
C304-C305 4.7 Mfd 18%A661H12
7301 to Z305
C307-C308 500 Mmfd 187A694H03 IN957B, 6.8V 186AT97THO6
310 P ! |88 A669H03 | 2306 - 2307 1N3688A, 24 V| 862A288H01
c311 1.5 @Mfd 187A508H09
3 5 > RELAY BOARD Style 5312D78G01 — SKBU-11
Diod Style 5312D80G01 — SKBU-1
jodes
it
D301 to D306-D308 IN457A 184A855H07 Capacitors
D307 ING45A 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-Q303-Q304-Q308 | 2N3417 848A851H02 | R202-R203 (SKBU-1)® | 2.2K Ohms '2W| 187A641H35
R Filter Choke
esistors
L201 8.5Hy 4500hms
R301*R303-R304-R306- y 188A460H01
R310-R311-R314-R315- > Did
R320-R323-R324-R326- ener Ulodes
R330-R335 10K Ohms YW | 184AT63H51 |2201 4 1N1828C 43V | 629A798H14

ASKBU-11 only

® Typical Value — Resistors selected for proper loading of low pass filter.
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TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY
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Fig. 21 Operating Timesiof, Fault Detectors of SKBU-1 and SKBU-11 Relay

{ Fp-2
7

/ E=EEV RN
e ViEEDAEASEEN
.., i 4

2 N
Nnans | ! | || ]

O 20 40 60 80 100 120 140 160 180 200 220 240-260 280 300 320 340

TIME IN MILLISECONDS

ANGLE OF INCIDENCE IN DEGREES 876A660

Fig. 22. Operating Time of Fault Detectors of SKBU-1 and SKBU-11 Relay as a function of Fault Incidence Angle at 5 Amperes.

37



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

| Bl
8 > \;-'.-"'==
7 ~
o \bﬂ},. I~ . o
~| || xEYING PULSE
6 BN ~] LocaL PULSE
] —
Py
MA
o
(o} I 2 3 4 )
N POSITIVE SEQ. CURRENT IN AMPERES
(@]
Z
3
w S A I T P N
i 8 ===
—J Y, o _ .
o AT
= B U S N N P - _
N[ T~{xewne PuLse
= 6 RN o~ UbCcAL PULSE
T 8 A1
'_
o ‘i
=
o L
w
h 0 08 16 24 32 40
3 NEGATIVE SEQ CURRENT IN AMPERES
Q.
_! e | —§ —= - —_ — - ——— = —_—
I
p =
7 . I~ -
™~ I~
6 | T~—{KEYING PULSE
"t~ LocaL puLse
5
¢ Ma
o W
(o) 0.l 0.2 03 0.4 08
ZERO SE RRENT IN AMPERES
Qcu 717B182
Fig. 23. Width of Keying Pulses at Different Current Levels of SKBU-11 Relay.

38

(Phase Delay Setting S5 at minimum.)

A,



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY I.L. 419954,.3C

-
POS
45VDC O— *
=A
TIMER
START
10K
W SKBU-II
J10I
CONNEGTOR
P
//? ' G—Heos.oC.
2N699
TRANSISTOR oK B £2}—4 CHANNEL COMMON
W —L KEYING GKT B L KEYING
20 VOLTS
IN36868B j\j
NEG 2 ———s- (5—NEG. DC.
D.C.
(6)—-CARRIER CONTROL
RECEIVED _SIGNAL ~—L-REMOTE
VOLTMETER (0-25VOLTS)
<7\ TR N
\\_// {iO—TRIP
D J: ARMING
¢ CARRIER CONTROL
)
13)
(@—rPos 20vDLC.
29 |- 0 N
27 [
I 28 :i:ITIMER START &
[ 29 .. g PROTECTIVE
* ¥ ) RELAY INPUTS
31 4y D INTERNAL TO
' ' SKBU - 11
ant @ |
’*'45 VOLTS TAKEN FROM
POWER SUPPLY . 863A151

Fig. 24. Test Circuit of SKBU-1 and SKBU-11 Relays.

39



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

20
0]

TEST
OINT CIRCUIT VOLTAGE TO X4
X1 |D.C.INPUT VOLTAGE 48 VOLTS D.C.
X2 |REGULATED D.C. 20 VOLTS D.C.
X3 | COMMON T.C. 45 VOLTS D.C.
X4 | BATTERY NEGATIVE
X7 | TRANSIENT BLOC NORMAL 20 VOLTS
LOCK OPERATE O VOLTS
NORMAL 20 VOLTS
X8 | ARMING OPERATE O VOLTS
NORMAL O YOLTS
X1 | PILOT TRIP OPERATE 20 VOLTS
NORMAL 0. VOLTS
X13 |FAULT DETECTOR OPERATE s Nuwwdrs
NORMAL 20. VOLTS
X17 | SUSTAINED ARMING ope RaTe & ONOLTS
«ig | DISTANCE FAULT NORMAL © VOLTS
DETECTOR OPERATION OPERATE )20 VOLTS
| LOAD
X 5 AMPS
STO ow PasS FILTER 3@ |
XG(GN# \_/ \
fe——— |67 M.S. —
lo_ | — CARRIER ON
X14 | KEYING 5 l J L .
| CARRIER OFF
—= (—CHANNEL
20 — - BLOCK
X12 LOCAL 0 ! L DELAYJ l - - UNBLOCK
|
20 — - B OCK
X9 | REMOTE 0 — _:_I| L T - neloc
1
X16 |CARRIER/CONTROL

\r\'\l_—

40

Fig. 25. Test Point Voltages.



TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

1.L. 41-954.3¢

TEST WAVEFORMS WITH 60HZ CURRENT
POINT AT FAULT DETECTOR PICKUP OR GREATER
— 0V
58 M 16 TO 20V
- 0
16 TO20V
> |G (N |
— 0oV
PULSES ARE . 61020 V. |
3TO4 MS.
60 | WIDE FOR 60HZ, oV.
|20 HZ AND HIGHER
PULSES VERY NARROW ! .ty |167M Sy - -lov
— 0V
62 16 TO20 V.
— oV
VOLTAGE
ACROSS —————— 5V,
CAPACITOR W
c6 S — oV
7T15B106

Fig. 26. Frequency Verifier Waveforms at 60 Hz.

41






TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

MAX. PULSE 83 MILLISECONDS
8
7
y . i
. / Nl 1apscu|
/ . “kevine puLsE
5 y [ ~~—-LocAL PULSE
5 T
0 | 2 3 4 5
POS. SEQ. CURRENT IN AMPERES
MAX. PULSE 83 MILLISECONDS
8
e
7 Ve —
N
. N |\ LzarvscH ]
Il N Y-KEWNG PULSE
. [CL0CAL PULSE
4
3
ol
0 08 1.6 24 3.2
NEG. SEQ. CURRENT IN AMPERES
MAX. PULSE 83 MILLISECONDS
8 —
7 v TAP 5 CH
L R |-KEYING PULSE
0 ]: | /// N\\\ﬁk\~—4—LOCAL PULSE
0

Ol 0.2 03 04 05
ZERO SEQ. CURRENT IN AMPERES

878A03

45

Fig. 28. Width of Keying Pulses at Different Current Levels of SKBU-I1 Relay



l.L. 41-954.3C

45 OR 48VDC
T0
TIMER START ___ !
$01 o o ! 3
¢ ‘ TR 9
14 ! 7
EXTERNAL EXTERNAL : PN :
JUMPER ra2 | swircn L v rovoc
Jiot
6 4 5 D2 Dto3 12 DO DIO9
»l-a
Jw ™ Q
% 2104 7 R141 105
aie4 7103 10 '8 Dilg
ADD JUMPER ACROSS
Q105 dF Qlo2 RI4| DURING TESTS 2
Jiol 2 RI40 9 RI29
EXTERNAL ¢
JUMPER \\1
JI0§ _
s AN
KEYING 107150
@ NEG. CIRCUIT SQUELCH E G AMPLIFIER
CIRCUIT
- ?

—
CARRIER CONTROL CIRCUIT
SUPERVISION BOARD

AMPLIFIER AND KEYING BOARD —3— -PRINTED CKT BD.TERMINALS
SWITCH L= INTERNAL EXTERNAL
FAULT SWITCH. SHOWN IN INTERNAL
FAULT POSITION.

7178113

e

Fig. 29. Inter Connection Diagram of Test Connectio

N
S

4

Q
o
¥

L 4

btain Remote Pulses from Keying Circuit



4.3C

TYPE SKBU-1 AND SKBU-11 PHASE COMPARISON RELAY

409y LL-NGXS 994y 40§ suijing ‘gg ‘614

[9¢00T102

[elelox /] =

000°6!

SY3IUINID 9N St 9

127} -

¥IA0D

-
T

$107S ¥N03-4330 $29° x IAIM €Ig —

—

t”'lk

L e

+

T -— 0si g

47






INSTALLATION

W

Westinghouse  I.L.41-954.3
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

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 either this instruction leaflet or the system in-
struction leaflet before energizing the relay system.
If the SKBU-11 relay is mounted in a cabinet, the
cabinet must be bolted down to the floor or other-
wise secured before swinging out the equipment
rack to prevent its tripping over.

APPLICATION

The type SKBU-11 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 transmission line.
Simultaneous tripping of the relays at each line
terminal is obtained in less than twenty-five milli*
seconds for all internal faults within the limits of
the relay settings. The relay operates on dine cur-
rent only, and no source of a-c line potential is
required. Consequently, the relays will'ynottrip
during a swing or out-of-step conditions. Bhe earrier
equipment operates directly from the station battery.

CONSTRUCTION

The type SKBU-11 relay comsists of a composite
positive and negative sequence eurrent network, two
mixing transformers, three 4selating transformers, a
20-volt power supply, and printed circuit boards
mounted on a standard 19-inch)wide panel, 8% inches
high (5 rack units)g®Edge™slots are provided for
mounting the rack on'asstandard relay rack.

Sequence Network

The sequénce filter consists of a three-legged
iron core reactorfand 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 “tube resistors and a small formed resistor.
One), seeondary winding and the resistor is a nega-
tive¥sequence current filter while the other second-
ary winding and the resistor is a positive sequence
filter.

NEW INFORMATION

Mixing Transformer

The voltage from the 'S€équence network is fed
into two mixing tramsformers. One transformer sup-
plies the fault detectomcircuit and the other trans-
former supplies theskeying circuit. These trans-
formers and| Zener clippers (mounted on printed
circuit boards), connected across their secondary
are used(to/limit the voltage impressed on the solid-
stafe, circuits, thus providing a small range of volt-
age \forpa large variation of maximum to minimum
fault currents. This provides high operating energy
for, light fault, and limits the operating energy for
heavypfaults to a reasonable value.

Isolating Transformer

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

Power Supply

The solid-state circuits of the SKBU-11 are
regulated from a 20-volt supply on the relay panel.
This voltage is taken from a Zener diode mounted
on a heat sink. A voltage dropping resistor is pro-
vided between the source D.C. supply and the 20-
volt regulated supply.

Printed Circuit Boards

Seven printed circuit boards are used in the
SKBU-11 relay: 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 is ac-
cessible by opening a hinged door on the front of
the panel. The printed circuit boards slide in posi-

EFFECTIVE AUGUST 1968



TYPE SKBU-11 PHASE COMPARISON RELAY

sient blocking and unblocking circuits. The trip
AND operates when all the inputs to the AND
inputs of the arming board are of the cofrect
polarity and the fault detector has operatediyThe
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 fellowed by an.

tion in slotted guides at the top and bottom of each
compartment and the board terminals engage a ter-
minal 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.

Fault Detector Board

The fault detector board contains a resistor-Zener
diode combination, a phase splitting network, a
solid state fault detector, and a frequency veri-
fier circuit. The controls for setting pickup (S1)
and dropout (S2) of the fault detector are mounted
on a plate in the front of the assembly. This
unit operates when the fault current exceeds a
definite value.

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

is shown in Fig. 4.

Arming Board

The arming board connects the outputs of the
supervision board and the fault detector board to
the final output of the relay. This board contain§
logic circuits that will arm the trip output, et
up the time delay of the trip output, and start
transient blocking on external faults.

The location of components on the béard “is
shown in Fig. 5 and the schematigyof the board

is shown in Fig. 6.

Amplifier and Keying Board

The amplifier and keying boafd contains a local
squaring amplifier, a transmitter keying circuit, a
remote squaring amplifieyfand a signal squelch
circuit for each linegtermin@l. The amplifier cir-
cuits produce thegppulses ‘that are compared by
the AND circuit/of the arming board to determine
if the fault is external ordinternal.

The location of components on the board is
shown in figure 7, and the schematic of the board
is shown,in Fig. @.

. Output'Board

Thejoutput board contains a 4-millisecond pick-
@pn, Instantaneous dropout timer circuit, trip
‘AND™ (flip-flop circuit), trip amplifier, tran-

internal fault). The following figures) apply to
this board: Fig. 9 Component“location;, Fig. 10
Schematic of the Board.

Relay Board

The relay board contains the"phase delay circuit
for shifting the lgeal, signals with reference to
the remote signals. It also contains a low-pass
filter, and a Zener“elipper-resistor combination
for protection of the solid-state circuits on the
relay boards

Thel following figures apply to this board: Fig.

11, Component Location, and Fig. 12 for the
schematic of the board.

Supervision Board

The supervision board contains a 8/0 timer for
distance fault detector operation, a 2.5 second
alarm circuit for an arming operation, a fault
detector (F'D1) and a carrier control circuit. The
circuits on this board are utilized to start carrier,
to alarm an arming operation, 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.

Protective Rel ay 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

available for facilitating circuit voltage measure-
ments or major adjustments. After withdrawing any-
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one of the circuit boards, the extender is inserted
in that compartment. The .board then is inserted into
the terminal block on the front of the extender. This
restores all compoqents and test points on the
boards are readily accessible.

Test Points

Test points are located on each printed circuit

board for the major components on the board. Com-
plete circuit test points are wired to the front panel
of the relay for convenience in adjusting and testing
the relay.

OPERATION

A. System

The SKBU-11 carrier relaying system compares
the phase position of the currents at the ends of
a line section over a carrier channel to deter-
mine whether an internal or external fault exists
on the line section. The three-phase line cur-
rents energize a sequence network which pro-
duces two single-phase output voltages which
are proportional to either the positive sequenge
current or the negative sequence current. The
single phase voltages are applied to saturating
transformers one of which energizes the/fault
detector (FD2) circuit and the other enérgizes
the keying circuit of the SKBU-11 relay. This
circuit allows the transmission gof)earrier on
alternate half-cycles of the power frequency
current. Carrier is transmitted from#both line
terminals and is received at‘the opposite ends
where it is compared withethe, phase position of
the local sequence network output. If the local
and remote half-cycle pulsesyare of the correct
phase position for amw internal fault, after a 4
millisecond delay duringithe half-cycle in which
carrier is not transmittéd, tripping will be ini-
tiated through (operation of the trip ‘“‘AND’’ and
trip amplifier circuits.

Current transformer connections to the sequence
networks at the two line terminals are such that
carrier is fransmitted on the same half-cycles
from both terminals during an internal fault to
allow tpipping during the half-cycle that carrier
is not transmitted. However, if the fault is ex-
ternal to the protected line section, carrier is
transmitted on alternate half-cycles from oppo-
site terminals. Thus each terminal blocks the
opposite terminal during the half-cycle when it
is attempting to trip.

The four-millisecond delay previously mentioned
is added to allow for differengés’ in™eurrent
transformer performance at opposite line termin-
als, relay coordination, and momenta®¥y interrup-
tions in carrier caused by arcing over of protec-
tive gaps in the tuning equipment;

Since this relaying sysStem™dperates only during
a fault, the carrierd%ehannel’'is available at all
othertimes for the transmission of other functions.

. Relay

With referefice to jthe logic diagram that applies
to the gpamticular relay, the three-phase line
currents energize a sequence filter that produces
two gsinglesphase voltages: One voltage propor-
tional/tothe positive sequence current, and the
other{\voltage proportional to the negative se-
quenee current. These voltages are applied to
two mixing transformers which have zero wind-
ings on them. The output of the two transformers
are applied to two separate boards:

1. Output from one transformer to the fault
detector board.

2. Output from the second transformer to the
relay board.

1. Fault Detector Board

With reference to the schematic Dwg. of
Fig. 4, the A.C. voltage from one mixing
transformer is applied to a phase-splitting
network (C52, R52, R53) and a polyphase
rectifier (diodes D51 to D56). The D.C.
voltages so obtained are applied to the fault
detector circuit which operates when the
D.C. input °*‘signal’’ exceeds a predetermined
value.

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 full conduction. With Q52
fully conducting there is no base drive to
transistor Q53 and Q53 is turned off. With
no Q53 collector current, the base of tran-
sistor Q54 is supplied from the 20-volt
source. Thus the Q54 emitter is normally at
a slightly lower potential than its base. This
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condition keeps transistor Q54 in a non-
conducting state, equivalent to an open circuit.

When a fault causes the D.C. input voltage
from the polyphase rectifier to exceed the
6.8 volt rating of Zener diode Z52, a posi-
bias is applied to Q51 base causing it to
conduct. In turn, Q52 stops conducting, and
capacitor C54 charges, giving a few milli-
seconds time delay before Q53 and Q54 are
switched to full conduction, thus ‘‘closing’’
the fault detector. When the fault detector
operates, a positive input is applied to the
arming board at terminal 12. Resistors R66
and S2 increase the voltage to Z52 to allow
the fault detector to drop out at a high drop-
out ratio when the A.C. current is reduced.

Frequency Verifier

During certain switching conditions, such as
energization of a transmission line, residual
currents and voltages may exist of higher
frequencies than 60 cycles per second. The
frequency verifier prevents fault detector
operation when frequencies 120 cycles or
higher are encountered during the switching
conditions. The frequency verifier circuit
consists of two functional parts: Zero-cross-
ing circuit consists of Q55, Q56, Q57, and
Q58. The commutator circuit consists of Q&9,
Q60, C9, C59 and Q61.

During the positive or negative half-cycles
of the output voltage from thegsaturating
transformer, Q55 or Q57 transistors are
driven into saturation by the output of the
FV transformer. Transistors Q56" or Q58
conduct until capacitors €56 or C57 respec-
tively are fully charged."While either capa-
citor charges a voltage output in the form of
very narrow pulse is\developed across R7T6
and R78 resistors“during the start of each
half-cycle. This pulse“triggers Q59 control
switch. Whenptransistors Q55 or Q57 are not
conducting, C56y@nd C57 capacitors dis-
charge respectively through D66 or D62 and
the parallel combination of R73 and R74 or
R69 and R70.

While 'Q59 is “‘‘on’’ its anode is only about
0.7wwolts above negative, thus turning off
fransistor Q62 to allow capacitor C60 to
start charging. However, a shorter time delay

(consisting of R84, the capacitor C59 and
the reference Zener diode Z54) of 4.3 mildi-
seconds is also started. After 4.3 milli-
seconds of delay, the control switch Q60
fires applying the voltage of capacitor C88
across Q59 turning it off. This raises the
potential of the Q59 anode to turn on Q62 to
discharge C60 before the chargemreaches a
value to break down Z5§, to tumn on Q63.
After the next zero-crossing pulse Q59 switch
is turned on again, and /the, Q60 switch is
turned off by capacitor €58, Transistor Q61
when turned on by the same voltage that
fires the gate 0fQ59, discharges timing
capacitor C59/thus starting the timing cycle
with close totzero charge on the capacitor.
If the zeroferessing period of the FV voltage
is less thap 4.3’ milliseconds, the Q61 tran-
sistor “discharges the timing capacitor thus
preventing@the turning off of Q60 switch.
This™keeps Q59 switch on to allow C60 to
¢harge to a value to break over Zener diode
Z55, 40 turn on Q63. Turning Q63 prevents
Q53 of the fault detector from turning on
thereby preventing Q54 from turning on to
prevent an output from the fault detector.

. Relay Board

With reference to Fig. 12, the A.C. voltage
from the second mixing transformer is applied
to the phase delay circuit through a low pass
filter (C201, L201, C202) removes the har-
monics from this voltage and applies a volt-
age that is essentially sinusoidal in wave-
form to R202 and R203 of the phase delay
circuit. By means of capacitor C203 and
variable resistor S5, the voltage across ter-
minal 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 to a keying trans-
former (T1)

2. Delayed voltages to a local transformer
(T2)

. Keying Circuit

With no A.C. output (Ref. Fig. 8) voltage from
the sequence network, base current does not
flow into transistor Q103. The collector of
Q103 is at positive potential which allows
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base current to flow from positive 20 volts
D.C. through the base of Q104 through R111
and R112 to negative. This applies negative
potential to the collector of Q104 to prevent
base current from flowing to Q105. Since
Q104 is conducting, transistor Q105 does not
conduct and the collector of Q105 is held at
positive potential.

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 voltage, terminal 8 is more
negative than terminal 9 and transistor Q103
does not conduct. In turn Q104 remains con-
ducting 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 cur-
rent flows in Q103. This turns Q103 on
which applies negative potential to the col-
lector of Q103. Base current to transistor
Q104 is stopped and Q104 stops conducting,
and its collector goes to positive potential,
Positive potential is thus applied to the
base of Q105 through R114 and R11540turn
on Q105. When Q105 conducts, itsgeollector
is connected to negative potential. Thuds on
alternate half-cycles of the 60-cyclejwoltage
from the low pass filter, Q105 #urns on. If
the carrier control circuit operates, as” seen
in Fig. 18, turning Q105 on™andueff every
half cycle, shorts the input to the TC carrier
set every other half cyclejso“that carrier is
transmitted on the halfycycledwhen Q105 is
not conducting.

. Local Squaring Amplifier

The shifted voltage from the local transformer
(T2) is applied fo the local squaring amplifier
and agloading “€ircuit on the amplifier and
keying beard “of the SKBU-11 relay. With
referenceé to s4he local squaring amplifier of
Fig. 8“with no A.C. input voltage, Q106 is
not conducting and the collector of Q106 is
at posttive potential. This applies base cur-
rent to'transistor Q107 through R120 and R121
such that Q107 is turned on. This applies
negative potential to the collector of Q107
to allow base current to flow in Q108. Q108
turns on to apply positive potential across
R125.

With the application of a sine wave voltage
to terminal 6 and 19 of the amplifiér and
keying board, on the positive‘half-¢ycle of
the voltage, the base of transistor Q106 is
more positive than the emitter and Q106
(amplifier 1) conducts. On thegnegative half-
cycle of the a.c. voltage, Q106 is turned off
and current flows intefthe loading circuit.
Therefore, Q106 1is) conducting on the posi-
tive half-cyclegmof "AxC. voltage. Turning
Q106 on, puts{negative potential on the col-
lector of Q106 anddurns off transistor Q107.
Transistor, Q10T, stops conducting and its
potential goes £0 a positive potential which
turns (off “Q108 to place its collector at a
negative, potential. Thus the output of the
squaring “‘amplifiers square wave voltages
ranging from 0 volts D.C. to 20 volts D.C.
depending upon the polarity of the voltage
from the phase delay circuit.

» 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 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 appears
across R129.

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 D110 and R141. 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 baseof Q109 to become nega-
tive with respect to the emitter. Q109 turns
on to apply positive voltage 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

The phase relationship of the outputs of the
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local and remote squaring amplifiers are
compared by an AND circuit of the Arming
Board. If the local and remote signals are
out of phase with respect to each other, the
AND circuit will provide one input to AND
number 3 which will activate the 4/0 timer.

A. Internal Fault Conditions

With reference to the logic drawing that ap-
plies to the relay, the output voltages from
one terminal of the sequence filter is 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 the AND has a half-cycle of negative
voltage. The negative voltage is applied to
AND 3 of the arming board. One condition for
activating this AND is thereby set up —

negative voltage from AND circuit.

second condition to activate the AND is

provided by arming the SKBU-11.

In either Fig. 19 or 20, arming occurs through
either the operation of the distance fault
detectors or the operation of the SKBU -11
fault detector (FD2). The operation of either
fault detector will apply a voltage to,the
ARM logic of the arming board. The output
voltage from the ARM logic removes negative
potential from the trip AND applies a(nega-
tive signal into AND 3 of the armingwboard{
AND 3 is activated and starts the 4/0 timer.
Four milliseconds later, a negative“input is
applied to the trip AND of theloutput, board.
Since the three conditions ‘efstripy(a negative
input from the 4/0 timer, not aWmegative input
from the ARM logic, and not a negative sig-
nal from the 18/0 timer)yis fulfilled, a trip
output is obtained from the SKBU-11 relay.

B. External Fault

Under extérnaldfaulty conditions, the square
wave voltage“fromi'the remote squaring am-
plifier and the square wave voltage from the
from the local squaring amplifier are out-of-
phase such that zero input is being received
on the, AND circuit of the arming board. As a
resulty, 'the output of the AND circuit are
Zeroh and AND 3 cannot be activated. This
blocks AND 3 and the 4/0 timer is not ener-

gized.

With fault detector operation, an input is
applied to the ARM logic of the arming beard:
A positive input will be applied to the trip
AND but tripping will not occur since%thé
4/0 timer is not providing a negative input to
the Trip AND. Operation of the fault detector
will provide an input to a 1/100 timer on the
Output Board. The timer negdtesgthe signalto
provide a negative input, to” the transient
block AND. With the application of the input
from the 0/100 timer the /three conditions of
transient block are fulfilled/— not a negative
voltage from the Transient UNBLOCK Cir-
cuit; and a negative input from the 0/100
timer. Eighteen milliseconds later the 18/0
timer of the transient block circuit times out
to provideg@inegative input to the TRIP AND.
The ,TRIP ANDW%is thus desensitized to pre-
ventundesirable operation during transients
associatedypwith power reversals on the pro-
tective, line or at the clearing of an external
faulty

a.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 the AND circuit of
the arming board will reverse such that a
square-wave output is obtained from the AND
circuit. On the negative half cycle this out-
put energizes AND 3 which negates the sig-
nal to a negative signal. The negative
signal....

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

2. Applies a square 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 on every
other half cycle.

As a result, a negative input is applied to
the unblock timer every other half cycle.
Twenty-five milliseconds later, capacitor
C301 will charge such that the unblock timer
will operate on the negative to remove the
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negative voltage from the block AND circuit.
This resets the18/0block timer,and removes
the negative input to the AND of the unblock
timer to reset the unblock. The required
three inputs are thus applied to the trip AND
and a trip output is obtained from the SKBU-
11 relay.

. Protective Relay Operation

The SKBU-21 relay is armed by the distance
fault detectors through a 8/0 timer on the
supervision board. The operation of the dis-
tance fault detectors applies negative poten-
tial to terminal 16 of the supervision board.
This removes current to transistor Q157 and
allows C151 to charge. Six milliseconds
later the voltage on C157 reaches the break-
down of Zener diode, Z151, and base current
flows into transistor Q152 to turn Q152 on.
This turns on Q153 to apply a positive po-
tential to terminal 14 of the arming board.

. Supervision Board

The circuits on the supervision board include
the auxiliary functions of the SKBU-11.relay;
and they include a detector (FD-1), carrier
control circuit and timer circuit.

. Fault Detector 1 (FD-1)

Under normal conditions, transistor” Q161,
has no base *‘‘signal’’ and ifs turned off. The
collector of Q161 is@at ‘positive potential
and no collector current flews."With no Q161
collector current flowsy \With'mo Q161 collect-
or current, the base of“Wransistor Q162 is
supplied from them20-vielt source. Thus the
Q162 emitter isinormally at a slightly lower
potential thangits“base. This condition keeps
transistor Q162 in a non-conducting state,
equivalent, tolan @pen circuit.

When a faultycauses the D.C. input voltage
from the polyphase rectifier to exceed the
6.8 volt rating of Zener diode Z156, a posi-
tive bias'is applied to Q161 base causing it
to conduct. In turn, Q162 is switched to full
conduction, thus *‘closing’’ the fault detector.
When the fault detector operates, a positive
output is applied to the carrier control cir-
cuit. Resistors R191 and S2 increase the
voltage to Z156 to allow the fault detector
to drop out at a high dropout ratio when the
A.C. current is reduced.

Carrier Control Circuit

Under normal conditions Q163 is mot con-
ducting and base drive is supplied to Q164.
As shown in Fig. 18, the emitter of Q164 is
connected to negative D.C. The collector of
Q174 is connected to positive™45 volts D.C.
of the TC set through R142 of the amplifier
and keying boardy Normally Q164 is conduct-
ing. When either FD1 or the distance fault
detector operafe,/base drive is supplied to
Q163. Q163 .turns on and shorts the base of
Q164 to negative. Q164 turns off to raise the
potential "of, point A of Fig. 18. This starts
the transmission of carrier.

. Afming Delay By Distance F ault D etectors

(8/0 Tjimer)

The distance supervision arming is delayed
by 8 milliseconds to allow time for the AND
of the arming board to respond at fault in-
ception. Operation of the distance fault
detectors will apply negative potential to
terminal 16 of the supervision board. This
removes the base current to transistor Q151.
Q151 turns off once positive potential is
applied to capacitor C151. Eight milliseconds
later the voltage on C151 reaches 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 potential to resistor,
R160 and terminal 13. From terminal 13 the
voltage is applied to the arming board.

CHARACTERISTICS

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

NEGATIVE SEQUENCE TAPS (I7)

Tap Negative Sequence
Setting Sensitivity

A None

B 0.4 Amperes

C 0.25 Amperes
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ZERO SEQUENCE TAPS (lg)

Tap Zero Sequence
Setting _ Sensitivity
F None
G 0.2 Amperes
H 0.1 Amperes

The second fault detector unit (FD-2) which
supervises arming is adjusted to pick up at a cur-
rent 25 per cent greater than FD-1. By means of the
S1 adjustment the pick up of F'D-2 can be increased
to 100 per cent greater than FD-1.

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

The operating time of the fault detectors is
shown in Fig. 21. As shown in the figure, the oper-
ating curve has a maximum and minimum value. This
is duec to the pcint on the current wave that fault
current is applied. Figure 22 shows the operating
times for differeni points on the fault wave for fault
wave for fault current at five amperes.

The keying response of the SKBU-11 relay is
independent of the tap setting. Figure 23 shows
typical lengths of keying pulses with reference to

current.

Typical logic drawings are shown in Fi 9
in Fig. 20. S

15 to 32 Millise m
2.5 Second Operation
Transient Block

Time: 18 to 20 Millisegonds
Transient Unblock

Time: 22 to i iseconds
Ambient Temperature

Range: —20 0 55°C
D.C. Drain:
Reset Time of

Transient Block: 1.% After Fault Detector has

operated: 100 Milliseconds

.2. When Unblock time is
Utilized: Instantaneous

Operating Time:
Alarm Time:

RGY REQUIREMENTS

s at balanced three-phase current of five
. (Independent of tap setting).

60-cycle base of the SKBU-11 relay for different
values of positive, negative, and zero seque&

Phase A Phase B Phase C -
VA Angle VA Angle VA Angl e

8.3 1060 2.2 50 46 oo U

Burden at five amperes (single-phase to neutral
current). L 4

Phase A Phos\gphuse C

Relay

Taps VA VA  Angle
C-H 11.7 44.0 2.2°
B-H 11.4 46.0 2.2°
A-H 111 48.0 2.2°
C-G 8.8 42.0 2.2°
B-G 43.5 2.2°
A-G 45.0 2.2°
C-F 42.0 2.2°
B-F 42.0 2.2°
A-F 43.0 2.2°

ags its respective voltage.

ﬁ&es above are the degrees by which the
curre

SETTINGS

The SKBU-11 relay has separate tap plates for
adjustment of the zero and negative sequence sen-
sitivity of fault detector (FD1). The tap markings
and pickup for FD-1 are:

Negative Sequence Sensitivity (Ip)

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 Iy and the
other 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.

The recommended settings are tap B or C as
needed for the required sensitivity, and tap F. Taps
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G and H have been provided for applications where
the negative-sequence load flow due to series im-
pedance unbalance may be high enough to operate
FD-1 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 simultaneously due to the possibility of
cancellation of the negative-and =zero-sequence
effects on ground faults. With a tap B setting, a tap
H setting is preferred.

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

Combination 12 Tap I0 Tap
1 C F
2 B F
3 B H
4 B G

For a long two-terminal line, FD2 should be set
at 200 per cent of FD-1. As shipped from factory,
FD2 is set to pick up at 125 per cent of FDI1.

The SKBU-11 relay is generally supplied in a
cabinet or on a relay rack as part of a compléte
assembly. The location must be free fromWdust;
excessive humidity, vibration, corrosive #fumes, or
heat. The maximum temperature around,thejehassis
must not exceed 55°C.

ADJUSTMENTS AND MAINTENANCE

NOTE: The SKBU-11 relay is, normally) supplied as
part of a relaying system, and_tsycalibration should
be checked after the system4has been installed and
interconnected. Details arelgivemyin the instructions
of the assembly. The assemblygdnstructions and not
the following instruction sHould be followed when
the relay is received.as angintegral part of the relay-
ing system.

In thosé casesiywhere the SKBU-11 relay is not
a part ofa relaying system, the following procedure
can be followed 40 verify that the circuits of the
SKBU-11 are funetioning properly.

TEST EQUIPMENT

Oscilloscope

A.C. Current Source
Electronic Timer +
A.C. Voltmeter
D.C. Voltmeter

o Bl

# Scope may be used for timing, by {conneeting
scope probe to timer stop pointsg#and“external
trigger of scope to timer start.

ACCEPTENCE TEST

Connect the relay to theyptest circuit of Fig. 24
which represents the, camrierchannel for test pur-
poses.

Open all test switehes of the test circuit and
connect a 60-cycle, test_current between terminals 3
and 5 of the relay.“Connect terminal 2, 4, 6 and 8
of the terminal “block together. Set taps I2-C and
Ip-H.

1. Filter Output

a. Connéct a high resistance a-c voltmeter
across X6 and X5 of the relay.

b ®Pass 10 amperes, 60 cycles into terminal 5
and out terminal 3. Voltmeter should read
20 volts + 5%.

2. FD-1 Pickup-and Dropout

a. Set relay on taps I5-C and Ip-H.

b. Connect a high resistance D.C. voltmeter
across X1 and X4 (neg.).

c. Connect a 60 cycle test current to terminal 5
3 of the relay. Gradually increase the current
until the voltmeter changes reading from
approximately 20 volts. This is the operating
current of FD and should be 0.433 + 5% am-
peres.

d. Gradually lower A.C. test current until the
D.C. voltmeter drops to approximately zero
volts. This is the dropout current of FFD and
occur at 0.35 = 5% amperes of the pickup
current.

3. FD-2 Pickup and Dropout

a. With relay set on tabs Iy = C, Ip = H, connect
a high resistance voltmeter to X3 and X4
(neg.).

b. With a 60 cycle test current connected to
terminal 5 and 3 of the relay, gradually in-
crease the current until the voltmeter charges
reading from approximately =zero volts to
approximately 20 volts. This is the operating
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current of FD-2 and should be 0.541 * 5%
amperes.

Gradually lower the A.C. test current until
the D.C. voltmeter drops to approximately
zero volts. This is the dropout current of
FD2 and should occur at 0.485 to 50% am-
peres.

4. Check of Local Squaring Amplifiers

a. With all switches of test circuit open, apply
0.6 to 0.8 amperes A.C. to terminals 3 and 5
of the relay.

b. Place scope probe across X12 and X4 (grd).
A square wave of voltage should appear
across X12 and X4 as shown in Table I.

5. Check of Keying Circuit

a. With all switches of test circuit open and 0.6
to 0.8 amperes A.C. applied to terminal 3 and
5 of the relay, with scope check voltage
across X14 and X4 (grd.).

b. Waveform shown in Table 1 should be ob-
served.

6. Check of Remote Squaring Amplifiers

a. Close switches A, B, and C of test fixtures:

b. Apply 0.6 to 0.8 amperes A.C. to terminals(3
and 5 of the relay.

c. Using scope with grd. lead ongX4y,check
waveshape of voltage across X9. Waveforms
of Table I should be observed.

7. Setting of S5 and S6

10

a.

Set S5 to minimum resistaneegand S6 to max-
imum resistance (fully clockwise).

Close switche® A,“B, and C of the test cir-
cuit. Apply 0.6 t6 0.8%amperes A.C. to ter-
minals 3 and®,0f the/SKBU-11 relay.

Connect scope across X10 and X2 (grd). Ad-
just S5 until following waveform appears on
scope.

4

d. Adjust S6 until the relay trips as determined
by an increase in“woltage across X11 to X4
from zero to g@pproximately 20 volts. This
sets the triggering of the trip AND after a 4
millisecondfdelay

e. Slowlyy.increase S5 to obtain the following
waveformay This will be with S5 at or near
minimumyresistance.

Minimum Pips.
May. Point up as { |

Shown or Down

8. Transient Blocking Delay
(18/0 and 0/100 Timer)

a. Connect electronic timer stop to X7 and X4
(grd). Set timer stop on negative going pulse.

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

c. Close switch A and switch 31. Close switch
32 and measure time for voltage to drop from
20 volts to approximately zero volts. This
should be between 18 and 20 milliseconds.

d. Set timer start on a negative pulse and timer
stop on a positive pulse.
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e. Open switch 32, timer should start and
should stop after a time delay of 80 to 132
milliseconds.

9. Check of Transient Unblocking Circuit

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

b. Connect timer start to timer start contacts of
switch A. Set timer start on negative pulse.

c. Close switch A and apply 0.6 to 0.8 amperes
A.C. into terminal 3 and 5 of the SKBU-11
relay.

d. 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 to close SW-A and reset relay with SW-D.
Also short between terminal 4 and TP301 on
output board between reading. This assumes
that C302 is completely discharged.

10. Alarm on Relay Operation (2.5 Seconds)

a. With electronic timer stop connectéd tofX17
and X4 (grd), set timer stop 4en négative
going pulse.

b. Connect timer start to X18. Set timerstart on
negative pulse.

c. Close switch 31 and then “switch 32. Timer
will start and shouldgstopyafter 2.3 to 2.7
seconds.

11. Signal Squelch Time/(10/150)

a. Connect timer stoppte®X14 and X4 (grd). Re-
move ‘‘supervise’4board for tests.

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. Timefshould start and stop
after a time delayyof 125 to 185 milliseconds.

12. Check of FrequencyaVerifier

a. Open all'switches of test circuit.

b. Connect seéope across TP60 and terminal 8 of
the, F"Diboard.

c. ‘Apply 0.6 to 0.8 amperes to terminal 3 and
5 0f'SKBU-11 relay.

d-\Wave form of Fig. 26 should be observed.

FROUBLE SHOOTING PROCEDURE

To trouble shoot the equipment, the logic dia-
gram voltages of Table I should be used to isolate
the circuit that is not performing correctly. The
schematic of the individual board, and the voltages
of Table II should then be used to isolate the faulty
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 the circuit
symbol and the electrical value (ohms, mfd, etc.)
and component style number.

11
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TABLE Il
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 Abnormal orflpc =
54 6.5 V.d.c. less than 1 Point (lg.c. =0) Pickup 8f FD
55 less than 1 4.5V.d.c.
56 less than 1 18 to 20 V. d.c. TP103 5 Vde 5 QolyPYecs
Term. 2 less than1 | 8.6 V.d.c. TP104 less than 1 16 voltgpulses
51-52 0 7.4 volts a.c. (Approx.) Term. 11 20 Vdc 20 volt pulses
52-53 0 7.5 volts a.c. (Approx.) Term. 2 20 V pulses 200 with loss of channel
53-51 0 7.4 volts a.c. (Approx.) TP105 S Vdc 5 volt pulses
Term.5-6 | O 15 volts a.c. (Approx.) TP106 less thagfil 16 volt pulses
TP 57 18 volts
TP 58 18 volts Term. 16 20, Vde 20 volt pulses
TP 59 less than1 | Pulses See Table III For Term. 18 20%yole, pulse’s 20 with loss of channel
TP 60 20 volts Waveform
TP 61 18 volts -/ Non-squeléeh, cofidition
TP 62 less than1
ARMING BOARD
SUPERVISION BOARD
Test Internal Loss of
Test Normal Point Normal Fault Channel
Point Condition Abnormal Condition
. ' TP251 +# less than1 | 10V pulses less than 1
Term.16 12 less' ;han 1 with DITD Operation TP252 + less thanl | 10 V pulses less than 1
TP151 less than1 | 7 with DFD O'peratlon ) Term. 3 -+ 10 volts + less than 1 | 10 volts
TP152 20 less than 1 with DFD Operation
TP254 + less than 1 | 17 volts D.C. | less than 1
Term.13 less than 1 20
Term.18 less than1 | 15 with arming TP255 +20 volts # less than 1 | 20 volts
TP153 15 less than 1 with arming TP256 6.5 volts less than 1 when armed
TP154 less than 1 | 20 with arming Term. 19 less than 1 18 volts when armed
Term. 19 20 less than 1 with(arming
Term.10 less than 1 6.8 volts dle. + Very narrow pulses would be observed on scope.
TP158 20 less than 1 # 20volts pulses with signal squelch from remote terminal.
Term. 1 less than 1 20
Term.159 | 6 20 OUTPUT BOARD
Term. 6 less than 1 20
Test
AMPLIFIER AND KEYING Point Normol Trip Blocking
Serviceable Channel 301 20 Applies to Sequential Fault
302 0 Applies to Sequential Fault
Test Normal
Point | (g =0) | Abnormal or Isc = Pickup of FD | 2% 2.2 12.5 less than 1
- - 304 less than 1 less than 10 7
Term. 7 18 less than1 breaker failure on trip Board
TP101 less than 1 | 8.5 breaker failure on trip oard 14 20 20 less than 1
Term. 10 less)than 1 less than 1 breaker failure on trip 305 18.5 7 18.5
TP102 $ Vdc 4.3 V pulses 306 0 13.5 0
Term. 13 less than 1 -+ 6 volt pulses 307 20 less than 1 20
Termy12%() 48 Vdc -+ 48 volt pulses 308 0 20 0

12
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ELECTRICAL PARTS LIST

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
l\ STYLE NUMBER

FAULT DETECTOR BOARD Style 5312D13G01

FAULT DETECTOR BOARD (Continued)

Capacitors Zener Diodes
C51 0.1 Mfd 1544920 Z51 INU83%C, 62V] 184A617THO6
C52-C53-C59 0.5 Mfd 18TA624A11 [ z59-755 IN957B, 6.8V 186AT9THO6
C54-C55 1.5 Mfd 187A508H09 [ 753 1NB688A, 24V | 862A288HO1
C56-C57 0.02 Mfd 187A624H09 [ 754 TN759A, 12V 837A693HO01
C58 0.1 Mfd 187A624H01
C60 0.22 Mfd 762A703H01
i SUPERVISION BOARD Style 5315D34G01
Diodes
D51 to D58-D70 .
to D73 1N457A 184 A855H07 Capacitor
D59 IN645A 837A692H03 | C151%C153-C157 0.47 Mfd 188 A669H01
D60 to D69 1N4385 184A855H14 | \C162 68 Mfd 187A508H02
C154-C158 1.5 Mfd 187A508H09
Transistors
Q51-Q52-Q53-Q55- Diodes
Q57-Q61-Q62-Q63 2N3417 848A891HO%{ D151-D156-D157-D162| 1N457A 184A855H07
Q54-Q56-Q58 2N3645 849A441H01| D152-D155 IN645A 837A692H03
AL R S S
- Swifihﬁs’r\M¥ﬁ%_ . | Transistors
Q59-Q60 2N886 185A517H03 | Q151-Q152-Q154-Q555- R
Q161-Q163-Q164 2N3417 848A851H02
Resistors Q153-Q156-Q162 2N3645 849A441HO1
R51 50 Qhms, 5Wh| 185A209H06 N
R52-R68-R71 2.7K GhmsWW | 629A531H42 Resistors
R53 (POT) 2.5K Ohmsy oW | 629A430H03| R151-R158-R168-
R54-R55-R58-R62-R64- R188-R194 6.8K Ohms %W | 629A531H52
R66-R84-R89-R92 L0KQhins  %W| 629A531H56| Ri59-R153-R157-
R56-R60 100K Ohms W | 184AT63HT5| R159-R164-R165-
R57 47K Ohms JoW| 629A531H72| R167-R169-R186 10K Ohms %W| 629A531H56
R59 56K Ohms %W 184A763H69 R189-R191-R193-
R61-R87 22K Ohms 'aW) 629A531H64 R196-R154 470 Ohms %W | 184A763H19
R63 6.8K Ohms 2W| 629A531H52| R155-R166-R192 22K Ohms %W | 184AT63H59
R65 27K Ohms J2W| 629A531H66| Ri56-R161 1K Ohms %W | 184AT63H27T
R67 150K Ohms 3W | 762A679HO1[ R160-R170-R190 82K Ohms %W /| 629A531H78
R69-R73 68K Ohms %W| 629A531H76| Ri62 33K Ohms %W 184A763H63
R70-R74-R88 39K Ohms '.W| 629A531H70[ R163 56K Ohms Y%W| 184AT763H69
R72-R75-R80 2K Ohms  %W| 836A503H33| R171 150K Ohms 3W | 762A679HO1
R6-R78-R90 1K Ohms  %W| 629A531H32| R195 2.7K Ohms %W | 184A763H37
R77T 5.6 Ohms %W| 629A531H50 L
R81 20K Ohms %W| 629A531H63 Zener Diode
R82 1.5K Ohms %W| 836A503H30| 2151-Z152-Z156 IN957B, Y.8V | 186A797HOT
R83-R91 470 Ohms Y%W| 629A531H24| 7153 1N3668, 24V 862A288H01
R85 4.7K Ohms Y%W| 629A531H48| Z158 UZ5875, 75V 837A693H04

13
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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
c1ot 6.8 Mfd 184A661H21 | D255-D257-D260-D261-
t -
C102 1.5 Mfd 1874508409 | '© D265-D267 1N457A 184A855H07
Transistors
Diodes
Q252-Q253-Q256-
D101-D106-D110 Q258-Q259 2N34L7 848A851H02
to D113 1N457A 184A855H07 | Q257 ON3645 849A441HO1
D109 IN645A 837A692H03
Resistors
Transistors R255-R257-R261R 262-
Q101 to Q107 2N3417 848A851H02 | R265-R2THR2TTR278-
- ~ - 1
Q108-Q109-Q113 2N3645 849ada1H01 | [280R2BIGRICLR288| 22K Ohms Y2W | 184AT63H59
R260-R264-R275-R276-
. R282:R284-R 285 10K Ohms %W | 184AT63H51
Resistors
R2%9 27K Ohms %W | 629A531H66
R101 6.8K Ohms %W |629A531H58" | R283'RE89 12K Ohms YW | 184A763H53
R102-R106 470 Ohms %W | 184A763H19
R103 39K Ohms Y%W |184A763H65 Zener Diodes
R104-R108 1K Ohms %W | 184A788H27 [Z251 1N3688A, 24V | 862A288H01
R105-R109-R112
to R116-R121- PROTECTIVE RELAY BOARD
R124-R130 10K Ohms %W |84 AT63H51 Style 201C165G01 - 201C476G01
R107 15K Ohms Y:W.| 629A531H60
Capacitors
R110 82K Ohms 4%W | 629A531H78 o
1
R111-R120 33K Ohmi€" %4 184AT63H63 °C5 1047 Mfd 849A437THO4
R118 220K Ohms %W | 184AT63H83 )
Diodes
; Ohms\ %W | 629A531H76
R119-R132 681 O 1/2W 5 D1 to D5 1N645A 837A692H03
R123-R139 92K Ohm& 4w | 184AT63H59 | Lo\ 1o IN45TA | 84AB55H0T
R125-R129 4. TK'Ohms YW | 184A763H43
R126-R128 470K Ohms '2W | 184A763H91 Transistors
R127-R141 47K Ohms YW | 184AT63H67 [ Q1 to Q7-Q9 ON3417 848A851H02
R140 56K Ohms YW | 184AT63H69 | Q8 2N3645 849A441H01
Zener Diodes Resistors
R1 (125 volt input) 68K 1W 187A643H71
Z101-2102 1N957B, 6.8V | 186A7T9THO06| R1 (48 volt input)
7108 1N3688, 24V | 862A288H01| R6-R21-R30-R39 27K %W 184A763HO01
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TYPE SKBU-11 PHASE COMPARISON RELAY

1.L 441:954.3

ELECTRICAL PARTS LIST (Continued)

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

CIRCUIT
SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE NUMBER

PROTECTIVE RELAY BOARD (Continuved)

OUTPUT BOARD (Continued)

Resistors (Continued)

Resistors (Continued)

R2-R3-R4-R8-R9-R13- — T vt I -
R14-R122-R23-R31- OIS W | 187A290H26
1
R32-R33 47K YW 6204531143 | R305 49K Ohms %W| 187A290H17
R5-R10-R15-R24-R34- R307-R314-R319-R321-
R38 82K 629A531H78 | R325-R328 22K Ohms %W| 184A763H59
R7-R11-R16-R25-R35 10K %W 629A531H56 | R309-R317 1K Ohms %W| 184A763H27
R12-R17-R26-R37 6.8 YW 629A531H52 | R319 470K Ohms %W | 184AT63H19
- - - 1
R18-R19-R27-R28 22K YW 184AT63H59 | poi o 470K Ohms %W | 184A763H91
R20-R29-R36-R40 10K %W 184AT63H51
R316 15K Ohms ¥%W| 629A430H08
Zener Diode R318-R322 4.7K Ohms %W | 184A763H43
R 1
Z1-Z3-25-Z7-Z9 IN3686B 20V | 185A212HOBNS oL 6.8K Ohms W | 184AT63H47
Z2-Z4-Z6-Z8-Z10 IN95TB  6.8V| 186A797THOE | X822 18K Ohms '2W| 184A763H57
R331 10K Ohms %W| 629A531H56
OUTPUT BOARD Style 201C025G02 R332 6.8K Ohms %W | 629A531H52
R333 27K Ohms %W | 629A531H66
it
Capacitors R334 150K Ohms %W| 762A679H01
C301 47  Mfd 188A669H01
C302-C303-C306-C309 | 0.22 Mfd T62A703H01 Zener Diode
€304-C305 4.7 Mid 184AG6IH12 [0 Z303-Z304-Z305 | 1N95TB 68V 97HO
C307-C308 0.047 Mtd B49A4STHOL | " 588A 24v 186ATITHOG
C310 0.10 Mfd 188 AG69HO3 36 862A288H01
c311 1.50 Mid 187A508H09
RELAY BOARD Style 5312D78G01
Diodes
C it
D301 to D306-D308 1N457A 184A855H07 apacitors
D307 WN645A 837A692H03 | C201-C202-C203 0.25 Mfd 187A624H02
Transistors Resistors
Q301-Q305-Qd06-Q307- R201 50 Ohms  5W | 185A209HO6
Q308 2N3645 849A441HO01 | R202-R203 3.3K Ohms %W | 629A531H44
Q302-Q303-Q304-Q308 | 2N3417 848A851H02
Filter Choke
Resistors
L201 8.5Hy 450 Ohms| 188A460H01
R301-R303-R304-R306-
R310-R311-R315- T o
R820-R323-R324- ener Uiodes
R326-R330-R335 10K Ohms %W | 184A763H51 (Z201 IN1828C 43V | 629AT98H14
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TYPE SKBU-11 PHASE COMPARISON RELAY

AMPLIFIER AND KEYING BOARD ARMING BOARD
SUPERVISION BOARD
FAULT DETECTOR BOARD

OUTPUT BOARD

PROTECTIVE RELAY
BOARD

TRANSIENT
UNBLOCKING

RELAY BOARD

TRIP P

PHASE
DELAY

FD-T SETTINGS
PICKUP

FD-2 SETTINGS
PICKUP

DROPOU TAP BLOCK

Fig. 1. Photograph,(Front View)

T1 KEYING
TRANSFORMER

T2 LOCAL
TRANSFORMER

POWER SUPPLY
20 VOLT ZENER
DIODE

RESISTORS
FOR SEQUENCE .
FILTER 3 FREQUENCY
VERIFIER
TRANSFORMER

TERMINAL BLOCK
J101 TERMINALS

Fig. 2. Photograph (Rear View)
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Fig. 5. Location of Components on Arming Board
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Fig. 6. Schematic of Arming Board
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1.L. 41£954.3
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Fig. 7. Location of Components on Amplifier and Keying Board.

2 [(RI28-B0XINDICATES TRANSISTOR
IS NORMALLY CONDUCTING

2
It
-
IN457A 8
'
>

220%
8

2N3645

wsseos |

470K ]
S TR RI26]
Z ¢9
ig
[
<

2103 1
>y 1
68K ' ING45A
r}
INGASA

10/130 TIMER
SQUELCH

ING LOCAL
T SQ. AMPLIFIER :5’:,07‘ sQ.

7531407760I

691B155

Fig. 8. Schematic of Amplifier and Keying Board.

19



TYPE SKBU-11 PHASE COMPARISON RELAY

(2]
S
—] Q
n —
§ o
6 (4]
5 S ] = 8o Ry
B B8 S| o o &0 .
@@Bﬂﬁﬁﬁgh 4 E
(28’ o a )
ORO — o
N [ -
' $0€9 = <r 3
= 3 R 2
ezl S 8 3
- _ @Eg - O & H
oQ T ) =
o K N = M 5 oo h
28 HE E JHE 3 :
[ O O + [
§ 5
8 N D Eoea] i<y 3
2o - 3 &
= (B
PR ;
51 B3 N & 2 g0 4 5
[rd (] = ]
Ny 50 .( H
+ o] <
fg@ el <
2 0 | 13 | 3] rs = -
Gaey 5_' momgo I8 o
[Geey|
A

& g-t20 yOufy

<.%_., ] —NER

&

(i;‘_'—‘

Wl
o 1N
)]
- e - - =
TRANSIENT TRANSIENT BLOCK  FLIP FLOP -
UNBLOCKING [ = = =~ “S"SETTING-TRANSIENT reTm ‘s's:‘mmuwm»
! — »__ UNBLOCK ADJUSTMENT ~—de . ADYUS NT
————— —~— — - R e ek Rl SH R |
, 506 ; I .
TA— — — L S, SR S ——— —_—— —_——_——— — —

AT MFD

TR304

2307
PLINIs80A

7K

e

0 ~0%6
R34
TRANSIENT — .
N . ———
UNBLOCKING 0/100_TIMER __ TRANSIENT BLOCK! TN FLIP FLoP TRIP ARPLIFER 201C025G02

7 1 5B17 1 P

Fig. 10. Schematic of Output Board.

20



TYPE SKBU-11 PHASE COMPARISON RELAY I.L. 47-954.3

Te]
(o2}
Q
| M
‘ —
—_— (e2]
[Ne}
-—I.:
T
@ 8 :
= [32]
& N S l [ qi
B :
_\ g
2]
T
5 :
o
N [+
- 3
o
C. 3
__/ %
c
2
5
g 2
0 L ol e
S .
By ' I -
“h o— 'E'

12 ryg
0 PHA 2y
: m-‘ orLat “
& N a
r—-————"—"~"""®"" &~~~ ~ ~ - ~—~—"=—"F"—"""""™""®>" "“"“"“"“"“>"™"™>"=7™77 _‘I
|
| |
] |
l ] ] ! ||J ss
| 0o~ »>— - T seTTING
- X{] ! | iq) PHASE
| & ol | s i oy
L ~fm | LJ JUSTMENT
. z‘
«|m > =

g )

i/ [

- | ~ |92

(< g::“' 5::“‘
=2

/28 mFOD.

[ »

N

="

]
[}

e
f
1

-

FILTER DELAY
5312078601

RELAY CIRCUIT BOARD 69 1 B 07 3

Fig. 12. Schematic of Relay Board.

21



el

‘pioog uoysjaiadng o spypwayss ‘y| *bi4

9214169

—

|
- T T o o=
. 10K _ ok 68K (o 5 o 31 ;
I .L {ris3 |- RISz & lmisi; | w
— s o 154} |Riss | vleij2
GJ 8] a8t arwro. z“m 35K : Y
3 T . i £3 Ly Q156 m7o-
H b {(R87 |—9—F—mise | o | 1&° +DI52
) | \ m?‘“"‘*”r*i“'“‘ I RIGS}- -RIeBH y i
"{,‘%J—L DRI /v aiss | *# PiB3 O) Cl53 —
. ‘2N3645 | ﬁ[54
1/ ¢-215¢ sewrp. DIy m“f:nsu - r [ris2 I l — O RI6T
NS svnr I3 33K |
“ ¢—{Risa | jri63 | I Q154
10K 7IV Q154 56K oK | | RI65
. T ox z'hun*:zx} IE‘;T'R'“}' | } Ri63 * Cl152
S RIE7 — 168 [q}
S cis3 & ! 15
'r—"—_f S I ey | @ {Riszh R} l
Y ensair” jass! (Rt ?;:'_,‘sss]‘—< ! {59 {l 5‘}—
t - - " ois2 2N3648 | I c|58*
283 y36pan "4 ! Q|52
; - pp N3seEA | TPISI I52
U | —————mm s RIGO RI57
) 1801 P __J »21S [Z151 ]
_ | =
‘Eﬂ T T N R|5 @ms. = QI64
3 '°K _4 13MFD °'“ —RI51 } <{RI52 —{R|53E [RIB9) ~
I o R ~
4 " mu] |ru|9| | 188 Rl94
*—Dj;o A znsus ) —Tp|5g T
o{ ..?Lﬁi o | —DI55]- NES)
> o156
inas7a 57 IN645A -

Er———

10K 22 6.8K
L ais3 —{Rig4]
|ox 2N347 27K
RIS5

2N34IT 1 ‘|q|34] g-‘

3
= 2180 yz5a7s
&L__ 3" — N

~RiEsH-

TJOHLNOD
¥IANYYD

161
AO8

TPI58

|
el
IiS

ci1s7 |-
12156]]

i

|

|

[

|

|

| ©)
|

i v H
|

l

|

|

3

]
ol
|
|

‘ON{ LINANOD

ATIVNMON 3¥Y SYOLSISNVHL s

93N
J0ADZ "€0d
3
I-a4
—

HINLL— > )

.
0082

danid >
|
|
L
=4

¥
VO
pa—

0/8

!

c<fouwos)
.(_J uwuni’—‘
|
6
fle——

691B163

AV138 NOSINVAWOD 3SVHd L1-NENS IdAL

Fig. 13. Location of Components on Supervision Board.




I.L. 47-954:3

ﬂ" H:ﬁﬂlﬁii{

60

19

i,

691B11%

Fig. 15. Component Location on Protective Relay Board.
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Fig. 16. Schematic of Protective Relay Board for Distance Phase Comparison System.
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[Q3] [Q&)-80x INDICATES TRANSISTOR
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Bi, B4-"B"INDICATES BUFFER CIRCUIT BLOCK
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Fig. 17. Schematic of Protective Relay Board for Distance Ph@se/Cémparison System with Blinder Control.
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TC z
FUSED POS. ———

+45V._IN TC (SET

XMTR VOKE ADAPTER
KEYING CKT. e N CARRIER START
fc CARRER
col
NTROL TEST SWITCH
SWBD / a
P
Z TCe TCNSKBU-II 2104 DII3 | gymy &
O Q O
118 16 SWED. SKBU-I1
SKBU-II 25 POS. > 29
13 ) S;su-ll 'r/ XLCTR
CARRIER XMTR
- CONTROR KEYING QI05 QI02 CARRIER gl%rémm
CKT. SQUELCH|
1 (Q103)
SkBU-il e S cmojk [
s FUSED _NEG. z YT TC '
-+ o -
5 SKBU-Il 5
REMOTE 7 1
SQUARING
REF._DWGS. @ AMPLIFER | P> 93
fC INT SCHEM.-—— 54(D336 Q208(IN RCVR)
SKBU-11 LOGIC DIA.- - - 5315045 VR
SKBU-(1 LOGIC DIA.--~ 5462078 ,A — —~ ovrPur
9> =JIOI CONNECTIONS ON SKBU-II
862A524
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Fig. 18. Elementary Connection of TC SKBU-11.
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T3 FV 9
LA ' S
(6} O l:H - Je. 4&;1 FREQUENCY
NEUTRAL o l6 T:% il 3, ., VERFIER
T - 6
6] L] A ; 3 PHASE
PHASE O T v
g e ] (, 5_77 SPLITTER
(8] AN O =
. e ¢ ‘ l_ FAULT DETECTOR _
S S FAULT DETECTIOR
@ — 1
PHASE L . J— —_
I |
@ | < 12 L
AN l LOW-PASS
= b) 10 FILTER
2 Q ? ,<'<_,,v,, — —
PHASE R3 9
Uy SEQUENCE FILTER |:-—RELAY
(;D r T o
POS.| 2« < $—>+45 VOLTS FROM TC SET | _
| _ -
- ~_ 420 VOLTS i
[::Jg &9 TO 4 ALL BDS. %
g JR EXCEPT RELAY ‘ —
i j e |
ad @ TO 8ALL BDS. 8. 12
e | 54 £ EXCEPT RELAY 13
|74t 6
mEceveD 'TE@——L
I
19
COMMON| 3= l
Ser 8 2
I 8 1 7|_Remore j—=
- o l +ﬂ A
100 | 28¢ 0
W A -
BREAKER FAILURE [ 9gol Y |O@———
— 4= FD-1 (ADJ)
¢ I | AMPLIFIER 6 E[
DROPOUT KEYING - 69IBISS
200K
A —— ———— —
l | ol "1
FAULT
™ FD~1 (ADJ) | 5 |DETECTOR-|
SKDU- U= .
= g B4 A
o # |20 [ 84| 4 PICKUP
5 ’7 — I 6
R B3 O CARRIER [
sxou-3 324—1‘—*4:“‘1 _ 17 CONTROL}3
6 3 e +~L—
soey 3| B2 | | .3 T VI
l -
MCx GROUND 18
5 ) 2599 17 19
£
I PROTECTIVE RELAY [eoma ) I
— — s JIOt _i)P_E_R_V‘S'ON . [69IB|26_

29 30 3

VIEWED FROM
REAI OF RELAY

27

Fig. 20. Logic Diagram of SKBU-11 Relay fo
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I.L. 41 9543

MAXIMUM TIME °°2
FD- 14

FFD-2
Ao MINIMUM TIME

Y

TIME IN MILLISECONDS

o 4 8 12 16 20 W24 28 32 36 40 44 48 52
CURRENT IN ,AMPERES

876A661

Fig. 21. Operating Times/fof Fdult Detectors of SKBU-11 Relay.
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& /
o |l /p/ DANL SNERE

6 4

: = \4‘-1-7—-7"

O 20 40 60 80 100 120 140 160 180 200 220 240-260 280 300 320 340

ANGLE OF INCIDENCE |IN DEGREES 876A660

Fig. 22. Operating Time of Fault Detector of SKBU-11 Relay as a function of Fault Incidence Angle at 5 Amperes.
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IN MILLISECONDS

KEYING PULSE

MAX. KEYING PULSE 8.3 MILLISECONDS

3
¢

o

| 2 3 4 5
POS. SEQ. CURRENT IN AMPERES

MAX. KEYING PULSE 8.3 MIGLISECONDS

7.&1-————-———

o o8 1.6 24 32
NEG. SEQ. CURRENT IN AMPERES

MAX. KEYING PULSE 8.3 MILLISECONDS
|

2

.

[

o O.l 0.2 0.3 o4 0.5
ZERO SEQ. CURRENT IN AMPERES

876A403
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Fig. 23. Width of Keying Pulses at Different Current Levels of SKBU-11 Relay.
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I.L. 41-954:3

*
POS
45VDC v
L,
TIMER
START
10K
SKBU-II
W J10l
CONNECTOR
(3-=t.P0s,0C.
2N699 /
TRANSISTOR 2)—4 CHANNEL COMMON
051 KE YING
20 VOLTS
IN36868
Ngca'F j# ——o {5)—NEG. DC.
- (6)—CARRIER CONTROL
RECEIVED _SIGNAL @—tremote
VOLTMETER (0-25 VOLTS)
(< 7\_TRIP
Q// ({0—TRIP
J: ARMING
H(—
CARRIER CONTROL
4—1tPOS 20 VDC.
29 44 ® |
27 @
28 ,, wq TIMER START
29 .. @ PROTECTIVE
it & | ) RELAY INPUTS
20— e
3 & INTERNAL TO
. = SKBU - 11
32 i1
T /
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TC CARRIER CHANNEL
*45 VOLTS TAKEN FROM
POWER SUPPLY
863A151

Fig. 24. Test Circuit of SKBU-11 Relay.
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TYPE SKBU-11 PHASE COMPARISON RELAY

TEST

POINT CIRCUIT

VOLTAGE TO X4

X1 D.C. INPUT VOLTAGE

48 VOLTS D.C.

X2 |REGULATED D.C.

20 VOLTS D.C.

X3 COMMON T.C.

45 VOLTS D.C.

X4 |BATTERY NEGATIVE
NORMAL 20 VOLTS
NORMAL 20 VOLTS
X8 ARMING OPERATE O VOLPS
NORMAL O AOLTS
X1t | PILOT TRIP OPERATE 20 VOLTS
NORMAL 40O=\OLTS
NORMAL 420, .VOLTS
X17 [LOSS OF POTENTIAL OPERATE . O VOLTS
<18 | DISTANCE FAULT NORMAL 0 VOLTS
DETECTOR OPERATION OPERATE/ 20 VOLTS
| LOAD
XS 70 ow PASS FILTER N 6
XG(GND) v { voLTS
e ——"16 7 M.S.— -
o | CARRIER ON
X14 | KEYING 5 l |
o CARRIER OFF.
—={ e—CHANNEL
20 — - BLOCK
X12 | LOCAL 0 ’| |_DELAY | L — unaLock
|
20 — ~BLOCK
X9 | REMOTE 0 — '_ITJ| L-——J—‘—UNBLOCK
|
20
x16 |CARRIER CONTROL o ~——_[
715B408
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Fig. 25.

Table I Test Point Voltages.
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I.L. 41 495423

TEST WAVEFORMS WITH 60HZ CURRENT
POINT AT FAULT DETECTOR PICKUP OR GREATER

6 TO20V

> - R E

58 M 16 TO 20V
| 7 o
——6TO20V
> SN S S
| ovV.
PULSES ARE . 6 TO 20 V.
3TO4 MS.
60 | WIDE FOR60HZ, | oV
120 HZ AND HIGHER
PULSES VERY NARROW |1 _1 16.7 MS) | -10V.
° B ol
— oV
-~ § oV
VOLTAGE
ACROSS —— 5V,
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cé - oV
715B106

Fig. 26. Table Ill Frequency Verifier Waveforms at 60 Hz.
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INSTALLATION

Westinghouse 1.L. 41-954.2A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE SKBU PHASE COMPARISON RELAY FOR'TYPE
TA-2 FREQUENCY SHIFT TONE CHANNEL

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet before energizing the
carrier system.

If the SKBU relay is mounted in a cabinet, it
must be bolted down to the floor orotherwise se-
cured before swinging out the equipment rack to
prevent its tipping over.

APPLICATION

The type SKBU relay is a high-speed relay used
in conjunction with a type TA-2 frequency shift tone
channel. 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 set-
tings.

The system is applicable to a voice-gradejpilot-
wire or microwave channel. The maximum ‘pPropaga-
tion delay which can be tolerated is 3.5gmsecyfor
two terminal lines and 2 msec. for thfee/terminal
lines.

In contrast to the carrier blockingyseheme, this
is a transfer-trip system; accordinglyjthe blocking-
start function is not required

CONSTRUCTJION

The type SKBU relaypconsists nf a combination
positive, negative, and#£zero sequence current net-
work, a saturating“transfermer, a 20 volt power sup-
ply, and printed circuit, boards mounted on a stan-
dard 19-inch, wide panel, 8% inches high (5 rack
units). Edge slots are provided for mounting the rack
on a standard relay rack. The components are con-
nected as shown in the internal schematic of figures
1 and 2.

SEQUENCE NETWORK

The sequence filter consists of a three-legged
iron core reactor and a set of resistors, R1 and RQ.
The reactor has three windings: two primary and a

SUPERSEDES I.L. 41-954.2

*Denotes change from superseded issve.

tapped secondary winding, ‘wound on the center leg
of a ‘““F’ type of lanmination.” The secondary taps
are wired to the A, B,vand C tap connections in the
front of the relay (Rq, taps). RO consists of three
tube resistors with taps”wired to F, G, and H tap
connections inghe, front"of the relay. The RQ resistor
is a formedgyresistor associated with the tapped
secondary @efithelreactor.

SATURATING/TRANSFORMER

The) voltage from the network is fed into the
tapped “primary of a small saturating transformer.
This“transformer and a Zener clipper (on a printed
cirewit board) connected across its secondary are
used to limit the voltage impressed on the solid
static circuits, thus providing a small range of volt-
age for a large variation of maximum to minimum
fault currents. This provides high operating energy
for light faults, and limits the operating energy for
heavy faults to a reasonable value.

POWER SUPPLY

The SKBU relay operates from two regulated
voltages, 45 volts d.c. and 20 volts d.c. The 20 volt
supply is taken from a Zener diode mounted on a
heat sink at the top of the relay. An external volt-
age regulator supplies 45 volts d.c. to the SKBU. A
separate voltage regulator for the TA-2 frequency
shift tone set is provided on this external regulator.

PRINTED CIRCUIT BOARDS

Six printed circuit boards are used in the SKBU
relay; fault detector board, supervision board, am-
plifier and keying board, ‘‘AND’’ board, output
board, and a relay board. The circuits of the super-
vision, amplifier and keying, and ‘*‘AND’’ boards
varies with the application.

All of the circuitry that is suitable for mounting
on printed circuit boards is contained in an enclo-
sure 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

EFFECTIVE AUGUST 1968
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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.

1. Fault Detector Board

The fault detector board contains a resistor-
Zener diode combination, a phase splitting network,
and a static fault detector. The controls for setting
pickup (S1) and dropout (S2) of the fault detector
are mounted on a plate in the front of the assembly.
This unit operates when the fault current exceeds a
definite value.

2. ‘'AND"’ Board_

The ‘“AND’’ board contains resistors and diodes.
The number of diodes on the board varies with the
application. An output is obtained from this circuit
when all inputs are at negative potential.

3. Amplifier and Keying Board

The amplifier and keying board contains “two
local squaring amplifiers, a transmitter keyingycir-
cuit, and two remote squaring amplifiers for_each
line terminal. These circuits produce the/pulses
that are compared by the ‘“‘AND’’ circuits_to deter-
mine if the fault is external or internal.

4. Output Board

The output board contains a“4 millisecond pick-
up and instantaneous dropout timer “€ireuit, flip-flop
circuit, trip amplifier, transient Bblocking and un-
blocking circuit. The circuits@engthis board oper-
ates when all the inputs to theg‘AND’’ board are at
negative potential andy theyfault detector has oper-
ated.

5. Relay Board

The relay board contains the phase delay circuit
for shifting the local signals with reference to the
remote signals. This board also contains the final
tripping_ unit (AR) and the alarm unit (AL) of the
SKBU relays The phase delay circuit is utilized to
compensate for the delay of the channel equipment.

6. Supervision Board

The number of circuits on this board varies with
the application. For all applications a 25%mildi-
second pickup and 2 millisecond dropout alarm timer
circuit, a ““NOT’’ AM squelch circuit, and a 2.5
second alarm circuit for fault detector operation are
provided on this board. The cirguitsgon the board
are utilized to lockout the SKBU%relay for channel
failure, and noise conditions on“the channel equip-
ment. Where static distance #aultydetectors are used,
an OR circuit is provided on/this board to connect
these fault detectors intoy the phase comparison
system.

CARD EXTENDER

A card extender(Style No. 644B315G02) is avail-
able for faeilitating circuit voltage measurements or
major adjustments. After withdrawing any one of the
circdit*eards, the extender is inserted in that com-
pantmenty, The board then is inserted into the ter-
minalWblock” on the front of the extender. This re-
stores all"components and test points on the boards
are readily accessible.

TEST POINTS

Test points are located on each printed circuit
board for the major components on the board. Com-
plete circuit test points are wired to the front panel
of the relay for convenience in adjusting and testing
the relay.

OPERATION
A. SYSTEM

In phase comparison relaying, the phase posi-
tions of fault currents at the ends of a transmission
line are compared over a pilot channel to determine
if the fault is internal or external to the line section.
When a tone or microwave channel is used as the
pilot channel, the channel is separate from the pro-
tected line and a dual comparison transfer-trip sys-
tem can be utilized. This means that the system
can trip on either half cycle of the power system
frequency as contrasted to a carrier channel 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 relay which produces a

FE
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single-phase output voltage proportional to a com-
bination of sequence components of the line current.
This single-phase voltage energizes the keying cir-
cuit of the SKBU relay to shift the frequency of the
tone transmitter on alternate half-cycles of the power
frequency current. The tone transmitter is shifted
from a space frequency to a mark frequency. These
frequencies are transmitted over the pilot channel
to the tone receiver which converts the mark and
space frequencies to two d.c. output voltages, a
space output that corresponds to the space frequency
and a mark output that corresponds to the mark fre-
quency. Thus, on each half cycle of power system
frequency either a space or mark output is obtained
from the tone receiver and applied as pulses to the
remote squaring amplifiers of the SKBU relay. Each
of these half cycle pulses are compared with the
phase positions of each half-cycle of the sine wave
voltage from the sequence network of the SKBU
relay at the tone receiver terminal. The space pulse
is compared to one half cycle of the voltage and the
mark pulse to the other half-cycle. If the local and
remote half-cycle pulses are of the correct phase
positions for an internal fault, after a 4 millisecond
delay tripping will be initiated through operation of
the flip-flop and trip amplifier circuits.

Current transformer connections to the sequente
networks at the two line terminals are suchythat<the
space and mark pulses are in phase with_their re-
spective local pulses during an intern@l /fault "to
allow tripping. However, if the fault is ‘extermal to
the protected line section, the space gand mark
pulses are out-of-phase with their respective local
pulses and tripping does not occuf.

The four-millisecond delayyprevioeusly mentioned
is added to allow for différénces®in current trans-
former performance at opposite)line terminals and
relay co-ordination.

B. RELAY

With refepenceygto ‘either Figs. 1 or 2, the three
phase line currents energize a sequence filter which
gives a single phasefoutput voltage proportional to a
combination of sequence components of the line
currents. This single phase output voltage is ap-
plied as input® to two boards from the secondary of
the saturating transformer:

13, Fault Detector Board (Phase Splitter Circuit)

2. Relay Board (Phase Delay Circuit)

1. Fault Detector Board

The a.c. voltage is applied to a phase-sphitting
network (C52, R54, R53) and a polyphase, reectifier
(diodes D51 to D56). The d.c. voltages so obtained
requires a minimum of filtering (Cs3) and responds
rapidly to a change in magnitude of the“a.c. output.
This d.c. voltage is appliedgte the fault detector
circuit which operates when thefd.c. input ‘‘signal’’
exceeds a predetermined value.

Fault Detector _

Under normal conditiens, transistor Q51, has no
base ‘‘signal’’ andWis turned off. The collector of
Q51 is at a highi'engugh positive potential to provide
base drive forfransistor Qg9o, driving it to full con-
duction. With8Qs52%fully conducting there is no base
drive gto transistor Q53 and Q53 is turned off. With
no Q53%colleetor current, the base of diode type
transistor Qg4 is supplied from the 45 volt source
throughmthe drop of Ds5g8. Thus the Q54 emitter is
nOrmally at a slightly lower potential than its base.
This, eondition keeps transistor Q54 in a non-con-
ducting state, equivalent to an open circuit. Zener
diede Zg3 is to protect transistor Qg4 from external
surge voltages.

When a fault causes the d.c. input voltage from
the polyphase rectifier to exceed the 6.8 volt rating
of Zener diode Z52, (through R55, and Sy) a positive
bias is applied to Q51 base causing it to conduct.
In turn, Q52 stops conducting, and capacitor Cgs
charges, giving a few milliseconds time delay before
Q53 and Q54 are switched to full conduction, thus
“‘closing’’ the fault detector. The feedback resistors,
R60 and S2 provide a 90 percent dropout ratio with
‘“‘toggle’’ action at the dropout point.

When the fault detector 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, the fault detector
arms the flip-flop and energizes the transient block-
ing of the SKBU relay.

2. Relay Board

The a.c. voltage from the saturating transformer
is also applied to the relay board to the phase delay
circuit through a low pass filter of the relay board.
The low pass filter (C251. L2551, C252) removes the
harmonics from this voltage and applies a voltage
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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 terminal 4 and 2 can be made to lag the volt-
age across terminal 10 and 4 by a definite amount
depending on the setting of S5. These voltages are
applied to the amplifier and keying board of the SKBU
relay.

1. Undelayed voltages to the keying circuit.

2. Delayed voltage to two local squaring ampli-
fiers.

A. Keying Circuit

With no a.c. output voltage from the sequence
network, transistor Qi02 has no base signal. The
collector of Q102 is at negative potential which
allows base current to flow from positive 20 volts
d.c. through the base of Q103 through R103 and R1g2
to negative. This applies positive 20 volts to the
collector of Q103 to prevent base current from flow-
ing to Q104. Since Q104 is not conducting, transis-
tor Q105 does not conduct and the collector of Q105
is held at positive potential. As a result, the voltage
across Rj11 is 2zero with respect to positive 45
volts d.c. (terminal 14). Thus, the voltage applied
to the tone transmitter is zero and the transmitterfis
not keyed. (Ref. Fig. 5).

When a sinusoidal voltage is applied togtran-
sistor Q102 from terminal 4 and 9 of the relay(board,
on the positive half cycle of voltage, termifal Quis
more positive than terminal 4 of theg amplifier and
keying board and Q102 does not conduet. Hewever,
on the negative half cycle of sine! waveljvoltage,
terminal 9 is more negative than fefminal, 4 and base
current flows in Q102- This turns,Q1934ff which in
turn puts negative potential on Rips5. When Q105
conducts its collector is connected to negative
potential, and a negativefvoltage (with respect to
positive 45 volts) appearsy@across Ri11. Thus, on
alternate half cyclesof they60 cycle voltage from the
low pass filter, 4 negative voltage appears across
Ri11- This voltagedkeysfthe tone transmitter to a
mark condition.

B. Local Squaring Amplifiers (1 and 2)

There are two local squaring amplifiers in the
SKBU relays The square wave output voltages are
functionsyof, the a.c. voltage input to the amplifiers.
The polarity of the outputs of the two amplifiers are
such, “that one amplifier has an output when the
other,one does not.

With reference to amplifier number 1, with(no
a.c. input voltage Q107 is not conducting andgR 19
is at negative potential. As a result, the bhase of
Q108 and Q110 is at a lower potential thanmthe
emitter of the transistors. Base current for both
transistors flows from positive 20 volts through
Ri114 and Ry13 to negative and both_transistors con-
duct. With Q110 turned on, positivé 20gvelts appears
across Ry17-

With the application of /a sine,wave voltage to
terminal 4 and 19 of the amplifier/and keying board,
on the positive half cycle ofithe voltage the base of
transistor is more positive,than the emitter and
Q107 does not conducty On the negative half cycle
of sine wave voltage,, the base is more negative than
the emitter and®Qjo7%conducts. Turning Q107 on
applies positive 20 v6lts to Ry13 to cause Q108 to
turn off. This causes Q110 to turn off such that
negative potential is applied to Rj117. Hence, on
alternate ‘hailf eycles of sine wave voltage, negative
voltage appears across Rj17. The voltage across
thisfresistor is thus a square wave voltage ranging
from»20 volts d.c. to zero volts d.c. depending upon
the, polarity of the voltage from the phase delay
circuit.

Amplifier 2 is the same as amplifier number 1
except for the additional stage of Q120. The output
voltage from the amplifier appears across Ri140. By
applying the same analysis of amplifier 1 to ampli-
fier 2, the output voltage across Rj4Q is a square
wave voltage of the reversed polarity than that
across R117.

3. Remote Squaring Amplifiers

For two terminal lines there are two remote
squaring amplifiers in the SKBU relay. One amplifier
is to connect the space output of the tone receiver
to the SKBU while the other is to connect the mark
output of the tone receiver to the SKBU. The space
squaring amplifier consists of transistor Q151 on the
supervision board, and Q111 on the Amplifier and
Keying board. The Mark remote squaring amplifier
consists of Q119 and Q120 on the Amplifier and
Keying board.

The remote amplifiers are in one of three states:

1. Loss of channel state
2. Receiving space frequency only

3. Receiving alternate half cycles of space and
mark frequency.
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For a loss of channel, the tone receiver clamps
its output to a mark condition. The space output
from the tone receiver is zero with respect to posi-
tive 45 volts. This means that transistor Qigp is
not conducting. Base drive to transistor Q111 is
provided from positive 45 volts through R122 to
negative. Q111 is turned on to provide a positive 20
volts across Rj91. When the channel is in service
and the receiver is in a space condition, transistor
Q151 turns on. This applys positive 45 volts through
resistor R123 and diode D102 to R122. The potential
of the base of transistor Q111 is raise higher than
its emitter. Hence, transistor Q111 stops conducting
and the voltage across Ryg1 is zero. For the condi-
tion where the tone receiver is receiving pulses,
transistor Q151 turns on and off every half cycle of
power system frequency. Transistor Qi11 turns on
and off for the same half cycle and the voltage
across Rjg1 is a square wave voltage varying from
20 volts to zero.

The output of the mark remote squaring ampli-
fier is the same as the space remote amplifier ex-
cept that it operates off of the mark output of the
tone receiver. The voltage is across R149.

For either internal or external fault conditiohs
the outputs of both remote squaring amplifiers are
square wave voltages. Both voltages varygfromizero
volts to approximately 20 volts and are out ofgyphase
with each other, i.e., when one voltageg#ishat zero
volts the other voltage is at 20 volts.

4. AND Circuits

There are two AND circuit§ forycomparing the
phase relationship of the Qutputs,of the local and
remote squaring amplifiers. “One. AND circuit com-
pares the Space signal with the output from ampli-
fier number 1. The second AND circuit compares
the Mark signal with ghe output of amplifier number
2. Since the local signals) are always 180 degrees
out of phase with each other and the remote signals
are always 4180 sdegrees out of phase with each
other, a changefin phase angle of one signal with
respect to the otherdwill allow one AND to trip.

Other inputs are shown into the AND circuits
and these inputs are to clamp the SKBU in a non-
operative state for noise conditions, and loss of
signal.

The other AND circuits shown in the Fig. 2 are
for the purpose of energizing the transient unblock-
ing  circuit under the condition of an external fault
followed by an internal fault.

5. Output
A. 4/0 Millisecond Time Delay

The 4/0 time delay consists of R315, Cg3ps.
R317, R318, and R319. The charging path to nega-
tive for capacitor C3pg is either through D215 and
Rogp1 or through D216 and Rog9rof the AND circuit.
By maintaining a constant twenfy Wolts on terminal
6 of the output board Capaecitor €gn5 can not charge
up and keeps base of Q8@s, ofdthe flip-flop at posi-
tive potential.

Under external, faultteonditions, the square wave
voltages from the remete squaring amplifiers and the
square wave voltages from the local squaring ampli-
fiers are out “of, phase such that a continuous 20
volts (pogitiveysignal) is received at terminal 6 of
the etput’b@ard. The output from local 1 and remote
3 areYoutyof‘phase to prevent tripping on AND #1
and _the“outputs from local 2 and remote 4 are out of
phase to¥prevent tripping on AND #2. C3g5 does not
chargejand transistor Q3p5 can not turn on.

Under internal fault conditions, the output volt-
age from one terminal of the sequence filter is 180
degrees out of phase with respect to its external
fault polarity. This changes the polarity of amplifier
#1 and amplifier #2 such that their outputs are in
phase with the remote signals. This means that AND
#1 has a half cycle of negative voltage and that
AND #2 has a half cycle of negative voltage. The
period of each negative voltage will be 180 degrees
out of phase with each other. Capacitor Cggpg will
charge up on the first negative voltage regardless if
it is AND #1 or AND #2. After a calibrated time
delay of 4 milliseconds, the voltage across Cj3ps,
which is applied to the base-emitter of transistor
Q305 in the flip-flop circuit is sufficient to allow
Q305 to conduct.

B. Flip-Flop

The flip-flop circuit consists of transistors Qgqj5
and Q306 and associated components. Under normal
conditions, transistor Q305 is in a non-conducting
state, and transistor Q3pg is fully conducting. The
base of transistor Q3pg is held well below its emit-
ter potential by means of the voltage divider con-
sisting of resistors R325, R326, D305, and R327.
With this bias, transistor Qggg is held in saturation
and the flip-flop is desensitized so that even if
transistor Q305 turns on, transistor Q306 does not
turn off. This desensitizing circuit is an arrange-
ment to prevent inadvertent operation of the flip-
flop in the presence of surges on the d-c system. As
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long as Q306 is conducting, its collector is at high
enough positive potential such that transistor Qgqg7
in the tripping amplifier cannot turn on.

Upon the occurrence of an internal fault, positive
45 volts d-c is applied from Q54 (FD) to terminal 18
of the Output board. This removes the desensitizing
bias from transistor Q306 by making the potential of
the junction of resistor R397 and diode D35 greater
than the 20 volt supply for the flip-flop circuit.
When this occurs, there is no current flow through
resistor Rgog and diode D3ps5, and the flip-flop is
now ‘‘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 poten-
tial across capacitor C3gg 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 R399 and R328 drops to a relatively low
value. When this occurs, there is sufficient voltage
across the base-emitter circuit of transistor Q3g7 in
the trip amplifier to cause it to turn on.

C. Trip Amplifier

When transistor Qgg7 is turned on by operation
of the flip-flop, base current flows from positived20
volts through Zs3p5, the emitter-base junctien, of
Q307. and the resistors R3og and R399 to negative:
The collector current of transistor Q307 /flows
through R330 and the base-emitter junction offeutput
transistor Qgpg. The collector of Q308 isg€onnectéd
to positive 45 volts d-c through Rgg3 and thg AR
coil of the relay board. Collector currentythuS*flows
from positive 45 volts d-c through the AR cail, Rgg3
to transistor Qzpg, hence, the AR, opetates to trip
the breaker.

D. Transient Blocking

When Q54 (FD) turnsios, positive 45 volts is
applied to terminal 48 ofythe“@atput board, and ener-
gizes the transient bloekingdeircuit. Base current is
supplied to transistor Q3gg through resistor, R3qs5.
and Zener diode, Z3gg4Transistor, Q3p2, turns on
to connect the base of transistor, Q3g3, to negative.
Q303 stops conducting and capacitor C303 starts to
charge. When the charge on capacitor Cggg is suffi-
cient to cause the breakdown to Zener diode Z303,
it turns “en™transistor Q304. This provides a con-
ducting“path, from the base circuit of transistor Qgpg
ingtheWflip-flop, diode D3pq, the resistor R3o4, and
thefcollector emitter circuit of transistor Qgpq to
negative. This occurs after a time delay of 20 to 30

milliseconds and provides a path to apply a ‘‘desen-
sitizing’’ bias to transistor Q3pg in the flip=flop:
Thus, the transient blocking circuit allows 20, to 30
milliseconds after the operation of FD for the“flip-
flop to operate and energize the output of the relay.
If tripping does not occur in this time, as duging an
external fault, the operation of the transient blocking
circuit desensitizes the flip-flop t@ prévent undesir-
able operation during ‘transients associated with
power reversals on the profeetivepline or at the
clearing of an external fault. The'transient blocking
circuit is cancelled either by ED resetting or by
the operation of the transieémt unblocking circuit.

E. Transient Unblogking

If an internald, fault occurs before an external
fault is cleared, /high speed tripping is obtained.
The squatejwave output from the local and remote
squaring amplifiers change from an out-of-phase
conditionmgto %an in-phase condition. As a result,
negativeipotential is applied to the transient un-
blocking, circuit at terminal 9 of the Output board.
Zener diode Zgg; breaks down and base current
flows through Z301, emitter-base of Q3p1, resistor
R3p3Ww diode D302, and D3p1, resistor R13p, and
through the conducting transistor, Qgzpq, to nega-
tive. Transistor Q3pp turns on to apply positive
potential to resistor, R309. Base current then flows
through resistor R3p9, to turn on transistor Q3q3.
Capacitor, Cgg3, will be rapidly discharged to re-
move the potential from the base of transistor, Qgp4.
Transistor Qgqpq turns off to interrupt the desen-
sitizing circuit from the base of transistor Qgpg.
When this happens, the flip-flop will then be able
to operate to provide an input to the trip amplifier.

6. Supervision Board

The circuits on the supervision board includes
the auxiliary functions of the SKBU relay. The cir-
cuits on this board varies depending on the applica-
tion of the relay. In general though, this board con-
tains a loss of channel timer, relay operation timer,
and noise clamp.

A. Loss of Channel (25/1.5 Timer)

With a serviceable channel either a space fre-
quency or an alternate space mark frequencies are
received from the tone equipment. Under this con-
dition, Q151 of the supervision board is either
turned on or is turned on and off. With Qg turned
on, base current is supplied to transistor Q159 and
transistor Q159 conducts. The collector of Q1592 is
thus at negative potential and capacitor Cyg51 can
not charge.
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If the channel is not serviceable, the tone re-
ceiver is clamped into a mark condition and the
space output is zero. Transistor Q57 does not turn
on under this condition and base drive is not sup-
plied to transistor Qp59. Transistor Qi52 turns off
to apply positive potential to capacitor C151 through
resistor Ry57. After a 25 millisecond time delay,
capacitor Cyg57 charges sufficiently to breakdown
Zener diode Zjg57. When Zj5) breaksdown, base
drive is supplied to transistor Q53 and Q153 turns
on. This connects the collector of Q53 to negative
potential which allows base current to flow in tran-
sistor Q154 through Ri59. This turns on transistor
to apply positive voltage to Rig3. This voltage is
then applied to both AND circuits to lockout the
SKBU relay and to the Alarm circuit. Base current
is supplied to transistor Q1g5 through Di1g4 and
resistor, Rqgg. This turns on transistor Q1gs5, which
connects its collector to negative potential. As a
result, the base drive to transistor Q;gg is shorted
to negative and transistor Q;gg turns off. Turning
Q166 off interrupts coil current to the Al coil on the
relay board and the alarm drops out to close its
contacts.

Under the condition of alternate mark andgspace
outputs from the tone receiver, transistor’'Qqgp is
turned on and off every 8.3 milliseconds (halffcycle
of power system frequency). Every half c¥ycle,“eapa-
citor Cy51 starts to charge but on the next half
cycle Qp59 turns on to discharge capagiter, C151-
The charging time is not sufficient,to (allow capa-
citor C151 to breakdown Z1571.

B. Fault Detector Operation (2.5 Second Timer)

When the fault detector operates, positive 45
volts d.c. is applied tothe basé of transistor Qg3
through diode D59 andresistor Rygq. This turns on
transistor Qg3 to .applymnégative potential to the
emitter of Q;g3. Thig shorts the base current into
transistor QqgaWandjturns Qg4 off and capacitor
C153 start§ charging through resistor Rjgjp. After
2.5 seconds, the voltage on Cy53 reaches a value to
breakdown “Zy53.4This puts base current into tran-
sistor Q g5 to turn Qg5 on. The base drive to tran-
sistor Qgg is shorted to negative and Qjgg turns
off. This interrupts the coil current to the alarm unit
to @ause this unit to drop out and close its contacts.

C.3Noise

The AM squelch interface of the SKBU relay
consists of transistors, Q167., Q168. Q169 and asso-
ciated components. Under normal conditions, the

output from the AM squelch of the tone '¢hannel is
zero. As a result, transistor Qg7 is ot conducting
and base current is not supplied to transistor Qgg.
Transistor Q1gg is turned off and its collector is
held at positive potential to prevent base current
from flowing in transistor Q;g9. Q169 is turned off
and negative voltage (across Rggq) is applied to
the AND circuits under,this condition.

Under noise conditionS;ythe AM squelch of the
tone equipment provideswa negative output with
respect to positive 45 4volts d.c. This negative
voltage allows transistor Qg7 to turn on and pro-
vide base currentio_transistor Qpgg through resistor
Rgpp. Thisfturns, transistor Q168 on and connects
its emitter to, negative potential. Base current then
flows i transistor Q19 through Rgga to negative
and, Qpggf turns on. This applys positive potential
to resistoraR904 to provide positive noise voltage to
the ANDWcircuits. This positive input locksout the
SKBWU,relay until the condition of the channel equip-
ment, are normal.

D. Static Distance Fault Detectors

Where static distance fault detectors are used to
supplement the SKBU relay, these fault detectors
are connected into the SKBU relay through diodes
D53, Di54, and Dy55. The circuit used in this con-
nection consists of transistors Qis9, Q160, Q161.
Q162 and associated components.

Under normal conditions the static relay shorts
the base of transistor Q;59 to negative. Q159 does
not conduct and its collector is at positive potential.
Base current is then applied to transistor Qpgq
through resistor Ryj77 and Q60 turns on. With Qg0
turned on, the base of Qg is at negative potential
and transistor Qg1 does not conduct. Since Qg1
is in a non-conducting state, transistor Qg9 has no
base drive and is not conducting.

When a static distance fault detector operates,
base drive is applied to transistor Q159 through
resistor Ry74. Transistor Q;59 turns on to short
the input to the base of transistor Q;gg. Transistor
Q160 turns off to allow base drive into Qg1 through
resistor Rygg. Transistor Q161 turns on to connect
the base of transistor Qg2 to negative through re-
sistor Rygi. Transistor Qg2 then turns on and 45
volts d.c. is applied to the 2.5 second alarm timer
and the arming circuit of the SKBU relay.
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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 fault detector FFD. The taps available are 3, 4, 5,
6, 7, 8, and 10 and are on the primary of the satur-
ating transformer. For distance fault detector appli-
cations, the user should reset the fault detector for
a pick-up of twice tap value.

For phase-to-phase faults AB and CA, enough
negative sequence current has been introduced to
allow the fault detector 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 pick-up current for dif-
ferent phase-to-phase faults is fundamental, and
occurs because of the angles at which the positive
and negative sequence components of current add
together.

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 a minimum fault current,
yet not operate under load. For these cases, @ t@ap
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 at90 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 percemtwof tapy value. In
some cases, it may be desirable to\leliminate re-
sponse to positive-sequencegeurrent’ entirely, and
operate the SKBU relay on négdtive-plus-zero se-
quence current. A tap is“available to operate in this
manner. The fault defector pieks up at tap value for
all phase-to-phaseffaults, but is unaffected by bal-
anced load current or‘three-phase faults.

For ground faults, separate taps are available
for adjustment of the ground fault sensitivity to
about 1/4 oryl/8 of the left-hand tap plate setting.
See Tablewmll. ) For example, if the left-hand tap
plate ofythe) SKBU relay is set at tap 4, the fault
detectot) pick-up current for ground faults can be
either™l, or 2 ampere. In special applications, it
may,.be, desirable to eliminate response to zero se-

quence current. The relay is provided with a tap to
allow such operation.

Operating Time: 12 to 20 Milliseconds

2.5 Seconds for Relay Oper-
ation

Aiarm Time:

25 Millisecondsgfon Loss of

Channel
Transient Blocking
Time: 20 to _30’Milliseconds
Transient Unblocking
Time: 20 to"80fMilliseconds
Ambient Temperature
Range: —20°C to +50°C
Drain on
Regulator: 0.27a. at 45V. D.C.
Dimensions; Panel Height 8% Inch or 5

Rack Units
Panel Width 19 Inch

ENERGY REQUIREMENTS

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

PHASE A PHASE B PHASE C
Relay
Taps VA Angle VA Angle | VA Angle
A-F-3 2.4 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 0e° 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.

PHASE A PHASE B PHASE C

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

SETTINGS

The SKBU relay has separate tap plates for ad-
justment of the phase and ground fault sensitivities
and the sequence components included in the net-
work output. The range of the available taps is suf-
ficient to cover a wide range of applications. The
method of determining the correct taps for a given
installation is discussed in the following paragraphs.

In all cases, the similar fault detectors on the

relays at both terminals of a line sectiom, must be
set to pick-up at the same value of linefcurrent. This
is necessary for correct blocking during faults ex-
ternal to the protected line section.

SEQUENCE COMBINATION TAPS

The two halves of thefright=hand tap plate are
for connecting the seqiencesnetwork to provide any
of the combinations described“in the previous sec-
tion. The upper halffofhthe@tap plate or Ry taps
changes the tap on thefthird winding of the mutual
reactor and thus changes the relative amounts of
positive and ne@ative)|sequence sensitivity. Opera-
tion of the relay with the various taps is given in
the table ongthe next page.

TABLE |
comp. | SEQUENCE COMPONENTS TAPS ON RIGHT HAND FAULT DETECTOR PICK-UP
: IN NETWORK OUTPUT TAP BLOCK
R 3¢ FAULT ¢ -¢ FAULT
1 Pos., Neg., Zero (@) G or H # Tap Value 86% Tap Value
(53% on BC Fault)
2 Pos., Neg., Zero B 4# Gor'H 2 x Tap Value 90% Tap Value
(65% on BC Fault)
3 Neg., Zero A "B "Gor H —_— 100% Tap Value

# — Taps F, G, and H are zero-sequdence,taps for adjusting ground fault sensitivity.

See section on zero-sequence current,tap.

- —When taps A and 3, or B,and 3W%are used, the relay pick-up currents for FD will be 10 to 15 percent higher
than the indicated valueshbecause of the variation in self-impedance of the sequence network and the saturating

transformer.

POSITIVE-SEQUENCE CURRENT TAP

The left-hand“tap plate, T, has taps of 3, 4, 5,
6, 7, 8, and 10, whieh represent the three-phase,
fault detéctordpick4ip currents, when the relay is
connected for‘positive, negative and zero sequence
output. For distance fault detector applications, the
user should reset the SKBU fault detector for a
pick-up of twice tap value.

The) T, Rg, and Ry taps 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 channel is to be used for
auxiliary functions. The dropout current of the fault

detector is 90 percent of the pick-up current, and
this factor must also be considered in selecting the
positive-sequence current tap and sequence compon-
ent combination. The margin between load current
and fault detector pick-up should be sufficient to
allow the fault detector to dropout after an external
fault, when load current continues to flow.

ZERO-SEQUENCE CURRENT TAP - Rg TAPS

The lower half of the right-hand tap plate (Rg
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
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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
gequence network, there will be small variations
(from the values listed in Tables I and I) in the
pick-up current for various phase or ground fault
combinations.

TABLE 11
Ground Fault Percent of T
Comb. Ry Tap Pick-Up Tap Setting
TAP G TAP H
1 C 25% 12%
B 20% 10%
3 A 20% 10%

SETTING PRINCIPLES

Tap C provides the best balance between 3
phase and phase-to-phase fault sensitivity. Always
use this tap where distance fault detector super-
vision is used. Where only the SKBU fault detector
is used and where the full load current (maximum
through any terminal) is approximately five amperes
or more, tap B will provide increased phase-to-phase
fault sensitivity with little or no sacrifice in%43
phase fault sensitivity. For example, if a left-hand
tap (T) of 6 is needed with tap C (6C), then (use a
3B setting instead.

Use tap A only where satisfactorygunbalanced
fault sensitivity cannot otherwise bef obtained and
where other protection is available“for 3 phase
faults, since with tap A no 3 phase“fault protection
is available.

In all cases provide identical response at all
stations to insure adequate keying voltage from the
filter for any fault detectomby rémote-end relay. That
is, the taps should begidentical with identical CT
ratios, or inverselypproportional to CT ratios where
different.

After selecting tap C or B, pick the T tap to al-
low reset of the fault detector in the presence of
load flow_that is, fault detector pick-up should be
at least T11Wpercent of full load current (maximum
through any terminal).

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

10

For distance fault detector applications, set
3C to provide the maximum sequence-filter voltage
for the squaring amplifiers. The SKBU 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 #aults
which do not operate the SKBU faultydetector will
be detected by only the supplementary, distance
fault detectors (not part of SKBU relay).

EXAMPLE

Assume a two-terminal lime “with current trans-
formers rated 400/5 at b6th terminals. Also assume
that full load currentgis, 300" amperes, and that on
minimum internal phase-to-phase faults 2000 amperes
is fed in from oneypendyand 600 amperes from the
other end. Further assume that on minimum internal
ground faults),400( amperes is fed in from one end,
and 100 amperesyfrom the other end. No distance
fault deteétors are employed.

POSITIVE-SEQUENCE CURRENT TAP
Secondary Values:

Load Current = 300 XWSO = 3.75 amperes (1)

Minimum Phase-to-Phase Fault Currents:

5 _
600 XW— 7.5 amperes (2)
Fault detector setting (three phase) must be at

least:

3.7 4.7 amperes 0.9 is dropout ratio of
0.9 ~fault detector fault so that the fault
detector will reset onload current. (3)

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

7.5 X

1
= 8. 4
0,87 8.7 amperes (4)

SEQUENCE COMBINATION TAP

From a comparison of (3) and (4) above it is
evident that the fault detector can be set to trip
under minimum phase fault conditions and yet not
operate under maximum load. From (3) we can select
tap 5 (T). In this case, also select tap C (Rq). How-
ever, if more margin is desired over load current,
instead of setting 6C, use 3B for improved phase-
to-phase fault sensitivity.
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ZERO SEQUENCE TAP

Secondary Value:

100 x—5: 1.25 amperes minimum ground fault
400
fault current

With T, tap 3 and R1, Tap 8 in use, the fault
detector pick-up currents for ground faults are as
follows:

Tap G 0.2x 6 =1.2 ampere

Tap H 0.1 x 6 =0.6 ampere
From the above, tap H would be used to trip the
minimum ground fault of 1.25 amperes.

INSTALLATION

The SKBU relay is generally supplied in a cab-
inet or on a relay rack as part of a complete assem-
bly. The location must be free from dust, excessive
humidity, vibration, corrosive fumes, or heat. The
maximum temperature around the chassis must not
exceed 55°C.

ADJUSTMENTS AND MAINTENANCE

NOTE: The SKBU relay is normally supplied as part
of a relaying system, and its calibrationmyshould 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 fellowed when
the relay is received as an integralipart of the relay-
ing system.

In those cases where"the SKBU relay is not a
part of a relaying system, the following procedure
can be followed to vepify that the circuits of the
SKBU relay are funetioning properly.

TEST EQUIPMENT:

Qscillgscope
A.CCurrent Source
Electronic Timer
A.C. Voltmeter
D.Cs Voltmeter

P

ACCEPTANCE TEST

Connect the relay to the test circuit of Fig. 6
which represents the tone channel for test purposes.

Open all test switches of the test circuit and

connect a 60 cycle test current between terminals 3
and 4 of the relay. Set relay taps on_@yand,H and
remove T tap screw.

1. FILTER OUTPUT

a. Connect a high resistance®a-c voltmeter
across common of Tgtap block and the com-
mon of Ro tap block!

b. Pass 3.44 ampefés, 60pcycles into terminal 3
and out terminal 4 ofrrelay. Voltmeter should

read betweén, 0.795¢Vvolts and 0.85 volts a-c.

2. FD PICK-UP"AND DROPOUT

a. Set relay taps 5, C and H. Open all switches
offtest citcuit.

b-3Connéct a high resistance d-c voltmeter
acress X22 and X4 (Neg.)

e. Apply 60 cycle current to terminals 3 and 4
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
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 and should
occur at 90% of the pick-up current.

3. CHECK OF LOCAL SQUARING AMPLIFIERS

a. With all switches of test circuit open, apply
5 amperes a.c. to terminals 3 and 4 of the
relay.

b. Place scope probe across X12 and X4 (grd).
A square wave of voltage should appear
across X12 and X4 as shown in Table III.

c. Place scope probe across X15 and X4 (grd).
A square wave of voltage should appear a-
cross X15 and X4 as shown in Table III.

d. If scope has two traces, connect one probe
to X12 and second probe to X15. Connect
grd. of scope to X4. The phase relationship
of Table III should be observed.

4. CHECK OF KEYING CIRCUIT

a. With all switches of test circuit open and 5

11
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amperes a.c. applied to terminal 3 and 4 of
the relay, with scope check voltage across
X14 and X4 (grd).

b. Waveform shown in Table III should be ob-
served.

5. CHECK OF REMOTE SQUARING AMPLIFIERS

a. Close switches A, B, and C of test fixture.
(If three terminal application E and F should
also be closed).

b. Apply 5 amperes a.c. to terminals 3 and 4 of
the SKBU relay.

c. Using scope with grd. lead on X4, check
waveshape of voltage across X9 and then
X11. (For three terminal lines, check X16
and X13 also). Waveforms of Table III (Fig.
T7) should be observed.

d. If scope has two traces, connect one probe to
X9 and the other on X11. Connect grd. to X4.
With scope set on chopped, the phase rela-
tionship of Table III should be observed.
(For three terminal lines the phase relation-
ship of X16 and X13 should be observed)4

6. SETTING OF S5 AND $6

12

a. Set S5 to minimum resistance and S6 to maxi-
mum resistance (fully clockwise).

b. Set switch L to external fault and close
switches A, B, and C of thegtesg, circuit.
Apply 5 amperes a.c. to terminals 3 and 4 of
the SKBU relay. (Switches E and Fishould be
closed on three terminal applications.)

c. Place scope across XlOgandwX2 (grd). Adjust
S5 until following wavefermfappears on scope.

Two Terminal Three Terminal
Line Line

Zerg Line /

4 m,’s. each
(dppreximately)

These two intervals equal

d. Close switch™H and adjust S6 until AR trips.
This sets the triggering of the flip-flop after
a 4'‘millasecond delay.

e. Slowly increase S5 to obtain the following
wayveform. This will be with S5 at or near
minimum resistance.

Minimum Pips may point

up as shown

or down ﬂ

7. TRANSIENT BLOCKING DELAY

a.

Connect electronie, timer» stop to X7 and X4
(grd). Set timergstop ‘onfnegative going pulse.

Connect timer start to timer start contacts of
switch H./Set timer to make.

ApplyWS“amperes a.c. to terminals 3 and 4 of
the,SKBU relay.

Close“switch H (all other switches should be
open). Measure time for voltage to drop from
20 volts to approximately =zero volts. This
should be between 20 to 30 millisecond. Take
average of ten readings.

8. CHECKOF TRANSIENT UNBLOCKING CIRCUIT

a.

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 C. Set L on internal fault, and open
other switches of test circuit.

Apply 5 amperes a.c. into terminal 3 and 4 of
the SKBU relay. Close switch A.

Close switch H and then switches E and F
for a three terminal line. After a short pause,
close switches B and C simultaneously.
Timer should start and should stop after a
time delay.

Check timing several times by first closing
switch H, pausing to let transient blocking to
occur, and then closing switch B and C.
Time should be 20 to 30 milliseconds. Mea-
sure average of 10 trials.

9. LOSS OF SIGNAL TIMER

a. With electronic timer stop connected to X20

and X4 (grd), set timer stop on positive pulse.
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b. Connect timer start to start contacts of switch
C. Set time start to break.

c. Close switch C. Alarm relay should pick-up.

d. Open switch C. Timer should start and should
stop after 23 to 27 milliseconds.

e. If a three terminal application repeat above
except use X18 and switch F for timing func-
tion.

10. ALARM ON RELAY OPERATION (2.5 Seconds)

a. With electronic timer stop connected to X20
and X4 (grd), set timer on positive going
pulse.

b. Connect timer start to contacts of switch H.
Set timer start on break.

c. Apply 5 amperes a.c. to terminals 3 and 4 of
SKBU relay.

d. Close switch H. Timer will start and should
stop after 2.3 to 2.7 seconds.

11. CHECK OF PROTECTIVE RELAY INTEREACE

CIRCUIT (Where Used)

a. Connect d.c. voltmeter acrossé X8, and X4
(neg). Voltage should be 9 to 15 valts.

b. Close switches A, B,C, H of test circuit.
Set L on internal fault,“¢On“these terminal
line applications closegE and“F also).

c. Close switch I of test circuit.

1. Voltage should change to approximately
20 volt.

2. AR relay Wwire operate.

3. Alarmprelay should drop out after a time
deldy.

4. Repeat step C except wire switches J and
K. Some results should occur. Only one
stwitch either I, J, or K should be closed
at a time.

12, CHECK OF AM SQUELCH CIRCUIT

a. Connect d.c. voltmeter across X17 and X4
(neg). Should read zero volts.

b. Close switches A, B, C, and H of\ test cir-
cuit. For three terminal applicatien close
switches E and F also. Set "L on/internal
fault.

c. Close switch D. Voltage shéuld change to
20 volts.

d. Apply 5 amperes“a.c. tofterminal 3 and 4 of
the relay. AR relay should not operate.

e. Open switchyD. ‘ARfrelay will operate.

f. For three teérminal line repeat steps C, D, and
E exc¢ept use switch G.

ROUTINE MAINTENANCE

Allycontacts should be periodically cleaned. A

contaet burnisher S#182A836H01 is recommended.
The use of abrasive material is not recommended
because of the danger of embedding small particles
inithe 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. 6.

1.

SEQUENCE FILTER

To calibrate the sequence filter, the top cover
must be removed and the following procedure
used: Remove the T tap screw and insert the tap
screws in tap C and H of the R; and Ry taps.
Pass a single-phase current of 10 amperes, rated
frequency through the reactor coils in series from
phase B to phase C (relay terminals 4 and 5).
Accurately measure the a-c voltage from terminal
3 to the common of the T tap plate. This voltage
should be between 3.7 and 4.1 volts. Now pass
10 amperes from terminal 3 to terminal 4 with
tap screw C removed, and connect voltmeter from
terminal 3 to the right-hand (front Ry view) ad-
justable point of the formed resistor. Adjust this
point to give a voltage 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 all of formed resistor. Measure this voltage
from terminal 3 to the intermediate tap.

13
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2. PHASE SPLITTER
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If replacement of the fault detector board or major
component on the board necessitates a complete
recalibration, proceed as follows:

a. Set relay taps 5-C-H.
b. Set S1 to full clockwise position.
c. Set S2 to mid-scale.

d. Pass 4.33 amperes through relay terminal 3
to terminal 4.

e. On fault detector board, check the a-c volt-
age from TP51 to TP52 and from TP52 to
TP53 with a VTVM. Adjust the small pot.
R53 on the fault detector board until these
two voltages are equal.

f. Close all switches of test circuit and con-
nect VITVM across X22 and X4 (Neg.).

g. Slowly turn S1 counterclockwise, with 4.33
amperes flowing, until FD operates as indi-
cated by a change in voltage reading from
approximately zero volts to 45 volts d-c.

h. Reduce the a-c current to check FD dropout.
Adjust S2 to obtain 90 percent dropout (3.89
amperes). Dropout is indicated by a change
in voltage reading from approximately 45%volts
to 0 volts.

i. Recheck F'D pick-up and dropout,“and touch
up S1 and S2 in that order for the correct cal-

ibration. Tighten the locking device:

TRIPPING RELAY (AR)

The type AR tripping reldy unit has been properly
adjusted at the factéry tojinsure correct operation
and should not bé disturbed after receipt by the
customer. If, however, the adjustments are dis-
turbed in error,“ef it becomes necessary to re-
place some part indthe field, use the following
adjustment procedure. This procedure should not
be used until it is apparent that the AR unit is
not in préper working order, and then only if suit-
able teolshare available for checking the adjust-
ments.

a. Adjust the set screw at the rear of the top of
the frame to obtain a 0.009 inch gap at the
rear end of the armature air gap.

b. Adjust each contact spring to obtain 4 grams
pressure at the very end of the springy This
pressure is measured when theyspring moves
away from the edge of the slotgin‘the insula-
ted crosspiece.

c. Adjust each stationary contaet screw to ob-
tain a contact gap 4ef 0,020 inch. This will

give 15-30 grams contactypressure.

CHECK OF SOLID-STATE CIRCUITS

Perform test liSted under ‘‘Acceptance’’ tests to
verify that the/ SKBU relay is functioning cor-
rectly.

TROUBLE, SHOOTING PROCEDURE

To trouble shoot the equipment, the logic dia-

gram of either Fig. 3 or 4, voltages of Table III,
sheuldibe used to isolate the circuit that is not per-
forming, correctly. The schematic of either Fig. 1 or
2,0and the voltages of Table IV should then be used
to isolate the faulty component.

1.

TABLE 1V

VOLTAGE MEASUREMENTS OF PRINTED
CIRCUIT BOARD

FAULT DETECTOR BOARD

D-C Voltages — positive with respect to nega-
tive d-c (terminal 8 of board).

la.c. =
Test Point lg.c. =0 2x FDp.u.
Terminal 14 45.0 V. D.C. 45.0 V. D.C.
TP 56 14.5 less than 1
TP 57 less than 1 14.5
TP 58 45 less than 1
Terminal 15 FD less than 1 45
TP 52 — TP 51 less than 1 18 V. A.C.
approx.
TP 52 — TP 53 less than 1 17.8 V. A.C.
approx.
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2. AMPLIFIER AND KEYING

D-C Voltages — positive with respect to nega-
tive (terminal 8 of board). O
Test Point Normal Fault
Terminal 4 20 20 RENEWAL PAR'I%
TP 101 20 10 . ) .
TP 102 20.3 19.8 Repair work can %st satisfactorily at
TP 103 less than 1 10 the factory. However, i geable parts can be
Terminal 3 less than 1 9.8 furnished to the c% who are equipped for
doing the repair work n ordering parts, always
3. OUTPUT BOARD give the complet a ate data. For components
mounted on t rin circuit board, give the cir-
D-C Voltages — positive with respect to nega- cuit symbo electrical value (ohms, mfd,
tive (terminal 8 of board). etc.) and ponent style No.
Test Point Normal Fault
TP 302 19.5 19.0

TP 301 10 8.5
Terminal 14 20 19.0

15
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ELECTRICAL PARTS LIST

Circuit Symbol

Description

Westinghouse Style No:

FAULT DETECTOR BOARD

Capacitor
Cb51 0.10 MFD 1544920
C52-C55 0.5 187A624H11
C53 0.25 187TA624H02
Cb54 1.5 187A508H09
Diodes
D51 to D56 1N459A 184A855H08
D57 to D59 1IN457A 184A855H07
Transistors
Q51-Q52 2N697 184A638H18
Q53 2N699 184A638H19
Q54 2N 2043 184A638H21
Resistors
R51 50 Ohfm, SW 185A209H06
R53 2.5K Ohm, Pot. 629A430H03
R54 247K @hm,” LW 629A530H42
R55-R73-R78 10K(Ohm, %W 629A530H56
R60 12K“@hm, '2W 184AT63H53
R61 .22 Meg. Ohm, %W 184AT763H83
R62-R64-R68 10K Ohm, %W 187A641H51
R63 .1 Meg. Ohm, LW 187TA641H7T5
R65 68K Ohm, LW 187A641HT1
R66 100K Ohm, '2W 184AT63HT5
R67 39K Ohm, %W 187A641H65
R69 1K Ohm, %W 187TA641H27
R70 6.8K Ohm, %W 187A641H47
Zener Diodes
Z51 1IN1832C 184A617THO6
252 IN957B 186AT9THO6
Z53 IN1789 584C434H08
SUPERVISION BOARD
Capacitor
C151-C152 4.7 MFD 184A661H12
C153 68 MF'D 187A508H02
Diodes
D151 to D466 IN457A 184A855H07
Transistors
Q1514Q155:Q162-Q167 2N 2043 184A638H21
Q152%Q153°Q156-Q157-Q163-Q1 65-Q168 2N697 184A638H 18
Q154-Q158-Q169 2N1132 184A638H20
Q159-Q160-Q164 2N696 T62A585H01
Q161-Q166 2N 699 184A6381119

16




TYPE SKBU PHASE COMPARISON RELAY I.L. 41-958:2A

ELECTRICAL PARTS LIST (Cont.)

Circuit Symbol Description Westinghouse Style No.

SUPERVISION BOARD (Cont.)

R151-R153-R155-R156-R160-R161-R164-

R166-R167-R171-R173-R176-R179-R183-

Resistors

R186-R192-R194-R196-R197-R199-R203 10K Ohm, YW 184AT63H51
R152-R162-R182-R189-R198 1K Ohm, %W 184AT63H27
R154-R158-R165-R169-R201 47K Ohm, %W 184AT63H6T
R157-R168 5.6K Ohm, %W 184AT63H45
R163-R172-R204 4.7K Ohm, %W 184A763H43
R159-R170 18K Ohm, %W 184A763H57
R179-R175-R173-R187-R191 33K Ohm, Y2W 184AT63H63
R177-R180-R181-R202 20K Ohm, oW 184AT63H58
R184-R200 100K Ohm, %W 184AT63HT5
R185 68K OHm MawW 184A763HT1
R188 30K Ohm} YaW 184AT63H62
R190 51KyO hm, oW 184AT63H68
R193 12K Ohm, 2W 184A763H53
R195 3.3K\Ohm, %W 184AT63H39

ZenerDiode
Z151-Z152 IN957B 186AT9THO6
Z153 IN3686B 185A212H06

AMPLIFIER ANDKEYING BOARD
Diode

D101 to D107 IN457A 184A855H07

Transistors
Q101 to Q104-Q106 to Q118-Q120-Q122 2N652A 184A638H16
Q105 2N697 184A638H18
Q119-Q121 2N 2043 184A638H21

Resistors
R101-R112-R122-R126-R 128-R139-R144 100K Ohm, %W 187TA641H75
R102 150K Ohm, %W 184AT63HT9
R103 33K Ohm, %W 187A641H63
R104 68K Ohm, 2W 187TA641H71
R105 27K Ohm, %W 187A641H61
R106-R117-R121-R125°R138°R142-R 146 4.7K Ohm, %W 187A641H43
R107-R108-R135-R136-R187 10K Ohm, %W 187A641H51
R109 3.3K Ohm, %AW 184A763H39
R110 6.8K Ohm, %W 187A641H47
R11 5K Ohm, %AW 184AT63H44
R113-R129 180K Ohm, %W 187A641H81
R114-R115-R130=R 131 22K Ohm, %W 187A641H59
R1164R119°R132 47K Ohm, %W 187A641H6T
R118-R120-R 124 470K Ohm, %W 187A641H91
R123-R1272R140-R145 39K Ohm, %W 187A641H65
R133-R134 15K Ohm, %W 187A641H55
R141-R143 1K Ohm, %W 187A641H27

AND BOARD

Diode
D204 to D232 IN457A 184A855H07
Resistors

R203 22K Ohm, %W 184A763H59
R201-R202 47K Ohm, %W 184A641H67
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TYPE SKBU PHASE COMPARISON RELAY

ELECTRICAL PARTS LIST (Cont.)

Circuit Symbol Description Westinghouse Style No.
OUTPUT BOARD
C301 1.5 MFD 187A508H09
C302 0.25 MFD 187A624H02
C303 3.0 MFD 188'A29 3HO6
C304-C306 0.05 MFD 187.A624H08
Cc305 0.22 MF'D 188A293H02
Diodes
D301-D304-D305-D306 1IN457A 184 A855H07
D302-D303 IN91 182A881H04
Tronsistor
Q301-Q305-Q306-Q307 2N652A 184A638H16
Q302-Q303-Q304 2N697 184A638H18
Q308 2N699 184A638H19
Resistors
R301-R303-R309-R310-R313-R324-R325 10K Ohm, %W 187A641H51
R302 120K Ohm, Y5W 187TA641HT7
R304 47K Ohm,¥W 187A640H17
R305 8.2K©hm, W 187A641H49
R306-R#25-R322 4.7K Ohm, %.W 187A641H43
R307-R331 242K ) @hm, %W 187A641H35
R308-R320 6.8K Ohm, W 187A641H47
R311 470'@Hm, LW 187A641H19
R312 470K Ohm, %W 187TA641H91
R314 22K Ohm, %W 184AT763H59
R316-R321-R323 22K Ohm, ¥2W 187A641H59
R317-R328-R332 5.6K Ohm, YW 184A763H45
R318 15K Ohm, %W 187A641H55
R319 Thermistor 1D101 185A211H04
R326-R329 4.7K Ohm, %W 184A763H43
R327 6.8K Ohm, %W 184AT63H47
R330 1.5K Ohm, %W 187A641H31
Zener Diode
Z301-Z303-2305 1IN957B 186AT9THO6
2302 1N965B 186AT9THO8
7304 1N960B 186AT797TH10
7306 1IN1789 584C434H08
RELAY BOARD
Capacitors
C251-C252-C253 0.25 MFD 187A624H02
Resistors
R251-R252 2.2 Ohms, %W 187A641H35
R253 800 Ohms, 3W 184A859H06
Filter-Choke
L251 8.5 HY, 400 Ohm 188A460H01
Alarm
AR Telephone Relay 408C062H07
Trip
AR AR Unit (2NC-2NCQC) 408C845G09
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Westinghouse 1. L. 41-954. 1A
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE SKBU PHASE COMPARISON RELAY
FOR TYPE TC CARRIER CHANNEL

CAUTION: It is recommended that the user of this g&Quipment become
acqualinted with the information in this instructionf/ leaflet before
energizing' the carrier system. If the SKBU relday, isd#mounted in a
cabinet, the cabinet must be bolted down to the floeor or otherwise
secured before swinging out the equipment rack, Tesprevent its
tipping over.

APPLICATION

The type SKBU relay is a hizh speedgearrier relay used in
conjunction with a type TC power linencarrier set to provide
complete phase and ground fault protect®on of a two terminal or
three terminal transmission line.q Sim@ltaneous tripping of the
relays at each line terminal is e@bta@ined in less than twenty-five
milliseconds for all internal faud%s within the limits of the
relay settings. The relay operates on line current only, and no
source of a-c line potentidl is required. Consequently, the
relays will not trip during®a@ swing or out-of-step conditions.
The carrier equipment operatesydirectly from the station battery.

CONSTRUCTION

The type SKBU relay ‘onsists of a combination positive, negative
and zero sequence gurrent network, a saturating transformer, a
20-volt power supplywy, and printed circuit boards mounted on a
standard 19-inch,wide panel, 8-3/4 inches high (5 rack units).

Edge slots are (prowided for mounting the rack on a standard relay
rack. The location of these components is shown in Figures 1 and 2.
The componenfs/’are connected as shown in the internal schematics

of Figures, 3%é@nd L.

Sequencge WNetwoérk

The sequenceg filter consists of a three-legged iron core reactor
and a sethof resistors, R1 and RO. The reactor has three
windings: two primary and a tapped secondary winding, wound 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 (Rl taps). RO consists of three tube resistors with taps
wired to F, G, and H tap connections in the front of the relay.
The Rl resistor is a formed resistor associated with the tapped
secondary of the reactor.

SUPERSEDES I. L. 41-954.1 EFFECTIVE AUGUST 1968
*Denotes change from superseded issue.



Saturating Transformers

The voltage from the network is fed into the tapped primary of a
small saturating transformer. This transformer and a Zener clipper
(on a printed circuit board) connected across its secondary are
used to limit the voltage impressed on the solid state circuits,
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.

Printed Circuit Boards

The number of boards varies with the application offthe 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, 4and ja trip board.
A1l of the circuitry that is suitable for mounting™on printed
circuit boards is contained in an enclosure thiat projects from the
rear of the front panel and is accessible bygopening a hinged door
on the front of the panel. The printed circuit, boards slide into
position in slotted guides at the top andy,bottiom of each compart-
ment and the board terminals engage a termimal block at the rear
of the compartment. Each board and t€rminal block is keyed so that
if a board is placed in the wrong compamtment it cannot be
inserted into the terminal block. A‘handle on the front of each
board is labeled to identify its fumction in the relay.

(1) Fault Detector Board

The fault detector board cont@ins l@asresistor-Zener diode combination,
a phase splitting network, and gwo solid state fault detectors

(FD-1 and FD-2). The contyols{for setting pickup (S1 for FD-2,

S3 for FD-1l) and dropout (S24fo®m 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™Boaf'd

The amplifier and keying board contain a local syuaring amplifier,
a remote squaring amplif9er, an "AND" circuit, and a transmitter
keying circuit. A carrier squelch circuit is also located on the
board.

(3) Output Board

The output board“eontains a 4 millisecond pickup and instantaneous
dropout, timey e¢ircuit, flip-flop circuit, trip amplifier, transient
blocking and unblocking circuit.

(4) Trip Boérd

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

(5)4Card Extender

K card extender (otyle No. 644B315G02) is available for facilitating
circlidt voltage measurements or major adjustments. After withdrawing
any=one of the circuit boards, the extender is inserted in that -
cempartment. The board then is inserted into the terminal block on




I. L. 41-954. 1A

the front of the extender. This restores all circuit connectionsg
and 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

The gKBU carrier relaying system compares the phase /position of the
currents at the ends of a line section over a garrier channel to
determine 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 thehline current. During a
fault, this single~phase voltage energizes the keying circuit to
allow the transmission of carrier on ‘@l®erhate half-cycles of the
power frequency current. Carrier isytramsmitted from both line
terminals in this manner, and is regelwved at the opposite ends
where it 1is compared with the phase¥position of the local sequence
network output. If the local andghmeméte half-cycle pulses are of
the correct phase position for_an internal fault, after a 4 milli-
second delay during the half gyelelin which carrier is not trans-
mitted, tripping will be initiafed through operation of the
flip-flop and trip amplifiéx circuits. Current transformer
connections to the sequence networks at the two terminals are such
that carrier is transmitted en “the same half cycles from both
terminals during a internalf fault to allow tripping during the half
cycle that carrier is nét t¥ansmitted. However, 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 4Germinal during the half cycle when it is
attempting to trip:

The four-millisetond) delay previously mentioned is added to allow
for differencesgimmcurrent transformer performance at opposite
line terminals, 4relay coordination, and momentary interruptions in
carrier caused¥by arcing over of protective gaps in the tuning
equipments.

Since this relaying system operates only during a fault, the
carrier chamnel is available at all other times for the transmission
of other functions.

B. Relay .

ith reference to either Figs. 3 or 4, the three phase line currents
enekgize a sejuence network which gives a single phase output
woltage proportional to a combination of sequence components of the

-3-



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 splitting network A C5%, R54,
R53) and a polyphase rectifier (diodes D51 to D56). The d-e
voltage so obtained requires a minimum of filtering (G53W.and
responds rapidly to a change in magnitude of the a-cfoufput. 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), curreft flows from
positive 45 volts d-c through resistor R72 am@pZener diode Z54 to
negative, holding 55 emitter at 6.8 volts pogitive. In transistor
255, current flows from emitter to base, Then“whrough S3 and R71
to negative, thus turning on J55. ThegcolleCtor current of Q55
provides base drive to transistors )56 ‘an@wi)57, turning them on
also. The voltage drops across W56 and W57 are very low (about
0.5 volts), thus providing the equivallenty,of a closed contact.
When a fault occurs, the d-c voltage “from the polyphase rectifier
is applied to S3 and R71. When thiSpvoltage exceeds the 6.8 volt
drop across Zener diode Z54, transigtor W55 stops conducting.
This removes the base current #£rom 956 and Q57, causing them to
stop conducting, and providirng, tdie equivalent of an open circuit.
With reference to Figure 7, “ghis,open circuit 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 of carrier.

When 56 is cut off, 4tsWYcollector potential rises to about 20
volts. This also furthéx raises the potential of 7155 base through
feedback resistors R75 and S4, thus holding 355 in a non-conducting
state. When the input Woltage (from the polyphase rectifier) is
reduced, FD1 "resets"™Wo allow transistors 155, 1256 and W57 to
conduct. Resistor S3)is for setting the FD1 pickup current
(calibration adjus®tmént), and the setting of S4 determines the 80
percent dropout walue.

b. Fault Detecter 2 (I'D-2)

Under normal conditions, transistor .;,51 has no base "signal" and is
turned off3, The collector of 51 is at a high enough positive
potential to“provide base drive for transistor 452, driving it to
full conduction. .Jith 52 fully conducting there is no base drive
to transistor 53. Jith no 53 collector current, the base of
PllP-type transistor 54 is supplied from the 45 volt source through
the@@rop of D58. Thus, the 454 emitter is normally at a slightly
lower, potential than its base. This condition keeps transistor 454
inya non-conducting state, equivalent to an open circuit. Zener

d¥ode Z3 is to protect transistor )54 from external surge voltages.

-
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When a fault causes the d-c input voltage from the polyphase
rectifier to exceed the 6.8 volt rating of Zener diode 752,
(through R55, and S1) a positive bias is applied to W51 base
causing it to conduct. In turn, W52 stops conducting, and
capacitor C55 charges up, giving a few milliseconds time delay
before )53 and W54 are switched to full conduction, thus "closing"
FD2. The feedback resistors R50 and S2 provide a 90 percent EDZ2
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 ¢igcuit
through Zener diode Z302. Thus, FD2 will "arm" the filip-flop and
energize transient blocking of the SKBU relay.

2. Relay Board

The a-c voltage from the saturating transforméy is"also applied to
the phase delay circuit through a low-pass filter of the relay
board. The low-pass filter (C251, L251,,C252) Femoves the
harmonics from this voltage and applies a wolté@ge that is
essentially sinusoidal in waveform to Q3251 and RZ252 of the phase
delay circuit. By menas of capacitor G2%3swand variable resistor
S5, the voltage across terminals 4 and 9%an be made to lag the
voltage across terminal 10 and 1l byfa™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 tofthe Kefing Circuit
b) Delayed Voltage to ®hefLocal Squaring Amplifier

a. Keying Circuit

Under normal conditons transistor 4102 is turned off. The
collector of 102 is at negative potential which allows base
current to flow from pogitiwe 20 volts d-c through the base of
transistor 1103, thréughytl04 and R102 to negative. Transistor
w103 conducts and positive 20 volts is applied to the collector
of wlO03 to prevent, base current from flowing in 4104. Since 41lO4
is not conducting, ‘Gransistor 105 does not conduct and the
collector of )105¢%s "h€ld at positive potential.

when a fault ogeursy sinusoidal voltage is applied to transistor
2102 from termin@ls 4 and 10 of the relay board. On the positive
half cycle, Herminal 12 is more positive than terminal 4 of the
amplifierfand keying board, and (102 does not conduct. However, on
the negative half cycle of sine wave voltage, terminal 12 is more
negative thanfterminal 4 and base current flows in 102. This
turns Q102 on and applies positive 20 volts to R102. This turns
2103 off which in turn puts negative potential on R106. Q104 then
conducts #0 allow base current to flow into )105. when J105
conducts, its collector is connected to negative potential. Thus,
théseollector of (105 is connected to negative on alternate half
eyelles of the 60-cycle voltage from the low pass filter. If FD-1
18 not conducting, as seen from Fig. 7, turning 105 on and off
every half cycle, shorts the input to the TC carrier set every
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other hall cycle so that carrier is transmitted on the half cycle
when Q105 is not conducting.

b. Local Squaring Amplifier

The shifted voltage from the phase delay circuit is applied towtdie
local squaring amplifier of the SKBU relay. Under non-fault
conditions, Q108 is not conducting and R115 is at negative
potential. As a result, the base of Q109 and 11l is at a lower
potential than the emitter of the transistors. Base cfirpent for
both transistors flows from positive 20 volts throufh R116 and R115
to negative and both transistors conduct. With J1ll ftarned on,
positive 20 wolts is applied to R119 which is appliedyto R129 and
R130 through D111 and D109 respectively. This voltage is the

input to the AND circuit from the local signal andyis the quantity
to be compared with the signal from the remote ®erminal to determine
if a fault is internal or external.

Under fault conditions, a sine wave of voltage™is applied from
emitter to base of transistor Ql08. On, the /pesitive half cycle
the base of transistor 3108 is more positivethan the emitter and
Q108 does not conduct. On the negative half cycle of sine wave
voltage, the base is more negative th@hmthe emitter and 3108
conducts. Turning 108 on applies positive 20 volts to R11l5 to
cause 3109 to turn off. This causes QllYl to turn off such that
negative potential is applied to RI19. " Hence, on alternate half
cycles of sine wave voltage, negatdveyvoltage appears across R119
to apply negative voltage to R129 /and R130 through D111 and D109
respectively. The voltage a€rossithe resistor is thus a square
wave voltage varying from 20 volts d-c to O volt d-c dependent
upon the polarity of the wveltage from the phase delay circuit.

3. Remote Squaring Amplifden

Under non-fault conditionsj farrier is not transmitted from the
remote carrier set. As a _result the base of J1ll3 is more negative
than its emitter, amd Wll3 conducts. This applies positive <20
volts to the base ofy Q112 to prevent it from turning on. Hence,
112 is not conductdng and negative voltage appears across R123.
This voltage is applied to R129 and R130 through D112 and D110
respectively, andewallows the voltage across these resistors to
remain at negative potential.

Under fault conditions, the remote TC carrier set is keyed on and
off as desexibeds under the Keying Circuit. This signal 1is
recelvedfat Bhe local TC carrier receiver and 1is converted to a
square wayve voltage varying in magnitude from 45 volts to O volt.
This volt@gefis applied to the base of wll3 through D108 and R128.
Upon applieation of positive 45 volts d-c to the base of Q113,

the potential of the base is greater than that of the emitter and
2113 stops conducting. This removes positive potential from R1Z24
andyallows the base of 3112 to become negative with respect to the
emitter. 112 turns on to apply positive voltage to R123. Hence,
the, voltage across R1l23 is a sguare 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.
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L. 4/0 Milliseconds Time Delay

The 7 /0 time delay consists of R315, €305, R316, R317, R318, and
R319." Under non-fault conditions, a continuous positive 20 volts
is received from the local sjuaring amplifier at terminal 6 of
the output board. This prevents capacitor C305 from charging and
keeps the base of )305 of the flip-flop at positive potential.

Under external fault conditions, the sguare wave voltage from the
remote squaring amplifier and the square wave voltages ffomg,the
local squaring amplifier are out of phase, such that @ centinuous
20 volts is received at terminal 6 of the Output board.C305 does
not charge, and transistor Q305 cannot turn on.

Under internal fault conditions, the sguare wave voltages from the
squaring amplifiers are in phase. Hence, for one€shalf cycle,
negative voltage appears at terminal 6 of the Qutpu¥ board. This
allows C305 to charge through resistors R315 amd R¥29 to negative.
After a calibrated time delay of 4 millisecopds,Wthe voltage across
C305, which is applied to the base-emitter c¢ircuwit of transistor
2305 in the flip-flop circuit is sufficieng, togallow J305 to conduct.

5. Flip-Flop

The flip-flop circuit consists of trdmsistors 305 and J306 and
associated components. Under normal ggonditions, transistor 305
is in a non-conducting state, and tramsistor 306 is fully
conducting. The base of transistor®306 is held well below its
emitter potential by means of the(vgltage divider consisting of
resistors R325, R326, D305, and R32%&# With this bias, transistor
3306 is held in saturation and thie flip-flop is desensitized so
that even if transistor J305.tukns on, transistor 306 does not
turn off. This desensitizing %eircuit is an arrangement to prevent
inadvertent operation of the ®lTp-flop in the presence of sur es
on the d-c system. As long @s 306 is conducting, its collector
is at a high enough posifive™potential such that transistor 307
in the tripping amplifiex cannot turn on.

Upon the occurrence of an¥internal fault, positive 45 volts d-c 1is
applied from )54 (FB=2)Nto terminal 18 of the Output board. This
removes the desens@tizing bias from transistor Q386 by making the
potential of the Junction of resistor R327 and diode D305 greater
than the 20 voltesupply for the flip-flop circuit. When this
occurs, there isgne current flow through resistor R326 and diode
D305, and the, fAip~flop is now "armed" or in a ready condition for
a trippingfoperation. JSince the pulses from the "AND" circuit are
in phaseyg affer, a 4 millisecond delay, the potential across
capacitor€305fis sufficient to cause )305 to conduct. This
immediately “¢@uses operation of the flip-flop, turning off
transistor Q306. ‘/hen Q306 is no longer conducting, the potential
of the junction of R329 and R328 drops to a relatively low value.
.Jhen ¢¢his occurs, there is sufficient voltage across the base-
emitgger circuit of transistor )307 in the trip amplifier to cause
i, te turn on.



6., Trip Amplifier

When transistor Y307 is turned on by operation of the flip-flop4
base current flows from positive 20 volts through Z305, the
emitter-base junction of 307, and the resistors R328 and R329 to
negative. The collector current of transistor 307 flows threugh
R330 and the base-emitter junction of output transistor J308. 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 1)308, hence, the AR operates to trip theNbre@kgr. In
case of a voltage output from the SKBU relay, transistor©)252
turns on to provide 20 volts output to the next de¥iege.

7. Carrier Squelch

wnen the S5KBU relay operates as a result of an “nternal fault,
positive potential is applied to the sgquelch @ircuit of the ampli-
fier and keying board. Ten milliseconds after péositive potential
is applied, capacitor ClO0l charges sufficientl¥, to allow base
current to flow to transistor Q106. Transistoer Q106 turns on to
short the carrier start lead to negativen(refi. Fig. 7). Carrier
is then turned off and will remain off flerSapproximately 150
milliseconds after the SKBU resets to pmevent 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 )54 (FD-Z) turns on, positive W5 volts is applied to terminal
18 of the output board, and 4€nergizes the transient blocking cir-
cuit. Base current is supplied to transistor 302 through
resistor, R305, and Zeneradioede, Z302. Transistor, Q302, turns on
to connect the base of transistor, 303, to negative. 303 stops
conducting and capacitor f£303%starts to charge. When the charge

on capacitor C303 is sufficient to cause the breakdown of Zener
diode Zener diode Z3034"it®furns on transistor 304. This provides
a conducting path fsom,the base circuit of transistor W306 in the
flip-flop, diode D3Qfy, the resistor R324, and the collector emitter
circuit of transistor 804 to negative. This occurs after a time
delay of 20 to 30ymilliseconds and provides a path to apply a
"desensitizing" biasgto transistor .0306 in the flip-flop. Thus,
the transient blocking circuit allows 20 to 30 milliseconds after
the operation ofWED-2 for the flip-flop to operate and energize

the output of the relay. If tripping does not occur in this time,
as during “an ‘external fault, the operation of the transient blocking
circuit [Mdesensitizes the flip-flop to prevent undesirable operation
durinz fLrafisients associated with power reversals on the protective
line or™at the clearing of an external fault.

The transient blocking circuit is cancelled either by FD-2
resetting or by the operation of the transient unblocking circuit.

9@wIransient Unblockinz
Li\an internal fault occurs before an external fault is cleared,
high speed trippins is obtained. The square wave output from the
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local and remote sguaring amplifier changes from an out-of-phase
condition to an in-phase condition. As a result, negative
potential is applied to the transient unblocking circuit at
terminal 9 of the Output board. Zener diode Z301 breaks down @nd
base current flows through Z301, emitter-base of 4301, resiston
R303, Diode D302, and D301, resistor R130, and through the
conducting transistor, 304, to negative. Transistor 301 turns
on to apply positive potential to resistor, R309. Base currerit
then flows through resistor R309, to turn on transistor303.
Capacitor, C303, will be rapidly discharged to remove, the" potential
from the base of transistor, 304. Transistor 304 turns®=6ff to
interrupt the desensitizing circuit from the base offtransistor
W306. When this happens, the flop-flop will then be @ble to
operate to provide an input to the trip amplifier.

CHARACTERISTICS

The sequence network in the relay is arranged/ for several possible
combinations of sequence components. Forymostjapplications, the
output of the network will contain the positive, negative and zero
sequence components of the line currefits, In this case, the T taps
on the left-hand tap place indicate theWbalanced three phase
amperes which will operate the carrigr=start fault detector (FD-1).
The taps available are 3, L4, 5, 5, 7, 8,¥and 10 and are on the
primary of the saturating transformer%, The second fault-detector
unit (FD-2), which supervises operat®en of tripping, is adjusted
to pick up at a current X5 pep€enti(above tap value.

For phase-to-phase faults AB add CA, enough negative sequence
current has been introduced “to“allow the fault detector FD-1 to
pick up at 86 percent of tWe,tap setting. For BC faults, the
fault detector will pick up/at¥approximately 50 percent of the tap
settinz. This difference* ingpickup current for different phase-
to-phase faults if fundamental, and occurs because of the angles
at which the positive “andwfiegative sequence components of current
add together.

vW/ith the seguence_network arranged for positive, negative and zero
sequence output, fthere are some applications where the maximum
load current and minimum fault current are too close together to
set the relay £o/pickup under a minimum fault current, yet not
operate under Woad. For these cases, a tap is available on the
SKBU relay” which cuts the three-phase sensitivity in half, while
the phasé-t@-phase setting is substantially unchanged. The relay
then tripsfat 90 percent of tap value for B and C\ faults, and at
twice tap Vadue 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-sejuence current entirely, anad
operate the 5KBU relay on nesative-plus-zero sequence current. &
tap,18 available to operate in this manner. "The fault detector
picks™up at tap value for all phase-to-phase faults, but is
naffected by balanced load current or three-phase faults.



For groind 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 cufreat
for ground faults can be either 1 or 1/2 ampere. In special
applications, it may be desirable to eliminate response to zero
sequence current. The relay is provided with a tap to allow such
operation.

Operating Time 12 to 20 millisegconds

Transient Blocking Time 20 to 30 millisecends

Transient Unblocking Time 20 to 30 milldseebnds

Squelch Time 150 milligegconds

Ambient Temperature Range -20°C te, 5%5°C

Output Voltage (where used) 20 milliamperes at 20 volts d-c

Drain on 45 volt Power
Supply of TC Set:

Non-Trip Condition AQ. 1A
Trip Condition 100*MA
(with AR output)
Trip Condition 80 MA
(with voltage outsput )
Dimensions:
Panel Height 8-3 /L4 inches or 5 rack unit
Panel Width 19 inches

ENERGY REQUIREMENTS

Burdens measured atga balanced three-phase current of five amperes.

Relay Phase, i Phase B Phase C
Taps VA Angle VA Angle VA Angle
A-F-3 2.k 5° 0.6 0° 2.5 50°
A-H-10 3625 0° 0.8 100° 1.28 55°
B-F-3 2.3 0° 0.63 0° 245 55°
B-H-10 4795 0° 2.35 90° 0.3 60°
C-F=-3 2.32 0° 0.78 0° 2.36 50°
C-H-10 6.35 3L42° 3.83 8o* 1.98 185°
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Burdens measured at a single-phase to neutral current of five
amperes.

Relay Phase A Phase B Phase C
Taps VA Angle VA Angle VA Angle
A-F=3 2.47 o° 2.1 10° 1.97 20°
A-H-10 7.3 60° 12.5 53° 6.7 _6®
B-F-3 2.45 0° 2.09 15° 2.07 10°
B-H-10 16.8 55° 22.0 50° 2.3 38°
C-F-3 2.49 o° 1.99 15° 201 15°
C-H-10 31.2 L1° 36.0 38° 2300 35°

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

SETTINGS

The SKBU relay has separate tap plates for adjustment of the phase
and ground fault sensitivities and the sequerice 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 giwven%installation is discussed
in the following paragraphs.

In all cases, the similar fault defeetors on the relays at both
terminals of a line section m@st Be/set to pickup at the same
value of line current. Thig is necessary for correct blocking
during faults external to theyprotected line section.

Sequence Combination Taps

The two halves of the righti~-hand tap plate are for connecting the
sequence network to prowidewény of the combinations described in
the previous section. (The)jupper half of the tap plate or Rl taps
changes the tap on the, third winding of the mutual reactor and

thus changes the relatiwe amounts of positive and nezative sequence
sensitivity. Opemratien of the relay with the various taps is

given in the table below.

TABLE I

Taps on
Sequence Components| Rizht Hand .
Comb. | “dnd Negwork Output Tap Block |Fault Detector FD-1 Pickup

R1 Ro 3@ Fault|@-¢ Fault -
1 Pos., Neg., Zero C |G or Hf|Tap 865, Tap Value
Value (53% on BC Fault)
2 Pos., Neg., Zero B /|G or H |2 x Tap 907, Tap Value
Value (457 on BC Fault)
3 Neg., Zero A /|G or H |-===---- 1007, Tap Value
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i# - Taps F, G, and H are zero-sequence taps for adjusting ground
fault sensitivity.

See section on zero-sequence current tap.

—O— - Fault detector FD-2 is set to pickup at 125% of FD-1 for a
two-terminal line, or 250/, for a three-terminal line.

- When taps 4 and 3, or B and 3 are used, the relay pi€kup
currents for rD-1 and FD-2 will be 10 to 15 percent highef than the
indicated values because of the variation in self-impedanee 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, L4, 5,45, 7?5 8, and 10
which represent the three-phase, fault detectormfD=df pickup
currents, when the relay is connected for positivey negative and
zero sequence output. The fault detector FD-2"eloses its contact
to allow trippinz at current value 25 percent/ above the fault
detector FD-1 setting. This 25 percent @ifference is necessary to
insure that the carrier-start fault detectoms (FD-1) at both ends
of a 2-terminal transmission line sectfion pickup to start carrier
on an external fault before operating ehnergy is applied through
FD-2.

For a 3-terminal line, there is a prowision on the printed circuit
board for changing the temperaturé gompensation when calibrating
FD-2 to pickup at 2507 of FD-lgsett#ing. This is necessary to
allow proper blocking on 3-tgrminal lines when dpproximately equal
currents are fed in two termInads, and their sum flows out the
third terminal of the line. Wlheyrelay is shipped connected for
2-terminal line service. Eeor a,3-terminal line, the jumper on the
FD board must be changed tlo /93, and FD-2 must be recalibrated for
2509, of FD-1.

The T, Ro, and Rl tapsgshould be selected to assure operation on
minimum internal line~tos=line faults, and yet 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 isf30,percent of the pickup current, and'this
factor must also ‘bhe considered in selecting the positive-sequence
current tap and™sequence component combination. The margin
between load current and fault detector pickup should be sufficient
to allow the™fawlt detector to dropout after an external fault,
when loadf current continues to flow.

Zero-Sequeneel Current Tap - Ro Taps

The lower half of the right-hand tap plate (Ro taps) is for
adjusting the ground fault responsé of the relay. Taps G and H
give,the approximate ground fault sensitivities as listed in
TableyII. Tap F is used in applications where increased
sensMivity to ground faults is not required. When this tap is
usSed,), the voltage output of the network caused by zero-sequence
current is eliminated.
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NOTZ: Because of inherent characteristics of the sequence networky
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.

TABLE II
Comb. R1 Tap Ground Fault Pickup Percent of TwTap Setting
Tap G Taphi
1 C 25% 2%
2 B 20% 10%
3 A 20% 10%

Examples of SKBU Relay Settings

CASE T

fssume a two-terminal line with cuereént transformers rated 400/5 at
both terminals. Also assume that full load current is 300 amperes,
and that on minimum internal gphase-to-phase faults 2000 amperes is
fed in from one end and 400famperes from the other end. Further
assume that on minimum internal zround faults, 400 amperes is fed
in from one end, and 100 amperes from the other end.

Positive Sequence Current) Tap
oecondary values:

Load Current =300 x )5 = 3.75 amperes (1)
1,00

IMinimum Phasezte@-Phase rault Currents:
A00 x 5% =%.5 amperes (2)
700

Fault detecter/FD-1 setting (three phase) must be at least:
3.76 7¢i.7 amperes (0.80 is dropout ratio of FD-1
0,80 fault so that the fault detector will (3)
reset on load current)

In orderhto gomplete the trip circuit on a 7.5 ampere phase-to-
phase faulty the fault detector I'D-1 setting (three-Phase) must be
not more than:

7.5%x 1 x 1 = 5.98 amperes
0.805 1.25 ()
1.25 = FD-2 Pickup

FD-1 Pickup
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Sequence Combination Tap

Trom a cdmparison of (3) and (4) above, it is evident that the
fault detector can be set to trip under minimum phase fault
condition yet not operate under maximum load. In this case, tap C
would be used (see Table I, Comb. 1) as there is sufficient
difference between maximum load and minimum fault to use the full
three-phase sensitivity. Current tap 6 would be used in preference
to tap 5 to allow for occurrence of hisher load current.

Zero Sequence Tap
Secondary Value:
100 x 5 = 1.25 amperes minimum ground fault current

100

with T, tap 6 and R1l, tap C in use, the fault deteetor FD-1 pickup
currents for ground faults are as follows:

Tap G 1/ x 6 = 1.5 ampere

Minimum Trip = 1.25 x 1.5 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 te! trip the minimum ground
fault of 1.25 amperes.

CASE 11

Kssume 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, th&yfault detectors cannot be set to
trip on the minimum internalythyee-phase fault, yet remain
inoperative on load current. “€ompare equations (5) and (6).
However, by connecting thefnetwork per combination 2 on Table I,
the relay can be set to trip on minimum phase-to-phase fault,
although it will have omly &1alf the sensitivity to three-phase
faults. This will a¥lowjoperation at maximum load without picking
up the fault detectorng “and provide high speed relaying of all except
light three-phase fafilts.

In order to complete tlie trip circuit on a 7.5 ampere phase-to-
phase fault, the [fault detector tap must now be not more than:

7.5 x _ 1L x4l = 6.6 amperes (5)
25../0.9

To be sugre fhe,fault detector FD-1 will reset after a fault, the
minimum tap setting is determined as follows:

Load Current = 550 x 5 = 6.9 amperes (6)
1,00

59 = 8.6 (7)

0.80
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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)
=
From a comparison of (5) and (8) above, tap 5 or 6 could be used.
(Continuous load current rating of relay is 10 amperesf)

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

Tap G 1/5 X 5 = 1.0 ampere
Minimum Trip = x 1.25 a. = 1.25 ampere
Tap H 1710 x 5 = 0.5 ampere

Minimum Trip = 1.25 x 0.5 a. 0.63 ampére

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

INSTALLATION

The SKBU relay is generally suppliéd in a cabinet or on a relay
rack as part of a complete assembdy. %The location must be free
from dust, excessive humidity, vAbravion, corrosive fumes, or heat.
The maximum temperature arouwd the,chassis must not exceed 55°C.

ADJUSTMENTS AND MAINTENANCE

NOTz: The SKBU relay is mermally supplied as part of a carrier
relaying system, and iy§"cal¥ibration should be checked after the
system has been instialled and interconnected. Details are given
in the instructions efthe assembly. The assembly instructions
and not the following instruction should be followed when the
relay is receivedds an integral part of the relaying system.

In those cases vwheré the SKBU relay is not a part of a relaying
system, the followirng procedure can be followed to verify that the
circuits of thesSKBU relay are functioning properly.

Test Equipment:

Oscilloscope

A.C. Current Source
Llectronic Timer
A.C. Voltmeter

. D.C. Voltmeter

W o

Aceeptance Test
Gonunect the relay to the test circuit of Fig. & which represents
the TC carrier channel for test purposes.
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Open all test switches of the test circuit and connect a 60 cycle
test current between terminals 3 and 4 of the relay. Set relay
taps on C and H and remove T tap screw.

1. Filter Output

a. Connect a high resistance a-c voltmeter across common of T_ tap
block and the common of Ro tap block.

b. Pass with 3.44 amperes, 60 cycles into terminal 3%and out
terminal 4 of relay. Voltmeter should read between 0.7% volts and
0.85 volts a-c.

2. FD-1 Pickup and Dropout

a. Set relay taps 5, C, and H. Close all swit€hes™of test circuit.
b. Connect a hish resistance d-c voltmeter aeross X1l4 and X3 (Neg.)

c. Apply A0 cycle current to terminals 3and\4 of the relay.
Gradually increase the current until the Wwoltmeter changes reading
from approximately zero volts to approXimately 20 volts. This is
the operatinz current of FD-1 and shemuldybe 4.33 =+ 5% amperes.

d. Gradually lower a-c test current®until the d-c voltmeter drops
to approximately zero volts. ThisMis™the dropout current of FD-1
and should occur at 807 of the_pickup current.

3. 'D-2 Pickup and Dropout

a. With the current test leads connected as in the FD-1 test,
connect the voltmeter acrdsshil3 and i3 (Neg.)

b. Gradually raise a-c g£urrent until voltmeter reads approximately
L5 volts., This should e 5H.41 * 5% amperes.

c. Gradually lower a=c test current until the d-c voltage reading
drops to zero volts,., “this is dropout of FD-Z2 and should occur at
90% of pickup cuprenty

L. Check of LogcalWwSduaring Amplifier

a. Open switchésy', B, C, D, and £ of test circuit.

b. Placg sgope across X10 and X3 (GRD). Apply 5 amperes a-c to
terminalsy3 and 4 of relay.

c. & sjuare wave voltage should appear across X10 and X3 with the
waveshape, of Table III.

5.@check of Keying Circuit

a. Open all switches of test circuit and apply 5 amperes a-c to
werminals 3 ana 4 of the relay.
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b. With scope check voltage across X1l and X3 (GRD). Waveform
should be a square wave as shown in Table III.

c. Close switches A, B, C, and D. No change should be noted in
waveform across X1l and X3 (GRD).

6. Check of Remote Squaring Amplifier

a. Close switches A, B, and C of the test circuit.
b. Apply 5 amperes a-c to terminals 3 and 4 of the SKBU,relay.

c. Put scope across X9 and X3 (GRD). A square waye (0f) voltage
should be obtained (see Table III).

7. Setting of S5 and S6

a. Set S5 to minimum resistance and S6 to maximum resistance
(fully clockwise).

b. With switches A, B, and C of the test\circuit closed, apply 6
amperes a-¢ to terminals 3 and 4 of théwSKBU relay.

c. Place scope across X12 and X2 (GBDW. , Adjust S5 until following
waveform is obtained.

L ms. each (approxi-
mately) These two
intervals equal

d. Close switch D and adjust” S6 until the AR trips. In the case of
a voltage output SKBU relay, place d-c voltmeter across X16 and X3.
Tripping is indicated™by @ change in voltage from O to 20 volts.
This sets the triggering’ of the flip-flop after a 4 millisecond
delay. Recheck piekup,by moving 55 minimum, opening and closing
switch D and themmadgusting S5 until AR operates. It may be
necessary to readjust S6 to obtain AR tripping on waveform of

step e.

e. Slowly Imcréase S5 to obtain the following waveform. Adjust for
minimum area“ef the pips. This will be with S5 near minimum
resistancey

*
Minimum Pips may
point up as shown
or down
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8. Check of Transient Blocking

a. Connect electronic timer stop to X7 and X3 (GRD). Set timep
stop on negative going pulse.

b. Connect timer start to timer start contacts of switch D. Set
timer start to make.

c. With switches A, B, and C open, apply 6 amperes a-c fogerminals
3 and 4 of the SKBU relay.

d. Close switch D and measure time for voltage to dropWrom 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 X7pand X3 (GRD), set
timer stop on positive going pulse. ~Alspo conneet 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 Lgand,3 of the SKBU relay, and
close switches A, B, C, and D of test, circuit. Closing switch D
sets up transient blocking as cangbg, Seen by a change in voltage
from 20 volts d-c to O volt d-c.

d. Open switch A and measure@time for voltage to change from
approximately zero volt to 20 velts. Time should be 20 to 30
milliseconds. Measure averageyof 10 trials. For each trial it
will be necessary to close switch A and then open switch D. Switch
D should then be closed andf{A) opened to measure the unblocking time.

10. Check of Carrier%Sguelch Circuilt

a. Connect timer stopyacross X1l and X3 GRD. Set timer stop on
negative pulse.

b. Connect timerfistart. Set timer start to make.

c. Ogen switch OL. ¢ Approximately 20 volts should appear across X1l
and f3.

d. Closelswitch E and measure time for voltage to disappear. This
should be™€ t6 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
shémld, be 120 to 180 milliseconds.

-18-



i

L L. 41-954. 14

ROUTINE MAINTENANCE

All contacts should be periodically cleaned. A contact burnisher
S#182A836H01 is recommended. The use of abrasive material is rot
recommended because of the danger of embedding small particlessin
the face of the soft silver and thus impairing the contact.

CALIBRATION

Use the following procedure for calibrating the relaw,if the relay
has been taken apart for repairs. The relay should ke connected
to the test circuit of Fig. 8.

1. Sequence Filter

To calibrate the sequence filter, the top coVer must be removed

and the following procedure used: Remove the T"tdp screw and insert
the tap screws in tap C and H of the Rl am@&, Re taps. Pass a single-
phase current of 10 amperes, rated freguen€y *through the reactor
coils in series from phase B to phase C%(reday terminals 4 and 5).
Accurately measure the a-c voltage fromyterminal 3 to the common of
the T tap plate. This voltage should™be),between 3.7 and 4.1 volts.
Now pass 10 amperes from terminal 8¢ toyterminal 4 with tap screw C
removed, and connect voltmeter fromgerminal 3 to the right-hand
(front Ro view) adjustable point ‘@f the formed resistor. Adjust
this point to give a voltage eg@ial ®o exactly one-third of the
reactor drop. Note the aboye readding, and adjust the intermediate
tap of formed resistor to give exactly 2/3 of the voltage obtained
above for all of formed résistor. Measure this voltage from
terminal 3 to the intermé&diate tap.

2. Phase Splitter
11 replacement of the fauylt detector board or major component on
the board necessitate§ a,€omplete recalibration, proceed as follows:

a. Set relay taps 5-C-H.

b. Set S1 and S3ito full clockwise position.

c. Set S2 and €4 to mid-scale.

d. Pass L4.33 @mperes through relay terminal 3 to terminal 4.

e. On faultdetector board, check the a-c voltave from TP51 to TP52
and fromgdTP52 to TP53 with a VTV Adjust the small pot. R53 on

the fault detector board until these two voltages are equal.

f. Close all switches of test circuit and connect VTVM across X144
and L3 4e(Neg.)

gwSlowly turn S3 counterclockwise, with 4.33 amperes flowing,

until FD-1 operates as indicated by a change in voltage reading
from approximately zero volts to 20 volts d-c.

-19-



h. Reduce the a-c current to check FD-1 dropout. Adjust S4 to
obtain 80 percent dropout (3.46 amperes). Dropout is indicated by
a change in voltage reading from approximately 20 volts to O volte

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
fdropout), repeating steps g, h, and i, except for FD-2 pickup of
5.41 amperes and dropout of 4.85 amperes. Pickup is méasufed using
£13 and X3 (negative§ and is indicated by a change in voltage reading
from a low voltage to 45 volts.

3. Tripping Relay (AR)

The type AR tripping relay unit has been properly adjusted at the
factory to insure correct operation and should nét™bke disturbed
after receipt by the customer. If, however, théWadjustments are
disturbed in error, or it becomes necessary to"heplace some part in
the field, use the following adjustment precedure. This procedure
should not be used until it is apparent thaththefAR unit is not in
proper working order, and then only if suitablle tools are available
for checking the adjustments.

a. Adjust the set screw at the rear offthegytop of the frame to
obtain a 0.009 inch gap at the rear end,of the armature air gap.

b. Adjust each contact spring to_obtain 4 grams pressure at the
very end of the spring. This pfessure’ is measured when the spring
moves away from the edge of theysdot in the insulated crosspiece.

c. Adjust each stationary contact screw to obtain a contact gap
of 0.020 inch. This will giwe 25-30 grams contact pressure.

L. Check of Solid-State Circudts
Perform tests Iisted under) "Acceptance" tests to verify that the
SKBU relay is functionimghcorrectly.

TROUBLE SHOOTING PROCEDURE

To trouble shoot shewequipment, the logic diagram of either Fig.

5 or 6, voltages| of fTable III, should be used to isolate the
circuit that, is§, noetsf performing correctly. The schematic of either
Fig. 3 or 44§ and™he voltages of Table IV should then be used to
isolate the, faulby component.

-20-
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VOLTAGZ MEASUREMEN

1. Fault Detector Board

D-C Voltages - positive with
of board).

Test Point l:_
Terminal 14 45.0
TP 54 6.6
TP 55 6.6
TP 56 14.5
TP 57 less
TP 58 L5

Terminal 13 FD-1 less
Terminal 15 FD=2 less
TP 52 - TP 51 less
TP 52 - TP 53 less

2. Amplifier and Keving

D-C Voltages - positive with
board).

T

Qormal
\\-~ 0
20

TABLZ IV

C)O

(termgpal 8

TS OF PRINTED CIRCUIT BOARD

respect to negative d-c

VDC

than
than 8
than 1 17.

to negative (terminal & of

VAC Approximately
8 VAC Approximately

Test Point Fault
Terminal 4 20
TP 101 10
TP 102 20.3 19.8
TP 103 less than 1 10
Terminal 3 0‘-~ less than 1 9.8
3. Output BoarN&
D-C Voltages @itive with respect to nezative (terminal 8 of
board) .

@ Normal Fault
TP 3 19.5 19.0
TP 30 10 8.5
Termina 20 19.0
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RENEWAL PARTS
‘ o,
Repair work can be done most satisfactorily at the factory. <::>
However, interchangeable parts can be furnished to the customer
who are equipped for doing the repair work. i/hen ordering part
always give the complete nameplate data. For components mounted

on the printed circuit board, give the circuit symbol and the
electrical value (ohms, mfd, etc.).

-22-
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ELECTRICAL PARTS LIST
Fault Detector Board

Circuit wWestinghetise
Symbol Description Style Number
Capacitor
Cs1 U.EC MFD 1 5dpL, 9220
C52-C55 0.5 187A62LH11
C53 0.25 187A62LH02
Chs4 1.0 187A62LH0L
Diodes
D51 to D56 - D6l 184A855H08
D57 to D60 - D62 INL457A 184A855H07
Transistors
Q51-Q52-Q56~-Q57 N697 184A638H18
353 2N699 184A638H19
Q54 2N2043 18L4LAA38H21
355 2N652A 184A638H16
Resistors
R51 50 Ohm, 5u 185A209H06
R52 9.1K Qhm, »/2V 187A763H50
R53 2.5K Ohm, "Pot. 629AL430H03
R54 247K Ohme;, 1 /29 629A530H42
R55-R73-R78 10K 4Ohm, 1 /2W 629A530H56
R56-R58 1 5K50hm, l/ZW 187A6L41H55
R57 18K, Ohm, 1/2w 18LA763H57
R59 Thermistor 1DO5N 185A211H05
RAO-R65 68K Ohm, 1/2V 187AAL1H71
R6L .22 Meg. Ohm, 1/2w 18LA763H83
R62-R6EL-RE8-R7L 10K Ohm, %/ﬁd 187464L1H51
R63 .1 lMeg. Ohm, %/ZN 1874A6L41H75
R66 470K Ohm, 1/2: 18LA763H91
R67 39K Ohm, 1/2./ 187A6L41H65
R69 1K Ohm, 1/2i 187AAL1H27
R70 6.8K Ohm, 1/2V 187A64L1HL7
R71 20K Ohm, 1{éw 6294 530H63
R72 3.9K Ohm, 1J 187AAL3HLL
R75 33K Ohm, l/ZW 18746 L1H63
R76 10K Ohm, 1% 187A643H51
R77 1K Ohm, 1/2N 629A530HL3
Zener Diodes
Z51 InI&32C 18L4LA617H06
252=754 1N957B 186A797H06
753 1N1789 58LCL3LHO8
255 1IN3586B 1854212H06
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ELECTRICAL PARTS LIST
Amplifier and Keying

Circuit Westinghouse
Symbol Description Style Number
Capacitor
C101 39 MFD 187A4508H04
Diodes
D101-D102-D104- 13KAE55H07
D106 to D112
D103 1N91 182A881HOL
Transistors
Q101 to Q104 N6 524 184LA638H16
R107 to Q113
Q105-Q106 2N697 184A638H18
Resistors
R101-R103-R114-R127 , ;/ZW 187A6L41H75
R102 150K Ohm, 1/RW 184A763H79
R104 33K Ohm, 1 /2if 187A641H63
R105 68K Ohm, 1/2f 187A641H71
R106 27K Ohm, l#Ri 187A641H61
R107-R119-R123 L.7K Ohm, 20 187A641H43
R108-R109-R126 10K Olm,\ 1 /W 187A641H51
R110 3.3K4<0hm, ;/ZW 184A763H39
R111 5.6K, Ohm, 1/20 187A641HAL5
R112 1.2K Ohmy 1/2W 184LA763H29
R113 330 Ohm; 21 185A207H15
R115 180K Ohm, 1/2W 187A641H81
R116-R117-R130 22K, “0hm, 1/2W 187A641H59
R118-R121-R129 L7KH Ohm, 1/2W 187A641H67
R120-R122 L70K Ohm, W 187A641H91
R124-R125 5K Ohm, 1/2W 187A641H55
R128 39K Ohm, 1/2W 187A6L41H65
Zener Diode
Z101 IN7L8A 186A797H13
Output Board
Capacitors
C301 I.B MED 187A624HOL
C302 0.25 MFD 187A62LH02
C303 3.0 MFD 188A293H06
C304=C306 0.05 MFD 187A624H08
C305 0.22 MFD 188A293H02
Diodes
D3Q1=D304-D305-D306 184A855H07
D30%2-D303 1IN91 182A881HOL
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ELECTRICAL PARTS LIST
Output Board (continued)

Circuit Westingheuse
Symbol Description Style Number
Transistor
14301~-305-)306-.307 ZN6 524 184A638H16
11302-9303-0304 2N697 Y8LA638H18
4308 2N699 LE8LA638H19
Resistors
R301-R303-R309-R310- m, 1/2N 187A6L41H51
R313-R324-R325
R302 120K Ohm, 1/2w 187A6L41H77
R304 47 Ohm, %/2W 18746L40H17
R305 8.2K Ohm, l/ZN 187A6L41HL9
R306-R315-R322 L.7K Ohm, 1/2w 187A6L41HL3
R307-R331 2.2K Ohm, l/ZW 187A641H35
R308-R320 6.8K Ohm, A/2W 187A6L1HL7
R311 470 Ohm, 1 /24 187A641H19
R312 470K Ohm, 31 /2% 187A641H91
R316-R321-R323 22K Ohm, 1{éw 187A641H59
R317-R328-R332 5.6K Ohm, i 184LA763HL5
R318 15K Ohf,nl /2W 187A6L41H55
R319 Thermistor 1D101 185A211H0L
R326-R329 L 47K 1Ohmy 1/2W 184LA763HL3
R327 Ba8Ks Ohm, 1/2w 184LA763HL7
R330 L. 5K, Ohm, 1/2w 187A641H31
Zzener Diodes
2301-2303-2305 1NO 578 186A797H06
2320 IN96 5B 186A797HO8
2304 1N960B 186A797H10
2306 1N1789 584CL34HO8
Relay Board
Capacitors
C251-C252-C253 5.55 WFD 187A624LH02
Resistors
R251-R252 2. 2K Gﬁm, 1/24 187A641H35
R253 800 Ohm, 3% 184A859H06
Filter Choke
L251 g.5HY, LOT Ohm 188AL4L60H01
Trip
AR LO8C8L45G09

ihere a voltage output is required, the AR relay is omitted and the
Tollowing additional parts are located on the board.

-25-



ELECTRICAL PARTS LIST

Relay Board (continued)
Circuit

Symbol

C254

D251-D252
D253

2251-0252

R253,R256
R254
R255
R257
R259

Z251

Description

Cagacitors

Diodes

CER-59

Transistors
ZN398L

Resistors
I;\ GHm I 2‘,;]

2.2K Ohm,” 3V (b
330 Ohm, 34

10K Ohm, 1/2i

2.25K Ohm,’ 3V

Zener Diode
1IN3685B 2

-26-

Westinghou
Style Number

QM\63 8H12

18L4LA763H27
184A859H15
184A859H14
184A763H51
184A636H03

185A212H06
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Fig. 11 Component Location on Amp-
lifier and Keying Printed Cip=
cuit Board for Type SKBU
Relay

Fig. 12 Component Location on Out-
put Printed Circuit Board for
Type SKBU Relay

C

[} o
~n ~
o (]
4 =

£
N
o
N

o
N
o
w

pINIPIN

~ 849A010

[Ress]  Resz] [RE5)

eI

849A290

Fig. 13 Component Location on Relay
Printed Circuit Board with an
AR Output for Type SKBU
Relay

Fig. 14 Component Location on Relay
Printed Circuit Board with a
Voltage Output for Type SKBU
Relay
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18. 375 MTG CENTERS

313 WIDE x .625 DEEP-FOUR SLOTS
19.000

899C1753

R

* Fig. 15 Outline and Drilling Plan for Type SKBU Relay
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