Westinghouse I.L. 41-959A
INSTALLATION ¢ OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU UNBLOCK RELAY
FOR USE WITH SOLID STATE RELAY

CAUTION: It is recommended that the user of this equipment become"thoroughly
acquainted with the information in these instructions beforéyenerigizing this
relay. Failure to observe this precaution may result in damage» to the equip-
ment. If the equipment is mounted in a cabinet, the cabinetymust be bolted
down to the floor or otherwise secured before swinginglout“the equipment rack
to prevent its tipping over.

APPLICATION

The type STU relay is a completely solid-stagegpcarrier unblock auxiliary relay
for use with solid-state relays and a type ICFafrequency shift channel to
prevent tripping for faults external to thediline“section to which it is
applied and to permit instantaneous and simultan€ous tripping for internal
faults. The relay is arranged to respond,topindications of fault direction,
distance and power provided by the phaseé an@ ground distance, and overcurrent
relays thereby controlling the transmission/ of an unblocking or trip signal
and the initiation of high speed fripping for internal faults. Either two or
three terminal line applications mayfbe used.

CONSTRUCTION

The STU relay is mounted on amstandard 19" wide panel, 8-3/4"™ high (5 rack
units) with edge slots for mounting on a standard relay rack or panel. All
components not on printed4eireuit boards are mounted on the panel and extend
to the rear. For the outline, and drilling plan, refer to Fig. 8.

All of the circuitry suitable for printed circuit board mounting is contained
in an enclosure that preJjects from the rear of the panel and is accessible by
opening the door on ‘the/front. The dotted lines emclosing separate areas of
Fig. 1 indicate that the components thus enclosed are all on the same printed
circuit boards

The printed circuit boards slide into position in slotted guides at the top
and bottomyof thé€ enclosure, and the board terminals engage a terminal block
at the rear“of 4the compartment. Each board and terminal block are keyed so
that if a board is placed in the wrong compartment, it cannot be inserted into
the terminal block. The printed circuit boards are labeled from left to right
respectively: Protective Relay Interface, Timing, Channel, Arming, Output and
Test.
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A board extender (Style No. 64LB315G01) is available for facilitating circuit
voltage measurements or major adjustments. After withdrawing any one of the
circuit boards, the extender is inserted in that compartment. The boarddthen
is inserted into the terminal block on the front of the extender. This
restores all circuit connections; and all components, test points and printed
circuit terminals are readily accessible.

* Most of the relay operates from a zener regulated 20 volts d-c supply (z1 on
Fig. 1) which is mounted on a heatsink at the rear of the panels 4FHe 20 volt
zener and a portion of the relay works from a 45 volt d-c input. supply.
External connections to the relay are made through a 32 termimalWcircuit
receptacle, J10l1 in Fig. 1.

SYSTEM OPERATION

The type STU unblock relay is used in a directional unbleck relay scheme for
power line protection. High-speed tripping is obtained for two or three
terminal line applications for faults anywhere ingthe, protected line. The
signals to which the STU relay responds are obtained from the receiver of the
TCF frequency shift channel and the output of the, I'é€éal protective relays.

Since distance relays may operate on a lossWef a=ec¢ potential, the STU relay
provides alarm and lockout of tripping 3000 milliseconds after this condition
occurs. The 3000/100 MS timer picks up dand the output from NOT 1 drops out
an AL loss of potential alarm mounted elsewhere in the relaying system. This
also prevents output from A 2 since there,is no signal from NOT 1.

The output of A 2 initiates keying of the local transmitter through operation
of OR 2, by shifting the transmitter from the blocking frequency to the un-
blocking or trip frequency. ImylOWmilliseconds after a primary pilot trip
operation, the lO/lSO-hOO milliseeond timer picks up and also maintains the
unblocking frequency keying for 250 to LOO milliseconds after a loss of the
trip signal. This time is_adjustable to allow for the breaker failure timer
setting at the remote terminal.

In addition, the 52b contact initiates the trip frequency transmission 30
milliseconds after ptheWlocal circuit breaker opens and until such time as the
circuit breaker is reelosed. The 30/0 millisecond timer delays the trans-
mission of trip fréguen€y to obtain coordination for bus fault tripping of
the local circuitibreaker where tripping of the remote breaker would be
incorrect and might“€ause undesired interruption to tapped transformer ter-
minals. Transmi§sion of the trip or unblocking frequency is necessary to
permit trippingef the remote terminal should the remote circuit breaker be
closed intoga fault or should a fault develop in the protected line while

the local gfircuit breaker is open.

Internal Fault

* The oper&tion of any or all the protective relays PR-1, PR-2 or PR-3 for an
Internal Fault perform the following (refer to the block diagram, Fig. 2):

l. Energizes the 3 second timer and A2 thereby giving an output from
A2 for up to 3 seconds.
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2. "Arms" A6 or puts it in a "ready" condition for up to 3 seconds by,
removing a blocking bias voltage.

3. Energize the transient blocking circuit at OR 4 up to 3 secondse

4. Key the TCF transmitter for 3 seconds through OR 2 to shift the
frequency from a blocking to an unblocking or trip condition.

For an internal fault, the TCF Receivers will produce a "1" outputginblock
signal to energize Al thereby producing a "1" input from the chamnelsto A3.
This together with the signal from PR-l, PR-2 or PR-3 at A3 will cause tripping
2 milliseconds later. This operation will be completed before/the transient
blocking becomes effective.

External Fault

If no unblocking or trip signal is received from the remote terminal when PR-1,
PR-2, or PR-3 operates (as for an External Fault), s/there Will be no tripping
output from Al. If tripping does not take place within 25 milliseconds after
the protective relays operate, the transient blocking®circult energized
through OR U4 will desensitize A6 to preventgpossible®undesired tripping during
transients occurring at the clearing (elsewhere) of an external fault.

The above procedure also holds true if the TCEyunblocking or trip signals are
received from the remote terminals and the“protective relays do not operate.
This also is an external fault.

Sequential Faults

Occasionally an External Fault will“be followed by an internal fault before the
former is cleared. In order togprevent a long delay in clearing such an intermal
fault, a "transient unblocking" feature is included. Although transient
blocking has been set up by _thelinitial external fault, the presence of an
Internal Fault will cause an output from A3 which will energize the transient
unblocking circuit. After 25 milliseconds, A6 will be resensitized and tripping
will be permitted.

RELAY OPERATION
The complete detailed relay circuit is shown on the internal schematic, Fig. 1l.
The operation ofyfhe Yogic elements shown on Fig. 2, and the individual circuit

components will{bé described in the following paragraphs.

Protectivé RelayWlnterface Board

The ProtectivefRelay printed circuit.board contains the required circuits for
interface with the protective relays, PR-1, PR-2 and PR-3, These logic blocks
are the protective relay input OR 1 and its associated Buffer B3, for surge
protection), the 3000/lOO millisecond time delay for loss of a-c potential, and
A2.

Under normal conditions, J10l1 terminals 30, 31 and 32, the inputs to the STU
relay from PR-1, PR-2 and PR-3 respectively, are held at negative (zero volts)
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thereby holding transistor Q10l, the output of B3, non-conductive. With Q101
off, transistors Ql02 and Q109 have base drive holding them both conductive.
Since Q109 is turned on, this represents a "O" output from A2, Transistor
Q107 is normally on representing a "1" signal from NOT 1 to the AL loss of
potential alarm elsewhere in the relaying system.

When one or more of the protective relays, PR-1, PR-2 or PR-3 operate and
positive 20 volts d-c is applied to J10l terminals 30, 31 or 32, themwtran-
sistor QlO0l will conduct and immediately turn off Q102 and Ql09., Tramsistor
Ql09 is the output stage of A2, and for A2 to assume a "1" output,Wboth
transistors Q101 (output of buffer B3) and Q108 (output of NOT l)wmust be
conducting thereby holding Q109 non-conductive. Therefore, immediately
following reception of a protective relay "1" signal, A2 willqygield a "1" output.

Transistors Q102 to QLO5 are associated with the 3000/100 miligecond time
delay, and Q106 to QLO8 with NOT 1. Normally, transistors Qk02, QlO4, QLOT and
Q108 are conducting and Q103 and Ql05 non-conductive. Therefore, capacitor
Cl02 in the three (3) second timer is fully discharged throdgh transistor Q1O0k4.
Since Q108 is conducting, this represents a "1" imput’to A2 from NOT 1.

Since distanee relays may operate on loss of ase _potential, the 3000/lOO mill-
isecond timer provides alarm and blocks A2 threey(3)useconds after loss of
primary protection and blown a-c potential fuse., “As mentioned above, output
from any or all the protective relays turns Off transistor Ql02. Therefore,
providing the timer disable switch between JIOl terminals 12 and 13 is closed,
transistor Ql0O3 has base drive to cause it top,conduct and turn off transistor
QlO4k. When this occurs, capacitor Cle2,wilkl begin to charge from positive 20
volt d-c through resistors R11l4k and R116 and, in 3000 milliseconds, reaches a
sufficient potential to breakdown zener diode Z103 and cause transistor Ql05
to conduct. With Q105 conducting, basepdrive is removed from transistors

QLO6 and Q108 to make them mon-conductive. Therefore, with Q108 off, the "1"
input from NOT 1 becomes a "O" &nd Blocks A2. In addition, since QL06 is
off, no base drive is available,for @107 so it becomes non-conductive and
provides a "O" signal to the AL alarm for indication of loss of a-c potential.
Upon loss of the protective relayssignal, transistor QlO4 will turn on and permit
capacitor Cl02 to dischargé Im100 milliseconds below the breakdown of zener
diode 2103 and turn off, transistor QlO05.

Timing Board

The Timing printedg€ircuit board contains two time delays necessary for proper
operation of the relaying system: one, the 30/O millisecond timer used for
coordination withybus*fault and remote breaker tripping; and, two, the 10/150-
400 millisecbndgsighal continuing timer used for coordination with the breaker
failure timerx.

Under normal conditions, transistor Q201, the output of Buffer circuit B4, and
the input to the 30/0 timer, is non-conductive thereby preventing a path for

base current®“to turn on transistor Q202. As a result, printed circuit terminal
#14 is held at negative (zero volts) representing a "O" output from this timer.

Afgterythe local circuit breaker opens, positive 125 volt d-c is applied through
thefnow closed 52b contact to J10l terminal No. 20. When this occurs, transis-
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tor Q201 has base drive and immediately becomes conductive. As a result,
capacitor C202 starts charging to negative through resistor R207 and the
collector-emitter circuit of Q20l1, and in 30 milliseconds, C202 assumes d low
enough potential below positive 20 Vdc to breakdown zender diode Z203 and
provide a path for base drive to make transistor Q202 conductive. Therefore,
with Q202 conducting, this represents a "1" signal to OR 2 to shift the
transmitter from a blocking to an unblocking or trip frequency. Upon bréaker
reclosing, the 52b contact opens turning transistor Q201 off thusfpermitting
capacitor ClO2 to rapidly discharge for immediate dropout.

The lO/lSO-MOO millisecond time delay operates similar to the 30/0 MS timer.
After a primary pilot trip operation, capacitors C203 and C204 will charge in
milliseconds through diode D202, resistor R212 and the colXector-emitter
circuit of transistor Q203 to a low enough potential to @ause ‘breakdown of
zener diode Z20L4 and conduction of transistor Q20k. Onee Q204 turns on, a

"1" signal to OR 2 keys the transmitter to the trip fifequémcy for the duration
of the pilot trip signal. After loss of the pilot tripysignal, capacitors
C203 and C204k will discharge in 150 to 40O millise€onds, (adjustable by resistor
R21l4) and turn Q204 off. This 150 to 4OO MS dflepout time holds the unblocking
or trip frequency on to provide coordination with“the breaker failure timer.
Normal dropout time is factory calibrated af®300 milliseconds.

Channel Interface Board

The channel printed circuit board contains A2 and its associated Buffers Bl
and B2 for interface with the TCF Receivery,and OR 2 for interface with the
TCF Transmitter.

Under normal conditions and for thrée-terminal line applications, both Jl0l
terminals 8 (TCF RCVR-1) and 7 (WEF REVR-2) are held at negative (zero volts)
thereby allowing no base drivegfor transistors Q151 and Q152 thus holding
them non-conductive. As a result,¥transistor Q153 has base drive, so it is
normally conducting and represents a "O" output from Al.

When both of the TCF Recéivemrsfrec=ive the unblocking or trip frequency from
the other terminals, they will produce a positive 20 Vdc potential at Jl01
terminals 8 and 7. WhenWthis occurs, both transistors Q151 and Q152 have base
drive and start conducting. In turn, with both Q151 and Q152 on, base drive
is removed from transistor Ql53 which them stops conducting and represents a
"1" output signal fmom/Al. If only one of the TCF Receivers yield a trip
output, then transistor Q153 still will receive base drive from the other
input transistomdin/the STU and a "O" signal will be received from Al.

In the cdse Of two-terminal line applications, either J10l terminal 8 or 7
must be ceomhect€d to J10l terminal 4 to simulate having a constant signal of
"1" at one @ffthe Al inputs. Under this condition, transistor Q153 will still
be normally conducting thus representing a "O" output from Al. When the J101l
terminal (either 8 or T) not connected to J10l terminal 4 receives a positive
20 Vdc signal from the TCF, transistor Q153 will lose its base drive and turn
off to produce a "1" output from Al.

Unéer normal conditions, the inputs to OR 2 printed circuit terminals #lh, 15
and 16 on the Channel Board are held at negative (O volts) thereby preventing
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any vase drive from turning on transistors QlSh, and thus Ql55. When one or
more of these printed circuit terminals receive a positive d-c signal, "1",
base drive will turn on transistor Q154 which in turn will make transistor
Q155 conduct and apply positive 45 Vdc to the TCF transmitter to cause it %o
shift from the block to the unblock or trip frequency. As can be seen from
Fig. 2, in order for the TCF transmitter to be keyed, OR 2 must receive a
positive going "1" signal from A2, the 30/0 timer or the 10/150-400 timert

Arming Board

The Arming printed circuit board contains the logic blocks whilch,combine the
information from the protective relays and the channel receivexr apd in turn
provides the proper interfaces for this information to be transldted to the
Output Board for transient block, arm, transient unblock and pidlot trip.

Normally, there is a "O" signal to OR 4 from Al (printéd cixcuit terminal #12)
and from A2 (printed circuit terminal #l4) thereby resulting in a "O" signal
at printed circuit terminal #9, the output of OR L. When either or both Al
and A2 yield a "1" output signal to the inputs @£ OR(L, current is allowed to
flow through resistor R287 and diode D264 (for an Al output) or resistor R288
and diode D265 (for an A2 output). In this &ase, ‘therefore, a "1" is received
from OR 4 to energize the transient block circuitry in the Output Board.

Likewise, both inputs into A3 are normally "O"™& The input transistors of A3
are Q255 for Al and Q254 for A2. Normally Beth Q255 and Q254 have no base
drive and, as a result, they are both nonseenductive. Therefore, the output
transistor of A3, Q256, has base dpiwe and /is turned on thus allowing Q254 to
conduct and provide a proper intefface with the Output Board. If a "1" signal
is received from both Al and A2, thef both transistors @255 and Q254 become
conductive thereby removing base ‘@rive, to Q256 to turn it off. This causes
Q257 to stop conducting and allow, the 2/0 timer and the transient unblock
circuits in the Output Board to fumetion. If either Q255 or Q254 remains non-
conductive, then transistor Q@57 will stay on and a "O" output will be received
from A3.

The Arm circuit is energizedyfrom A2 and under normal conditions with a "O"
output from A2, theréyds mno base drive from transistor Q258, so it is non-
conductive. As a result, with Q258 off, base drive holds transistor Q259
conducting thereby Keeping the Output Board "disarmed". As soon as A2
assumes a "1" outpufystate, base drive turns transistor Q258 on and thereby
Q259 turns off afdarms A6 on the Output Board.

Output Board

The Output)yBoard 'contains all the logic required for final tripping, transient
blocking andhtfansient unblocking. In reference to Fig. 2, a "1" signal from
OR 4 represents a transient blocking signal. A "1" output from A3 is a pilot
tripping signal in two milliseconds but prior to tripping, it is a transient
unblocking ' signal in the event that transient blockimg has already occurred.

The 2/0 millisecond time delay circuit is used to prevent tripping from

improper signals of short duration. Normally, printed circuit terminal #6 is
held at positive 20 Vdc thereby preventing capacitor C306, associated with the
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2/0 MS timer, from charging. Under conditions for tripping, transistor Q257
in A3 (Arming Board) will turn off and allow capacitor C306 to charge to
negative through resistors R318 (Output Board) and R279 (Arming Board). (After
the factory calibrated time (by S1) of two milliseconds, the voltage across
C306, which is applied to the base emitter circuit of transistor Q305 in A6,
is sufficient to cause Q305 to operate and thereby turn transistor Q306 off
providing it is armed.

The 2/0 millisecond timer has no intentional reset time delays, ITffa tripping
condition is indicated for some time less than two (2) millisecéndéy” such as
during a reversal of fault power flow, as soon as transistorfQ257 “in A3 again
conducts, capacitor C306 will rapidly discharge through the ledllettor emitter
circuitry of Q257, diode D261 and resistor R318. This rapid resetting of the
2/0 timer prevents possible "notching up" of the charge @n C306 during
momentary and intermittent interruptions under normal .eenditions.

The A6 circuit block consists of transistors Q305 and Q306 and the associated
comporents. Under normal conditions, transistor Q305%is non-conducting and
Q306 fully conducting. The base of Q306 is held well below its emitter
potential by means of the arming circuitry voltage,divider consisting of
resistors R324, R335, diode D308 and transi@ber Q259. With this bias, trans-
istor Q306 is held in saturation and is desensitized so that even if a tripping
voltage were applied to Q305, transistor Q306 wéuld not turn off. This
desensitizing circuit is an arrangement to0 prevent inadvertent operation of
A6 caused by surges on the d-c system. ,AsWlong as Q306 is conducting, its
collector is at a high enough potentidl @abeve negative d-c so that transistor
Q307 in the tripping amplifier camfiot turnm on.

Upon occurrence of an internal, fault, transistor Q259 in the Arming Board turns
of f thereby removing the desensitizing bias from Q306 by open-circuiting the
path of current through diode M308%nd resistor R335. This causes A6 to become
"armed" and in a ready conditiofi fer a tripping operation. After a two (2)
millisecond time delay, thespotential across capacitor C306 is sufficient to
cause Q305 to conduct and fhusfhturn off Q306. When Q306 is no longer conducting,
the potential of its coldector’ circuit drops to a relatively low value and
allows sufficient voltage to, appear across the base-emitter circuit of trans-
istor Q307 in the trip amplifier, causing it to become conductive. In turn,
transistors Q308 and Q309 turn on and apply a pilot trip voltage output.

The transient blocking/circuit is energized only when there is an output from
OR 4. An outpuf from OR L4 consists of a positive potential which immediately
turns on transisfor 'Q302 thus dropping its collector potential (at TP 303) to
a very low value. Therefore, the positive voltage is removed from the base

of transdstor Q303 turning it off. When this occurs, capacitor C305 charges

in 25 milliseconds to a potential which is sufficient to cause the breakdown
of zener diedé 2303 and provide a path for base current to turn on transistor
Q30k. With Q304 on, a conducting path through resistors R324, R323, diode
D306 and the collector-emitter circuit of Q304 is provided in order to hold a
desensitizing bias on transistor Q306 in A6. Thus, the transient blocking
circuitry allows 25 milliseconds after the operation of either a protective
reldydor the reception of a TCF trip signal for a "1" to be received from A6.
Ifytripping does not occur in this time, as during an external fault, operation
of the transient blocking circuit will hold A6 desensitized in order to prevent
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undesirable operation during transients associated with power reversals on
the protected line or at the clearing of an external fault.

If an internal fault occurs before the external fault is cleared, it is
desirable to obtain high-speed tripping. The transient unblocking circuitry
permits this since transistor Q257 in A3 will turn off and remove the positive
20 Vdc potential on printed circuit terminal #10. This allows capacitor @301
to charge to negative through diode D301, resistor R314 and the coldector-
emitter circuit of transistor Q3OM, which has been turned on due togtransient
blocking. In 25 milliseconds, C301 will charge to a sufficient ‘potemtial to
turn on transistor Q301 and permit base drive for transistor Q303. ®This will
immediately turn on Q303 which allows a path for rapid dischargé of capacitor
C305. When this occurs, zener diode 72303 will not breakdowh, and Q304 will
stop conducting thereby interrupting the desensitizing cizcuithfrom the base
of transistor Q306. Therefore A6 will be able to assume,a 1Y output and
provide tripping after a delay of only 25 millisecondsd

Test Board

The Test Board contains two potentiometers, S1 andW¥S82,"used for factory time
delay adjustments. Also, six test points aremeasily‘accessible from the front
of this board for facilitating system tests offathe"STU Relay.

Potentiometer S1 is the 2/0 millisecond time delay adjustment, and S2 is the
25/0 transient unblocking time delay adjustment. These potentiometers are
used only for factory calibration of thé 3TU Relay.

Listed below are the six test poimts on the Test Board. Test points 1 to 5 are
red, and test point 6 is black.

l. Pilot Trip
2. Transient Block
3. Arm - Received ProtectivegRelay
4. Received Channel
5. Transmitter Key
6. Negative DC
CHARACTERISTICS
Input Voltage 45 volts D-C
Current Drain 100 milliamperes maximum
Pilot Trip Output 10 milliamperes at positive 20 Vdc
Min. OperatefIime 2 milliseconds
Keying Voltage Positive 45 volt D-C
Blowng§A-C Fuse Detection Timer 3 seconds
Ambient Temperature Range -20°C to +550C around chassis
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Dimensions panel height: 8-3/L" or 5 R.U.
panel width: 19"
panel depth: 6"
Weight approximately 9 pounds
SETTINGS

Normally, there are no settings to be made on the STU unblock, redéy. All
various time delay circuits are factory adjusted to the statedWtime” in Fig. 2.
However, if conditions require, the dropout time of the lO/lSO—MOO millisecond
timer may be changed from the factory setting of 300 MS tolany wé&lue between
150 and 400 MS as explained under the Calibration sectior%

INSTALLATION

The STU Relay is generally supplied on a relay rack asypart of a complete
relay system assembly. The location must be freefl from dust, excessive humidity,
vibration, corrosive fumes or heat. The maximum ‘ambient temperature around
the chassis must not exceed 55°C.

The outline and drilling plan of the STU,Relay 1 shown in Fig. &

ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the STU Unblock Relay can be checked by taking voltage meas-
urements at the six (6) test pointé§ on the Test Board. Energize the STU Relay
with 45 Vdc and measure the poSitive, d-c voltages on test points 1 to 5 with
respect to negative d-c, testspoint 6, under the following conditions:

Note: In reference to Figewl, use the timer disable switch (between J101
terminals 12 and 13) closed unless otherwise noted in tests below.

l. Normal Condition. Test Point 1 - O Vdc
Test Point 2 - 19 Vdc
Test Point 3 - less than 0.5 Vde
Test Point 4 - less than 0.5 Vdc
Test Point 5 - O Vdc
2. Protective\Relay Operation. Test Point 1 - O Vdc
(Open? timer @isable switch) Test Point 2 - less than 0.5 Vdc
(Apply positive 20 Vde to J101 Test Point 3 - 19 Vdc
terminal 430) Test Point 4 - less than 0.5 Vdc
Test Point 5 - 45 Vdc
3. Channel Receiver Operation. Test Point 1 - O Vdc
(Apply positive 20 Vdc to Jl01 Test Point 2 - less than 0.5 Vdc
terminals 8 and 9) Test Point 3 - less than 0.5 Vdc
Test Point 4 - 7 Vde
Test Point 5 - 0 Vdc
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L. Protective Relay and Test Point 1 - immed. 20 Vdc,

Channel Operation. in 3 sec. O Vdc

(Apply pos. 20 Vdc to J101

terminals 8 and 9. Test Point 2 - immed. 19 Vdc,
Then apply pos. 20 Vdc to in 3 sec. less than 0.5 Vdc

J101, terminal 30)
Test Point 3 - immed. 19 Vdec,
in 3 sec. less than 0.5 ldc

Test Point L4 - immed.N{ Vde,
in 3 sec. 7 Vdc

Test Point 5 - immedy M5 Vdc,
in 3 sec. O Vdg

B. Recommended Routine Maintenance

Periodic checks of the relaying system are desirabde jto Indicate impending
failure so that the equipment can be taken outgef ‘service for correction. Any
accumulated dust should be removed at regular mainten@nce intervals.

The proper adjustments to insure correct operatiém) of this relay have been
made at the factory and should not be disturbedWafter receipt by the customer.
If the adjustments or if the components or primted circuit boards which
affect calibration have been changed, thenWgecalibration per the Calibration
section following will have to be madefonithe circuits in question.

C. Calibration

1. 10/150-400 T.D. (Timing BoaPd.)

The dropout of the 10£150-MOO mildisecond signal continuing timer may be
adjusted from 150 to 400 MS_t0 @llow for various settings of the breaker fail-
ure timer. By comparing the P#lot Trip voltage of the relay with the timer
output voltage at printéd circuit terminal 16 (Timing Board) under dropout
conditions, the time delayWetween a change of the input voltage and the out-
put voltage can be adjusted from 150 to 400 milliseconds. For more dropout
time, potentiometer R21LL4 Oh the Timing Board should be turned clockwise, and
for less time it should Be turned counter-clockwise. Factory setting of the
dropout time is 300 ,milliseconds. Pickup time can ve calibrated in the same
manner except forfmore time, increase resistor R212 and for less time,
decrease R21l2. (\Pickup time should ve 10 milliseconds. Location of potentio-
meter R21lhgandyresistor R212 can ve seen on the Timing Board component
location#Fig. %

2. 30/0 TeB. ATiming Board)

The pickup time of the 30/0 millisecond timer can be calibrated by comparing
the ,input ®Woltage to Buffer BL with the output voltage at printed circuit
terminal 14, Timing Board, under pickup conditions. Pickup time should be 30
mil¥igeconds. Increase resistor R207 (Timing Board) for more time or
@ecrease R207 for less time. Location of resistor R207 can be seen in Fig. 4.
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3. 3000/100 T.D. (P. R. Interface Board.)

The 3000/lOO millisecond time delay can be calibrated by comparing the time
duration for a voltage change between the timer input, the output of Buffer
B3, and the timer output, printed circuit terminal 14 (P. R. Interface Bd)
under pickup and dropout conditions. Normal pickup time is 3000 milliseconds.
For more pickup time, increase resistor R116 and for less time, decreasé R116.
Dropout time can be calibrated by using a higher value of resistor R115 for
more time or a lower value for less time. Normal dropout cadibratfion time is
100 milliseconds. Location of resistors R115 and R116 can be “seenw®n the
Protective Relay Board component location, Fige. 3.

L. 2/0 MS Timer (Output Board)

In order to calibrate the 2/0 millisecond time delay, ,conne¢t a jumper across
capacitor C305 on the Output Board. Then compare the voltage at test point TP
255 on the Arming Board with the voltage at test point, TP 306 on the Output
Board under a trip condition. If the time delay petween a change in both
voltages is not two milliseconds, turn potentdemeter §1 on the Test Board
clockwise for more time and counter-clockwise {0, 1€ss time. Location of
components and test points may be seen in Figs.\6 a@nd 7. After calibration,
remove the Jjumper from capacitor C305 and Imsurédthat the locking clamp on

S1 is tight.

5. Transient Unblocking 25/0 Time Delay (Qutput Board)

In order to calibrate the transieat, unblocking time delay, the STU Relay must
be in a transient block state. JAfter putting the relay in a block state,
compare the voltage at test point AP 255, Arming Board, with the voltage at
Test Point 1, Test Board. If the time delay between a voltage change at the
input (TP 255) and output (TPgl) s not 25 milliseconds, then turn potentio-
meter S2 (Test Board) clockwise for more time and counter-clockwise for less
time. Location of TP 255 gan(be/seen in Fig. 6, Arming Board component
location.

6. Transient Blocking25/Q Time Delay (Output Board)

To calibrate the transient blocking time delay, compare the voltage at test
point TP 303 on the Output Board with test point 2, Test Board. Apply a
transient block signal and if the time delay between a voltage change at the
input (TP 303)#&Hd, output (Test Point 2) is not 25 milliseconds, then turn
potentiometer R316) clockwise for more time and counter-clockwise for less
time. Loeatien'ef the potentiometer R316 and test point TP 303 can be seen
in Fige.£7.

D. Elect¥ricdl Checkpoints - Trouble Shooting

The components of the STU Unblock Relay are operated well within their ratings
and normally will give long and trouble-free service. However, if a relay has
given indication of trouble in service or during routine checks, the voltages
tabulated in Table I should be checked to determine the faulty circuit.

-11-



Test point voltages for the P. R. Interface, Timing, Channel, Arming, Output
and Test printed circuit boards in the STU Unblock Relay are listed in Table

I under various system conditions. The exact values will vary from one

relay to another but, in general, will be within +lO% between relays. A 0

Board Extender is helpful in checking test point voltages.

RENEWAL PARTS .

Repair work can be done most satisfactorily at the factory. However ter-

changeable parts can be furnished to the customers who are equi doing

repair work. When ordering parts, always give the complete namepl data
S

and identify the part by its designation on the internal sche awing
Fig. 1, as well as all information in the Electrical Parts$

%
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TABLE 1

ELECTRICAL CHECKPOINTS - TROUBLE SHOOTING VOLTAGES

O

All test point voltages are positive D-C taken with respect to negative,‘EEi’

Point No. 6 on the Test Board

TEST CONDITIONS

TEST NORMAL PROTECTIVE

POINTS STAND-BY RELAY OPER.
(3 sEC. TIMER
DISABLED)

PROTECTIVE

RELAY BD.

TP 101 12.5 Vde less than 0.5

TP 102 6.5 6.5

TP 103 less than 0.5 less t

TP 104 6 6

TP 105 less than 0.5 less t&o.

TP 106 20

TP 107 less than 0.5 s 0.5

PCT -5 less than 0.5 2

PCT -15 less than 0.5 T

TIMING BD. \

TP 201 20 (b 20

TP 202 20 20

PCT -1L o & 0

PCT -16 0 \ 0

CHANNEL BD. \S

TP 151 @ 15

TP 152 15

TP 153 5 less than 0.5

PCT -10 than 0.5 less than 0.5

PCT 4@ 0 L5

L 4
- PCT INDICATES PRINTED CIRCUIT TERMINAL
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PROTECTIVE

REIAY &
CHANNEL R

O

ss than
6.5
less than
6
less than
20
less than
20
T

20
less than

0

20

less than
less than
less than

T
b5

%TECTIVE
Y &

OPER. ( @
TIMER D
DISABQ

0.5
0.5
0.5

0|5

005

[eNeNe}
N\

CHANNEL RCVR.
OPER. (3 SEC.
TIMER USED)
(VOLTAGES AFTER
3 SEC)

less than 0.5
less than 0.5
17
less than 0.5
20
0
9
605
less than 0.5

20
20
20

less than 0.5
less than 0.5
L5
T
0



TEST
POINTS

ARMING BD.

TP 253
TP 254
TP 255
TP 256
PCT -1
PCT -19

OUTPUT BD.

TP 301
TP 302
TP 303
TP 304
TP 305
TP 306
TP 307
TP 308
PCT -14

TEST BD.

TEST PT. -
TEST PT. =~
TEST PT. =
TEST PT. -
TEST PT. =~
TEST PT. -

Vi FwmH

NORMAL
STAND-BY

10
less than 0.5
20
645
10
less than 0.5

TABLE I (CONT.)

TEST CONDITIONS

PROTECTIVE
RELAY OPER.
(3 SEC. TIMER
DISABLED)

10
less than 0.5
20
less than 0.5
less than Q

ess than 0.5

less than 0.5
19

less than 0.5
L5
0 (REF)
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PROTECTIVE PROTECTIVE

RELAY & Y &
CHANNEL RCV RCVR.
OPER. (3 SEC. . (3 sEc.

TIMER IMER USED)
(VOLTAGES AFTER
3 SEC.)

DISABLED)
less than O.
(0]

5
less than 0.5
20
han 0.5 645
0.5

10

19 less than 0.5
20 20
0 0
less than 0.5 less than 0.5
2 TeS
Ded 19
13 0
less than 0.5 20
20 0
19 less than 0.5
20 0]
19 less than 0.5
19 19
T T
L5 0
0 (REF) 0 (REF)
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ELECTRICAL PARTS LIST

CIRCUIT PROTECTIVE RELAY INTERFACE BD. (S# 201C050G01) WESTINGHOUSE
SYMBOL DESCRIPTION DES IGNATTON
D101-D102 DIODE 1N6L45A 83TA692HO3
D103-D105

D10k DIODE 1NL57A P8LAB55H07
7101 ZENER DIODE 1N3686B 185A212H06
7102-2103 ZENER DIODE 1N957B 186AT9THO6
7104 ZENER DIODE 1N3688B 8624288H01
Q101-Q102 TRANSISTOR 2N3417 848A851H02
Q103-Q106

Q108-Q109

QLOL-Q105 TRANSISTOR 2N697 18LA638H18
Q107 TRANSISTOR 2N3645 8LoALLI1HOL
€101 CAPACITOR 0.O47 MFD., 200 YOLTSY, +5% 84oAL3THOL
C102 CAPACITOR 68 MFD., 35 VOQLTSyu+20% 18T7A508H02
€103 CAPACITOR 0.27 MFD., 2003%VOLTS, +10% 188A669H05
R101-R102 RESISTOR k4.7K OHMS, % WATE, +2% 629A531H48

R103 RESISTOR 82K OHMS, 3(VATT, +2% 629A531H78

R104-R122 RESISTOR 10K OHMS, = WATT, +2% 629A531H56
R105-R123 RESISTOR 6.8K OHMS, 2 WAIT, +2% _ 620A531H52
RlO6—RlOE RESISTOR 22K OHMS, 5 WATT, +5% 184AT63H59
R111-R11

R131l !

R107-R109 RESISTOR 10K OHMS, 3 WATT, +5% 184AT63H59
R110-R112 -

R113-R117

R118-R120

R121-R126

R127-R130

R132

R115 RESTSTOR” 6.8K OHMS, % WATT, +5% 184AT63HLT
R116 RESISTOR 56K OHMS, 3 WATT, +5% 18L4AT63HE69
R119-R128 RESISTOR 12K OHMS, 7 WATT, +5% 18L4AT63H53
R12k RESISTOR 27K OHMS, 5 WATT, +2% 629A531H66 -
R125 RESISTOR 150 OHMS, 3 WATT, +5% T620679HOL
R133 RESISTOR 4.7K OHMS, % WATT, 5% 184AT63HL3

- INDICATES TYPICAL VALUE

-15-



ELECTRICAL PARTS LIST
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CIRCUIT TIMING BD. (S# 201C0O46G01) WESTINGHOUSE
SYMROL DESCRIPTION DESIGNATION
D201-D202 DIODE 1NL5TA 184A855H07
7201 ZENER DIODE 1N3686B 185A21.2H06
Z202-2203 ZENER DIODE 1N957B 1286AT9THO6
Z20k
Q201 TRANSISTOR 2N3417 8L8A851H02
Q202-Q203 TRANSISTOR 2N1132 184A638H20
Q204 TRANSISTOR 2N697 184A638H18
c201 CAPACITOR 0.O47 MFD., 200 VOLIS, +5% 84oAL3THOL
c202 CAPACITOR 4.7 MFD., 35 VOLTS, +10f 184A661H12
C203-C20k4 CAPACITOR 6.8 MFD., 35 VOLTS, +5% 184A661H21
* R201 RESISTOR L7K OEMS, 1 WATT, +5% 187A643H6T
R202 RESISTOR 4.T7K OHMS, % WATT, +2% 629A531H48
R203 RESISTOR 82K OHMS, 3 WATT, +2% 629A531H78
R204 RESISTOR 10K OHMS, 2 WATT, +2% 629A531H56
R205 RESISTOR 6.8K OHMS, < WATT, f+% 629A531H52
R206 RESISTOR 2.2K OHMS, $ WATL, 5% 184AT63H35
R207 RESISTOR 15K OHMS, 5 JATT, +5% 18LAT63H55
R208-R216 RESISTOR 33K OHMS, i‘WATT, +5% 184AT63HE3
R209 RESISTOR 22K OHMS, % WATT, +5% 18LAT63H59
R210-R211 RESISTOR 10K OHMS, 2 WATT, ¥5% 184AT63H51
R215
R212 RESISTOR 1.5K OHMS, % WATT, +5% 184A763H31
R213 RESISTOR 68K OHMS, ¢z WATT, +5% 18LAT63HTL
R21k4 POTENTIOMETER ,50K, OHMS 629A430HOL
* CHANNEL BD# (S# 201C013GOl)
D151-D152 DIODE 1N457A 184A855H07
D153
Z151-2153 ZENER) DTODE 1N3686B 185A212H06
Z152-2154 ZENER DIODE 1N957B 186AT9THO6
2155 ZENER*DIODE UZ 5875 83TA693HOU
Z156 ZENER DIODE 1N3688A 8624288H01
Q151-Q152 TRANSISTOR 2N3417 848A851H02
Q153
Q154 TRANSISTOR 2N699 184A638H19
Q155 TRANSISTOR 2N3064 18L4A638H24
Cl51-Cl52 CAPACITOR 0.O47 MFD., 200 VOLTS, +5% 849AL3THOL
R152=R152 RESISTOR L.7K OHMS, 3 WATT, +2% 629A531H48
R157 -R158
RI53%R159 RESISTOR 82K OHMS, % WATT, +2% 629A531HT8
R154-R160 RESISTOR 10K OHMS, 3 WATT, +2% 629A531H56
R155-R161 RESISTOR 6.8K OHMS, 3 WATT, +2% 629A531H52
R156-R162 RESISTOR 22K OHMS, 3 WATT, +5% 184AT63H59
R163-R164 RESISTOR 10K OHMS, 5 WATT, +5% 184AT63H51
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*

CIRCUIT
SYMBOL

R165 -R166
R167
R168

CIRCUIT
SYMBOL

D259-D260
D261-D263
D264 -D265

Q254 -Q255
Q256-Q258
Q259
Q25T

R266-R267
R270-R271
R275-R276
R281-R282
R284-R285
R287-R288
R268-R272
R273-R2Th
R277-R278
R283

R279

CIRCUIT

ELECTRICAL PARTS LIST

CHANNEL BD. (S# 201C013GOl) (CONTINUED)

DESCRIPTION

RESISTOR 15K OHMS, 1 WATT, +5%

ARMING BD. (S# 201C022GOL1)
DESCRIPTION

DIODE 1NL5TA

TRANSISTOR 2N3L17

TRANSISTOR 2N36U45

RESISTOR 10K OHMS, & WATT§ +5%

RESISTOR 22K OHMS, % WATT, +5%

RESISTOR 2K OHMS, % WATT, +2%

OUTPUT 8D. {8# 201C024G01)

SYMBOL

D301-D302
D303-D304
D305-D306
D308
D307

7301-2303
Z304-2305
7306

Q301-Q305
Q306-Q307
Q309

Q302-Q303
Q304-Q308

DESCRIPTION

DIODE MNL57A

DIODE 1N6U5A

ZENER DIODE 1N957B
ZENER DIODE 1N3688A

TRANSISTOR 2N3645

TRANSISTOR 2N3417

-17-

WESTINGHOUSE
DESIGNATION

187A643H55

WESTINGHOUSE

DESIGNATION

184A855H0T

848A851H02

8LOALLIHOL
18LAT63H51

184AT63H59

629A531H66

WESTINGHOUSE

DESIGNATTION

184A855H07

837A692HO3
186AT9THO6
8624288H01

8LkoaklIHOL

848A851H02



ELECTRICAL PARTS LIST

C301 CAPACITOR 1.0 MFD., 35 VOLTS, +10% 83T7A241H15
C302-C303 CAPACITOR 0.22 MFD., 50 VOLTS, +10% T62ATO3HOL
C306-C309 -

€305 CAPACITOR 4.7 MFD., 35 VOLTS, +10% 184A661H12
C307-C308 CAPACITOR O.047 MFD., 200 VOLTS, +5% 8lLoAly3 THOL
€310 CAPACITOR 0.10 MFD., 200 VOLTS, +l0% 188A669H03
c311 CAPACITOR 1.5 MFD., 35 VOLTS, +10% 187A508H09
R301-R303 RESISTOR 10K OHMS, & WATT, +5% 184KT63H51
R304-R306 -

R310-R311

R315-R320

R323-R32k4

R326-R330

R335

R302 RESISTOR 120K OHMS, % WATT, +5% 18L4AT63HTT
R305 RESISTOR 47 OHMS, ?-WATT, +5% 18T7A290H1T
R307-R31k4 RESISTOR 22K OHMS, 5 WATT, +5% 18L4AT63H59
R319-R321

R325

R309-R317 RESISTOR 1K OHMS, % WATT, +5% 18LAT63H2T
R312 RESISTOR 470 OHMS, 3 WATT, +5% 18LAT763H19
R313 RESISTOR 470K OHMS, 5 WATT4 +5% 18L4AT63HOL
R316 POTENTIOMETER 15K OHMS ¢ 6@2Ahgon88
R318-R322 RESISTOR 4.TK OHMS, S/WATT, ‘¥5% 160GATE3HAL3
R328

R327 RESISTOR 6.8K OHMS; % WATT, +5% 18LATE3HLT
R329 RESISTOR 18K OHMS, > WATT, 5% 18L4AT63H5T
R331 RESISTOR 10K OHMS, SNWATT, +2% 629A531H56
R332 RESISTOR 6.6K OHMS,([3/WATT, +2% 629A531H52
R33 RESISTOR 27K @HMS4 5 WATT, +2% 620A531H66
R33 RESISTOR 150, OHMS, 3 WATT, 5% TE2A6TIHOL
CIRCUIT TEST BDayLS#W899C711G01) WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
S1 POTENTIOMETER 1K OHMS 185A086H28
s2 POTENTIOMETER 50K OHMS 185A086H22
CIRCUIT @HASSTS MOUNTED COMPONENTS WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
z1 ZENER DIODE 1N2984B T62A631HO1
Rl RESISTOR 300 OHMS, 25 WATT, +5% 1202847
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Westinghouse I.L. 41-959
INSTALLATION ¢ OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE STU UNBLOCK RELAY
FOR USE WITH SOLID STATE RELAY

CAUTION: It is recommended that the user of this equipment bécome thoroughly
acquainted with the information in these instructions before energizing this
relay. Failure to observe this precaution may result in damage to the equip-
ment. If the equipment is mounted in a cabinet, the cabinet must be bolted
down to the floor or otherwise secured before swinging ut the equipment rack
to prevent its tipping over.

APPLICATION

The type STU relay is a completely solid-state carrier unblock auxiliary relay
for use with solid-state relays and a type TCEF™“fxrequency shift channel to
prevent tripping for faults external to theyline, section to which it is
applied and to permit instantaneous and simtTtaneous tripping for internal
faults. The relay is arranged to respond 6o indications of fault direction,
distance and power provided by the phasesand“ground distance, and overcurrent
relays thereby controlling the transmission 'of an unblocking or trip signal
and the initiation of high speed tripping,for internal faults. Either two or
three terminal line applications may be used.

CONSTRUCTION

The STU relay is mounted on a standdrd 19" wide panel, 8-3/4" high (5 rack
units) with edge slots for méUntimg on a standard relay rack or panel. All
components not on printed circuit boards are mounted on the panel and extend
to the rear. For the outline“and drilling plan, refer to Fig. 8.

All of the circuitry ‘stitable for printed circuit board mounting is contained
in an enclosure thatg projeets from the rear of the panel and is accessible by
opening the door on(the{front. The dotted lines enclosing separate areas of
Fige. 1 indicate thatWthe components thus enclosed are all on the same printed
circuit board.

The printed cireuit boards slide into position in slotted guides at the top
and bottom offthe ‘enclosure, and the board terminals engage a terminal block
at the reanfof the compartment. Each board and terminal block are keyed so
that if a board is placed in the wrong compartment, it cannot be inserted into
the terminal block. The printed ¢ircuit boards are labeled from left to right
respectively: Protective Relay Interface, Timing, Channel, Arming, Output and
Testé

NEW INFORMATION EFFECTIVE MARCH 1968



A board extender (Style No. 644B315G01) is available for facilitating circuit
voltage measurements or major adjustments. After withdrawing any one of thg
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 circuit connections; and all components, test points and printed
circuit terminals are readily accessible.

Most of the relay operates from a zener regulated 20 volts d-c supply (z& on
Fig. 3) which is mounted on a heatsink at the rear of the panel. gThe 20 volt
zener and a portion of the relay works from a 45 volt d-c input (supply.
External connections to the relay are made through a 32 terminal circuit
receptacle, J10l1 in Fig. 1.

SYSTEM OPERATION

The type STU unblock relay is used in a directional unbloek sgelay scheme for
power line protection. High-speed tripping is obtained fer two or three
terminal line applications for faults anywhere in the“protected line. The
signals to which the STU relay responds are obtained from the receiver of the
TCF frequency shift channel and the output of ghe"local protective relays.

Since distance relays may operate on a losspof asc ‘potential, the STU relay
provides alarm and lockout of tripping 3000 “mil¥iseconds after this condition
occurs. The 3000/100 MS timer picks up and thejyoutput from NOT 1 drops out
an AL loss of potential alarm mounted elsewhere in the relaying system. This
also prevents output from A 2 since there“is no signal from NOT 1.

The output of A 2 initiates keyinggef “the /local transmitter through operation
of OR 2, by shifting the transmitter) from the blocking frequency to the un-
blocking or trip frequency. In 2O milliseconds after a primary pilot trip
operation, the lO/lSO-hOO millisecond timer picks up and also maintains the
unblocking frequency keying fozx, 15@ to 400 milliseconds after a loss of the
trip signal. This time is adjustable to allow for the breaker failure timer
setting at the remote terminals

In addition, the 52b contaet initiates the trip frequency transmission 30
milliseconds after the @oeal circuit breaker opens and until such time as the
circuit breaker is reclesed. The 30/O millisecond timer delays the trans-
mission of trip frequency%to obtain coordination for bus fault tripping of
the local circuit preaker where tripping of the remote breaker would be
incorrect and might cause undesired interruption to tapped transformer ter-
minals. Transmissiod” of the trip or unblocking frequency is necessary to
permit tripping of the remote terminal should the remote circuit breaker be
closed into apfaudt or should a fault develop in the protected line while

the locad circuit breaker is open.

Internal. Fault

The operation of any or all the protective relays PR-1l, PR-2 or PR-3 for an
Internal ¥ault perform the following (refer to the block diagram, Fig. b):

l. Energizes the 3 second timer and A2 thereby giving an output from
A2 for up to 3 seconds.
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2. "Arms" A6 or puts it in a "ready" condition for up to 3 seconds by
removing a blocking bias voltage.

3. Energize the transient blocking circuit at OR 4 up to 3 secondsk

4, Key the TCF transmitter for 3 seconds through OR 2 to shift the
frequency from a blocking to an unblocking or trip condition.

For an internal fault, the TCF Receivers will produce a "1" outputmunblock
signal to energize Al thereby producing a "1" input from the channel to A3.
This together with the signal from PR-1, PR-2 or PR-3 at A3 willhcause tripping
2 milliseconds later. This operation will be completed beforé€%theWwtransient
blocking becomes effective.

External Fault

If no unblocking or trip signal is received from the remote terminal when PR-1,
PR-2, or PR-3 operates (as for an External Fault), there will be no tripping
output from Al. If tripping does not take place within 25 milliseconds after
the protective relays operate, the transient bllocking c¢ircult energized
through OR 4 will desensitize A6 to prevent possiblendesired tripping during
transients occurring at the clearing (elsewhere) of “an external fault.

The above procedure also holds true if the TCF umblocking or trip signals are
received from the remote terminals and thg protéctive relays do not operate.
This also is an external fault.

Sequential Faults

Occasionally an External Fault will e followed by an internal fault before the
former is cleared. In order to ‘prevent a long delay in clearing such an intermnal
fault, a "transient unblocking",feature is included. Although transient
blocking has been set up by the gnitial external fault, the presence of an
Internal Fault will cause an ougput from A3 which will energize the transient
unblocking circuit. After (25 milliseconds, A6 will be resensitized and tripping
will be permitted.

RELAY OPERATION
The complete detailéd re¥ay circuit is shown on the internal schematic, Fig. 1.
The operation of the logic elements shown on Fig. 2, and the individual circuit

components will Mé&ydescribed in the following paragraphs.

ProtectivegRelay Interface Board

The Protective Relay printed circuit.board contains the required circuits for
interface withfthe protective relays, PR-l, PR-2 and PR-3, These logic blocks
are the protective relay input OR 1 and its associated Buffer B3, for surge
protection, the 3000/100 millisecond time delay for loss of a-c potential, and
A2,

Undér,normal conditions, J10l terminals 30, 31 and 32, the inputs to the STU
Yelay from PR-1, PR-2 and PR-3 respectively, are held at negative (zero volts)
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thereby holding transistor Q10l, the output of B3, non-conductive. With Q101
off, transistors Ql02 and Q109 have base drive holding them both conductive.
Since Q109 is turned on, this represents a "O" output from A2. Transistor
QlO7 is normally on representing a "1" signal from NOT 1 to the AL loss of
potential alarm elsewhere in the relaying system.

When one or more of the protective relays, PR-1, PR-2 or PR-3 operate and
positive 20 volts d-c is applied to J101 terminals 30, 31 or 32, then tran-
sistor QlOl will conduct and immediately turn off Ql02 and Ql09. Tramsistor
QL09 is the output stage of A2, and for A2 to assume a "1" output, both
transistors QLO1 (output of buffer B3) and Q108 (output of NOT 1)Wmust be
conducting thereby holding Ql09 non-conductive. Therefore, immediately
following reception of a protective relay "1" signal, A2 will yieldwa "1" output.

Transistors Ql02 to QlO5 are associated with the 3000/100 millisecond time
delay, and QL06 to Q108 with NOT 1. Normally, transistors Ql02, Qloh, Q107 and
Q108 are conducting and Q103 and Q105 non-conductive. Therefore, capacitor
ClO02 in the three %3) second timer is fully discharged through transistor Q1lOu.
Since Q108 is conducting, this represents a "1" inputg®e,A2yfrom NOT 1.

Since distance relays may operate on loss of a-c potentig@l, the 3000/100 mill-
isecond timer provides alarm and blocks A2 three (3\) 'Seconds after loss of
primary protection and blown a-c potential fuses “As mentioned above, output
from any or all the protective relays turns off transistor Ql02. Therefore,
providing the timer disable switch between JEOI%terminals 12 and 13 is closed,
transistor Ql03 has base drive to cause it toypconduct and turn off transistor
QlOk. When this occurs, capacitor C102 wiTl, begin to charge from positive 20
volt d-c through resistors R11ll and R116 (and, in 3000 milliseconds, reaches a
sufficient potential to breakdown zefier\diode Z103 and cause transistor Q105
to conduct. With Q105 conducting, ®ase’ drive is removed from transistors

Q106 and Ql08 to make them mon-cofiductive. Therefore, with QL08 off, the "1"
input from NOT 1 becomes a "O" and blocks A2. In addition, since Q106 is
off, no base drive is available forwQlO7 so it becomes non-conductive and
provides a "O" signal to the AL alarm for indication of loss of a-c potential.
Upon loss of the protective rglay,sfgnal, transistor QlO4 will turn on and permit
capacitor Cl02 to discharge, in, 100 milliseconds below the breakdown of zener
diode Z103 and turn off transistor QlO5.

Timing Board

The Timing printed circuit board contains two time delays necessary for proper
operation of the relaying system: one, the 30/0 millisecond timer used for
coordination with bus fault and remote breaker tripping; and, two, the 10/150-
400 millisecond%signall continuing timer used for coordination with the breaker
failure timer.

Under normal ‘Gonditions, transistor Q201, the output of Buffer circuit BL, and
the input to the 30/0 timer, is non-conductive thereby preventing a path for

base current to turn on transistor Q202. As a result, printed circuit terminal
#1L4 is held at negative (zero volts) representing a "O" output from this timer.

Afternthe local circuit breaker opens, positive 125 volt d-c is applied through
theanow closed 52b contact to J101 terminal No. 20. When this occurs, transis-
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tor Q201 has base drive and immediately becomes conductive. As a result,
capacitor C202 starts charging to negative through resistor R207 and the
collector-emitter circuit of Q201, and in 30 milliseconds, C202 assumes & low
enough potential below positive 20 Vdc to breakdown zender diode Z203 and
provide a path for base drive to make transistor Q202 conductive. Therefore,
with Q202 conducting, this represents a "1" signal to OR 2 to shift the
transmitter from a blocking to an unblocking or trip frequency. Upon breaker
reclosing, the 52b contact opens turning transistor Q201 off thus permit¥ing
capacitor Cl02 to rapidly discharge for immediate dropout.

The lO/lSO-hOO millisecond time delay operates similar to the 30/0 M5 timer.
After a primary pilot trip operation, capacitors C203 and C2QMMwilk charge in
milliseconds through diode D202, resistor R212 and the collectoér-emitter
circuit of transistor Q203 to a low enough potential to cause ‘breakdown of
zener diode Z204 and conduction of transistor Q204. Once Q20 turns on, a

"1" signal to OR 2 keys the transmitter to the trip fregueney for the duration
of the pilot trip signal. After loss of the pilot trip signal, capacitors
C203 and C204 will discharge in 150 to 400 milliseconds, (adjustable by resistor
R214) and turn Q204 off. This 150 to 400 MS dropout time holds the unblocking
or trip frequency on to provide coordination with the breaker failure timer.
Normal dropout time is factory calibrated at 300 ‘milY¥iseconds.

Channel Interface Board

The channel printed circuit board contains A2%and its associated Buffers Bl
and B2 for interface with the TCF Receiyver,jand OR 2 for interface with the
TCF Transmitter.

Under normal conditions and for three-terminal line applications, both J101
terminals 8 (TCF RCVR-1) and 7 .(TGF4RCVR-2) are held at negative (zero volts)
thereby allowing no base drive for transistors Ql51 and Q152 thus holding
them non-conductive. As a resudt, Wransistor Q153 has base drive, so it is
normally conducting and representspa "O" output from Al.

When both of the TCF Receivers {receive the unblocking or trip frequency from
the other terminals, they, willséproduce a positive 20 Vdc potential at J101
terminals 8 and 7. Whef this occurs, both transistors Ql51 and Q152 have base
drive and start condueting. In turn, with both Ql51 and Q152 on, base drive
is removed from transistor’Ql53 which them stops conducting and represents a
"1" output signal fromAl. If only one of the TCF Receivers yield a trip
output, then transistor Q153 still will receive base drive from the other
input transistor”im the STU and a "O" signal will be received from Al.

In the case@ ofWtwo<terminal line applications, either J10l terminal 8 or 7
must be coOnnected to J101 terminal 4 to simulate having a constant signal of
"1" at one Of tHe Al inputs. Under this condition, transistor Q153 will still
be normallyieconducting thus representing a "O" output from Al. When the J101
terminal (either 8 or T) not connected to J10l terminal 4 receives a positive
20 Vdc signal from the TCF, transistor Q153 will lose its base drive and turn
off ,to produce a "1" output from Al.

Undérenormal conditions, the inputs to OR 2 printed circuit terminals #14, 15
and, 16 on the Channel Board are held at negative (O volts) thereby preventing
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any base drive from turning on transistors QlSh, and thus Ql55. When one or
more of these printed circuit terminals receive a positive d-c signal, "1",
base drive will turn on transistor Q154 which in turn will make transistor
Q155 conduct and apply positive 45 Vdc to the TCF transmitter to cause it fto
shift from the block to the unblock or trip frequency. As can be seen from
Fig. 2, in order for the TCF transmitter to be keyed, OR 2 must receive a
positive going "1" signal from A2, the 30/0 timer or the 10/150-400 timer.

Arming Board

The Arming printed circuit board contains the logic blocks which%eonbine the
information from the protective relays and the channel receiverjand¥in turn
provides the proper interfaces for this information to be translatéd to the
Output Board for transient block, arm, transient unblock andypilot trip.

Normally, there is a "O" signal to OR 4 from Al (printedgciketit terminal #12)
and from A2 (printed circuit terminal #1U4) thereby resilting in a "O" signal
at printed circuit terminal #9, the output of OR 4. _Wheén either or both Al
and A2 yield a "1" output signal to the inputs of OR 4jycurrent is allowed to
flow through resistor R287 and diode D264 (for ém Al foutput) or resistor R288
and diode D265 (for an A2 output). In this casej, therefore, a "1" is received
from OR L4 to energize the transient block cifeuitry in the Output Board.

Likewise, both inputs into A3 are normally *Q!. “The input transistors of A3
are Q255 for Al and Q254 for A2. Normally both¥Q255 and Q254 have no base
drive and, as a result, they are both nom-conductive. Therefore, the output
transistor of A3, Q256, has base drive andWis turned on thus allowing Q254 to
conduct and provide a proper interfaee with the Output Board. If a "1" signal
is received from both Al and A2, then/both transistors @255 and Q254 become
conductive thereby removing base dmive to Q256 to turn it off. This causes
Q257 to stop conducting and allowythe 2/0 timer and the transient unblock
circuits in the Output Board togfunétion. If either Q255 or Q254 remains non-
conductive, then transistor Q25T7/wikl stay on and a "O" output will be received
from A3.

The Arm circuit is energizedWfxom A2 and under normal conditions with a "QO"
output from A2, there isi no“base drive from transistor Q258, so it is non-
conductive. As a resudt,\with Q258 off, base drive holds transistor Q259
conducting thereby keéping the Output Board "disarmed". As soon as A2
assumes a "1" output state, base drive turns transistor Q258 on and thereby
Q259 turns off and arms/A6 on the Output Board.

Output Board

The Output Board ‘eontains all the logic required for final tripping, transient
blocking and trafsient unblocking. In reference to Fig. 2, a "1" signal from
OR 4 representé a transient blocking signal. A "1" output from A3 is a pilot
tripping signal in two milliseconds but prior to tripping, it is a transient
unblocking signal in the event that transient blockimg has already occurred.

The 2/0 millisecond time delay circuit is used to prevent tripping from

improper signals of short duration. Normally, printed circuit terminal #6 is
heldlat positive 20 Vdc thereby preventing capacitor C306, associated with the
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2/0 MS timer, from charging. Under conditions for tripping, transistor Q257
in A3 (Arming Board) will turn off and allow capacitor C306 to charge to
negative through resistors R318 (Output Board) and R279 (Arming Board). After
the factory calibrated time (by S1) of two milliseconds, the voltage acrogs
C306, which is applied to the base emitter circuit of transistor Q305 in A6,
is sufficient to cause Q305 to operate and thereby turn transistor Q306 off
providing it is armed.

The 2/0 millisecond timer has no intentional reset time delay. If#fa tripping
condition is indicated for some time less than two (2) millisegonds§ such as
during a reversal of fault power flow, as soon as transistor Q25%, in"A3 again
conducts, capacitor C306 will rapidly discharge through the coTlecBer emitter
circuitry of Q257, diode D261 and resistor R318. This rapid (resetting of the
2/0 timer prevents possible "notching up" of the charge on €©306mduring
momentary and intermittent interruptions under normal conditioms.

The A6 circuit block consists of transistors Q305 and _.Q306%and the associated
compouents. Under normal conditions, transistor Q305 Isynon-conducting and
Q306 fully conducting. The base of Q306 is held well/below its emitter
potential by means of the arming circuitry volté@ge divider consisting of
resistors R324, R335, diode D308 and transistor @259." With this bias, trans-
istor Q306 is held in saturation and is desemsitized’'so that even if a tripping
voltage were applied to Q305, transistor Q306%would not turn off. This
desensitizing circuit is an arrangement to prevent inadvertent operation of
A6 caused by surges on the d-c system. As!longfas Q306 is conducting, its
collector is at a high enough potential above negative d-c so that transistor
Q307 in the tripping amplifier cannot turnWen.

Upon occurrence of an internal fault,/transistor Q259 in the Arming Board turns
off thereby removing the desensiti%isig bias from Q306 by open-circuiting the
path of current through diode D308 and resistor R335. This causes A6 to become
"armed" and in a ready conditiomgfo¥ya tripping operation. After a two (2)
millisecond time delay, the potentiel across capacitor C306 is sufficient to
cause Q305 to conduct and thus tupn off Q306. When Q306 is no longer conducting,
the potential of its collector €ircuit drops to a relatively low value and
allows sufficient voltageqtoWappear across the base-emitter circuit of trans-
istor Q307 in the trip gmplifier, causing it to become conductive. In turn,
transistors Q308 and Q809 turn on and apply a pilot trip voltage output.

The transient blocking gircuit is energized only when there is an output from
OR 4. An output from OR 4 consists of a positive potential which immediately
turns on transisforQ302 thus dropping its collector potential (at TP 303) to
a very low valuesd Therefore, the positive voltage is removed from the base

of transistor Q303"turning it off. When this occurs, capacitor C305 charges
in 25 mildiseeonds to a potential which is sufficient to cause the breakdown
of zener“@iode Z303 and provide a path for base current to turn on transistor
Q30k. With“@304 on, a conducting path through resistors R324, R323, diode

D306 and the collector-emitter circuit of Q304 is provided in order to hold a
desensitizing bias on transistor Q306 in A6. Thus, the transient blocking
circuitry allows 25 milliseconds after the operation of either a protective
relayjor the reception of a TCF trip signal for a "1" to be received from A6.
If tripping does not occur in this time, as during an external fault, operation
ofathe transient blocking circuit will hold A6 desensitized in order to prevent
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undesirable operation during transients associated with power reversals on
the protected line or at the clearing of an external fault.

If an internal fault occurs before the external fault is cleared, it is
desirable to obtain high-speed tripping. The transient unblocking circuitzy
permits this since transistor Q257 in A3 will turn off and remove the positive
20 Vdc potential on printed circuit terminal #10. This allows capacitor C301
to charge to negative through diode D301, resistor R31l4k and the collectof-
emitter circuit of transistor Q3OM, which has been turned on due £o transient
blocking. In 25 milliseconds, C301 will charge to a sufficient petential to
turn on transistor Q301 and permit base drive for transistor Q303. #This will
immediately turn on Q303 which allows a path for rapid discharge, of capacitor

C305.

When this occurs, zener diode Z303 will not breakdowny and Q304 will

stop conducting thereby interrupting the desensitizing circuit®from the base

of transistor Q306.

Therefore A6 will be able to assume4a "1™ output and

provide tripping after a delay of only 25 millisecondsg

Test Board

The Test Board contains two potentiometers, Sl{amd S2,/used for factory time

delay adjustments.

Also, six test points are eagily accessible from the front

of this board for facilitating system tests{ofi,the STU Relay.

Potentiometer S1 is the 2/0 millisecond timeydelay adjustment, and S2 is the

25/0 transient unblocking time delay adjustmen®.

These potentiometers are

used only for factory calibration of the,STU, Relay.

Listed below are the six test point8Syon (the Test Board.

red, and test point 6 is black.

l. Pilot Trip

2. Transient Block

3. Arm - Received Protective(Relay
k. Received Channel

5. Transmitter Key

6. Negative DC

Test points 1 to 5 are

CHARACTERISTICS

Input Voltage

Current Drain

Pilot TripfOutput

Min. Operate Time

Keying Voltage

Blown A-C Fuse Detection Timer

Amodent Temperature Range

45 volts D-C

100 milliamperes maximum

10 milliamperes at positive 20 Vdc
2 milliseconds

Positive 45 volt D-C

3 seconds

-20°C to +55°C around chassis
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Dimensions panel height: 8-3/4" or 5 R.U.
panel width: 19"
panel depth: 6"

Weight approximately 9 pounds
SETTINGS

Normally, there are no settings to be made on the STU unblock relays, All
various time delay circuits are factory adjusted to the statéd, time jin Fig. 2.
However, if conditions require, the dropout time of the lO/lSO-hOO millisecond
timer may be changed from the factory setting of 300 MS to any walue between
150 and 40O MS as explained under the Calibration section,

INSTALLATION

The STU Relay is generally supplied on a relay rack @s part of a complete
relay system assembly. The location must be free fxomidust, excessive humidity,
vibration, corrosive fumes or heat. The maximum @mbient temperature around
the chassis must not exceed 55°C.

The outline and drilling plan of the STU Rél&y,is, shown in Fig. &
ADJUSTMENT AND MAINTENANCE

A. Acceptance Test

The operation of the STU Unblock Relay (can be checked by taking voltage meas-
urements at the six (6) test points/on the Test Board. Energize the STU Relay
with 45 Vdc and measure the positife d-c voltages on test points 1 to 5 with
respect to negative d-c, test poimnt 6, under the following conditions:

Note: In reference to Fig. I, /use” the timer disable switch (between J101
terminals 12 and 13)™closéd unless otherwise noted in tests below.

l. Normal Condition. Test Point 1 - O Vdc
Test Point 2 - 19 Vdc
Test Point 3 - less than 0.5 Vdc
Test Point L4 - less than 0.5 Vdc
Test Point 5 - O Vdec
2. ProtectivefRelay Operation. Test Point 1 - O Vdc¢
(Open timerydisable switch) Test Point 2 - less than 0.5 Vdc
(Apply positive 20 Vdec to J101 Test Point 3 - 19 Vdc
termindl 30) Test Point 4 - less than 0.5 Vdc
Test Point 5 - 45 Vdc
3. Channel Receiver Operation. Test Point 1 - O Vdec
(Apply positive 20 Vde to J101 Test Point 2 - less than 0.5 Vdc
terminals 8 and 9) Test Point 3 - less than 0.5 Vdc
Test Point 4 - 7 Vdc
Test Point 5 - O Vdc
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L. Protective Relay and Test Point 1 - immed. 20 Vdc,

Channel Operation. in 3 sec. O Vdc o~
(Apply pos. 20 Vdc to J101

terminals 8 and 9. Test Point 2 - immed. 19 Vdc,

Then apply pos. 20 Vdec to in 3 sec. less than 0.5 Vdc

J101, terminal 30)
Test Point 3 - immed. 19 Vdec,
in 3 sec. less than 0.5 _Vdc

Test Point 4 - immeds, T*Vde,
in 3 sec. 7 Vdc

Test Point 5 - immed. /45 Vdc,
in 3 sec. O Vdc

B. Recommended Routine Maintenance

Periodic checks of the relaying system are desirabley tofindicate impending
failure so that the equipment can be taken out,k of(service for correction. Any
accumulated dust should be removed at regular maintenance intervals.

The proper adjustments to insure correct operation of this relay have been
made at the factory and should not be disturbed after receipt by the customer.
If the adjustments or if the components or printed circuit boards which
affect calibration have been changed, thén recalibration per the Calibration
section following will have to be madeg®n the circuits in question.

P2

C. Calibration

1. 10/150-400 T.D. (Timing Board)

The dropout of the 10/150-400#midlisecond signal continuing timer may be
adjusted from 150 to 400 MS te @llow for various settings of the breaker fail-
ure timer. By comparing the Pilot Trip voltage of the relay with the timer
output voltage at printed ‘eircuit terminal 16 (Timing Board) under dropout
conditions, the time delay, bétween a change of the input voltage and the out-
put voltage can be adjusted®from 150 to 400 milliseconds. For more dropout
time, potentiometer R21l%en the Timing Board should be turned clockwise, and
for less time it shouldybe turned counter-clockwise. Factory setting of the
dropout time is 300 mi%liseconds. Pickup time can ve calibrated in the same
manner except foxr, more’ time, increase resistor R212 and for less time,
decrease R212. [ Pickup time should ve 10 milliseconds. Location of potentio-
meter R214 ahd Pesistor R212 can ve seen on the Timing Board component
location,/Fig. %,

2. 30/0 0eD. ATiming Board)

The pickup time of the 30/0 millisecond timer can be caliorated by comparing
the inputgvoltage to Buffer B4 with the output voltage at printed circuit
terminal 14, Timing Board, under pickup conditions. Pickup time should be 30
mill¥seconds. Increase resistor R207 (Timing Board) for more time or

deerease R207 for less time. Location of resistor R207 can be seen in Fig. 4.
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3. 3000/100 T.D. (P. R. Interface Board.)

The 3000/lOO millisecond time delay can be calibrated by comparing the time
duration for a voltage change between the timer input, the output of Buffer
B3, and the timer output, printed circuit terminal 14 (P. R. Interface Bd)
under pickup and dropout conditions. Normal pickup time is 3000 milliseconds.
For more pickup time, increase resistor R116 and for less time, decrease R116.
Dropout time can be calibrated by using a higher value of resistor R1ll5 for
more time or a lower value for less time. Normal dropout calibration time is
100 milliseconds. Location of resistors R115 and R116 can beWseén on the
Protective Relay Board component location, Fig. 3.

L. 2/0 MS Timer (Output Board)

In order to calibrate the 2/0 millisecond time delay, comnnect a jumper across
capacitor C305 on the Output Board. Then compare thefveltage at test point TP
255 on the Arming Board with the voltage at test point TP 306 on the Output
Board under a trip condition. If the time delay bétween a change in both
voltages is not two milliseconds, turn potentiometer ST on the Test Board
clockwise for more time and counter-clockwise ‘for less time. Location of
components and test points may be seen in Figs.\6'and 7. After calibration,
remove the Jjumper from capacitor C305 and Tnsure ‘that the locking clamp on

S1 is tight.

5. Transient Unblocking 25/0 Time Delay®(Output Board)

In order to calibrate the transient unbdocking time delay, the STU Relay must
be in a transient block state. After putting the relay in a block state,
compare the voltage at test poifit TP 255, Arming Board, with the voltage at
Test Point 1, Test Board. If 4he €ime delay between a voltage change at the
input (TP 255) and output (TP 1)Wis Hot 25 milliseconds, then turn potentio-
meter S2 (Test Board) clockwiSeNfor’ more time and counter-clockwise for less
time. Location of TP 255 can pe jseen in Fig. 6, Arming Board component
location.

6. Transient Blocking £5/0 Time Delay (Output Board)

To calibrate the transient blocking time delay, compare the voltage at test
point TP 303 on the™Outptit Board with test point 2, Test Board. Apply a
transient block signallland if the time delay between a voltage change at the
input (TP 303) and ‘6utput (Test Point 2) is not 25 milliseconds, then turn
potentiometer R3¥6 fclockwise for more time and counter-clockwise for less
time. Locatihont¥efs#the potentiometer R316 and test point TP 303 can be seen
in Fig. Je

D. Elect¥ical Checkpoints - Trouble Shooting

The components of the STU Unblock Relay are operated well within their ratings
and normaldly will give long and trouble-free service. However, if a relay has
given indication of trouble in service or during routine checks, the voltages
t¥abulated in Table I should be checked to determine the faulty circuit.
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Test point voltages for the P. R. Interface, Timing, Channel, Arming, Output

and Test printed circuit boards in the STU Unblock Relay are listed in Table e
I under various system conditions. The exact values will vary from one

relay to another but, in general, will be within +10% between relays. A

Board Extender is helpful in checking test point voltages.

RENEWAL PARTS

L 4
Repair work can be done most satisfactorily at the factory. Howeve? inter-
changeable parts can be furnished to the customers who are equi or doing
repair work. When ordering parts, always give the complete name t ata

Fige 1, as well as all information in the Electrical Parts Li

S

and identify the part by its designation on the internal schexzb awing

b
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TABLE 1
ELECTRICAL CHECKPOINTS - TROUBLE SHOOTING VOLTAGES

All test point voltages are positive D-C taken with respect to negative, (Test
Point No. 6 on the Test Board

TEST CONDITIONS

TEST NORMAL PROTECTIVE PROTECTIVE PROTECTIVE
POINTS STAND-BY RELAY OPER. REIAY & RELAY &
(3 SEC. TIMER CHANNEL RCYR%,. ‘GHANNEL RCVR.
DISABLED) OPER. (3 SEC. |YOPER. (3 SEC.
TIMER TIMER USED)
DISABLED) (VOLTAGES AFTER
3 SEC)
PROTECTIVE
RELAY BB.
TP 101 12.5 Vdc less than 0.5 less than 0.5 less than 0.5
TP 102 6.5 6.5 6.5 less than 0.5
TP 103 less than 0.5 less than 05 less than 0.5 17
TP 104 6 6 6 less than 0.5
TP 105 less than 0.5 less than 095 less than 0.5 20
TP 106 20 20 20 0
TP 107 less than 0.5 lessithan 0.5 less than 0.5 9
PCT -5 less than 0.5 20 20 6.5
PCT -15 less than 0.5 T T less than 0.5
TIMING BD.
TP 201 20 20 20 20
TP 202 20 20 less than 0.5 20
PCT -1k 0 0 0 20
PCT -16 0 0 20 0
CHANNEL BD.
TP 151 15 15 less than 0.5 less than 0.5
TP 152 15 15 less than 0.5 less than 0.5
TP 153 L5 less than 0.5 1less than 0.5 45
PCT -10 less than 0.5 less than 0.5 T T
PCT -18 0 45 45 0

-“PCT INDICATES PRINTED CIRCUIT TERMINAL
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TABLE 1 (CONT.)

O~
TEST CONDITIONS 0

TEST NORMAL PROTECTIVE PROTECTIVE PROTECTIVE
POINTS STAND-BY RELAY OPER. RELAY & RELIAY &
(3 SEC. TIMER CHANNEL RCVR. NEL RCVR.
DISABLED) OPER. (3 SE . (3 sEc.
TIMER O\ R USED)
DISABLED) VOLTAGES AFTER
3 SEC.)
ARMING BD. 0
TP 253 10 10 less! tham, 0.5 less than 0.5
TP 254 less than 0.5 less than 0.5 less than 0.5
TP 255 20 20 20
TP 256 6.5 less than 0.5 Te han 0.5 6.5
PCT -1 10 less than 0.5 than 0.5 10
PCT -19 - less than 0.5 19 19 less than 0.5
OUTPUT BD. \
TP 301 20 20 \ 20 20
TP 302 0 0 (O 0 0 -
TP 303 2 1 t 5 less than 0.5 less than 0.5 o
TP 304 2 2 745
TP 305 19 5.5 19
TP 306 0 \o 13 0
TP 307 20 less than 0.5 20
TP 308 0 20 0

PCT -14 19 ss than 0.5 19 less than 0.5
TEST BD. ’\C)

TEST PT. - 1 0 0o 20 0

TEST PT. - 2 19N less than 0.5 19 less than 0.5
TEST PT. - 3 less a 5 19 19 19

TEST PT. - L less@ 0.5 less than 0.5 7 7

TEST PT. - 5 45 45 0

TEST PT. - 6

\@Rﬂl‘) O (REF) 0 (REF) 0 (REF)
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ELECTRICAL PARTS LIST

CIRCUIT PROTECTIVE RELAY INTERFACE BD. (S# 201C050GO1) WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
D101-D102 DIODE 1N645A 837A692HO3
D103-D105

D104 DIODE 1N45TA 184A855H07
7101 ZENER DIODE 1N3686B 185A212H06
7102-2103 ZENER DIODE 1N957B 186AT9THO6
7104 ZENER DIODE 1N3688B 862A288H01
Q101-Q102 TRANSISTOR 2N3417 848A851H02
Q103-Q106

Q108-Q109

QLlO4-Q105 TRANSISTOR 2N697 184A638H18
QloT7 TRANSISTOR 2N3645 84aALLIHOL
c101 CAPACITOR 0.047 MFD., 200 VOLTS, 5% 84aAL3THOL
c102 CAPACITOR 68 MFD., 35 VOBES,\+20% 187A508H02
C103 CAPACITOR 0.27 MFD.: 200 VOLTS: +10% 188A669H05
R101-R102 RESISTOR 4,TK OHMS, % WATT, +2% 620A531H48
R103 RESISTOR 82K OHMS, 3 WAT Ty, +2% 629A531HT8
R104-R122 RESISTOR 10K OHMS, 3 WATT, +2% 629A531H56
R105-R123 RESISTOR 6.8K OHME)\S WATT, ¥2% 629A531H52
R106-R108 RESISTOR 22K OHMS, % WATT, +5% 184AT63H59
R111-R11k4

R131

R107-R109 RESISTOR 1OK"OHMSY % WATT, +%b 184AT63H59
R110-R112

R113-R117

R118-R120

R121-R126

R127-R130

R132

R115 RESISTOR, 6.8K OHMS, % WATT, +5% 184A 763847
R116 RESISTOR 56K OHMS, 3 WATT, +5% 18LAT63H69
R119-R128 RESISTOR 12K OHMS, H WATT, +5% 18UAT63H53
R124 RESISTOR 27K OHMS, 5 WATT, +2% 629A531H66
R125 RESISTOR 150 OHMS, 3 WATT, +5% T62A6T9HOL
R133 RESISTOR 4.7K OHMS, 5 WATT, +5% 184AT63HL3

- INDICATES TYPICAL VALUE
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ELECTRICAL PARTS LIST

CIRCUIT TIMING BD. (S# 201CO46GO1) “WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
D201 -D202 DIODE 1NL5T7A 184A855H07
Z201 ZENER DIODE 1N3686B 185A212H06
2202-2203 ZENER DIODE 1N95T7B 186A79THO6
Z20h

Q201 TRANSISTOR 2N3417 8LBA851H02
Q202-Q203 TRANSISTOR 2N1132 184A638H20
Q20k TRANSISTOR 2N697 184A638H18
c201 CAPACITOR 0.O47 MFD., 200 VOLTS, +5% 8L4oAL3THOL
C202 CAPACITOR 4.7 MFD., 35 VOLTS, +10% 184AG61H12
C203-C20L CAPACITOR 6.8 MFD., 35 VOLTS, +5% 184A661H21
R201 RESISTOR 68K OHMS, 1 WATT, +5% 18T7A6L3HTL
R202 RESISTOR 4.7TK OHMS, % WATT, +2% 620A531HLS
R203 RESISTOR 82K OHMS, 2 WATT, +2% 629A531HT8
R20L RESISTOR 10K OHMS, 2 WATT, +2% 629A531H56
R205 RESISTOR 6.8 OHMS, 3 WATT, +2% 629A531H52
R206 RESISTOR 2.2K OHMS, 3 WATT, 5% 184AT63H35
R20T RESISTOR 15K OHMS, 3 WATT, +5% 184AT63H55
R208-R216 RESISTOR 33K OHMS, 2 WATT, +5% 184AT63H63
R209 RESISTOR 22K OHMS, 2 WAIT, +5% 184AT63H59
R210-R211 RESISTOR 10K OHMS, Z“WAT®, +5% 18LAT63H51
R215

R212 RESISTOR 1.5K OHMS, % WATT, +5% 184AT63H3L
R213 RESISTOR 68K OHMS, 3 WATT, +5% 18LAT63HTL
R21L POTENTIOMETER 50K OHMS 629AL430HOL
D151-D152 DIODE 1NL5TA 18LA855H07
D153

Z151-2153 ZENER DIQODE IN3686B 185A212H06
2152-215k4 ZENER DIODE 1N957B 186ATITHO6
Q151-Q152 TRANSISTOR 2N3417 8L8A851H02
Q153

Q15k TRANSESTOR 2N699 184A638H19
Q155 TRANSISTOR 2N3064 18LA638H24
C151-C152 CAPACITOR 0.047 MFD., 200 VOLTS, +5% 84 OAL3THOL
R151-R152 RESISTOR 4.TK OHMS, 3 WATT, +2% 629A531H48
R157-R158

R153-R159 RESISTOR 82K OHMS, % WATT, +2% 629A531HT8
R154=R160 RESISTOR 10K OHMS, 3 WATT, +2% 629A531H56
R155-R161 RESISTOR 6.8K OHMS, 3 WATT, +2% 629A531H52
RI56=R162 RESISTOR 22K OHMS, 3 WATT, +5% 18LAT63H59
R163-R164 RESISTOR 10K OHMS, 3 WATT, +5% 184AT63H51
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CIRCUIT
SYMBOL

R165-R166
R167
R168

CIRCUIT
SYMBOL

D259-D260
D261-D263
D264 -D265

Q25k4-Q255
Q256-Q258
Q259
Q257

R266 -R267
R270-R271
R275-R276
R281-R282
R284-R285
R287-R288
R268-R272
R2T73-R2T74
R277-R278
R283

R279

CIRCUIT
SYMBOL

D301-D302
D303-D304
D305-D306
D308
D307

7301-Z303
Z304-7305
7306

Q301-Q305
Q306-Q307
Q309

Q302-Q303
Q304-Q308

ELECTRICAL PARTS LIST

CHANNEL BD. (S# 201C013GOl)
DESCRIPTION

RESISTOR 15K OHMS, 1 WATT, +5%

ARMING BD. (S# 201C022G01)
DESCRIPTION

DIODE 1NL57A

TRANSISTOR 2N3417

TRANSISTOR 2N3645
RESISTOR 10K OHMS, % WATy iﬁ%

RESISTOR 22K OHME,/% WATT, +5%

RESISTOR 27K OHMS, % WATT, +2%

OUTPUT BD. (8# 201C024G01)

DESCRIPTION

DIORE 2N45TA

DIODE 1N645A
7ENER DIODE 1N957B
ZENER DIODE 1N3688A

TRANSISTOR 2N3645

TRANSISTOR 2N3417
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WESTINGHOUSE
DESIGNATTON

187A6L43H55

WESTINGHOUSE
DESIGNATION

184A855H0T

848A851H02

849ALUIHOL
184AT63H51

184AT63H59

629A531H66

WESTINGHOUSE
DESIGNATION

18LAB55H0T

837A692H03
186AT9THO6
8624288H01

8LOALLIHOL

848A851H02



ELECTRICAL PARTS LIST

AT

c301 CAPACITOR 1.0 MFD., 35 VOLTS, +10% 837A2L1H15
C302-C303 CAPACITOR 0.22 MFD., 50 VOLTS, +10% T62ATO3HOL
C306-C309

€305 CAPACITOR 4.7 MFD., 35 VOLTS, +10% 184LA661H12
C307-C308 CAPACITOR 0.047 MFD.,200 VOLTS, +5% 8LoAL37THOL
c310 CAPACITOR 0.10 MFD., 200 VOLTS, +10% 188A669H03
Cc311 CAPACITOR 1.5 MFD., 35 VOLTS, +10% 187A508H09
R301-R303 RESISTOR 10K OHMS, 3 WATT, +5% LE8LAT63H51
R304-R306 -

R310-R311

R315-R320

R323-R32k

R326-R330

R335

R302 RESISTOR 120K OHMS, % WATT, +5% 184AT63HTT
R305 RESISTOR L7 OHMS, 2 WATT, +5% 187TA290H1T
R307-R314 RESISTOR 22K OHMS, 3 WATT, +5% 18LAT63H59
R319-R321

R325

R309-R317 RESISTOR 1K OHMS, % WATT, +5% 184AT763H27
R312 RESISTOR 470 OHMS, 3 WATT, +5% 184AT763H19
R313 RESISTOR 470K OHMS, = WATT, +5% 18MA763H91
R316 POTENTIOMETER 15K O % AL 30H 8
R318-R322 RESISTOR 4.TK OHMS, 5 WATTj +5% 18LATE3HL3

R328

R327 RESISTOR 6.8K OHMS, % WATT, +5% 18LAT63HNT
R329 RESISTOR 18K OHMS, 2, VLT, +5% 18L4ATE3H5T
R331 RESISTOR 10K OHMS, SWAT®, +2% 629A531H56
R332 RESISTOR 6.8K OHMS SNATT, 2% 629A531H52
R33 RESISTOR 27K OHMS, & WATT, 2% 629A531H66
R33 RESISTOR 150 OHMS, 3#MATT, 5% T62A679HOL
CIRCUIT TEST BD. (S#»899CT711G01) WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
S1 POTENTIQMETER#S1K OHMS 185A086H28
S2 POTENTIOMETER 50K OHMS 185A086H22
CIRCUIT CHASSIS#MOUNTED COMPONENTS WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
zl ZENER DIODE 1N298L4B T62A631H01
R1 RESISTOR 300 OHMS, 25 WATT, +5% 1202847
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