INSTALLATION

Westinghouse 1.L. 41-959.71A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU-12 TRANSFER TRIP RELAY FOR A
WEAK FEED TERMINAL

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in either these instructions or the system instruc-
tion leaflet 40-205.1 before energizing this relay.
Failure to observe this precaution may result in
damage to the equipment. Before putting the relay
into service, operate the relay to check the electri-
cal connections.

Do not remove or insert printed circuit boards while
the STU-12 relay is energized.

APPLICATION

The type STU-12 relay is a solid state direc-
tional comparison permissive overreaching transfer
trip auxiliary relay for use with solid sgatepor
electromechanical distance relays, and a frequency
shift type TCF carrier or TA-3 tone channelipThis
relay will prevent tripping for faults externalfto
the protected line section to which it is appliedyand
permit high speed simultaneous tripping for internal
faults. The relay will respond togindications of
fault direction and distance previded byithe phase
and ground distance relays thereby, cemtrolling the
tramsmission of a trip signal ,and the, initiation of
high speed tripping for internal faults.

The relay described An thi§ instruction may be
applied to two or three ferminal lines to provide
high-speed simultanegous clearing of all line ter-
minals, even th@ughtefie or more of these fails to
deliver a meaningfal amount of fault current. A
forward reachingelay of at least one terminal must
operate for thednternal fault.

CONSTRUCTION

The STU“?2 relay is mounted on a standard 19’’
wide panel 5-%’ high (3 rack units) with edge slots
forimounting on a standard relay rack or panel. For
the,outline and drilling plan refer to Fig. 43.

A hinged and removable door on the front of the
chassis covers the printed circuit boards. The photo-
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*Denotes change from superseded issue.

graph in Fig. 1 shows the frent view of the relay
with the door open. A Sealing,post at the top center
in front may be usedgto lock/and seal the relay when
in service.

The rear panelconsists of a hinged door which
may be openédito expose various components mount-
ed insideg#™ounteéd on the hinged door are two AR
type jauxiliaty telays and, when used, two AL tele-
phone type‘relays. The AR relay is a small high-
speed ‘attraeted armature type of unit. An insulated
member, fastened to the free end of the armature,
draws, down four moving contact springs to close
orfepen the contacts when the relay coil is ener-
gized. This relay is available for inspection by re-
moving the locking screw and swinging the hinged
door outward. In the AL relays, an electromagnet
attracts a right-angle iron bracket which in turn
operates a set of make or break contacts.

Four power supply resistors are mounted in the
rear housing of the chassis. In addition, one 32 ter-
minal connector, J1, and two, (4) terminal, terminal
blocks are mounted on the rear of the panel. The
photo in Fig. 2 shows the rear view of the STU-12
relay with the top cover off and rear door open.

All of the circuitry suitable for mounting on
printed circuit boards is contained in an enclosure
behind the front door. The printed circuit boards
slide into position in slotted guides at the top and
bottom of the enclosure, and engage a terminal
block at the rear of the compartment. Each board
and terminal block are keyed so that they cannot
be accidently inserted into the wrong slot location.
A handle mounted on the front end of the board is
used for identification, and for removing and insert-
ing the circuit. In addition the handles also serve
as a bumper with the front door to prevent the board
from becoming disconnected from its terminal block:
The boards may be removed for replacement purposes
or for use in conjunction with a board extender(Style
No. 849A534G01) which permits access to the
boards test points and terminals for making measure-
ments while the relay is energized
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Fifteen (15) printed circuit boards are used in
the STU-12 chassis. The location and title of the
printed circuit boards are shown on the relay com-
ponent location drawing, Fig. 3.

Printed Circuit Boards

Following is a description of all the printed
circuit boards used im the STU-12 relay. Refer to
the functional relay logic shown in Fig. 4, 5, 6, and
7. The internal schematics associated with the
printed circuit boards contain a detailed NOR/NAND
logic diagram to simplify understanding of the tran-
sistor logic.

For those users not generally acquainted with
logic circuit notation or with device symbols of
those components used in the STU-12 drawings, it
is recommended that a copy of Westinghouse instruc-
tion leaflet. I.L. 41-000-1 entitled SYMBOLS FOR
SOLID STATE PROTECTIVE RELAYING be con-
sulted.

Power Supply Board

The Power Supply board located in slot A con-
tains two 20 volt transistor regulators: These voltage
regulators will operate from a nominal battery supply
of 48 or 125 volts dc by varying resistors RA, ;RB;
RC and RD mounted in the rear of the chassis. The
location of components on this board is showfWin
Fig. 8, and the internal schematic is Fig. 9.

Weak Feed Logic 1 Board

The Weak Feed (W.F.) Logic-1 board Tecated in
slot B contains logic to provide tripping and keying
by the forward reaching relays (2Z1INR(67N) or 21P
and to provide indication of loS§s ofgac potential if
either 21S or 2INS(67NS) inadvertantly operates for
a sustained period of greatér than 500 milliseconds.

In relays for usefwith electromechanical systems
a relay driver is grovided on"this board to energize
the Loss of Potential AL{ telephone relay mounted
in the rear of the chassis. A contact bounce circuit
is also provided to override bounce in the contacts
of 21P or 21INP (67M).

Locatien ‘ef components on this board is shown
in Figel0.“Two internal schematics are used:Fig. 11-
for use, with“electro-mechanical systems and Fig. 12
for'use,with solid state systems.

Weak Feed Logic-2 Board

The Weak Feed (W.F.) Logic-2 board located in
slot C contains some of the logic to control eého
keying. This board provides interface with the
undervoltage relay (27). There are two buffered
inputs, one for IA/IC, another for 2&S- which work
into an AND circuit, whose output will block echo
keying and trip. A memory cireuit emf this board
provides echo-key blocking 4after the 10/0 timer
operates even if 21S and IA/IC pesett

Location of components onwthis board is shown
in Fig. 13, and the internalgschematic in Fig. 14.

Weak Feed Logic-3 Board

The Weak FReed (W.F.) Logic-3 board located in
slot D contains, some of the logic to set up breaker
tripping,.at the “wWeak source terminal. An output
from, thel4 input AND on this board is one of the
conditiens Trequired for trip. Other logic, including
the,l0/50Wmillisecond timer, is used to supervise
tripping.

A contact bounce circuit is required for electro-
mechanical systems to override bounce which could
delay tripping.

Location of components on this board is shown
in Fig. 15. Two internal schematics are used: Fig.
16-for electromechanical systems and Fig. 17-for
solid state systems.

Weak Feed Locic-4 Board

The Weak Feed (W.F.) Logic 4 board located in
slot E contains logic to both provide or block echo
keying. An output from the 3 input AND on this
board will start echo keying, but if an output is
received from the 4 input OR, the 4/80 millisecond
timer will pickup and block echo keying.

The memory circuit comprised of an AND and OR
is used to block echo keying when the breaker is
open and the undervoltage relay (27) operates.

Location of components for this board is shown
in Fig. 18, and the internal schematic is in Fig. 19.

Channel Interface Boards

The Channel Interface boards located in Slot F

N:»g;z@
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(Channel 1) and Slot G (Channel 2-when used) con-
tain the buffered interface logic for connection with
the channel equipment and provide the outputs to
work into the Channel Trip and Supv. boards. In
addition, the TA-3 Channel Interface board contains
buffered outputs.

An interlock feature is also included in order to
convert from a 2 to 3 terminal line relay and con-
versely. CHANNEL TWO INTERFACE board in slot
G must be used in the relay for THREE TERMINAL
applications, but MUST BE REMOVED for TWO
TERMINAL LINE systems.

A conversion kit may be ordered to change a 2
TERM LINE relay to 3 TERM LINE. This kit in-
cludes instructions, nameplate and a CHANNEL
INTERFACE BOARD.

The location of components for both the TA-3
and TCF-CHANNEL INTERFACE boards is shown
in Fig. 20. Internal schematics are shown in Fig.
21 for the TA-3 CHANNEL and Fig. 22 for the TCF
CHANNEL.

Channel Trip Boards

The CHANNEL TRIP board locatedyin “slot H
contains the connecting logic between the“@hkannel
trip signals and the remainder of the pelaydlogic. A
buffered output for channel 1 and 2 trip fis included
on this board.

The TONE CHANNEL TRIR, board also has
additional logic comprised of%two AND’s and an OR
for a guard return functiong,ThisSylogic is inherent
to the TCF channel equipmentytherefore it is not
required in this relay.

Location of compénents on this board is shown
in Fig. 23. Bwo internal’schematics are used; TONE
CHANNEL{TRIR BOARD - Fig. 24, TCF CHANNEL
TRIPBOARDAFig.£25.

Channel Supervision Board - TCF Channel

The Chénnel Supervision board for a TCF Chan-
nellis located in slot I and contains the connecting
logic \between the supervisory functions of the
channel equipment and the remainder of the relay
logic. Both LOW SIGNAL CLAMP outputs work into
an OR, as do both CHECK TRIP outputs.

For electromechanical systems, a relagy.driver
is used for energizing a loss of channel AL tele-
phone relay.

The location of components for this board is
shown in Fig. 29, and the internal “schematic in

Fig. 30.

Channel Supervision Board 4T one Channel

The Channel Supervision board for a TONE
channel is located™imn, slet' I and contains the con-
necting logic bétween)|the supervisory functions of
the channel quipmént and the remainder of the
relay logic4A 1504100 millisecond time delay and
associatedmlogi@yis used to monitor the LOW SIGNAL
CLAMP ( outputs for loss of channel. For electro-
mechanical, systems, a relay driver is used for
energizing,a Loss of Channel AL telephone relay.
the"aNOISE outputs work into OR logic on this
board.

Location of components for this board is shown
in Fig. 26. Two internal schematics are used; Fig.
27 for electromechanical systems and Fig. 28 for
solid state systems.

Transmitter Key Board

The Transmitter Key board located in slot J
contains OR logic to combine all inputs required to
key the transmitter, and interface circuitry to key
the particular channel equipment. A relay driver
circuit is connected to the output of the OR in
order to operate an AR relay mounted in the rear of
the chassis.

For use with the TCP channel, interface with
the transmitter is a positive going (0 to 20 volt)
buffered output represented by transistors Q4 and
Q5 is shown on the internal schematic, Fig. 32.
When the relay is used with tone channels, the
transmitter interface is a negative going output
similar to the relay driver and is shown by tran-
sistor Q6 on internal schematic, Fig. 33.

Location of components for the XMTR KEY
board is shown in Fig. 31.

Checkback Board

The Checkback board located in slot K contains
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logic used to functionally test the channel in both
directions. The circuit consists of two AND circuits
and a 2500/2500 millisecond time delay and is
operated from the CHANNEL SUPV board. This
logic is required as part of the channel checkback
scheme.

The location of components for this board is
shown in Fig. 34, and the internal schematic in Fig.
35.

Timing Board

The timing board located in slot L contains
logic, a buffered input, and three time delays used
in conjunction with the remainder of the relay.

After a pilot trip operation, the 0/30 millisecond
timer maintains the transmitter keying for 30 milli-
seconds. The 180/0 millisecond timer delays keying
of the transmitter for 180 milliseconds after opening
of the local breaker. Input to this timer is a 48/125
V DC buffer circuit.

The 2500/0 millisecond timer and associated
logic is used to permit transient blocking for 2.5
seconds if a trip output is obtained from the channel
receiver. This circuit is also controlled by the 52b
contact input.

The location of components on this boafdis
shown in Fig. 36, and the internal schematic¢ in
Fig. 37.

Arming Board

The Arming Board located in ‘Siot Meontains the
connecting logic between the Channely Protective
Relay,Elec-Mech and Timing boards for the OUTPUT
board. Logic on this board interfaeceS with and sets
up arming of the trip AND, thedranhsient blocking and
unblocking timers and the, 4/0,millisecond trip timer.

In addition, t@Wo tifte delays, 0/1000 and 0/100
milliseconds, are ineluded4on this board. The 0/1000
MStimer holds transientyplocking on for an additional
1000 MS to protect against fault power reversals due
to unequal breaker geclosing times into a permanent
external fault. After a pilot trip operation, the 0/100
MS timerdpicks up and immediately resets the 0/1000
MS timer to,de-energize the transient blocking timer.
The 100 MS"dropout time is greater than the time it
takeswyto, reset the distance relays, remove the
ffput§to the 0/1000 MS timer, therefore transient

blocking will remain off, after the pilot trip signal
is removed.

The location of components for this board™is
shown in Fig. 38 and the internal schematic in Fig.
39.

Output Board

The Output board located impslotaN contains the
final logic of the relay. This{ board utilizes the
intelligence supplied by the Arming board to set up
either a pilot trip output,for internal faults, transient
blocking on external faults, or transient unblocking
for sequential faults:

Three timersgare used on this board: a 4/0 milli-
second timer toldelay®the pilot trip output and two
18/0 millisec@end ‘timers for transient blocking and
unblocking. NOTE; Relays may be supplied with the
transicnt,bleeking time calibrated for 25 milliseconds
instead’ of ‘W8 MS to coordinate with the time delay of
the ¢hammelgequipment. The pilot trip output is com-
prised, of and AND circuit whose output works into a
logie, inverting amplifier. There are two final pilot
trip output: a buffered positive going (0 to 20 volt)
output and a relay driver to activate an AR relay
mounted in the rear of the chassis. Fig. 40 shows
location of components on this board, and Fig. 41
shows the internal schematic and detailed logic.

Test Board

The Test board located in slot 0 is used for
facilitating test measurements and routine checks of
the relay. This board consists of 10 test terminals
mounted on a panel attached to a printed circuit
board.

OPERATION

The type STU-12 transfer trip relay for a weak
feed terminal is used in a directional comparison
permissive overreaching transfer trip relay system
for power line protection. High speed tripping is
obtained for two or three terminal line application
where line terminals may be weak or strong, provid-
ing one of the terminals is a strong source.

System Operation

In a directional comparison transfer trip system,
a continuous guard signal is normally transmitted
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from each line terminal and received at all other
terminals. The channel transmitters are keyed to
the trip frequency by the STU-12 to remove blocking
at the remote terminals during an internal fault. At
the weak feed terminal, the STU-12 operates on the
‘“echo-trip’’ principle; that is, a trip request must
be received from one of the remote terminals before
the local transmitter can key a trip signal back to
the remote terminal. In addition to receiving a re-
mote trip request at the weak source terminal, either
voltage relay (27 or 59N) and neither reverse-reach-
ing relay must operate to key the local transmitter.
Pilot tripping is initiated at the weak terminal if
either voltage relay operates and neither reverse
reaching phase or ground relay operates and a trip
request is received from all remote terminals.

If a weak source terminal can be become a strong
source then forward reaching phase and ground
relays can be appliedto the system as in the transfer
trip normal system.

Some features included in the system are a
functional test channel checkback scheme, loss fof
A-C potential circuit for reverse reachinggrelays,
channel logic to force a guard return, and{coordina-
tion for bus fault tripping, breaker failuge and fault
power reversal. The description of the “preceding
features and some special weak feedfcderdination
is further explained under the Relay’ Operation
section.

Refer to system I.L. 40-208.1 “ém*the transfer
trip system for further systemgOperatien.

Relay Operation

Refer to the logic diagrams shown in Fig. 4, 5,6,
and 7 to understand the operation of the STU-12
transfer tripfrelay:

1. NormalhCondition

In Fig. 4,56, and 7 the logic voltage ‘‘0’’ and
‘““1” states shown refer to the normal operating
condition of the STU-12 relay.

2. 1Internal Fault

For an internal fault, providing the terminal is
weak feed, one of the voltage relays (27 or 59N)
Will operate and cause the input that is not
negated on the 4 input AND on WEAK FEED
LOGIC-3 board to become a logic ‘‘1’’. This

will satisfy this AND and course_a, logicd’ ‘1"’

output from the line driver which doesfthe fol-

lowing:

a. Produce a logic ‘‘1’’ at Test Term 3 (Pro-
tective Relay.)

b. Pickup the 0/1000 MS timer on the ARMING
BD. and produce aflogiéh‘‘0’’ at terminal 5
of the OUTPUTBD. This will start the
transient blocking timer.

c. Arm the trip AND onthe OUTPUT BD through
the one input, ORyon the ARMING BD.

d. Satisfy €ene input of the trip AND on the
ARMING, BD?

Both off%the channel transmitters will be keyed
at tdleJremote terminals, thus d¢ausing both of
the(receiyer trip outputs of the local channel 1
and, 29réceivers to become a logic ‘‘1’’. This
makeWTEST TERM 4 (CHANNEL TRIP) a logic
“49") signal through logic on the CHANNEL
INTERFACE and CHANNEL TRIP BDS. This
“‘1"" output will satisfy the trip AND on the
ARMING BD. causing energization of the 4/0 MS
timer on the OUTPUT BD. Four milliseconds
later the trip AND on the OUTPUT BD. will be
satisfied and produce a PILOT TRIP.

In addition, a voltage relay operation will cause
drop out the 0/6 MS timer on the WEAK FEED LOGIC
4 board and satisfy one of the inputs on the three
input AND on the board. Since a trip request will be
received from the remote terminal (s); that is, then
the receiver trip outputs become a logic “‘1’’; to
satisfy the three input AND to key the local trans-
mitter.

Also, when a receiver trip output (logic ‘‘1’") is
received as an input to the STU-12 the 2500/0 MS
timer on the TIMING BD. will be energized to start
transient blocking. This will not affect the initial
pilot trip, since it is an internal fault, and once the
local breaker opens, then the 52b contact will block
the output of this AND on the TIMING BD.

The 52b contact of the breaker provides an input
to the 0/50 timer on the WEAK FEED LOGIC-3
board. The output of this timer blocks tripping when
the breaker is open. Tripping will remain blocked
50 milliseconds after closing the breaker at the
Weak Feed terminal to allow time for the undervolt-
age relay (27) to reset

If the STU-12 is applied at a terminal that can
be a strong feed terminal, then distance relays 21P
or 2INP (67N) would respond to the internal fault.
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Operation of either of these relays would cause the
STU-12 to key the transmitter to the trip frequency
and also to set up trip. Logic for strong feed opera-
tion is on WEAK FEED LOGIC-1 board.

Once a pilot trip signal is obtained for an inter-
nal fault, the 0/100 MS timer on the ARMING BD.
will rapidily reset the 1000 millisecond dropout
timer of the 0/1000 MS timer. Therefore; when re-
closing into a permanent internal fault, the only
time delay will be the 4/0 MS timer.

3. External Fault

For an external fault forward from the weak
source terminal but behind the remote terminals,
one of the forward reaching relays of the remote
terminal of a three terminal line will not see the
fault. As a result, no receiver trip signal will be
received from that remote terminal. At the local
terminal, if either voltage relay (27 or 59N) opecrates,
then, through logic on WEAK FEED LOGIC 3 board,
the four input AND is satisfied to produce a logic
‘““1”’ at TEST TERM 3 (Protective Relay). The trip
AND on the ARMING BD will not be satisfied be-
cause both receiver trip signals were not received.
However, the 0/1000 MS timer will pickup to causg
the 18/0 MS transient blocking timer on the OUTPUT
BD to start timing. IN 18 milliseconds, TEST TERM
2 (TRANSIENT BLOCKING) will become a negative
logic ‘1’ to block the trip AND of the OUTPUI EDg»
thereby preventing possible undersirable tripping
during transients occuring at the clearingfof am, €x-
ternal tault.

If an external fault occurs behind{the Weak feed
terminal of the protected line, thendeither the under-
voltage (27) or overvoltage relay (o09N). will operate.
Also, either reverse reaching frelay@(21S or 2INS)
will also see this fault and operatefto block the 4
input AND on the WEAK FEED LOGIC 3 board. The
forward reaching relays, atgthe /remote terminal (s)
may also see this fault andykey to the trip frequency.
Therefore a trip réquegt(received receiver trip signal)
would be received "at .the sweak feed terminal. This
would satisfy one inpat of the trip AND on the
ARMING BD. and also start the 2500/0 ms. timer on
the TIMING BD. Sinee the other input to thetrip AND
is not satisfied, the output of the 2500/0 ms. timer
will actiwatedthe 0/1000 ms. timer on the ARMING
BD. and Set up transient blocking 18 milliseconds
latterqdto bleck trip. No tripping will occur at the re-
motémterminals since operation of 21S or 21NS at
weaky feed terminal will prevent echo keying by
pickingup the 4/80 ms. timer on WEAK FEED LOGIC
4 board.

6

The 0/6 MS timer on WEAK FEED LOGIC 4 beard
is used to delay echo keying for 6 milliseconds té
allow adequate time for 21S or 2INS to operateypfor
an external fault. The overcurrent fault detector
(IA/IC) supervices 21S and must operate along with
21S to block keying and trip.

If the terminal was strong rather thaniweak feed,
then for a forward external faultiythe £erward reach-
ing relay 21P or 2INP (67N)#WoeuldWeperate to set
up transient blocking. For (a geverse fault, these
relays would not see the fault bat transient block-
ing would be set up with theSreceived trip signals.

Transient blockings also established to insure
against any misoperation due to fault power reversals
caused by unequalycircuit breakers clearing time on
a parallel line.l . The 1000 millisecond reset time of
the 0/10000MS. timer’ on the ARMING BD. prevents
misoperations) when reclosing into an external fault
where faultepewer flow reversals occur. In addition,
the 1000 millisecond reset time also prevents tran-
sienty blecking from resetting when short holes
appeais in the input.

4. /'Sequential Fault

@ccasionally an external fault will be followed
by an internal fault before the former is cleared. In
order to prevent a long delay in clearing a sequent-
ial fault a transient unblocking 18/0 MS timer is
included. Although transient blocking has been
initiated by the external fault, the presence of an
internal fault will produce a negative logic “‘1”’
signal from the trip AND on the ARMING BD., since
a trip request will be received from the remote ter-
minal. This ‘“1” signal will energize the 4/0 MS
timer and satisfy the AND to energize the 18/0 MS
transient unblocking timer on the OUTPUT BD. In
18 milliseconds the transient blocking timer will
reset the transient blocking timer thus satisfying
the TRIP AND on the OUTPUT BD. and causing
a pilot trip output.

5. Loss of Potential

Distance relays may tend to operate if the in-
put from the potential device is momentarily inter-
rupted. Since tripping of circuit breakers is undesir-
able for this loss of ac potential the STU-12 relay
will lockout tripping and provide alarm. This is
accomplished by the 500/500 MS timer on WEAK
FEED LOGIC-1 board. In 500 milliseconds after a
reverse reaching relay (21NS-67NS or 21S) operation,
providing both receiver trip signals are not present,
a logic ‘“1’’ signal will be produced at TEST TERM
7 (Loss of Potential). This ‘““1’’ signal will lockout
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the three input AND on W.F. Logic 1 board, thereby
simulating ‘‘not’’ distance relay (21P or 2INP-67N)
operation. Output of the 500/500 MS timer will also
provide a buffered ‘‘1’’ signal at the J1 connector.

For electromechanical systems, an AL telephone
relay will drop out for indication purposes.

6. Channel Transmitter Control

The transmitter may be keyed to the trip fre-
quency by any one of.the following six inputs:

a. 0/30 MS timer after pilot trip.
180/0 MS timer from 52b contact.

c. 21P or 21NP (67N) forward reaching relay
operation — strong feed keying

d. 27 or 59N — voltage relay operation — weak
feed keying.

e. Check back circuit from channel logic.

f. Contact bounce for 21P or 21NP (67N) opera-
tion — electromechanical systems only.

When the transmitter is keyed, TEST TERM 5
(XMTR KEY) becomes a logic ‘‘1’’ signal, the key-
ing AR picks up, and the interface with thefrans-
mitter becomes a logic ‘1" as described dinder/ the
operation of the XMTR KEYING BD.

The weak feed keying control logic is centained
primarily on WEAK FEED LOGIC BPS.; 2, and 4.
Keying at the weak terminal will take plage when
either voltage relay (27N and 39N) and neither
reverse reaching relay (21NS or 218) opgrates and a
trip request is received from edthepremote terminal.
There is a 6 millisecond. delay (0/6 MS timer) on
echo keying to allow time“for blecking to become
effective for an external fault®thereby preventing
false keying.

Operation of 218 and its supervising overcurrent
fault detector PA/IG\Will/satisfy the two input AND
on WEAK EEED WOGIC 2 BD. If the undervoltage
relay 27 h@as operated and the breaker is not open
then an oufput willfbe obtained from the three input
AND. This output” will start the 10/0 MS timer and
also satisfy the four input OR on WEAK FEED
LOGIC 4 BD. to block echo keying. After 10 milli-
seclends, the output of the 10/0 timer will seal in
the three input AND to provide continuous echo
key, block when 21S resets after memory action
subsides for a zero voltage fault. This AND can
only be reset by the undervoltage relay (27) or by
the opening of the breaker. The purpose of the

breaker resetting this is to break the 21S3yseal in
for bus faults, where bus side pots are/used:

If 2INS or 67NS operates, it also will block
echo keying by applying an input to the four input
OR on WEAK FEED LOGIC 4 board: Also, echo
keying is blocked by the 42» input OR and AND
memory circuit on the, samefboard. This circuit
will cause blocking whenfthe abfeaker is open (52b
closed) and the undesfveltagey relay (27) operates.
The purpose of this{is{to ‘prevent tripping of the
remote terminals when eleSing the line into a fault
on the weak-temminali%us, when using bus-side
pots. Relay 2&S could not operate for this case
since their was no“woltage prior to the fault.

To bleeék eeého keying, an output must be re-
ceiyved ({from ‘the four input OR an WEAK FEED
LOGIC) 4 "boeard for 4 milliseconds to pickup the
the 4/80%timer and block the echo keying three
input®AND. The 4 ms time delay will prevent block-
ing“for transient 21S operation on an internal fault.
There is an 80 millisecond delay on removal of
blocking to insure that the fault detectors at the
remote terminal have reset.

Strong feed keying control is obtained through
logic on WEAK FEED LOGIC 1 board. Operation of
21P or 2INP (67N) will satisfy the three input
AND on this board providing loss of potential has
not occurred and echo keying is not blocked. A
A logic ‘‘1” output from this AND will cause trans-
mitter keying.

After a pilot trip operation the 0/30 MS timer
on the TIMING BD. will maintain keying of the trip
frequency for 30 milliseconds in order to insure
that the remote breaker has tripped before the trans-
mitter returns to normal condition.

After the local circuit breaker opens, the 52b
contact will energize the 180/0 MS timer on the
TIMING BD. and initiate trip frequency transmission
after 180 milliseconds and until such time as the
circuit breaker is reclosed. This 180 millisecond
delay allows coordination for bus fault tripping of
the local breaker, where tripping of the remote
breaker would be incorrect and might cause unde-
sired interruption to tapped transformer terminals.
Transmission of the trip frequency is necessary to
permit tripping of the remote terminal should the
remote circuit breaker be closed into a fault, or
should a fault develop in the protected line while
while the local circuit breaker is open.
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7. Channel Logic

a. TCF frequency shift carrier channel
Refer to CAHNNEL-INTERFACE, TRIP, and
SUPERVISION BDS. in logic drawings Fig. 4
and 5.

Two TCF CHANNEL INTERFACE boards are
shown: Both boards must be used for three terminal
line systems utilizing two receivers. However, for
two terminal line applications, the interface board
in board slot G must not be used in the relay. An
interlock shown on the Channel 2 interface board
connects the Channel 2 trip output as one output to
the Channel trip AND on the CHANNEL TRIP BD.

For three terminal line applications, both re-
ceiver trips signals are required to produce a logic
‘1"’ signal at TEST TERMINAL 4. This output will
satisfy one input of the ARMING BD. trip AND,
block operation of the 500/500 MS loss of potential
timer, and produce a buffered ‘‘1”’ output. Either
receiver trip signal will produce a ‘‘1’’ signal at
terminal 12 of the CHANNEL TRIP BD. to start
transient blocking.

For two terminal line applications, the one re-
ceiver trip signal will produce a ‘‘1’’ output at TEST
TERMINAL 4 (CHANNEL TRIP), and terminal 12 of
the CHANNEL TRIP BD.

Operation of either or both low signal clamp
inputs (‘1”7 to ‘‘0’’) will cause a ‘‘1’’ signal/at
TEST TERMINAL 6 (LOSS OF CHANNELy for use
in the channel checkback scheme.§Forjelectro-
mechanical systems, an AL telephone “pelay will
dropout for indication of loss of chann€l, In addition,
operation of either Check Trip output will produce
a‘“1”’ output at terminal 7 of the FHANNEL SUPER-
VISION BD. This signal is used for the channel
checkback scheme.

b. Frequency shift@oneiehannel
Refer to CHANNELWNTERFACE, TRIP and
SUPERVISION BDS. in logic drawings Fig.
6 and 7.

Two TONE CHANNEL INTERFACE boards are
shown; Both boards _must be used for three terminal
line systems utilizing two receivers. However, for
two terminal“line applications, the interface board
in board slot“G must not be used in the relay. An
interleck "Shown on the channel 2 interface board
connects, the channel 2 trip output as one input to
threelinput channel trip AND on the CHANNEL TRIP
BD.

8

For three terminal line applications, both_re<
ceiver trip signals and no low signal clampS are
required to produce a logic ‘‘1’’ signal at TEST
TERMINAL 4 (CHANNEL TRIP). This output will
satisfy one input of the ARMING BD. trip AND,
block operation of the 500/500 MS loss of potential
timer, and produce a buffered output{ Either receiver
trip signal will produce a ‘‘1’’ “signal“at terminal 12
of the CHANNEL TRIP BD. to start@ransient block-
ing and to energize an ANDcircuit'on.the CHANNEL
SUPERVISION BD.

For two terminal line, applieations, the one re-
ceiver trip signal willy prodiice a ‘‘1’’ output at
TEST TERMINAL 4, and terminal 12 of the CHAN-
NEL TRIP BD.

When agTone Channel is used with the STU-12
transfer tripirelay, the Tone receiver must be inter-
nally strappediyto elamp to no trip output when a low
signal cenditién)occurs. Therefore, tripping will not
be allowed under loss of channel.

Either LOW signal clamp operation (1’ to “‘0’’)
will¥pickup the 150/100 MS timer and produce a ‘‘1”’
signal at TEST TERMINAL 6 (LOSS OF CHANNEL)
for~use in channel checkback as well as blocking
Channel Trip. For electromechanical systems, an
AL telephone relay will dropout for indication of
loss of channel. Both low signal clamp outputs on
the CHANNEL INTERFACE BDS. are buffered and
separately brought out to the J1 connector.

One AND circuit on the CHANNEL SUPER-
VISION BD. is used for channel checkback. When
a receiver trip signal from either channel is received,
a logic ‘‘1”’ will be produced at terminal 3 of the
CHANNEL SUPERVISION BD. providing both low
signal clamps have not operated.

When the noise output operates on either one
or both channel receivers, a logic ‘“1’’ output is
produced from the noise OR on the CHANNEL
SUPERVISION BD. to block the trip AND of the
ARMING BD. Therefore, the STU-12 relay will not
trip on receipt of the channel noise. Both noise
outputs on the CHANNEL INTERFACE BD. are
buffered, connected together, and brought out to the
J1 connector.

A guard return circuit is included on the CHAN-
NEL TRIP BD. and is comprised of two AND’s and
an OR. The principle of guard return, is to insure
that after a loss of channel condition is cleared up,
the receiver trip signal will return in the ‘‘0’’ logic
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state, not ‘“1’’. When a low signal clamp operation
(‘““1”’ to ‘““0”’) is received from the tone channel,
then the 150/100 MS timer picks up and applies a
‘“1”’ signal to one input of each of the two guard
AND’s on the CHANNEL TRIP BD. Now, if either
or both receiver trip signals are ‘“1’’ or become a
‘“1”’ within the 100 millisecond dropout time of the
150/100 MS timer, then a ‘‘1’’ output will be pro-
duced at the output of the guard return AND and the
OR it works into. Terminal 5 of the CHANNEL TRIP
BD. will become a ‘“1’’ and hold the 150/100 MS
timer picked up by applying a ‘‘1’’ input to the 3
input loss of channel OR on the CHHANNEL SUPER-
VISION BD. By inspecting the logic it can be seen
that both receiver trip signals (one for two terminal
applications) must return to guard, logic ‘‘0’’ to,
make the channel operative after a loss of channel
condition.

8. Channel Checkback Test

A. TCF frequency shift carrier channel
Refer to logic drawings, Fig. 4 and 5. Infor-
mation in this section does not cover the
the complete test, but only that portion con-
cerning the STU-12 relays.

At the local terminal, the carrier tramsmitter
will be disconnected from the line thusWeausing a
loss of channel condition at the rem6te tetminal.
This will cause the loss of channel JOR¥on the
CHANNEL SUPERVISION BD. (ReémotegTerminal)
to assume a ‘‘1’’, and satigfy the tw@ input AND
(preceding the 2500/2500 MS_.timery®and in 2500
milliseconds pickup the 2500/25008MS timer on the
CHECKBACK BD. The ““D output of the 2500/2500
MS timer will satisfy onesinput,of the AND following
it. Next, a test switch will be operated at the local
terminal and the followingswill happen: a protective
relay signal (for gxammple, 21P) will be simulated,
the transmitterdwill®be reconnected to the line to re-
store the ghanpel’%and the local transmitter will be
keyed tafthe #rip frequency. At the remote terminal
the TCF receivefr logic will not give a trip output
since the channel was not restored to the guard fre-
quency. However, there will be a ““1’’ signal obtain-
ed from tHe CHECK TRIP output of the receiver.
This check trip output will satisfy the other input
towthe, AND on the CHECKBACK BD. causing the
transmitter to be keyed to the trip frequency. Since
the check trip signal also applies a ‘‘1”’ input to
the negated input of the AND energizing the 2500/
2500 MS timer, it will no longer be satisfied and the

timer will dropout causing keying to _stop im 2.5
seconds. However, within the 2.5 secdnds of keying,
the STU-12 relay at the local terminalywill trip be-
cause of reception of both a received trip signal and
a simulated protective relay signal.

b. Frequency shift tonegghannel
Refer to logic drawings, Rig. 6 and 7
Information in this seetion does not cover
the complete t€st, but, only that portion con-
cerning the STU-12relay.

At the local terminal, the tone transmitter will
be disconnectedfrom the line thus causing a loss of
channel condition at the remote ‘terminal. This will
cause the loss of channel OR on the CHANNEL
SUPERVISION “BD. (remote terminal) to assure a
““1 outpit to pickup the 150/100 MS timer. This
satisfies the two input AND on the Check Back Bd.
and in 2500 milliseconds the 2500/2500 MS timer
will piek up. The ““1’’ output of the 2500/2500 MS
timen will satisfy one input of the AND following it.
Next, a test switch will be operated at the local
terminal and the following will happen: a protective
relay signal (for example, 21P) will be simulated,
the transmitter will be reconnected to the line to
restore the channel, and the local transmitter will
be keyed to trip frequency. At the remote terminal,
the tone receiver trip signal will be a ‘“1’’ thus
causing the three input AND on the CHANNEL
SUPERVISION BD. to operate and produce a ‘‘1’’
at terminal 3 of this board. This ‘‘1’’ will satisfy
the other input to the AND on the CHECKBACK BD.
causing the transmitter to be keyed to the trip fre-
quency. Since at the same time, the input to the
2500/2500 MS timer is lost, then the keying signal
to local terminal will only last 2.5 seconds. How-
ever, within this time of keying, the STU-12 relay
will trip because of the reception of both a received
trip signal and a simulated protective relay signal.

9. Electromechanical Systems

When the STU-12 relay is used with electro-
mechanical protective relays, two contact bounce
circuits are used. The contact bounce circuit will
produce a logic ‘‘1’’ output immediately upon re-
ception of an input logic ‘‘1’’ signal. This output
will last for approximately 20 milliseconds. The
contact bounce circuits on the W.F. Logic 1 and 3
boards permit transmitter keying and an input to set
up tripping respectively. These circuits prevent
additional delay in tripping due to a bouncing elec-
mech protective relay contact.
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Two telephone alarm relays are mounted in the
rear of the chassis — one for indication of loss of
a-c potential, another for indication of loss of chan-
nel. Both of these AL’s are normally picked up.

CHARACTERISTICS

Control Voltage:

Current Drain:

Temperature Range:

Inputs:
52b Contact -

Protective Relays:
21INS(67TNS), 218,
2INP(67N), 21P,
59N, 27, IA/IC

All Other Inputs
are:

Outputs:

Transmitter Key:

TCF Frequency
Shift Carrier
Channel

Frequency
Shift Tone

48 VvV DC (42 to 56 volts)
125 V DC (105 to 140 volts)

SOLID STATE SYSTEMS

Normal — 160 MA
Pilot Trip - 270 MA
Maximum - 310 MA

ELEC-MECH SYSTEMS

Normal - 200 MA
Pilot Trip - 310 MA
Maximum - 350 MA

-20 C to +55 C around chassis

48/125Control Voltage Buffered
48v - 1.5 MA MAX CURRENT
125V - 2.5 MA MAX CURRENT

SOLID STATE SYSTEMS

15 to 20 V DC Buffered
2 MA MAC CURRENT

ELEC-MECH SYSTEMS

48/125 Control Voltage Buffered
48 V - 1.5 MA MAX QURRENT
125 v - 2.5 MA MAX%C€URRENT

15 to 20 VADC, “buffered and
require 2 MA MAX, CURRENT

15 to"20 V DC Buffered
10 MALMAX CURRENT

%027 State - Open Circuit

‘“1’’ State - Short Circuit to
Battery Neg.

140 V DC MAX Voltage

40 MA MAX CURRENT

All Other“©utputs are 15 to 20 V DC Buffered and
provide 10 MA MAX CURRENT.

Time;

10

Trip Time (4/0) 4.0 to 4.5 Milliseconds

(adjustable from 2.0 to 60 MS)

Transient Block

and Transient

Unblock Time (18/0): 17to 20 milliseconds
(adjustable fromml2 to 30 MS)
(Relays may We ordered with a
transient bleegking,time of 24 to
27 milliseeonds)

Low Signal Lock-
out Time:

130 to, 180/Milliseconds

Loss of Potential

Time (500/500) 400%0 600 Milliseconds

Dimensions: relay height-5.25"’(3rack units)
relay width - 19’
relay depth - 14’’

Weight: approximately 15 lbs.

SETTINGS

No'setting is required on the STU-12 relay.

INSTALLATION

The STU-12 relay is generally supplied in a
cabinet or on a relay rack as part of a complete
system. The location must be free from dust, exces-
sive humidity, vibration, corrosive fumes or heat.
The maximum temperature around the chassis must
not exceed 55 C.

The outline and drilling plan of the STU-12
relay is shown in Fig. 43.

ADJUSTMENTS & MAINTENANCE

Acceptance Check

It is recommended that an acceptance check be
applied to the STU-12 relay to verify that the cir-
cuits are functioning properly. The following pro-
cedure can be used for this purpose.

Connect the STU-12 relay to the test circuit of
Fig. 42. Apply rated dc to J1 terminals 3 and 4 as
shown, and use an auxiliary 20 volt regulator or the
internal 20 volts of the STU-12 relay for the inputs
to the switches. On STU-12 relays for use with the
electro-mechanical protective relays, rated positive
dc must be applied to the protective relay switches.
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Note that the low signal switches for channel 1 and
2 are normally closed and all other switches are
open.

Since the STU-12 relay varies in logic depending
on the channel equipment, insure that it is checked
per the proper channel. When reference is made to
AL relay, this refers to STU-12 relays for use only
with electro-mechanical systems utilizing elec-
mech protective relays.

When reference is made to TEST TERMINAL,
this means one of the 10 test terminals on the TEST
BD. in board slot O. All voltages are to be measured
with respect to negative, TEST TERMINAL 10.
Voltage measurements may vary by +10%. Informa-
tion in this acceptance test applies to a relay with
a transient blocking time of 18 MS. For relays with
a transient blocking time of 25 MS., limits are 24 to
27 milliseconds.

A. Normal Condition

TEST TERMINAL 1: 0 Volts

? " 2: 20 Volts
”? ” 3: 0 Volts
* i 4: 0 Volts
i ”? 5: 0 Volts
” ” 6: 0 Volts
' v 7-
” » 8
” ' 9

Keying AR — Not picked up
Trip AR — Not picked up
Loss of-Channel AL ,— ke p (Elec-Mech

System)
Loss of Potential — ed up (Elec-Mech
System)

B. Channel Logic Line Relay Only
(For 3 Ter i ys, disregard this section

and co ction C)

. 0 Volts
: 20 Volts
: 20 Volts O

Channel

Trip-2500/0 MS timer (TIMING
BD.), 0/1000 MS timer

@lose Trip-1 switch

Test Term 2: Voltage drop from 20 to 0
volts in 18 to 20 millise-
conds, thenrise from 0 to 20
volts in 3100 to 4100 milli-
seconds.

N

K Test Term 4: Voltage rise from 0 to 20
volts

volts

Test Term 4: Voltage rise from@ZO

Open Trip-1 switch

b. Loss of Channel
Open LOW SIGNAL - 1 switeéh

Test Term 6: Vo e_rise from 0 to 20
o)

Loss of Channe will drop out

Close LO\@ - 1 switch

2. Tone Chann

a. Chann ip - 2500/0 MS timer (TIMING
BD. 000 MS timer (ARMING BI!.), tran-
S blocking timer

Trip-1 switch
t Term 2: Voltage drop from 20 to O
volts in 18 to 20 millisec-
onds, then rise from 0 to 20
volts in 3100 to 4100 milli-
seconds.

Open Trip-1 switch

b. Loss of channel-150/100 MS timer (CHAN-
NEL SUPERVISION BD.)

Open LOW SIGNAL-1 switch

Test Term 6: Voltage rise from 0 to 20
volts in 130 to 180 milli-
seconds

Loss of Channel AL will drop out

Close LOW SIGNAL -1 switch

Test Term 6: Voltage drop from 20 to O
volts in 75 to 125 milli-
seconds.

c. Guard Return

Open LOW SIGNAL-1 switch, then close

Trip-1 switch

Test Term 4: Voltage must remain at zero

Close LOW SIGNAL -1 switch

Test Term 6: Voltage must remain at 20
Zero

Open Trip-1 switch

Test Term 6: Voltage must drop from 20 to
0 volts

C. Channel Logic - 3 Term Line Relays Only

(For 2 Term Line relays, the preceding section
was used and this part may be disregarded)

1
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1.

. Channel 1

TCF Carrier Channel
a. Channel 1-Trip 2500/0 MS timer (TIMING

BD.), 0/1000 MS timer (ARMING BD.),

transient blocking timer

Close Trip - 1 switch

Test Term 2: Voltage drop from 20 to 0
volts in 18 to 20 milli-

seconds then rise from 0 to
20 volts in 3100 to 4100
milliseconds

Test Term 4: Voltage remains at zero
Open Trip-1 switch

. Channel 2-Trip 2500/0 MS timer (TIMING

BD.), 0/1000 MS timer (ARMING BD,),

transient blocking timer

Close Trip - 2 switch

Test Term 2: Voltage drop from 20 to O
volts in 18 to 20 milli-
seconds then rise from 0 to

20 volts in 3100 to 4100
milliseconds

Test Term 4: Voltage must remain at zero

Open LOW SIGNAL -1 switch

Open Trip - 2 switch @
. Channel 1 and 2 Loss of Channel
Test Term 6: Voltage rise from 0 \
volts
Loss of Channel AL must drop

Close L,OW SIGNAL-1 swife ,O@pen

LOW SIGNAL -2 switch

Test Term 6: Voltage i % to 20
volts K

Loss of Channel AL must drop out
Close LOW SIGNA j

Test Ter rise from 0 to 20

Open T an rip-2 switches

2. Tone Channel

a. Channel 4-Trip 2500/0 MS timer (TIMING

.), 0/1000 MS timer (ARMING BD.),
ient blocking timer
ose Trip-1 switch
Test Term 2: Voltage drop from 20 to 0
volts in 18 to 20 milliseconds
then rise from 0 to 20 volts

o

C.

in 3100 to 4100 millisec O

Test Term 4: Voltage remains at (lzero
Open Trip-1 switch

. Channel 2-Trip 2500/0 MS timer (TIMING

BD.), 0/1000 MS timer (ARMING’BD.)

transient blocking timer

Close trip -2 switch %

Test Term 2: Voltag 0 rom 20 to O
volts 0 milliseconds

themyris m 0 to 20 volts
in 31 4100 milliseconds
Test Ter 2V o emains at zero

m ( r
Open Tri s h

Guard 4Re Channel 1 - Trip and Low
a 00 MS timer
(0] W SIGNAL -1 switch
erm 6: Voltage rise from 0 to 20

volts in 130 to 180 milli-
x seconds
oss of Channel AL must drop out

Close Trip-1 switch, then close LOW
SIGNAL -1 switch

Test Term 6: Voltage must remain at 20
volts

Open Trip -1 switch

Test Term 6: Voltage must drop from 20 to

0 volts in 75 to 125 milli-
seconds

. Guard Return-Channel 2-Trip and Low

Signal - 150/100 MS timer
Open LOW SIGNAL -2 switch

Test Term 6: Voltage rise from 0 to 20
volts in 130 to 180 milli-
seconds

Loss of Channel AL must drop out

Close Trip-1 switch, then close LOW

SIGNAL - 1 switch

Test Term 6: Voltage must remain at 20
volts

Open Trip-1 switch

Test Term 6: Voltage must drop from 20 to
0 volts in 75 to 125 millisec-
onds

Channel 1 and 2-Trip and Low Signal
Close Trip-1 and Trip-2 switches ST

Test Term 4: Voltage rise from 0 to 20
volts
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Open LOW SIGNAL -1 switch

Test Term 4: Voltage drop from 20 to 0
volts

Open Trip-1 and Trip-2 switches, then

close LOW SIGNAL -1 switch

D. Weak Feed Logic Operation

Weak Feed Trip

a. Voltage relay operation
Close 27 switch

Test Term 3: Voltage rise from 0 to 20
volts

Open 27 switch, then repeat above using
59N switch

b. Block of weak feed trip (W.F.Logic 3 BD.)
21NS, 21S and IA/IC, and 52b (0/50 timer)

Close 59N switch
Close 21INS switch

Test Term 3: Voltage drop from 20 to 0
volts

Open 21NS switch
Close 21S and IA/IC switches

Test Term 3: Voltage drop fro o0
volts

Open 21S and IA/IC switches\
Close 52b switch

Test Term 3: Voltage dro 0toO
volts
Open 52b switch *
Test Term 3: Voltage from 0 to 20
in 38 to 62 milli-

/50 timer)
Open 59N switch

Weak Feed
(For Te ine relays, remove the output
BD ese tests to prevent a Pilot

elay operation

27 Switch

Test Term 5: Voltage remains at zero
8lose Trip-1 switch

Test Term 5: Voltage rise from 0 to 20
volts

Open 27 switch, then close 59N switch
Test Term 5: Voltage rise from 0 to 20

volts in 6 to 10 milliseconds
(0/6 timer)

$

ILL. 4 9.7
Open 59N and Trip-1 switch O
b. Block of weak feed keying ( gic 2 &
4 BDS.) 21INS. 21S and IA/IC, 52b, 10/0

timer, 4/80 timer, 0/6 timer

Close Trip-1 switch L 4

Close 59N switch
Test Term ise from 0 to 20
VO

Close 21NS s
Test T 5! tage drop from 20 to O
volts in 2.4 to 4.0 milli-
seconds (4/80 timer)
en switch

erm 5: Voltage rise, from 0 to 20
volts in 60 to 100 milli-

e
seconds (4/80 timer)

pen 59N switch, then close 27 switch
Close 21D switch, then IA/IC switch

Terminal 3 (W.F. Logic 2 BD.): Voltage
rise from 0 to approx. 7 volts in 6 to 10
milliseconds (10/0 timer)

Test Term 5: Voltage drop from 20 to O
volts

Open 21S and IA/IC switches
Test Term 5: Voltage must remain at zero.
Close 52b switch

Terminal 3 (W.F. Logic 2 BD.): Voltage
must drop from 7 to 0 volts

Test Term 5: Voltage will rise from 0 to
20 volts

Open 52b switch

Test Term 5: Voltage must drop from 20 to
0 volts

Open 27 switch
(Re insert OUTPUT BD. into Slot N)

E. Strong Feed Operation

1.

21P or 21INP (67N) Keying and trip
Close 21P switch

Test Term 3 & 5:
volts

Voltage rise from 0 to 20

Open 21P switch and repeat above fro 21NP
switch

Loss of potential (500/500 timer- W.F. Logic
1 BD.)

Close 21S switch
Test Term 7: Voltage rise from 0 to 20 volts

13
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14

in 400 to 600 milliseconds (500/
500 timer)

Repeat above for 21NS switch

Block of Loss of Potential

Close Trip-1 and Trip-2 switches

(Trip-2 switch not required for 2 Term Line
relays)

Then close either 21S or 21NS switch
Test Term 7. Voltage must remain at zero
Open 21S(or 21NS,)Trip-1 and Trip-2 switches

Block of 21P (21NP) Keying and Trip
Close 21P switch
Then close 21S switch

Test Term 3: Voltage must drop from 20 to 0
volts in 0.5 sec.

Close 52b switch and 27 switch

Open 21S switch

Test Term 3: Voltage must remain at zero
Open 27 switch

Test Term 3: Voltage must rise from 0 to 20
volts

Open 52b and 21P switches

52b Contact Operation - 180/0 MS timer (TIMING
BD.)

Close 52b switch

Test Term 5: Voltage must rise from 0 to“20
volts in 180 to 280 milliseconds

Open 52b switch

Channel Checkback Operation

1.

TCF Carrier Channel

2500/2500 MS timerga(CHECKBACK BD.),
check trip inputs

Open LOW SIGNAL - Taswitch

TP4 on CHECKBACK)BD. voltage must drop
from 8 to Ojuolts ing2000 to 3000 milliseconds
Close CK-Trip=h#switch

Test Term 5: Voltage must rise from 0 to 20
volts immediately then drop
from 20 to 0 volts in 2000 to
3000 milliseconds

WXMTR KEY AR must pickup for 2 to 3 seconds

Close LOW SIGNAL-1 switch, then open CK
Trip-1 switch

For relay used for 3 Term Line, also do the
following:

Open LOW SIGNAL-2 switch and wait forw3
seconds, then close CK Trip-2 switch

Test Term 5. Voltage must rise from 0 to 20
immediately then drop from 20
to 0 volts in 2 to 3 secondss.

Close LOW SIGNAL-2 switch¢then open CK

Trip-2 switch

Tone Channel

2500/2500 MS timer (CHECKBACK BD.)
Open LOW SIGNAL-INswiteh

TP4 on CHECKBACK)BD.: Voltage must
drop from 8 tog0Wwolts®in 2000 to 3000 milli-
seconds

Close Trip#lyswiteh, then close LOW SIGNAL
-1 switch

TestTerm 53Voltage must rise from 0 to 20
volts immediately then drop
from 20 to 0 volts in 2000 to
3000 milliseconds

XMTR KEY AR must pick up for 2 to 3
seconds

©pen Trip-1 switch

For relays used for 3 Term Line, also do the
following:

Open both LOW SIGNAL-1 and LOW SIGNAL-
2 switches then close Trip-2 switch. Wait for
3 seconds then close bothLOW SIGNAL-1 and
2 switches

Test Term 5: Voltage must rise from 0 to 20
volts immediately after closing
both the LOW SIGNAL switches
then drop from 20 to 0 volts in
2 to 3 seconds

Open Trip-2 switch

H. Pilot Trip-4/0 MS Timer (OUTPUT BD.)

Close 52b switch in order to prevent the
2500/0 MS timer from starting transient
blocking

Close Trip-1 switch, and also, for 3 Term
Line relays, close Trip-2 switech

Then, close 21P Switch

Test Term 1: Voltage must rise from 0 to 20
volts in 4.0 to 4.5 milliseconds

Trip AR must pickup

Open Trip-1 and Trip-2 switches

Test Term 1: Voltage must remain at 20 volts
Open 21P switch and Trip AR must drop out
Open 52b switch



TYPE STU-12 TRANSFER TRIP RELAY

I.L. 41 A

I. Pilot Trip After Transient Unblocking 18/0 MS
Timer (OUTPUT BD.)

Close 21P switch

Then, close Trip-1 switch, and also for 3
Term Line relays, close Trip-2 switch

Test Term 1: Voltage drop from 20 to 0 volts
18 to 20 milliseconds

Open 21P switch

Test Term 1: Voltage drop from 20 to 0 volts.
Open Trip-1 and Trip-2 switches

Repeat above tests except use switch 27 or
59N in place of 21P switch

J. Continue Key after pilot trip-0/30 MS Timer

Close 21P switch

Close Trip-1 switch and for 3 Term Line
relays, also close Trip-2 switch

As soon as the voltage on Test Term 1 rises
from 0 to 20 volts then the 0/30 MS timer will
pickup

Then open 21P switch

volts in 24 to 30 milld
Open Trip-1 and Trip-2 switches

K. Fast Reset of 0/1000 MS timer afterdpil

.0/100 MS timer (ARMING BD.)

For checking this 0/1000 b@wﬂl be

necessary to use a jugper

Close 21P switch, the rip-1 switch
and also for 3 Term Liine ys close Trip-2
switch

Terminal 4 (AR ). Voltage must rise
in less than 2 milli-

from 0 to 16 vol
oltage at Test Term 1

seconds e
rises fr 20 volts
In o a& the 100 millisecond reset

essary to connect a jumper from
terminal 14 on the ARMING BD.

4 (ARMING BD.): Voltage must drop
from 16 to 0 volts in 70 to 170 milliseconds

Op?n Trip-1 and Trip-2 switches, and remove
the jumper

ontact Bounce Circuits (Weak Feed (W.F.)
ogic 1 and 3 BDS.)

This section is to be used only for those

Test Term 5: Voltage must drop from 20
d
trip

Close 21P switch

Terminal 2 (W.F. Logic 1 and 3 Bds.): Volt-
age must rise from 0 to 20 volts immedia-
tly then drop back to zero ifapproximately
20 milliseconds

Open 21P swit\

M. Noise Operation fto nly)

This sect i be used only for those
STU-12 @elay hich are for use with a fre-
en h e channel.

qu
Cl NO -1 switch

se 21P switch and Trip-1 switch,
for 3 Term Line relays close Trip-2
S

t Term 1: Voltage must remain at zero

STU-12 relays which are for use @ec-
tromechanical protective relayo

pen Noise-1 switch

Test Term 1: Voltage must rise from 0 to 20
volts

Trip AR must pickup
Open 21P, Trip-1 and Trip-2 switches

For 3 Term Line relays, repeat above test
using Noise-2 switch instead by Noise-1
switch.

Recommended Routine Maintenance

Periodic checks of the relaying system are de-
sirable to indicate impeding failure so that the
equipment can be taken out of service for correction.
Any accumulated dust should be removed at regular
maintenance intervals.

All contacts should be periodically cleaned. A
contact burnisher, Style No. 182A836H01, is recom-
mended. The use of abrassive material is not recom-
mended because of the danger of embedding small
particles in the face of the soff silver and thus
imparing the contact.

CALIBRATION

The proper adjustments to insure correct opera-
tion of the relay have been made at the factory and
should not be disturbed after receipt by the customer.
However, if the adjustments or if the components or
printed circuit boards which affect calibration have
have changed, then the STU-12 relay should be re-
checked per the acceptance check information.

15
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All time delays are fixed except for the three
timers on the OUTPUT BD.: 18/0 (25/0) MS tran-
sient blocking timer. These adjustable timers can
be recalibrated as follows using an auxiliary timer
or oscilloscope.

Transient Block 18/0 MS Timer — OUTPUT BD.

(NOTE: For relays having a transient blocking timer
of 25/0 MS limits are 24 to 27 milliseconds.

Start timer on 21P switch (positive pulse)
End timer on Test Term 2 (negative pulse)

Close 21P switch and the voltage on Test Term 2
must drop from 20 to O volts in 18 to 20 milliseconds
(24 to 27 MS)

This time can be adjusted by turning potentiometer
R14 on the OUTPUT clockwise for more time or
counter clockwise for less time. (After recalibrating
this timer also recheck the calibration of the 4/0 MS
timer.)

Pilot Trip 4/0 MS Timer — OUTPUT BD.

Start Timer on 21P switch (positive pulse)
End timer on Test Term 1 (positive pulse)

For this calibration, close 52b switch

Close Trip-1 switch, and also Trip-2 switch for<g
Term Line relays

Then close 21P switch and the voltage on Test Term
1 must rise from 0 to 20 volts in 4.0 to 45 midli-
seconds

This timer can be adjusted by turninggpotentiometer
R20 on the OUTPUT BD.clockwise¥@r more time and
counter-clockwise for less time.

(After recalibrating this timergmalsomsécheck calibra-
tion of the 18/0 MS transient bléckhtimer.)

Transient Unblocking 18/0°MS Timer-OUTPUT BD.

Start timer on Trip-Ts#itchdpositive pulse)
End timer on Test Term“df(positive pulse)

Close 21P switch, and also close Trip-2 switch for
3 Term Line relays

Then close “Erip-1 switch and the voltage on Test
Term 1 maStyrise from 0 to 20 volts in 18 to 20 milli-
secondsg

This time can be adjusted by turning potentiometer
R1 “onmthe OUTPUT BD. clockwise for more time
afid,counter-clockwise for less time.
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Tripping Relay (AR)

The type AR tripping relay unit has been{pro-
perly adjusted at the factory to insure correct opetas
tion and should not be disturbed after receipt by the
customer. If, however, the adjustments are disturbed
in error, or it becomes necessary to_replace some
part in the field, use the followingfadjdStment pro-
cedure. This procedure should notdbe usedfuntil it is
apparent that the AR unit is netpin“proper working
order, and then only if suitable gools are available
for checking the adjustment&:

a. Adjust the set screw atthe top of the frame to
obtain a 0.009 in€h™gap at the rear end of the
armature air gap.

b. Adjust eachf contaet spring to obtain 4 grams
pressuré dat the wvery end of the spring. This
pressure ‘s “measured when the spring moves
away frem the edge of the slot in the insulated
cresspiece.

c. Adjust@each stationary contact screw to obtain
a eentact gap of 0.020 inch. This will give 15-30
grams contact pressure.

Trouble Shooting

The components of the STU-12 relay are operated
well within their ratings and normally will give long
and trouble-free service. However, if a relay has
given an indication of trouble in service or during
routine check, then using ‘0’ and ‘‘1”’ logic nota-
tion, the faulty printed circuit board can be traced to
using the diagrams in Fig. 4, 5, 6, or 7. In turn, the
faculty, component or circuit can be found using the
individual schematic of the printed circuit boards
which show the detailed transistor NOR/NAND logic-

Fach NOR/NAND logic block represents a tran-
sistor on the schematic. The output of each indivi-
dual logic block is the collector of the transistor
which represents that block. The collector of each
transistor is either connected to a test point or
printed circuit terminal. A box around the transistor
indicates that it is conducting for the normal condi-
tion of the relay.

Following is an explanation of the voltage levels
for the ““0’” and ‘““1”’ logic notation as shown for the
normal relay condition in Figs. 4, 5, 6, and 7. This
logic notation will also apply to the detailed logic
on the printed circuit board internal schematics.



TYPE STU-12 TRANSFER TRIP RELAY

L. 41-959.70A

For positive logic — represented by logic blocks,
with no arrows. ‘‘0’’ is equivalent to less than
0.5 volts with respect to negative, Test Term 10.

‘“1” is equivalent to 8 to 20 volts with respect
to negative, Test Term 10)

For negative logic - represented by logic blocks
with open arrow heads, ‘‘0’’ is equivalent to 8 to
20 volts with respect to negative, Test Term 10,
except for the output of the relay driver, where a
‘0’ is rated positive dc.

‘““1”’ is equivalent to less than 0.5 volts with
respect to negative, Test-Term 10.

A board extender, Style No. 849A534GO01, is
available for facilitating circuit voltage measure-
ments. After withdrawing anyone of the circuit
boards, the extender is inserted into that slot. The
board is then inserted into the terminal block on the
front of the extender to restore all circuit connec-
tions.

The Test Terminals on the Test Bd. infthg
board position to the extreme right are éTpful in
checking the overall relay operation. Fgllowing are
the voltages that will occur at these Test Términals
under various conditions:

NOTE: All voltages referred to areltaken®with re-
spect to negative, Test Terminal,l0.

Test Terminal 1: Pilot Trip

Normal Condition — 0 y@lts
Internal Fault — 20 volts

For an internal faglt,seither a forward reaching relay
(21P or 2INP@ETN)) oria voltage relay (27 or 59N)
operation @nd bothyreceiver trip signals (one receiver
trip sigmal for 2, Term Line relays are required.

Test Terminal¥2: Transient Blocking & Unblocking

Normal Condition — 20 volts
External Fault — 0 volts

The following will simulate an external fault:
21P or 21NP (67N) operation

27 or 59N operation
either channel receiver trip operation

Test Terminal 3: Protective Relay
Normal Operation — 0 volts
21P or 21NP(67N) Operation - 20 volts
27 or 59N Operation - 20 volts

Test Terminal 4: Channel Frip

Normal Condition - 0 volts

Operation of Channellpandy2 receiver trip outputs-
(for 2 Term Line relay$, only 1 channel required)- 20
volts

Test Terminal, 5:XMTR Key

Normal Condition™ 0 volts

21P o 2INR(6TN) Operation - 20 volts

92b, contact/operation - 20 volts

Internal Fault (pilot trip signal) 7 20 volts

2Tnoer09N and received trip signal 1 or 2 — 20 volts
Channel Checkback scheme—20 volts for 2.5 seconds

Test Terminal 6: Loss of Chennel

Normal Condition - 0 volts

Operation of either channel 1 or 2 Low signal clamp-
20 volts.

Test Terminal 7: Loss of Potential

Normal Condition - 0 volts

21INS(67NS) or 21S operation—20 volts after 500 MS
time delay

21INS(67NS) or 21S and both receiver trip signal oper-
ation (one receiver trip signal for 2 Term Line
relays) - 0 volts

Test Terminal 8 and 9: Pos. 20 V DC

Normal Condition - 0 volts

Test Terminal 10: Negative DC

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, and the com-
ponent Style No. given in the Electrical Parts List.

17



TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE
POWER SUPPLY BOARD - $#202C465G01
L 4

Capacitors
C1, C2 6.8 MFD, 35 V, +20% 1@.10
Diodes \
D1, D2 IN645A 692H03
Resistors
None on PCB None
Transistors
Ql, Q2 2N3589 83TA617HO1
Zener Diodes
Z1, Z3 IN3050A%1 V- 1W) 187A936H16
Z2, Z4 V- 1W) 849A487HO1
Heat Sink for Al & Q2 849A517HO1

WEAK FEED — $#6262D69G01 — C. MECH. SYSTEM

LOGIC 1 BOARD - $#6262D69G02 STATE SYSTEM
Capacitors
Cl, C2 .047 mfd, 200 VDC 849A437H04
C3, C4 22 mfd, 35 V DC 184A661H16
C5 .27 mfd, 200 V DC 188A669H05
Ccé @ .47 mfd, 35 V DC 837A241H21
Diodes
D1, D2, D3, D4, D5 L 2 IN645A 837TA692H03
Resistors \
R1, R2, R7, R8 A 4.7TK, 2 W, +2% 629A531H48
R1, R2, R7, R8 # 47K, 2 W, +2% 629A531H72
R3, R9 4.7K, 2 W, +2% 629A531H48
R4, R10, R27, R45 82K, Y2 W, 2% 629A531H78
R5, R11, R15, R18, R21, R g 6, R30, R33, R37,

R40, R43, R44 10 K, Y2 W, +2% 629A531H56
R6, R12, R16, R25#R31, 6.8K, V2 W, +2% 629A531H52
R13, R14, R1T, 4, R35, R36, R39, R4l 27K, Y2 W, 2% 629A531H66
R19 39K, ¥ W, 2% 629A531HT0
R20, R23 470 ohms, %2 W, £29 629A531H24
R22 47K, Y2 W, 2% 629A531HT2
R28 * 150 Ohms, 3 W, 5% 762A679H01
R32 1K, Y2 W, +2% 629A531H32
Transjst

4, Q5, Q6, Q8, Q10, Q11 2N3417 848A851H02
2N3645 849A441HO01
2N3589 837A617HO1

— Solid State Systems

# — Elec. Mech Systems




TYPE STU-12 TRANSFER TRIP RELAY

LL. 41-959.7

ELECTRICAL PARTS LIST

o

CIRCUIT SYMBOL REFERENCE S@
WEAK FEED LOGIC 1 BOARD
(continued)
4
Zener Diodes
Z1, 22,75, Z6, Z11 IN3688A 62A288H01
Z3, Z7 IN3686B 185A212H06
Z4, 78, 729, 210 IN957B 186A797THO06
Z12 IN3050B 187A936H117
WEAK FEED S#6262D57G01 — SOLID STAT MS
LOGIC 2 BOARD $#6262D57G02 — ELEC. ME STEMS
Capacitors
Cl,C2, C3 .0 , 200 VDC 849A437TH04
C4 , 35 VDC 837A241H13
Diodes
D1, D2, D3, D4, D5 N645A 837A692H03
Resistors \
R1, R6, R12 A 4.7K, %W, + 2% 629A531H48
R1, R6, R12 # Q‘D 47K, YW, + 2% 629A531HT2
R2, R7, R13 4.7K, YBW, + 2% 629A531H48
R3, R8, R14 82K, YW, * 2% 629A531H78
R4,R9,R15,R20, R23,R28,R30, R33, R36 10K, YW, + 2% 629A531H56
R5,R11,R17,R21,R24,R29,R34,R37@ 6.8K, %W, + 2% 629A531H52
R10,R16,R18,R19,R22, R25, R26,R2%, 27K, Y%aW, * 2% 629A531H39
R31 2K, YW, * 2% 629A531H60
R32 r's 15K, YW, + 2%
Transistors \
Ql, Q2, Q3, @4, Q5, Q6,,Q & 2N3417 848A851HO2
QT K 2N3645 849A441HO01
Zener Diodes O
Z1,723, 75 IN3686B 185A212H06
Z2, 24, 76 IN957B 186 A7T97THO6
WEAK FEED $#6262D65G01 — SOLID STATE SYSTEMS
LOGIC 3 BOARD $#6262D65D02 — ELEC. MECH. SYSTEMS
Capacitors
Cl1 3.3 mfd, 35 VDC 862A530H01
C2, C3 .047 mfd, 200 VDC 849A437TH04
.47 mfd, 35 VDC 837A241H21
Diodes
1, D2, D3, D4, D5 IN645A 837A692H03

A — Solid State Systems

# — Elec. Mech. Systems
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TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL

REFERENCE

STYLE

(continued)

WEAK FEED LOGIC 3 BOARD

L 4

Resistors
R1,R7,R14,R20,R21,R22,R24,R25, R30, R32

R2,R5,R8,R13,R17,R26, R28,R31,R33,R35

27K, YW, + 2%
10K, oW, + 2%

o
\ 1H56
2

R3 30K, %W, + 2% 531H67
R4 470 ohm, %W, + 2% A531H24
R6,R9,R15,R23, R27 6.8K, %W, + 2% 29A531H52
R10, R16 A 4.7K, LW, + 2% 629A531H48
R10, R16 # 47K, YW, + 629A531H72
R11, R17 4.7K, oW, * 629A531H48
R12, R18, R29, R36 82 K, bW, + 629A531H78
R34 15K, %W, & 2 629A531H60
Transistors
Ql, Q2, Q3, Q4, Q5, Q6, Q8 341 848A851H02
Q7, Q9 849A441HO01
Zener Diodes &
Z1, 23, 25 IN9 186AT97THO06
Z2, 24 686B 185A212H06
WEAK FEED $1#6262D7 4 D STATE SYSTEM
LOGIC 4 BOARD $::6262D74 - C. MECH. SYSTEM
Capacitors
Cl1 .047 mfd, 200 VDC 849A437H04
Cc2 4.7 mfd, 35 VDC 184A661H12
C3 .47 mfd, 35 VDC 837A241H21
Diodes r's O
D1, D3, D4, D5, D6 \ IN645A 837A692H03
Resistors \
Rl,RZ,R5,R6,R12,R14,R15,R22M ,R32,R33 27K, AW, + 2% 629A531H66
R3, R7, R13, R20, R23, R26, R@ 10K, %AW, + 2% 629A531H56
R4, R8, R16, R19, R21, R27, R R 6.8K, 2W, + 2% 629A531H52
RO A 4.7K, oW, + 2% 629A531H48
R9 » @ 47K, %W, * 2% 629A531H72
R10 \ 4.7K, LW, + 2% 629A531H48
R11 82K, AW, * 2% 629A531H78
R17 22K, %W, + 2% 629A531H64
R18 2.7K, %W, + 2% 629A531H42
R24 33K, YW, + 2% 629A531H68
R25 . 470 ohms, %W, *+ 2% 629A531H24
Transistors
Q5, Q6, Q7, Q8 2N3417 848A851H02
IN3686B 185A212H06
IN957B 186A797THO06

Solid State System

# — Elec. Mech. System




TYPE STU-12 TRANSFER TRIP RELAY

L. 41-

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE YLE
CHANNEL — $#202C530G01 — TCT INT.
INTERFACE BOARD - $#202C469G01 — TA3 INT. .
— ]
Capacitors
C1, C3, Cb .047 mfd, 200 V 49A437HO04
C4, C6 .27 mfd, 200 V D, 188A669H05
Diodes
D2, D3 IN645A 837TA692H03
Resistors
R1, R2, R9, R10, R17, R18 2 + 2% 629A531H48
R3, R7, R11, R15, R19, R23 , 2% 629A531H78
R4, R5, R12, R13, R20, R21, R26 2W, + 2% 629A531H56
R6, R14, R22, R27 K, %W, * 2% 629A531H52
R16, R24 50 ohm, 3W, + 5% T62A679H01
R25 \ 27 K, %W, + 2% 629A531H66
Transistors
Ql, Q3, Q5, Q7 2N3417 848A851H02
Q2, Q4, Q6 2N3645 849A441H01
Zener Diodes \
71, 74, 21 @ IN3686B, 20 V, + 5% 185A212H06
722,725,278 IN957B, 6.8V, + 5% 186 A7T97THO6
76, 729, Z10 1 4 IN3688A, 24 V, + 20% 862A288H01
<CH§NNEL - $#202C471G01 - TCF
\ IP BOARD - $:202C472G01 — TONE
Capacitors O
C1 @ 0.27 mtd, 200 V 188 A669H05
Diodes \
D1 IN645A 837TA692H03
Resistors
R1, R2, R5, R8, R11, R14, R17, R18, R21, R22, R25, 27 K, %W, + 2% 629A531H66
R26, R294R32, R33, R34, R37, R43
R 6,R9,R12,R15,R19, R23, R27, R30, R35, R38, R39 10K, oW, + 2% 629A531H56
,R10,R13,R16,R20,R24,R28,R31, R36,R40 6.8 K, ¥5W + 2% 629A531H52

R 82 K, LW, *+ 2% 629A531H78

42 150 ohm, 3W, + 5% T62A679HO01
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TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE STYLE 0
CHANNEL TRIP BOARD
(continued)
o |
Transistors
Ql, Q2, Q3, Q4, Q5, Q6, Q7, Q8, Q9, QI10, Q11 2N3417 A 0
Zener Diodes
Z1 IN3688A,24V, + 10% 8 8HO1
TCF CHANNEL
SUPERVISION BOARD - $:202C532G01
Resistors
R1, R2, R9, R22, R23, R26 27 K, YW, + 629A531H66
R3, R4, R10, R13, R24, R27 10 K, Y, + 2% 629A531H56
R5, R11, R25, R28 6.8 K, 629A531H52
R12 1 K, %W, * 629A531H32
Transistors
Ql, Q4, Q8, Q9 2 848A851H02
Q2 645 849A441H01
Q5 837A617HO1
Zener Diodes
Z1 3050B, 180 V 187A936H17
TONE CHANNEL - $#20 — ELEC. MECH. SYSTEMS
SUPERVISION BOARD - S» 1 — SOLID STATE SYSTEMS

Capacitors
Cl1 P O 12 mfd, 35 V, + 10% 862A530H05
Diodes \
D1, D2, D3 1N645A 837TA692H03
Resistors \
R1, R2, R3, R6, R15, R20, R23, 4, 5, R28, R29, R32 27 K, bW + 2% 629A531H66
R4, R7, R12, R13, R16, R19, , R30, R33 10 K, %W, + 2% 629A531H56
R5, R8, R14, R17, R22, R27 ,(R34 6.8 K, oW, + 2% 629A531H52
R9 A 22 K, oW, + 2% 629A531H64
R10 A 10K, %W, + 2% 629A531H56
R11 15 K, YW, *+ 2% 629A531H60
R18 1 K, YW, + 2% 629A531H32
Transistors
Ql, Q2, Q3, Q5, Q7,98, Q9, Q10 2N3417 848A851H02
Q4 2N 3645 849A441HO01
Q6 2N3589 837A617HO1

1N957B, 6.8V, + 5% 186A797HO6

1N3050B, 180 V 187A936H17

Indicates typical value



TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

O

CIRCUIT SYMBOL REFERENCE

TRANSMITTER - $#202C634G01 — TCF CH.

@

KEY BOARD - $#202C535G01 — TONE CH. r's
Capacitors
Cl1, C2 0.27 mtd, 200 V 188A699H05
Diodes @
D1, D2, D3, D4, D5, D6, D7 IN645A 837TA692H03
Resistors
R1, R2, R3, R4, R5, R6, R7, R13 27 Ky LoW, B2% 629A531H66
RS, R9, R12, R14, R15, R20 1 + 2% 629A531H56
R10, R11, R16 .8 W, + 2% 629A531H52
R17 82 W, + 2% 629A531H78
R18 ohm, 3W, + 5% 762A679H01
R19 T K, %W, +2% 629A531H48
Transistors \
Ql, Q4 2N3417 848A851H02
Q2, Q5 (b 2N3645 849A441HO1
Q3, Q6 2N3589 837TA61THO1
Zener Diodes
z1, Z3 IN3688A, 24V, + 10% 862A288H01
z2, 24 @ 1N3050B, 180V 187A936H17
. QTCKBACK BOARD - $#6263D17G01

Capacitors
C1, C2 \ 150 mfd, 35 V 849A00THO1
Diodes O
D1, D2, D3 IN645A 837A692H03
Resistors @
R1, R4,R7, RS, Ri5 27 K, %W, + 2% 629A531H66
R2, R 120R16 10 K, %«% + 2% 629A531H56
R3, R6, 6.8 K, %W, + 2% 629A531H52
RI10 A, R13 A 33 K, %W, + 2% 629A531H68
R11, R14, 470 ohm, %W, + 2% 629A531H24

nsistors

2, Q3, Q4, Q5 2N3417 848A851H02

Zener Diodes
zl, Z2 IN957B, 6.8V, * 5% 186AT9THO6

A — Indicates typical value




TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE STYLE
TIMING BOARD - S$#202C477G01
Capacitors
Cl1 .047 mfd, 200 V 849 HO04
Cc2 12 mfd, 35V, + 10% 62 5
C3 1.5 mfd, 35V, + 5% 5 18
C4 150 mfd, 30 V, + 10% THO1
C5 1.0 mfd, 35 V, + 10% 41H15
Diodes
D1, D2, D3, D4, D5 1N645A 837TA692H03
Resistors
R1 47 K, %W, + 2 629A531H72
R2 629A531H48
R3 629A531H78
R4, R7, R10, R13, R16, R19, R22, R25, R28, R33 629A531H56
R5, R8, R14, R17, R23, R26, R34 629A531H52
R6, R9, R15, R18, R24, R27, R31, R32, R35 629A531H66
RI11 A 629A531H67
R12, R21, R30 ohm, 2W, + 2% 629A531H24
R20 A, R29 A VoW, + 2% 629A531H68
Transistors
Ql, Q2, Q3, Q4, Q5, Q6, QT, Q8, Q9, Q10 3417 848A851H02
Zener Diodes
Z1 1N368B, 20 V, *+ 5% 185A212H06
Z22,723, 24, Z5 1IN957B, 6.8V, + 5% 186 AT9THO6
ARMI (0] — $#202C478G01
Capacitors
C1 22 mfd, 35 V, + 10% 184A661H16
c2 \ 3.3 mfd, 35 V, * 5% 862A530H01
Diodes
D1, S2, D3, D4, D5 1N645A 837A692H03
Resistors
R1, R2, R5, R9, R10, 23, R24, R25 27 K, oW, * 2% 629A531H66
R3, R6, R11, R12, 8, 26, R27, R32, R36 10 K, 2W, + 2% 629A531H56
R4, R7, R13, R1 2 33 6.8 K, %W, + 2% 629A531H52
R14 82 K, oW, * 2% 629A531H78
R15 20 K, LW, + 2% 629A531H63
R29, R34 1K, %W, + 2% 629A531H32
R30 Y 100 ohm, %W, + 2% 629A531H08
R31 A 15 K, %aW, * 2% 629A531H60
R35 12K, 2W, + 2% 629A531H58
Tran
Q1 Q3. Q5, Q6, QT, Q9, Q10 2N3417 848A851H02
2N3645 849A441HO01

Indicates typical value




TYPE STU-12 TRANSFER TRIP RELAY

ELECTRICAL PARTS LIST

CIRCUIT SYMBOL REFERENCE TYL
OUTPUT BOARD $#202C479G01
Capacitors v
C1 1.5 mfd, 35 V, + 10% 187A508H18
C2, C4, C17 0.22 mfd, 100V T63A219H21
C3 3.3 mfd, 35 V, + o 862A530H01
C6 0.047 mfd, 200 849A437TH04
C8, C9 0.1 mfd, 200 188A669H03
C10 0.27 mfd, 20@ 188 A669H05
Diodes
D1, D2, D3, D4, D5, D6, D7, D8 1N64 837A692H03
Potentiometers @
R1 , £ 20% 629A430H01
R14 5 WW, + 20% 629A430H08
R20 , AW, + 20% 629A430H02
Resistors
R2, R7, R9, R12, R18, R21, R23, R24, R25, R26, RB& 10 K, oW, + 2% 629A531H56
R31, R34, R36, R37
R3 @ 150 K, %W, + 5% 629A531H84
R6 47 ohm, %W, + 5% 187A290H17
R8, R35 27K, YW, + 2% 629A531H66
R10, R15 470 ohm, YW, + 2% 629A531H24
R11 470 K, %W, *+ 5% 184AT63H91
R16, R28 4.7 K, %W, + 2% 629A531H48
R4, R17, R19, R22, R29 @ 22 K, W, + 2% 629A531H64
R5, R27, R32, R33, R38 6.8 K, %W, + 2% 629A531H52
R39 * O 82 K, %W, * 2% 629A531H178
R40 \ 150 ohm, 3W, * 5% 762A6T9HO1
R13 K 15K, %W, + 2% 629A531H60
Transistors \
Ql, Q4, Q5, Q6, Q8, 1 2N3645 849A441HO01
Q2, Q3, Q7, Q10 2N3417 848A851H02
@ 2N3589 837TA617THO1
1N3688A, 24 V, + 10% 862A288H01
1IN957B, 6.8V, * 5% 186AT9THO06
1N3050B, 180 V 187A936H17
* TEST BOARD - $#5490D87G01
1 cks (Red)
,3,4,5 6,17, 8,9 187A332H01
Tip Jacks (Black)
10 187A332H02

25



TYPE STU-12 TRANSFER TRIP RELAY

Fig. 1. Photograph (Front view with door open)

Fig. 2 Photograph (Rear view taken above relay with top cover off and door open)
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state, not ‘“‘1’’. When a low signal clamp operation
(‘1”7 to “‘0”’) is received from the tone channel,
then the 150/100 MS timer picks up and applies a
‘1" signal to one input of each of the two guard
AND’s on the CHANNEL TRIP BD. Now, if either
or both receiver trip signals are ‘“1’’ or become a
‘“1”” within the 100 millisecond dropout time of the
150/100 MS timer, then a ‘“1’’ output will be pro-
duced at the output of the guard return AND and the
OR it works into. Terminal 5 of the CHANNEL TRIP
BD. will become a ‘“1’’ and hold the 150/100 MS
timer picked up by applying a ‘‘1’’ input to the 3
input loss of channel OR on the CHANNEL SUPER-
VISION BD. By inspecting the logic it can be seen
that both receiver trip signals (one for two terminal
applications) must return to guard, logic ‘0’ to,
make the channel operative after a loss of channel
condition.

8. Channel Checkback Test

A. TCF frequency shift carrier channel
Refer to logic drawings, Fig. 4 and 5. Infdr-
mation in this section does not covepsthe
the complete test, but only that portion con-
cerning the STU-12 relays.

At the local terminal, the camier“tfansmitter
will be disconnected from the line thws causing a
loss of channel condition at the g#emote“terminal.
This will cause the loss of channel JOR on the
CHANNEL SUPERVISION BDg# (Remote Terminal)
to assume a ‘‘1’’, and satisfy,the fwo input AND
(preceding the 2500/2500 MSyhtimer) and in 2500
milliseconds pickup the 2500/2500 MS timer on the
CHECKBACK BD. The 1’ output of the 2500/2500
MS timer will satisfyg®fie inpilit of the AND following
it. Next, a test switch will be operated at the local
terminal and thegfollowing will happen: a protective
relay signal (for #&xample, 21P) will be simulated,
the transmittér, willsbe reconnected to the line to re-
store the channely and the local transmitter will be
keyedito the trip frequency. At the remote terminal
the TCF“receiver logic will not give a trip output
since the channel was not restored to the guard fre-
quency. However, there will be a ‘‘1’"’" signal obtain-
ed from the CHECK TRIP output of the receiver.
This check trip output will satisfy the other input
totthe AND on the CHECKBACK BD. causing the
transmitter to be keyed to the trip frequency. Since
the check trip signal also applies a ‘‘1’’ input to
the negated input of the AND energizing the 2500/
2500 MS timer, it will no longer be satisfied and the

timer will dropout causing keying toWstop/'in 2.5
seconds. However, within the 2.5 sgconds of keying,
the STU-12 relay at the local terminal will trip be-
cause of reception of both a received trip signal and
a simulated protective relay signal.

b. Frequency shift- tone channel
Refer to logic drawifigs, Fig. 6 and 7
Information inWthis gs€ction does not cover
the complefemtest@but only that portion con-
cerning the STU-¥2 relay.

At the local terminal, the tone transmitter will
be disconnected, from the line thus causing a loss of
channel c¢ondition at the remote ‘terminal. This will
cause theyploss of channel OR on the CHANNEL
SUPERVISION BD. (remote terminal) to assure a
£1’"Oolitput to pickup the 150/100 MS timer. This
satisfies"the two input AND on the Check Back Bd.
and, in” 2500 milliseconds the 2500/2500 MS timer
will¥pick up. The ‘‘1’’ output of the 2500/2500 MS
timer will satisfy one input of the AND following it.
Next, a test switch will be operated at the local
terminal and the following will happen: a protective
relay signal (for example, 21P) will be simulated,
the transmitter will be reconnected to the line to
restore the channel, and the local transmitter will
be keyed to trip frequency. At the remote terminal,
the tone receiver trip signal will be a ‘“1’’ thus
causing the three input AND on the CHANNEL
SUPERVISION BD. to operate and produce a ‘‘1”’
at terminal 3 of this board. This ‘‘1’’ will satisfy
the other input to the AND on the CHECKBACK BD.
causing the transmitter to be keyed to the trip fre-
quency. Since at the same time, the input to the
2500/2500 MS timer is lost, then the keying signal
to local terminal will only last 2.5 seconds. How-
ever, within this time of keying, the STU-12 relay
will trip because of the reception of both a received
trip signal and a simulated protective relay signal.

9. Electromechanical Systems

When the STU-12 relay is used with electro-
mechanical protective relays, two contact bounce
circuits are used. The contact bounce circuit will
produce a logic ‘‘1’" output immediately upon re-
ception of an input logic ‘‘1’’ signal. This output
will last for approximately 20 milliseconds. The
contact bounce circuits on the W.F. Logic 1 and 3
boards permit transmitter keying and an input to set
up tripping respectively. These circuits prevent
additional delay in tripping due to a bouncing elec-
mech protective relay contact.
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Westinghouse I. L. 41-959.7
INSTALLATION o OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU-12 TRANSFER TRIP RELAY

CAUTION: It is recommended that the user of this equipment b€cemeWacquainted
with the information in either these instructions or the systems)Instruction
leaflet 40-205 before energizing this relay. Failure to observe’ this pre-
caution may result in damage to the equipment. Before puttingy the relay

into service, operate the relay to check the electricalmconnections.

Do not remove or insert printed circuit boards while the, STU-12 relay is
energized.

APPLICATION

The type STU-12 relay is a solid state directienal”comparison permissive
overreaching transfer trip auxiliary relayfer use with solid state or
electromechanical distance relays, and a frequency shift type TCF carrier or
TA-3 tone channel. This relay will preventitripping for faults external to
the protected line section to which itfis applied and permit high speed
simultaneous tripping for internalgfaults./ The relay will respond to
indications of fault direction and distance provided by the phase and ground
distance relays, thereby controlling the transmission of a trip signal and
the initiation of high speed tripping,for internal faults. Either two or
three terminal line applications, may be used where all line terminals provide
adequate fault current to operate the overreaching distance relays.

CONSTRUCTION

The STU-12 relay is mouAtedWon a standard 19" wide panel 5-i" high (3 rack
units) with edge slotsy fér mounting on a standard relay rack or panel. For
the outline and drilling plan refér to Fig. L41.

A hinged and removable /door on the front of the chassis covei's the printed
circuit boards. #The photograph in Fig. 1 shows the front view of the relay
with the door opefi. | A sealing post at the top center in front may be used
to lock and seal the relay when in service.

The rear<panel gonsists of a hinged door which may be opened to expose

various compenénts mounted inside. Mounted on the hinged door are two AR

type auxiliary relays and, when used, two AL telephone type relays. The AR
relay is a small high-speed attracted armature type of unit. An insulated
member, fastened to the free end of the armature, draws down four moving
contact springs to close or open the contacts when the relay coil is energized.
Thiswrelay is available for inspection by removing the locking screw and
swinging the hinged door outward. In the AL relays, an electromagnet attracts
& right-angle iron bracket which in turn operates a set of make or break
@ontacts.

NEW INFORMATION EFFECTIVE APRIL 1969



Four power supply resistors are mounted in the rear housing of the chassisy
In addition, one 32 terminal connector, J1, and two, (4) terminal, terminal
blocks are mounted on the rear of the panel. The photo in Fig. 2 showsthe
rear view of the STU-12 relay with the tqQp cover off and rear door opens

All of the circuitry suitable for mounting on printed circuit boards is
contained in an enclosure behind the front door. The printed circuit beards
slide into position in slotted guides at the top and bottom of the

enclosure, and engage a terminal block at the rear of the compartmient. Each
board and terminal block are keyed so that they cannot be accidentdy inserted
into the wrong slot location. A handle mounted on the frontmendWef the
board is used for identification, and for removing and inserging the circuit.
In addition the handles also serve as a bumper with the fxont door to prevent
the board from becoming disconnected from its terminal block., The boards
may be removed for replacement purposes or for use in_comgunction with a
board extender (Style No. 849A534GO1) which permits éccéss to the boards

test points and terminals for making measurements whille the relay is
energized.

Either 13 or 14 printed circuit ooards are usadWin“the STU-12 chassis. The
location and title of the printed circuit doards are shown on the relay

component location drawing, Fig. 3.

Printed Circuit Boards

Following is a description of all the pwinted circuit boards used in the
STU-12 relay. Refer to the functionalf{relay logic shown in Fig. L4, 5, 6,
and 7. The internal schematicsgassociated with the printed circuit boards
contain a detailed NOR/NAND logic diagram to simplify understanding of the
transistor logic.

For those users not generallly acéguainted with logic circuit notation or with
device symbols of those compofients used in the STU-12 drawings, it is
recommended that a copy of Westinghouse instruction leaflet I.L. 41-000.1
entitled SYMBOLS FOR SOLID,STATE PROTECTIVE RELAYING be consulted.

Power Supply Board

The Power Supply @goard®located in slot A contains two 20 volt transistor
regulators: These voltage regulators will operate from a nominal battery
supply of L8 qi25"%0lts dec by varying resistors RA, RB, RC and RD mounted
in the rear of Fhe)chassis. The location of components on this board is
shown in g @ Ojwénd the internal schematic is Fig. 9.

Protectivel Reley (P.R.) Interface Boards

The Protective Relay (P.R.) Interface board located in slot B contains the
buffered interface logic for the distance relays and the functional test
switch. #0ther logic associated with the protective relays is included.

Loeation of components on this board is shown in Fig. 10. Two internal

sShematics are used: Fig. 11 - For use with electromechanical distance relays
and Fig. 12 - #or use with solid state distance relays. The difference in

-2 -



I.L. 41-959.7

for electromechanical systems, 20 V DC input for solid state systems.

Loss of Potential Boards Q

The Loss of Potential board located in slot C contains a SOO/O millisecond
time delay and logic to cause an alarm and voltage output if a distance P
relay inadvertantly operates on a blown ac potential fuse or has sustained
output for greater than 500 milliseconds. An input AND prevents| opexation
of the timer if both channel trip signals are obtained. \

the two schematics is the ouffered distance relay input; h8/125 V DC input O

In relays for use with electromechanical systems, a relay d@ls provided
a

on this board to energize the Loss of Potential AL teleph y mounted
in the rear of the chassis. é

Location of components on this board is shown in Fig. wo internal
schematics are used: Fig. 14 - For use with electro anfcal systems and
Fig. 15 for use with solid state systems.

Elec-Mech (E.M.) Interface Board

The Elec-Mech (E.M.) interface board locat ot D is used only in systems
using electromechanical distance relays. omyreceipt of a distance relay

signal, this circuit of two timers (0/25&% 0 millisecond) and associated

logic will immediately simulate a protec e relay signal for 20 milliseconds,
electromechanical relays.

thereby overriding any contact bounce@
Location of components on this » is own in Fig. 16, and the internal

schematic in Fig. 17.

Channel Interface Boards \

The Channel Interface boards ed in slot ¥ (Channel 1) and slot G
(Channel 2 - when used) c e buffered interface logic for connection
with the channel equipmen Jrovide the outputs to work into the Channel

Trip and Supv. boards. \ ition, the TA-3 Channel Interface board contains
buffered outputs. K

An interlock featﬁ 1lso included in order to convert from a 2 to 3
a

terminal line rel conversely. CBANNEL TWO INTERFACE board in slot G
must be used in ay for THREE TERMINAL LMNE applications, but MUST BE
REMOVED for TW INAL LINE systems.

A conver oXmay be ordered to change a 2 TERM LINE relay to 3 TERM LING.
it i udes instructions, nameplate and a CHANNEL INTERFACE BOARD.

The locatiomfof components for both the TA-3 and TCF - CHANNEL INTERFACLE
boards is shown in Fig. 18. Internal scherstics are shown in Fig. 19 for
the TA-3 £HANNEL and Fig. 20 for the TCF CHANNEL.

1 Trip Boards

HANNEL TRIP board located in slot H contains the connecting logic vetween



the channel trip signals and the remainder of the relay logic. A buffered
output for channel 1 and 2 trip is included on’ this board. O
The TONE CHANNEL TRIP ooard also has additional logic comprised of two 1 )
AND's and an OR for a guard return function. This logic is inherent to th

TCF channel equipment, therefore it is not required in this relay.

Location of components on this board is shown in Fig. 21. Two internal sgh-
matics are used: TONE CHANNEL TRIP BOARD - Fig. 22, TCF CHANNEL @OARD -

Fig. 23. \

Channel Supervision Board - TCF Channel @

The Channel Supervision board for a TCF channel is located t I and
contains the connecting logic between the supervisory fu io0 of the channel
equipment and the remainder of the relay logic. Both@ L CLAMP outputs

work into an OR, as do both CHECK TRIP outputs.

For electromechanical systems, a relay driver ig u energizing a loss
of channel AL telephone relay. §

The location of components for this board 1 in Fig. 27., and the

internal schemstic in Fig. 28. \
1 \

Channel Supervision Board - Tone Channe

The Channel Supervision board for =z TO nel is located in slot I and
contains the connecting logic betvyéenyth pervisory functions of the
channel equipment and the remaind @ the relay logic. A lSO/lOO millisecond
time delay and associated logiceqis™sed to wmonitor the LOW SIGNAL CLAMP
outputs for loss of channel. \ romechanical systems, a relay driver

is used for energizing a Loss nel AL telephone relay. The NOISE
outputs work into OR logic on oard .

Location of components gor ghis?board is shown in Fig. 24. Two internal

schematics are used; Fig electromechanical systems and Fig. 26 for
solid state systems. {

Transmitter Key Boaé

The Transmitter K d located in slot J contains OR logic to combine all
inputs required p ey the transmitter, and interface circuitry to key the
particular c equipment. A relay driver circuit is connected to the
output of %n order to operate an AR relay mounted in the rear of the
chessis.

For the chan interface with the TCF transmitter is a positive going

(O to 20 volt) buffered output represented by transistors ¢bk and 5 is shown
on the internal schematic, Fig. 30. When the relay is used with tone
chanhels, the transmitter interface 1s a negative going output similar to the
r vddriver and is shown by transistor Q6 on internal schematic, Fig. 31l.
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Location of components for the XMIR KEY board is shown in Fig. 29. O

Checkback Board 0

The Checkback board located in slot K contains logic used to functionally
test the channel in both directions. Two separate circuits are included
on this board. One circuit comprised of a buffered input, AND circuit and
a 2500/0 millisecond time delay is used for keying the transmitt for 2.5
.

seconds when the TEST switch is operated. The other circuit o ng of
two AND circuits and a 2500/2500 millisecond time delay is op rom the
CHANNEL TRIP board and 1s required as part of the channel c baek scheme.

The location of components for this board is shown in Fig d the
internal schemetic in Fig. 33.

Tining Board

The Tinming vverd located in slot L contains logic bulffered input, and
three time delays used in conjunction with th r of the relay.

After s pilot trip operation, the 0/30 milldsecond timer maintains the
millisecond timer delays

transmitter keying for 30 milliseconcs. h
keying of the tramsmitter for 18C millised®ads ter opening of the local

buffer circuit.

oreaker. Input to this timer is a LﬂS/lEKL
The SOO/O 1iillisecond timer and asso ogic 1s used to permit transient

vlocking for 2.5 seconds if a trij s obtained from the channel
receiver. This circuit is also ol by the 52b contact input.

The location of components on is
schematic in Fig. 35.

Arming Board @

The Arming voard locat&®dy i t M contains the connecting logic between the
Channel, Protective Re& Flec-Mech and Timing boards for the OUTPUT board.
£
urn

ard is shown in Fig. 34, and the internal

Logic on this voardpyd aces with and sets up arming of the trip AND, the
transient blocking locking timers and the M/O millisecond trip timer.

In addition, two lelays, 0/1000 and 0/100 milliseconds, are included
on this board. 000 MS timer holds transient blocking on for an
additional.iii;s‘ o protect against fault power reversals due to unequal
1881
e

oreaker r imes into a permanent external fault. After a pilot trip
operatiog, e 100 MS timer picks up and immediately resets the O/lOOO MS
nergzize the transient blocking timer. The 100 MS dropout time
is greate the time 1t takes to reset the distance relays, remove the
input to the O/lOOO MS timer, therefore transient blocking will remain off,
after the pilot trip signal 1s removed.

L 4
TheWlocation of couponents for this board is shown in Fig. 36 and the internal
S tic in Fig. 37.



Output Board

The Output board located in slot N contains the final logic of the relay.
This board utilizes the intelligence supplied by the Arming board to set up
either a pilot trip output for internal faults, transient blocking on
external faults or transient unvblocking for sequential faults.

Three timers are used on this voard: a 4/C millisecond timer to delay the
pilot trip output and two 18/0 millisecond timers for transient blociing

and unblocking. NOTE: Relays may be supplied with the transieng Ologk time
calibrated for 25 milliseconds instead of 18 MS to coordinate withWthe time
delay of the channel equipment. The pilot trip output is comprised of and
AND circuit whose output works into a logic inverting amplifier. /' There are
two final pilot trip output; a buffered positive going (0,to ®Q volt) output
and a relay driver to activate an AR relay mounted in the ¥fear of the
chassis. Fig. 38 shows location of components on this fooaxd, and Fig. 39
shows the internal schematic and detailed logic.

Test Board

The Test bouard located in slot O is used for facilitating test measurements
and routine checks of the relay. This board “eonsists of 10 test terminals
mounted on a panel attached to a printed cimnéuithboard.

OPERATION

The type STU-12 transfer trip relay_is Ws€d)in a directional comparison
permissive overreaching transfer t#ipirelay system for power line protection.
High speed tripping is obtained fOr tWo or three terminal line applications
for faults anywhere on the protéetediline, providing all terminals contribute
adequate fault current to operate The distance fault detectors.

System Operation

In a directional compari%on‘&ransfer trip system, a continueus guard signal

is normally transmitted firom each line terminal and received at all other
terminals. The phase, o ground protective relays key the channel transmitters
to the trip frequencyito remove blocking at the remote terminals during a
fault. Tripping is @@complished when both the local protective relay operates,
and the trip signalfhas Jbeen received.

Some features includéd in this system are a functional test channel checkback
scheme, lockous, oftiripping after 500 milliseconds for abnormal protective
relay operd@tion, %ehannel logic to force a guard return, and coordination for
bus fault{tripping, breaker failure and fault power flow reversal. The
descriptionfof fhe preceding features will e further explained under the
RELAY OPERATION section.

Refer to system I.L. 40-205 on the permissive overreaching transfer trip
system for further system operation.
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Relay Operation O
Refer to the logic diagrams shown in Fig. 4, 5, 6, and 7 to understand@

operation of the STU-12 transfer trip relay.

1. Normal Condition

L 4
In Fig. 4, 5, 6, and 7 the logic voltage "O" and "1" states sh refer to
the normal operating condition of the STU-12 relay. : )

2. Internal Fault \

For an internal fault, one or more of the protective disgta relays will
operate and perform the following:

a. Start the 500/0 MS loss of potential timer

b. Produce a logic "1" at TEST TERMINAL 3 (probective relay)

c. Key the transmitter to the trip frequengy

d. Pickup the O/lOOO MS timer on the ARMI 3 d and produce a logic
"0" at terminal 5 of the OUTPUT boa will start the transient.
blocking timer. '

e. Arm the trip AND on the OUTPUT b ought the one input OR on : -

the ARMING board.
. Satisfy one input of the trip{ the ARMING board..
e

The channel transmitter will also b at the renote terminal, thus

causing the trin outputs of the ¢ nnel 1 and 2 receivers to become a
logic "1". This will make TE M CHANNEL TRIP) a logic "1" signal
through logic on the CHANNEL ACE snd CHANNEL TRIP BDS. This "1"

output will satisfy the trip the ARMING BD. causing energization of
the l‘r/o MS timer on the OUT « Four milliseconds later the trip AND on

the OUTPUT BD. will be sat and produce a Pilot Trip Output before

transient blocking becon tive.
In addition, when a ¥ c@ trip output is received as an input to the

STU-12 the ESOO/O MS r on the TIMING BD. will be energized to start
i
n

transient blocking 1s"will not affect the initial pilot trip, and once
the local breake& then the 52b contect will block the output of this
AND on the TIMI\@

Once a pilot 0 gnal is obtained for an internal fault, the O/lOO MS
timer on ghe MING BD. will rapidly reset the 1000 millisecond dropout time

of the timer. Therefore, vhen reclosing into a permanent internal
fault Oy time delay will be the 8/C MS timer.

Ve

3. Ex Fault

If no channel trip signal is received from the remote terminal when the
local @istence relays operate, then the trip AND on the ARMING BD. will not
satisfied and the 18/0 MS transient blocking timer will time out. TEST
MINAL 2 (Transient Blocking) will then become a negative logic "1" and
ock the trip AND of the OUTPUT BD. thereby preventing possible undesirable
ipping during transients occuring at the clearing of an external fault.



If an external fault occurs behind the protected line such that the local
distance relays do not operate, but either one or both of the channel
receivers are keyed to the t_'ip frequency at the remote terminal then
transient blocking will also be set up. When either channel trip output
assumes a logic "1" state, the 2500/0 MS timer on the TIMING BD. is ener-
gized and a logic "1" is obtained at TIMING BD. terminal 10 for 2.5 seconds.
This output will activate the O/lOOO MS timer on the ARMING BD. and set ap
transient blocking 18 milliseconds later.

In addition, for external faults, transient blocking is establighed fo
insure against any misoperation due to fault power flow reversalShcaused by
unequal circuit breaker clearing time on parallel lines. The 4000 milli-
second reset time of the O/lOOO MS timer on the ARMING BD.,prevents mis-
operations when reclosing into an external fault where faultypower flow
reversals occur on parallel lines due to unequal breaker “heclosing times.
In addition, the 1000 millisecond reset time also preyen®s transient
blocking from resetting when short holes appear in theyinput.

L. Sequential Fault

Occasionally an external fault will be follpowed gy “@an internal fault before
the former 1is cleared. In order tu preventva Teng delay in clearing a
sequential fault, a transient unblocking 18/0 MS timer is included. Although
transient blocking has been initiated ny gheWexternal fault, the presence

of an internal fault will produce a negatiwe logic "1" signal from the trip
AND on the ARMING BD. This "1" signalgWill ‘energize the 4/0 MS timer and
satisfy the AND to energize the 18/0 MS ftrahsient unblocking timer on the
OUTPUT BD. In 18 milliseconds thé t¥ansi€nt unblocking timer will drop out
the transient blocking timer thus, satisfying the trip AND on the OUTPUT BD.
and causing a pilot trip outputs

5. Loss of Potential

Distance relays may tend t¢ opgrate if the input from the potential device

is momentarily interruptedWl,, Since tripping of circuit breakers is undesirable
for this loss of ac potential, or any other abnormal protective relay oper-
ation, the STU-12 rela® ,will® lockout tripping and provide alarm. This ia
accomplished by the SOO/O MS timer on the LOSS OF POTENTIAL BD. In 500
milliseconds after @wdlstance relay operation, providing both receiver trip
signals are not présent®, a logic "1" signal will be produced at TEST TERMINAL
7 (Loss of PotentiaMw’ This "1" signal will block the AND on the PROTECTIVE
RELAY INTERFACE BD.{ithereby simulating no distance relay signal. Output of
the 500/0 MSWtimergwill also provide a buffered "1" signal at the J1
connectors

For electrOmechanical systems, an AL telephone relay will drop out for
indication purposes.

6. Channel Transmitter Control

Thegtransmitter may be keyed to the trip frequency by any one of six inputs
as follows:



I.L. 41-959.7

a. Distance relay operation O
b. 0/30 MS timer after pilot trip

C. 180/0 MS timer from 52b contact

d. Checkback circuit from test switch

e. Checkback circuit from channel logic
f. Output from EM Interface bd. for electromechanical systems only.

when the transmitter is keyed, TEST TERMINAL 5 (XMIR KEY) beco a logic
"1" signal, the keying AR picks up, and the interface with th smitter
becomes a logic "1" as described under the operation of the YING BD.
After a pilot trip operation the 0/30 MS timer on the TIM . will

maintain keying of the trip frequency for 30 millisecon 1 rder to insure
that the remote breaker has tripped before the transmitte eturns to normal
condition.

After the local circuit breaker opens, the 52b contact will energize the
180/0 MS timer on the TIMING BD. and initiate t requency transmission

t cuit breaker is reclosed.
0 us fault tripping of the
r would be incorrect and

after 180 milliseconds and until such time
This 180 millisecond delay allows coordinati
local pbreaker, where tripping of the rem
might cause undesired interruption to tap nsformer terminals. Trans-
mission of the trip frequency is necess ermit tripping of the remote
terminal should the remote circuit breﬁ closed into a fault, or should

b

a fault develop in the protected line e the local circuit breaker is
epen.

T. Channel Logic
a. TCF freguency shift r channel

Refer to CHANNEL-I , TRIP, and SUPERVISION BDS. in logic
dravings Fig. L4 an

Two TCF CHANMNEL INTERFAGCE b ds are shown: Both boards must be used for
three terminal line &ygt tilizing two receivers. However, for two
terminal line applicaktl , the interface board in board slot G must not be
used in the relsy interlock shown on the Channel 2 interface board
connects the Chan;!‘ie' ip output as one output to the Channel trip AND on
the CHANN=L TRIP .

For three terz 3 ine applications, bDoth receiver trips signals are
required go dee a logic "1" signal at TEST TERMINAL 4. This output will
satlsfy gonend of the ARMING BD. trip AND, block operation of the SOO/O

ofy potential timer, and produce a buffered "1" output. Either
rippsignal will produce a "1" signal at terminal 12 of the CHANNEL
tart transient blocking.

For two terminal line applications, the one receiver trip signal will pro-
juce a #1" output at TEST TERMINAL L4 (CHANNZL TRIP), and terminal 12 of the
NNEL TRIP BD.

eration of either or both low signal clamp inputs ("1" to "O") will cause
"1" signal at TEST TERMIMAL 6 (LOSS OF CHANNEL) for use in the channel
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checkback scheme. For electromechanical systems, an AL telephone relay
will dropout for indication of loss of channel. In addition, operation of
either Check Trip output will produce a "1" output at terminal 7 of the
CHANNEL SUPERVISION BD. This signal is used for the channel checkback
scheme.

b. Frequency shift tone channel
Refer to CHANNEL INTERFACE, TRIP and SUPERVISION BDS. in logic
drawings Fig. 6 and 7.

Two TONE CHANNEL INTERFACE boards are shown; Both boards must be, used for
three terminal line systems utilizing two receivers. Howeverf formtwo
terminal line applications, the interface board in board slet G mtist not
be used in the relay. An interlock shown on the channel 2 interface board
connects the channel 2 trip output as one input to the three input channel
trip AND on the CHANNEL TRIP BD.

For three terminal line applications, both receiver g&rip 9ignals and no
low signal clamps are required to produce a logie "1"/signal at TEST
TERMINAL 4 (CHANNEL TRIP). This output will satisSfy omé input of the
ARMING BD. trip AND, block operation of the 500/0 MSWloss of potential
timer, and produce a buffered output. EitherWgeceaver trip signal will
produce a "1" signal at terminal 12 of the GHANNEL TRIP BD. to start trans-
ient blocking and to energize an AND circuif omythe CHANNEL SUPERVISION BD.

For two terminal line applications, theong,receiver trip signal will
produce a "1" output at TEST TERMINAL L4} and "terminal 12 of the CHANNEL TRIP
BD. '

When a Tone Channel is used with%ghe“§TU-12 transfer trip relay, the Tone
recelvers must be internally strapped To clamp to no trip output when a low
signal condition occurs. Therefore, tripping will not be allowed under loss
of channel.

Either LOW signal clamp $peration ("1" to "0") will pickup the 150/100 MS
timer and produce a "1" gighal at TEST TERMINAL 6 (LOSS OF CHANNEL) for use
in channel checkback as,well ds blocking Channel Trip. For electromechanical
systems, an AL telephone relay will dropout for indication of loss of
channel. Both low s@@hal%€lamp outputs on the CHANNEL INTERFACE BDS. are
buffered and separately brought out to the Jl connector.

One AND circult ongthie CHANNEL SUPERVISION BD. is used for channel checkback.
When a recelyewmtripfsignal from either channel is received, a logic "1"
will be prgduced @t termiral 3 of the CHANNEL SUPERVISION BD. providing both
low signad, clempsy have not operated.

When the noise“output operates on either one or both channel receivers, a
logic "1" output is produced from the noise OR on the CHANNEL SUPERVISION BD.
to block the trip AND of the ARMING BD. Therefore, the STU-12 relay will
not txip on receipt of channel noise. Both noise outputs on the CHANNEL
INTEREACE BD. are buffered, connected together, and brought out to the Jl
cénnector.

- 10 -
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of two AND's znd an OR. The principle of guard return, is to insure that
after a loss of channel condition i1s cleared up, the receiver trip si

will return in the "O" logic state, not "1". When a low signal clamp ©per
ation ("1" to "O") is received from the tone channel, then the 150/100
timer picks up and applies a "1" signal to cne input of each of the two
zaard. return AND's on the CHANNEL TRIP BD. Now, 1f either or voth reeeiver
trip signals are "1" or become a "1" within the 100 millisecondmdropout

A guard return circuit is included on the CHANNEL TRIP BD. and is compris@

time of the 150/100 MS timer, then a "1" output will be produded the
output of the guard return AND and the OR it works into. T 1 5 of the
CHANNEL TRIP BD. will become a "1" and hold the 150/100 imey, picked up

by applying a "1" input to the 3 input loss of channel OR{o CHANNEL
SUPERVISION BD. By inspecting the logic it can be seenqth oth receiver
trip signals (one for two terminal line applications)jgnus eturn to guard,

logic "0", to make the channel operative after a lOSQ channel condition.

8. Channel Checkback Test

a. TCF frequency shift carrier channel @
Refer to logic drawings, Fig. 4 and rmation in this section

does not cover the complete test ut Yonly that portion concerning
the STU-12 relays.
r

At the local terminal, the carrier tra T will be disconnected from the
line thus causing a loss of channel condition at the remote terminal. This
will cause the loss of channel OR o \NNEL SUPERVISION BD. (Remote
Terminal) to assume a "1", and i e two input AND (preceding the
2500/2500 MS timer) and in 25 liséconds pickup the 2500/2500 MS timer on
the CHECKBACK BD. The "1" ou of the 2500/2500 MS timer will satisfy one
input of the AND following 1 ¥t, the test switch will be operated at the
local terminal and the follgwi will happen: a protective relay signal will
be simulated through the Ol the PROTECTIVE RELAY INTERFACE BD., the trans-
mitter will be reconnected "t e line to restore the channel, and the local
transmitter will be keyed t© e trip Irequency for 2500 wmilliseconds through
the 2500/0 1S {timer &nd WID/éircuit on the CHECKBACK BD. At the remote
terminal, the TCPF re qﬁiﬁgﬂ ogic will not give a trip output since the channel
was not restored % ard frequency. However, there will be a "1" signal
ovtained fromi the& RIP output of the receiver. This check trip output
will satisfy th er input to the AND on the CHECKBACK BD. causing the
transmitter to Be keyed to the trip Trequency. Since the check trip signal
also applies nput to the negated innut of the AND energizing the

, 1t will no longer be satisfied and the timer will dropout
stop in 2.5 seconds. However, within the 2.5 seconds of
-12 relay at the local terminal will trip becsuse of reception

Frequency shift tone channel

Refer to logic drawings, Fig. 6 and 7
& Information in this section does not cover the complete test, but
only that portion concerning the STU-12 relay.

t the local terminal, the tone transmitter vill be aiscounnected from the

ne thus causing a loss of channel condition at the remote terminal. This
will cause the logss of channel OR on the CHANNEL SUPERVISIOIN BD. @emote
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terminal) to assume a "1" output to pickup the 150/100 MS timer. This
satisfies the two input AND on the Check Back Bd. and in 2500 milliseconds O
the 2500/2500 MS timer will pick up. The "1" output of the 2500/2500 MS

timer will satisfy one input of the AND following it. Next, the test swi@
will be operated at the local terminal and the following will happen: a

protective relay signal will be simuleted through the OR on the PROTECTIVE

RELAY INTERFACE BD., the transmitter will ve reconnected to the line to

restore the channel, and the local transmitter will be keyed to trip freq-

uency for 2500 milliseconds through the 2500 MS timer and AND cireceui n
the CHECKBACK BD., At the remote terminal, the tone receiver tri ignal
will be a "1" thus causing the three input AND on the CHANNEL ISTION
BD. to operate and produce a "1" at terminal 3 of this board. "
will satisfy the other input to the AND on the CHECKBACK BDs, C ng the
transmitter to be keyed to the trip frequency. Since at the e time, the
input to the 2500/2500 MS timer is lost, then the keying s¥gnsd to local
terminal will only last 2.5 seconds. Hcowever, within time of keying,
the STU-12 relay will trip because of the reception o th"a received trip

signal and a simulated protective relay signal. @
9. Electromechanical Interface

1 system the ELEC-MECH

of preventing additional

distance reley operates,

BD, will immediately pickup to
relay operation. The 25

When the STU-12 relay 1is used in an electrom
(E.M.) INTERFACE BD. is used only for the
tripping delay because of contact bounce.
the 0/25 MS time delay on the E.M. INTERFA
satisfy the AND thereby simulating a prg
millisecond dropout time of the 0/25 1 will hold the "1" input to the
AND in the event that bouncing cor ingerrupt the timer input signsl.
The 20/0 timer will time out and the simulated protective relay

signal after 20 milliseconds.
TERISTICS
Control Voltage: 48 v pc (42 to 56 volts)

2 () 125 V DC (105 to 1Lk0 volts)
Current Drain: \K\ SOLID STATE SYSTEMS

Noxrrel - 130 MA
Pilot Trip - 240 MA
Ma ximun - 260 MA

ELEC -MiECH SYSTEMS

Norrel - 170 MA
Pilot Trip - 280 MA

Maz:inun - 320 MA
TemperaturepRange: -20 C to +55 C around chassis
In
52b Contact - LC/125 Control Voltage Buffered

4oV - 1.5 MA MAX CURRENT
125V - 2.5 MA MAX CURRENT

- 12 -
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Distance Relays 1, 2, 3
SOLID STATE SYSTEMS

15 t. 20 V DC Buffered O

2 MA MAX CURRENT

BELEC-MeCH SYSTEMS

L 4
L46/125 Control Voltage ff@
45 V - 1.5 MA MAX CURREN

125 vV - 2.5 MA MAX CUR

All Other Inputs are: 15 to 20 V DC, buffe require
2 MA MAX CURRENT
Outputs:
Transnitter Key: @
TCF Frequency Shift 15 to 20 fered
Carrier Channel 10 MA RRENT
Frequency Shift Tone "o" te W%, Open Circuit
"1" Bta Short Circuit to Battery Neg.
140 C MAX Voltage
Ly CURRENT
All Other Outputs are 15 to 20 V ffered and provide 10 MA MAX CURRENT.

Time:

Trip Time (4/0) & k.0 to 4.5 Milliseconds
(ad

adjustable from 2.0 to 6.0 MS)

Transient Block and L 4
Transient Unblock Time fsiﬂ‘ 18 to 20 Milliseconds
(adjustable from 12 to 30 MS)
(Relays may be ordered with a transient

g} blocking time of 24 to 27 milliseconds)
Low Signal Lock@ 130 to 160 Milliseconds

Loss of Potenti
Time (500f0) LOO to 600 Milliseconds

Dimension relay height - 5.25" (3 rack units)
relay width - 19"
relay depth - 14"

L 4
Weight: approximately 12 lbs.

SETTINGS

setting is required on the STU-12 relay.
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INSTALLATION O
The STU-12 relay is generally supplied in a cabinet or on a relay rack as

part of a complete system. The location must ve free from dust, excessiveo
humidity, vibration, corrosive fumes or heat. The maximum temperature
around the chassis must not exceed 55 C.

L 4
The outline and drilling plan of the STU-12 relay is shown in Flg%

ADJUSTMENTS AND MAINTENANCE \

Acceptance Check @

It is recommended that an acceptance check be applied to @—12 relay

to verify that the circuits are functioning properly. The owing
procedure can be used for this purpose.

Connect the STU-12 relay to the test circuit of Fig pply rated dc

to J1 terminals 3 and 4 as shown, and use an augilian volt regulator

or the internal 20 volts of the STU-12 relay for uts to the switches.
On STU-12 relays for use with electro-mechanical nce relays, rated
positive dc must be applied to the PR 1, 2, a itches. Note that the

low signal switches for channels 1 and 2 ar o 1ly closed and all other
switches are open. &j

Since the STU-12 relay varies in logic g on the channel equipment,

insure that it is checked per the p e nel. When reference is made
to AL relays, this refers to STU—Q(& or use only with electro-

is

mechanical systems utilizing elec distance relays.

When reference is made to TEST N

, this means one of the 10 test

terminals on the TEST BD. in bgardfslot O. All voltages are to be measured
with respect to negative, TES NAL 10. Voltage measurements may vary
by +10%. Information in thif a tance test applies to a relay with a
transient blocking time @: For relays with a transient blocking
time of 25 MS., limits a 0 27 milliseconds.

A. Normal Condition \
TEST TERMINAL 1:.0 1ts
1" " OltS

" " @ Volts
" " Volts
" " 5: O Volts
" y 6: 0 Volts
" T: O Volts
i " 8: 20 Volts
" " 9: 20 Volts

L 4
ving AR - Not picked up
AR -~ Not picked up
ss of Channel AL - Picked up (Elec-Mech System)
Oss of Potential AL - Picked up (Elec-Mech System)
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B. Channel Logic - 2 Term Line Relays Only
(For 3 Terin Line relays, disregard this settion and continue on secti
; O
1. TCF Carrier Channel

a. Channel Trip - 2500/0 MS timer (TIMING BD.), 0/1000 MS timer

Close Trip-1 switch
Test Term 2: Voltage drop from 20 to O volts 1 1%0 milli-
1

seconds, then rise from O to 20 vo 100 to

4100 milliseconds
Test Term L4: Voltage rise from O to 20 volts
Open Trip-1 switch
b. Loss of Channel 0
Open LOW SIGNAL-1 switch
Test Terin 6: Voltage rise from O to 20%olt

Liuss of Channel AL will drop out
Close LOW SIGNAL-1 switch

2. Tone Channel
a. Channel Trip - 2500/0 MS ti& MING BD.), 0/1000 MS timer
(ARMING BD.), transient blaoekihgytimer
Close Trip-1 switch K
Test Term 2: Voltage dr om 20 to O volts in 16 to 20 milli-
second t se from O to 20 volts in 3100 to
4100 seeonds
Test Term U: Volt ise from O to 20 volts
Open Trip-1 swi

. Loss of Channe 100 MS timer (CHANNEL SUPERVISION BD.)

Onen LOW SIGN witch

Test Terfn O: age rise from O to 20 volts in 130 to 180 milli-
seconds

Loss of annel AL will drop out

Close& NAL-1 switch

Tes r : Voltage drop from 20 to O volts in 75 to 125 milli-
seconds

C.e @ Return

n LOW SIGNAL-1 switch, then close Trip-1 switch
st Term 4: Voltage must remain at zero

lose LOW SIGNAL-1 switch

Test Term 6: Voltage must remain at 20 volts

Open Trip-1 switch

rs Test Term 6: Voltage must drop from 20 to O volts
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C. Channel Logic - 3 Term Line Relays Only O

(For 2 Term Line relays, the preceding section was used and this per,
may be disregarded)

l. TCF Carrier Channel

L 4
a. Channel 1 - Trip 2500/0 MS timer (TIMING BD.), 0/100 timer
(ARMING BD.), transient blocking timer
0

seconds then rise from O to 20 volits 3100 to

4100 milliseconds
Test Term 4: Voltage remains at zero
Open Trip-1 switch
b. Channel 2 - Trip 2500/0 MS timer (TIMING'BD.), 0/1000 MS timer

(ARMING BD.), transient blocking time
Close Trip-2 switch

Close Trip-1 switch
Test Term 2: Voltage drop from 20 to O volts i% milli-

Test Term 2: Voltage drop from 20 ts in 18 to 20 milli-
then rise from O 20 s in 3100 to 4100
milliseconds

Test Term L4: Voltage remains z

Open Trip-2 switch g
ce Channel 1 and 2 Loss of C

Open LOW SIGNAL-1 swi

Test Term 6: Voltag

Loss of Channel AL

Close LOW SIGNAL-INswIteh, then open LOW SIGNAL-2 switch
Test Term 6: Voltage s
Loss of Channel drop out

from O to 20 volts
Close LOW SIG itch

d. Channel 1 awltches
Test Term #4: age rise from O to 20 volts
Open Tr%n Trip-2 switches
2. Tone Chan

- Trip 2500/0 MS timer (TIMING BD.), 0/1000 MS timer
BD.), transient blocking timer

Ch
(A
rip-1 switch
est, Term 2: Voltage drop from 20 to O volts in 18 to 2C milli-

seconds then rise from O to 20 volts in 3100 to
4100 milliseconds

est Term L: Voltage remains at zero

Open Trip-1l switch

a.

o’

Channel 2 - TRIP 2500/0 MS timer (TIMING BD.), C/1000 MS timer
(ARMING BD.) transient blocking timer

Close trip-2 switch

Test Term 2: Voltage drop from 20 to O volts in 10 to 20 milli-
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Ce

seconds then rise from O to 20 volts in 3100 t
4100 milliseconds

Test Term L4: Voltage remains at zero
Open Trip-2 switch

Guard Return - Channel 1 - Trip and Low Signal - lSO/lOO MS timer

Open LOW SIGNAL-1 switch S

Test Term 6: Voltage rise from O to 20 volts in 1 to 180 milli-
seconds

Loss of Channel AL must drop out

Close Trip-1l switch, then close LOW SIGNAL-1 i

Test Term 6: Voltage must remain at 20 volts

Open Trip-1 switch

Test Term 6: Voltage must drop from 20 tQ O ts in 75 to 125
milliseconds

Guard Return - Channel 2 - Trip and Low, Signal - 150/100 MS timer

Open LOW SIGNAL-2 switch
Test Term 6: Voltage rise from T olts in 130 to 180 milli-

seconds
Less of Channel AL must dro
Close Trip-1 switch, then c SIGNAL-1 switch
Test Term 6: Voltage must ath,at 20 volts

Open Trip-1 switch
Test Term 6: Voltage must op from 20 to O volts in 75 to 125

millise co®
Channel 1 and 2 a Low Signal

Close Trip-1 and -2 switches
Test Term 4: V ise from O to 20 volts

Open LOW SIGNA itch
Test Term L4: e drop from 20 to O volts
Open Trip- ip-2 switches, then close LOW SIGNAL-1 switch

D. Distance Relay Oxi
a. Dis elay operation-loss of potential 500/0 MS timer

Clo% switch
Te erm”7: Voltage rise from O to 20 volts in 40O to 6CC milli-

seconds
Potential AL must drop out
Term 3 & 5: Voltage rise from O to 20 volts immediately and

milliseconds

then drop from 20 to O volts in LOC to 600 milli-
secones
MIR key AR picks up immediately then drops out in LOC to 600

Open PR-1 switch
The same as the preceding rtiust happen by closing either the PR-2
or PR-3 switch

Distance relay operation - no loss of potential

Close Trip-1l and Trip-2 switches
(Trip-2 switch not required for 2 Term Line relays)
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Close either PR-1, PR-2, PR-3 switches
Test Term 7: Voltage must remain at zero, the loss of potential

timer must not pickup
Open Trip-1, Trip-2, and PR switches

E. Test Switch Operation - 2500/0 MS timer (CHECKBACK BD.)

Fe 520

l.

0/1000 MS timer (ARMING BD.)

L 4
18/0 Transient blocking timer (OUTPUT %)

Close test switch

Test Term 3: Voltage must rise from O to 20 volts

Test Term 2: Voltage must drop from 20 to O volts in O pilli-
seconds

Test Term 5: Voltage must rise from O to 20 volts imme ely, then
drop from 20 to O volts in 2000 to 00 milliseconds

Also, XMTIR KEY AR must pickup for 2 to 3 second

Open Test switch

Test Term 2: Voltage must rise from O to 20 vo in 900 to 1300

milliseconds @
Contact Operation - 180/0 MS timer (TIM

Close 52b switch
Test Term 5: Voltage must rise from volts in 180 to 230
milliseconds

Open 52b switch \\
G. Channel Checkback Operation @

TCF Carrier Channel
2500/2500 MS timer (CHEC D.), check trip inputs

Open LOW SIGNAL-1 switc\
TPL on CHECKBACK BD. v, must drop from 8 to O volts in 2000
to 3000 milliseconds

Close CK Trip-1 swifch
Test Term 5: Vojtiﬁish rise from O to 20 volts immediately then
m
ic

dr 20 to O volts in 2000 to 3000 milliseconds
XMTR KEY AR mu dup for 2 to 3 seconds
Close LOW SIG -I%switch, then open CK Trip-1 switch
For relay u 3 Term Line, also do the following:

Open LOW SIGNAL switch and wait for 3 seconds, then close CK Trip-2

switch
Test ez@\mltage must rise from O to 20 volts immediately then
drop from 20 to O volts in 2 to 3 seconds.
e

IGNAL-2 switch, then open CK Trip-2 switch

Opén LOW SIGNAL-1 switch
TPL on CHECKBACK BD.: Voltage must drop from 8 to O volts in 2000 to
3000 milliseconds
Close Trip-1 switch, then close LOW SIGNAL-1 switch
Test Term 5: Voltage must rise from O to 20 volts immediately then
drop from 20 to ¢ volts in 2000 to 3C00 milliseconds

i)
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XMIR KEY AR must pick up for 2 to 3 seconds

Open Trip-1l switch

For relays used for 3 Term Line, also do the following:

Open both LOW SIGNAL-1 and LOW SIGNAL-2 switches then close Trip-2
switch. Wait for 3 seconds then close both

LOW SIGNAL-1 and 2 switches

Test Term 5: Voltage must rise from O to 20 volts immediatelyqafter
closing both the LOW SIGNAL switches then drop from 2040 O volts
in 2 to 3 seconds

Open Trip-2 switch

H. Pilot Trip - 4/0 MS Timer (OUTPUT BD. )

Close 52b switch in order to prevent the 2500/0 MShtimer from

starting transient blocking

Close Trip-1l switch, and also, for 3 Term LineWxelays, close Trip-2

switch

Then, close TEST Switch

Test Term l: Voltage must rise fromgQ to 20)volts in 4.0 to k.5
milliseconds

Trip AR must pickup

Open Trip-l and Trip-2 switches

Test Term 1l: Voltage must remainfat 20 volts

Open Test switch and Trip AR must dxop out

Open 52b switch

I. Pilot Trip After Transient Umblocking 18/0 MS Pimer (OUTPUT BD.)

Close Test switch

Then, close Trip-1 switchy, and alsc for 3 Term Line relays, close
Trip-2 switch

Test Term 1l: Voltade rise from O to 20 volts in 18 to 20 milliseconds
Open Test switch

Test Term 1: Voltage, drop from 20 to O volts

Open Trip-1 and Trip-2 switches

J. Continue Key afifey pilot trip - 0/30 MS Timer (TIMING BD.)

Close teft switch, then wait until XMIR KEY AR drops out then close

Trip-l switch and for 3 Term Line relays, also close Trip-2 switch

As soonpas™the voltage on Test Term 1 rises from O to 20 volts then

the 0/30 MS timer will pickup in less than 1 millisecond and the

voltagew&t Test Term 5 will rise from O to 20 volts

Then “open Test switch

Test gTerm 5: Voltage must drop from 20 to O volts in 24 to 30 milli-
seconds

Open Trip-l and Trip-2 switches

K. Fast Reset of O/lOOO MS timer after pilot trip .O/lOO MS timer (ARMING BD.)
For checking this O/lOO MS timer, it will be necessary to use ‘a

Jjumper
Close Test switch, then close Trip-l switch and also for 3 Term
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Line relays close Trip-2 switch

Terminal 4 (ARMING BD.): Voltage must rise from O to 16 volts in
less than 2 millisecounds after the voltage
at Test Term 1 rises from O to 20 volts

In order to check the 100 millisecond reset time, it is necessary

to connect a jumper from TP-8 to terminal 14 on the ARMING BD.

Open Test switch

Terminal 4 (ARMING BD.): Voltage must drop from 16 to O volts in 70
to 170 milliseconds

Open Trip-1l and Trip-2 switches, and remove the Jjumper

L. Elec-Mech Interface 0/25 and 20/0 MS timers (ELEC-MECH (E.M.)/INPERFACE BL.)

This section is to be used only for those STU-12 relayshwhich are
for use with electromechanical distance relays

Close PR-1, PR-2, or PR-3 switches

Terminal 4 (E.M. INT. BD.): Voltage must rise frem O to 11 volts
imnediately then drop back to zero in 16 to 2K milliseconds

Open PR-1, PR-2 and PR-3 switches

Terminal 4 (E.M. INT. BD.): Voltage must nehmainvat zero.

M. ©Noise Operation

This section is to be used only for (thosepSTU-12 relays which are
for use with a frequency shift tone “ehannel.

Close NOISE-1 switch

Then close Test switch and Trip- switch, and also for 3 Term Line
relays close Trip-2 switch

Test Term 1l: Voltage must remadin at zero

Open Noise-1l switch

Test Term 1l: Voltage must, rise from O to 20 volts

Trip AR must pickup

Open Test, Trip-l and Trip-2 switches

For 3 Term Line relays, nepeat above test using Noise-2 switch instead
by Noise-1 switchs:

Recommended Routine Maintenance

Periodic checks of thé Telaying system are desirable to indicate impending
failure so that the eguipment can be taken out of service for correction.
Any accumulated dustyshéuld be removed at regular maintenance intervals.

All contactsgshouldwbé periodically cleaned. A contact curnisher, Style No.
182A836H01,4#1s gecopmended. The use of abrasive material is not recommended
because offtheg dapger of embedding small particles in the face of the soft
silver and thus dmpairing the contact.

CALIBRATION

The ‘preper adjustments to insure correct operation of the relay have been
ma@e,at the factory and should not be disturbed after receipt by the customer.
However, if the adjustments or if the components or printed circuit boards
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I.L. 41-959.7

which affect calibration have been changed, then the STU-12 relay should bé
rechecked per the acceptance check information.

All time delays are fixed except for the three timers on the OUTPUT BD.:
18/0 MS transient blocking timer, 18/0 MS transient unblocking timer, and
the M/O MS trip timer. These adjustable timers can be recalibrated as
follows using an auxiliary timer or oscilloscope.

Transient Block 18/0 MS Timer - OUTPUT BD.

(NOTE: For relays having a transient blocking timer of 25/0 MS imats are
2Lk to 27 milliseconds)

Start timer on Test switch (positive pulse)
End timer on Test Term 2 (negative pulse)

Close Test switch and the voltage on Test Term 2 mustydrop from 20 to O
volts in 18 to 20 milliseconds (24 to 27 MS)

This time can be adjusted by turning potentiometer ‘R14 on the OUTPUT clock-
wise for more time or counter clockwise fom,less time. (After recalibrating
this timer also recheck the calibration of the"lfO MS timer)

Pilot Trip 4/O MS Timer - OUTPUT BD.

Start timer on Test switch (positive fpullse)
End timer on Test Term 1 (positivempulée)

For this calibration, close 52bWswitch
Close Trip-1 switch, and alsoglrIp-2 switch for 3 Term Line relays

Then close Test switch and_theé voltage on Test Term 1 must rise from O to
20 volts in 4.0 to 4.5 midliseconds

This time can be adjustedyby turning potentiometer R20 on the OUTPUT BD.
clockwise for moreptime, or counter-clockwise for less time.

(After recalibratgng this timer, also recheck calibration of the 18/0 MS
transient block timer)

Transient Unblogkig 18/0 MS Timer - OUTPUT BD.

Start timerpon"Prip-1 switch (positive pulse)
End tifier 4#n Dest Term 1 (positive pulse)

Close Test switch, and also close Trip-2 switch for 3 Term Line relays

Then cldse Trip-l switch and the voltage on Test Term 1 must rise from O to
20%Wolts in 18 to 20 milliseconds

This time can be adJjusted by turning potentiometer R1 on the OUTPUT BD.
clockwise for more time and counter-clockwise for less time.

-2]1 -



Tripping Relay (AR)

The type AR tripping relay unit has been properly adjusted at the factory
to insure correct operation and should not be disturbed after receipt by
the customer. If, however, the adjustments are disturbed in error, or it
becomes necessary to replace some part in the field, use the following
adjustment procedure. This procedure should not be used until it is
apparent that the AR unit is not in proper working order, and thengenly if
suitable tools are available for checking the adjustments.

a. AdJust the set screw at the top of the frame to obtaim, a“@.009
inch gap at the rear end of the armature air gag.

b. Adjust each contact spring to obtain 4 grams pressure, at the very
end of the spring. This pressure is measured when, the spring
moves away from the edge of the slot in the insulated crosspiece.

c. AdJjust each stationary contact screw to obtain & contact gap of
0.020 inch. This will give 15-30 grams conta¢t pressure.

Trouble Shooting

The components of the STU-12 relay are operated Well within their ratings
and normally will give long and trouble-frge sexwice. However, if a relay
has given an indication of trouble in serviee or during routine checks, then
using "O" and "1" logic notation, the fgulty printed circuit board can be
traced to using the diagrams in Fig,gh,®5§ 6, or 7. In turn, the faulty,
component or circuit can be found &ising the individual schematics of the
printed circuit boards which show™“thefdetailed transistor NOR/NAND logic.

Each NOR/NAND logic block representsya transistor on the schematic. The
output of each individual logi¢ bloeck is the collector of the transistor
which represents that block. _Theé collector of each transistor is either
connected to a test point or primted circuit terminal. A box around the
transistor indicates that dtWis/conducting for the normal condition of the
relay.

Following is an explanagionwof the voltage levels for the "0" and "1" logic
notation as shown fof the“hormal relay condition in Figs. 4, 5, 6, and 7.
This logic notation will also apply to the detailed logic on the printed
circuit board internal™schematics.

For positivemd®gic - represented by logic blocks, with no arrows.
"0" ds egulvalent to less than 0.5 volts with respect to negative,
Tes®, Term XO.

"1" is equivalent to 8 to 20 volts with respect to negative, Test
Term 10.

For negative logic - represented by logic blocks with open arrow
heads, "O" is equivalent to 8 to 20 volts with respect to negative,
Test Term 10, except for the output of the relay driver, where a
"o" is rated positive dc.
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I.L. 41-959.7

"1" is equivelent to less then 0.5 volts with respect to negetive, T¢
m a1 10
Term 10.

A boerd extender, Style No. OLOAS53LGOL, is available for faciliteting
circuit voltagze measurements. After withdrawving anyone of the circuit
boerds, the extencder is inserted into that slot. The board is then inserted
into the terminal bloek on the front of the extender to restore all @

circult connections.

Tie Test Terminals ou the Test Bd. in the bosrd position to they extdeme
right are neipful in checking the overall relay operation. ing are
the voltepges that will occur at these Test Terminals under §a s conditions:

NOTw: All voltages referred to are taken witih respect fo negative, Test

Terwminal 10.
Test Teriinal 1: Pilot Trip Q

Normal Condition - O volts
Internal Fault - 20 volts

test switch operation and

For en internsl fault, cither a distance
ignal for 2 Term Line relays)

both receiver trip signals (one receiver
are required.

4]

Test Terminal 2: Transient Blocking &

Normal Condition - 20 volts
mxternal Feult - G volts

rnal fault:

The following will simulate ar
distance relay operati
test switch operatio

- 20 volts

20 volts

Distance Relay O
Test Switch Opere

nnel 1 oand 2 receiver trip outouts - (for 2 Term Line relays,
required) - 20 volts

Test Terminzl 5: XMIR Key

K 2
gl Condition - C volts
ce Relay Operation - 20 volts
conteet operation - 20 volts
rnal Fault




(pilot trip signal) - 20 volts
Test Switch operation - 20 volts for 2.5 seconds

Channel Checkback scheme - 20 volts for 2.5 seconds 0

Test Terminal 6: Loss of Channel

Normal Condition - O volts s
Operation of either channel 1 or 2 Low signal clamp - 20 volts

Test Terminal T: Loss of Potential

Normal Condition - O volts . \
Distance relay operation - 20 volts after 500 MS time delb

Distance relay and both receiver trip signal operation
(one receiver trip signal for 2 Term Line relays) - O vo

Test Terminal & and 9: Pos. 20 V DC Q

Normal Condition - O volts @

Test Terminal 10: Negative DC Q
RENEWALK

Repair work can be done most satisfactor%t the factory. However, inter-
changeable parts can be furnished to ustomers who are equipped for doing

the repair work. When ordering parts s give the complete nameplate
data, and the component Style Nn the Electrical Parts List.

N
>
&

4
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41-959.7

ELECTRICAL PARTS LIST

Pover Supply Board - Sy 202CLO5GOL

Circult Syboul Reference otyle

CAPACITORS L 4

ci, Cc2 6.0 MFD, 35 V, +20% CRS01HL0
DIODLS ‘--\>

N A L AATT A
(W {AL)‘?/EHV_’j

D1, D2 I6LSA
RS ISTORS

M.one n PCB ITone

TRANSISTCE

Ql, Q2

W)

S e
Lidy LD
e, Lk
Heat Sink for QL & 2

Protective relay - S 202ChO5EL ol State Systems
Interface Boord - S 202CLTS5Q0MG: Zlce-lech u'.,: tens

CAPACTICRS

c1l, c2 ’\C) LOWT MFD, 20C VDG CLSEN 2 THO
\K 2I0OES

-

P
LNOLE

. S i
S CRTAOD2HGR

RISISTOAS

.7 K, G205 21HLE
LT K, 629A521HT2
Lot K, 529A521HAE
02 ¥, 6:2%;;1}7'78
RG, R9, i ; R19, R2C 10 ¥, = £20A521H56
R7, R1C, Rlk, R2l 6.0 I, f'> OAS231HS2
RG, Rlly R12, R18 27 K, O22AS31HG6

TRAWSISTORS

Q2, @3, Qk 21317 ChEACEIHC2
5 on ;6”, Choali1noL

1
Y}
N
1



ELECTRICAL PARTS LIST

Protective Relay - S# 202CL66G01 - Solid State Systems
Interface Board - S 202CL75G01 - Elec-Mech Systems

Circuit Symbol Reference

ZENER DIODES

21, 22, 73 1N36884, 2k V, +10%
vk, 7.6 1N3686B, 20 V, +5%
75, 27 N957B, 6.8V, +5%

A - SOLID STATE SYSTEMS
# - ELEC-MECH SYSTEMS

Loss Of - S# 202CL6TGOL - Elec-Mech Systems
Potential Board - Sj 202C529G01 - Solid State Syste
CAPACITORS
Cl 22 MFD, 35V
ce .27 MFD, 200&
DIOD
D1, D2 SA

R1, R4, R5, R16

R2, R6, R9, R1O,

R15, R18

R3, R11l, R16 N
RT A

N *
RS K\wo ohm, W, +2%
R12 \ 82 K, W, +2%b
R13 O 150 ohm, 3W, +5%
R17

1K, 3W, iE%

@ TRANSISTORS
Ql, a2, Q Q\ oN34LT
Qh 2N36L5
Q6 2N3589

ZENER DIODES

1N95TB, 6.8 V, +5%
1N3688A, 2L v, +10%
1N3050B, 180 V.

INDICATES TYPICAL VALUE

N

Style

O\ ON

18LA661HLE
188A669H05

837A692H03

62945 31H66
629A531H56

629A531H52
629A531HT1
620A531H24
629A531H78
762A679HOL
629A531H32

848A851H02
8L4oalL1HOL
837A61THOL

186ATITHOE
8624288H01
187A936H17



I.L. 41-959.7

Styleo

CAPACITORS *

ELECTRICAL PARTS LIST

Elec-Mech Interface Board - Sj 202CL63GO3.

Circuit Symbol Reference

c1, c2 1.5 MED, 35 V, +5% @81{18
DIODES \
D1, D2, D3, D&, D5 1N6LSA (D37A692H03
RESISTORS 0
Rl 27 K, 3, +2% Q 629A531H65
R2, R5, RO, R12, 10 K, W, +2% 629A531H56
R1k, R1S
R3 A 30 K, W, +2% 629A531HOT
R4 22 ohmi W, 5% 1807A290H09
R6 12 K, oW, + 629A531H58
R7T A 12 X, W, 629A531H58
RS L70 ohm, W, % 629A531H2k
R10, R11, R13 22 K, W, %% 629A531H6k
R16 6.8 K, % 620A531H52
S RS
Ql) Q2, Q3, Qu’; Q5 \Nz3h’l7 SLKSASS]_H()E
ZBNER DIODES
71, 7.2 g) 1N957B 186ATITHOG
2
A - INDICATES TYPICAK\J
Channel ,,4&05300,01 - TCF Int.
Interface Board & S;#1202ck69G0L - TA3 Int.
CAPACITORS
LOWT MFD, 260 V DC Chop i3 7HCH

c1, C3, 5\
cli, C

D2, D3 &

27 MyD, 200 V DC

DIODAES

1NGLsA

- 27 -
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@lec-Mech Interface Board - Si 202CL68GC1 - (continued)

Circuit Symbol

R1, R2, R9, R10
R17, R18

R3, R7, R1l, R15
R19, R23

RL, RS, R12, R13,
R20, R21, R25

R6, R1k, R22, R2T
R16, R2k

R25

Ql, Q3, Q5, Q7
Q2, Qb, Q6

21, 44, 47
42, 15, 46
726, 729, %410

Channel

ELECTRICAL PARTS LIST

Reference
RESISTORS
4.7 K, W, +2%

82 K, W, +2%

10 K, W, +2%

629A531H52

150 o, 3W, iﬁ% 2A6T79HOL
27 X, 37, +2% 629A531H66

6.8 K, 34, +2%

- S} 202CckT1G601 - TCF\
Trip Board - S 202ChH72G01 - Tt

’ S
&

R1l, R2, R5
R1k, R17,
R22, R25, ;
R32) ‘-i‘?):} IS AN
R3, R6, RY, R12, R15,
R19, 123, ®RT, R0, R35,
R38, ®39

R10, R13, R16

TRAISISTORS (b
213417 GLUEAB51HO02
2N3645 SLoALLIHOL
ZEN4R DIODES
1N36068, 20 185A212H06
19578, 6 %% 186AT9THO6
136 I Wit +20 0624288H01
ACITORS
MFD, 200 V. 188A669H05
DIODES
1N6USA 837AG92HO3
RESISTORS
27 K, 3W, +&% 6294531H66
10 K, 35U, +2% 620A531H56

1

6.8 K, %, +2% 629A531H52

.
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BLECTRICAL PARTS LIST

Channel - St ec2chicel - TeR - (Continued)
Trip Boord - 50 202CLT2GOL - Tone

Referan.e

Circuit

UM 3o K
]hp 150

TRATSISTORS

S aed IR Y, O D -
21T CLOASEIIC?

ZENER

[a} IsYa) .-
Gon200ne

CrD A

ol

Che nnel
wevicion

s N -~ vs
HROAEZIHOO

s

e
)
oz



ELECTRICAL PARTS LIST

Tone Channel - Si# 202CLTLGOl - Elec-Mech Systems
Supervision Board - Ss 202C533G01 - Solid State Systems

Circuit Symool Reference
CAPACITORS
cl 12 MFD, 35 V, +10%
DIODES
D1, D2, D3 1IN6LSA

Rl, R2, R3, R6, R15
R20, R23, R2L, R25,
R28, R29, R32

R4, RT7, R12, R13
R16, R19, R21, R26,
R30, R33

R5, R8, R1Lk, R17,
R22, R27, R31, R34
RO A

R10 A

R11

R18

Ql, Q2, Q3, Q5, QT
Q0, Q9, QLU

Ql
Q6 K :

\ ZENER DIODES
71 O 1N95TB, 6.8 V, +5%
7,2 1N3050B, 180 V.
\ - INDICAT VALUE
Transmitter #+4002C534G01 - TCF Ch.
Key Board - 202C535G01 - Tone Ch.

™ CAPACITORS

c1, 0.27 MFD, 200 V DC

- 30 -

G-
o

629A531H66

629A531H56

620A531H52
629A531H6N
629A531H56

629A531H60
629A531H32

8LBAB51H02

8LoALLIHOL
837A61THOL

186AT9THOO
187A936H1T

18BA669HO5
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ELECTRICAL PARTS LIST O

Transmitter - S# 202C534G0O1 - TCF Ch. - (continued)
Key Board - Sjf 202C535G01 - Tone Ch.
Circuit Symbol Reference Style

DIODES

D1, D2, D3, DU, 1N6L5A \7%2}103

D5, D6} DT @
RESISTORS Q
R1, R2, R3, Rk, 27 K, W, +2% 629A5 31H66

R5, R6, R7, R13
R8, R9, R12, Rik, 10 K, 2W, +2% 629A531H56
R15, R20
R10, R11, R16 6.8 K, 2W, +2% 629A531H52
R17 82 K, W, +2% 629A531HT8
R18 150 ohm T62A6T9HOL
R19 629A531HU4E
Ql, QU 8LEAB51HO2
Q2, Q5 8LoALL1HOL
Q3, Qb6 837A61THOL
z21, %3 88, 2k v, +10% 8624288H01
22, 24 050B, 180 v.” 187A936HLT
O
Checkback Board - S:AL026KT6GOL
\ CAPACITORS
Cl, c2, Chk O 15C MFD, 35 V. 8hOAOOTHOL
C3 .OL7T MFD, 200 V DC 8hoaLi37HOL
D1, D , Dk, 1NGLSA 83TAG92HO3
D5, D6
. RESISTORS

Rk, R7, RS, 21 K, &, +2% 629A531H66

R23, R27

RS, RO, R12, 10 K, %4, +2% 629A531H56

R16, R21, R2L, R28

-3 -



ELECTRICAL PARTS LIST

Checkback Board - S 202CLT76G01 - (continued)

Circult Symbol

R3, R6, R17, R22, R29
R10 4 , RI3 A, R25 A
R11l, R1k, R26

R18, R19

R20

Ql, Q2, @3, Qh, @3,
26, QT, Q8

71, 42, Zh, %5
43

A - INDICATES TYPICAL VALUE

Timing Board - S;j 202Ck77G01

1
c2
C3
cl ¢

C S

R1l, R2 Qi“i;
R3

R4, R7, RLC,

R16, R19, R22,"R25,

27, R3l, R32, R35

D1, D2, D3, D4, D5

Reference
RESISTOR - (continued)
6.8 K, 20, +2%
2 1 Y
33 K, 5W, +2%
470 ohm, W, +2%
L7 K, AW, +2%
82 K, W, +2%

TRANSISTORS

2N3k17

O

ZENER DIODaES

1N957B, 6.8 Y
1N3686B, 20 V %

Loy

, 20C v

, BV, +10%

FD, 35 V, +5%

MFD, 30 V, +10%
.0 MFD, 35 V, +10%

DIODES
1N6L5A
RESISTORS

LT K, W, +2%

82 K, %w, +2%
10 K, 5d, +2%

6.8 X, &1, +2%

Style

=2

%mw
0 531H78

CLEAB51HO2

186AT9THO6
1854212H06

BLoAL3ITHO
8624530H05
187A508H18
8L9AOOTHOL
837A241H15

837A692HC3

629A531H4E
629A531H78
629A531H56
629A531H52
629A531H66

629A531H67

O
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ELECTRICAL PARTS LIST O

Timing Board - S# 202Chk77GOl - (continued) O
Circuit Symbol Reference Style
RESISTORS (continued) V'S

R12, R21, R30 470 ohm, ZW, +2% %meu
R20 A , R29 p 33 K, W, +2% & 1H68

TRANSISTORS
0 848A851H02
Q5, @6, QT, Q8,
49, Q10 Q
ZENER DIODES (b

Ql, Q2, Q3, Qk, 2N3417

z1 1N3686B, 20 V, 185A212H06
Z2, 723, 24, 25 1N957TB, 6.8 + 186AT9THO6
A - INDICATES TYPICAL VALUE \
Arming Board - S# 202CLT78GOL é
A RS
ol 18LA661H16
c2 862A530H01
837A692H03

\K RESISTORS
27 X, W, +2b 629A531H66

Rl, R2, R5, RS,
R10, R16, R20, s
R2k, R25

R3, R6, 10 K, W, +2% 629A531H56
R21, R2
Rué R 6.8 K, &W, +2% 629A531H52
R28,
R1kL 82 K, =W, +2b 629A531H78
R15 20 K, 3W, +2% 629A531H63
R29, R3k 1K, 34, +2% 629A531H32
30 @ 100 ohm, TW, +2% 629A531H08
o 15 K, 5W, +2% 629A531H60
12 X, 34, +2% 629A531H58



ELECTRICAL PARTS LIST

Arming Board - S# 202C478GC1 - (continued)

Circuit Symbol Reference
TRANSISTORS

Ql, Q2, Q3, Q5, 2N3417

Q6, Q7, Q9, Q10

Qlk, Q8 ON36L5

A - INDICATES TYPICAL VALUE

Output Board - S# 202CLT79G01

CAPACITORS
cl 1.5 MFD, 35 V, +1 187A508H18
c2, ck, c7 0.22 MFD, 100 %. T634219H21
c3 3.3 MFD, 35 V, 862A530H01
c6 0.047 MFD, 2 8LOAL3THOL
c8, C9 0.1 MFD, 200 188A669H03
Cl0 0.27 MFD, 200,V 188A669H05

DIOD
Dl, D2, D3, D4, D5, A 83TA692HO3
D6, D7, D8

XMONETERS
R1 , LW, +20% 629AL430H01
R1k P K, & W, +20% 629AL430H08
R20 \ K, + W, +20% 629A430H02

\K RESISTORS
R2, R7, R9, R12, O 10 K, 3 W, +2% 629A531H56
R18, R21, R23, R -
R25, R26, R30, A
R34, R36, R
R3 150 K, W, +5% 629A531H8L
R6 L7 ohm, W, +5% 18TA290H1T
R8, R35 27 K, W, +2% 629A531H66
R10, R15 470 ohm, 3W, +2% 620A531H2L
R11l L70 K, W, +5% 18LAT63HIL
R16, R28 , L.7 K, 5W, +2% 629A531H48
R4, 4R17, R19, R22, R29 22 K, W, +2% 629A531H6L
R 7, R32, R33, R38 6.8 K, 3W, +2% 620A531H52
82 X, W, +2% 629A531HT8
150 ohm, 3W, +5% T62A6T9HOL
3 15 K, 3W, +2%~ 629A531H60
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ELECTRICAL PARTS LIST
Output Board - S# 202CLT79GOL - (continued)
Circuit Symbol Reference Style
TRAINSISTORS
Ql, Qk, Q5, Q5, 213645 ot HO1
Q8, Ql1
Q2, Q3, Q7, QL0 2N2L1T CLi8a351H02
Q9 2N3589 OBTABGLTHOL
ZENER DIODES
21, 27 1N366CA, 2k v, +10% 862A28CH01
z2, 23, 24, 25 1N957B, 6.0 V, +5% 166ATITHOE
z6 1N3050B, 180 V.~ 1ETA936AHLT
Test Board - S# 5L90D87GOL
Tip Jacks (Red) 1874332H0L
l) g’ 3) L}') 5) 6}
17, 6, 9 .
Tip Jacks (Black) 18TA332HC2
10
69-279

Fig. 1 Photograph (Front view with door open).
- 35 -



Fig. 2 Photograph (Rear view taken above relay with top cover off and door open)

69-280

[e]e)
oo

OO
oo

FRONT VIEW
(COVER REMOVED)

BOARD
POSUTION

BOARD DESCRIPTION

A

POWER SUPPLY

PROTECTIVE RELAY INTERFACE

LOSS OF POTENTIAL

ELEC. MECH. INTERFACE

CHANNEL | INTERFACE

CHANNEL 2 INTERFACE

CHANNEL TRIP

CHANNEL SUPERVISION

CHANNEL TRANSMITTER KEY

CHECK BACK

TIMING

ARMING

OUTPUT

ol|z|z|r|x|c|-|x]|o|n|m|lolo]|®

TEST

L—s RACK UNITS ——l

876A611

Fig. 3 Relay component Location.
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29(] lé‘lls[] )
bl 2] =
a0 g’uﬂ s
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CONNECTOR J |
ASVMEND FROM
REAR OF MELAY

POWER SUPPLY RESISTORS
voLT RA G RC RB 8 RD
10 OHMS 1800 OHMS
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Westinghouse 1. L. 41-95944
INSTALLATION e OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU UNBLOCK RELAY

CAUTION: It is recommended that the user of this equipment%ogcore acquainted
with the information in either these instruction$yor®the systems
instruction leaflet L0-204 before energizing this relay. Failure
to observe this precaution may result in damage to the equipment.
Before putting the relay into service, operate the relay to check
the electrical connections.

Do not remove or insert printed circéuwit oards while the STU relay
is energized.

APPLICATIQN

The type STU relay is a solid state direetional comparison unblocking auxiliary
relay for use with solid state or electmoumeehanical distance relays, and a
frequency shift type TCF carrier or TA-3 ®ene channel. This relay will
prevent tripping for faults extermaly tol the protected line section to which

it is applied and permit high sp€ed /simultaneous tripping for internal faults.
The relay will respond to indigati@ons of fault direction and distance provided
by the phase and ground distancefrelays, thereby controlling the transmission
of an unblocking signal and th@&yinifiation of high speed tripping for internal
faults. Either two or three (terminal line applications may be used where all
line terminals provide adeg@ateypfault current to operate the overreaching
distance relays.

CONSTRUCTION
The STU relay is mounteédgon a standard 19" wide panel 5-i" high (3 rack units)
with edge slots for mounting on a standard relay rack or panel. For the
outline and drilling plan, refer to Fig. Ul.

A hinged an@yremovable door on the front of the chassis covers the printed
circuit boards%, The photograph in Fig. 1 shows the front view of the relay
with door opén. YA sealing post at the top center in front wmey be used to
lock andWséal sfhe relay when in service. .

The rear panel consists of a hinged door which may be opened to expose

varjous components mounted inside. Mounted on the hinged door are two AR _
type auxiliary relays and, when used, two AL telephone type relays. The AR
relay is a small high-speed attracted armature type of unit. An insulated
memoer, fastened to the free end of the armature, draws down four uoving- -
contact springs to close or open the contacts when the relay coil is energized.
This relay is mounted on the rear hinged door, is available for inspection by
removing the locking screw and swinging the hinged door outwerd. In the AL
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relays, an electromagnet attracts a right-angle iron bracket which in turn
operates a set of make or break contacts. Four power supply resistors are
mounted in the rear housing of the chassis. In addition, one 32 terminal
connector, Jl, and two, four (4) terminal, terminal blocks are mounted on
the rear of the panel. The photo in Fig. 2 shows the rear view of the STU
relay with the taop cover off and rear door open.

All of the circuitry suitable for mounting on printed circuit boards_is
contained in an enclosure behind the front door. The printed circuitoards
slide into position in slotted guides at the top and bottom of the,enclosure,
and engage a terminal block at the rear of the compartment. Each,board and
terminal block are keyed so that they cannot be accidently insertedpinto the
wrong slot location. A handle mounted on the front end of the board is used
for identification, and for removing and inserting the circuit<, In addition
the handles also serve as a bumper with the front door to prevent the board
from becoming disconnected from its terminal block. Thefboards may be
removed for replacement purposes or for use in conjunction with a board
extender (Style N.. 8L9A534G01) which permits access #®jthévboards test
points and terminals for making measurements while the/relay is energized.

Either 13 or 14 printed circuit boards are used in &héySTU chassis. The
location and title of the printed circuit boards ‘awe)shown on the relay
component location drawing, Fig. 3.

PAINTED CIRCUIT BQARDS

Following is a description of all the_printed ¢ircuit boards used in the

STU relay. Refer to the functional #relay legic shown in Fig. 4, 5, 6, & T.
The internal schematics associated @itld the printed circuit boards contain

a detailed NOR/NAND logic diagram®@to simplify understanding of the transistor
logic.

For those users not generally acquainted with logic circult notation or with
device symbols of those compofients tused in the STU drawings, it is recommended
that a copy of Westinsghou$e, imstruction leaflet I.L. L41-000.1 entitled
SYMBOLS FOR SOLID STATE PROTEECTIVE RELAYING be consulted.

Power Supply Board

The Power Supply bcard logcated in slot A contains two 20 volt transistor
regulators: Thesegmelbtage regulators will operate from a nominal battery
supply of 48 or 125 & dlts dec by varing resistors RA, RB, RC, & RD mounted in
the rear of theWehassis. : '

The locatién of components on this board is shown in Fig. 8, and the internal
schematic is Eigd 9.

Protective Relay (P.R.) Interface Boards

The Protective Relay (P.R.) Interface board located in slot B contains the
buffered)interface logic for the distance relays and the functional test
switch. Other logic associated with the protective relays is included.
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Location of components on this board is shown in Fig. 10. Two internal
schematics are used: Fig. 11 - For use with electromechanical distance
relays and Fig. 12 - For use with solid state distance relays. The
difference in the two schematics is the buffered distance relay input;
h8/l25 VDC input for electromechanical systems, 20 VDC input for solid
state systems.

Loss of Potential Boards

The Loss of Potential board located in slot C contains a 500/0 millisecond
time delay and logic to cause an alarm and voltage output if a“distance

relay inadvertantly operates on a blown ac potential fuse ©r/Has an sustained
output for greater than 500 milliseconds. An input AND prevents operation of
the timer if both channél trip signals are obtained.

In relays for use with electromechanical systems, a gelay driver is provided
on this board to energize the Loss of Potential AL ®€elephone relay mounted
in the rear of the chassis.

Location of components on this board is shown @n Fig. 13. Two internal
schematics are used: Fig. 14 - For use with electmomechanical systems and
Fig. 15 - For use with solid state systeniss

ELEC-MECH (E.M.) Interface Board

The ELEC-MECH (E.M.) Interface board dfecated in slot D is used only in systems
using electromechanical distance relays.|¥Upon receipt of a distance relay
signal, this circuit of two timgrs (0/25 and 20/0 millisecond) and associated
logic will immediately simulate, a protective relay signal for 20 milliseconds,
thereby overriding any contact, bounce in the electromechanical relays.

Location of components on thishboatrd is shown in Fig. 16, and the internal
schematic in Fig. 17.

Channel Interface Boa#ds

The Channel InterfaceWboar@s located in slot F (Channel 1) and slot G

(Channel 2 - when uSed)Weontain the buffered interface logic for connecticn
with the channel eguipmént and provide the outputs to work into the Channel
Trip and Supv. boardss In addition, the TA-3 Channel Interface board contains
buffered outpubs,.

An interlock, feature is also included in order to convert from a 2 to 3
terminal line“gelay and conversely. CHANNEL TWO INTERFACE in slot G must be
used ifi thé relay for THREE TERMINAL LINE spplications, but MUST BE REMOVED
for TWO 'IERMINAL LINE systems.

A conversion kit may be ordered to change a 2 TERM LINE relay to 3 TERM LINE.
This kit includes instructions, nameplate and a CHANWEL INTERFACE board.

The location of ecomponents for both the TA-3 and “CF - CHANNEL INTERFACE
beatds is shown in Fig. 18. Internal schematics are shown in Fig. 19 for the
TA-3" CHANNEL and Fig. 20 for the TCF CHANNEL.
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Channel Trip Boards

The Channel Trip board located in slot H contains the connecting logic
between the channel unblock trip signals and the remainder of the relay logic.
A buffered output for channel 1 and 2 trip is included on this board.

The Tone Channel Trip board also has additional logic comprised of two
AND'S and an OR for a block return function. This logic is inherent to
the TCF channel equipment, therefore it is not required in this relays

Location of components on this board is shovm in Fig. 21. Two internal
schematics are used: ''ONE CHANNEL TRIP BOARD - Fig. 22, TCF CHANNEL TRIP
BOARD - Fig. 23.

Channel Supervision Boards - TCF Channel

The Channel Supv. Board for a TCF channel is located imslot®I and contains
the connecting logic between the supervisory functionsmof“the channel equip-
ment and the remainder of the relay logic. Both LOW SIGNAL CLAMP OUTPUTS
work into an OR, as do both CHECK TRIP outputs.

In addition, there is a circuit comprised of @mn™AND\circuit and a 0/150
millisecond time delay to allow tripping whemgreelosing into a fault.

For electromechanical systems, a relay driver is used for energizing a loss
of channel AL telephone relay.

Location of components for this boap@ ®s shotm in Fig. 26. Two internal
schematics are used: Fig. 27 for ellectromechanical systems and Fig. 28 for
solid state systems.

Channel Supervision Board - TonefChannel

The Channel Supv. board for aftonewtchannel is located in slot I and contains
the connecting logic between'the [supervisory functions of the channel
equipment and the remaindeffof*the relay logic. A lSO/lOO millisecond time
delay and associated logic is“used to monitor the LOW SIGNAL CLAMP outputs
for loss of channel and{to“provide unblock time. For electromechanical
systems, a relay drivew Isyuised for energizing a Loss of Channel AL telephone
relay. The NOISE output$) work into OR logic on this board.

In addition, therg isga circuit comprised of an AND circuit and a 0/150
millisecond time délay to allow tripping when reclosing into a fault.

Location of coffiponents for this board is shown in Fig. 24 and the internal
schematic ImyFigd 25.

Transmitter Key Boaids

The transmitter Key bowrd located in slot J contains OR logic to combine all
inpats ‘tequired to key the transmitter, and interface circuitry to key the
partleular channel equipwent. A relay driver circuit is connected to the

ogtput of the OR in order to operate an AR relay mounted in the rear of the
chassis.
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For the channel interface with the TCF transmitter, a positive going (0 to
20 volt) buffered output represented by transistors Q4 and Q5 is shown on the
internal schematic, Fig. 30. When the relay is used with tone channels, gthe
transmitter interface is a negative going output similar to the relay driver
and is shown by transistor Q6 on internal schematic, Fig. 31.

Location of components for the XMIR KEY board is shown in Fig. 29.

gggckback Board

The Checkback board located in slot K contains logic used to funetionally
test the channel in both directions. Two separate circuits/arefincluded on
the board. One circult comprised of a buffered input, AND cikcuit and a
2500/0 millisecond time delay is used for keying the transmitter for 2.5
seconds after the TEST switch is operated. The other cireuit consisting of
two AND circuits and a 2500/2500 millisecond tine deldyWis oOperated from the
CHANNEL SUPV. BD. and is required as part of the chafinel checkback scheme.

The location of components for this board is shown in \FPig. 32 and the internal
schematic in Fig. 33.

Timing Board

The Timing btoard located in slot L contaipms hegic, a buffered input, and
three time delays used in conjunction with, the remainder of the relay.

After a pilot trip operation, the O/3O millisecond timer maintains the trans-
mitter keying for 30 millisecondgk The 180/0 millisecond timer delays keying
of the transmitter for 180 millisecgnds after opening of the local breaker.
Input to this timer is a M8/l25 VDG, buffer circuit.

The 2500/0 millisecond timer dnddessSociated logic is used to permit transient
blocking for 2.5 seconds if avunblock trip output is obtained from the
channel receiver. This cifcuii“fs also controlled by the 52b contact input.

The location of componemt$yon this board is shown in Fig. 34, and the internal
schematic in Fig. 3%.

Arming Board

The Arming boardsidocated in slot M contains the connecting logic between the
Channel, Protectiwef\Relay, Elec-Mech and Timing boards for the OUTPUT board.
Logic on thisyboaxrd interfaces with, and sets up arming of the trip AND, the
transientdblocking and unblocking timers and the M/O millisecond trip timer.

In additiséfi, t#io time delays, 0/1000 and 0/100 milliseconds, are included on
this board. WThe 0/1000 MS timer holds transient blocking on for an additional
1000 MS to protect against fault power reversals dve to unequal breaker
reclosing@ptimes into a permanent external fault. A:ter a pilot trip operation,
the O/lOO MS timer picks up and immediately resets uhe O/lOOO MS timer to
de=energize the transient blocking timer. The 100 MS dropout time is greater
than the time it takes to reset the distance relays and remove the input to
the 0/1000 MS timer, therefore transient blocking will remain off after the
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pilot trip signal is removed.

The location of components for this board is shown in Fig. 36, and the
internal schematic in Fig. 37.

Output Board

The Output board located in slot N contains the final logic of the relay.

This board utilizes the intelligence supplied by the Arming board tof setgup
either a pilot trip output for internal faults, transient blockingyon external
faults or transient unblocking for sequential faults.

Three timers are used on this board: a M/O millisecond timer to “delay the
pilot trip output and two 18/0 millisecond timers for transient@blocking and
unblocking. NOTE: Relays may be supplied with the transient@blogck time
calibrated for 25 milliseconds instead of 18 ms. to coordinate with the time
delay of the channel equipment. The pilot trip output iSj,comprised of and
AND circuit whose output works into a logic inverting amplifiier. There are
two final pilot trip outputs; a buffered positive goifigf(Qto 20 volt) output
and a relay driver to activate an AR relay mounted\im thefrear of the chassis.

Fig. 38 shows location of components on this boardymand Fig. 39 shows the
internal schematic and detailed logic.

Test Board

The Test board located in slot O is used for facilitating test measurements
and routine checks of the relay. This boardgtonsists of 10 test terminals
mounted on a panel attached to a printed circuit board.

OPERATION

The type STU unblock relay is used/inla directional comparison unblocking
relay system for power line prétection. High speed tripping is obtained for
two or three terminal lineqapplicaBions for faults anywhere on the protected
line, providing all terminadsycontribute adequate fault current to operate
the distance fault detectors.

System Operation

In a directional compardsen unblocking system, a continuous blocking signal

is normally transmitted) from each line terminal and received at all other
terminals. The “phase or ground protective relays key the channel transmitters
to the unblock frequency to remove blocking at the remote terminals during a
fault. Tripping is,accomplished when both the local protective relay operates,
and the blocking gignal has been removed. The unblocking signal does not have
to be received to allowv tripping.

Some featuresgpincluded in this system are a functional test channel checkback
scheme \lockout of tripping after 500 milliseconds for abnormal protective
relayPeperation, channel logic to force a block return, and coordination for
busefawlt tripping, breaker failure and fault power flow reversal. The
deseription of the preceding features are further explained under the Relay
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Operation section.

Refer to system I.L. 40-204 on the unblocking system for further system
operation.

Relay Operation

Refer to the logic diagrams shown in Fig. 4, 5, 6, and 7 to understand the
operation of the STU unblock relay.

1l. Normal Condition

In Fig. 4, 5, 6, and 7 the logic voltage "O" and "1" states(shown refer to
the normal operating condition of the STU relay.

2. Internal Fault

For an internal fault, one or more of the protective distance relays will
operate and perform the following:

a. Start the 500/0 MS loss of potential timer

b. Produce a logic "1" at TEST TERM3 (Brotective Relay)

ce Key the tmansmitter to the unbletk “frequency

d. Pickup the 0/1000 MS timer on $he“ARMING BD. and produce a
logic "O" at terminal 5 of the"QUIPUT BD. This will start
the transient blocking times.

e. Arm the trip AND on the OUTPUT BD. through the one input OR
on the ARMING BD.

f. Satisfy one input of “Ghegtrip AND on the ARMING BD.

The channel transmitter will _alse be keyed at the remote terminal, thus
cauging the unblock trip outputs of the local channel 1 and 2 receivers to
become a logic "1". This wildl make TEST TERM L4 (CHANNEL TRIP) a logic "1"
signal through logic on gfhe EHANNEL INTERFACE and CHANNEL TRIP BDS. This
"1" output will satiéfy the #rip AND on the ARMING BD. causing energization
of the 4/0 MS timer op the OUTPUT BD. Four milliseconds later the trip

AND on the OUTPUT  BD.%will be satisfied and produce a PILOT TRIP output
before transient bdogking becomes effective.

In addition, whe® a Peceiver unblock trip output (logie "1") is received as
an input to thewSTU*the 2500/0 MS timer on the TIMING BD. will be energized
to start transient blocking. This will not affect the initial pilot trip,
and once,the, Toedl breaker opens, then the 52b contact will bloek the output
of thiglAND omythe TIMING BD.

Once a pilot trip signal is obtained for an internal fault, the O/lOO MS
timer on the ARMING BD. will rapidily reset the 1000 millisecond dropout time
of the O/lOOO MS timer. Therefore, when reclosing into a permanent internal
fault, ¢he only time delay will be the h/O MS timer.

Sw, 0 External Fault

If" no unblock trip signal is received from the remote terminal when the local
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distance relays operate, then the trip AND on the ARMING BD. will not be
satisfied and the 18/0 MS transient blocking timer will time out. TEST TERM 2
(Transient Blocking) will then become a negative logic "1" and block the trip
AND »f the OUTPUT BD. thereby preventing possible undesirable tripping during
transients occuring at the clearing of an external fault.

If an external fsult occurs oehind the protected line such that the local
distance relays do not operate, but either wne or both of the channel recedvers
are keyed to the unbluck frequency at the remote terminal then trangient
blocking will also be set up. When either channel unblock tripgoutput @ssumes
a logic "1" state, the 2500/0 MS timer on the TIMING BD. is energizedwénd a
logic "1" is obtained at TIMING BD. terminel 10 for 2.5 secondg@y, This output
will activate the O/lOOO MS timer on the ARMING BD., and set up Wramsient
blocking 18 milliseconds later.

In addition, for external faults, transient blocking is established to insure
against any misoperation due to fault power flow reversdlsficaused by unequal
circuit breaker clearing time on parallel lines. The 1000 millisecond reset
time of the O/lOOO MS timer on the ARMING BD. prevengSWmiseperations when
reclosing into an extermal fault where fault power filow reversals occur on
parallel lines due to unequal breaker reclosing times.wfln addition, the 1000
millisecond reset time also prevents transient bloeking from resetting when
short holes appear in the input.

4. Sequential Fault

Occasionally an external fault will be followed by an internal fault before
the former is cleared. 1In order to prevéngWa long delay in clearing a
sequential fault, a transient unblocking 18/0 MS timer is included. Although
transient blocking has been initiaged by the external fault, the presence of
an internal fault will produce a negative logic "1" signal from the trip AND
on the ARMING BD. This "1" signalyidd energize the 4/0 MS timer and satisfy
the AND to energize the 18/0 MS &mansient unblocking timer on the OUTPUT BD.
In 18 milliseconds the transient unblocking timer will drop out the transient
blocking timer thus satisfyingsthe £rip AND on the OUTPUT BD. and causing a
pilot trip output.

5. Loss of Potential

Distance relays may temnd@ To, operate if the input from the potential device 1is
momentarily interrupted.§Since tripping of circuit breakers is undesirable

for this loss of ac poteatial, or any other abnormal protective relay operation,
the STU relay will logkout tripping and provide alarm. Thi. is accomplished

by the SOO/O MS timer . on the LOSS OF POTENTIAL BD. In 500 milliseconds after

a distance relay operation, providing both receiver unblock trip signals are
not present,fa lTogie 1" signal will be produced at TEST TERM 7 (Loss of
Potential)d ThWis ™" signal will block the AND on the PROTECTIVE RELAY INTER-
FACE BD. therebyimulating no distance relay signal. Output of the 500/0 MS
timer will alSefprovide a buffered '"1" signal at the J1 connector.

For electromechanical systems, an AL telephone relay will drop out for
indication purposes.

6. 4Ghannel Transmitter Control

The ransmitter may be keyed to the unblock frequency by any one of the
following six inputs:
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Distance relay operation

0/30 MS timer after pilot trip

. 180/0 MS timer from 52b contact

.« Checkback circuit from test switch

e. Checkback circuit from channel logic

f. Output from E.M. Interface Bd. for electromechanical systems only.

QN0 oo

When the transmitter is keyed, TEST TERM 5 (XMTR KEY) becomes a logic "1"
signal, the keying AR picks up, and the interface with the transmitter becomes
a logic "1" as described under the operation of the XMIR KEYING BD.

After a pilot trip operation the O/3O MS timer on the TIMING BD§, will maintain
keying of the unblock frequency for 30 milliseconds in order (to/insure that
the remote breaker has tripped before the transmitter returns to normal
condition.

After the local circuit breaker opens, the 52b conta@t will close and energize
the 180/0 MS timer on the TIMING BD. to cause init#ation of the unblock freq-
uency transmission after 180 milliseconds and until{sueh time as the circuit
breaker is reclosed. This 180 millisecond dela¥palloews coordination for bus
fault tripping of the local breaker, where tripping, of the remote breaker
would be incorrect and might cause undesired Smterruption to tapped trans-
former terminals. Transmission of the unblocking frequency is necessary to
permit tripping of the remote terminal should the remote circuit breaker be
closed into a fault, or should a fault dewelop in the protected line while

the local circuit breaker is open.

T+ Channel Logic

a. TCF frequency shift cdrrier, channel.
Refer to CHANNEL-INTERFACE, TRIP, and SUPERVISION BDS. in logic
logic drawings Fig. Yand 5.

Two TCF CHANNEL INTERFACE fpoard§ are shown; both boards must be used for
three terminal line sy&tems utilizing two receivers. However, for two ter-
minal line applicationg the Interface board in board slot G must not be used
in the relay. An intérlock”shown on the Channel 2 interface board connects
the Channel 2 unblockytrip output as one input to the channel trip AND on
the CHANNEL TRIP BD%

For three termimagd WiMie application, both receiver unblock trip signals are
required to proddcé) a logic "1" signal at TEST TERM 4. This output will
satisfy one “bnpute0f the ARMING BD. trip AND, block operation of the SOO/O
MS Loss @f Potemtial timer, and produce a buffered "1" output. Either
receivet umblogk trip signal will produce a "1" signal at terminal 12 of the
CHANNEL TRIP BD. to start transient blocking. For two terminal line appli-
cations, thelone receiver umblock trip signal will produce a "1" output at
TEST TERM L (CHANNEL TRIP), and terminal 12 of the CHANNEL TRIP BD.

Opération of either or both low signal clamp inputs ("1" to "0") will cause
APl signal at TEST TERM 6 (Loss of Channel) for use in the channel checkback
scheme. For electromechanical systems, an AL telephone relay will dropout for



indication of loss of channel. In addition, operation of either Check Trip
output will produce a "1" output at terminal 7 of the CHANNEL SUPV. BD.
This signal is used for the channel checkback scheme.

If the carrier channel is lost for an internal fault condition then the TCF
receiver will convert to an unblock trip signal for 150 milliseconds to
allow tripping before lockout. However, it is still desirable to have thig
system operative if reclosing into a permanent fault. This is accomplished
by the 0/150 MS timer and AND circuit on the CHANNEL SUPV. BD. _Affensthe
initial opening of the breaker, the 52b contact will close and pickup fhe
O/lSO MS timer. Upon reclosure the 52b contact opens and starts, d¥epout of
the 0/150 timer, therefore with a loss of channel signal from/theWECF, a
"1" output will be obtained from the AND. This "1" produces,a M1% at TEST
TERM 4 to permit tripping if a distance relay operates.

b. Frequency shift tone channel.
Refer to CHANNEL INTERFACE, TRIP and SUPERVISION, BDS. in logic
drawings Fig. 6 and 7.

Two tone CHANNEL INTERFACE bds. are shown; ooth bhoardswmust be used for

three terminal line systems utilizing two receiveng.WHowever, for two terminal
line applications, the interface board in board Sket G must not be used in

the relay. An interlock shown on the Channelf 2*dnterface board connects the
Channel 2 unblock trip output as one input go ®he, three input channel trip

AND on the CHANNEL TRIP BD.

For three terminal line applications, both neceiver unblock trip signals and
no low signal clamp are required tof produeefa logic "1" signal at TEST TERM
L4 (CHANNEL TRIP). This output wi¥ld sd@tisfy one input of the ARMING BD.

trip AND, block operation of the SOO/O MS Loss of Potential timer, and
produce a buffered output. Either “heceiver unblock trip signal will produce
a "1" signal at terminal 12 of £heWCHANN.L TRIP BD. to start transient
blocking and to energize an AND ¢ircuit on the CHANNEL SUPV. BD.

For two terminal line applications, the one receiver unblock trip signal will
produce a "1" output at TEST,TERM U4, and terminal 12 of the CHANNEL TRIP BD.

When a tone channel isfusedywith the STU unblock relay, the tone receivers
must be internally sgFapped to clamp to an unblock trip output when a low
signal condition occurs.)) Therefore, if during an internal fault condition
the channel is logdy, trdpping will be allowed until the lSO/lOO MS timer on
the CHANNEL SUPV{ BD.\picks up and blocks the channel trip AND on the CHANNEL
TRIP BD. Howewer,ait is still desirable to have this system operative if
reclosing into, a“permanent fault. This is accomplished by the 0/150 MS timer
and AND cdrcudt on the CHANNEL SUPV., BD. After the initial opening of the
breaker, the 52b contact will close and pickup the O/lSO MS timer. Upon
reclosure the 92b contect opens and starts dropout of the O/lSO timer, there-
fore with a loss of channel signal from the tones, a "1" output will be
obtained frem the AND. This "1" produces a "1" at TEST TERM L to permit
tripping if a distance relay operatese.

Edthér low signal clamp operation ("1" to "0") will pickup the 150/100 MS
timer and produce a "1" signal at TEST TERM 6 (LOSS OF CHANNEL) for use in
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channel checkback as well as blocking channel trip. For electromechanical
systems, an AL telephone relay will dropout for indication of loss of
channel. Both low signal clamp outputs on the CHANNEL INTERFACE BDS. are
buffered and separately brought out to the Jl1 connector.

One AND circuit on the CHANNEL SUPV. BD. is used for channel checkback.
When a receiver trip signal from either channel is received, a logic "1"
will be produced at terminal 3 of the CHANNEL SUPV. BD. providing both low
signal clamps have not operated.

When the noise output operates on either one or both channel regelvers, a
logic "1" output is produced from the noise OR on the CHANNELWSUFPV. BD. to
block the trip AND of the ARMING BD. Therefore, the STU,relay will not trip
on receipt of channel noise. Both noise outputs on the CHANNEL INTERFACE BD.
are buffered, connected together, and brought out to the Jl comnector.

A block return circuit is included on the CHANNEL TRIP BD., and is comprised
of two AND'S and an OR. The principle of block y€burnyis to insure that
after a loss of channel condition is cleared_ up, the receiver unblock trip
signal returns in the "O" logic state, not "1, When a low signal clamp
operation ("1" to "0") is received from the tome%ghannel, then the 150/100
MS timer picks up and applies a "1" signdl, ¥emone input of each of the two
block return AND'S on the CHANNEL TRIP BD¢ Now, if either or both receiver
unblock trip signals are a "1" or becomer aWl"™ within the 100 millisecond
dropout time of the 150/100 MS timer, then a "1" output will be produced

at the output of the block return AND"and“the OR in works into. Terminal

5 of the CHANNEL TRIP BD. will become @& ™" and hold the 150/100 MS timer
picked up by applying a "1" inpdt $o th€ 3 input loss of channel OR on the
CHANNEL SUPV. BD. By inspecting the logic, it can be seen that both receiver
unblock trip signals (one fofy,twd.terminal line applications) must return to
block, logic "0", to make the channel operative after a loss of channel
condition.

8. Channel Checkback Tegt

a. TCF frequencygshift carrier channel.
Refer to logie drawings, Fig. 4 and 5. Information in this section
does not cover the complete test, but only that portion concerning
the STU relayw

At the local texminal, the carrier transmitter will be disconnected from the
line thus causifg@a loss of channel condition at the remote terminal. This
will causeWthel{less of channel OR on the CHANNEL SUPV. BD. (Remote Terminal)
to asswfie a "L, and satisfy the two input AND (preceding the 2500/2500 MS
timer), agd in 2500 milliseconds pickup the 2500/2500 MS timer on the CHECKBACK
BD. Thel"1"foutput of the 2500/2500 MS timer will satisfy one input of the
AND following it. Next, the test switch will be operated at the local
terminal and the following will happen: a protective relay signal will be
simulated through the OR on the protective relay interface bd., the transmitter
will be reconnected to the line to restore the chunnel, and the local trans-
mibtter will be keyed to the unblock frequency for 2500 milliseconds through

the 2500/0 MS timer and AND circuit on the CHECKBACK BD. At the remote
terminal, the TCF receiver logic will not give a trip output since the
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channel was not restored to the blocking frequency. However, there will
be a "1" signal obtained from the CHECK TRIP output of the receiver. This
check trip output will satisfy the other input to the AND on the CHECKBACK
BD. causing the transmitter to be keyed to the unblock frequency. Since
the check trip signal also applies a "1" input to the negated input of the
AND energizing the 2500/2500 MS timer, it will no longer be satisfied and
the timer will drop out causing keying to stop in 2.5 seconds. However
within the 2.5 seconds of keying, the STU relay at the local terminal will
trip because of reception of both a received unblock trip signal @ndma
simulated protective relay signal.

b. Frequency shift tone channel.
Refer to logic drawings, Fig. 6 and 7.
Information in this section does not cover the complete test,
but only that portion concerning the STU relay.

At the local terminal, the tone transmitter will be disconnected from the
line thus causing a loss of channel condition at theMzemote terminal. This
will cause the loss of channel OR on the CHANNEL SUPY. BD. (Remote Terminal)
to assume a "1" output to pick up the 150/100 MSWtimewt This satisfies the
two input AND on the CHECKBACK BD. and in 2500 milldseconds the 2500/2500 MS
timer will pick up. The "1" output of the 2500/2500 MS timer will satisfy
one input of the AND following it. Next, %he Test switch will be operated

at the local terminal and the following widl“happen: a protective relay
signal will be simulated through the OR onjthe protective relay INT BD, the
transmitter will be reconnected to the &¥ne %o restore the channel, and the
local transmitter will be keyed to the(lunnléck frequency for 2500 milliseconds
through the 2500 MS timer and AND4circuity©n the CHECKBACK BD. At the remote
terminal, the tone receiver unblégk Arip signal will be a "1" thus causing
the three input AND on the CHANNEL SUPV. BD. to operate and produce a "1" at
terminal 3 of this board. This "B w¥1l satisfy the other input to the AND
on the CHECKBACK BD. causing thetransmitter to be keyed to the munblock
frequency. ©Since at the same “time, the input to the 2500/2500 MS timer 1is
lost, then the keying signal to ¥he local terminal will only last 2.5 seconds.
However, within this time of keying, the STU relay will trip because of the
reception of both a received ®rip (unblock) signal and a simulated protective
relay signal.

9. Electromechanicalr ITntérface

When the STU relay, fssilsed in an electromechanical system the ELEC-MECH (E.M.)
INTERFACE BD, i§ used only for the purpose of preventing additional tripping
delay becausejofWcontact bounce. When a distance relay operates, the 0/25 MS
time delay on the E.M. INTERFACE BD. will immediately pickup to satisfy the
AND therébysimulating a protective relay operation. The 25 millisecond drop-
out time Of.the’ 0/25 MS timer will hold the "1" input to the AND in the event
that bouncingicontacts interrupt the timer input signal. The 20/0 timer will
time out and remove tlie simulated protective relay signal after 20 milli-
seconds.
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CHARACTERISTICS

€ONTROL VOLTAGE:

CURRENT DRAIN:

TEMPERATURE RANGE:
INPUTS:

52b Contact =~

DISTANCE REIAYS 1, 2, and 3:

Solid State Systems -

Elec-Mech Systems -

All Other Inputs Are & Q ‘
Buffered and Requi X MAX Current
OUTPUTS : ',(...'

TRAMITTER KE()
TCF Fr qu@hii‘t Carrier Channel

Frequency 4Shift Tone Channel

L 4

‘t::!l 2:: 15 to
\ 48/125 Control Voltage Buffered

OO

L8 V pc (42 to 56 volts)
125 Vv DC (105 to 140 volts)

SOLID STATE SYSTEMS

Normal
Pilot Trip - 2LO
Maximum - 280

- 130 MA

"D

ELEC-MECH SYSTE

Normal -1

Pilot Trip -

Maximum MA

—2OOC around chassis

Control Voltage Buffered
- 1.5 MA MAX Current
- 2.5 MA MAX Current

20 V DC Buffered
2 MA MAX Current

48 v - 1.5 MA MAX Current
125 vV - 2.5 MA MAX Current

15 to 20 V IC

15 to 20 V DC Buffered
10 MA MAX Current

"0" State - Open Circuit
"1" State - Short Circuit to
Battery Neg.

140 V DC MAX Voltage
Lo MA MAX Current

ther outputs are 15 to 20 V DC buffered and provide 10 MA MAX Current
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CHARACTERISTICS '
TIME: <::f§::>

TRIP TIME (u4/0) L,0 to k.5 Milliseconds
(adjustable from 2.0 to 6.0 MS)
TRANSIENT BLOCK 16 to 20 Milliseconds ¢
and TRANSIENT (adjustable from 12 t )
UNBLOCK TIME (18/0) (Relay may be orde h'a
transient blocking t of 24 to

27 milliseconds)

LOW SIGNAL LOCKOUT TIME 130 to 180 Milli ds
150/100 & 0/150

LOSS OF POTENTIAL

TIME (500/0) iseconds
DIMENSIONS: - 5.25" (3 rack units)
19"
lL"”
WEIGHT: imately 12 lbs.
SETTII]
No setting is required on the STU Ve

X LATION

The STU relay is generally su in a cabinet or on a relay rack as part
of a complete system. The lo must be free from dust, excessive
hunidity, vibration, corro@ es gr heat. The maximum temperature

around the chassis mus o ed 55 C.

The outline and drillir@ of the STU relay is shown in Fig. Ll.

\DJUSTMEN‘I‘S AND MAINTENANCE

k
It is recoun d@t an acceptance check be applied to the STU relay to
verify that th ircuits are functioning properly. The following procedure
or ,this purpose.

Acceptance Chec

Connect the relay 1o the test circuit of Fig. 40. Apply rated dc to Jl
terminals 3 and 4 as shown, and use an auxiliary 20 volt regulator or the
internal 20 volts of the STU relay for the inputs to the switches. On STU

reldys for use with electromechanical distance relays, rated positive dec

m e applied to the PR 1, 2, and 3 switches. Note that the low signal
wiktcheés for channels 1 and 2 are normally closed and all other switches are

D
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I.L. 11-959.4

Since the STU relay varies in logic depending on the channel eguipuent,
insure that it is checked per the proper channel. 7When reference is made
to AL relays, this refers to STU relays for use only with electromechanic
systems utilizing ELEC-MECH distance relays.

When reference is made to TEST TERM, this means one of the 10 test termi
on the TEST BD. in board slot O. All voltages are to ve measured with
respect to negative, TEST TERM 10. Voltage measurements may vary Dy +1@‘7 .
Information in this acceptance test applies to a relay with & tr sient
blocking time of 18 MS for relays with a transient blocking tim 5 MS,
limits are 24 to 27 milliseconds.

A. Normal Condition @
TEST TERM 1: O Volts
" " 20 Volts
O Valts 0
O Volts
O Volts Q
: 0O Volts

: 0O Volts
" " 8: 20 Volts
" " 9: 20 Volts
Keying AR - not picked up
Trip AR - not picked up
Loss of Channel AL - picked up (& xh system)

Loss of Potential AL - picke

1" "
n 1

O C0— OV o O

B. Channel Logic - 2 Term Line
(For 3 term. line relays, d gard this section and continue on section C)

l. TCF Carrier Channel

a. Channel Trip £ 25 O MS timer (BIMING BD.), O/lOOO MS timer
¢ ING BD.), transient blocking timer
xtch

oltage drop from 20 to O volts in 186 to 20 milli-
seconds, then rise from O to 20 volts in 3100 to
4100 milliseconds.

T RM 4: Voltage rise from O to 20 volts.
&Trip 1 switch

Lgss of Channel
pen Low Signal - 1 Switch

& TEST TERM 6: Voltage rise from O to 20 wolts
Loss of Channel AL wi1ll drop out

Close LOW SIGHRAL - 1 Bwitch
2. Tone Channel
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C.

a. Channel Trip - 2500/MS timer (TIMING BD.), 0/1000 MS timer
(ARMING BD.), transient blocking timer O

Close Trip-1 switch
TEST TERM 2: Voltage drop from 20 to O volts in 18 to 20 milli-
seconds, then rise from O to 20 volts in 3100 to
4100 milliseconds *
TEST TERM U4: Voltage rise from O to 20 volts
Open Trip-1 switch \
b. Loss of Channel - 150/100 MS timer (CH. SUPV. BD. )@

Open LOW SIGINAL - 1 switch
TEST TERM 6: Voltage rise from O to 20 volts i 3 o 180 milli-

seconds
Loss of Channel AL will drop out Q

Close LOW SIGNAL - 1 switch

TEST TERM 6: Voltage drop from 20 to s in 75 to 125 milli-
seconds.
c. Block return x
cl

Open LOW SIGNAL - 1 switch, th& Trip-1 switch
TEST TERM k4: Voltage must re at zero.

Close LOW SIGNAL - 1 swi %

TEST TERM 6: Voltage ni emain at 20 volts

Open Trip-1l switch \

TEST TERM 6: Voltag drop from 20 to O volts

Channel Logic - 3 Term Li Redéys Only
(For 2 term line rela’ e/preceding section was used and this part
may be disregarded)
l. TCF Carrier Ch&
a. Channel ¥ - Brip 2500/0 MS timer (TIMING BD.), 0/1000 MS timer
(ARMING transient blocking timer

c se@-l switch
S 2: Voltage drop from 20 to O volts in 18 to 20 milli-

seconds then rise from O to 20 volts in 3100 to
4100 milliseconds.

TEST TERM L: Voltage remains at zero
©pen Trip - 1 switch

. Channel 2 - Trip 2500/0 MS timer (TIMING BD.), 0/1000 MS timer
(ARMING BD.), transient blocking timer.

Close Trip-2 switch
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I.L. 41-959.4

milliseconés then rise from O to 20 volts in 31
to 4100 milliseconds
TEST TERM L: Voltage remeins at zero 0

Open Trip - 2 switch

TEST TERM 2: V.ltage drop from 20 to O volis in 18 to 20 QO

ce Channel 1 and 2 Loss of Channel L 4

Open LOW SIGNAL - 1 switch %
TEST TERM 6: Voltage rise from O to 20 volts ‘..~§.'
Loss of Channel AL must drop out. @
Close LOW SIGNAL - 1 switch, then open LOW S 2 switch
TEST TERM 6: Voltage rise from O to 20
Loss of Channel AL must drop out Q
Close LOW SIGNAL - 2 switch @
d. Channel 1 and 2 trip
Close Trip-l and Trip-2 swit
TEST TERM 4: Voltage rise f 0 20 volts

Open Trip-l and Prip-2 switches

2. Tone Channel

a. Channel 1 - Trip

(ARM!NE~‘:
Close Trip-1 sv

TEST TERM 2:

O MS timer (TIMING BD.), O/lOOO MS timer
.), transient blocking timer

e drop from 20 to O volts in 18 to 20 milli-
L 4 econds then rise from O to 20 volts in 3100 to 4100

V liseconds.
TEST % Voltage remain at zero.
Ope rip-1 switch

b. - Trip 2500/0 MS timer (TIMING BD.), 0/1000 MS timer

(ARMING BD.), transient blocking timer.
\se Trip-2 switch
ST TERM 2: Voltage drop from 20 to O volts in 18 to 20 milli-
seconds then rise from O to 20 volts in 3100 to 4100
milliseconds.

TEST TERM 4: Voltage remain at zero.

Open Trip-2 switch
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Timer

Open LOW SIGNAL - 1 switch ()

TEST TERM 6: voltage rise from O to 20 volts in 130 to 180 milli-
seconds.

c. Block Return - Channel 1 - Trip and Low Signal - 150/100 MS O

Loss of Channel AL must drop out

L 4
Close TRIP-1 switch, then close LOW SIGNAL - 1 sw%

TEST TERM 6: voltage must remain at 20 volts
Open TRIP-1 switch 0

TEST TERM 6: voltage must drop from 20 to volts in 75 to 125

milliseconds. @
d. Block Return - Channel 2 - Trip and al - 150/100 MS

Timer

Open LOW SIGNAL - 2 switch \
e

TEST TERM 6: voltage rise fro o 20 volts in 130 to 180 milli-
seconds

Loss of Channel AL mu p@
h

Close TRIP-1 switch; close LOW SIGNAL - 1 switch

TEST TERM 6: volta% remain at 20 volts
Open TRIP-1 swi

L 2
TEST TERM 6: & e must drop from 20 to O volts in 75 to 125
millisec &

e. Channel n - TRIP and LOW SIGNAL

Clos and TRIP-2 switches
@ L: voltage rise from O to 20 volts
%low SIGNAL - 1 switch
T TERM 4: voltage drop from 20 to O volts

& Open TRIP-1 and TRIP-2 switches, then close LOW SIGNAL-1 switch
tance Relay Operation

a. Distance relay operation loss of potential SOO/O MS timer

- 18 -



I.L. 41-959.4

E.

Close PR-1 switch
TEST TERM 7: voltage rise from O to 20 volts in LOO to 600 O
seconds 0
Loss of Potential AL must drop out

TEST TERM 3 & 5: voltage rise from O to 20 volts imwediately,

and then drop from 20 to O volis 0 to
600 milliseconds .

XMTR KEY AR picks up immediately then drops o \)0 to 600
milliseconds
Open PR-1 switch Q
The same as the preceding must happen closing either the
PR-2 or PR-3 switch
b. Distance Relay Operation - no L c@ential
Close TRIP-1 and TRIP-2 swit
(TRIP-2 switch not required& I LINE relays)
Close either PR-1, PR-2, 01% switches
TEST TERM T: voltage mu%in at zero, the Loss of Potential

timer must not pic

Open TRIP-1, TRI nd PR switches.

timer (CHECK BACK BD.)
MS timer (ARMING BD.)
transient Blocking timer (OUTPUT BD. )

Test Switch Operation -

4

Close TEST Switch \
TEST TERM 3: Va&&mst rise from O to 20 volts

TEST TERM 2: ¥oltdge must drop from 20 to O volts in 18 to 20 milliseconds
om 20 to O volts in 2000 to 3000 milliseconds

A1sd, Xﬂ AR must pickup for 2 to 3 seconds
Open Switeh

TEST‘ﬂERM 2: voltage must rise from O to 20 volts in 900 to 1300 milli-
seconds

TEST TERM @ltage must rise from O to 20 volts immediately, then drop
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52b Contact Operation - 180/0 MS timer (TIMING BD.) O

Close 52b switch
TEST TERM 5: voltage must rise from O to 20 volts in 180 to 230 mi:.li-o
seconds

Open 52b switch

L 4

Channel Checkback Operation \%
l. TCF Carrier Channel

2500/2500 MS timer (CHECKBACK BD.)

Check Trip Inputs 0

Open LOW SIGNAL - 1 switch

TP4 on CHECKBACK BD: voltage must drop from Syt volts in 20C0O to

3000 milliseconds

Close CK TRIP-1 switch

TEST TERM 5: voltage must rise fro volts immediately, then
drop from 20 to O vol i 00 to 3000 milliseconds

XMTR KEY AR must pickup for 2 t onds

Close LOW SIGNAL - 1 switc e en CK TRIP-1 switch

For relay used for 3 ﬁEx , also do the following
Open LOW SIGNAL-2 swit Wwait for 3 seconds, then close CK
TRIP-2 switch

TEST TERM 5: vouag@ rise from O to 20 volts immediately, then
0O to O volts in 2 to 3 seconds.

dro
Close LOW SI k switch, then open CK TRIP-2 switch

2. Tone Channe

2500/2500 iger (CHECKBACK BD.)
Open GNAL - 1 switch
T CHECKBACK BD: voltage must drop from 8 to O volts in 2000 to

3000 milliseconds
Close TRIP-1 switch, then close LOW signal-l switch

4
TEST TERM 5: voltage must rise from O to 20 volts immediately then
drop from 20 to O volts in 2000 to 3000 milliseconct.s.

XMTR KEY AR must pickup for 2 to 3 seconds
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Open TRIP-1 switch O
For relays used for 3 TERM LINE, also do the following:

Open both- LOW SIGNAL-1 and LOW SIGNAL-2 switches then close TRIIQ
switch. Wait for 3 seconds, then close both LOW SIGNAL 1 and LOW
SIGNAL 2 switches. P

TEST TERM 5: voltage must rise from O to 20 volts immed after
closing both the LOW SIGNAL switches, "LR from

20 to O volts in 2 to 3 seconds
Open TRIP-2 switch @
H. PILOT TRIP LL/O MS timer (OUTPUT BD.) 0

Close 52b switch in order to prevent the 2500/0 @from starting

transient blocking @
Close TRIP-1 switch, and also, for 3 TERM ays, close TRIP-2
switch

Then, close TEST switch x

TEST TERM 1l: voltage must rise from% O volts in 4.0 to 4.5 milli-
seconds. @

TRIP AR must pick up

Open TRIP-1 and TRIP-2 wa

TEST TERM 1l: voltage mus at 20 volts

Open TEST switch and must drop out.

Open 52b switch @

I. Pilot Trip aft@rm Unblocking 18/0 MS timer (OUTPUT BD)

TRIP-2 swi

TES \voltage rise from O to 20 volts in 18 to 20 milliseconds
Open witch

TEST TERM 1: voltage drop from 20 to O volts

L 4
Open TRIP-1 and TRIP-2 switches

Close TEST SWQ
Then, cloi@ switch, and also for 3 TERM LINE relays, close

A\ Continue Key after Pilot Trip - 0/30 MS timer (TIMING BD.)

- 2] -



Close TEST switch, then wait until XMIR KEY AR drops out. O

Then close TRIP-1 switch and for 3 TERM LINE relays, also close TRIFP-2
switch 0

As soon as the voltage on TEST TERM 1 rises frim O to 20 volts, ther
the 0/30 MS timer will pickup in less than 1 millisecond and the

voltage at TEST TERM 5 will rise from O to 20 volts. ¢

Then open TEST switch \%
TEST TERM 5: voltage must drop from 20 to O volts in 24 to % iseconds.
Open TRIP-1 and TRIP-2 switches

Fast reset of 0/1000 MS timer after pilot trip. O/ imer
(ARMING BD.)

For checking this O/lOO MS timer, it will be ne to use a jumper.
Close TEST switch, then close TRIP-1 switch and “also for 3 TERM LINE
relays close TRIP-2 switch

Terminal 4 (ARMING BD.): voltage must ri rom O to 16 volts in less than
2 milliseconds after the voltage at TEST TE 1l rises from O to 20 volts.

In order to check the 100 milliseco t time, it is necessary to
connect a jumper from TP-8 to 1t a on the ARMING BD.

Open TEST switch

Terminal 4 (ARMING BD.) vol \s‘t drop from 16 to O volts in 70 to
170 milliseconds

Open TRIP-1 and TRIP=2 sWitches, and remove the jumper.

Elec-Mech Interface % nd 20/0 MS timers (Elec-Mech (E.M.)INTERFACE BD.)

This section is toy,b ed only for those STU relays which are for use
with electromechanic distance relays.

Close PR-1, P r PR-3 switches

. INTERFACE BD.): voltage must rise from O to 11 volts
drop back to zero in 16 to 2k milliseconds

Termina‘ L (E.M. INTERFACE BD.): voltage must remain at zero

ock timer for Reclosure 0/150 MS timer (CH. SUPV. BD.)
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AND on the CH. SUPV. BD.

Now, open 52> switch O

TEST TERM k4: voltage must rise from O to 20 volts immediately, then

drop back to zero in 130 to 180 milliseconds ¢

N. NOISE operation - (Tones Only)
This section is to be used only for those STU relays w@re for use

with a frequency shift tone channel.

Close NOISE-1 switch Q
Then close TEST switch and TRIP-1 switch, an for 3 TERM LINE

relays close TRIP-2 switch %
TEST TERM 1: voltage must remain at zero
Open NOISE-1 switch \

TEST TERM 1l: voltage must rise frov&o 20 volts

Close 52b switch, and open LOW SIGNAL-1 switch. This will set up theO

Close LOW SIGNAL-1 switch

Trip AR must pickup @
Open TEST, TRIP-1, and TRI<: %itches
t

For 3 TERM LINE relays, re bove test using NOISL-2 switch instead

of NOISE-1 switch

Recommended Routine Main a
L 4

Periodic checks of th X system are desirable to indicate impending
failure so that th@ nt can be taken out of service for correction.
sh

Any accumulated du 1ld be removed at regular maintenance intervals.

All contacts should periodically cleaned. A contact burnisher, style
No. 182A836HO i commened. The use of abrasive material is not
recommended b of the danger of embedding small particles in the face
of the s i\ and thus impairing the contact.

CALIBRATION

The proper“@djustments to insure correct operat_on of the relay have been
wade at the factory and should not be disturbed after receipt by the customer.
However g4 if the adjustments or if the components or printed circuit boards
which affect calibration have been changed, then the STU relay should be

cked per the acceptance check information.

time delays are fixed except for the three timers on the OUTPUT BD.:
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18/0 MS trandient blocking timer, 18/0 MS transient unblocking timer, aad the
L/0 MS trip timer. These adjustable timers can be recalibrated as follows
using an auxiliary timer or oscilloscope.

Transient block 18/0 MS timer - OUTPUT BD.

(NOTE: For relays having a transient blocking timer of 25/0 MS limits
are 24 to 27 milliseconds)

Start timer on TEST switch (positive pulse)
End timer on TEST TERM 2 (negative pulse)

Close TEST switch and the voltage on TEST TERM 2 must_, drop from 20 to
0 volts in 18 to 20 milliseconds (24 to 27 MS)

This time can be adjusted by turning potentiometes#™R1L"6n the OUT?UT
BD. clockwise for more time or counter-clockwise®for JYess time.

Pilot trip 4/0 MS time - OUTPUT BD.

Start timer on TBST SWITCH
End timer on TEST TERM 1

For this calibration, close 52b switch
Close TRIP-1 switch and also TRIP-28switich for 3 TERM LINE relays.

Then close TEST switch and the voltage on TEST TERM 1 must rise firom
0 to 20 volts in 4.0 to 4.5dmilliseconds

This time can be adjusted byWturning potentiometer R20 on the OUTIPUT
BD. clockwise for more timener “counter-clockwise for less time.,

Transient unblocking 1870 M8ftimer - OUTPUT BD.

Start timer on TRIB I swiftch
End timer on TEST IERM“2

Close TEST switeh,%and also close TRIP-2 switch for 3 TERM LINE relays

Then close TRIP=l#switch and the voltage on TEST TERM 1 must rise
from O to 204velts in 18 to 20 milliseconds

This£ime“@an be adjusted by turning potentiometer R1 on the OUTPUT
BD.fclockwise for more time and counter-clockwise for less time.

Tripping Rela@f (AR)

The type AR, tripping relay unit has been properly adjusted at the factory to
insufie correct operation and should not be disturbed after receipt by the
cusbomer. If, however, the adjustments are disturbed in error, or it becomes
necessary to replace some part in the field, use the following adjustmert
procedure. This procedure should not be used until it is apparent that the
ARjunit is not in proper working order, and then only if suitable tools are
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available for checking the adjustments.

a. AdJjust the set screw at 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 spring. This pressure is measured when the spring
moves away from the edge of the slot in the insulated crosspiece.

c. AdJjust each stationary contact screw to obtain a cemtact gap of
0.020 inch. This will give 15-30 grams contact pressure.

Trouble Shooting

The components of the STU relay are operated well withImytheir ratings and
normally will give long and trouble-free service. Howeyer, if a relay has
given an indication of trouble in service or during®routIine checks, then
using "O" and "1" logic notation, the faulty, pripted @ircuit board can be
traced to using the diagrams in Fig. 4, 5, 6, or(({4 In turn, the faulty
component or circuit can be found using the individual schematics of the
printed circuit boards, which show the detailed, thansistor NOR/NAND logic.

Each NOR/NAND logic block represents a thamsistor on the schematic. The
output of each individual logic block isgthe, collector of the transistor
which represents that block. The colle@tor of each transistor is either
connected to a test point or printed g¥rcuit terminal. A box around the
transistor indicates that it is conducting for the normal condition of the
relay.

Following is an explanation off, thé voltage levels for the "O0" and "1" logic
notation as shown for the normalzgrelay condition in Figares 4, 5, 6, and 7.
This logic notation will alsé apply to the detailed logic on the printed
circuit board internal schemafics.

For positive logic ‘s represented by logic blocks, with no arrows.

"O" is equivalent to%less than 0.5 volts with respect to negative,
TEST TERM 10.

"1" is equilvaleht to 8 to 20 volts with respect to negative, TEST TERM
10.

For, negative logic - represented by logic blocks with open arrow heads

20" ds eguivalent to 8 to 20 volts with respect to negative, TEST TERM
109 excépt for the output of the relay driver, where a "O" is rated
positive dc.

"1¥ is equivalent to less than 0.5 volts wit:: respect to negative,
TEST TERM 10.

ANpoard extender, style No. 84OAS534GOl, is available for facilitating circuit
voltage measurements. After withdrawing any one of the circuit boards, the
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extender is inserted into that slot. The board is then inserted into the
terminal block on the front of the extender to restore all circuit connect-

ions. 0
The TEST TERMINAL'S on the TEST BD. in the board position to the extreme

right are helpful in checking the overall relay operation. Following are

the voltages that will occur at these TEST TERM's under various conditions'.

NOTE: All voltages referred to are taken from respect to negative@

TERM 10 \
TEST TERM 1: PILOT TRIP @
Normal Condition - O volts 0
Internal Fault - 20 volts

For an internal fault, either a distance relay or te% h operation and

both receiver trip signals (one receiver trip signallf TERM LINE relays)
are required.

TEST TERM 2: TRANSIET BLOCKING & UNBLOCKING

Normal Condition - 20 volts \
External Fault - O volts \
The following will simulate an exte @

Distance relay operation
Test switch operation

Either channel receiver tr%ation

TEST TERM 3: PROTECTIVE RELA
L 4

Normal Condition - O voth

Distance relay operati\ volts
Test Switch Operation - volts
TEST TERM k: IP

Normal Condifion “%,0 volts
Operation o hapflel 1 and 2 receiver trip
Outputs - (for 2 TERM Line Relays, only Channel 1 required) - 20 volts

L 4
TEST 5: XMIR KEY

N ndition - O volts
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Distance relay operation - 20 volts
52b contact operation .- 20 volts O

Internal Fault 0

(pilot trip signal) - 20 volts

Test Switch Operation - 20 volts for 2.5 seconds ¢
Channel checkback scheme - 20 volts for 2.5 seconds \%
TEST TERM 6: LOSS OF CHANNEL @
Normal Condition - O volts 0
Operation of either Channel 1 or 2
Low Signal Clamp - 20 volts
TEST TERM 7: LOSS OF POTENTIAL @
Normal Condition - O volts
Distance Relay Operation - 20 volts aft& time delay
Distance relay and both receiver trip na
Operation (one receiver trip signal ERM LINE relays) - O volts
TEST TERM 8 and 9: POS. 20 V DC
Normal Condition: 18 to 21 v\
TEST TERM 10: NEGATIVE DC
NEWAL PARTS
. * : X .
Repair work can be do satisfactorily at the factory. However, inter-
changeable parts cangbe nished to the customers who are equipped for doing
the repair work. e rdering parts, always give the complete nameplate data,
and the componentO no. given in the Electrical Parts List.
L 4
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ELECTRICAL PARTS LIST

Power Supply Board (S# 202C465G0L)

Circuit Symbol Reference
CAPACITORS N
c1, c2 6.8 MFD, 35 V, +20% J%]Hlo
DIODES \

D1, D2 1N6L5A %71\692&103
‘ RESISTORS Q
None on PCB None Q
TRANSISTORS @

Ql, Q2 2N3589 837A617HOL

Heat Sink for Ql, Q2 849A51THOL
ZENER DIOD \

1, 23 1N3050A é & 1w) 187A936H16

22, 74 INkTh7A ((2 - 1w) 8LoAL8THOL

d State Systems

Protective Relay (S# 202CL66GOL) - :@
-Mech Systems

Interface Board (S# 202CLT75GOL)
@ TORS
.O D

cl, c2 O , 200 V IC 8LOAL3THOL
'S
\ DIODES
D1, D2 \K 1NGU5A 837A692H03

O RESISTORS

Rl, R2, R3 & LT K, 3W, +2% 629A531H48
Rl, R2, R3 # LT K, 2W, +2% 629A531HT2
R4, R15, RL LoT K, 24, +2% 629A531H48
R5, R17, 82 K, W, +2% 629A531H78
R6, R9, R13WR194 R20 10 K, W, +2% 629A531H56
R7, R10, Rlk, 6.8 K, LW, +2% 629A531H52
R8, R1l, R12, R18 27 K, 2W, +2% 629A531H66
¢ TRANSISTORS
Q 3, Qb 2N3L417 8L8A851H02
) 2N36k45 8hoalih1HOL
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ELECTRICAL PARTS LIST

Protective Relay (S# 202C466G01) - Solid State Systems
Interface Board (S# 202C4T75G01l) - Elec-Mech Systems

Circuit Symbol

71, 22, 23
Zh, 76
5, 27

A - Solid State Systems
# - Elec-Mech Systems

Reference

ZENER DIODES

1N3688A, 29 V, +1Ch
1N3686B, 20 V, +5%
1N957B, 6.8 V, +5%

Loss of

(S# 202ck6T7G0L) - Elec-Mech Sys
Potential Board (S# 202C529G01) - Solid Sta

Cl 22 MFD,
c2 .27 MFD, { DC

D1, D2

R1, R4, R5, R1b %w, +2%
R2, R6, R9, R10 K, W, +2%
R15, R18 -
R3, R1l, R16 ¢ O 6.8 K, &W, +2%
RT A N7 K H, 4B

R8 “;~'
R12 .,‘-"
R13

i O

470 ohm, 3W, +2%
82 K, 2w, +2%
150 ohm, 3W, +5%
1K, W, +2%

TRANSISTORS
2N3417
2N36U45
2N3589

ZENER DIODES

1N95TB, 6.8 V, +5%
1N36884, 24 V, +10%
1N3050B, 180 V
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%A288H01
5A212H06

186AT797HO6

184A661H1I6
188A669H05

837A692HO3

629A531H66
629A531H56

629A531H52
629A531HT1
629A531H2k
6204531H78
762A679HOL
629A531H32

848A851H02
84oALLk1HOL
837A617HOL

186ATITHO6
8624288H01
187A936H1T



ELECTRICAL PARTS LIST

Potential Board (S# 202C529G01) - Solid State Systems

Loss of (83 202ck6TGO1) - Blec-Mech Systems  (continued) O
A - Indicates Typical Value

Elec-Mech Interface Board (S# 202C468G01)

Circuit Symbol Reference
CAPACITORS @
c1, c2 1.5 MFD, 35 V, +5% 018%5085:18

DIODES Q
D1, D2, D3, D4, D5 1N6L5A (b 837A692H03

RESISTORS
Rl 629A531H66
R2, R5, R9, Rl12 6294531156
R1lk, R15
R3 A 620A531H67
RL 187A290H09
R6 62945311158
R7T A 62945313158
R8 629A5311H2k
R10, R11l, R13 62945311164
R16 620A5 311152

Ql, @, @3, ak, @5 \ 8148AB51H02
\K ZENER DIODES

21, 2.2 O 1N957B 186AT9THO6
A - Indicatf@l V.lue

# 202C530G01) - TCF Int.
S# 202Ck69G01) - TA3 Int.

Channel

CAPACITORS
L 4
Cl, C5 .O47 MFD, 200 V IC 8LoAL3THOL
Ch .27 MFD, 200 V DC 188A669H05
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I.L. 41-959.4

Interface Board

Channel éS# 202C530G01) - TCF Int. (continued)

Circuit Symbol

D2, D3

Rl, R2, R9, R1O
R17, R18

R3, RT, R1l, R15
R19, R23

R4, R5, R12, R13
R20, R21, R26

R6, R1k, R22, R2T
R16, R2k

R25

Ql, Q3, Q5, QT
Q2, Qk, Q6

z21, Z4, 27
z2, 25, 28
726, 29, 210

Channel (s# 202C
Trip Board (S# 202C

&

Ccl

%,

Y

R1, R2, R5, RS,

1, Ri¥, R17, R32,

R34, R37, RU43

6, R9, R12, R15
, R23, R27, R30, R35

R30, R39

ELECTRICAL PARTS LIST

S# 202C469G01) - TA3 Int.
Reference Style
DIODES *

1N645A \@592}103
RESISTORS @
L.T K, 2W, +2% Q 629A531H48

629A531H78

& K, W, +2%
10 K, 3W, +2% ,ZQ 629A531H56

6.8 K, W, +2% 629A531H52
150 ohm, 3 W, +5% T62A6T9HOL
27 K, W, 629A531H66
TRANSIS
2N3k 8L8A851H02
2N% 8L49ALLIHOL
R DIODES
B, 20 V, +5% 185A212H06
7B, 6.8V, +5% 186AT9THO6
88A, 2k v, +20% 8624288H01
I S::"'TCF
&\ - Tone
CAPACITORS
0.27 MFD, 200 V. 188A669H05
DIODES
IN6LSA. 837A692HO3
RESISTORS
27 K, W, +2% 629A531H66
10 K, 2W, +2% 629A531H56

- 31 -
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ELECTRICAL PARTS LIST

O

Channel (sj# 202ck71G01) - TCF (continued)

Trip Board (S# 202C4T72G0l) - Tone 0

Circuit Symbol Reference Style
RESISTORS ¢

R4, RT, R10, R13
R16, R20, R2k, R28,
R31, R36, RLO

R4l

RL2

6.8 K, 2W, +2%

82 K, 2W, +2%
150 ohm, 3 W, +5%

<D

é T9HO1

TRANSISTORS
Ql, Q2, Q3, Qk, 2N3417 Q 848A851H02
Q5, Q6, QT, Q8,
Q9, Q10, Q11
Ql2 2N3645 8L4oALLIHOL
ZENER DIOD
71 1N36884, 2k \\_1& 8624288H01
TCF Channel (S# 202Ck73G01) - Elec-M S@s
Supv. Board (S# 202C531G01) - Soli System
AGETORS
ol 6%, 35 V, +5% 18LA6A1IH21
. O DIODES
D1, D2, D3 K 1N6L5A 837AG92HOR
\ RESISTORS
R1, R2, R6, R9, R1k 2T K, 3W, +2% 629A531H66
R18, R19, R22, R2
R3, R4, R7, Rl 10 X, W, +2% 629A531H56
R15, R20, R2 x
RS, R8, R1l4 R2k, s 6.8 K, W, +2% 629A531H52:
R28
R12 1K, W, +2% 629A531H32!
R17 470 ohm, ZW, +2% 629A531H2k.
R16 A . 43 K, SW, +2% 629A531HT.
TRANSISTORS
Q Qk, @6, Q7 2N3k17 8LEA851H02
Q9
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ELECTRICAL PARTS LIST
TCF Channel (S# 202CL73G0Ol) - Elec-Mech Systems (continued) O
Supv. Board (S# 202C531GOl) - Solid State System C)
Circuit Symbol Reference Style
TRANSISTORS ¢

Z1
22

/A - Indicates Typical Value

Tone Channel (S# 203C253G01) - Elec-Mech or

Supv. Board

R1l, R2, R3, R6
R15, R20, R23,

R2k, R25, R28, \
R29, R32, R35;@

R4, R7, R12, R

R16, R19, R2
R30, R33, R 1
R5, RS, (\{& ,
R27, s RL2
R9
R10
R11l
R17
R18

37 A

8

213645 %ws 1HO2
2N3589 TAG1THOL

ZENER DIODES @

1N3050B, 180 V. 0
1N957B, 6.8 V,

Q

ems

35 V, +10%

ébm 35V, +5%
< 2 DIODES
\ 1N6L5A

RESISTORS

2T K, 2W, +2%

10 K, W, ;*’_2%

6.8 K, W, +2%

22 X, %w, +2%

10 K, 3W, +2%

15 K, %W, +2%b
5.6 Ke W, 42

1 K, 3W, ig%-

43 K, AW, +2%
470 otms, ZW, +2%
12 K, 3W, +2%

187A936H1T
186AT9THO6

862A530H05
18LA661H21

837A692HO3

629A531H66

629A531H56

629A531H52

629A531H6M
629A531H56
629A531H60
629A531H50
629A531H32
629H531HT71
629A531H24
629A531H58



ELECTRICAL PARTS LIST

Tone Channel (S# 203C253G01) - Zlec-Mech or

Supv. Board

Solid State Systems

(continued)

Circuit Symbol Reference Style
TRANSISTORS

Ql, Q2, Q3, Q5 oN341T 8l %

Q7) Q8; Q9} Qlo)

Qll, Ql2

Ql 2N36L5 8 HO1

Q6 2N3589 THO1
ZENER DIODES

Z1, 23 1N95TB, 6.8 V, +5% Q186A797HO6

72 1N3050B, 180 V (b 18TA936H1T

A - Indicates Typical Valve @

Transmitter (S# 202C534G01) - TCF Ch. \

Key Board (S# 202C535G01) - Tone Ch. \

cl, c2 vV DC 188A669H05

D1, D2, D3, Dk,

%f* 837A692HO3

D5, D6, DT QE
’\ SISTORS

R5, R6, R7, R13

R8, R9, R1l2, R1h,
R15, R20

R10, R11l, R16

LN
R18 \
R19

Q1, Qb
@, Q ¢
a3,

R1, R2, R3, RL, \K

, W, +2% 629A5 31166
, 2W, +2% 620A531H56

6.8 K, 2W, +2% 629A531H52
82 K, 3W, +% 629A531HT8
150 ohmi 3W, +5% T62A679HOL
k.7 K, 2W, +2% 629A531H48
TRANSISTORS
2N341T7 8LEA851H02
2N36L45 84oAlLIHOL
2N3589 837A61THOL
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ELECTRICAL PARTS LIST O
Transmitter (S# 202C534G01) - TCF Ch. - (continued)
Key Board (S# 202C535G0l) - Tone Ch.
Circuit Symbol Reference Style
L 4

ZENER DIODES

21, 23 1N3688A, 24 vV, +10%
22, Zh 1N3050B, 180 V

288H01
@ TA936H1T7
Checkback Board (S# 202CL76G01) 0

CAPACITORS Q
150 MFD, 35 V

Cl, Cc2, Ch 8L9A00THOL
C3 .O4T MFD, 20Q V 8LoAL3THOL
DIODES
D1, D2, D3, Dk, 1N6L5 837A692H03

D5, D6 g

RES
R1, R4, RT7, RS, K, S0, +2% 629A531H66
R15, R23, R27
R2, RS, R9, R12, K, W, +2% 629A531H56
R16, R21, R2k, R28
R3, R6, R17, Re2 (0.8 K, LW, +2% 629A531H52
R29
R1I0 A, R13 4, R25 A 33 K, 2W, +2% 620A531H68
R11, Rlk, R26 2 470 ohm, W, +2% 629A531H24
R18, R19 \ L7 K, 2W, +2% 629A531H48
R20 K 82 K, 3W, + 629A531HT78

é TRANSISTORS

Ql, Q2, Q3, 2N3k17 B48AB51H02
Qb, Q7, Q8

ZENER DIODES
Z1, Z Lg75 1N95TB, 6.8 V, +5% 186AT9THO6
Z3 1N3686B, 20 V, +5% 185A212H06

- Thdicates Typical Value



ELECTRICAL PARTS LIST

Timing Board (S# 202CLT7GO1)

Circuit Symbol Reference Style
CAPACITORS

cl .O47 MFD, 200 V

c2 12 MFD, 35 V, +10%

c3 1.5 MFD, 35 V, 5%

ch 150 MFD, 30 V, +10%

c5 1.0 MFD, 35 V, +10%

DIODES

D1, D2, D3, D4, DS 1N6USA Q837A692H03
RESISTORS (b

R1, R2 LT K, 3W, +2% 620A531HU8
R3 82 K, —%—w, +2% 629A531HT8
R4, R7, R1O, R13 10 K, zW, +2% 629A531H56
R16, R19, R22, R25,

R28, R33 \

RS, R8, R1lk, R17, 6.8 K, iw, % 629A531H52
R23, R26, R3k

R6, R9, R15, R18, 27 X, +: 629A531H66
R2L, R27, R31l, R32,

R35

R11l 30 K, W, 2% 629A531HET
R12, R21, R30 L W, +2% 629A531H2k
R20 A, R29 A 3 , +2% 629A531H68

J
I ( ’RANSISTOR
Ql, @2, Q3, Qk, K\ 2N3L1T 8L8A851HO2
%, a5, al, 5, \

Q9, Q10
O ZENER DIODES
z1 \@ 1N3686B, 20 V, +5% 185A212H06

22, 23, 2L, 1N95TB, 6.8 V, +5% 186AT9THO6
A - Indicateg T cal Value

L 4
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ELECTRICAL PARTS LIST O
Arming Board (S# 202C478G01)
Circuit Symbol Reference @
CAPACITORS .
cl 22 MFD, 35 V, +10% 661H16

c2 3.3 MFD, 35 V, +5% @2\5303101

DIODES @
D1, D2, D3, D4, D5 1N6L45A Q 837A692HO3
RESISTORS

Rl, R2, RS, R8, R9, 27 K, AW, +2% Q 629A531H66
R10, R16, R20, R23 @

R2L, R25

R3, R6, R1l, R12, 10 K, 3w, _+2% 629A581H56
R18, R21, R26, R27,

R32, R36

R4, R7, R13, R19, 6.8 K, 3W, 629A531H52

R22, R28, R33

R1k 82 #2% 629A531H78
R15 I v 2% 620A531H63
R29, R34 +2% 629A531H32
ohm, ZW, +2% 629A531H08

&K, %w, +2% 629A531H60

, oW, +2% 620A531H58

(b TRANSISTORS

Ql, Q2, Q3, Q5, ¢ O 2N3417 8L8A851H02
Q5, Q7, @9, Q1O \

Qb o8 K 23645 8lgnlk1HOL
a4 - Indicates@ Value

Output Bea S# 202CLT79G01)

CAPACITORS
cl 1.5 MFD, 35 V, +10% 187A508H18
c2, Ch, 0.22 MFD, 100 V T763A219H21
c3 3.3 MFD, 35 V, +10% 862A530H01
c6 ¢ 0.0L47 MFD, 200 V. 8LOAL3THOL

, C9 0.1 MFD, 200 V 188A669H03
0.27 MFD, 200 V 188A669H05
- 3"{ -



ELECTRICAL PARTS LIST

Output Board (S# 202C4T79601) - (continued)

Circuit Symbol

Dl, D2, D3, D,
D5, D6, D7, D8

Rl
R1L
R20

R2, RT7, R9, R12,
R18, R21, R23, R2hL,
R25, R26, R30, R3l,
R34, R36, R37

R3

R6

R8, R35

R10, R15

R11

R16, R28

R4, R17, R19, R22,
R29

R5, R27, R32, R33,
R38

R39

RLO

R13

Reference
DIODES

1N6L5A

POTENTIOMETERS

RESISTORS

10 X, %W, i?%
3

27T K, W, i27
L70 ohm), e
L70 K, Q+
4.7 K b
Wy +2

2%

\K TRANSISTORS

Ql, Q4, Q5, Q6, 2N36L5
Q8, Qll

Q2, Q3, Q7, QL0 2N3h17
Q9 2N3589

ZENER DIODES

1N3688a, 24 V, +10%
1N95TB, 6.8 V, +5%
1N3050B, 180 V

- 38 -

150 K, 3W, +5% \
47 ohm, W, +50&

629A4 30H08

629A531H56

629A531H84
187A290H17
629A531H66
629A531H2L4
184AT63HIL
629A531H48
629A531H6L

629A531H52
629A531HT8

T62A6T9HOL
629A531H60

84oALLIHOL

84BA851H02
83TA6LTHOL.

862A2886H01
186ATITHOE
18TA936HLT
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ELECTRICAL PARTS LIST

Test Board (S# 54L90D37GOL)

Circuit Symbol Reference Style
Tip Jacks (red)

1, 2, 3, 4, 3, 6, 187A332H01
7, 8, 9

Tip Jacks (black)
10 2B7A332H02

69-279

Fig. 1 Photograph (Front View with Door open).

- 39 -



69-280
Fig. 2 Photograph (rear view takensabove relay with top cover off
and door open).
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=
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|~— 3 RACK UNITS ——l

FRONT VIEW
(COVER REMOVED)

ARD

Poesorruon BOARD DESCRIPTION
POWER SUPPLY

PROTECTIVE RELAY INTERFACE
LOSS OF POTENTIAL
ELEC. MECH. INTERFACE

CHANNEL | INTERFACE
CHANNEL 2 INTERFACE
CHANNEL TRIP
CHANNEL SUPERVISION
CHANNEL TRANSMITTER KEY
CHECK BACK
TIMING
ARMING
OUTPUT
TEST

o|Z|(Z|r|X|«|-|T|o|M|m|OO|®|>

Fig. 3 Relay Component Location.
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PARTOFJI

Eap
i ; CHASSIS GND. ) < pos DC J ) POS 20 YDC. TO PRNTED CIRCUIT
25 of = BATTERY POs. | 4 4 A Z‘ Zowez 13T . TERMINAL )8,B0ARDS F,GH,T,0X
(8 13
18 2
ol == = L L
) 4 RA 20 voLT |
I8
o] = i = .%_—REGULATOR 18] pod 20 yo@@liio PRINTED ciRCUIT
2 o a i TERMINAL 14, BOARDS B,C,L,M,N
6] = 2] = ! RC 20VOLT | 9
o) 3 | [REGULATOR |
2 5 ' (] 5 |
] = n] = BATTERY NEG. | 3 = NEG DC Qqed 3| >—2NEC OC TO PRINTED CIRCUIT
1 n ) X TERMINAL |, ALL BOARDS
0 =3 0 L | 715895
30 14 10
<
23 7 52b CONTACT | 20
a s | |
b2 =6 = o
<€ 2
CONNECTOR J1 7
AS VIEWED FROM
REAR OF RELAY | LOSS OF
| POTENTIAL
o LOSS OFJROTENTIAL
N 1 ___ -
B 2 T |
o) | o Q l
w1 | 304 I A : 0.1
0 0 0
D':JL‘A"YCSE w2 |31 Q—y—————o-j/és R BUFF —#& 5] ©
a3 24 L |

POWER SUPPLY RESISTORS

o
I 0o, 0 sl PROTECTIVE
TEST swiTo | 21 <|<Z—{ aurr 9 & |> 1‘:@ RELAY
vour RA 8 RC Re & RD |

-|50 OHMS |~BOO OHMS L PROTECTIVE RELAY INTERFACE 7158198 J
48VDC|g*% 1267272 [s™1201004 ______.____.____..__.-.E__._

300 OHMS [ 5000 OHMS
rs voc |s™-1267207 |s*-1205214

T CHANNEL INTERFACE A j
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TRIP | L2444 ' [BuFF] DRIVER
AR RELAY Y oune [ 4l
LOWL| 22 ¢ BUFF d
CHANNEL < SIGNAL - DRIVER m
voLT 2M-28 CONTACTS ! Chanp |
L CHEEK ol o] Lme o |
sevoc |sZe7iBaz201I \TRiP | 2 41<[<Leurr [ oniver E
J28voc | s¥a0ecessces :

L [ L Tiseees |

r CHANNEL INTERFACE A

| 3-T INTERLOCK—" L3}

3

UNBLOCK Q o[ Line 0 |
—

P | 12 4 o] 2

Low ! ! ! N N —
CHANNEL < siGNAL 17 41— SR 'm

2 CLAMP ||| 4|

CHECK o) O LINE °
TRIP 8“‘ ORIVER

|

FeF [ 7isezes

SYMBOLL INDICATES POINT [
ON TEST BOARD (SLOT 0)

SYMBOLS'0" AND" " REPRESENT

THE LOGIC VOLTAGE STATES FOR NORMAL OPERATING STATE OF RELAY
A FOR TWO TERMINAL LINE APPLICATIONS ,CHANNEL

TWO INTERFACE BOARD (SLOT G) MUST NOT BE USED

IN THE RELAY

A FOR THREE TERMINAL LINE APPLICATIONS,BOTH CHANNEL ONE AND
TWO INTERFACE BOARDS (SLOTS F ANDG) MUST BE USED IN RELAY

Fig. 5 STU logic - for use w
carrier channel.
~43-
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POS DC w
KEYNG e | Lo 26
AR
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PART OF J!
a

CHASSIS GND. | [

|
dL = L P0S DC POS_20Y0C. TO PRINTED CIRCUIT)
25 ) s O BATTERY POS.| 4 ] fower | TERMINAL 14, BOARDS F.G,H,I.J,K
8 2 ———22
6] =] = 6 |
0 R * RA ey |
5  [reculaTor
o] =) = 3 RB 4] s 20ypc. TO PRINTED EIRCUIT
20 4 14 TERMINAL 14, BOARDS BE, L,M,N
28] — ] = 20 voLT
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2 s
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4 8
] & & 8:
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CHANNEL SIGNAL
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'
|
)
)

NOISE

SYMBOL INDICATES POINT
ONJTEST BUARD {SLOT 0)
SY,MBOLS"0" AND"/REPRESENT
THE WOGIC VOLTAGE STATES FOR NORMAL OPERATING STATE OF RELAY
A FOR TWONTERMINAL LINE APPLICATIONS.CHANNEL
TWO INTERPACE BOARD{SLOT G) MUST NOT BE USED
IN THE RELAY

A FOR THREE TERMINAL LINE APPLICATIONS, BOTH CHANNEL ONE AND
TWO INTERFACE BOARDS (SLOTS F AND G) MUST BE USED IN RELAY

FORATHE STU-UNBLOCK SYSTEM USED WITH TONE
CHANNEL S, THE TONE RECEIVERS MUS

INTERNALLY STRAPPED TO CLAMP TO A TR\P OUTPUT WHEN
A LOW SIGNAL CONDITION OCCURS

¢ FOR 937A TONES, ONLY 48VDC IS USED

L SHanwgL_supv._ _ _

Fig. 7T STU logic - for use with soli¢
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INSTALLATION

Westinghouse 1.L. 41-959.3
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

STU-91 AND STU-92 TRANSFER
TRIP RELAYS

CAUTION: It is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet before energizing the
relay.

If transfer into a single channel mode of oper-
ation after a loss of one channel is not desired on
STU-92 relay, the link on both ‘‘OR’’ boards must
be changed to the OPEN position. The relay as
shipped will transfer to a single channel mode if
one channel is lost.

APPLICATION

he type STU—91 and STU--¢.: relays are solid
stater - uxiliary relays for use with direct transfer
rip sys.em=s Wirect transfer trip systems aregusu-
ally applied i{. irip a remote breaker for a transformer
or shunt reactor fault where no high sideWbreaker
exists at the local station. The direct transferdtrip
relaying system is also applied with breaker failure
protection.

The STU-91 relay is for use with singlé*channel
transfer trip systems. It provides the channel mon-
itoring logic, channel status dndieation, thyristor
breaker tripping, and trip indicéation.

If it is desired to have,a“dual channel transfer
trip system; the STU£92 should be used. The
STU—-92 provides the same,logic for both channels
as the STU—91 doesfforsa single channel. The logic
and tripping of ®ach‘ehannel is completely isolated
from each other, andywhere logic signals cross from
one channel to fhe other DC isolation is provided.
With this iseldtion,fthe STU—92 can provide a dual
channel transferdtripping function which will switch
to asingle channel system if one channel fails. The
STU—92 may,also be operated such that if one chan-
nel fails the relay system is blocked from tripping.

The 'STU—91 & STU—92 may be used with audio
toneshor power line carrier equipment. The STU—92
provides further flexibility in that it may be used
with dual channel tones, dual channel carrier, or one
channel on tones and the other on power line carrier.

NEW INFORMATION

CONSFRUCTION

The type STU—92,rel@y consists of printed cir-
cuit boards, tripping AR Pelays, alarm relays, tripping
thyristors, pulse,transformers, switches, and moni-
toring lightsy'mounted on a standard 19-inch wide
panel, 7 imehes%high (4 rack units). Edge slots are
provided/ for moeunting the rack on a standard relay
rack. 4The (components are connected as shown in
Figure,1“and Figure 2.

PtinteduCircuit Boards

The number of boards varies with the type of
frequency shift channel equipment. For a tone chan-
nel, the STU—-92 relay contains fourteen (14) printed
circuit boards: two channel interface boards, two
lockout boards, two transfer boards, two relay driver
boards, two indicator boards, two OR boards, and
two trip boards. For TCF frequency-shift power-line
carrier channels, the lockout boards are not required
since they are part of the TCF carrier assembly.

The STU—91 relay consists of one-half the
boards of the STU—-92 relay. For a tone channel,
the STU—91 relay contains seven boards: a channel
interface board, a lockout board, a transfer board,
a relay driver board, an indicator board, an OR board,
and a trip board.

All of the circuitry that is suitable for mounting
on printed-circuit boards is contained in an enclosure
that projects from the rear of the panel and is acces-
sible by opening a removable hinged door on the
front of the panel. The printed-circuit boards slide
into position in slotted guides at the top and bottom
of each compartment, and the board terminals engage
a terminal block at the rear of the compartment.
Each board and terminal block is keyed so that if a
board is placed in the wrong compartment, it cannot
be inserted into the terminal block. A handle on
the front of each board is labeled to identify its
function in the relay.

Following is a description of the STU—91/92
printed circuit boards:

EFFECTIVE MARCH 1969
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1. CH. INTER (Channel Interface Board)

The interface board contains logic to connect
the relay to the channel receiver. It also contains the
power supply for the logic circuits of the STU—-91
and STU—92 relay that are associated with one chan-
nel of the scheme. The following figures apply to
this board.

TYPE SCHEMATIC LOCATION OF
CHANNEL DIAGRAM COMPONENT
TA-3 Tones, Fig. 3 Fig. 4
TCF Carrier
937A Tones Fig. 5 Fig. 6.

The logic circuits of this board include three
buffer inputs, three line drivers, and OR and an
AND.

2. Lockout Board (Tone Channel Only)

The lockout board contains the logic to lockout
either the STU—92 or STU—91 relay on loss of a
tone channel or noise on the channel. The circuits
on this board:

a. Lockout the relay 150 milliseconds after a
loss of tone channel or a loss of dc voltage
on the tone receiver.

b. Initiate intelligence to the transfer board on
a lost channel.

c. Lockout the relay when the tone regeiver
produces a noise clamp.

d. Provide channel trip intelligence t© the, tFip
OR of the relay.

e. Provide logic that requires the channel re-
ceiver return to a non-trip, state after a loss
of channel before the relaydsyenabled on that
channel.

This board contains OR circuits,#AND circuit and
a 150/15timer circuit. Figure 7 shows the schematic
of the board, and Figure 8 shows the location of
components on thisgoard.

3. Transfer Board

The transfer boards consists of timing logic that
initiates steps to sound an alarm and in the case of
the STU—92 relay and to switch from a dual-channel
mode of, operation to a single channel mode of
operationtenthe loss of one channel.

The circuits of the board include:

A, 500—2500 millisecond adjustable timer which

allows a time delay in transferring to a single
channel mode of operation after a lo8s of
channel. An alarm relay drops out when the
timer times out.

B. Two 10 millisecond timers which delay the
inputs to the OR boardto assure that tripping
is blocked from:

1. The loss of both chdannelss
2. The re-energization of “e€ither one or both
channels after a loSs ofyboth channels.

The schematic of the beard is shown in Figure 9,

and the location of the components is shown in
Figure 10.

4. Relay Driver Bogrd

The relay driVer béard contains the necessary
circuits to drive:

A. The ‘selfsresetting white guard light.
B.€_ Theytripping relay (AR).
Gy Theynoise and transfer alarm relay (AL)

Two AND circuits, three relay drivers, and a
500/0%imer are located on this board. The 500/0
timer provides a time delayon noise outputs from the
channel receiver before the alarm relay drops out.

Figure 11 shows the schematic of the board, and
Figure 12 shows the component location on the
board.

5. Indicator Board

The indicator board contains the circuits that
control all of the lights except the white guard light.
These circuits consist of transistors and thyristors
which drive the indicator lights. The thyristor re-
quires the presence of an input signal for approxi-
mately 10 milliseconds before the thyristor will
latch in its conducting state. It will remain in this
state until the test switch is hand operated momen-
tarily.

Figure 13 shows the schematic of the board,
and Figure 14 shows the component location.

6. OR Board_

The OR board either connects the lockout board
(for tone channels) or the interface board (for TCF
channels) to the trip board of the relay. The circuits
of this board will:

A. Provide trip information to the trip board.
B. Allow the STU-92 relay to either lockout or
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trans fer to a single-channel mode of operation
on a loss of channel. A link on the board de-
termines in which manner the STU—92 relay
will operate.

1. With the link closed the relay will be
locked out on a loss of one channel.
Tripping will not occur if a trip signal is
received over the remaining good tone
channel.

2. With the link open, the relay will operate
in a single-channel mode of operation on
a loss of one channel. Tripping will not
occur if a trip signal is received over the
remaining channel.

This function is not provided in the STU—91 re-
lay because the relay is used on a single channel
only.

Figure 15 shows the schematic of the board,
and Figure 16 shows the component location for the
STU—-92 relay. Figure 17 shows the schematic of the
board and Figure 18 shows the component location
for the STU—-91 relay.

7. Trip Board

The trip board connects the OR boardéto the
tripping AR and tripping thyristors. Thisy béard
contains transistor circuitry and isolatory . circuits
that will provide a gate signal to the tripping,thy-
ristors.

The following figures apply to this relays

break contacts. These relays are mounted on ‘the
rear door with the tripping AR relays.

Pulse Transformer

This is a low impedance two-winding iron core
transformer. The primary is connectedpinto the trip
circuit so that when trip cument flows, a pulse is
produced in the secondary andf#fed to the trip light
indicator circuit.

Switches

These switches™are hand toggle switches with a
spring return and4are used for resetting the lights as
well as testinggthe light filament.

Lights

All lights“are incandescent and removable from
the “front panel for replacement when necessary.
The lightsyare energized below rated current so that
theéynwill have long life but yet provide sufficient
illumination.

The lens colors are assigned according to func-
tions. Red is used for trip indication, white for mon-
itoring receipt of a channel guard, and amber for
indicating channel noise and trip.

Card E xtender

TRIP VOLTAGE SCHEMATIC LeEATION OF
RATING COMPONENTS
48/125 Figiyl9 Fig. 20
250 Fige2? Fig. 22

AR Tripping Relay

The tripping AR peldy is a small high-speed
attracted armatureptypeeffunit. An insulated member,
fastened to the free end of the armature, draws down
four moving-contact springs to close the trip-circuit
contacts whenthe felay coil is energized. This relay
is mounted on the rear hinged door and is available
for inspection by removing the locking screw and
swinging the€door outward.

Alagm Relay

The alarm relays are telephone type relays. In
these relays, an electromagnet attracts a right-angle
iroen bracket which in turn operates a set of make or

A card extender (style #849A019G01) is available
for facilitating circuit voltage measurements ormajor
adjustments. After withdrawing any one of the circuit
boards, the extender is inserted in that position.
The board then is inserted into the terminal block on
the front of the extender. This restores all circuit
connections, and all components and test points are
readily accessible.

OPERATION

The circuits of the STU—91 and STU—-92 relays
use the signals from the channel receivers to perform
the following functions:

1. The STU-92 relay provides a trip output to
the trip coil of a breaker if a trip signal is
received by both channel receivers from the
remote terminal. For the STU—91 relay, the
trip output is provided to the trip coil upon
receipt of a trip signal from one channel re-
ceiver.

2. For tone channels, both relays prevent trip-

ping of the circuit breakers for a noise clamp
from the channel receiver.
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3. The relays initiate action to do one of the
following for a low-signal clamp from the
channel receivers:

a. For a STU—92 relay, transfer to a single-
channel mode of operation after an ad-
justable time delay. For this condition,
the system will trip upon receipt of a trip
signal from the remote terminal on the
remaining channel.

b. For tone channels, lockout the STU—-91
and STU—92 relays. For this condition,
the system will not trip on receipt of a
signal from the remote terminal.

The low signal lockout of the STU—-92 relay
is determined by the position of a link on the
OR board. With the link closed the relay
will lockout on the loss of one channel. With
the link open, the relay will transfer to a
single-channel status, and lockout only on
loss of both channels.

4. Both relays provide channel monitoring lights
to determine the state of the channels.

When the frequency-shift channel equipment is
transmitting a guard signal, the signals to the STU—
92 relay are shown on the logic drawings of either
Figure 23, 24 or 25. The signals to the STU—-91 res
lay are shown on the logic drawing of Figure 26“and
27. The number ‘‘1’’ indicates that a voltage is
obtained at that point, while a ‘“0’’ indicates that the
voltage is approximately zero. As seen in the"lggic
diagrams, the relays require a ‘‘1”’ fromf{the low-
signal clamp, and ‘‘0’’ from the trip an@noise clamps
of the tone channels to indicate nommalyoperating
conditions. For the condition ghown, the white
lights are on and the alarm relays areypicked up.

Trip Sequence

For a STU-92 system, bothichannels are shifted
to trip and the ‘‘0’’ from\\the frequency shift re-
ceiver changes to a#*‘1™3The“channel interface of
the STU—92 relay $See this change and puts a ‘1"’
into either the loekout board (tone channel) or the
OR board (TCF channel). In the case of a tone
channel, the change in state is applied to OR-2
(lockout board) whose output changes to a ‘‘0’’.
This fulfillg all the input requirements to AND 5.

1. A from the 150/13 timer.
2.4 An0Y from OR-2.
3. A ‘“0” from the noise interface.

The output of AND—5 goes to a ‘‘1’’ and the
fellowing occurs:

4

1. A ‘““1”’ is applied to the relay driver board
which will cause the output of AND—wto
change to a ‘0’ thereby turning the [whité
light off.

2. A ‘““1”is applied to the indicator board which
energizes driver 3 to turn on the gamber
channel trip light.

3. A ““1” input is applied to({OR*150f the OR
board. The output of OR-1%¢hangés to a ‘‘0”’
which is applied to OR=2, andyOR-3. With a
change in state of the output of OR-2, the
input to the isolatofyon thefsecond OR board
changes to a ‘‘0). and“the output of the iso-
lator to a ‘‘0’’,_Sincée both channels are in a
trip state, the output of the isolator on the
first OR boardiehanges to a ‘‘0’’ in the same
manner. All the inputs to both OR-3 circuits
of the twoe OR /boards are thus ‘“0’’. The out-
puts “enfthe“OR-3 circuits change to a ‘1"’
which 1s applied to the driver of a trip board.
Injturn®this ‘“1’’ is applied to:

a. Relay driver 2 of the driver board which
Operates the AR unit.

b., The isolator of the trip board to gate the
thyristors. The thyristors conduct to trip
the breakers. When breaker trip current
flows, the pulse transformers are energized
to apply an input to the amplifiers of the
indicator board to turn the red breaker
trip lights on.

If trip is received only on one frequency shift
receiver, the required three inputs to the two OR-3
logics of the OR board are not satisfied, and the
STU—92 relay will not operate. For example, if
channel 1 receives a trip signal and channel 2 does
not, OR-3 of the channel 1 OR board will not be
satisfied because of a ‘“1’’ input from the isolator.
OR-3 of the channel 2 OR board will not be satisfied.
because of a ‘“1’’ input from OR-1 of the channel 2
OR board.

The STU—91 operates in the same manner except
that its performance is based on a single channel
and the input to OR-3 of the OR board from the iso-
lation is not required.

Loss of Channel

With reference to a tone channel, a low signal
clamp from the tone receiver clamps into a “‘0”’
output, and the signal at terminal 2 of the lockout
board changes to a ‘‘0’’ through the channel inter-
face board. This change in signal is applied to OR-4
of the lockout board. Since a ‘‘0’’ input is applied
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to OR-4, an output is obtained from this circuit and
applied to the 150/15 timer. 150 milliseconds later,
a ‘0"’ output is obtained from the timer which:

1. Locks out AND-5 of the lockout board.

2. Removes one ‘“1’’ input to OR-3 of the lock-
out board.

3. Changes the input to AND—1 of the relay
driver board to a ‘“0’’. This changes the out-
put of AND—1 to turn the white guard light
off.

4. Changes the input to terminal 2 of the trans-
fer board to a ‘‘0’! The change in signal
energizes the 500—2500 adjustable timer.
After a time delay (depending on the timer
setting), a ‘‘0’’ output is obtained at terminal
12 of the transfer board which is applied to
three logic circuits.

a. To AND—2 of the relay driver board. The
‘““0’’ input changes the output of AND—2
to a ‘“0’’, and the alarm relay drops out
to close its contacts.

b. To a 10/0 timer whose output instantane-
ousely changes to a “‘1’’. This “‘1”’i§
applied to OR-3 of the OR board to_lock-
out OR-3 of that channel.

c. To a 0/10 timer whose output changés to
‘“1”” 10 milliseconds later. This change
in signal is applied to OR-1 and OR-2 of
the OR board. The output of OR/1"ehanges
to a ‘“0’’ and is applied to.OR-2 and OR-3.
If the link is closed, the output of OR-2
does not change status, (hecause of “‘1’’
input from 0/10 timér) and the output of
the isolator omythe“second channel OR
board does not ‘change“state. Thus, the
OR-3 circuit of the second OR board is
locked out. If\the link is open, the output
of OR-2 (0nOR board) will change to a
‘““0’’ o This changes the output of the iso-
lator ofythe®™second OR board to a ‘“0’’.
This applies two ‘“0’’ signals to OR-3 of
this{board; and tripping will occur if the
receiver of the good channel gives a trip
output.

If a trip,signal is supplied to either the STU—-92
relay or the STU—91 relay from the non-serviceable
channel during a loss of channel condition, a ‘1"’
input is applied to OR-2 of the lockout board. OR-2
inverts the signal and applies a ‘0’ to AND-5
and OR-3 of the lockout board. Since AND-—5 had
been previously locked out from the 150/15 timer

(due to loss of channel) the output of AND—5\re-
mains at ‘‘0’’. The change in signal to OR-3%¢causes
a ‘“1’’ input to OR-4 to hold the 150/15 timef)picked
up. Since AND-5 is locked out, trippingswill not
occur due to the trip input from the non-serviceable
channel. However, for STU—92 relay, tripping can
occur on the remaining channel if the relay had
been set to transfer to a singlesehannel status after
the loss of one channel.

For the condition gwhere “the channel has been
lost AND—5 will remain locked out when the channel
is restored to normalyif the channel receiver returns
in a trip state. #&khen loss of channel occured, the
150/15 timer pickedgup and applied a ‘‘0’’ to one
input of OR-3. If agtrip is received with this condi-
tion, then_theWether OR-3 input will become '‘0’’
and the outputhof OR-3 will goto ‘“1’’ thereby apply-
ing{an Input /to OR-4 thus preventing the 150/15
timerfrom dropping out. The trip signal must be re-
moved Wfrom the lockout board before the 150/15
timer drops out to return AND-5 to normal.

With reference to a TCF carrier channel, the
lockout features are included as a part of the TCF
carrier receiver.

Loss of Second Channel

If the second channel is lost while the STU—-92
relay is set up in a single-channel mode of operation,
the following occurs:

1. The output of the low signal clamp interface
cbanges to ‘0.

2. After a 150 millisecond time delay, AND-5

of the lockout board of second channel is
clamped to a ““0”’.

3. A ‘“0” input is applied to the AND—1 of the
relay driver board. This changes the output
of AND-—1 to turn the white guard light off.

4. A ‘0’ input is applied to the 500—2500 timer
of the transfer board, and the timer is ener-
gized. After a time delay (as determined by
the setting), the 10/0 and 0/10 timers of the
transfer board are energized. Instantaneously
the 10/0 timer drops out to apply a ‘‘1’’ in-
put to OR-3 of the OR board. This disables
OR-3. 10 milliseconds later, the 0/10 timer
times out to apply a ‘‘0’” input to OR-3
through OR-1. An output from the 500—2500
timer also causes an alarm to dropout through
AND—2 of the relay BD.
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For the condition where both channels are out of
service and one or both channels are restored to
service, instantaneously the 0/10 millisecond timer
puts a ““0’’ into OR-1, thus a ‘‘1’’ into OR-3, and
the 10/0 millisecond timer takes 10 milliseconds
to change its input to OR-3 to a ‘‘0’’. Hence, OR-3
is locked out during the restoration period.

Noise

If an output is obtained from the noise clamp on
the frequency shift receiver, the output of the noise
interface circuit on the CH INTER board changes
to a ‘‘1'’. This signal is applied to a 500/0 timer
of the Relay Driver Board. After 500 milliseconds,
the timer times out to apply a ‘‘1’’ input to AND-2
of the Relay Driver Board and the indicator circuit
of the Indicator Board. This causes the alarm relay
to drop out and the noise amber light to turn on.

In the case of a tone channel, the output of the
noise interface circuit is applied to the lockout
board. This input locks out AND—5 on this board
to prevent tripping during the noise condition.

CHARACTERISTICS

The STU-92 relay is available for frequency-
shift channels, either tone, carrier or a combination
as shown in the logic diagrams 23, 24 and 25. The
STU-91 relay is available for frequency shift tenes
or carrier as shown in the logic diagrams, Figures
26 and 27. Following are the three (3) types ofstrip
outputs provided.

1. Thyristor Trip
2. Relay Trip
3. Voltage Trip

500 Millisec¢onds
150 MilliSeconds

Noise Alarm Time
Lockout Time

(Tone Channel Only)
(Lockout Time pro-
vided in TCF
channel, when used)
Adjustable 0.5 to 2.5 Seconds
3 Milliseconds with AR Relay
Output 75 Microseconds for
solid-state thyristor or volt-
age output.

Transfer Time
Operating Time

Maximum Allew- 10 milliamperes at 20 volts dc
able Output*Gurrent
on vyoltage Output

Terminals

Ambient“Tempera-
ture"Range

-20°C to +55°C

6

Battery Voltage Variations

Rated Voltage

48 V DC
125 vV DC

Battery Drain Normal

Allowable Variation
42-56 V DC
105-140 V DC
125 milliamperes - 48 V DC
110 milliamperes - 125 V DC
Maximum 300 milliamperés)- 48 V DC
250 milliamperes- 125 V DC

Setting

The only setting required issthe setting of the
timer for transferring te,a single-channel mode of
operation upon a lossmef onefchannel. This setting
is made by means40f thefknob on the front of the
transfer board ofgpthefrelay. This knob should be
locked after thelsetting, is made.

If the applieation requires that the relay lockout
after agloss of, a single channel, the link on the two
OR boards shoeuld be changed to the closed position.

Installation

The, STU—92 and STU—91 relays are generally
supplied 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.

Routine Maintenance

Periodic checks of the relaying system as de-
scribed in the assembly instructions are desirable
to indicate impending failure so that the equipment
can be taken out of service for correction.

All contacts should be periodically cleaned. A
contact burnisher S#¥182A836H01 is recommended for
this purpose. The use of abrassive material for clean-
ing is not recommended because of the danger of
embedding small particles in the face of the soft
silver and thus imparing the contacts.

ADJUSTMENTS AND MAINTENANCE

The Acceptance Test listed below can be fol-
lowed to verify that the STU—-91 or STU—-92 relays
are functioning properly.

Acceptance Test

Connect the relay to the test circuit of Figure
24 which for test purposes represents the system
to which the STU—92 relay is connected. The
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switches shown represent 20 volt inputs to the re-
lay. These inputs can be placed on the relay by the
circuit or by jumpering the correct board terminals
to the internal 20 volt board terminal.

For the STU-91 relay, only the information to
channel 1 need be considered.

Test Equipment:

1. Timer or Cathode Ray Oscilloscope
2. Card Extender Style 849A534G01

With a jumper, connect the link on both ‘‘OR’’
boards. Close dc power switches 1 and 2: (1) White
lamps will light, (2) Alarm relays will pickup.

Check lamps by means of test reset switches
1 and 2. All channel 1 lamps should light when test
switch 1 is open, and all channel 2 lamps should
light when test reset switch 2 is open.

I. Trip Circuit

A. Close channel 1 trip switch.
1. White lamp of channel 1 will go off.
2. Amber channel trip lamp of channel A

will light.

B. With channel 1 trip switch closédy, close
channel 2 trip switch.
1. WL switches will operate.

Red breaker trip lamps will light

External trip light will light?

White lamp of channél 2 will go off.

AN S

Amber channel tripglamp of channel 2
will light.

C. Open both channeldpandychannel 2 switches.
Reset lamps and WL switches.

Il. Noise Circuit (500sMillisecond Timer)

A. Channel“l

1. Conneet timer start (scope trigger) to
terminal 8fof CH INTER board (A board).

2. Set timér start (scope trigger) to positive
pulse.

3. Connect timer stop (scope probe) to ter-
minal 13 of channel 1 relay driver board
(D board). Connect ground to terminal 1
of the board.

4. Close channel 1 noise switch.

a. Timer (scope) will start and stop after
440 to 560 milliseconds.

b. Channel 1 amber noise lamp will
light.
c. Channel 1 alarm relay willidrop/out.

5. Open channel 1 noise switch. Reset lamps.
B. Channel 2
1. Connect timer stapt” (Scope trigger) to

5.

terminal 8 of CHUNTER board (F board).
Set timer stdrt (scope trigger) to positive
pulse.

Connect timer stop (scope probe) to
terminaly, 13 Jof channel 2 relay driver
board“(I,board). Connect ground to termi-
nal \1 of the board.

Close“channel 2 Noise Switch.

d. Timer will start and stop after 440 to
560 milliseconds.

b. Channel 2 amber noise lamp will light.
c. Channel 2 alarm relay will drop out.
Openchannel 2Noise Switch. Reset lamps

C. Lockout (Tone Channel Only - where boards
B or G are used)

1.

Close channel 1 Noise Switch.
a. Channel 1 alarm relay will drop out.
b. Channel 1 noise lamp will light.

Close channel 1 and channel 2 trip
switches. Channel 2 guard lamp will go
off and channel 2 trip lamp will light.

Open channel 1 Noise Switch.

a. WL relays will operate.

b. External trip light will light.

c. Channel 1guard lamp will go out.

d. Channel 1 amber trip lamp will light.
e. 4 red breaker trip lamps will light.

Open channel 1 and 2 trip switches and
reset lamps. If board G is not used go to
step III.

Close channel 2 Noise Switch.

a. Channel 2 alarm relay will drop out.
b. Channel 2 noise lamp will light.
Close channel 1 and channel 2 trip

switches. Channel 1 guard lamp will go
off and channel 1 trip lamp will light.

Open channel 2 Noise Switch.

a. WL relays will operate.

b. External trip light will light.

c. Channel 2 guard lamp will go out.
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d.
e.

Channel 2 amber lamp will light.
4 red breaker trip lamps will light.

8. Open channel 1 and 2 trip switches and
reset lamps.

IIl. Low Signal Clamp (Tone Channel Only - where

boards B or G are used)

A. Channel 1
1. 150 Millisecond Timer

a.

Connect timer start (scope trigger) to

terminal 5 of CH INTER (A board)

Set timer start (scope trigger) to

negative pulse.

Connect timer stop (scope probe) to

terminal 13 of channel 1 lockout board

(B board). Set timer stop on negative

pulse.

Use terminal 1 as common or ground.

Open channel 1 low-signal switch.

1. Timer (scope) will start and stop
after a time delay of 125 to 185
milliseconds (scope voltage will
drop from 20 volts to O volts in
same time).
Channel 1 guard lamp will go oufs
After a time delay, channeld 1
alarm relay will drop out.

2. 15 Millisecond Delay.

a.

C.

Set timer start (scope trigger)/ toe
positive pulse.

Close channel 1 low-signal switch.
Timer should start andgshouldé stop
after a delay of 12 to 18 milliseconds
(scope voltage willy change from 0
volts in the same time).

Open channel A low-signal switch

3. Guard Return

a.

Close channel 41 ¢and channel 2 trip
switches)

1. @hannel 2pguard lamp will go out.
2.4 Channel /2 trip lamp will light.

Close“Qehannel 1 low-signal clamp
switch. No change in status should
occur.

Open channel 1 trip switch.
a. Channel 1 guard lamp will light.
2. Channel 1 alarm relay will pickup.

Open channel 2 trip switch and reset
lamps.

B. Channel 2 (If board G not used to to step IV)
1. 150 Millisecond Timer.
a. Connect timer start (scope trigger)
to terminal 5 of CH INTER (F board).

b. Set timer start (scope trigger) to
negative pulse.

c. Connect timer stop A'scope probe) to
terminal 13 offychannel, 2 lockout
board (G board). Set timer stop on
negative pulse
Use terminal 1¥as§ common or ground.

d. Open channel®2 low-signal switch.
1. Timer (Seope will start and stop

after agtime delay of 125 to 185
milliseconds (scope voltage will
drep from 20 volts to 0 volts in
same time).

2. Channel 2 guard lamp will goout.
3. After a time delay, channel 2 alarm
relay will drop out.
2, 15 Millisecond Delay

a. Set timer start (scope trigger) to
positive pulse.

b. Close channel 2 low-signal switch.
Timer should start and should stop
after a delay of 12 to 18 milliseconds
(scope voltage will change from 0 volts
to 20 volts in same time).

c. Open channel 2 low-signal switch.
3. Guard Return

a. Close channel 2 and channel 2 trip
switches.

1. Channel 1 guard lamp will go out.
2. Channel 1 trip lamp will light.

b. Open channel 2 low signal clamp
switch. No change in status should
occur.

c. Open channel 2 trip switch.
1. Channel 2 guard lamp will light.
2. Channel 2 alarm relay will pickup.

d. Open channel 1 trip switch and reset
lamps.

IV. Transfer Timers

A. Channel 1

1. Adjustable 500 to 2500 Millisecond
Timer
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Connect timer start (scope trigger) to
termiral 2 of channel 1 transfer board
(C board).

Set timer start (scope trigger) to
negative pulse.

Connect timer stop (scope probe) to
red test point on front of transfer
module. Set timer stop on negative
pulse. Use black test point on front of
module as common or ground.

Set timer knob at minimum setting.

Open channel 1
switch.

low-signal clamp

1. Timer should start and stop within
+5% of the time specified on the
calibration plate (scope voltage
will drop from 20 volts to zero
volts in same time).

2. Check each setting of timer by
moving knob to that setting. Time
should be within +5% of marking.

Close channel

switch.

1 low-signal clamp

0/10 Timer

a.

Connect timer start (scope trigg€f),to
red test point of channel 14transfer
board (C board).

Set timer start (scope trigger)“te nega-
tive pulse.

Connect timer stop (scope/prabe) to
terminal 13 of channeldl transfer board
(C board). Set timer 'Stop on positive
pulse. Use black testypoint or terminal
1 as common, or greund.

Open channel9y,1 Tow-signal clamp
switch. Tipfer should start and stop
after a time delay of 7 to 13 milli-
seconds®(scopé voltage will change
from zerofto113.5 volts in same time).
Set timer®start (scope trigger) to posi-
tive pulse.

Set tinler stop to negative pulse.

Cloese channel 1 low-signal clamp
switch. Timer should start and stop in
less than 1 millisecond (scope voltage
will change from 13.5 volts to zero
volts is same time).

10/0 Timer

a.

Connect timer start (scope trigger)
to red test point of channel 1 transfer
board.

Set timer start (scope trigger) to nega-
tive pulse.

. Connect timer stop (scope probe) to

terminal 8 of channel 1 transfer board
(C board). Set timer stop on positive
pulse. Use black test poimt or terminal
1 as common orground.

Open channel 4" low-signal clamp
switch. Timer, sheftld start and stop
after a timeydelay of less that 1 milli-
second. [\ (Scope voltage will change
from ‘Zero‘wolts to 9 volts in same
time.)

Set, timer start (scope trigger) to
positive pulse.

Set,timer stop to negative pulse.
Close channel 1 low-signal clamp
switch. Timer should start and stop
after a time delay of 7 to 13 ms (scope
voltage will change from 9 volts to
0 volts in same time).

Br Channel 2

1. Adjustable 500 to

2500 Millisecond

Timer

a.

Connect timer start (scope trigger) to
terminal 2 of channel 2 transfer board
(H board).

Set timer start (scope trigger) to nega-
tive pulse.

Connect timer stop (scope probe) to
red test point on front of transfer
module. Set timer stop on negative
pulse. Use black test point on front
of module as common or ground.

d. Set timer knob at minimum setting.

Open channel
switch.

2 low-signal clamp

1. Timer should start and stop within
+5% of the time specified on the
calibration plate (scope voltage
will drop from 20 volts to zero
volts in same time).

2. Check each setting of timer by
moving knob to that setting. Time
should be within + 5% of marking.

Close channel 2 low-signal clamp

switch.

2. 0/10 Timer
a. Connect timer start (scope trigger) to

red test point of channel 2 transfer
board (H board).
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Set timer start (scope trigger) to nega-
tive pulse.

Connect timer stop (scope probe) to
terminal 13 of channel 2 transfer
board (H board). Set timer stop on
positive pulse. Use black test point
or terminal 1 as common or ground.

Open channel 2 low-signal clamp
switch. Timer should start and stop
after a time delay of 7 to 13 milli-
seconds (scope voltage will change
from zero volts to 13.5 volts in same
time).

Set timer start (scope trigger) to posi-
tive pulse.

Set timer stop to negative pulse.

Close channel 2 low-signal clamp
switch. Timer should start and stop in
less than 1 millisecond (scope voltage
will change from 13.5 volts to zero
volts in same time).

10/0 Timer

a.

Connect timer start (scope trigger) to
red test point of channel 2 transfer
board.

Set timer start (scope trigger) to negaz
tive pulse.

Connect timer stop (scope probe)mto
terminal 8 of channel 2 transfer(board
(H board). Set timer stop on_pesitive
pulse. Use black test point on terminal
1 as common or ground.

Open channel 2 lowssignaly, clamp
switch. Timer should” start and stop
after a time delay of less than 1 milli-
second. (Scope poltage will change
from zero volts t@y,94volts in same
time.)

. Set timerdstarty(scope trigger) to posi-

tive ptlse.

Setdtimer stopyto negative pulse.
Close “ehannel 2 low-signal clamp
switch. Timer should start and stop
after a time delay of 7 to 13 milli-
seconds (scope voltage will change
from 9 volts to zero volts in same
time.)

V. Transfer To Single Channel

A. Loss of Signal

1.

Open link on both ‘‘OR’’ boards byure
moving jumper placed there at beginning
of test.

Open channel 1 low-signal_clamp switch.
Channel 1 white guard lamp will go off.

. After STU-92 has transferredsto a single

channel as indicatedgby alarm relay drop-
ping out, close channel 2ytrip switch.

External trip light willflight, and WL re-
lays will operate, breakers 1 and 2, trip 2
red lamps will Jight, white lamp of chan-
nel 2 willl go“off and amber trip lamp of
channel 2'will light.

Close channel 1 low-signal clamp switch,

and opeén /channel 2 trip switch, reset
lampsyand WL switches.

WEpen channel 2 low-signal clamp switch.

€hannel 2 white guard lamp will go off.
After STU—92 has transferred to a single
channel as indicated by alarm relay drop-
ping out, close channel 1 trip switch.
External trip light will light and WL re-
lays will operate, breakers 1 and 2 trip
1 red lamps will light, white lamp of
channel 1 will go off, and amber trip lamp
of channel 1 will light.

Close channel 1 low-signal clamp switch,
and open channel 1 trip switch, reset
lamps and WL switches.

B. Loss of DC Voltage

1.

Open dc power supply switch 1.

a. Alarm relay 1 should drop out.

b. White guard light 1 should go out.
Close trip switch of channel 2.

a. WL should operate.

b. Red breaker trip lamps of channel 2
should light.

c. Amber trip lamp of channel 2 will
light.

d. External trip light should light.

Open trip switch of channel 2, close dc

power supply switch 1, and open dc power

supply switch 2.
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a. Alarm relay 2 should drop out.

b. White guard light 2 should go out.
4. Close trip switch of channel 1.

a. WL should operate.

b. Red breaker trip lamps of channel 1
should light.

c. Amber trip lamp of channel 1 will
light.

d. External trip light should light.

Tripping Relay (AR)

The type AR tripping relay unit has been properly
adjusted at the factory to insure correct operation
and should not be disturbed afterreceipt by the custo-
mer. If, however, the adjustments are disturbed in
error, or it becomes necessary to replace some part
in the field, use the following adjustment procedure.
This procedure should not be used until it is ap-
parent that the AR unit is not. in proper working
order, and then only if suitable tools are available
for checking the adjustments.

a. Adjust the set screw at the top of the frame
to obtain a 0.009 inch gap at the rear en
of the armature air gap.

b. Adjust each contact spring to obtai S
pressure at the very end of the spri his

Q\< ,

O
Q>®

L 4

pressure is measured when the spr @ es
away from the edge of the slot in ated

crosspiece.

c. Adjust each stationary cont%ct screw to
obtain a contact gap of 0.020 inch. This will

give 15—30 grams co@essure.
Trouble Shooting \

U—-92 and STU-91 re-

their ratings, and under
should give long, trouble-
if a relay has given an in-
service or duringroutine checks,
s’’ of Figure 32 should be checked

The components t
lays are operated
normal conditions, t
free service.
dication of t
the “‘truth ta

b

to determin e ‘faulty component. All voltages are
me re respect to negative except where
note

RENEWAL PARTS

epair work can be done most satisfactorily at

Ne factory. However, interchangeable parts can be
rnished to the customers who are equipped for do-

ing the repair work. When ordering parts, always
give the complete nameplate data, and style numbers
from the electrical parts list.

1



STU-91 AND STU-92 TRANSFER TRIP RELAYS

ELECTRICAL PATRS LIST

CIRCUIT symBOL

DESCRIPTION

WESTINGHOUSQ
STYLE
NUMBER

CIRCUIT SYMBOL

DESCRIPTION

WESTINGHOUSE
STYLE
NUMBER

INTERFACE BOARD $::202C482G01

INTERFACE BOARD $#202C491G01 Cont?

C1
C2,C3,C4

D1

Q1
Q2,Q4, Q6
Q3,Q5,Q7

R14

Z1
Z2
23,25,21
74,726,728

Capacitors

6.8 MFD
0.047 MFD

Diodes

IN645A

Transistors

2N3589
2N3417
2N3645

Resistors
R1,R2,R8,R9,R15,R16
R3,R7,R17,R21
R4,R5,R11,R12,R18,R19 10 k-ohm
R6,R13,R20

4.7 k-ohm
82 k-ohm

6.8 k-ohm
47 k-ohm

Zener Diodes
1IN3050A, 120V
1N4747A, 20 V
1N3686B, 200V
IN957B, 6.8(V

INTERFACE BOARD $;:202C494G01

C1
C2,C3,C4

D1

Q1

Q2.Q5,Q8
Q3,Q6,Q9
QR Q10

Capacitors

6.8 MF'D
0.047"MFD

Diddes

IN645A

Transistors

2N3589
2N4356
2N3417
2N3645

Resistors
184A661H10 | R1,R2,R5,R6,R13,R 14 4.7 k-ohm 629A531H48
849A437H04 | R3,RT,R12,R21,R27 82 k-olim 629A531H78
R4,R9,R10,R15,R17,R18
R22,R24,R25 10 k-phm 629A531H56
837A692H03 | R8,R16,R20,R23 4T k-ohm 629A531H72
R11,R19,R26 6:8k-ohm 629A531H52
837A617HO1 Zener Diodes
848A851HO02 Z1 1IN2050A, 180V 187A936H16
849A44 1HO1 Z2 1N4747A, 20 V  849A487THO1
23,725,241 1N3686B, 20 V. 185A212H06
74,7623 2N957B, 6.8 V. 186A797THO6
629A531H48 Z9 UZz58175, 7156V 837A693H04
629A531H78
629A531H5€ LOCKOUT BOARD (WHERE USED) $#202C456G01
629 A53 LH52
629 A531THY2 Capacitors
C1 6.8 MFD 184A661H10
Diodes
18TA936H6| 1 {5 D4-D6 to D10 IN645A 837A692H03
849A48THO1
185A212H06 Transistors
186AT9THO6| Q1,Q2,Q3,Q4,Q5,Q6 2N3417 848A851H02
Q7,Q8,Q9,Q11
Q10, Q12 2N3645 849A441H01
Resistors
184 A661H10 R1,R4,R7,R14,R25 39 k-ohm 629A531H70
849 A437HO4 g%éﬁgé@?ﬁgé}é@é? 10 k-ohm 629A531H56
R30,R34,R35
R3,R9,R16,R23,R27 6.8 k-ohm 629A531H52
837A692H03| R31,R36
R6, R13,R33 33 k-ohm 629A531H68
R10,R12,R17,R18 27 k-ohm 629A531H66
837A617HO01| R20, R21, R28
849A441H02| R24, R38 12 k-ohm 629A531H58
848 A851H02| R32 82 k-ohm 629A531H78
849A441H01| R37 47 k-ohm 629A531HT2
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STU-91 a™D STU-%2 TRANSFER TRIP RELAYS LL. 41495923
ELECTRICAL PARTS LIST Cont.
WESTINGHOUSH WESTINGHOUSE
CIRCUIT SYMBOL DESCRIPTION STYLE CIRCUIT SYMBOL DESCRIPTION STYLE
NUMBER NUMBER
TRIP BOARD (Cont.
LOCKOUT BOARD (WHERE USED) $:202C456G01 43/125 & 250 VéL"T"S :ac
Zener Diodes Diodes
z1 IN957B, 6.8 V. 186A797HO6 D1 to D4 ING45A 837A692H03
OR BOARD $7202C446G01 Tran¥igor)
Q1 2N2647 629A453H01
Capacitors Q1 2N3645 849A441HO1
1- )
C1-C2 0.27 MFD 849A437THO2 @ N34 1T 848A85 1HO2
C3 1.5 MFD 187A508H09
Resistors
Diodes
R1 to R4 470 ohm,1W 187A643H19
D1,D2,D4 to D15 1N645 A 837A692HO03
D3 MAL 3053 629 A370HO04 g 300 ohm 629A531H19
R6 15 k-ohm  629A531H60
Transistors R7T 3.3 k-ohm  629A531H44
1Q,Q3,Q4,Q5,Q6,Q7 2N3417 848A851H02
Q.Q3.Q4,@5.Q6.Q RS 22 k-ohm  629A531H64
Q2,Q8 2N3645 849A441HO 1
R9 6.8 k-phm  629A531H52
Resistors R10 10 k-ohm  629A531H56
R1,R3,R5,R7,R10 10 k-ohm 629A5311.56 R1I to R13 97 keohm  629A531H6E6
R14,R21,R24,R25
R2,R8,R11,R15,R22,R26 6.8 k-ohm 629453 1H52 Zener Diodes
R4 47 k-ohm 629A53 1HT2 Z1 to Z6 1R200 629A369H0 1
R6 4.7 k<ohm 629A531H48
R9,R12,R13,R16,R17 27 k-ofim 629A53 1H66 Transformer
R18,R19,R20,R23 TR1 FD505 629A372H01
R27 82 kYohm 629A531H78
R28 150 éhm, 3W 762A679HO1 TRANSFER BOARD, $+5489D25G01
Transformers Capacitors
TR1 FD 505 629A372H01 c1 100 MFD 184A761G01
C2,C3 1.5 MFD 187A508H09
Zener Diodes
Z1,2.2 IN3688A, 24 V 872A288HO01 Diodes
D1 to D4 IN645A 837A692H03
TRIP BOARD 48/125 VOLTS DC, $#899C826G01
250 VOLTS DC, $7201C416G01 Transistors
Capacitors Q1,Q2,Q3,Q5,Q6 2N3417 8¢ Ai3D1HO2
cl'e? 2 MFD 187A624H05 )  97.Q8.Q9.Q10
G3,C4 .27 MFD 188 A669H05 Q4 2N3645 849A441H01
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STU-91 AND STU-92 TRANSFER TRIP RELAYS

ELECTRICAL PARTS LIST (Cont.)
WESTINGHOUSE WESTINGHOUSE
CIRCUIT SYMBOL DESCRIPTION STYLE CIRCUIT SYMBOL DESCRIPTION STYLE
NUMBER NUMBER
TRANSFER BOARD, $#5489D25G01 (Cont.) RELAY DRIVER, $#202C488G0]1
Resisfors Resisfors
R1,R12,R17T,R21,R29 33 k-ohm 629A531H68| R3:R4.R24,R25 22 k-ohm §ro AS31HE4
R7,R8,R28,R29 3.3 k-ohm 629A53 1H44
R2,R3,R6,R9,R10 10 k-ohm 629A531H56 15 oh
R13,R16,R19,R22 R10 ohm}» 3(W T63A12TH36
R25,R28 R11,R13,R14 33 k-ohm 629A531H68
R4,R15,R27 470 ohm 629A53 1H24 R14,R20,R21 47%k-0hm 629A531HT72
R17 470, 0hm 629A531H24
RS 50 k-ohm pot.  862A303HO1 R22 97 k-ohm 629A53 1H66
R7,R8,R18,R23,R24 27 k-ohm 629A531H66| R31 6.8 k-ohm 629A531H52
R11 47 k-ohm 629A531HT2
Zerer Diodes
R14,R26 15 k-ohm 629A531HE0| 7, IN3688A, 24V 862A288HO1
R20 6.8 k-ohm 629A531H52| Z2 1N957B, 6.8V 186A7T9THO6
Zener Diodes INDICATOR BOARD 48 YOLT DC, $#202C502G01
Z21,722,73 IN957B, 6.8V 186AT9THO6
Capacitors
RELAY DRIVER, $#202C488G01 C1,C2 0.56 MFD T63A219H18
C3,C5,C7,C9 0.082 MFD 849A437THO1
Capacitors €4,C6,C8,C10 0.01 MFD T63A219H03
C1 22 MFD 184 A661H)16 Di
iodes
D1 to D10 1N645A 837TA692HO03
Diodes .
Transistors
Q2,Q4 2N3645 849A441HO01
T . Q5,Q7,Q9,Q11 2N2646 629A43: HO3
ransistors
Q6,Q8,Q10,Q12 K1149-13 SCR 184A640H13
Q1,Q2,Q4,Q5,Q6 23417 848A851H02
Q8,Q9 Resistors
Q3,Q10,Q11 2N3589 837A617HO01| R1,R2,R7,R8,R13,R17 20 k-ohm 629A531H63
Q7 oN3645 849 A441HO1 R3,R4,R9, R10 10 k-ohm 629A531H56
R5,R11 6.8 k-ohm 629A531H52
R6,R12 27 k-ohm 629A531H66
Resistors R14,R18,R22,R26 300 ohms 629A531H19
R1,R5,R26 39 k-ohm 629 A531H70 R15,R19,R23,R27 51 ohms 629A531H01
0 699 56 +R16, R20,R24,R28 1.2 k-ohms, 3W 763A127H03
R2,R6,R9,RI2}R15,R18, 10 k-ohm 29A531H R21,R25 100 k-ohm 629A53 1H80
R19,R23,R2%R30,R32 R29 15 ohms, 3W T63A127TH36

14
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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STU-91 AND STU-92 TRANSFER TRIP RELAYS I.L. 41.1959.3
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STU-91 AND STU-92 TRANSFER TRIP RELAYS

— CONDITIONS FOR STATE OF TRANSISTORS GHOWN

1. NON TRIP FROM CHANNEL RECEIVER.

2NO NOISE CLAMP FROM CHANNEL RECEVER

3NO LOW SIGNAL CLAMP FROM
CHANNEL RECEIVER.

_ POS. 48 VOLTS

10K
Q8
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8! 1 [ LiNE
BUFFER | |—{DRIVER
0 o[ TN o
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Fig. 5. Schematic Diagram of the Channel Interfdce Board for Lenkurt 937A Tone Channel
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STU-91 AND STU-92 TRANSFER TRIP RELAYS

l.L. 4149593
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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STU-91 AND STU-92 TRANSFER TRIP RELAYS L.L. 47-958,3

CONDITIONS FOR STATE OF TRANSISTOR SHOWN;

I. NO LOSS OF CHANNEL CLAMP AND
NO NOISE CLAMP FROM CHANNEL
RECEIVER .

2 .NON TRIiP CONDITIONS FROM
CHANNEL RECEIVER.

D.C. SUPPLY VOLTABE

POS. 20 VOLTS o
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Fig. 12. Component Location on the Relay Driver Board
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STU-91 AND STU-92 TRANSFER TRIP RELAYS

CONDITIONS FOR STATE OF TRANSISTORS SHOWN;

NON TRIPCONDITIONS

~
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Fig. 14. Component Location on the Indicator Board




STU-91 AND STU-92 TRANSFER TRIP RELAYS

l.L. 41-959.3
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I. NON TR®P
2. BOTH CHANNELS IN SERVICE.
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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Fig. 18. Component Location on the OR Board of the STU-91 Relay




STU-91 AND STU-92 TRANSFER TRIP RELAYS

I.L. 41-959.3
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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STU-91 AND STU-92 TRANSFER TRIP RELAYS

ERRNREE
ERNERRY

VARICON CONNECTOR AS VIEWED FROM REAR OF
RELAY.
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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DPST
b0 D.C. POWER SWITCH |
D.C. SUPPLY J:
NEG. \ & ol 20
IN2
RI
DPST
D.C. POWER SWITCH 2
{—%
ml 20
IN:
DG _
suppLy | RI—R2 R2
48 300 - 25W
125 1200 N-25W
NEG.CS - @
TRIP CIRCUIT VOLTAGE |
P0s.O

37 Fig. 28. Test Cireui



l.L. 41-959.3

JI
4/
N
e
VOLT ZENER NOISE o
984 B SWIJTCH 23¢
TIMER <
START TRIP SWITCH 24
gL Ve
1! ~N
LOW SIGNAL
SWITCH 22
— <
TIMER
START
J2
4
<
3/
VOLT ZENER NOISE N
29848 SWITCH 23\
TIMER '
START TRIP SWITCH |24
1t 2 <
LOW SIGNAL
SWITCH 22
. A
TIMER
START
T S
— {6} (6]
5] —{5]
<
—f 14 !
43} 3
TRIP LIGHT 2 >
| =
P \
L‘"'\ 876A49ﬂ

S

fuof, STU-92 Reloy

38



STU-91 AND STU-92 TRANSFER TRIP RELAYS
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STU-91 AND STU-92 TRANSFER TRIP RELAYS
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INSTALLATION

Westinghouse 1.L. 41-959.2C
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU-9
DUAL CHANNEL
TRANSFER - TRIP RELAY

CAUTION: 1t is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet before energizing the
equipment. Failure to observe this precaution may
result in damage to the equipment. If the equipment
is mounted in a cabinet, the cabinet must be bolted
down to the floor or otherwise secured before
swinging out the equipment rack to prevent its
tipping over.

APPLICATION

The type STU-9 relay is a static auxiliary relay
used in transfer-trip relaying, such as would be
used to trip a remote breaker for a transformer
fault at a station where no high voltage breaker s
used. It is used in conjunction with dual channel
frequency-shift equipment, either audio/tone) or
power line carrier frequencies.

CONSTRUCTION

The type STU-9 relay consists of printed¥circuit
boards, power supply, fuses, a pilot light, power
switch, two channel monitoring lights,)and adjust-
able controls mounted on a standards19-inch wide
panel, 83% inches high (5 rack units). Edge slots
are provided for mountingftheWrack on a standard
relay rack.

Printed Circuit Bodrds

The number of, boards varies with the type chan-
nel used,/but in general the STU-9 relay consists
of five printed circtiit boards; two channel interface
boards, two“transfer boards and a trip board. For
TCF frequency" shift power line carrier channels,
the interface board is a part of the TCF receiver.

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 panel and is
accessible by opening a hinged door on the front of
the panel. The printed circuit boards slide into
position in slotted guides at the top and bottom of

SUPERSEDES I.L. 41-959.2B & L-779959

*Denotes Change From Superseded Issue.

each compartment, andftheyboard terminals engage a
terminal block at the Ttear of the compartment. Each
board and terminal bleck“is keyed so .that if a board
is placed in thepwrongvcompartment, it cannot be
inserted into the temminal block. A handle on the
front of eachiboardyis labeled to identify its func-
tion in the_relay

1. Channelflnterface Board

The interface board is the connecting link be-
tween the channel equipment and the transfer
legic and consists of interface circuits, a lock-
out circuit, and the channel trip NAND. Each of
the circuits performs designated functions with
reference to the channel equipment. The inter-
face circuits connect the lockout circuit and the
channel trip NAND to the tone channel. In the
normal state the trip NAND produces an output
voltage due to the tone trip input being held at
negative potential. This prevents base current
from flowing into the transistor of the NAND and
keeps the transistor turned off. As long as one
of the three inputs is held at negative potential,
a voltage output is obtained from the NAND.
This voltage will exist until all inputs into the
NAND are positive. Base current will then be
applied to the NAND transistor and the transistor
will turn on. This shorts the output of the NAND
to negative potential. If the channel is lost, or
if noise exists for extended periods of time,
after 150 millisecond the lockout input will short
the input of the NAND and hold the output in a
non-operative condition. Also noise output from
the tone channel will short the input of the NAND
and hold the output in a non-operative condition.

This board will vary depending upon the make of
frequency shift equipment used as the channel.
In the oase of TCF Frequency Shift Carrier
equipment, the interface board is the logic board
contained in the TCF receiver.

2. Transfer Logic Board

The transfer logic board contains the necessary
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TYPE STU-9 RELAY

logic to alarm on loss of channel, to transfer to
a single channel operation, and to invert the trip
output of the interface logic to the proper polar-
ity for the trip board. This logic will start trans-
ferring the STU-9 relay to a single channel mode
of operation upon receipt of a positive voltage
from the NOT Lockout circuit of the interface
board.

Additional circuitry is included in the module for
the connection of two external mounted switch-
board lights (one for each channel). The lights
are used to monitor the trips of the individual
channels and should be connected between the
regulated 45-volt d.c. (terminal 2) of the STU-9
and terminal 21 (channel 1) and terminal 9 (chan-
nel 2). The style switchboard light used is either
style 1589193 or 1589181 with bulb style 1124156.

Trip Board

The trip board contains the final output of the
STU-9 relay and consists of an AND circuit and
an AR type relay. Under normal channel condi-
tions, the two inputs from the trip of the transfer
logic are held at negative potential. The third
input to the trip AND is a voltage from the trans-
fer circuits of the transfer board. As a result the
output transistor is not conducting and the@AR
relay does not pick up. In order for the final
transistor to operate, all inputs to the ANDnust
be above negative potential. This occurs\when
the AND receives a trip input from bothftransfer
logics.

For a loss of one channel, the tripyinput from the
transferlogic of that channel removesiits shorted
input to negative, leaving thegtriphAND shorted
to negative from the trip input ofithe remaining
transfer logic. If both channels/ are lost, the
trip inputs to the AND/puts a positive voltage
into the AND. Howewer, ‘the transfer input to the
AND is put at sregativie, potential to short the
Input of the AND. Aftime delay is inserted in the
transfer logic s@fthat #he transfer input to the
AND is shorted to negative before the trip input
switches to a positive output.

Other Citcuits (when used)

As showhmin Figure 1, the trip output may con-
tain ether, circuits. An additional transistor may
be cennected to obtain a voltage output from the
trip “NAND. This voltage output is used to drive
amy externally connected SAR relay. The transis-

Style Number
#* 898C235G01

* 898C235G02

tor will apply 45 volts to the input of the SAR
when the STU-9 relay operates.

D256 and D258 are used where it is not desirable
to use the switching mode of the STU-9 relay.
BY connecting these diodes with a jumper to the
lockout terminals of the interface boards(terminal
18) of the STU-9 relay, the STU-9 relay will
lockout on a single channel failure gand not
switch to a single channel mode, of%eperation.
With this connection the STU-9/relay will be
operated as an AND circuit with reference to the
channel and not as an OR.

The style numbers off thejdifferent boards with
reference to the assembly is as follows:

Components

ARgoutput 3 NO-1NC. D256 and
D258 omitted as well as trans-
sistor Q254 and associated
resistors.

AR output 3 NO-INC. D256 and
D258 in the circuit but tran-
sistor Q254 and associated
resistors omitted.

898C235G03 AR output 4 NO, D256 and
D258 omitted, transistor Q254
included.

898C235G04 AR output 2NO-2NC, transistor

Q254 and associated resistors
included.

Power Supply

The STU-9 relay operates from a regulated 45
V.D.C. supply. This voltage is taken from a Zener
diode mounted on a heat sink. Variation of the
resistance values between the positive side of the
unregulated D.C. supply and the 45 volt Zener diode
adapt the receiver for operation on 48 or 125 volts
d.c.

Card Extender

A card extender (Style No. 644B315G01) is
available for facilitating circuit voltage measure-
ments or major adjustments. After withdrawing any
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 circuit connections, and all components
and test points on the board are readily accessible.
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OPERATION

The signal to which the STU-9 relay responds
is received from the receiver of the channel equip-
ment. If both channels are serviceable both channel
receivers must receive a trip signal from the remote
terminal for the STU-9 relay to operate. If one chan-
nel fails, the STU-9 relay will lock this channel
out (after an adjustable time delay) and switch into
a single channel mode of operation. The system will
then trip upon receipt of a trip signal from the re-
mote terminal on the remaining channel. If both chan-
nels fail, the STU-9 locks out the trip circuit until
one or both channels are restored to service. Cir-
cuits are included in the relay to alarm on the loss
of a channel.

The signals from the channel receivers are ap-
plied to the STU-9 relay at the input terminals of
the interface board. This signal is transmitted to the
transfer board to either apply a trip signal to the
trip board, to prevent the transmission of this sig-
nal, or to transmit a transfer signal to a single
channel.

When the frequency shift channel equipment is
transmitting a guard signal, the signdls to the
STU-9 relay are as shown in the logic“diagram of
Figure 1. The number ‘1"’ indicates that a“weltage
is obtained at that point while a ‘‘0’’ indicates that
the voltage is approximately zero. As/seen in the
logic diagram, the STU-9 relay requires a/‘‘1’’ from
the low signal clamp and ‘‘0’) fromg the trip and
noise clamps of the tone channels,to/indicate nom-
inal operating conditions.

For the condition shown, the amber lights are
on and the alarm relay’is picked up. Also theinput
to the trip ‘““AND’’ is) shorted to negative through
the ““OR’’ circuitsgdfithe transfer logic.

Trip Sequence

If both ghannels are shifted to trip, the 0’
from the ‘tone channel changes to a ‘‘1’’. The trip
interface of the STU-9 relay sees this change and
puts a ‘“1’’ into the channel trip “NAND’’. The out-
put of theg! ‘NAND’’ goes to a ‘“0’’ and the following
o€eurs:

1. One input of the amber light AND is ‘‘0’’ and
the light turns off.

2. The output of the NOT of the transfer logic
changes to a ‘“1’’ and applies a ‘‘1"” to the trip

AND through the OR of the transferglogic.#Since
all inputs to the trip AND are ““1’, anfoutput is
obtained to allow the AR to operates Also the
output transistor (where used) is turned on to
give an output of approximately 45 volts. This
voltage can be used to fire an external SAR
relay to trip two breakérs through Trinistor con-
trolled rectifiers.

Loss of Signal

With referencéyto ‘the logic diagram of Fig. 1,
the channel equipmentyrecognizes a loss of channel
and its low _signal output changes to a ‘‘0’’. The
output of the lowysignal interface of the STU-9 then
changes to“a, ‘“1’’. Upon application of the ‘1’
to the NORycircuit, a time delay is energized. If the
loss aofPsignal exists for 150 millisecond, the output
of the, NOR circuit changes to a ‘0’ and the fol-
lowing oecurs:

1.“9The input to the channel trip NAND is clamped
to negative which locks the NAND output to a
‘1’ state (non-trip).

2. One input to the amber light AND drops to zero
and the amber light turns off.

3. The output of the NOT Lo changes to a ‘‘1°’,
which energizes a timer. After a time delay of
.5 to 2.5 sec., as determined by the timer set-
ting, the timer times out and its output changes
toa ““0’’. The following then occurs:

a. Alarm relay drops out to close its contacts.

b. The output of the NOT changes to a 1 and
energizes a 10-millisecond time delay cir-
cuit. After 10 milliseconds the input to the
AND circuit is energized through the OR
circuit.

4. Two voltages are applied to the trip ‘“AND’’.
The third input is clamped to negative by the
output of the OR circuit on the good channel.
The circuits of the STU-9 are set up for single
channel operation and the system will operate if
a trip signal is received from the output of the
good channel.

Loss of Second Channel

If the second channel is lost while the STU-9 is
set up in a single channel mode of operation, the
following occurs:
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1. The output of the low signal interface of the
second channel changes to a 1.

2. The channel trip NAND is clamped to a ‘1.
(non-trip).

3. The input to the amber light AND is de-ener-
gized and the amber light turns off.

4. The output of the NOT Lo changes to a 1, and
the 2.5 second timer times out, and the following
occurs:

a. The alarm unit drops out to close its con-
tacts.

b. The input to the trip AND through terminal
11 drops to ““0’’ instantaneously.

c. The output of the NOT changes to a ““1”’
and energizes a 10 millisecond delay.

d. At the end of 10 milliseconds the input to the
trip AND (through terminal 10) AND changes
to a ““1’’, Tripping cannot occur because the
AND was clamped previously to negative
through terminal 11.

For the condition where both channels are“Qut
of service and one or both channels are restoréd, to
service, the following occurs:

The time delay in the base of transister
Q251 in the trip logic is enefrgizedy, This
time delay maintains the ‘‘0’’ @n“the trip
AND through diode D252, for Y4%millisecond
after the voltage from either®253%r D251
drops to ““0’’ from a ‘‘1’’ cendition®

Noise

If an output is e@btained“frém the noise clamp of
the channel equipmenty theWinput to the noise inter-
face changes to“@,‘‘4”’, and energizes a NOT and a
NOR circuit. The output” of the NOT changes to a
‘“0’’ and shorts the input to the channel trip NAND
to negative. This puts the NAND in a non-operating
condition., If the “noise condition exists for 150
milliseconds, the STU-9 relay will recognize the
condition *asya loss of channel and switch into a
single%ehannel mode of operation.

CHARACTERISTICS

The type STU-9 relay is available for frequency

*

shift channels, either tone, carrier, or a combination
of both. The schematic and logic diagram for fre-
quency-shift tone channels is shown in Figure,.l«

If TCF frequency shift carrier is used as the
channel equipment, the logic diagram and schematic
diagram of Figures 2 and 3 apply. This logic is the
same as that of Fig. 1, except that the interface
board is omitted. The lockout, ‘net I'éckout, and trip
inputs the STU-9 transfer boards “ame obtained from
the logic board of the TCF geceiver. These quan-
tities are the same as received from the interface
logic Fig. 1.

When the STU-9 relay is)used with both TCF
frequency shift Carriér, and frequency shift tone
channels, the relay4s connected as shown in Figure
4.

For the STU-9 foriuse with frequency shift tone
channels andan SRU ©utput package, refer to figures
5 and 6. For these,relays the trip output is a voltage.

150 milliseconds
0.5to 2.5 seconds

3 milliseconds with
AR — 175

Lockout“time
Transfer time

Operating time
microse-
conds to obtain volt-
age contact.

Voltage Output Relay (when used)
Maximum Output 60 milliamperes,
45 V. d.c.

Ambient temperature range —20°C to 55°C

Battery Voltage Variations
Rated Voltage

48 V.D.C.
125 V.D.C.

Allowance Variation

42 - 56 V.D.C.
105 - 140 V.D.C.

Battery Drain 235 milliamperes-48

V.D.C.
275 milliamperes -
125 V.D.C.

Dimensions Panel Height — 8%

inch or 5 rack units.
Panel Width-19 inches
SETTING

The only setting required is the setting of the
timer for transfering to a single channel mode of
operation upon a loss of one channel. This setting
is made by means of the timer knobs on the front
panel of the relay. The knob should be locked after
the setting is made.
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INSTALLATION

The STU-9 relay is generally suppiied 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.

Routine Maintenance

Periodic checks of the relaying system as
described in the assembly instructions are desirable
to indicate impending failure so that the equipment
can be taken out of service for correction.

the danger of embedding small partic in'the face
of the soft silver and thus impairing the contact.

Trouble-Shooting S

The components of th -9 are operated well

normal conditions

within their ratings,@an
they should give long, t 1 ee service. However,
if a relay has give% ation of trouble in ser-

vice or during rout ks, the voltages tabula-

ted in TABLE I e checked to determine the
faulty circuit.@The t point and component loca-
tion on t..e r e given in Figures 7, 8, 9, 10,

¥* . .
All contacts should be periodically cleaned. A and 11. lectrical parts list for the proper
contact burnisher S#182A836H01 is recommended compon tion.
TABLE

Test point voltages to negative except where specified ti

itive 45 volts D.C.

NORMA ITH NOISE WITH LOSS OF |WITH TRIP
BOARD TEST POINT CHANNK ONLY CHANNEL ONLY ONLY
term 16 to pos - -16 -2 -16
TP151 0.05 15 0.05
term 17 to pos 0 — 16 0 0
TP153 15 0.05 15 15
TP154 0.05 15 0.05 0.05
TP155 15 0.05 0.05 15
CHANNEL TP156 0.05 21 21 0.05
INTERFACE term 18 10 0.10 0.10 10
term 1 0.05 4 (withmax. setting 4) 0.05
term 15% 0 0 0 -16
ter X 15 15 15 0.05
rmylo 0.05 0.05 0.05 15
& 15 15 15 0.2
te 12 0.05 4 (with max. setting 4) 0.05
rm 16 0.05 45 45 45
@ TP201 0.05 0.05 0.05 10
\ TP202 9 0.1 0.1 9
TRANSFE TP203 0.05 20 20 0.05
TP 204 13 0.05 0.05 0.05
term 10 0.15 10 10 10
term 11 0.7 0.7 0.7 0.7
term 7 45 0.3 0.3 0.3
Single Both
CH CH
TP251 0.05 0.05 0.05 15 0.05
TP 252 15 15 15 0.07 15
RIP term 10 0.15 10 10 10 10
term 11 0.15 10 10 10 10
term 19 0.05 0.05 0.05 0.05 43
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Renewal Part

Repair work can be done most satisfactorily &t
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, and component
style No. given in the electrical parts list.

*ELECTRICAL PARTS LIST
g;::l;’c;: Description Sfy(lv;)No. gyi:nclf;{ Description Soy(lv;) No.
PANEL MOUNTED COMPONENTS Resistors (Cont!)
Power Supply R175-R177-R181-
R183-R188-R154-
Swi Switch 183A856H01 | R162-R182-R189 100K Q=-YowW 184A763HT5
PL Pilot Light R155-R163-R166-
125 V.D.C. 183A825G01 R170-R185-R186 68K Q) —%W. 184AT63HT1
Pilot Light R165-R168-R169-
48 V.D.C. 183A825G04 | R172-R184-R187 33K () YW, 184A763H63
F1-F2 1.5 Ampere R173 39K Q) —YW. 184A763H65
- 25255 sou 11D9195H26 | p 76 2K Q—Yw. | 184A763H53
48V DG | 04p1299mas | B178 3.3KQ—1%W. 184A763H39
R1-R2 150 Q 40 w. Zener Diodes
125 V.D.C. 1201499 7151 IN957B
VRI Zener Diode, 6.7V 186AT9THO6
IN2828B, 7152 IN3686B
50W. 184A854H06 50V 185 A21 2106
Alarm
A Amber Light 183A825G08 TRANSFER BOARD (898C233G01)
R3—R4 330 Q 3W. 185A20THL5 Component location — Fig. 8
Potentiometer Capacitors
S1—S2 50 K Q 185A086H223), €201 68MFD
35 V.D.C. 187A508H02
CHANNEL INTERFACE BOARD (898c234c01) | €202 0.5MF"D 187AG24H11
Component Location — Fig. 7 Diodes
D201, D202
Capacitor D204 to D208 IN45TA 184A638H07
C 151 6.8MF'D Transistors
35 V.D.Ca 184A661H25
Q201-Q202-Q204-
Diodes Q208 2N699 184A638H19
D151 IN457A 184A855H07 | Q203-Q207 2N697 184A638H18
- Q205-Q206 2N696 762A585H01
Transistors
Q151-Q154-Q161 Resistors
Q152-Q155-Q156 R201-R206-R216-
Q157-Q158-Q162 aN2043 184A638H21 | R220 68K () —VaW. 184 AT63HT
Q163 2696 7624585H01 | 1202 R20L-R20S-
Q159 2N697 184A638H18 } Ro17.R221-R224 10K Q —Y%W. 184A763H51
Q160-Q164 2N699 184A638H19 | Roo3 10K Q—1W. 187A643H51
Resistors R205-218-R219-
R151-R159°R179 6.8K(—%5W. | 184A763H4T | R222 33K —eW. 184AT63H63
R1529maNR 174 R207 1KQ—Y%W. 184AT63H27
R180 1K Q —1%W. 184A763H27 | R210-R223 12K ) —14W. 184A763H53
R153*R161-R164 R212-R225 3.3KO—LW. 184AT63H39
R16TR171 10K Q—%W. 184A763H51 | R213-R215 22K () —Y5W. 184AT63H59
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*ELECTRICAL PARTS LIST

(Continued)

Circui L w Circui L. (W)
Sylrncl?&;: Description Sfy(le)No. Sy':ncbt;I Description Style No.
TRANSFER BOARD (898C233G01) (Cont.) Diodes
' D251 to D255 IN457A 184A855H07
Zener Diodes D252 to D253 IN457A 184 A855H0T
Z201 IN3686B (when used)
20V 185A212H06
7202, 7203 IN957B Transistors
6.8V 186AT9THO6 | Q251-Q252 2N696 762A585H01
Ao Dmir Q253 2N699 184A638H19
arm Tni Q254 (when used) 2N2043 184A638H21
AL Telephone
Relay 4080062}{07 Resisfors
TRANSFER BOARD (899C712G01) R251-R252-R257 10K Q=4W. 184A763H51
Component location — Fig. 9 R253-R255 33K —1LW. 184A763H63
) R254-R256 68K (Y —1oW. 184A763HT1
Capacitors R258 10KQ —1W. 184A643H51
Cc201 68 mfd, 35 Vdc | 187TA508H02 R259 800() —3W. 184 A859H06
C202 0.5 mfd 187A624H11 | R260 (whengused) 1K Q —AW. 184A763H27
: R261 (when‘used) 10K Q —%LW. 184A763H51
Diodes
D201, D202, AR Unit
D204-D208 1N475A 184A638H07 [ AR (when used) INO—INC
- contacts 408C845G23
| Transistors AR (Whemvused) 4NO-contacts | 408C845G13
Q201-Q202- AR (whén used) 2NO-2NC
Q204-Q208 2N699 184A638H19 contacts 408C845G09
Q203-Q207 2N697 184A638H18
Q205-Q206 2N696 T62A585H0L TRIP BOARD (899C700G01)
location — Fig. 11
Resictors Component location ig
R201-R206-R216- Capacitor
R220 68 K-,2W. 184AT63HT1 | C251-C252 0.25 UF 187A624H02
R202-R204-R208-
R209-R211-R214- D251 to D255-
R217-R221-R224 10 K-Q,%W. 184Ag63H51 D258-D260 1N475A 184A855H07
R203 10 K-Q,1W! 187A643H51 | D256-D257-D259-
R205-R218-R219- D261 CER-69 188A342H06
R222 33 K-Q,%4W. 184AT63H63 .
R207 1 K-Q, VoW, 184A763H27 ransistors
R210-R212 22 KT, 184A763H59 g;:;stz ggggg IgiAgggH?é
R213-R215 22 K@ Vo W. 184 AT63H59 02550256 Naa5 849A441§02
R223 10K 184A763H53 | 92°4Q295Q A
R225 3.3 K20, %W, 184A763H39 Resistors
) R251-R252-R2517-
ZeneyDiodes R259-R263-R266] 10K, %W. 184A763H51
Z201 IN3686B,20V | 185A212H06 | R253-R255 33K, L%W. 184A763H63
Z202,Z203 1IN957B, 6.8V | 186A7T9THO6 | R254-R256 68K, YoW. 184A763HT1
R258 100K, YW, 184A763HT5
R261-R264-R267 2.25K, 3W. 184A636H03
TRIP BOARD (898C235G01) R260-R262-R265 1K, YW, 184AT63H27
Component location — Fig. 10
Capacitors Zener Diodes
€251-C252 .25 uf 187A624H02 [ z251 1N3686B 185A212H06

10
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INSTALLATION

Westinghouse I.L. 41-959.2B
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE STU-9
DUAL CHANNEL
TRANSFER - TRIP RELAY

CAUTION: 1t is recommended that the user of this
equipment become acquainted with the information
in this instruction leaflet before energizing the
equipment. Failure to observe this precaution may
result in damage to the equipment. If the equipment
is mounted in a cabinet, the cabinet must be bolted
down to the floor or otherwise secured before
swinging out the equipment rack to prevent its
tipping over.

APPLICATION

The type STU-9 relay is a static auxiliary relay
used in transfer-trip relaying, such as would be
used to trip a remote breaker for a transformer
fault at a station where no high voltage breaker is
used. It is used in conjunction with dual channel
frequency-shift equipment, either audio tone) or
power line carrier frequencies.

CONSTRUCTION

The type STU-9 relay consists of printedieircuit
boards, power supply, fuses, a pilet light, power
switch, two channel monitoring lights, ¢and adjust-
able controls mounted on a stamdard,49-inch wide
panel, 83% inches high (5 ragk units). Edge slots
are provided for mounting,theWrack on a standard
relay rack. The components ate connected as shown
in Fig. 1.

Printed Circuit Boards

The number of,boards varies with the type chan-
nel used, but in general the STU-9 relay consists
of five printeddcircuit boards; two channel interface
boards, two ‘transfer boards and a trip board. For
TCF frequency “shift power line carrier channels,
the interface board is a part of the TCF receiver.

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 panel and is
accessible by opening a hinged door on the front of
the panel. The printed circuit boards slide into
position in slotted guides at the top and bottom of

SUPERSEDES I.L. 41-959.2A

*Denotes Change From Superseded Issue.

each compartment, and the,board terminals engage a
terminal block at the rear/of the compartment. Each
board and terminal block({isdkeyed so that if a board
is placed in the, wrongy,compartment, it cannot be
inserted into the terminal block. A handle on the
front of each fpoard, is labeled to identify its func-
tion in the relay.

1. Channel Intetface Board

The “interface board is the connecting link be-
tween the channel equipment and the transfer
logic and consists of interface circuits, a lock-
outdcircuit, and the channel trip NAND. Each of
the circuits performs designated functions with
reference to the channel equipment. The inter-
face circuits connect the lockout circuit and the
channel trip NAND to the tone channel. In the
normal state the trip NAND produces an output
voltage due to the tone trip input being held at
negative potential. This prevents base current
from flowing into the transistor of the NAND and
keeps the transistor turned off. As long as one
of the three inputs is held at negative potential,
a voltage output is obtained from the NAND.
This voltage will exist until all inputs into the
NAND are positive. Base current will then be
applied to the NAND transistor and the transistor
will turn on. This shorts the output of the NAND
to negative potential. If the channel is lost, or
if noise exists for extended periods of time,
after 150 millisecond the lockout input will short
the input of the NAND and hold the output in a
non-operative condition. Also noise output from
the tone channel will short the input of the NAND
and hold the output in a non-operative condition.

This board will vary depending upon the make of
frequency shift equipment used as the channel.
In the case of TCF Frequency Shift Carrier
equipment, the interface board is the logic board
contained in the TCF receiver.

2. Transfer Logic Board

The transfer logic board contains the necessary
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TYPE STU-9 RELAY

logic to alarm on loss of channel, to transfer to
a single channel operation, and to invert the trip
output of the interface logic to the proper polar-
ity for the trip board. This logic will start trans-
ferring the STU-9 relay to a single channel mode
of operation upon receipt of a positive voltage
from the NOT Lockout circuit of the interface
board.

Additional circuitry is included in the module for
the connection of two external mounted switch-
board lights (one for each channel). The lights
are used to monitor the trips of the individual
channels and should be connected between the
regulated 45-volt d.c. (terminal 2) of the STU-9
and terminal 21 (channel 1) and terminal 9 (chan-
nel 2). The style 8witchboard light used is either
style 1589193 or 1589181 with bulb style 1124156.

3. Trip Board

The trip board contains the final output of the
STU-9 relay and consists of an AND circuit and
an AR type relay. Under normal channel condi-
tions, the two inputs from the trip of the transfer
logic is held at negative potential. The third
input to the trip AND is a voltage from the trans#
fer circuits of the transfer board. As a result ghe
output transistor is not conducting and the AR
relay does not pick up. In order for the final
transistor to operate, all inputs to the ANDfmust
be above negative potential. This occurs when
the AND receives a trip input from boihwtransfer
logics.

For a lost of one channel, the trip input, fromthe
transferlogic of that channelfremoves its shorted
input to negative, leaving the trip AND shorted
to negative from the trip imput ef the remaining
transfer logic. If both channels are lost, the
trip inputs to the AND puts a positive voltage
into the AND. Ho#ever,4sthe/transfer input to the
AND is put atnegative potential to short the
Input of the AND. A timerdelay is inserted in the
transfer logiclso that 'the transfer input to the
AND is shorted topnegative before the trip input
switches to a positive output.

Other Circuits {when used)

As shewn,in Figure 1, the trip output may con-
taimyother circuits. An additional transistor may
beyconnected to obtain a voltage output from the
trip NAND. This voltage output is used to drive
an externally connected SAR relay. The transis-

Style Number

tor will apply 45 volts to the input of the SAR
when the STU-9 relay operates.

D256 and D258 are used where it is not desirable
to use the switching mode of the STU-9 relay.
By connecting these diodes with a jumper to the
lockout terminals of the interface board (terminal
18) of the STU-9 relay, the STU<9 relay will
lockout on a single channel*¥failure and not
switch to a single channel mode“ef operation.
With this connection the STU-9Wmelay will be
operated as an AND circuit, with reference to the
channel and not as an OR.

The style numbers of the different boards with
reference to the assembly 1S as follows:

Components

ARfoutput 3 NO-INC, D256 and
D258 omitted as well as trans-
sistor Q254 and associated
resistors.

898C235G01

AR output 3 NO-INC, D256 and
D258 in the circuit but tran-
sistor Q254 and associated
resistors omitted.

898C235G02

AR output 4 NO, D256 and
D258 omitted, transistor Q254
included.

898C235G03

898C235G04 AR output 2NO-2NC, transistor
Q254 and associated resistors

included.

Power Supply

The STU-9 relay operates from a regulated 45
V.D.C. supply. This voltage is taken from a Zener
diode mounted on a heat sink. Variation of the
resistance values between the positive side of the
unregulated D.C. supply and the 45 volt Zener diode
adapt the receiver for operation on 48 or 125 volts
d.c.

Card Extender

A card extender (Style No. 644B315G01) is
available for facilitating circuit voltage measure-
ments or major adjustments. After withdrawing any
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 circuit connections, and all components
and test points on the board are readily accessible.

.
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OPERATION

The signal to which the STU-9 relay responds
is received from the receiver of the channel equip-
ment. If both channels are serviceable both channel
receivers must receive a trip signal from the remote
terminal for the STU-9 relay to operate. If one chan-
nel fails, the STU-9 relay will lock this channel
out (after an adjustable time delay) and switch into
a single channel mode of operation. The system will
then trip upon receipt of a trip signal from the re-
mote terminal on the remaining channel. If both chan-
nels fail, the STU-9 locks out the trip circuit until
one or both channels are restored to service. Cir-
cuits are included in the relay to alarm on the loss
of a channel.

The signals from the channel receivers are ap-
plied to the STU-9 relay at the input terminals of
the interface board. This signal is transmitted to the
transfer board to either apply a trip signal to the
trip board, to prevent the transmission of this sig-
nal, or to transmit a transfer signal to a single
channel.

When the frequency shift channel equipmentyis
transmitting a guard signal, the signals 4to the
STU-9 relay are as shown in the logic diagram’of
Figure 1. The number ‘‘1’’ indicates that a“woltage
is obtained at that point while a ‘‘0’’ indieates“that
the voltage is approximately zero. As Seen inythe
logic diagram, the STU-9 relay requiresya €1’ from
the low signal clamp and ‘‘0’’ from the}\trip and
noise clamps of the tone channelsyto“indi€ate nom-
inal operating conditions.

For the condition shown; the amber lights are
on and the alarm relay is /picked up. Also theinput
to the trip ‘““AND’’ is shorted/fo negative through
the ““OR’’ circuits of tiie transfer logic.

Trip Sequence

If both {chanfiels are shifted to trip, the ‘‘0”’
from the tone“channel changes to a ‘‘1’’. The trip
interface of the STU-9 relay sees this change and
puts a ‘“1’’ into the channel trip ‘“NAND’’. The out-
put of the “NAND’’ goes to a ‘“0’’ and the following
occurs:

I, One 1nput of the amber light AND is ‘‘0’’ and
the*light turns off.

2, The output of the NOT of the transfer logic
changes to a ‘“1”” and applies a ‘‘1’’ to the trip

AND through the OR of the transfer logie. “Since
all inputs to the trip AND are ‘‘1’’, an outfut is
obtained to allow the AR to operate.®Also the
output transistor (where used) is turned on to
give an output of approximately 45 volts. This
voltage can be used to fire an external SAR
relay to trip two breakers through Trinistor con-
trolled rectifiers.

Loss of Signal

With reference to@he legic diagram of Fig. 1,
the channel equipment recegnizes a loss of channel
and its low signal output changes to a ‘‘0’’. The
output of the low signal interface of the STU-9 then
changes to a “@’. Upon application of the “‘1"’
to the NORfcircuit, a time delay is energized. If the
loss afysignal exists for 150 millisecond, the output
of the WOR circuit changes to a ‘‘0’’ and the fol-
lowing occurs:

1., Thedinput to the channel trip NAND is clamped
togfiegative which locks the NAND output to a
‘“1”’ state (non-trip).

2. One input to the amber light AND drops to zero
and the amber light turns off.

3. The output of the NOT Lo changes to a ‘‘1”’,
which energizes a timer. After a time delay of
.5 to 2.5 sec., as determined by the timer set-
ting, the timer times out and its output changes
to a ““0’’. The following then occurs:

a. Alarm relay drops out to close its contacts.

b. The output of the NOT changes to a 1 and
energizes a 10-millisecond time delay -cir-
cuit. After 10 milliseconds the input to the
AND circuit is energized through the OR
circuit.

4. Two voltages are applied to the trip ‘“AND’’.
The third input is clamped to negative by the
output of the OR circuit on the good channel.
The circuits of the STU-9 are set up for single
channel operation and the system will operate if
a trip signal is received from the output of the
good channel.

Loss of Second Channel

If the second channel is lost while the STU-9 is
set up in a single channel mode of operation, the
following occurs:



TYPE STU-9 RELAY

1. The output of the low signal interface of the
second channel changes to a 1.

2. The channel trip NAND is clamped to a ““1’’.
(non-trip).

3. The input to the amber light AND is de-ener-
gized and the amber light turns off.

4. The output of the NOT Lo changes to a 1, and
the 2.5 second timer times out, and the following
occurs:

a. The alarm unit drops out to close its con-
tacts.

b. The input to the trip AND through terminal
11 drops to ‘‘0’’ instantaneously.

c. The output of the NOT changes to a “‘1”’
and energizes a 10 millisecond delay.

d. At the end of 10 milliseconds the input to the
trip AND (through terminal 10) AND changes
to a ‘“1’’. Tripping cannot occur because the
AND was clamped previously to negative
through terminal 11.

For the condition where both channels arefeut
of service and one or both channels are restored to
service, the following occurs:

The time delay in the base of transistor
Q251 in the trip logic is enefigized. This
time delay maintains the ‘‘0’’ conythe“trip
AND through diode D252, for Y millisécond
after the voltage from either :D253yor D251
drops to ‘‘0’’ from a ‘‘1’’ conditiond

Noise

If an output is g@btainedafrom the noise clamp of
the channel equipment, theéyinput to the noise inter-
face changes tola ‘4", and energizes a NOT and a
NOR circuit. The“Qutput of the NOT changes to a
““0”’ and shorts the input to the channel trip NAND
to negative. This puts the NAND in a non-operating
condition. If the®noise condition exists for 150
milliseconds, the STU-9 relay will recognize the
conditionwmas) a loss of channel and switch into a
singleychannel mode of operation.

CHARACTERISTICS

The type STU-9 relay is available for frequency

shift channels, either tone, carrier, or a combination
of both. The schematic and logic diagram for fre«
quency-shift tone channels is shown in Figure 1:

If TCF frequency shift carrier is used as the
channel equipment, the logic diagram and schematic
diagram of Figures 2 and 3 apply. This logic is the
same as that of Fig. 1, except that"the interface
board is omitted. The lockout, notylockéut, and trip
inputs the STU-9 transfer boards, are’ obtained from
the logic board of the TCF\re¢eiver. These quan-
tities are the same as receivedwfrom the interface
logic Fig. 1.

When the STU-9 rela¥yis used with both TCF
frequency shift Carriler and frequency shift tone
channels, the relay/isyconnected as shown in Figure

4,
Lockout time 150 milliseconds
Transfer time 0.5 to 2.5 seconds

3 milliseconds with
AR - 175

Operatingitime
microse-
conds to obtain volt-

age contact.

Voltage Output Relay (when used)
Maximum Output 60 milliamperes,
45 V. d.c.

Ambient temperature range ~20°C to t60°C

Battery Voltage Variations
Rated Voltage Allowance Variation

48 V.D.C. 42 - 56 V.D.C.
125 V.D.C. 105 - 140 V.D.C.

Battery Drain 235 milliamperes-48
V.D.C.
275 milliamperes -

125 V.D.C.

Dimensions Panel Height — 8%

inch or 5 rack units.
Panel Width-19inches
SETTING

The only setting required is the setting of the
timer for transfering to a single channel mode of
operation upon a loss of one channel. This setting
is made by means of the timer knobs on the front
panel of the relay. The knob should be locked after
the setting is made.



TYPE STU-9 RELAY

1.L. 41-959.2B

INSTALLATION

The STU-9 relay is generally supplied 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 60 °C.

Routine Maintenance

Periodic checks of the relaying system as
described in the assembly instructions are desirable
to indicate impending failure so that the equipment
can be taken out of service for correction.

All contacts should be periodically cleaned, A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasivegmaterial for
cleaning contacts is not recommended because of
the danger of embedding small particles in“the face
of the soft silver and thus impairing the contact.

Trouble-Shooting

The components of the, STU-9/are operated well
within their ratings, and under normal conditions
they should give long, Arouble-free service. However,
if a relay has given,an indication of trouble in ser-
vice or during routinefjchecks, the voltages tabula-
ted in TABLE I sheuld/be checked to determine the
faulty circuit4The test point and component loca-
tion on the beards are given in Figures 5, 6, and 7.

TABLE |

Test point voltages to negative except where specified toypositive 45 volts D.C.

NORMAL WITH NOISE WITH LOSS OF WITH TRIP
BOARD TEST POINT CHANNEL ONLY CHANNEL ONLY ONLY
term 16 to pos -16 - 16. -2 - 16
TP151 0.03 0.05 15 0.05
term 17 to pos 0 —16 0 0
TP153 15 0.05 15 15
TP 154 0.05 15 0.05 0.05
TP155 15 0.05 0.05 15
I?VHTAENRNFE:CE TP 156 0.05 21 21 0.05
term 18 10 0.10 0.10 10
term 12 0.05 4 (with max. setting 4) 0.05
term 15 t® pos 0 0 0 -16
term 11 15 15 15 0.05
term 10 0.05 0.05 0.05 15
term 6 15 15 15 0.2
term) 12 0.05 4 (with max. setting 4) 0.05
term 16 0.05 45 45 45
TP 201 0.05 0.05 0.05 10
TP 202 9 0.1 0.1 9
TRANSEER TP203 0.05 20 20 0.05
TP 204 13 0.05 0.05 0.05
term 10 0.15 10 10 10
term 11 0.7 0.7 0.7 0.7
term 7 45 0.3 0.3 0.3
Single Both
CH CH
TP251 0.05 0.05 0.05 15 0.05
TP 252 15 15 15 0.07 15
TRIP term 10 0.15 10 10 10 10
term 11 0.15 10 10 10 10
term 19 0.05 0.05 0.05 0.05 43
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Renewal Part

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, and component
style No. given in the electrical parts list.

ELECTRICAL PARTS LIST

PANEL MOUNTED COMPONENTS

Circuit Symbol

Description

(W) Style No.

Sw1
PL

Fl1-F2

R1

R1-R2

VRI1

R3-R4

S1-82

Power Supply

Switch
Pilot Light
125 V.D.C.
Pilot Light
48 V.D.C.
1.5 Ampere
Fuse
26.5 () 40w.
48 V.D.C.
150 {140 w.
125 V.D.C.
Zener Diode,
IN2828B,
50W.

Alarm

Amber Light
330 2 3W.

Potentiometer

50 K )

CHANNEL INTERFACE BOARD

C151

D151

Q154-Q154-Q161
Q1529Q155- Q156
QI8 T=GQ158-Q162
Q163

Clapacitor

6.8MFD
33(V.D.C.

Diodes
IN457A

Transistors

2N 2043
2N696

183A856H01

183A825G01

183A825G04

11D9195H26

04D1299H44

1201499

184A854H06

183A825G08
18 5A20TH 15

185A086H22

184A661H25

184A855H0T

184A638H21
T62A585H01

Q159
Q160- Q164

R151-R159-R179
R152-R160-R174

R 180

R153-R161-R164

R167-R171

R175-R177-R181-
R183-R188-R154-
R162- R182-R189
R155-R163-R166-
R170-R185-R186
R165-R168 -R169-
R172-R184-R187

R173
R176
R178

Z151

Z452

TRANSFER BOARD

c201

Cc202

D201 to D208

Q201-Q202-Q204-

Q208
Q203- Q207
Q205- Q206

R201-R206-R216-

R220

R202- R204-R208-
R209-R211-R214-
R217-R221-R224

R203

R205-R218-R219-

R222
R207

2N697
2N699

Resistors

6.8K {1 %W
1K ) -Y%W.

10K ) -14W.

100K -1 Ws
68K N-14W,

33K () -1oW.
39K (1 -1oW.
12K O -YoW.
3.3K ()-Y4W.

Zener Diodes

IN957B
6.7V

IN3686B
20V

Capacitors

68MF'D
35 V.D.C.
0.5MFD

IN457A

Transistors

2N699
2N697
2N696

Resistors

68K () -LoW.
10K ) -Y5W.
10K Q-1w

33K (1 -1aW.
1K Q -%W.

184A638H18
184A638H19

184A763H47

184AT63H27

184AT63H51

184AT63HT5

184AT63HT1

'184AT63H63

184A763H65
184AT63H53
184AT63H39

186AT9THO6

185A212H06

187A508H02
187TA624H11

184A638H07

184A638H19
184A638H18
T62A585H01

184AT63HT1

184AT63H51

187A643H51

184AT63H63
184AT63H 27
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TRANSFER ,
LOGIC

NOT
-5 TO 2.5 SEC
DROPOUT

94

NOT
s T0 25 sec
DROPOUT

A
A

© 4
)
3 TRANSFER

fé‘ LOGIC

4

;

L
L

R210-R223 12K () -l4w. 184AT63H53
R212-R225 3.3K (1-%aW. 184A763H39 Transistors
R213-R215 22K () -Y%W. 184A763H59 R
. Q251- Q252 2N696 762A585H01
Zener Diodes Q253 2N699 184A638H19
7901 IN3686B Q254 (when used) 2N2043 184A638H21
20V 185A212H06 Resistors
Z202 IN957B —
6.8V 186 AT9THO6 R251-R252-R257 10K () -%W. 184A763H51
, R253-R255 33K () -1aW. 184A763H63
Alarm Unit R254- R256 68K () -YaW/ 184A763HT1
AL Telephone R258 10K () =aWw. 184A643H51
Relay 408C062H07  R259 8004 - 3W. 184A859H06
R260 (when used) KNS ~%W. 184AT63H27
TRIP BOARD R261 (when used) 410K (&Y4W. 184A763H51
AR Unit
Capacitors B A
AR (when used) 8NO-INC
C251-C252 .25 uf 187A624H02 contacts 408C845G23
Diodes AR (whemyused) 4NO - contacts 408C845G13
BE— AR (when used) 2NO - 2NC
D251 to D255 IN457A 184A855H07 contacts 408C845G09
D252 to D253 IN457A 184A855H07
(when used)
TCF CHANNEL | TCF CHANNEL 2
NOT LOCKOUT o— -0 NOT LOCKOUT
TRIP O— —O TRIP
LOCKOUT o—— —O LOCKOUT
Lot v° 2 v p°
RN . L

67 03472_\

10

Fig. 3. Logi

c Diagram of Type STU-9 Relay for

TCF Frequency Shift Carrier Channel
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INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIOND

TYPE TT-9 AUXILIARY RELAY

CAUTION Before putting relays into service,
remove all blocking which may have been inserted
for the purpose of securing the parts during ship-
ment, 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 TT-9 relay is an auxiliary relay used
in transfer trip relaying, such as would be used to
trip a remote breaker for a transformer fault at a sta-
tion where no high voltage breaker is used. It can be
used in conjunction with single channel or dual chan-
nel equipment.

CONSTRUCTION

The type TT-9 relay consists of oneflogkout®unit,
two blocking diodes, and one indicating contactor
switch.

Lockout Unit - LO

The lockout unit LC “sfa telephone type relay.
In this relay, an electromagnet,attracts a right-angle
iron bracket which in furn eperates a set of make
and break contacts.

The lockofit, unitfis /of slow release type. The
delay in rele@’se 1shebtained by a copper slug located
at the endfoppoSite from the armature. When the coil
becomes deé-efiergized, the change in fluxthrough the
slug results injanelectromotive force and associated
current in it. This current produces a flux which aids
the main flux and delays the release ofthe armature.
Whenthe coil is energized, the operation of the relay
is_not appreciably delayed because the armature is
operated by flux not linking the slug.

Blocking Diodes

Blocking diodes are zener type silicon rectifiers.

SUPERSEDES I.L. 41-959.1B

*Denotes changes from superseded issue.

Indicating Contactor Switch’(ICS)

The indicator is%a small d-c operated clapper
type device. A magnetic armature is attracted to the
magnetic core upen energization of the switch. Dur-
ing this operationtwo fingers on the armature deflect
a springlocated’on the front of the switch, which al-
lows the Operation indicator to drop. Also during this
operation,™moving contacts bridge two stationary
contacts“completing trip circuit. The target is reset
fromUeutside the case by pushrod located at the bot-
tomyof the cover.

OPERATION
Lockout Unit - LO

The lockout unit is energized by a 94G contact.
One contact of LO-unit is in trip circuit, a second
contact is in alarm circuit and a third one is in
series with the trip relay contact (94T).

Blocking Diode

The diode in series with the lockout relay coil
is used to block an undesirable path to the indicat-
ing lamp under normal system conditions. Without the
diode, a path would be present from the station bat-
tery positive through 94G and LO-contacts to ener-
gize the indicating light. The diode is a zener type
diode rated at one watt, 200 volts (J.E.D.E.C. No.
IN3051).

CHARACTERISTICS

The various characteristics of the various units
of the relay are as follows:

48V 125V 250V
Ohms Ohms Ohms

LO Unit Coil 1300 1300 1300 {
LO-Series Resistor -~ 5000% t 15000 t

LO unit pickup time ~ less than 1.5 cycles.
LO unit dropout time — 4 cycles.
t Adjustable

EFFECTIVE DECEMBER 1968
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SETTINGS
Lockout Unit

The telephone relay requires correct setting for
the correct control voltage. For 48V d-c, the series
resistor is bypassed by connecting the lead to the
rear terminal of the resistor. For 125V d-c or 250V
d-c rated relays the connection is made to the ad-
just terminal of the series resistor.

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 four mounting
holes on the flange for semi-Aush mounting or by
means of the rear mounting stud or studs for projec-
tion mounting. Either a mounting stud or the mount-
ing screws may be utilized for grounding the relay.
The electrical connections may be made directly to
the terminals by means of screws for steel panel
mounting or to the terminal studs furnished with the
relay for thick panel mounting. The terminal studs
may be easily removed or inserted by locking two
nuts on the stud and then turningthe proper nut with
a wrench. For detailed information, refer to IL.41-
076.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure corre¢t opera-
tion of this relay have been made at thé’factory. Up-
on receipt of the relay, no customergadjustments
other than those covered under ““SETTINGS’’ should
be required.

Acceptance Check

The following check is/recommended to insure
that the relay is in propepworking/order.

A. Indicating Contactor’Switch

Apply direct currentyto the relay terminals. The
indicating switch should pick up and drop the
indicator target between 1 - 1.2 amp.

B. Lockout Unit - LO

Apply, rated voltage to the lockout unit and ob-
serve contact action. If desired, the timing of
theémeperation can be checked as outlined under
calibration procedure.

Routine Maintenance

All relays should be inspected periodically “and
the operation should be checked at least once every
year or at such other time intervals as may be dic-
tated by experience to be suitable to.the particular
application.

All contacts should be periedically cleaned. A
contact burnisher S#182A836HQ1is recommended
for this purpose. The usegof abrasive material for
cleaning contacts is not recommended because of
the danger of embedding Small/particles in the face
of the soft silver and#hus,impairing the contact.

NOTE When makingla dielectric test on the re-
lay, the high voltage may be applied at the relay
terminal s, fromyalleircuits to ground, between coil
and contact circuits, and between isolated coil cir-
cuits. However, the test voltage should not be applied
acros§felaypcontacts and rectifier circuits.

Use the following procedure for calibrating the
relay, if “the relay has been taken apart for repairs or
the adjistments have been disturbed. Thisprocedure
should not be used unless it is apparent that the re-
lay is not in proper working order.

Calibration Procedure

A. Lockout Unit - LO

The operatingtime of LO should be checked with
an electronic timer.
For 125V d-c or 250V d-c control voltage, the
coil of the relay should be connected in series
withthe internal resistor. This resistance should
be set initially for:

3500 ohms + 10% for 125V d-c
12000 ohms + 10% for 250V d-c

With the armature closed, adjust the air gap to
be .002’’ - .003’’. Contact gaps should measure
from .020’’ to.035’’. The coil is energized across
terminals 6 and 9.

Check for the specified 4 cycles dropout time
across terminals 4 and 5. If necessary, the drop-
out time can be adjusted by changing the air
gap. After final adjustment, the air gap should
be a minimum of .002’’. Check pickup. It should
be below 1.5 cps. If necessary, adjust series
resistor.
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B. Zener Blocking Diode
(For 48, 125, and 250 Volts Relays)

The zenertype blocking diodes have a one watt,
200 volt rating (JEDEC No. IN3051, two diodes
in series used on 250 volt relays).

1. Reverse Characteristics:

Breakdown voltage is the value of voltage at
which the current just exceeds 0.25 milli-
amperes and should be between 160 to 240
volts for each diode. The breakdown voltage
is determined by slowly increasing voltage
until reverse current exceeds 0.25milliamper-
es and starts to increase rapidly. Do not ex-
ceed 3 milliamperes reverse current.

N

Forward Characteristic:

With 200 milliamperes flowing in forward di-

rection, the forward voltage .aerossg€ach
diode should not exceed 1.5 valts.

C. Indicating Contactor Switch

Pass sufficient d-c current through the trip cir-
cuit to closethe contacts of the ICS. This value
of current should be bégtweem, 1.0 - 1.2 amp. The
operation indicatorytarget should drop freely.
The contact gap shouldybe approximately .047’’
between the bridging meving contact and the ad-
justable statignary comtacts. The bridging mov-
ing contact shouldytouch both stationary contacts
simultaneoushy.

RENEWAL PARTS

Repair werk can be done most satisfactorily at
tHefactory. /However, interchangeable parts can be
furnished to the customers who are equipped for do-
ing repair work. When ordering parts, always give
the complete nameplate data.

INTERNAL SCHEMATIC

——— TERMIRAL

ERONT VIEW

L=COMBECT THIS LEAD AS SHOWN
FOR(G8 v.D.C. OPERATION
T =(60000 FOR 48-125 v.0.C. RELAY
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15000 0 FOR 250 v.D.C. RELAY
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* Fig. 2 Transfer Trip Scheme using single channel with
TT-9 Relay.

187A327

Fig. 1 Internal Schematic for TT-9 Auxiliary Relay in
FT-11 case.
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W .
TRANSFER TR(P SCHEME USING DUAL CHANNEL TYPE TA-l TONE EQUIPMENT. DUAL CHANNEL TT-9 SCHEME
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Fig. 3 Transfer Trip Scheme using dual channel with ¥* Fig.M Transfer trip scheme using dual channel, with a single
TT-9 Relay. €hannel operation if one channel fails, with TT9 Relay.
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INSTRUCTIONS

TYPE STU UNBLOCK RELAY
FOR USE WITH SOLID STATE RELAY

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

APPLICATION

The type S3TU relay is a completely solid-statémecarmier unblock auxiliary relay
for use with solid-state relays and a type ICFfrequency shift channel to
prevent tripping for faults external to the dine ‘section to which it is
applied and to permit instantaneous and simultaneous tripping for internal
faults. 'The relay is arranged to respondgatoWindications of fault direction,
distance and power provided by the phase and,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, mayébe 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 printed @ireuit boards are mounted on the panel and extend
to the rear. For the outliné,and drilling plan, refer to Fig. 8.

All of the circuitry suitable for printed circuilt board mounting is contained
in an enclosure that{ projects 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 inclicate 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 the’ enclosure, and the board terminals engage a terminal block
at the rear "of sthe 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
Test.

SUPERSEDES I L. 41-959

* Denotes change from superseded issue. EFFECTIVE AUGUST 1969



A board extender (Style No. 644B315G01l) is available for facilitating circudt
voltage measurements or major adjustments. After withdrawing any one of the
circuit boards, the extender is inserted in that compartment. The boardfthen
is inserted into the terminal block on the front of the extender. This
restores all circult 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 (21 on
Fige. 1) which is mounted on a heatsink at the rear of the panelle ¢THe 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 termimalfeircuit
receptacle, J10l in Fig. 1.

SYSTEM OPERATION

The type STU unblock relay is used in a directional unbY¥eck relay scheme for
power line protection. High-speed tripping is obtained for two or three
terminal line applications for faults anywhere infthe, 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, 16¢al protective relays.

Since distance relays may operate on a lossWef ‘@=ec potential, the STU relay
provides alarm and lockout of tripping 3000 mikliseconds after this condition
occurs. The 3000/lOO MS timer picks up .and 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,1s no signal from NOT 1.

The output of A 2 initiates keying of thHe local transmitter through operation
of OR 2, by shifting the transmittér 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 @50 to 400 milliseconds after a loss of the
trip signal. This time is_adjusgable to allow for the breaker failure timer
setting at the remote terminad.

In addition, the 52b contact initiates the trip frequency transmission 30
milliseconds after)thejlocal circuit breaker opens and until such time as the
circuit breaker is recloSed. The 30/0 millisecond timer delays the trans-
mission of trip frequeney to obtain coordination for bus fault tripping of
the local circuiti\breaker where tripping of the remote breaker would be
incorrect and might®€ause undesired interruption to tapped transformer ter-
minals. Transmission of the trip or unblocking frequency 1is necessary to
permit trippingaef the remote terminal should the remote circuit breaker be
closed intogpa fault or should a fault develop in the protected line while

the loéal ircunit 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 seconds.

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" output umblock
signal to energize Al thereby producing a "1" input from the chamnel to A3.
This together with the signal from PR-1, PR-2 or PR-3 at A3 wild cause tripping
2 milliseconds later. This operation will be completed beforg theytransient
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), tH&re will be no tripping
output from Al. If tripping does not take place, within|25 milliseconds after
the protective relays operate, the transient bloekingacircult energized
through OR 4 will desensitize A6 to prevent possibleMundesired tripping during
transients occurring at the clearing (elsewhere)wof)an external fault.

The above procedure also holds true if the (ICFyumblocking 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 to prevent a long delay in clearing such an intermal
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 ad 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. l.
The operation of tthe “lkogic elements shown on Fig. 2, and the individual circuit
components will beddéscribed in the following paragraphs.

ProtectivefRelay¥Interface Board

The Protective Relay 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
protectiong the 3000/100 millisecond time delay for loss of a-c potential, and
A2,

Under normal conditions, J101 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)

-3-



thereby holding transistor Q10l, the output of B3, non-conductive. With Q101
off, transistors Ql02 and Ql09 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-1l, PR-2 or PR-3 operate and
positive 20 volts d-c is applied to J101 terminals 30, 31 or 32, them tran-
sistor Ql0l will conduct and immediately turn off Ql02 and Ql09, Tramsistor
Ql09 is the output stage of A2, and for A2 to assume a "1" outputy, both
transistors’ Q101 (output of buffer B3) and Q108 (output of NOT Js) must be
conducting thereby holding Q109 non-conductive. Therefore, immediately
following reception of a protective relay "1" signal, A2 wild yield a "1" output.

Transistors Ql02 to QlO5 are associated with the 3000/100 millisecond time
delay, and Q106 to Ql0O8 with NOT 1. Normally, transistors®%Ql02, QlO4, Q107 and
QL08 are conducting and Q103 and Q105 non-conductive. Therefore, capacitor
C1l02 in the three (3) second timer is fully discharge@through transistor QlOL.
Since Q108 is conducting, this represents a "1" input f£o|A2 from NOT 1.

Since distanee relays may operate on loss of a-c potential, the 3000/lOO mill-
isecond timer provides alarm and blocks A2 threé™(3), seconds after loss of
primary protection and blown a-c potential fude. WAs mentioned above, output
from any or all the protective relays turns goffytransistor Ql02. Therefore,
providing the timer disable switch between “Jl01 terminals 12 and 13 is closed,
transistor Ql03 has base drive to cause #t9to ‘eonduct and turn off transistor
QlO4k. When this occurs, capacitor Cl02 widl Begin to charge from positive 20
volt d-c through resistors R114 andR116 and, in 3000 milliseconds, reaches a
sufficient potential to breakdown @ener diode Z1l03 and cause transistor Ql05
to conduct. With Q105 conductingy, base drive is removed from transistors

Q106 and Q108 to make them mon-conddetiVe. Therefore, with Q108 off, the "1"
input from NOT 1 becomes a "O"an@yblocks A2. In addition, since Q106 is
off, no base drive is available"for/Ql0O7 so it becomes non-conductive and
provides a "O" signal to the/L alarm for indication of loss of a-c potential.
Upon loss of the protective relay signal, 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 Ql05.

Timing Board

The Timing printedgeireuit board contains two time delays necessary for proper
operation of the redaging system: one, the 30/0 millisecond timer used for
coordination, with busffault and remote breaker tripping; and, two, the 10/150-
400 millisedond signal continuing timer used for coordination with the breaker
failure timergd

Under normal cenditions, tramsistor Q20l, the output of Buffer circuit B4, and
the input to the 30/0 timer, is non-conductive thereby preventing a path for

base curren® 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.

Aftery\the local circuit breaker opens, positive 125 volt d-c is applied through
the now closed 52b contact to J10l1 terminal No. 20. When this occurs, transis-

_4_
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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 a IOW
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 permitting
capacitor Cl1l02 to rapidly discharge for immediate dropout.

The 10/150-400 millisecond time delay operates similar to the 30/0'MS timer.
After a primary pilot trip operation, capacitors C203 and C204 willr charge in
milliseconds through diode D202, resistor R212 and the colléetor-émitter
circuit of transistor Q203 to a low enough potential to cause “breakdown of
zener diode Z204 and conduction of transistor Q204. Once Q204 turns on, a

"1" signal to OR 2 keys the transmitter to the trip fre@uehgy for the duration
of the pilot trip signal. After loss of the pilot tripWsignal, capacitors
C203 and C204 will discharge in 150 to 400 millisecofidsy (2djustable by resistor
R21L4) and turn Q204 off. This 150 to 400 MS dropout gime holds the unblocking
or trip frequency on to provide coordination with, the“breaker failure timer.
Normal dropout time is factory calibrated at 4300 milliseconds.

Channel Interface Board

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

Under normal conditions and for threefterminal line applications, both J101
terminals 8 (TCF RCVR-1) and 7 (T@F RGVR-2) are held at negative (zero volts)
thereby allowing no base drive feor transistors Q151 and Q152 thus holding
them non-conductive. As a result, transistor Q153 has base drive, so it is
normally conducting and represents & "O" output from Al.

When both of the TCF Receliyers receive the unblocking or trip frequency from
the other terminals, they wlkl produce a positive 20 Vdc potential at J101
terminals 8 and 7. When this 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 tran§istor Ql53 which them stops conducting and represents a
"1" output signal frem Al. If only one of the TCF Receivers yield a trip
output, then transTstor Q153 still will receive base drive from the other
input transistor(id the STU and a "O" signal will be received from Al.

In the casé ofytwosterminal line applications, either J10l terminal 8 or 7
must be comnected to J101l terminal 4 to simulate having a constant signal of
"1" at one ofy,the Al inputs. Under this condition, transistor Q153 will still
be normally conducting thus representing a "O" output from Al. When the J101
terminal (either 8 or T) not connected to J10l1 terminal 4 receives a positive
20 Vdc signdl from the TCF, transistor Q153 will lose its base drive and turn
off te, produce a "1" output from Al.

Ufider\normal conditions, the inputs to OR 2 printed circuit terminals #1lk4, 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 transistér
Ql55 conduct and apply positive 45 Vdc to the TCF transmitter to cause i%, to
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 whiieh ‘@ombine the
information from the protective relays and the channel receivgriand in turn
provides the proper interfaces for this information to be4tramslated to the
Output Board for transient block, arm, transient unblock andppilot trip.

Normally, there is a "O" signal to OR 4 from Al (pripfedWeircuit terminal #12)
and from A2 (printed circuit terminal #14) thereby resulting in a "O" signal
at printed circuit terminal #9, the output of OR W. /Wheéh either or both Al
and A2 yield a "1" output signal to the inputshof“OR 4, current is allowed to
flow through resistor R287 and diode D264 (for‘amyAl output) or resistor R288
and diode D265 (for an A2 output). In thigmease} therefore, a "1" is received
from OR L4 to energize the transient block cihcui®try 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. Normallyaboth Q255 and Q254 have no base
drive and, as a result, they are both/nonsconductive. Therefore, the output
transistor of A3, Q256, has base dmive @nd is turned on thus allowing Q254 to
conduct and provide a proper intérfagce with the Output Board. If a "1" signal
is received from both Al and A2,%then both transistors Q255 and Q254 become
conductive thereby removing base,driwve to Q256 to turn it off. This causes
Q257 to stop conducting and aldow ‘Ghe 2/0 timer and the transient unblock
circuits in the Output Board(to function. If either Q255 or Q254 remains non-
conductive, then transistorm,Q257/will stay on and a "O" output will be received
from A3.

The Arm circuit is enefgized from A2 and under normal conditions with a "O"
output from A2, thexe is, no base drive from transistor Q258, so it is non-
conductive. As a result, with Q258 off, base drive holds transistor Q259
conducting therebyfkeeping the Output Board "disarmed". As soon as A2
assumes a "1" output state, base drive turns transistor Q258 on and thereby
Q259 turns off @@ ar¥ms A6 on the Output Board.

Output Board

The OutputfBoard contains all the logic required for final tripping, transient
blocking and s££ransient 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 delay., If4& tripping
condition is indicated for some time less than two (2) millisecOndsgsSuch as
during a reversal of fault power flow, as soon as transistor Q257 In A3 again
conducts, capacitor C306 will rapidly discharge through the Golledtor emitter
circuitry of Q257, diode D261 and resistor R318. This rapi@, res€tting of the
2/0 timer prevents possible "notching up" of the charge on C306 during
momentary and intermittent interruptions under normal cenditions.

The A6 circuit block consists of transistors Q305 and Q306 and the associated
components. Under normal conditions, transistor Q305)%s non-conducting and
Q306 fully conducting. The base of Q306 is hel@ well below its emitter
potential by means of the arming circuitry voltagendivider consisting of
resistors R32h, R335, diode D308 and transister Q259 With this bias, trans-
istor Q306 is held in saturation and is desensitiZzed 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 Xong as Q306 is conducting, its
collector is at a high enough potential above negative d-c so that transistor
Q307 in the tripping amplifier canneo®, turn/on.

Upon occurrence of an internal fauldlj transistor Q259 in the Arming Board turns
off thereby removing the desensitizing bias from Q306 by open-circuiting the
path of current through diode D3@8 ‘and resistor R335. This causes A6 to become
"armed" and in a ready condition/for a tripping operation. After a two (2)
millisecond time delay, the poténtial across capacitor C306 is sufficient to
cause Q305 to conduct and thus ¢urn off Q306. When Q306 is no longer conducting,
the potential of its collectexrgcircuit drops to a relatively low value and
allows sufficient voltage topappear across the base-emitter circuit of trans-
istor Q307 in the tripjamplifier, causing it to become conductive. In turn,
transistors Q308 and ©309 turn on and apply a pilot trip voltage output.

The transient blocking eircuit is energized only when there is an output from
OR 4. An outputyffom OR L4 consists of a positive potential which immediately
turns on tramsistdr Q302 thus dropping its collector potential (at TP 303) to
a very lowgvalue. ®Therefore, the positive voltage is removed from the base

of transistorpQ303 turning it off. When this occurs, capacitor C305 charges

in 25 milligeconds to a potential which is sufficient to cause the breakdown
of zener dledefZ303 and provide a path for base current to turn on transistor
Q30k. With Q304 on, a conducting path through resistors R32L4, R323, diode

D306 and the collector-emitter circuit of Q304 is provided in order to hold a
desensitizZing bias on transistor Q306 in A6. Thus, the transient blocking
circuitry allows 25 milliseconds after the operation of either a protective
reldywor the reception of a TCF trip signal for a "1" to be received from A6.
Tfatripping 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 associlated 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 capacitor4€301
to charge to negative through diode D301, resistor R314 and the cpllector-
emitter circuit of transistor Q304, which has been turned on due (toftpansient
blocking. In 25 milliseconds, C301 will charge to a sufficientWpotential to
turn on transistor Q301 and permit base drive for transistor &303.% This will
immediately turn on Q303 which allows a path for rapid discharge|of capacitor
C305. When this occurs, zener diode Z303 will not breakdown, ‘and Q304 will
stop conducting thereby interrupting the desensitizing circuild, from the base
of transistor Q306. Therefore A6 will be able to assume a%ll”" output and
provide tripping after a delay of only 25 milliseconds.

Test Board

The Test Board contains two potentiometers, S1 an@,S27 used for factory time
delay adjustments. Also, six test points are,easily’ accessible from the front
of this board for facilitating system tests of, The)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 calivbration of the /STU 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 Protective Relay
4. Received Channel
5. Transmitter Key
6. Negative DC
CHARACTERISTICS
Input Voltage 45 volts D-C
Current Draim 100 milliamperes maximum
Pilot Trip Output 10 milliamperes at positive 20 Vdc
Min. Operate, Time 2 milliseconds
Keying Voltage Positive 45 volt D-C
Blown A-C Fuse Detection Timer 3 seconds
Ampient Temperature Range -20°C to +55OC 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, relag.) All
various time delay circuits are factory adjusted to the statedW%timesin 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 value between
150 and 400 MS as explained under the Calibration section

INSTALLATION

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

The outline and drilling plan of the STU Relay“#s)shown in Fig. &

ADJUSTMENT AND MAINT ENANCE

A. Acceptance Test

The operation of the STU UnblockfRelay ean be checked by taking voltage meas-
urements at the six (6) test pofmtsfon 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, test point 6, under the following conditions:

Note: In reference to Fig. I,[fuse 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 Vdc
Test Point 4 - less than 0.5 Vdc
Test Point 5 - O Vdc
2. Protective(Relay Operation. Test Point 1 - O Vdc
(Opengtimer ‘@idable switch) Test Point 2 - less than 0.5 Vdc
(Appdy positkive 20 Vde to J1OL Test Point 3 - 19 Vdc
tefminal 30) 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 Vdec 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

(Apply pos. 20 Vdec to J1OL

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 Vdc,
in 3 sec. less than 0.5mVdc

Test Point L4 - immed%,7 Vde,
in 3 sec. T Vdc

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

B. Recommended Routine Maintenance

Periodic checks of the relaying system are desirablento¥indicate impending
failure so that the equipment can be taken outyofiUsérvice for correction. Any
accumulated dust should be removed at regular maintemé@nce intervals.

The proper adjustments to insure correct opera®ien 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 of primted circuit boards which
affect calibration have been changed, then,recalibration per the Calibration
section following will have to be madefom, the circuits in question.

C. Calibration

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

The dropout of the lO{lSO-hOO miklisecond signal continuing timer may be
adJjusted from 150 to 400 MS _tofallow for various settings of the breaker fail-
ure timer. By comparing the Pilot Trip voltage of the relay with the timer
output voltage at prinfed eircuit terminal 16 (Timing Board) under dropout
conditions, the time delay, between a change of the input voltage and the out-
put voltage can be adjusted”from 150 to 400 milliseconds. For more dropout
time, potentiometer R214“%on the Timing Board should be turned clockwise, and
for less time it skBuldWe turned counter-clockwise. Factory setting of the
dropout time is 300 midliseconds. Pickup time can ve calibrated in the same
manner except forpmoré time, increase resistor R212 and for less time,
decrease R212.( Pickup time should be 10 milliseconds. Location of potentio-
meter R21L4 ahd resdistor R212 can be seen on the Timing Board component
locationg Fig.

2. 30/0 TeD.#(Timing Board)

The pickup time of the 30/0 millisecond timer can be calivbrated by comparing
the inputbvoltage to Buffer BL with the output voltage at printed circuit
terminal 14, Timing Board, under pickup conditions. Pickup time should be 30
Midlidseconds. Increase resistor R207 (Timing Board) for more time or
dedrease 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 3000/100 millisecond time delay can be calibrated by comparing the tdme
duration for a voltage change between the timer input, the output of Buffer
B3, and the timer output, printed circuit terminal 1L (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, decreaseyR116.
Dropout time can be calibrated by using a higher value of resistom R115 for
more time or a lower value for less time. Normal dropout calibration time is
100 milliseconds. Location of resistors R115 and R116 can be ‘seenwdn 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, connect a Jjumper 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 poin®, TP 306 on the Output
Board under a trip condition. If the time delay between a change in both
voltages is not two milliseconds, turn potentiemeter SI on the Test Board
clockwise for more time and counter-clockwise fom less time. Location of
components and test points may be seen in Figs. % and 7. After calibration,
remove the Jjumper from capacitor C305 and imsuremthat the locking clamp on

Sl is tight.

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

In order to calibrate the transient, unblocking 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 point, TP 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 (TP_l) s not 25 milliseconds, then turn potentio-
meter S2 (Test Board) clockwilse/ for more time and counter-clockwise for less
time. Location of TP 255 can be/seen in Fig. 6, Arming Board component
location.

6. Transient Blocking@5)¢ Time Delay (Output Board)

To calibrate the transient blocking time delay, compare the voltage at test
point TP 303 on thé Output 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) &fd oWtput (Test Point 2) is not 25 milliseconds, then turn
potentiometer R316 jelockwise for more time and counter-clockwise for less
time. Locatien of’the potentiometer R316 and test point TP 303 can be seen
in Fig. 7.

D. Elect¥icald 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.
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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 O
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 0

Board Extender is helpful in checking test point voltages.

RENEWAL PARTS *
Repair work can be done most satisfactorily at the factory. Howe inter-
changeable parts can be furnished to the customers who are equippe doing
repair work. When ordering parts, always give the complete na e data
and identify the part by its designation on the internal sche awing

Fig. 1, as well as all information in the Electrical Parts

Q
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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

TECTIVE
gi Y &

0.5
0.5
0.5

0.5

005
0.5
005

TEST NORMAL PROTECTIVE PROTECTIVE

POINTS STAND-BY RELAY OPER. RELAY &
(3 SEC. TIMER CHANNEL R
DISABLED) OPER. (

TIMER
DISABﬂh:::"

PROTECTIVE Q

RELAY BD. ‘rz:,b

TP 101 12.5 Vde less than O. ss than

TP 102 6.5 6.5 6.5

TP 103 less than 0.5 less t less than

TP 104 6 6 kﬁ,‘i.!g 6

TP 105 less than 0.5 less O. less than

TP 106 20 20

TP 107 less than 0.5 es% 0.5 less than

PCT <5 less than 0.5 2 20

PCT -15 less than 0.5 T T

TIMING BD. \Z

TP 201 20 (b 20 20

TP 202 20 20 less than

PCT -1l 0 o O 0 0

PCT -16 0 \ 0 20

CHANNEL BD. ')(:EE:.

TP 151 @ 15 less than

TP 152 15 less than

TP 153 @5 less than 0.5 1less than

PCT -10 than 0.5 less than 0.5 T

PCT -18 \ 0 45 45

:'PCT INDICATES PRINTED CIRCUIT TERMINAL
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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
6.5
less than 0.5

20
20
20

less than 0.5
less than 0.5
45
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 -1k

TEST BD.

TEST PT. -
TEST PT. -
TEST PT. =
TEST PT. -
TEST PT, -
TEST PI . =

VI Fw

NORMAL
STAND-BY

10
less than 0.5
20
6.5
10
less than 0.5

0
19 O ess than 0.5 19
IS

TABLE 1 (CONT.)

TEST CONDITIONS

PROTECTIVE PROTECTIVE
REIAY OPER. RELAY &

(3 SEC. TIMER

DISABLED)

CHANNEL RCVR

OPER. (3 SEC.

TIMER MER USED)
DISARBLED)

VOLTAGES AFTER

O

PROTECTEIVE

ELAY &
NEL RCVR.
. (3 SEC.

Q 3 SEC.)

10 less@O.S
less than 0.5

e os N
less than 0.5 han 0.5
less than O than 0.5
19 .,‘-" 19

20 20
0]

h <5 less than 0.5
5 2
\) 5.5
13

less than 0.5
20

N

less than 0.5 19

19 19
less than 0.5 T

U5 L5

0 (REF) 0 (REF)

-14-

less than 0.5
less than 0.5
20
6.5
10
less than 0.5

20
0
less than 0.5
Ted
19
0
20
0
less than 0.5

0
less than 0.5
19
T
0
0 (REF)
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CIRCUIT
SYMBOL

D101 -D102
D103-D105
D10k

7101
7102-7103
7104

Q101-Ql02
Q103-Q106
Q108-Q109
Q104-Q105
QloT7

Cclol
Cl02
C103

R101-R102
R103
R104-R122
R105-R123
R106-R108
R111-R11k4
R131
R107-R109
R110-R112
R113-R117
R118-R120
R121-R126
R127-R130
R132
R115
R116
R119-R128
R124
R125
R133

ELECTRICAL PARTS LIST

PROTECTIVE RELAY INTERFACE BD. (S# 201C050G01)  WESTINGHOUSE
DESCRIPTION DESIGNATION
DIODE 1N645A 83TA692H03
DIODE 1NL57A 28UAB55H0T
ZENER DIODE 1N3686B 185A212H06
ZENER DIODE 1N957B 186AT9THO6
ZENER DIODE 1N3688B 8624288H01
TRANSISTOR 2N3417 848A851H02
TRANSISTOR 2N697 184A638H18
TRANSISTOR 2N3645 8hkoakL1HOL
CAPACITOR 0.047 MFD., 200 YOLTS} +5% 8LOAL3THOU
CAPACITOR 68 MFD., 35 VOLTSy:+20% 187A508H02
CAPACITOR 0.27 MFD., 200§VOLTS, +10% 188A669H05
RESISTOR L4,7K OHMS, % WATT, +2% 629A531H48
RESISTOR 82K OHMS, 3/WALTT, +2% 629A531H78
RESISTOR 10K OHMS, 3 WATT +2% 629A531H56
RESISTOR 6.8K OHMS, 2 WAIT, +2% 629A531H52
RESISTOR 22K OHMS,Z WATT, +5% 184AT63H59
RESISTOR 10K OHMS,” % WATT, +5% 184AT63H59
RESISTOR” 6.8K OHMS, % WATT, +5% 18LAT63HLT
RESISTOR 56K OHMS, 3 WATT, +5% 18LAT63H69
RESESTOR 12K OHMS, 2 WATT, +5% 18LAT63H53
RESISTOR 27K OHMS, 3 WATT, +2% 629A531H66 -
RESISTOR 150 OHMS, 3 WATT, +5% T62A679HOL
RESISTOR 4.7K OHMS, 3 WATT, +5% 184AT63HU3

- INDICATES TYPICAL VALUE
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ELECTRICAL PARTS LIST
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CIRCUIT TIMING BD. (S# 201C046G01) WESTINGHOUSE
SYMROL DESCRIPTION DES IGNATION
D201 -D202 DIODE 1N457A 184A855H07
2201 ZENER DIODE 1N3686B 285A212H06
Z202-2203 ZENER DIODE 1N957B 186A79THO6
Z20k
Q201 TRANSISTOR 2N3417 848a851H02
Q202-Q203 TRANSISTOR 2N1132 184A638H20
Q20L TRANSISTOR 2N697 184A638H18
c20l CAPACITOR 0.O47 MFD., 200 VOLTS, +5% 84OAL3ITHOL
c202 CAPACITOR 4.7 MFD., 35 VOLTS, +10% 184A661H12
C203-C20k4 CAPACITOR 6.8 MFD., 35 VOLTS, +5% 184A661H21
* R201 RESISTOR 47K OHMS, 1 WATT, +5% 187A6L43H6T
R202 RESISTOR 4.7K OHMS, % WATT, +2% 629A531H48
R203 RESISTOR 82K OHMS, 3 WAIT, +2% 629A531H78
R20k RESISTOR 10K OHMS, 2 WATT, +2% 629A531H56
R205 RESISTOR 6.8K OHMS, 3 WATT, #2% 629A531H52
R206 RESISTOR 2.2K OHMS, 3 WATT,( 5% 18LAT63H35
R207 RESISTOR 15K OHMS, H WATD, +5% 184AT63H55
R208-R216 RESISTOR 33K OHMS, S4WATT, 5% 18LAT63HE3
R209 RESISTOR 22K OHMS, % WATT, +5% 184AT63H59
R210-R211 RESISTOR 10K OHMS, 3 WATT; +5% 184AT63H51
R215
R212 RESISTOR 1.5K OHMS, % WATT, +5% 184AT63H31
R213 RESISTOR 68K OHMS, S"WATT, +5% 184AT63HTL
R21k POTENTIOMETER 50K OHMS 629A430H01
* CHANNEL BD. (8#201¢013G01)
D151-D152 DIODE 1N45TA 184A855H0T
D153
Z151-2153 ZENER, DIODE 1N3686B 185A212H06
Z152-Z154 ZENER DIODE 1N95TB 186A79THO6
Z155 ZENER MDIODE UZ 5875 83TA693HOL
Z156 ZENER DIODE 1N3688A 8624288H01
Q151-Q152 TRANSISTOR 2N3417 8484851H02
Q153
Q154 TRANSISTOR 2N699 184A638H19
Q155 TRANSISTOR 2N306k4 184A638H2k
C151-C252 CAPACITOR 0.O47 MFD., 200 VOLTS, +5% 8L49AL3THOL
R151-R152 RESISTOR 4.7K OHMS, % WATT, +2% 629A531H48
R157-R158 -
R253-R159 RESISTOR 82K OHMS, % WATT, +2% 629A531HT8
RIS L4-R160 RESISTOR 10K OHMS, H WATT, +2% 629A531H56
RIS5-R161 RESISTOR 6.8K OHMS, 3 WATT, +2% 629A531H52
R156-R162 RESISTOR 22K OHMS, 3 WATT, +5% 184AT63H59
R163-R164 RESISTOR 10K OHMS, 3 WATT, +5% 184AT763H51
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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-R27L
R277-R278
R283

R279

CIRCUIT
SYMBOL

D301-D302
D303-D30L
D305-D306
D308
D307

Z2301-2303
73042305
7306

Q301 -Q305
Q306-Q307
Q309

Q302-Q303
Q304-Q308

ELECTRICAL PARTS LIST

CEANNEL BD. (S# 201C013G01l) (CONTINUED)

DESCRIPTION

RESISTOR 15K OHMS, 1 WATT, +5%

ARMING BD. (S# 201€022G01)
DESCRIPTION

DIODE 1N45TA

TRANSISTOR 2N3417

TRANSISTOR 2N3645
RESISTOR 10K OHMS, & WATT; +5&

RESISTOR 22K OHMS,'Z WATT, +5%

RESISTOR 2K OHMS, & WATT, +2%

QUTPUT BD. {8# 201C024G01)

DESCRIPTION

DIQDE uNL5TA

DIODE 1N6L5A
ZENER DIODE 1N957B
ZENER DIODE 1N3688A

TRANSISTOR 2N3645

TRANSISTOR 2N3417
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WESTINGHOUSE

DESIGNATION

L87A6U3H55

WESTINGHOUSE

DESTGNATTON

18LA855H0T

848A851H02

8LOALLIHOL
184AT63H51

184AT63H59

629A531H66

WESTINGHOUSE

DESIGNATION

18L4A855H07

837A692H03
186AT9THO6
8624288H01

8LOALLIHOL

848A851H02



ELECTRICAL PARTS LIST

C301 CAPACITOR 1.0 MFD., 35 VOLTS, +10% 837A241H15
C302-C303 CAPACITOR 0.22 MFD., 50 VOLTS, +10% T62ATO3HOL
C306-C309 ’

C305 CAPACITOR 4.7 MFD., 35 VOLTS, +10% 184kA661H12
C307-C308 CAPACITOR 0.047 MFD., 200 VOLTS, +5% 8LOAL3THOL
c310 CAPACITOR 0.10 MFD.,200 VOLTS, +10% 188A669H03
C311 CAPACITOR 1.5 MFD., 35 VOLTS, +1o% I87A508H09
R301-R303 RESISTOR 10K OHMS, % WATT, +5% 164763051
R304-R306 -

R310-R311

R315-R320

R323-R32L

R326-R330

R335

R302 RESISTOR 120K OHMS, % WATT, +5% 18LAT63HTT
R305 RESISTOR 47 OHMS, 3 WATT, +5% 187A290H17
R307-R31k RESISTOR 22K OHMS, £ WATT, +5% 184AT63H59
R319-R321

R325

R309-R317 RESISTOR 1K OHMS, % WATT, +5% 184AT63H2T
R312 RESISTOR 470 OHMS, 3 WATT, +5% 184AT63H1O
R313 RESISTOR 470K OHMS, 5 WATT/ 5% 18MA763H91
R316 POTENTIOMETER 15K OHMS % AL30HOS
R318-R322 RESISTOR L4.TK OHMS, Z4WATT, 45% 18LATE3HL3

R328

R327 RESISTOR 6.8K OHMS, % WATT, +5% 18LAT63HLT
R329 RESISTOR 18K OHMS, 2 WATT, ¥5% 18LATE3HST .
R331 RESISTOR 10K OHM3 & WATT, +2% 629A531H56
R332 RESISTOR 6.8K OHMS, < WATT, b 629A531H52
R33 RESISTOR 27K QHMS,, % WATT, +2% 629A531H66
R33 RESISTOR 15¢ OHMS,) 3 WATT % TO2A6TOHOL
CIRCUIT TEST BDay, (S7A.899CT711G01) WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
S1 POTENTIOMETER 1K OHMS 185A086H28
s2 POTENTIOMETER 50K OHMS 185A086H22
CIRCUIT CHASSIS MOUNTED COMPONENTS WESTINGHOUSE
SYMBOL DESCRIPTION DESIGNATION
Z1 ZENER DIODE 1N298L4B T62A631HO1
R1 RESISTOR 300 OHMS, 25 WATT, +5% 1202847
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Fig. 4 Component Location of the Timing
Board for the Type STU Relay.
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