Westinghouse I. L. 41-959.17
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TYPE STU-12 TRANSFER TRIP RELAY

CAUTION: It is recommended that the user of this equipment becone acquainted
with the information in either these instructions OT the systems jnstruction
leaflet 40-205 before energizing this relaye Failure to observe this Pre-
caution may result in damage YO the equipment. Before putting the relay

into service, operate the relay to check the electrical connections.

Do not remove OF insert printed circuit poards while the STU-12 relay 1is
energizede

APPLICATION

The type gTU-12 relay ig a solld state directional comparison permissive
overreaching transfer trip auxiliary relay for use with solid state or
electromechanical distance relays, and a frequency shift type TCF carrier OF
TA-3 tone channel. This relay will prevent tripping for faults external TO
the protected 1ine section to which it 1s applied and permit high speed
simultaneous tripping for internal faults. 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 faultse. Either two oOr
three terminal line applications may be used where all line terminals provide
adequate fault current O operate the overreaching distance relayse.

CONSTRUCTION

The STU-12 relay is mounted on & standard 19" wide panel 5-+" high (3 rack
units) with edge slobts for mounting On a standard relay rack Or panel. For
the outline and drilling plan refer to Fige .

A hinged and removable door o the front of the chassis COVELS the printed

cirecuit poards. The photograph in Fig. 1 shows the front view of the relay
with the door Oper. A sealing pos® at the Top center in front may be used

4o lock and seal the relay when in service.

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

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

type guxiliary relays and, when used, Two AL telephone TYDe relays. The AR
relay is & small high—speed attracted armature type of unit. An insulated
member, rastened to the free end of the armature, dravs dovn four moving
contact springs to close or open the contacts when the relay coil is energized.
This relay ig available for inspection by removing the 1ocking screw and
swinging the hinged door outward. In the AL relays, an electromagnet attracts
a right—angle iron bracket which in turn operates & cet of make Or break
contacts.
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Four power Supply resistors are mounted in the rear housing of the chassig,

In addition, ope 32 terminal connector, J1, ang two, (4) terminal, termina] -
blocks are mounted on the rear of the panel. The photo in Fig. 2 shows the

Tear view of the STU-12 relay with the tqp cover off ang rear door open.

All of the Circuitry suitable for mounting on Drinted circuit boards ig
contained in ap enclosure behind the front door, The printegq circuit boards
slide into position in slotted guldes at the top and bottom of the

Either 13 or 14 printed circuit ooards are used in the STU-12 chassisg, The
location and title of the printeq circuit boards are shown on the relay
component locatiop drawing, Fig. 3.

Printeg Circuit Boards
=4It Boards

Following is a description of all the printed Circuit boards useg in the
STU-12 relay. Refer o the functional relay logic shown in Fig. L, 5, 6,
and 7. The internsl schematicg 8ssoclated with the printeq circuit boardg
contain g detaileq NOR/NAND logic diagram +o simplify understanding of the
transistorp logic,

Power Supply Board
————=22PPy Board

shown in Fig, 8, and the internal schematic ig Fig. 9,
Protective Relay (P.R.) Interface Boarag

The Protective Relay (P.R.) Interface board located ip slot B containg the

buffereq interface logic fop the distance relays ang the functionsl test

switeh, Other logic associated with the pProtective relays ig includeqd,

Location or Components on this boara is shown ip Fig. 10. mpyo internal

schematicg are used. Fig. 11 - For use with electromechanical distance relays

and Fig, 1o . For use with s50lid state tlstance relays. The difference in i
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the two schematics is the buffered distance relay input; h6/125 v DC input
for electromechanical systems, 20 V DC input for solid state systems.

Loss of Potential Boards

The Loss of potential poard located in slot C contains & 500/0 millisecond
time delay and logic 1O cause an alerm and voltage output if 2 distance
relay inadvertantly operates on a blown ac potential fuse or has & sustained
output for greater than 500 milliseconds. An input AND prevents operation
of the timer if both channel trip signals are obtained.

In relays for use with electromechanical systems, & relay driver is provided
on this poard to energize the Loss of potential AL telephone relay mounted
in the rear of the chassise

Location of components On this board 1s shown in Fig. 13. Two internal
schematics are used.: Fige 14 - For use with electromechanical systens and
Fig. 1O for use with solid state systems.

Elec-Mech (E.M. ) Interface Board

The Flec-Mech (E.M.) interface poard 1ocated in slot D is ased only in systems
using electromechanical distance relays. UpOD receipt of & distance relay
signal, this circuit of two Limers (0/25 and 20/0 millisecond) and associated

logic will jmmediately gimulate & protective relay signal for 20 milliseconds,
thereby overriding any contact bounce in the electromechanical relays.

Location of components on this poard is shown in Fige. 16, end the internal
gchematic in Fig. 17T

Channel Interface Boards

The Channel Interface boards 1ocated in slot F (Channel 1) and slot G

(Channel 2 - when used) contain the puffered interface logic for connection
with the channel equipment and provide the outputs to work into +he Channel
Trip and SupVe boards. 10 addition, the ma -3 Channel Tnterface board contalns
puffered oubputs.

An interlock raature is also jpncluded 1n order to convert from & 2 to 3
terminal line relay and converselys CHANNEL TWO INTERFACH oard in slot G
must be used in the relay for PHREE TERMINAL LINE applications, but MUST BE
REMOVED for TWO TERMINAL LINE systems.

A conversion kit may be ordered tO change & 2 TERM LINE relay to 3 TERM LINE.
This kit includes instructlons, nameplate and a CHANNEL TNTERFACE BOARD.

The location of components for both the ma -3 and TCE - CHANNEL TUTERFACE
poards 1is shown in Fige 18. Tnternal cchemztlcs are shown in Tig. 19 for
the TA-3 CHANNEL and Fig. 20 for the TCF CHANNEL.

channel Trip Poards

The CHANNEL TRIP board located in slot H contains the connecting logic netween



the channe] trip signals ang the remainder of the relay logic. A bufrereg
output ror channel 1 apg 2 trip ig includeg on this boarg,

The Tongm CHANNEL TRTP ooard algse a8 additional logie comprised of +ye
AND's ang an OR for g guard retyrn function, This logic ig inherent +q the
ICF channe] equipment, therefore i+ is not required in this relay.

Location of Components op this board ig shown in Figs 21, myo internal gch-
matics are used: TONE CHANNEL TrIp BOARD - Fig. 22, 7eop CHANNEL 7RIp BOARD -
flg, 23,

Channel Sugerv1sion Boarg - TCwp Chanpel

“ontains the Connecting logic between the supervisory functiong of the channe]
€quipment ang the remainder of +the relay logic, Both Low SIGNAL CLAMP outputs

For electromechanical Systems, a relay driver is used fop energizing g lossg
Of channel ag, telephone relay,

The location of’ Components for this boarg is shown in Fig. 27., and the
internal Schematic ip Fig. 28,

Channel Supervigion Boarq - Tone Channey
T————=="251on Board

The Channe] Supervigion board for s TONE chanpe] 1s locateg in slot T apg
contains the connecting logic between the Supervisory functiong of the

channel equipment anpg the remainder of the reley logic, 4 150/100 millisecond
time delay ang associated logic ig used to monitop the Low SIGNAL CLAMpP
outputs rop loss of channel. peop electromechanical Systems, g relay driver

is useq Tor energizing g Loss or Channel a7, telephone relay. The NOISE
outputs work into OR logic on this boarg,

Location of Components fop this boarg 1s shown ip Fig. 2L, gy internal
Schematicg are used, Fig. 25 fop electromechanical Systems ang Fig. 26 fop
501lid state Systems.

Transmitter Key Boarg
T 28 Board

The Transmitier Key boarg located ip glot J containg QR logic to combine g13
inputs requireg +o key the transmitter, and interface circuitry to key the
Particular channel €quipment, 4 relay drivep Circuit ig Connecteq +qo the
output of the OR in order to operate an AR relay ounted in the rear of the

For the channel interface With the TCF transmitter is a Positive going
(0 to 20 Volt) buffereq output Teépresented by transistops Gk ana o5 1o shown
°n the interna] schematic, Fig. 30, When the relay is yseg Wwith tone

channels, the transmitter interface is & negative £€01ng output similar o the
relay driver and is ghown PY transistor Q6 on internal schematic, Fig, 31.

- .
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Location of components for the XMIR KeY board 1s shown in Fig. 29.
Checkback Board

The Checkback poard 1ocated 1in slot K contains logic used to functionally
test the channel in both directions. Two separate circuits are included

on this posrd. One circult comprised of 2 bpuffered input, AND circui® and
a 2500/0 nillisecond time delay 1s used for keying the transmitter for 2.5
seconds when the TEST switch is operated. The other circuit consisting of
two AND circults and & 2500/2500 millisecond +ime delay is operated from the

CHANNEL TRIF poard and 1s required as part of the channel checkback gcheme .

The location of components for this hoard is shown in Fig. 32, and the
internal schematic in Fig. 33-

Timlng Board

The Tining Soerd located in slot L contains loglc, & pyuffered input, and
three time delays need in conjunction with the remalinder of the relaye.

After @ pilot trip operation, the 0/30 millisecond timer maintains the
transmitter keying for 30 milliseoonds. The 180/0 millisecond timer delays
keying of the trapsmititer for 160 milliseconds after opening of the local

Hreakel . Inpub To this bimer 1s & A8/125 v DC buffer circult.

The 2500/0 millisecond timer and agsociated logic is uged TO permit transient
vlocking for 2.5 ceconds if & trip output 1s obtained from the channel
receiver. This circult is also controlled DY the 52b contact inpub.

The location of components on this board is shown in Fig. 34, and the internal
gchematic in Fig. 35-

Arming Board

The Arming hoard 1ocated 1n slot M contalns the connecting logic between the
Channel, protective Relay, Alec-Mech end Timing yoards for the OUTPUT poard.

Logic on this poard interfaces with and sets up arming of the trip AND, the
transient blocking and unplocking timers and the H/O millisecond trip timer.

Tn addition, o time delays O/lOOO and O/lOO milliseconds, &re included

on this poard. The O/lOOO MS timer holds transient plocking on for an
additional 1000 M3 to protect agains® fault pover reversals due to unequal
breaker reclosing times into & permanent external fault. After 2 pilot trip
operation, the C/lOO VS timer picks UP and immediately resebs the O/lOOO MS
timer to de-energize the transient hlocking timer. The 100 M5 dropout time
ig greater then the time 1% takes to reset the distance relays, remove the
inpub €O the O/lOOO MS timer, therefore transient blocking will remain off,

after the pilot trip signal is removed.

The locablon of components for this bosrd is shown in Fig. 36 and the internal

o

gchematic in Tige Sl
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Output Boarg
—s D0ard

Three timerg are used on thig voard: a I /o millisecong timer to delay the
Ppilot trip output and tyo l8/O millisecong timers fop transient blocking
and unblocking. NOTE . Relays may be Supplied with the transient 0lock time
calibrateg for 25 milliseconds insteaqd of 18 Mg to Coordinate with the time
delay of the channel. €quipment, The pilot trip output ig COmprised of ang
ND circuit Wwhose output workg into g logic inverting amplifier, There are
two final pilot trip output; g buffereqd Positive going (0 to 20 volt) output
and g relay driver to activate gp AR relay Mounted in the rear of the
chassisg, Fig. 38 shows location of Components op this board, and Fig, 39

The Test voard locateq in slot ¢ 1s used rop facilitating test lneasurementg
and routine checks or the relay. Thig boarg cOnsists of 10 test terminalg
mounted on g panel attached to a4 printeq circuit board,

OPERATION
The type STU-12 transrer trip relay is useq 10 a directiona] comparigon
Permissive overreaching transfer trip relay systen for power line brotection,

High speeq tripping 1s obtaineq for two or three terminay line applicationg
for faultg anywhere on the brotecteq line, Providing a13 terminalg contribute
adequate fault current to Operate the distance fault detectorg,

System Operation
——LFra%ion

In = directional Comparison transfeyp trip System, g continuoyg guard signg]

is normally transmitted from each line terminal and receiveq at all other
terminalg, The phage Or ground brotective relays key the channel transmitters
to the trip frequency to remove blocking at the remote terminalg during g
fault, Tripping is accomplisheq when both the local Protective relay Cperates,
and the trip signal has been receiveqd,

Some features included ip this System are g functiongy test channe] checkback
Scheme, lockout of tripping after 500 milliseconds for abnorma] brotective
relay °beration, channe] logic to force a guard return, ang foordination fop
bus faylt tripping, breaker failure apg fault power flow Teversal, 7pe
description of the Preceding features will be further explainegd under the
RELAY OPERATION section,

Refer to System I.,1,, MO-EOS on the Permissive overreaching transfer trip
System fop further system Operation,
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Relay Operation

Refer to the logic dlegrams shown in Fige L, 5, 6, and 7 to understand the
operatbion of the STU-12 transfer trip relay.

1. Normal Condition

1n Fig. 45 D) 6, and T the logic voltage ngt andg "1 states shovn refer To
ghe normal operating condition of the STU-12 relay.

2o Tnternal rault

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 potentisl timer

5. Pproduce 2 logit mn gt TEST TERMINAL 3 (protective relay)

c. Key the transmitter to the trip frequency

a. Pickup the 0/1000 MS timer on the ARMING board and produce & logic
"o" oat terminal 5 of the oUTPUT board. This will start the transient
hlocking btlmer.

e. Arm the trip AND on the OUTPUT poard throught the one input OR OB
the ARMING poarde

p. Satisfy one input of the trip AND on the ARMING board..

The chennel transmitter will also be keyed at the remote terminal, thus
causing the trip outputs of the local channel 1 and 2 recelvers to beccme &
Togic "L". This will meke TEST TraM b (CHANNEL TRIP) a logic m gignal
through logic on the CHAIMNEL THTERFACE and CHANNEL TRIP BDS. This "1"
oubput will sablsfy the trip AND on the ARMING BD. causing energization of
the M/O MS ‘timer ©On the OUTPUT BD. Four mnilliseconds later The +rip AND on
the OUTPUT BD. will be satisfied and produce & pilot Trip Qutpul before
transient Hlocking bhecomes effective.

In addition, when a recelver trip output is received as 81 input o the
qTy-12 the 2500/0 MS timer on the TIMING BD. will pe energized to start
transient plockings This will not affect the initial pilot trip, and once
the local wreaker Opens, then the H2P contact will block The output of this
AND on the TIMING BD.

Once a pilot trip signal is obtained for an internal fault, the O/lOO M5
fimer on the ARMING BD. will repidly reset the 1000 millisecond dropout time
of the O/lOOO MS timel. Therefore, when reclosing into & permanent internal
fault, the only time delay will be ‘the 8/0 MS timer.

3. Txternal Fault

If no channel Lrip signal is received from the remote terminal when the
1ocal distance relays operate, then the trip AND on the ARMING BD. will not
be setisfied and the 16/0 M8 transient ylocking timer will time out. TEST
TERMINAL 2 (Transient Blocking) will then become a negative 1ogic "1" and
plock the trip AlD of the OUTPUT BDe thereby preventing possible undesirable
Lripping during transients occuring 8t the clearing of an external fault.

-7 -



Sequentiag] fault, o transient unblocking 18/0 Ms timer ig includeq, Although
transient blocking has been initiateq O the exterpa) Tault, the Presence

of an internal fault wigy produce g Negative logip myn signal frop the trip
AND on the ARMING BD, This "3 signal wilj energize the L/0 us timer ang

and Causing g pilot trip output.
5. Loss of Potentig]

Distance relays may tend 4o Oberate if tpe input frep the potential device

is momentarily interrupted. Since tripping of circuit breakers ig undesirable
for thig loss or ac potential, O any other abnorma] Protective relay oper -

Y INTERFACE Bp, thereby simulating no distance relay signaj, Output orf

For electromechanical Systems, ap AL telephone relay wiijg drop out rop
indicatiop Purposes,

0. Channe} Transmitter Control
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a. Distance relay operation

p. 0/30 M5 timer after pilot trip

c. 160/0 M8 timer erom 500 contact

d. Checkback oircuit from test switch
€. Checkback circuit from channel logic

£, Outpub from EM Interface bd. for electromechanical systenms only.

When the rransmitter is keyed, TEST TERMINAL 5 (XMIR KEY) becomes a logic
ny" gignal, the keying AR picks ub» and the interface with the transmitter
ecomes & 1oglc "" as gescribed under the operation of the XMIR KEYING BD.

After & 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 preaker has tripped pefore the transmitter returns to normal
condition.

After the Jocal circuit preaker 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 28 the circult preaker 1s 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 undesired interruption to tapped transformer terminals. Trans-
mission of the Ttrip frequency ig necessary to permit tripping of the remote
terminal should the remote circull breaker be closed into & fault, oY should
a fault develop 1in the protected 1ine while the local circult pbreaker 1s
OpeETLe

Te Channel Logic

g. TC¥ freguency shift carrier channel
Refer to CHANNEL-INTERFACE, TRIP, and SUPERVISION BpS. in logic
drawings Flg. I oand S

Two TCF CHANINEL TNTERFACE boards are shown: Both boards must be used for
tphree terminal line sysLEms utilizing WO recelvers. However, for two
terminal 1line applications, the interface board in board slot G must not be
used in the relaly. An.interlock shown on the Channel 2 interface board
connects the Channel 2 grip output &8 one output 1o the Channel trip AND on
the CHANNEL TRIP BD.

For three terminal line applications, noth recelver trips signals are
required ©o produce & 1ogic "1" signal ab TEST TERMINAL 4, This output will
catisfy one input of the ARMING BD. trip AND, block operation of The 500/0
MS loss of potential timer, and produce & wufrered "1 outputs. Either
receiver trip gignal will produce & " gignal at terminal 12 of the CHANNEL
TRIP BD. toO start transient blockinge.

For Two terminal line applications, the one receiver trip signal will pro-
duce a "L outpub ot TEST TERMINAL L (CHAWNEL TRIP), and teyminal 12 of the

operation OF either or both oW signal clamp inpubs ("1" to no") will cause
5 """ signal ab TEST TERMINAL 6 (Loss OF CHANNEL) for use in the channel

-9 -
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checkback Scheme, pop electromechanical systems, anp AL telephone relay
Will dropout for indication of loss of channel., 1p addition, Operation of
€ither Check Irip output Will produce g " output gt terminal 7 op the
CHANNEL, SUPERVISION BD. hig Signal is ugeq for the channel checkback
Scheme,

P —

b. Frequency shift tone channe}
Refer o CHANNEL INTERFACE, TRIP ang SUPERVISION BDS. in logic
drawings Fig. 6 ang 7.

For three termina] line applications, both receiver trip Signals ang no
low signal clamps are required to Produce g logic M"ynm signal at TEST
TERMINAL 14 (CHANNEL TRIP). fThig output wiij satisfy ope input of the

For two terminal line applications, the one receiver trip signal wilj
produce a "i" output at TEgy TERMINAT, 4 ang terminal 1o of the CEANNEL TrTp
BD. "

When a Tope Channel ig used with the STU-12 transfer trip relay, the Tone
Teceivers mygt be internally strapped to clamp to ng trip output when a low

Either Low Signal clamp Operation (™" ¢, "0") will pickup the 150/100 Mg
timer ang produce g '"3n signal at TEST TERMINAL 6 (Loss OF CHANNEL) for use
in channel checkback as well ag blocking Channe) Trip. For electromechanical
Systems, an af telephone relay wily dropout fer indication of loss of
channe], Both 1oy signal clamp outputs on the CHANNET, INTERFACE BDs. are

One AND circuit op the CHANNEL SUPERVISION BD. ig used for channpel checkbagck,
When a receivep trip signay from eithey channel jg Teceived, g logic '"yn

When the noige Output Operates op either ope op both channel receivers, g
logic "yn output ig broduced from the noise OR on the CHANNET, SUPERVISTION BD.

- 10 -
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A guard return circult is included on the CHANNEL TRIP BD. end ig comprised
of two AND's and en OR. The principle of guerd return, is to insure that
after a loss of channel condition 18 cleared UD, the receiver trip signal
will return in +he "O" loglc state, 0ot M, When a 1oV signel clamp oper -
ation ("1 %O not) is received from the Lone channel, then the 150/1C0 M3
timer pilcks Up and applies & m" gignal To one input of each of ‘the TWO
quard retuwrn AND's on the CHANNEL TRIP BD. Now, il either or both receiver
trip signals are 1" or become & nq" yithin the 100 millisecond dropout
time of ‘the 150/100 M5 timer, then a "' output will pe produced at the
output of the guard return AND and the OR it works 1nto. Terminal 5 of the
CHANNEL TRIP BD. will becone & " apd hold the 150/100 M5 timer picked up
by applying @ Mt qipput to the 3 input loss® of channel OR o1 the CHANNEL
SUPERVISION BD. BY inspecting the logic i% can be seen that both receliver
trip signals (one for two terminal line applications) must return to guard,
loglc "o, to make the channel operative after a 1Os$ of channel condition.

8. Channel Checkback Test

a. TCF frequency shift carrier channel
Refer 1O loglc drawings; Fige b and e Tnformation in this section
does not cover the complete test, bub only that portion concerning
Lhe STU-12 relays.

At the local terninal, the carrier transmitter will be aisconnected from the
1ine thus causing @ 1088 of channel condition at the remote terminal. This
will cause the loss of channel OR on +he CHANNEL SUPERVISION BD. (Remote
Terminal) ©O sosune & 1 and satisfy the two input AND (preceding the
2500/2500 M5 timer) and in 2500 milliseconds plckup tpe 2500/2500 M5 timer on
the CHECKBACK BD., The nqt output of the 2500/2500 MS timer will satisfy one
input of the ALD following 1t. Next, the test switch will be operated at the
local terminal and the following will happen: @ protective relay signal will
be simulated through the OR on the PROTECTIVE RELAY INTERFACE BD., the trans-
mitter will be reconnected TO the line TO restore the channel, and the local
transmitter will be keyed TO the trip Traguency for 2500 nilliseconds through
the 2500/0 Mg timeyr and AND circuit on the CHECKBACK BD. AT the remote
terminal, the TCF recelver logic will not give & trip output since the channel
was nob restored o8 the guard frequency. However, tnere will pe a 1" signal
ootained from the CHECK TRIP output of the recelver. This check trip output
will satisfy the other input to the AND on the CHECKBACK BD. causing the
transmitter to be keyed toO the trip freguencys gince the check trip signal
also applies & nqt ipput to the pegated input of the AND energizing the
2500/2500 Mg timer, it will no longer e sabisfied and the TimeT will dropout
causing keying O stop in 2.5 seconds. Howevel, within the 2.5 seconds of
keying, the STU-12 relay at the local verininal will trip because Of reception
of poth & recelved trip signal and & simuleted protective relay signal.

w, Frequency shift tone channel
Refer to loglc drewings, Fig. 6 and |
Tnformation in this section 40ES not cover the complete rest, bubt
only that portion concerning the STU-12 relaye

At the local terminal, the tone transmitter will be gisconnected from the

1ine thus cgusing @ 1oss of channel condition at the remote terminals This
will cause the loss of chennel OR on ihe CHAMNEL SUPERVISION pD. (remote

- 11 -



terminal) to assume g "an output to pPlckup the 150/100 Mg timer. Thig
satisfieg the two input ANp on the Check Back Bg, and in 2500 milliseconds
the 2500/2500 Mg Timer wil) pick up. The nyn output of the 2500/2500 Mg
timer wily satisfy one input of the AND following it, Next, the test switen
will be operated at the local terminal apg the following will happen: g
brotective relay signal will be simulateq through the OR on the PROTECTTIVE
RELAY INTERFACE BD., the transmitter will be Teconnected to the line 1o
restore the channel, and the local transmitter will be keyed 4o trip freg-
uency for 2500 milliseconds through the 2500 MS timer and AND circuit op
the CHECKRACK BD. 4t the remote terminal, the tone receiver trip signal
vill be g "y thusg causing the three input Alp on the CHANNEL SUPERVISION
BD. to operate ang produce g "1m g4 terminal 3 of this boarg, Thig "n

the sTU-12 relay will trip becauge of the Teception or both g received trip

9. Electromechanical Interface

When the STU-12 relay isg used in an electromechanical System the ELEC -MECH
(E.M.) INTERFACE BD. is useq only for +he Purpose oy bpreventing additiona)
tripping delay‘because of contact bounce, When g distance relay Operates,
the 0/25 MS time delay on the E,M, INTERFACE BD. wil1 immediately Pickup to
satisfy the AND thereby simulating & protective relay operation, The 25
nillisecong dropout time of the 0/25 Mg Timer wily hold the "yn input to the
AND in the event that bouncing contactg interrupt the tiper input signal.
The 20/0 timer wily time out apg Temove the simulateq brotective relay

CHARA CTERISTICS

Control Voltage. L8 v pe (k2 +o 55 volts)
125V De (105 40 1ho volts)

Current Drain, AT SYSTEMS

SOLID g1

Norme1 - 130 ma
Pilot Trip - 2h0 A
Mexinun - 250 Ma

ELEC -1y SYSTEMS

—————= 2I5IEMS

Norma] - 170 ma

Pilot Trip . 280 ma

Maz:imuy - 320 MA
Temperature Range: =20 C to +55 ¢ éround chaggig
Inputs:

52b Contact . AQ(lQS Control Voltage Bufrereg
LWy 7y > MA Max CURRENT

125v . 2.5 MA May CURRENT

-~ 10 .
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Distance Relays 1, 2, 3

A1l Other Tnputs are:

Qutputs:
Transnitber Key:

TCF Frequency Shift
Carrier Chennel

Frequency ghift Tone

SOLID STATE SYSTEMD

15 to 20 v DC Buffered

o MA MAX CURRENT

BLEC -MECH SYSTEMS

18/125 Control Yoltage Buffered
4o vV - 1.5 MA MAX CURRENT

105 v - 2.5 MA MAX CURRENT

15 to 20 V DC, puffered and require
2 MA MAX CURRENT

15 to 20 v DC puffered
10 MA MAX CURRENT

1ot gtate - Open Circult

" gtate - Short circult to Battery Neg.
140 V DC MAX Voltage

Lo MA MAX CURRENT

A1l Other Qutputs are 15 to 20V DC Buffered and provide 10 MA MAX CURRENT .

Time:
Trip Time (4/0)
Transient Block and

Transient Unblock Time (18/0)

Low Signal TLockout Time

Loss of potential
Time (500[0)

Dimensions:

Weight:

4.0 to b.5 Milliseconds
(adjustable from 5.0 to 6.0 MS)

18 to 20 Milliseconds

(a2ajustable from 12 to 30 MS)

(Relays may be ordered with a transient
vlocking time of ol to 27 milliseconds)

130 to 180 Milliseconds

LOO to 600 Milliseconds

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

relay depth - BRI

approximately 12 lbs.

SETTINGS

No setting 18 required on the STU-12 relay.

- 13 -



INSTALLATION

The STU-12 relay ig generally Supplied in g4 cabinet or on a relay rack as
part of g complete system. The location mist be free from dust, €Xcesgive
humidity, vibration, Corrosive fumes op heat., The maximum temperatuyre
around the chassis must not exceed 55 ¢.

The outline and drilling plan of the STU-12 relay is shown in Fig, 41,
ADJ USTMENTS AND MAINTENANCE

Acceptance Check
——=F Lheck

t is Tecommended that an acceptance check be applied to the STU-12 relay
© Verify that the circuits are functioning broperly, The following

Connect the STU-12 relay to the test cireyit of Fig. Lo, Apply rateq de

to J1 terminglg 3 and Lk gg shown, ang use an auwxiliary 20 volt regulator

or the internal op volts of the STU-1p relay for the inputs to the Switches.
On STU-12 relays for use with electro-mechanical distance relays, rateq
bositive dec mugt be applied to the pR 1, 2, ang 3 switches, Note that the
Llow signal Switches for channels 1 and 2 are normally clogeqd and all other
swﬁdmsam&qmm

Since the STU-12 relay varieg in logic depending on the channel equipment,
insure that 1t is checkeq ber the Proper channel, When reference ig made
to AL relays, thig refers to STU-12 relays for use only with electro-
mechanical Systems utilizing elec-mech distance relays.

When reference ig made to TRy TERMINAL, this meang one of the 10 tegt
termingl g on the TEsT BD, in board slot 0. A1l voltages are to he measured
with Tespect to nNegative, Tmgp TERMINAL 10, Voltage easurementy may vary
by’+lO%. Information in thig acceptance tegt applies to g relay with g
traﬁéient blocking time of 18 Ms. For relays with g transient blocking
time of 25 MS., limits are 2k to 27 millisecondg,

A, Normal Condition

TEST TERMINAL 1: ¢ Volts
" "

2: 20 Volts
" " 3: 0 Volts
" " Lb: 0 volts
" " 5: 0 Volts
. " 6: 0 Volts
" " T7: 0 Volts
" " 8: 20 Volts
" " 9: 20 Volts

Keying AR - Not picked up

Trip AR - Not pickeq up

Loss of Channe] AL - Picked up (Elec-Mech System)
Loss of Potential Ay, - Picked up (Elec-Mech Systemn)

- 1h -
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e ——————

B.

Channel Loglc - o Tern Line Relays Only
(For 3 Term Line relays, disregard this section snd continue on section

c)

1.

2.

TCF Carrier Channel

S e

be.

channel Trip - 2500/0 Mo timer (TIMING BD. ), O/lOOO Mo timer

close Trip-1 switch

nest Term 2% Voltage drop from 20 to O volts in 18 to 20 milli-
seconds, then rise from G TO o0 volts 1in 3100 to
100 milliseconds

Test Ternm Wt Voltage rise from O TO 20 volts

Open Trip-1 switch

Loss of Channel

Open LOW SIGNAL-1 switch

Tegt Term O: Voluage rige from O to 20 volts
Luss of Channel AL will drop out

Close LOW STIGNAL -1 switch

Tone Channel

Qoo

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

(ARMING BD.), transient blocking timer

close Trip-1 switch

Tegt Term 2: Voltage drop from 20 to O volts in 18 to 20 milli-
seconds, then rige from O ©O o0 volts in 3100 to
1100 milliseconds

Test Term l: yoltage rise frou 0 to 20 volts

Open Trip-1 switch

Loss of Channel - 150/100 MS timer (CHANNEL SUPERVISION BD.)

Open LOW STGNAL -1 switch

Tesgt Term 6. Voltage rige from O to 20 volts in 130 to 180 milli-
seconds

Loss of Channel AL will arop oub

Close LOW SIGNAL-L gwitch

Test Term 6. Voltage drop from 20 to O volts in 19 to 125 milli-
seconds

Guard Return

Open LOW SIGNAL~L switch, then close Trip-1 switch
Test Term b: vVoltage must remain at zero

Cclose LOW gIGNAL -1 switch

Tegt Term 6: Voltage st remain at 20 volts

Open Trip-1 switch

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



(For 2 Term Line relays, the Preceding section wag used and thig part
may be disregarded)

TCR Carrier Channel

Q.

(ARMING BD.), transient blocking timer

Close Trip-] switch

Test Tern 2: Voltage drop from 20 to 0 volts in 18 o op milli-
S€conds then rise from ¢ to 20 volts in 3100 to
L100 milliseconds

Test Term L., Voltage remaing at zero

Open Trip-1 switch

Channel 2 . Trip 2500/0 Mg timer (TIMING BD.), 0/1000 Mg timer

(ARMING BD.), transient blocking timer

Close Trip-2 switch

Test Tern a: Voltage drop from 20 to 0 volts in 18 o op milli-
then rise frop g to 20 volts ip 3100 to kigo
willisecondg

Test Term ., Voltage remaing at zero

Open Trip-2 switch

Channel 1 and 2 ILoss of Channe}
Open Low SIGNAL -1 Switech
Test Term 4. Voltage rige from ¢ to 20 volts

Close Low SIGNAL -1 switch, then open LOW SIGNAT,-p switch
Test Ternm &, Voltage rige from 0 to op volts

Loss of Channel A7, must drop out

Close Low SIGNAL -2 switch

Channe] 1 and 2 gwitcheg
Test Term b, Voltage rise from O to 20 volts

Tone Channel

a.

Channel 1 . Trip 2500/0 Mg timer (TIMTING BD.), 0/1000 umg tiner
(ARMING BD.), transient blocking timer

Test Tern 2 Voltage drop from o0 to 0 voltg in 18 o op milli-
seconds then T'lse from 0 to 20 volts in 3100 to

Channel 2 . pgrp 2500/0 M5 timer (TMING BD.), ¢/1000 Mg timer
(ARMING_BD.) transient blocking +timey

Close trip-p switch

Test Tern 2: Voltage drop from 2¢ to 0 volts ip 18 to 20 milli-

- 16 -
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seconds then rise from O to 20 volts in 3100 to
1100 milliseconds
Test Term L. Voltage remains at Zero
Open Trip-2 switch

Guard Return - cpennel 1 - Trip and Lov gignal - 150/100 M5 timer

Open LOW SIGNAL-L switeh

Test Term 6: Voltage rise from O to 20 volts in 130 to 160 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 4rop from 20 to 0 volts in 75 to 125
milliseconds

Guard Return - Channel 2 - Trip and LOW Signal - lSO/lOO MS timer

Open LOW SIGNAL-2 switch

Test Term 6. Voltage rise from O to 20 volts in 130 to 180 milli-
gseconds

Loss of Channel AL must drop out

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

Tegt Term 6: Voltege must remain at 20 volts

Open Trip-1 switech

Test Term 6. Voltage must arop from 20 O 0 volts in 75 tO 125
milliseconds

Channel 1 and 2 - Trip and Low Signal

Close Trip-1 and Trip-2 switches

Test Term ki voltage rise from O to 20 volts

Open LOW STGNAL-1 switch

Test Term l: voltage Grop from 20 to O volts

Open Trip-1 and Trip-2 gwitches, then close LOW SIGNAL -1 switch

p. Distance Relay Operation

Qe

Distence relay operation—loss of patential 500/0 MS timer

¢lose PR-1 switch

Test Term T: Voltase rise from O to 20 volts ip 40O to 600 milli-

geconds

Loss of potential AL must Grop out

Test Term 3 & 51t voltage rige from 0 to 20 volts immediately and
then drop from 20 to O volts in LOO o 6060 milli-
seconds

YMIR key AR picks up jnmediately then drops out in LOC o 600

milliseconds

Open PR-1 switch

The same 88 the preceding rust happen by closing either the PR-2

or PR-3 switch

Distance relay operation - no loss of potential
Close Trip-1 and Trip-2 switches

(Trip—2 switch not requlred for 2 Term Line relays)

-7 -



Close either PR-1, FR-2, PR-3 Switcheg

Test Tern 7. Voltage must remain at “€ro, the logs of potential
timer must not pickup

Open Trip-1, Trip-2, ang PR switches

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

!

52b

0/1000 Mg timer (ARMING BD. )
18/0 Transient blocking timer (ouTPyT BD.)
Close test switch
Test Tern 3: Voltage mist rige from O to 20 voltg
Test Term 2: Voltage mugt drop from 2o to 0 volts in 18 to 2p nilli-
secondg
Test Term 5: Voltage st rise fropy C to 20 volts immediately, then

Also, xMTR KEY AR must pickup for 2 4 3 seconds

Open Tegt switch

Test Terpy 2: Voltage mist rise frop 0 to 20 volts in 900 to 1300
milliseconds

Open 52p switch

G. Channel Checkback Operation

1.

ICF Carrier Channel
2500/2500 MS timey (CHECKRACK BD.), check trip inputs

Open Loy SIGNAL -1 sSwitch

TPL on CHECKBACK BD, voltage must drop from 8 o g volts in 2000

to 3000 milliseconds

Close CK Trip-1 switch

Test Term 5 Voltage mst rise frop 0 to 20 volts immediately then
drop from 20 to ¢ volts in 2000 +o 3000 milliseconds

XMIR KEY AR must pickup fop 2 to 3 secondsg

Close Low SIGNAL-1 Switch, then open CK Trip-] switch

For relay useqg for 3 Tern Line, also do the following:

Open LOW’SIGNAL-E switch ang wait for 3 seconds, then close CK Trip-2

Switech

Test Terpy 5 Voltage must rige from 0 to 20 volts immediately then
drop from pp to 0 volis ip 2 to 3 seconds,

Cluse Low SIGNAL -2 switch, then open CK Trip-p switch

Tone Channel
2500/2500 Mg timer (CHECKRACK BD. )

Oven Low SIGNAL-1 sWitch
TP4 on CHECKBACK BD,: Voltage st drop frop 8 to 0 volts in 2000 to
3000 nilliseconds
Close Trip-1 Switch, then close Loy SIGNAL-1 switch
Test Tern 5: Voltage must rise frou 0 to 20 volts immediately then
drop from 2 o 0 volts in 2000 to 3c00 nilliseconds

- 15 -
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XMTR KEY AR must pick up for o 1o 3 seconds

Open Trip-1 gwitch

For relays used for 3 Term Line, 8180 do the following:

Open both 1LOW SIGNAL-1 and LOW SIGNAL-2 gwitches then close Trip-2
switche wait for 3 seconds ‘then close both

1,OW SIGNAL-1 and 2 switches

Test Term D: voltage must rige from O to 20 volts immediately after
closing both the LOW SIGNAL switches then drop from 20 to O volts
in 2 to 3 seconds

Open Trip-2 gwitch

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

Close 52b switeh 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

switch

Then, close TEST Switch

Test Term 1: Voltage must rise from O to 20 volts in .0 to Wked
milliseconds

Trip AR must pickup

Open Trip-1 and Trip-2 switches

Test Term 1: Voltage must remain at 20 volts

Open Test gwitch and Trip AR must drop out

Open 52b switch

1. Pilot Trip After pransient Unblocking 18/0 MS Timer (OUTPUT BD.)

Cclose Test switch

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

Test Term 1: Voltage rige from O to 20 volts 1in 18 to 20 milliseconds
Open Test switch

Test Term 1t Voltage 4rop from 20 to 0 volts

Open Trip-1 and Trip-2 switches

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

Close test aywitch, then wait until XMIR KEY AR drops out then close
Trip-1 switch and for 3 Term Line relays, 8lso close Trip-2 switch
As soon as the voltage on Test Term 1 rises from O to o0 volts then
the 0/30 MS timer will pickup in less than 1 millisecond and. the
voltage at Test Term 5 will rise from 0 to 20 volts

Then open Test switch
Test Term 5t Voltage mus® drop from 20 to O volts in 24 to 30 milli-

seconds
Open Trip-1 and Trip-2 switches

K. Fast Reset of 0/1000 M5 timer after pilot trip .0/100 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-1 switch and also for 3 Term

- 19 -



Line relays cloge Trip-2 switch
Terminal L (ARMING BD.): Voltage must rige from 0 to 16 volts in
less than 2 millisecounds alf'ter the voltage

Open Test switch

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

Open Trip-1 ang Trip-2 switches, and remove the Jumper

L. Elec-Mechp Interface 0/25 ang 20/0 MS timers (ELEC -MECH (E.M.) INMERFACE BD.)

Terminal 4" (g, p, INT. BD.): Voltage must pige from 0 to 11 voltg
immediately then drop back to zerq in 16 to 24 millisecondg

M. Noise Operation

Then close Test switch and Trip-1 switch, and algq for 3 Term Lipe
relays cloge Trip-2 switch

Test Term 1, Voltage must remain at zerg

Open Noise-]1 switch

Test Tern 1 Voltage must rise from 0 to 20 voltg

Trip AR must pickup

Open Test, Trip-1 ang Trip-p switcheg

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

Recommendeg Routine Maintenance

Periodic checks of the relaying system are desirable to indicate impending
failure go that the equipment cap be taken out of service for Correction,
Any’accumulated dust shoulg be removeq at regular maintenance intervalsg,

All contactg should pe periodically cleaned., 4 contact curnisher, Style No.
182A836HOl, 1s recommendeq, The use of abrasive material is not recommendeqd
because of the danger of embedding smal] particles ip the face or the sorft

The proper adjustments +o insure correct operatiop of the relay have been
made at the factory ang should not be disturbed after Teceipt by the customer,
However, if the adjustmentsg or if the components or printed circuit boardg
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which affect calibration have peen changed, then the STU-12 relay should be
rechecked pPeEr the acceptance check information.

All time delays 8re fixed except for the three timers on the OUTPUT BD.:
l8/O M5 transient plocking timer, 18/0 MS transient unblocking timer, and
the h/O MS trip bimer. These adjustable timers can be recalibrated as
f£ollows using an auxiliary timer or oscilloscOpe.

Transient Block l8ZO MS Timer - OUTPUT BD.
(NOTE: For relays having & transient plocking timer of 25/0 MS limdts are
ol to 27 milliseconds)

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

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

This time can pbe adjusted by turning potentiometer Rl on the OUTPUT clock-
wige for more time or counter clockwise for legs time. (After recalibrating
this timer also recheck the calibration of the h/O MS timer)

pilot Trip 4/0 MS Timer - QUTPUT BD.

gtart timer on Test 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 gwitch for 3 Term Line relays

Then close Test switch and the voltage On Test Term 1 must rise from 0 to
o0 volts in k.0 to .5 milliseconds

This time can be adjusted by turning potentiometer R20 on the QUTPUT BD.
clockwise for more time or counter—clockwise for less time.

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

Transient Unblocking 18/0 MS Timer - OUTPUT BD.

Start timer on Trip-l switch (positive pulse)
End timer on Test Term 1 (positive pulse)

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

Then close Trip-l1 switch and the voltage on Test Term 1 must rise from O to
50 volts in 18 O o0 milliseconds

This time can be adjusted by turning potentiometer Rl on the QUTPUT BD.
clockwise for more time and counter—clockwise for less time.
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Tripping Relay (AR)

the customer, If, however, the adjustments gre disturbed in error, or it
becomes necessary to replace some part in the field, use the following

ad justment Procedure, Thig Drocedure shoylg not be used until it is
apparent that the AR unit ig not in proper working order, and then only if
suitable tools are available for checking the adjustmentsg,

8. Adjust the set screw at the top of the frame to obtaip a 0.009

The components of the STU-12 relay are Operated well within theirp ratings
and normally will give long ang trouble-free service, However, if & relay
has given an indication of trouble ip service or during routine checks, then

connected to a tegt point or printeq circuit terminal. 4 box around the
transistor indicates that it ig conducting fopr the normal condition of the

Following is ap explanation of the voltage levelg for the "o" ang "1" logic
notation ag shown for the normal relay condition in Figs. L, 5, 6, and 7.

For positive logic - represented by logic blocks, with no arrows.
"0 is equivalent to legg than 0.5 voltg Wwith respect +o negative,
Test Term 10.
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M 1 equivelent to lese than 0.9 volts with respect tO negetive, Teat
Term 10.

A boerd extender, gryle No. OLOA53LGOL, 18 svailable for fociliteting
cireuit voltape meaguremeintse. After withdrawing anyone of the circult
boerds, the extender 18 inserted 1nto that slot. The board is then inserted
into the terminal'blook on the front of the extbender 1o regtore 21l

circult connectlons.

Thue Test Terminals Ol the Test Bd. 1n +he bosrd position to ‘the extreme
right are helpful in checking the agverall relay operation. Following are
the voliegEes that will occwr at these Test Terminals under various conditions:

WoTE: ALl voltages referred to are taken vith respect TO negatlve, Test
Terninal 10.

.t Terininal 1t pilot Trip

Norumal condivivn - O volts
Tnternal Tault - oG volts

For an internsl fau T, either a Gistance welay O test switch operation and
woth recelver Trip signals (one receiver Trip signal for o Term Line relays
are required.

Test Terminal 2% Transient Blocking & Unblocking
Wormal Condition - o0 volte
wibernal deult - G volts

The following will simulate en external faulb:
gistance relay operatlon
test switch operation
either channel receiver trip operation

+ Terninal 3% protective Relay

Tes >

Hormel Operation - ¢ volls
Distance Relay Operation - 20 volts
Test Switeh Operebion - 20 volts

Test Terminal L. Chennel Toi

Normald copdition - O voilts
Operation of Channel L apd 2 receliver trip oubpubs - (for 2 Term Line relays,
only L channel required) - 20 volts

5: XMIR Key

Noruwel condition - C volts

Distence Relay Qperation - 20 volts
52h contact operation - 20 volbts
Internal Fault



Normal Condition - ¢ volts
Operation of either channe) Ll or 2 Low signal clamp - 20 volts

Test Terming] 7: Loss of Potentigl

Distance relay Operation - 2p volts after 500 MS time delay

Distance relay and both receiver trip signal Operation

Normal Condition - 0 voltg

Test Terminal 10: Negative po

RENEWA]L, PARTS

Repair worxk can be done most satisfactorily at the factory. However,
changeable parts can be furnished +to the customers who are equipped for

the repair Work. When ordering parts, always give the Complete hameplate

data, and the COmponent Style No. given in the Electrical Parts List

~ 2 _
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Power Supp 1y Board

ELECTRICAL PARTS LIST

- g4 202Ck5560L

Circult Siabol Reference Style
CAPACTITORS
ci, C2 6.0 WD, 35 V, 207 16LAGOIHLO
DIODES
D1, D2 1IIOLEA 02 TAGO2HLS
iﬂﬁl__\._\:) i Uh{u
one m PCB Tone
TRANSISTORS
QL, @2 o355 BATAGLTHOL
LENE | DIOLES
21, 43 1315050 (300 1) L O76935H16
7.2, Lh Ty he (200 1) HUquuBQW
Heat Sink for QL & €2 SLop51THCL
protective Relay - s; 002CkH0GOL
Tnterface Board o020HT75G0L
CAPACTEORS
cl, C2 LOhT MED, 200V ne Ohonh 2 THOL
DIODES
DL, D2 1FOLEA Eo7AGT2H0S
RESISTO
Rl, R2, R3 & LT K, B, 2P (20A531HLD
rR1l, R2, R3 i WT K, S, 2P omb\n”
Rk, RS, 216 W7 K, wd, +2h 5004531 HNE
R5, R1T, Ree 02 ¥, %N, + 25 GROAS 19‘m
R6, R9, R13, R1D; R20 10 K, 2 igﬁ{ L_:A5°1H,;
m,am;RM,Rm. omlﬁjg-@p (www/
RG, R11l, Rl2, R10 o7 K, M, 2P QOJA,J, HG66
TRAITGTSTORS
QL, Q2, Q3; Qk OMRLLT EL8nEsHE2
Q5 o126k5 SLoAll1HOL



ELECTRICAL PARTS LIST

Protective Relay - g 202Ch66G01 - 50119 State Systems
Interface Boarg . S#‘EOECMYEGOI - Elec-Mech Systemg
——=t-ace Board

Circuit Symbol Reference

ZENER DIODES
—_— Vs

21, Z2, 73 136884, o4 V, +10%
24, 76 1N3686B, 20 V, +5%
25, 27 IN95TB, 6.8 V, +5%

4 - S0LID s7TATE SYSTEMS
# - BLEC -MECH SYSTEMS

Loss of - S# 202Ch67001 - Elec-Mech Systems

Potential Board - S#‘2020529G01 - S0lid State Systems

——=ibtal Board
CAPACTTORS

Cl 22 MFD, 35 v

ce 27 MFD, 200 V pe

DIODES

D1, Do IN6LsA
RESISTORS

R1, RL, R5, R1s 27 K, %w, +2%

Rz, R6, Rg, R10, 10 K, Jw, +2%

R15, R18

R3, R11, R16 6.8 X, 3w, +2%

R7T a b3 K, S, +2%

R8 L0 ohm, %W,iﬁ%

R12 82 K, w, +2%

R13 150 ohm, 3§, +5%

R17 1K, w, +2%
TRANSISTORS
=2 5 TO0R3

Gl, Q2, @3, 5 2N3k17

QL 2N3645

Qb6 2N3589
ZENER DIODES

21 N95TB, 6.8 v, +5%

z2 1N36884, 21 V, +10%

%3 1N3050B, 180 V.

A - INDICATES TYPICAL vALUR

Style

8624288101
1854212006
186AT79THOG

18LhA661H16
186A669H05

837A692HO3

6294531166
629A53J.HS6

629A5 31H52
629A531H7l
629A531H2L
62945 31H78
T62A6T9HO1
62945 31H32

8L8A85 10
Shoalliitoy
837A61THOL

186ATITHOG
8624288007,
187A936H17
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wlec-Mech Interface Boar

Circuit Symbol

cL, C2

D1, D2, D3, Dk, D5

Rl

R2, RS, R9, R12,
R1k, R15

R3 A

R4

R6

RT A

R8

R10, R11l, R13
R16

Ql, @2, Q3 Ql, Q5

ELECTRICAL PARTS LIST

4 - 84 202CHOEGOL

Reference
CAPACITORS
1.5 MED, 35 V, 5%
DIODES
1N6U5A
RESISTORS

27 K, %w, +2%
10 K, W, +2%

30 ¥, W, +2%

20 ohm, W, *+9%
12 K, W, 2%
12 K, W, 2%
470 ohm, W, +2P
o0 K, S, +2
6.8 K, 5, +2%

TRANSISTORS
2N3LLT

7ENER DIODES

71, 22 1N95TB
A - INDICATES TYPICAL VALUE
Channel - S 202C530G0L - TCF Int.

Interface Board - s5if 202Ck09G0L - TA3 Int.

c1, €3, C5
ch, C6

D2, D3

CAPACITORS

_OWT MFD, 200 V DC
.27 MFD, 200 V DC

DIODES

1NGLSA

Style

187A508H18

83TAG92HO3

6205 31H60
620A531H56

620A5 31HET
107A29C0H09
620531150
4208531158
620531 HRk
6POA531HON
629A531H52

OLBAG5IHO2

186ATITHOD

03 TAS92HO3



Circuit Symbol

R1, R2, R9, Rio

R17, R18

R3, RT, R11, Ris

R19, R23

Rk, R5, R12, R13,
R20, R21, nps

R6, R1k, R22, Ro7
R16, Rel

R25

9L, 43, @35, q7
Q2, Qk, @6

71, 7k

z2,

-

26,

o
P
L0

|y
S
S, %10

-

NN
Y]

Channel

Cl

D1

R, R2, R5, 3, 11
Rk, R17, Rig, R21,
R22, Rros, R26, Rog,
R32, R332, a3k, R37, RL3
R3, RO, R9, R12, Ris,

119, 823, Rey, R0, Ass,

R38, R39

RL, R7, R10, R13, R16
R0, R2k, rog, R31, R36
RLO

- 8 202¢h71601 -

Trip Board - Sit 202ch72o001 -

BLECTRICAL PARTS LIST

Elec~Mec@;Interface Board - s# 2020L68g01 - (continued)

Reference
RESISTORS
beT K, W, 424
82 k, u, +2%
10 K, 2w, +2%
6.8 K, 4y, +2%
150 ohm, 3u] +5%
2T K, &u, +2%
TRANSISTORS
= 5 TORS

23k
2N36L5
ZENiER DIODES

1N3686B, 20 V, +5%
109578, 6.8 v, +5%
368, 2k v, +20%

TCrF
Tone
CAPACITORS
0.27 MFD, 200 v,
1N6L5A
RESISTORS

27 K, W, +2%

Style

629A531H4LE
6204531076
629A531H56
6294531552

T624679H01
6294531066

8L8AB51H0
ShoAlla oy

1854212006
186AT9THOG
8624288001

1884669005

837A692H03

6294531066
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PLECTRICAL paRTs LIST

- ! N 7 N -

Channal - 5y (RO TIGOL - TCF - (c
- ol H I ~ .

Trip Boord = 0w ook 72601 - Tone

IS JeRa

Cireult Sy

REGISTORS - (continued)

oo

. o) Y Ye e A8

Run} o2 5295 3HTO
. ~ o LT OYTT

U 150 ohrl, TOZAD L 01

) -
L O51HC2

A3 Aot AL OO
padss ‘.7, + (flo UL)QAQL»QH\),L

Al

e Che nel

N ~r
OOk




ELECTRICAL PARTS LIsT

Tone Channel - Si# 202Ch7hGol - Elec-Mech Systemg
Supervision Board - g# 202C533¢01 - Sclid State Systemg

Circuit Symbol Reference
CAPACITORS
cl1 12 MFD, 35 v, +10%
DIODES
D1, D2, D3 1N6L5A
RESISTORS
Rl, R2, R3, R6, R15 27 K, 2w, +2%

R20, Re3, Rk, Rres,
R28, R29, Rr3p

Rk, R7, Riz, R13 10K, 0, +24
R16, R19, R21, Ros, -
R30, Rr33
R5, R8, R1l, R17, 6.8 x, Zw, +2%
R22, R27, R31, R34 ‘ -
R9 A 22 K, %w, +2%
R10 A 10 K, 3w, 3oq
R11 15 K, 2w, ¥oq
R18 1K, 2w, +2%
TRANSISTORS
Ql, Q2, @3, €5, Q7 2N3k17
@5, Q9, Q10
Ql 2N36L5
QWb 2N3589

ZENER DIODES

21 L9578, 6.6 v, 4sg
72 lN305OB, 160 v.

FAYRS INDICATES TYPICAL VALUR

Transmitter - S# 2020534G01 - TCF Ch.

Key Boarg . g 202C535G01 - Tone cn,
CAPACITORS
=t L ORS

€1, c2 0.27 MFD, 200 v pc

- 30 -

Style

862A53OH05

83TA692HO3

6294531066
629A531H56

629A531H57
629453106
62%@3H§6
62945 31H60
62945 31H32

SL8A851H0p

Shonkhigoy
837A617HO1

1864797106
187A936H17

1884669105



T.L. 41-959.7

ELECTRICAL PARTS LIST

Transmitber - S# 202C534COL - TCF Ch. - (continued)

Key Board - S 202€535G0L - Tone Che
circuit Sympbol Reference Style
DIODES
p1, D2, D3, Dlt, 1N6L5A 83TAG92HO3
D5, D6, DI
RESISTORS
R1, R2, R3, Rk, o7 K, AW, +2% 62945 31HE0
RS, R6, RT, R13
R3, R9, R12, R1b, 10 K, &, +2b 629A531H56
R15, R20
R10, R1l, R16 6.0 K, LW, +2P 620531152
RLT 8o K, W, +2% 600A531HTO
R18 150 ohm, 3 W, +5% T62A6TIHOL
R19 W7 K, S, +2% 620853 1HLE
TRANS ISTORS
Ql, Qb oN3LLT OubAB51HO2
Q2, Q5 ON36L5 8uoakhIHOL
Q3, Qb oN3589 837A6LTHOL
ZENGR DIODES
71, 23 136888, 24 V, +10% 862A20CH0L
7.2, L 130508, 160 V. 187A936HLT
checkback Board - s 202ckT6G0L
CAPACITORS
c1, c2, Ch 150 MFD, 35 V. OL4QACOTHOL
c3 .Ol7 MFD, 200 V DC 8LOAL3THON
DIODES
p1, D2, D3, Dht, 1NEL5A 837A692H03
D5, D6
RESTSTORS
R1, RY, RT, RS, o7 ¥, i, +2P 6200531166
R15, R23, R
R2, RS, R9, R12, 10 K, 3, 2P 620R531H56

R16, R21, R2h, R28



ELECTRICAL PARTS LIST

Checkbaclk Boarg - Si# 202ch76c01 - (continued)
——2hacs Brard

Circuit Symb 5]

R3, R6, Ri17, R22, R29
R1O £, R13'p R25 A

R1l, R1k, Rog
R18, Rr19
R20

Gl @2, a3, qu, gs,
46, a7, a8

» 42, Zh, z5

A - INDICATES TYPICAL VALUR

Timing Board - Sif 202ch77001
——2g Board

cl
c2
C3
ch

fay
s

D1, D2, b3, D4, D5

Rl, Rp
R3

Rk, R7, R10, R13
R16, R19, R22, Res,
R28, R33

R5, R8, Rlk, R17,
R23, R26, R3L

RG, R9, R15, R18,

Rk, Rro7, R31, R32, R35

Ril A

Reference

RESISTOR - (continued)

6.8 K, iy, +2%
33 K, 3, +3%
h7o ohmi W, +2%
b7 K, Lu) 407
32 K, S, +2%

TRANSISTORS
PV

2N3417

ZENER DIODaS
— Y

19578, 6.8 v, +5%
1N3686B, 20 V, +5%

CAPACITCORS
Rttt i)

OL7 MFD, 200 v

12 MFD, 35 v, +10%

1.5 MFD, 35 V, +5%

150 MFD, 30 vy, +10%
L0 MFD, 35 v, F104

oW

)

DIODES
INGhsa
RESISTORS

LT K, Wi, 4od

82 k, %w, +2%
10K, 2w, Y2

Style

629A531H52
6294531168
629A531H2L
629A531HL8
629A531H78

8484851102

186A797HOG
1854212006

8haak37HOL
862A53OH05
1874508118
Shon00THOL
8374241115

837A692H03

62945 31HLE
6294531178
62953356
620A531K52

629A531HE6

6%%5&367
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FLECTRICAL PARTS LIST

Timing Board - S 202CHTTGOL - (continued)

circuit Symbol

R12, R2l, R30
R20 A s B29 A

Ql, Q2, 43, Ql,
Q5, Q‘6; QT, Q8:
Q9, Q10

71
722, 23, L, 45

N - INDICATES TYPICAL VALUB

Arming Board - S# 202Ch78GOL

cl
ce

p1, D2, D3, D4, D5

Rl, R2, RD, R8, R9
R10, R16, R20, R23,
R2k, R25

R3, R6, R11, R12, R18

r21, R26, R2T, R32, R36

R4, RT, R13; R19, R22
R28, R33

R1L

R15

R29, R34

R30

R3L P

R35

Reference

RESISTORS (continued)

470 ohm, =, i?%
33 K; }éw} + g

TRANSISTORS

ON3LLT

7ENER DIODES

1N3686B, 20 V, +5%
1N957B, 6.8V, +5%

CAPACTTORS

22 MFD, 35 V, +10%

3.3 MFD, 35V, +5%

DIODES
1N6USA
RESISTORS

27 K, -12*W, 12%

10 K, 3, +2%

6.8 X, 3w, 2P

8o K, LW, +2P
20 K, zW, +2%
1K, 39, +2p
100 ohm, W, +2%
15 K, 2, *2%
12 K, 3, 2

_33_

Style

620A5 31H2k
629A531H68

848A851H02

185A212HO6
186ATITHOO

184AG61H16
862A530H0L

837A692HO3

620A531H66

629A5 31H56
620A531H52

620A531HT8
6204531163
620A531H32
620A531HO8
620A531H60
620A531H58



ELECTRICAL PARTS LIST

Arming Boarq - S# 202¢cL78¢01.
——€ Board

Circuit Symbol

Ql, @2, @3, g5,
6, Q7, @9, Qid
4, Q8

2

A - INDICATES TYPICAL VALUE

Output Boarq - S# 202ch79601
P2t Soard

c1
c2, ch, ¢7
C3

c6
€8, c9
Cl10

D1, D2, p3, pu, D5,
D6, D7, DB

Rl
R14
R20

Rk, R17, Rig, R22, R2g
R5, Re27, R32, R33, R38

- (continued)
Reference
TRANSISTORS

2N3hk17
2N36L5

CAPACITORS
kit

1.5 MFD, 35 v, 4i0g

0.22 MFD, 100 ¥

3.3 MFD, 35 v, 30

0.0L7 MFD, 200 ¥

0.1 MFD, 200 v

0.27 MFD, 200 v
DIODES

1N6L5A

POTENTIOMETERS
VR RS

RESISTORS

10K, 2w, 129

Style

6L8a851102
8honklinoy

1874508118
T634219H21
8624530101
8LoAL 37HOL
188A669HO3
188466905

837A692HO3

629A430H01
629AL 30108
629AL30H0,

62045 31H56

629453118)
187A290H17
6294531166
6294531104
184AT63H91
629A531HL8
629A531H61
629A531H52
62%53HW8
T62A6T79H01
6294531160



T.L. b1-059.7
ELECTRICAL PARTS LIST

Output Board - S 202CKT9GOL - (continued)

Ccircuit Symbol Reference Style
TRANSISTORS

qQl, @, @5, @6, oN361S GLOALIIHOL

Q8, Qll

Q2, Q3, &1, Q0 oN2LLT Oi8AS51HO2

Q9 213589 §37AGLTHOL
7 ENER DIODES

21, 27 136668, 24 V, +10% 862A286H0L

72, 23, B, L5 19578, 6.6V, +5% 156ATOTHOE

7.6 130508, 160 V. 167A936HLT

Test Board - s# 5490DBTGOL

Tip Jacks (Red) 187AR32HOL

l) 2) 3) )4') 5} 6)

7, &, 9 )

Tip Jacks (Black) 167A332H02

10

Fig. 1 photograph (Fro
- 35

69-279

nt view with door open).



L—a RACK UNITS ~——I

FRONT vigw
(COVER REMOVED)

POWER SUPPLY
PROTECTIVE RELAY INTERFACE
[ ¢ 7 LOSS_OF POTENTIAL

CHANNEL | INTERFACE
CHANNEL 2 INTERFACE

577'

L 876A611

Fig. 3 Relay Component Locatjon,
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PARTOFJI .

CHASSIS  GND. ‘e p0S 20 YD, TO PANTED CIRCUT
BATTERY POS. power 3]} TERMINAL 14 ,BOARDS FLGATIK
SUPPLY

B

o |
—
m d REGULATOR '4| pos 20yocy 0 PRINTED CIRCUIT
- s TERMINAL 14, BOARDS B.C,L,M,N

FOVOLT \ 9
5] nzeuum |

] -

q 135 NEGDC 70 PRINTED CIRCUIT

TERMINAL |, ALL BOARDS

BATTERY NEG.

[ nmn-e |© 0 .

52b CONTACT

“—O7

CONNECTORJI %
ASVIEWED FROM
REAR OF WELAY LPOTOS:N'(YFIAL

- ———

DISTANCE
Py 2
%3
PROTECTVE
4 RELAY

TEST SWITCH

POWER SUPPLY RESISTORS

m
130 OHMS LBOO OHMS
87272 004
300 OHMS
s 287

PROTECTIVE RELAY INTERFACE
L e —————

e e ———

r CHANNEL INTERFACE A

S'

9 |'3 J tme (o 9l

Je{ BUFF} DRIVER

TRIP

LOW

CHANNEL SIGNAL
[ CLAMP

voLy 2M-28 CONTACTS
sVDC S”—AOBC 845626

CHECK
TRIP

r -En:;l;-E:-I;TTETFA_EE_A— -
\ 31 INTERLOCK—" | [
4
e { e A
= DRIVER F
|

LOW
CHANNEL SIGNAL
2 CLAMP

CHECK
TRIP

Y O] LINE
Im DRIVER

> SYMBOL INDICATES POINT
ON TEST BOARD (sLoT 0)

SYMBOLS'O " AND™1” REPRESENT
THE LOGIC VOLTAGE STATES FOR NORMAL OPERATING STATE OF RELAY
NAL LINE APPL|CATIONS,CNANNEL

A FOR TWO TERMI
BOARD (SLOT G) MUST NOT BE USED

TWO INTERFACE

IN THE RELAY
A FOR THREE TERMINAL LINE APPL\CATIONS,BOTN CHANNEL ONE AND

TWO INTERFACE BOARDS { SLOTS F ANDG) MUST BE USED IN RELAY

Fig. 9 STU-12 logic - for use with soli
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L. L. 41-959.7

PARTOF u
26
° ° ‘ AR TRANS
> 27 MITTER
KEYING
[——TPe2e AR
AR
29
Lrwms ____ [7iszor
LOSS OF

6 | POTENTIAL

TRANS~
25| MITTER
KEY

TERMIN AL
8LOCKS

TRANSIENT BLOCKING
AND UNBLOCKING

TRANSIENT
8LOCKING O

PART OF
Jl

PILOT TRIP

| 22  ewor

i | TRIP
OUTPUT 7158209

——— e - __________[___I_Ij

O=ReLAY STYLES AVAILABLE
WITH TRANSIENT BLOCK
TIME OF 25 MILLISECONDS

5492D21

e distance relays and a TCF carrier channel.
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CHASSIS GND.

BATTERY NEG

SYMBOL INDICATES POINY
> ON TEST BUARD (5LOT 0)

SYMBOLS'0" AND"I"REPRESENT

A FOR TWO TERMINAL LINE APPLICATIONS. CHANNEL
TWO INTERFACE BOARD {SLOT G) MUST NOT BE USED
IN THE RELAY

QO FOR 937A TONES,ONLY 48 VvDC IS USED

PART OF Jl
-

O BATTERY POS.

52b CONTACT
CONNECTOR JI
AS VIEWED FROM
REAR OF RELAY.
-3
DISTANCE w2
RELAYS
POWER SUPPLY RESISTORS
TEST SWITCH
S0 OHMS | 1800 OHM
g% 1267272 |87-1201004 |
900 OHMS ' 3000 OHMS
8™ 1267267 |$™-1205214
TRIP
m LOW
CHANNEL SIGNAL
voLT 2M-2B CONTACTS ! CLAMP
v
b
s*e7IBAT261 NOISE
\28vDC | S#408C 8450628
TRIP
LOW
CHANNEL SIGNAL
2 CLAMP
[ NOISE

\ . —_————
POS DC 11y =1 pos 20Y0C, TO PRINTED CIRCUIT
4 POWER |3 i 14, BOARDS FG,H,I.J
]| SupPLY \ s 4 TERMINAL 14, BOARDS Fi6,H,I.J.K
2 O
RA | 20 vOLT |
IR/ \T
RB 2 EGULATOR 141 pOs 20yDC . TO PRINTED CIRCUIT
4 " TERMINAL 14, BOARDS BL,L,M,N
RC 20 voLT |
I3 | REsuLaTORl | 9
RD A
5 NEG DC NEGDC TC CRINTED GIRCUIT
TERMINAL |, ALL BOARDS

20
1
12
L 0SS OF
POTENTIAL
30
3l
32
@3 PROTECTIVE
21 N RELAY
——— - — e — m— == —— T
[” CHANNEL INTERFACEA 51 r CHANNEL TRIP \
| 0
AL o] une —l :
Y DRIVER 9y
it \
| ! \
' ! ol p
22 4+ SUrT 1| LINE AND ]
DRIVER BUFF \
'8 [
23
|I'- THTNNEL INTERFACE B 18 B
3-T |NTEaLocx/E:;“
l o 3
0 of e —
I8
A3t 5
! 4
l o)
] T ome AND —t
7
! BUFE DRIVER IFF |
18 )

THE LOGIC VOLTAGE STATES FOR NORMAL OPERATING STATE OF RELAY

A FOR THREE TERMINAL LINE APPLICATIONS,BOTH CHANNEL ONE AND
TWO INTERFACE BOARDS (SLOTS F AND G} MUST BE USED IN RELAY

-43-

Fig. 7 STU-12 logic - for use with so
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I22)
(D2 1
+C 2
#Z)
=

715B210

POWER SUPPLY BO.

ExTERNALS
RESISTORS

1
5
(re }
A 2N3589
‘ et
N

PQS. 20 VOC 19 Ql
1 o [ur |
POWER

SUPPLY +20V.

.- EXTERNAL RESISTORS

.= EXTERNAL e ————

RA 8 RC RB& RO
48 VOLT — 150N-25WATT 18001 - 25 WATT

125 VOLT ~900Nn-25WATT 50000 —~25 WATT

715B195

Fig. 9 Internal Schematic Power Supply Bd.
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Fig. 10 Component Location Protective Relay Interface Bd.

PR INTERFACE (EL EC-MECH RELAYS)
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202C475G0] (@)= normaLLY CONDUCTING TRANS

ISTOR

715B205
Fig. 11 Internal Schematic Protective Relay Interface Bd. for Elec. -Mech
System.
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P.R. INTERFACE BO.(SOLID STATE RELAYS)

7
i

4 pos. 20 y
21 ATK X ol =« X0l
R 8z 2 Sl Sl 14
IN3688A <
22 ATX o
s
3 R Fz\
IN3EB8A
73 A o
R3 TP Qs
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L & Q eT ) Q4
. <
Q e <
x x| x X[ (7] x [l
_Take s | o of oT & Sle| |9
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NEG. 8
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715B196

Fig. 12 Internal Schematic Protective Relay Interface Bd. for Solid State System.
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Fig. 13 Component Location Loss of Potential Bd.
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Loss oF POTENTIAL BD. (ELEC-MECH REL AYS)

03-Q4

l
LINE !
DR!VER —

IQ—J:NORMALLY CONDUCTING TRANSISTOR

715B197
Fig. 14 Internal Schematic Loff of Potential Bd. for Elec- Mech Systems.
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2020529601

715B262ﬂj

Fig. 15 Internal Schematic Loss of Potential Bd. for Solid State Systems.
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715B213
Fig. 16 Component Location Elec-Mech Interface Bd.
]
NES ’—’_"EZO;CQGBGOID =NORMALLY CONDUCTING TRANSISTOR
715B198

Fig. 17 Internal Schematic Elec-Mech Interface Bd.
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Fig. 18 Component Location Channel Interface Bd,

’ CHANNEL INTERFACE 85 - TA-3 TONES ’
"

2! N36868

Q—|=NORMALLY CONDUCTING
TRANSISTOR

715B199

Fig. 19 Internal Schematic Channel Interface Bd. for TA-3 Tone.
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715B263

Fig. 20 Internal Schematic Channel Interface Bd. for TCF Carrier.
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Fig. 21 Component Location Channel Trip Bd.
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Fig.

22 Internal Schematic Channel Trip Bd. for Tones.
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Fig. 23 Iternal Schematic Channel Trip Bd. for TCF.,
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Fig. 24 Component Location Channel Supervision Bd. Tone Channel.
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Fig. 25 Internal Schematic Channel Supv. Bd. for Tone Channel and Elec. Mech.

System.
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Fig. 26 Internal Schematic Channel Supv. Bd. for Tone Channel and Solid State
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Fig.

98 Internal Schematic Channel Supv. Bd. for TCF Channel.
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Fig. 29

Component Location Transmitter Key Bd.
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Fig. 30 Internal Schematic Transmitter Key Bd. for TCF Channel.
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Fig. 31 Internal Schematic Transmitter Key Bd. for a Tone Channd.
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Fig, 34 Component Location Timing Bd,
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Fig. 37 Internal Schematic Arming Board.
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39 Internal Schematic Output Board

Fig.
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Fig. 40 Test Circuit.
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