
I N STA L L ATI O N  
Westinghouse I. L .  41- 959 .71 A 

• O PERATI O N  • M A I NTE N A N CE 

I N STRUC T I O N S 
TYPE STU-12 TRANSFER TRIP RELAY FOR A 

WEAK FEED TERMINAL 

CAUTION: It is recommended that the user of this 

equipment b ecome 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 m ay 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- 1 2  relay is energized. 

A P P L I C A T I O N 

The type  STU- 1 2  relay is a solid state direc­

tional comparison permissive overreaching transfer 

trip auxiliary relay for use with solid state or 

electromechanical distance relays, and a frequency 

shift type TCF carrier or TA-3 tone c hannel. This 

relay will prevent tripping for faults external to 

the protected line section to which it is 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 
tra!IJ3mission of a trip signal and the initiation of 

high speed tripping for internal faults. 

The relay described in this instru ction may be 

applied to two or three terminal lines to provide 

high-speed simultaneous clearing of all line ter­

minals, even though one or more of these fails to 

deliver a meaningful amount of fault c urrent. A 

forward reaching relay of at least one terminal must 

operate for the internal fault. 

C O N S T R U C T I O N 

The STU- 1 2  relay is mounted on a standard 19" 

wide panel 5-IJ: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 . 4 3 .  

A hinged and removable door o n  the front of the 

chassis covers the printed circuit boards. The photo-

SU PERSEDES I . L .  41- 959 .71 
*Den otes change from superseded issue. 

graph in Fig. 1 shows the front view of the relay 

with the door open. A sealing post at the top center 

in front may be used to lock and seal the relay when 

in service .  

The rear panel consists o f  a hinged door which 

may be op ened to expose various components mount­

ed inside. Mounted on the hinged door are two AR 

type auxiliary relays and, when used, two AL tele­

phone type re lays. 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 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 brac ket which in turn 

operates a set of make or break contacts. 

Four power supp ly resistors are mounted in the 

rear housing of the c hassis. In addition, one 3 2  ter­

minal connector , J 1 ,  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-1 2  

relay with t he t op c over 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. Eac h  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 . 849A534G0 1 )  which permits access to the 

boards test points and terminals for making measure­

ments while the relay is energized 
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TY P E  STU-12 TRANSFER TRI P R E LAY ______________________ _ 

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. 

P ri nted C i rcuit  Boards 

Following is a description of all the printed 

circuit boards used irr 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 de by varying resistors RA, RB, 

RC and RD mounted in the rear of the chassis. The 

location of components on this board is shown in 

Fig. 8, and the internal schematic is Fig. 9. 

Weak Feed Log ic  1 Board 

The Weak Feed (W.F.) Logic-1 board located in 

slot B contains logic to provide tripping and keying 

by the forward reaching relays (21NP (67N) or 21P 

and to provide indication of loss of ac potential if 

either 21S or 21NS(67NS) inadvertantly operates for 

a sustained period of greater than 500 milliseconds. 

In relays for use with electromechanical systems 

a relay driver is provided on this board to energize 

the Loss of Potential A L  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 21NP (67N). 

Location of components on this board is shown 

in Fig. 10. Two internal schematics are used: Fig. 11-

for use with electro-mechanical systems and Fig. 12 

for use with solid state systems. 

2 

Weak Feed Log ic-2 Board 

The Weak Feed (W.F.) Logic-2 board located in 

slot C contains some of the logic to control echo 

keying. This board provides interface with the 

undervoltage relay (27). There are two buffered 

inputs, one for IA/IC, another for 21S- which work 

into an AND circuit, whose output will block echo 

keying and trip. A memory circuit on this board 

provides echo-key blocking after the 10/0 timer 

operates even if 21S and IA/IC reset. 

Location of components on this board is shown 

in Fig. 13, and the internal schematic in Fig. 14. 

Weak Feed Log ic-3 Board 

The Weak Feed (W.F.) Logic-3 board located in 

slot D contains some of the logic to set up breaker 

tripping at the weak source terminal. An output 

from the 4 input AND on this board is one of the 

conditions required for trip. Other logic, including 

the 0/50 millisecond 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. 1 7-for 

solid state systems. 

Weak Feed Loc ic -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. 

Channe l Interface Boards 

The Channel Interface boards located in Slot F 
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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 T A-3 Channel Interface board contains 

buffered outputs. 

An interlock feature is also included in order to 

convert from a 2 to 3 terminal l ine 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 L INE 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 T A-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. 

Channe l Trip B oards 

The CHANNEL TRIP Loard located in slot H 

contains the connecting logic between 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 . 

The TONE CHANNEL TRIP board also has 

additional logic comprised of two AND's and an OR 

for a guard return function.  This logic is inherent 

to the TCF channel equipment , therefore it is not 

required in this relay. 

Location of components on this board is shown 

in Fig. 23 . Two internal schematics are u sed; TONE 

CHANNEL TRIP BOARD - Fig. 24 , TCF CHANNEL 

TRIP BOARD - Fig . 25 . 

Channel  Supervision B oard - TCF Channe l 

The C hannel Supervision board for a TCF Chan­

nel is 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 relay 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. 3 0 .  

Channe l Supervision Board - Tone Channe l 

The Channel Supervision board for a TONE 

channel is located in slot I and contains the con­

necting logic between the supervisory functions of 

the channel equipment and the remainder of the 

relay logic. A 1 50/100 millisecond time delay and 

associated logic is 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 NOISE outputs work into OR logic on this 

board . 

Location of components for this board is shown 

in Fig . 2 6 .  Two internal schematics are used; F·ig. 

27 for electromechanical systems and Fig. 28 for 

solid state systems. 

Tran smitter Key B oard 

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 . 3 2 .  

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 .  3 3 .  

Location o f  components for the XMTR KEY 

board is shown in Fig. 3 1 .  

Checkback B oard 

The Checkback board located in slot K contains 
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TY P E STU-1 2 T RAN S F E R  T R I P  R E LAY ______________________ _ 

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 F ig .  34 , and the internal schematic in Fig. 

3 5 .  

T iming B oard 

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 1 80/0 millisecond timer delays keying 

of the transmitter for 1 80 milliseconds after opening 

of the local breaker. Input to this timer is a 4 8/ 1 25 

V DC buffer circuit. 

The 2500/0 millisecond timer and associated 

logic is used to permit transient bloc king 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 board is 

shown in Fig. 36 , and the internal schematic in 

Fig. 37. 

Armi ng Board 

The Arming Board located in slot M contains the 

connecting logic between the Channel , Protective 

Relay , Elec-Mech and Timing boards for the OUTPUT 

board . Logic on this board interfaces with and sets 

up arming of the trip AND , the transient bloc king and 

unblocking timers and the 4/0 millisecond trip timer. 

In addition, twu time delays, 0/1 000 and 0/ 100  

m illiseconds, are included on  this board . The 0/ 1 000 

MS timer holds transient blucking on for an additional 

1 000 MS to protect against fault power reversals due 

to unequal breaker reclosing times into a permanent 

external fault. After a pilot trip operation , the 0/100  

MS timer picks up and immediately resets the 0/1 000 

MS timer to de-energize the transient blocking timer. 

The 1 00 MS dropout time is greater than the time it 

takes to reset the distance relays, remove the 

input to the 0/ 1 000 MS timer, therefore transient 

4 

blocking will remain off, after the pilot t rip signal 

is removed .  

The location o f  components for this board is 

shown in Fig . 38 and the internal schematic in Fig .  

3 9 .  

Output B oard 

The Output board located in slot N contains the 

final logic of the relay . This board util izes the 

intelligence sup plied by the Arming board to set up 

either a pilot trip output for internal faults,  t ransient 

blocking on external faults or transient unblocking 

for sequential fau lts. 

Three timers are used on this board: a 4 /0 mil li­

second timer to delay the pilot trip output and t wo 

1 8/0 millisecond timers for transient blocking and 

unblo cking. NOTE: Relays may be supplied with the 

transient blocking time calibrated for 25 mil liseconds 

instead of 1 8  MS to coordinate with the time delay of 

the channel equipment . The pilot trip output is com­

prised 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 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 . 4 1  

shows the internal schematic and detailed logic . 

Test Board 

The Test board located in slot 0 is used for 

facilitating test measurem ents and routine chec ks of 

the relay . This board consists of 1 0  test terminals 

mounted on a panel attached to a printed circuit 

board. 

O P ER A T I ON 

The type STU- 1 2  t ransfer trip relay for a weak 

feed terminal is used in a directional comparison 

permissive overreaching transfer trip relay system 

for power l ine protection. High speed tripping is 

obtained for two or three terminal line application 

where line terminals may be weak or strong ,  provid­

in g 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 al l other 

terminals. The channel transmitters are keyed to 

the trip frequency by the STU-1 2  to remove blocking 

at the remote terminals during an internal fault .  At 

the weak feed terminal , the STU-1 2  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 applied to the system as in the t ransfer 

trip normal system .  

Some features included i n  the system are a 

functional test channel check back scheme, loss of 

A-C potential circuit for reverse reaching relays, 

channel logic to force a guard return , and coordina­

tion for bus fault tripping , breaker failure and fault 

power reversal . The description of the preceding 

features and some special weak feed coordination 

is further explained under the Relay Operation 

section .  

Refer to system I .L .  40-205 . 1  on the transfer 

trip system for further system operation. 

R el ay Operat ion 

Refer to the logic diagrams shown in Fig .  4, 5 , 6 , 

and 7 to understand the operation of the STU-1 2  

transfer trip relay. 

1 .  Normal Condition 

In Fig.  4 ,5 , 6 ,  and 7 the logic voltage "0 " and 

"1" states shown refer to the normal operating 

condition of the STU-1 2  relay. 

2 .  Internal F ault 

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 

L OG IC-3 board to become a logic "1 ". This 

will satisfy this AND and course a logic " 1 "  

output from the line driver which does the fol­

lowing: 

a. Produce a logic " 1 " at Test Term 3 ( Pro­

tective Relay . )  

b .  Pickup the 0/1 000 M S  timer on the ARMING 

B D .  and produce a logic "0" at terminal 5 

of the OUTPUT BD . This will start the 

transient blocking timer. 

c. Arm the trip AND on the OUTPUT BD through 

the one input OR on the ARMING BD . 

d. Satisfy one input of the trip AND on the 

ARMING BD. 

Both of the channel transmitters will be keyed 

at the remote terminals, thus causing both of 

the receiver trip outputs of  the local channel 1 

and 2 receivers to become a logic " 1 " .  T his 

make TEST TERM 4 (CHANNEL TRIP) a logic 

" 1 "  signal through l ogic 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 P ILOT 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 5 2b 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- 1 2  is applied at a terminal that can 

be a strong feed terminal , then distance relays 2 1 P  

o r  2 1 N P  ( 67N) would respond to the internal fault . 
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TY P E  STU - 1 2  TRANSF E R  T R I P  R ELAY ______________________ _ 

Operation of either of these relays would cause the 

STU - 1 2  to k ey the transmitter to the trip frequency 

and also to set up trip. Logic for strong feed opera­

tion is on WEAK FEED LOGIC -I board . 

0 nee a pilot trip signal is obtained for an inter­

nal fault, the 0/1 00 MS timer on the ARMING ED . 

will rapidily reset the 1 000 millisecond dropout 

ti m er of the 0/1000 MS timer . Therefore; when re­

closing into a permanent internal fault, the o nly 

time delay will be the 4/0 MS timer .  

3 .  Ex ternal 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 l ine will not see the 

fault. As a result, no receiver trip signal wi ll be 

received from that remote terminal. At the local 

terminal, if either voltage relay (27 or 59N) operates, 

the n, through logic on WEAK FEED LOGIC 3 board, 

the four input AND is satisfied to produce a logic 

"1" at TFST TERM 3 ( Protective Re lay). The trip 

AND on the ARMING ED will not be satisfied be ­

cause both re cr�i ver trip signals were not received . 

How ever ,  the 0/1000 MS timer will pickup to cause 

the 18/0 MS transient blocking timer on the OUTPUT 

BD to start timing IN 18 m il liseconds, TEST TERM 

2 (TRANSIENT BLOCKING) will become a negative 

logic "1" to block the trip AND of the OUTPUT BD . 

thereby preventing possible undersirable tripping 

during transients occuring at the clearing of an ex­

ternal fault. 

If an external fault uc:curs behind the 1\eak fe ed 

terminal of the protected li ne , th en either the under­

voltage ( 2 7 )  or overvoltage relay ( 5 9 N) will operate . 

Also , either reverse re aching relay (21S or 21NS) 

will also see this fault and operate to block the 4 
input AND on the WEAK FEFD LOGIC 3 board. The 
forward reaching relays at the remote terminal ( s) 

m ay also see this fault and k ey to the trip frequency . 

Therefore a trip request ( received receiver trip signal) 

would be received at the weak feed terminal. This 

would satisfy one input of the trip AND on the 

ARMING BD . and also start the 25 00/0 ms. timer on 

the TIMING BD . Since the other input to the tri p  AND 

is not satisfied ,  the output of the 25 00/0 ms. timer 

w ill activate the 0/1 000 ms. timer on the ARMING 

BD . and set up transient blocking 1 8  milliseconds 

latter to block trip. No tripping w ill occur at the re­

mote terminals since operati on of 2 1 S  or 2 1 NS at 

w eak feed terminal will prevent echo k eying by 

pickingup the 4/80 ms. timer on WEAK FEED LOGIC 

4 board . 

6 

The 0/6 MS timer on WEAK FEED LOGIC 4 board 

is used to delay echo k eying for 6 milliseconds to 

allow adequate time for 2 1 S  or 2 1 NS to o perate for 

an external fault. The overc urrent fault dete ctor 

(IA/IC) supervices 21S and must operate along w ith 

2 1 S  to block keying and trip .  

If  the terminal w as strong rather than w eak feed , 

then for a forward external fault, the forw ard reach­

ing relay 2 1 P  or 2 1 NP (67N) would operate to set 

up transient blocking. For a reverse faul t, these 

relays would not see the fault ,  but transient blo ck ­

ing would be set up w ith the rece ived trip signals. 

Transient blo cking is also established to insure 

against any misoperation due to fault power reversals 

caused by unequal circuit breakers clearing tim e  on 

a parallel line. The 1 000 millisecond reset time of 

the 0/1 000 MS timer on the ARMING BD . prevents 

misoperations when reclosing into an external faul t 

w here fault power flow reversals occur. In addition, 

the 1000 millisecond rese t  time also prevents tran­

sient, blocking from resetting when short holes 

appears in the input. 

4. Sequential Fault 

Occasionally an external fault will be foll owed 

by an i nternal faul t before the former is cleared . In 

order to pre vent a long delay in clearing a seque nt­

ial fault a transient unblocking 18/0 MS timer is 

included.  Altho ugh transient blocking has bee n  

initiated by the external fault ,  the presence o f  an 

internal fault w il l  produce a ne gative logic "1" 

signal from the trip AND o n  the ARMING ED., since 

a trip request will be received from the remote ter ­

minal. This "1" signal w ill energize the 4/0 MS 

timer and satisfy the AND to energize the 18/0 MS 

transient unblock ing timer on the OUTPUT B D .  In 

18 milliseconds the transient blocking timer will 

rese t the transient blocking timer thus satisfying 

the TRIP AND on the O UTPUT BD . and causing 

a pilot trip output. 

5 .  Loss of Potential 

D istance relays m ay tend to o perate 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-1 2 rel ay 

will lock out tripping and provide alarm . This is 

accomplished by the 5 00/5 00 MS timer on WEAK 

FEED LOGIC-1  board. In 5 00 milliseconds after a 

reverse reaching relay (2 1 NS-67NS or 2 1S )  o peration,  

providing both receiver trip signals are not present, 

a logic "1"  signal w ill  be produced at TEST TERM 

7 (Loss of Potential). This "1" signal w il l  lockout www . 
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the three input AND on W .F. Logic 1 board , there by 

simulating "not" distance relay ( 2 1  P or 2 1 NP-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 telep hone 

relay will drop out for indication  purposes. 

6 .  C hannel 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 . 

b .  1 80/0 MS timer from 5 2b contact. 

c. 2 1 P or 2 1NP (67N) forward reaching relay 

operation - strong feed k eying 

d .  2 7  o r  59N - voltage relay operation - weak 

feed keying .  

e.  C heck back circuit from channel logic. 

f. Contact bounce for 2 1 P  or 2 1 NP (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 the trans­

mitter becomes a logic "1" as described under the 

operation of the XMTR KEYING BD . 

The weak feed keying control logic is contained 

primarily on WEAK F EED LOGIC BDS. 2 and 4 .  

Keying at the weak terminal will take place when 

either voltage relay (27N and 59N) and neither 

reverse reaching relay ( 2 1 NS or 2 1S) operates and a 

trip request is received from either remote terminal . 

There is a 6 millisecond delay ( 0 I 6 MS timer) on  

echo keying to  allow time for blocking to become 

effective for an external fault, thereby preventing 

false keying.  

Operation of 21S and its supervising overcurrent 

fault detector IA/IC will satisfy the two input AND 

on WEAK FEED LOGIC 2 BD . If the undervoltage 

relay 27 has operated and the breaker is not open 

then an output wil l  be obtained from the three input 

AND . This output will start the 1 0/0 MS timer and 

also satisfy the four input OR on WEAK FEED 

LOGIC 4 BD. to block echo keying . After 10 milli­

seconds, the output of the 10/0 timer will seal in 

the three input AND to provide continuous echo 

key block when 2 1 S  resets after memory action 

s11bsides 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 2 1 S  seal in 

for bus faults, where bus side pots are used. 

If 21NS or 67NS operates, i t  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 2 input OR and AND 

m emory circuit on the same board.  This circuit 

will cause blocking when the breaker is open (5 2b 

closed) and the undervoltage relay (27) operates. 

The purpose of this is to prevent tripping of the 

remote terminals when closing the line into a fault 

on the weak-terminal bus , when u sing bus-side 

pots. Relay 21S  could not operate for this case 

since their was no voltage prior to the fault. 

To block echo keying , an output must be re­

ceived from the four input OR an WEAK F EED 

LOGIC 4 board for 4 milliseconds to pickup the 

the 4/80 timer and block the echo keying three 

input AND . The 4 ms tim e  delay will prevent block­

ing for transient 2 1 S  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 

2 1 P  or 2 1 NP (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 5 2b 

contact will energize the 180/0 MS timer on the 

TIMING BD . and initiate trip frequency transmission 

after 1 80 milliseconds and until such time as the 

circuit breaker is reclosed . This 1 80 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 c arrier 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 C hannel 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 

rec eiver trip signal will produce a "1 " signal at 

terminal 1 2  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 1 2  of 

the CHANNEL TRIP BD . 

Operation  of either or both low signal clamp 

inputs ("1" to "0") will cause a "1" signal at 

TEST TERMINAL 6 (LOSS OF CHANNEL) for use 

in the channel checkback scheme. For electro­

mechanical systems,  an AL telephone relay will 

dropout for indication of loss of channel. In addition,  

operation of either C heck Trip output will produce 

a "  1" output at terminal 7 of the CHANNEL SUPER­

V IS ION BD. This signal is used for the channel 

check back scheme .  

b. Frequency shift tone channel 

Refer to CHANNEL INTERFACE ,  TRIP and 

SUPERV ISION 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 

interlock shown on the channel 2 interface board 

connects the channel 2 trip output as one input to 

three input channel trip AND on the CHANNEL TRIP 

BD. 

8 

For three terminal line applic ations, 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 rec eiver 

trip signal will produce a "1 " signal at terminal 1 2  

of the CHANNEL TRIP BD. to start transient block­

ing and to energize an AND circuit on the CHANNEL 

SUPERVISION BD. 

For two terminal line applications, the one re­

ceiver trip signal will produce a "1" output at 

TEST TERMINAL 4 ,  and terminal 1 2  of the CHAN­

NEL TRIP BD, 

When a Tone Channel is used with the STU-1 2 

transfer trip relay , the Tone receiver must be inter­

nally 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 operation (" 1" to "0") 

will pickup the 15 0/1 00 MS timer and produce a "  1 "  

signal at TEST TERMINAL 6 (LOSS O F  C HANNEL) 

for use in channel checkback as well as blocking 

Channel Trip . For electromechanic al 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 Jl connector .  

One AND circuit on the CHANNEL SUPER­

VISION BD . is used for channel checkbac k .  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-1 2 relay will not 

trip on  receipt of the channel noise. B oth noise 

outputs on the C HANNE L  INTERFACE BD . are 

buffered , connected together, and brought out to the 

J 1 connector. 

A guard return circuit is included on the C HAN­

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 1 5 0/ 1 00 MS timer picks up and applies a 

" 1 "  signal to one input of each of the two guard 

AND 's o n  the CHANNEL TRIP BD . Now, if either 

or both receiver trip signals are " 1 "  or become a 

" 1 "  within the 1 0 0  millisecond dropout time of the 

1 5 0/ 1 00 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 C HANNEL TRIP 

BD . will become a " 1 "  and hold the 1 5 0/ 1 00 MS 

timer picked up by applying a "1 " input to t he 3 

input loss of channel OR on the CIJANNEL SUPER­

VISION B D .  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 .  Chan nel 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- 1 2  relays.  

At the local terminal , t he carrier transmitter 

will be disconnected from the line thu s causing a 

loss of channel condition at the remote terminal. 

This will cause the loss of channel OR on the 

CHANN EL SUPERVISION BD . (Remote Terminal) 

to assume a " 1 " .  and satisfy the two input AND 

(preceding the 2500/25 00 MS timer) and in 2500 

milliseconds pickup the 2500/2500 MS timer on the 

CHEC KBACK BD. 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 re­

store the channel , and the local transmitter will be 

keyed to 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 

to the 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 t he AND energizing the 2500/ 

2500 MS timer . it will no longer be satisfied and the 

timer will dropout causing keying to stop in 2 . 5  

seconds . However, within the 2 .5 seconds of keying, 

the STU- 1 2  relay at the local terminal will trip be­

cause of reception of both a received trip signal and 

a simulated protective relay signal. 

b. F requency shift· tone channel 

Refer to logic drawings . Fig. 6 and 7 

InformatioH in this section does not cover 

t he complete test , but only that portion con­

cerning the STU - 1 2  relay . 

At the local terminal, the tone transmitter will 

be disconnected from the line thus causing a loss of 

channel condition at the remote terminal .  T his will 

cause the loss of channel OR on th€ CHANNE L 

SUPERVISION BD.  (remote terminal) to assure a 

" 1 "  output to pickup the 1 5 0/ 1 00 MS. tim er. This 

satisfies the two input AND on the Check B ack B d .  

and i n  2 5 0 0  milliseconds t he 2500/2500 M S  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, 2 1 P) 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 CHANNE L  

SUPERVISION BD . t o  operate and produce a " 1 "  

at terminal 3 of this board. This " 1 "  will satisfy 

the other input to the AND on the CHECKBACK B D .  

causing the transmitter t o  b e  keyed t o  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-1 2  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 

board s permit transmitter keying and an input to set 

up tripping respectively . These circuits prevent 

additional delay in tripping due to a bouncing elec­

mech p rotective relay contact . 
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Two tel ephone alarm relays are mounted· in the 

rear of the chassis - one for indication of loss of 

a-c potential , another for indic ation of loss of chan­

nel . Both of these AL' s are normally picked up. 

CHA R AC T E R  I S  T I C S  

Control Voltage: 

Current Drain: 

48 V DC (42 to 56 volts) 

1 25 V DC ( 105 to 1 40 volts) 

SOLID STATE SYSTEMS 

Normal- 1 60 MA 

Pilot Trip - 270 MA 

Maximum - 3 1 0  MA 

ELEC-MECH SYSTEMS 

Normal - 200 MA 

Pilot Trip - 3 1 0  MA 

Maximum - 350 MA 

Temperature Range: -20 C to +55 C around chassis 

Inputs: 

52b Contact -

P rot ective Relays: 

21NS(67NS), 2 1S ,  

2 1NP(67N), 2 1 P ,  

5 9 N ,  2 7 ,  IA/IC 

All Other Inputs 

are: 

Outputs: 

Transmitter Key: 

TCF Frequency 

Shift Carrier 

Channel 

Frequency 

Shift Tone 

48/1 25 Control Voltage Buffered 

4SV - 1 .5 MA MAX C URRENT 

1 25V - 2 . 5 MA MAX CURRENT 

SOLID STATE SYSTEMS 

15 to 20 V DC Buffered 
2 MA MAC CURRENT 

ELEC-MECH SYSTEMS 

48/125  Control Voltag e Buffered 

48 V - 1.5 MA MAX CURRENT 

1 25 V - 2. 5 MA MAX CURRENT 

1 5  to 20 V DC, buffered and 

require  2 MA MAX C URRENT 

1 5 to 20 V DC Buffered 

10 MA MAX C URRENT 

"0" State - Open Circuit 

"1 " State - Short Circuit to 

Battery Neg . 

1 40 V DC MAX Voltage 

40 MA MAX CURRENT 

All Other Outputs are 15  to 20 V DC Buffered and 

provide 10 MA MAX C URREN T .  

Tim e: 

10 

Trip Time (4/0) 

Transient Block 

and Transient 

4.0 to 4 .5  Milliseconds 

(adjustable from 2 . 0  to 6 . 0  MS) 

Unblock Tim e  (1 8/0): 17 to 20 milliseconds 

(adjustable from 12 to 30 MS) 

(Relays may be ordered with a 

transient blocking tim e of 24 to 

27 milliseconds) 

Low Signal Lock­

out Time: 

Loss of Potential 

Time (500/500)  

Dimensions: 

Weight: 

1 30 to 1 SO Milliseconds 

400 to 600 Milliseconds 

relay height-5 .  25 " (3 rack units) 

relay width- 1 9 "  

rel ay depth - 14" 

approximately 1 5  lbs . 

S E T T INGS 

N o  setting is required on the STU- 1 2  relay. 

I N STALL A T I ON 

The STU-1 2 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 - 1 2  

relay is shown in Fig. 43 . 

ADJUS TMEN T S  & MA I N T EN AN C E  

Acceptance Check 

It is recommended that an acceptance check be 

applied to the STU- 1 2  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.  4 2 .  Apply r ated de to J 1  terminals 3 and 4 as 

shown, and use an auxiliary 20 volt regulator or the 

internal 20 volts of the STU-1 2 relay for the inputs 

to the switche s .  On STU- 1 2  relays for use with the 

electro-mechanical protective relays , rated positive 

de must be applied to the prot ective 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- 1 2  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- 1 2  relays for use only 

with electro-mechanical systems utilizing elec­

mech protective relays. 

W hen reference is m ade to TEST TERMINAL, 

this means one of the 10 test terminals on the TEST 

BD . in board slot 0. All v oltages are to be measured 

with respect to negativ e ,  TEST TERMINAL 1 0 .  

Voltage measurements may vary by + 1 0% .  Informa­

tion in this acceptance test applies to a relay with 

a transient blocking time of 1 8  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 

4: 0 Volts 

5: 0 Volts 

6: 0 Volts 

7: 0 Volts 

8: 20 Volts 

9: 20 Volts 

K eying AR - Not picked up 

Trip AR - Not picked up 

Loss of-Channel AL - Picked up (Elec-Mech 

System) 

Loss of Pote ntial AL-Picked up (Elec-Mech 

System) 

B. Channel Logic - 2 Term Line Relay Only 

(For 3 Term Line relays, disregard this section 

and continue on section C) 

1 .  TCF Carrier Channel 

a. Channel Trip-25 00/0 MS timer (TIMING 

BD . ), 0/1000 MS timer 

Close Trip-1 switch 

Test Term 2: Voltage drop from 20 to 0 

volts in 1 8  to 20 millise­

conds, then rise from 0 to 20 

volts in 3 100 to 4100  milli­

seconds. 

Test Term 4: Voltage rise from 0 to 20 

volts 

Open Trip - 1 switc h 

b. Loss of Channel 

Open LOW SIGNAL - 1 switch 

Test Term 6: Voltage rise from 0 to 20 

volts 

Loss of Channel AL will drop out 

Close LOW SIGNAL - 1 switch 

2. Tone Channel 

a. Channel Trip - 25 00/0 MS timer (TIMING 

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

sient blocking timer 

Close Trip- 1 switch 

Test Term 2: Voltage drop from 20 to 0 

volts in 1 8  to 20 m illisec­

onds, then rise from 0 to 20 

volts in 3 1 00 to 4 1 00 milli­

seconds. 

Test Term 4: Voltage rise from 0 to 20 

volts 

Open Trip- 1 switch 

b. Loss of channel - 1 50/100 MS tim er ( CHAN­

NEL SUPERVISION B D . )  

Open LOW SIGNAL- 1 switch 

Test Term 6:  Voltage rise from 0 to 20 

volts in 130  to 1 80 milli­

seconds 

Loss of Channel AL will drop out 

Close LOW SIGNAL - 1 switch 

Test Term 6: Voltage drap from 20 to 0 

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 

O pen 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 m ay be disregarded) 
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1 .  TCF Carrier Channel 

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

B D .  ), 0/1 000 MS timer (ARMING BD. ), 

transient blocking timer 

Close Trip - 1 switch 

Test Term 2:  Voltage drop from 20 to 0 

volts in 1 8  to 20 milli­

seconds then rise from 0 to 

20 volts in 3 1 00 to 4 1 0 0  

millise conds 

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 timer 

Close Trip - 2 switch 

Test Term 2: Voltage drop from 20 to 0 

volts in 1 8  to 20 milli­

seconds then rise from 0 to 

20 volts in 3 100 to 4100 

milliseconds 

Test Term 4: Voltage must remain at zero 

Open Trip - 2 switch 

c. Channel 1 and 2 L oss of Channel 

Open LOW SIGNAL - 1 switch 

Test Term 6:  Voltage rise from 0 to 20 

volts 

Loss of Channel AL must drop out 

Close LOW SIGNAL - 1 switch, then open 

LOW 'SIGNAL - 2  switch 

Test Term 6: Voltage rise from 0 to 20 

volts 

Loss of Channel AL must drop out 

Close LOW SIGNAL - 2 switch 

d. Channel 1 and 2 switches 

Test Term 4: Voltage rise from 0 to 20 

volts 

Open Trip- 1 and Trip-2 switches 

2. Tone Channel 

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

BD . ), 0/1 000 MS timer (ARMING BD . ), 

transient blo cking timer 

Close Trip - 1 switch 

Test Term 2: Voltage drop from 20 to 0 

volts in 1 8  to 20 milliseconds 

then rise from 0 to 20 volts 

in 3 1 00 to 4100 milliseconds 

Test Term 4: Voltage remains at zero 

O pen Trip - 1  switch 

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

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

transient blocking timer 

Close trip - 2  switch 

T e st Term 2: Voltage drop from 20  to 0 

volts in 1 8  to 20 milliseconds 

then rise from 0 to 20 volts 

in 3 1 00  to 4100  milliseconds 

Test Term 4: Voltage remains at zero 

Open Trip - 2 switch 

c. Guard Return - Channel 1 - Trip and Low 

Signal - 1 50/100 MS timer 

Open LOW SIGNAL - 1 switch 

Test Term 6: Voltage rise from 0 to 20 

volts in 130 to 1 80 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 milli­

seconds 

d. Guard Return - Channel 2- Trip and Low 
Signal - 1 50/100 MS timer 

Open LOW SIGNAL -2 switch 

T est Term 6: Voltage rise from 0 to 20 

volts in 1 3 0  to 1 80 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 1 25 millisec­

onds 

e. Channel 1 and 2 - Trip and Low Signal 

Close Trip- 1 and Trip-2 switches 

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 

1. 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 

5 9N switch 

b .  Block of weak feed trip (W. F . Logic 3 BD . )  

2 1NS,  2 1 S  and IA/IC , and 5 2b (0/50 timer) 

Close 59N switch 

Close 2 1NS switch 

Test Term 3: Voltage drop from 20 to 0 

volts 

Open 2 1 NS switch 

Close 21S  and IA/IC switches 

Test Term 3: Voltage drop from 20 to 0 

volts 

Open 2 1 S  and IA/IC switches 

Close 5 2b switch 

Test Term 3 :  Voltage drop from 20 to 0 

volts 

Open 5 2b switch 

Test Term 3: Voltage rise from 0 to 20 

v olts in 38 to 62 milli­
seconds (0/50 timer) 

Open 59N switch 

2 .  Weak Feed Keying 

(For 2 Term line relay s ,  remove the output 

BD . (Slot N) for these tests to prevent a Pilot 

Trip operation) 

a. Voltage Relay operation 

Close 27 Switch 

Test Term 5: Voltage remains at zero 

Close 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 

v olts in 6 to 10 milliseconds 

(0/ 6 timer) 

Open 5 9N and Trip- 1 switch 

b .  Block of weak feed keying (W.F. Logic 2 & 
4 BDS . )  2 1 NS.  2 1 S  and IA/IC , 5 2b ,  1 0/0 

timer, 4/80 timer, 0/6 timer 

C lose Trip- 1 switch 

Close 5 9N switch 

Test Term 5: Voltage rise from 0 to 20 
volts 

Close 2 1 NS switch 

Test Term 5: Voltage drop from 20 to 0 

vo lts in 2 . 4  to 4. 0 milli­

seconds (4/80 timer) 

Open 2 1 S  switch 

Test Term 5: Voltage rise, from 0 to 20 

volts in 60 to 1 0 0  milli­

seconds (4/80 timer) 

Open 5 9N switch ,  then close 27 switch 

Close 2 1 D  switch ,  then IA/IC switch 

Terminal 3 ( W . F .  Logic 2 BD . ): Voltage 

rise from 0 to approx.  7 volts in 6 to 1 0  

milliseconds ( 1 0/0 timer) 

Test Term 5 :  Voltage drop from 20  to 0 

volts 

Open 2 1 S  and IA/IC switches 

Test Term 5: Voltage must remain at zero . 

Close 5 2b 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 T erm 5: Voltage must drop from 20 to 

0 volts 

Open 27 switch 

(Re insert OUTPUT BD . into Slot N)  

E .  Strong Feed Operation 

1 .  2 1 P  o r  2 1NP (67N) Keying and trip 

Close 2 1 P  switch 

Test Term 3 & 5: Voltage rise from 0 to 20 

volts 

Ope_n 2 1 P  switch and repeat above fro 2 1 NP 

switch 

2 .  Loss of potential ( 500/500 timer - W . F .  Logic 

1 BD . )  

C lose 2 1 S  switch 

T est Term 7: Voltage rise from 0 to 20 volts 
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T Y P E  STU-1 2 TRAN SF E R  T R I P  R E LAY ______________________ _ 

in 400 to 600 milliseconds (5 00/ 

;iOO timer) 

Repeat above for 2 1 NS switch 

3 .  Block of L oss of Potential 

Close Trip- 1 and Trip-2 switches 

(Trip- 2 switch not required for 2 Term Line 

relays) 

Then close either 2 1S or 2 1 NS switch 

Test Term 7: Voltage must remain at zero 

Open 2 1 S (or 2 1 NS,)Trip-1 and Trip-2 switches 

4. Block of 2 1 P  ( 2 1 NP) Keying and Trip 

Close 2 1 P  switch 

Then close 2 1 S  switch 

Test Term 3: Voltage must drop from 20 to 0 

volts in 0 . 5  sec. 

Close 5 2b switch and 27 switch 

Open 2 1 S  switch 

Test Term 3: Voltage must remain at zero 

Open 27 switch 

Test Term 3: Voltage must rise from 0 to 20 

volts 

Open 5 2b and 2 1 P  switches 

F. 5 2b Contact Operation - 180/0 MS timer (TIMING 

ED.) 

Close 5 2b switch 

Test Term 5: Voltage must rise from 0 to 20 

volts in 180 to 230 milliseconds 

Open 5 2b switch 

G. Channel Checkback Operation 

14 

1 .  TCF Carrier Channel 

2500/ 2500 MS timer (CHECKBAC K ED.), 

check trip inputs 

Open LOW SIGNAL - 1 switch 

TP4 on CHECKBACK ED. voltage must drop 

from 8 to 0 volts in 2000 to 3000 milliseconds 

Close C K-Trip- 1 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 

• XMTR 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 for 3 

seconds , then close CK Trip-2 switch 

T est Term 5: Voltage must rise from 0 to 20 

immediately then drop from 20 

to 0 volts in 2 to 3 seconds. 

Close LOW SIGNAL-2 switch,  then open CK 

Trip-2 switch 

2 .  Tone Channel 

2500/2500 MS timer (CHECKBACK ED.) 

Open LOW SIGNAL-1 switch 

TP4 on CHECKBACK ED.: Voltage must 

drop from 8 to 0 volts in 2000 to 3000 milli­

seconds 

Close Trip-1 switch, then close LOW SIGNAL 

-1 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 

XMTR KEY AR must pick up for 2 to 3 

seconds 

Open Trip-1 switch 

For relays used for 3 Term L ine, 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 

T est Term 5: Voltage must rise from 0 to 20 

volts immediately after c losing 

both the LOW SIGNAL switches 

th�n drop from 20 to 0 volts in 

2 to 3 seconds 

Open Trip-2 switch 

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

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 switch 

Then , close 2 1 P  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 2 1 P  switch and Trip AR must drop out 

Open 5 2b switch www . 
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T Y P E  STU - 1 2  T RAN SF ER T R I P  R E LAY _____________________ 1"_L"_4_1--9-s9_. 7_1 A 

I .  Pilot Trip Aft er Transient Unblocking 1 8/ 0  MS 

Timer (OUTPUT ED . )  

Close 2 1 P  swit c h  

Then , c l o s e  Trip- 1 switch, and also for 3 

Ter m  Line relays,  clo se Trip- 2 switch 

Test T erm 1 :  Volt age drop from 20 to 0 volts 

18 to 20 milliseconds 

Open 2 1 P  s wit ch 

Test T erm 1 :  Voltage drop from 20 t o  0 volts.  

Open Trip - 1  and Trip-2 switches 

Repeat above t e st s  except use switch 27 or 

5 9N in place of 2 1 P  switch 

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

C lo s e  2 1 P  swit c h  

C l o s e  Trip- 1 switch and f o r  3 T e r m  Line 

relay s ,  al so close Trip-2 switch 

As soon as the voltage on Test T erm 1 r ises  
fro m  0 t o  2 0  volts t hen t he 0/30 MS timer will 
pickup 

Then open 2 1 P  switch 

T e s t  Term 5 :  V oltage must drop fro m  20 to 0 

volts in 24 to 3 0  m illiseconds 

Open Trip- 1 and Trip-2 sw itc hes 

K .  F ast Reset of  0/ 1 0 00 MS timer after pilot  trip 
.0/ 1 00 MS timer (ARMING ED .) 

For c he c king this 0 / 1 000 MS timer ,  it w ill be 

neces sary t o  use a j umper 

Clo s e  2 1 P  switch,  t hen clo se Trip- 1 switch 
and als o  for 3 T erm L ine relay s  close Trip-2 
switch 

Terminal 4 ( ARMING ED. ) : V olt age must rise 

from 0 to 16  volts in l e s s  than 2 milli­

seconds after the v olt age at Test Term 1 

r ises  from 0 t o  20 volts 

In order t o  c heck the 1 00 millise cond re set 

time , it is nece ssary to c onnect a jumper from 
TP-8 t o  terminal 14  o n  the ARMING ED. 

Open 2 1 P  switch 

Terminal 4 (ARMING ED.): Voltage must drop 

from 1 6  to 0 volts in 70 to 1 70 m illi s e conds 

Open Trip- 1 and Trip-2 switches, and re move 

the jumper 

L. Cont act Bounce C ircuit s (Weak Feed (W . F.)  

Logic 1 and 3 BDS . )  

This section i s  to be u s ed only for those 

STU- 1 2  relays which are for use with elec­

tromechanical protective re lays 

Clo se 2 1 P switch 

Termi nal 2 (W.F . Logic 1 and 3 Bd s.): Volt­
age must rise from 0 to 20 volts immedia­

tly t hen drop back to zero in appro ximately 
20 milli seconds 

Op en 2 1 P  switc h 

M .  Noise Operation (tones only) 

This section is to be used o nly for tho s e  

STU - 1 2  r elays w hich are for u s e  with a fre­

que ncy shift t one channel.  

Close NOISE- 1 switch 

Then close 2 1 P  switch and Trip- 1 switch, 

and al so for 3 T erm Line relay s  clo s e  Trip-2 

switch 

Test Term 1 :  V oltage must remain at zero 

Open Noise- 1 switch 

Test Term 1 :  Voltage must rise from 0 t o  20 
volts 

Trip AR must pickup 

Open 2 1 P ,  Trip- 1 and Trip-2 switches 

For 3 Term Line relay s ,  r ep e at ab ove t e st 

u sing Noise-2 swit c h  instead by Noise- 1 

switch. 

Recommended Rout ine Ma i ntenance 

P eriodic checks of the relaying syste m are de­

sirable t o  indicate impeding failure so t hat the 

equipment can be t aken out o f  s ervice for c orrection. 

Any accumulated dust s hould be removed at re gul ar 

m aintenance intervals. 

All cont acts should be periodically cleaned.  A 

cont act burnis her , Style  No .  1 8 2 A83 6H0 1 ,  i s  r ec om­

mended. The u s e  of abrassive m at erial is not recom­

mended because of t he danger of embedding s m all 

partic les in  the face of t he soft s ilver and t hu s  

imparing t he cont act. 

C A L I B R A T I ON 

The proper adjustments to in sure corre ct opera­

tion of the relay have been m ade at the factory and 

s hould not be dist urbed after receip t  by t he customer. 

H ow ever , if t he adj ustment s or if t he components or 

printed circuit boards w hich affect c alibr ation have 

have changed , t hen the STU- 1 2  relay should b e  re­

c hecked per the accept ance check information.  
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T Y P E  STU - 1 2  TRANS F E R  T R I P  R E LAY------------------------

All time delays are fi xed except for the three 

timers on the O UTPUT BD. : 18/0 (25/0)  MS tr an­

si ent blocking timer. These adju st able timers can 

be recal ibrated as follo w s  using an auxili ary timer 

or o scilloscope . 

Trans ient B l oc k 18/0 MS T i mer - OUT PUT B D ,  

(NOT E :  For r el ay s  having a transient blocking timer 

of  25/0 MS limits are 24 to 2 7  milli sec onds . 

Start timer on 2 1 P  s witch (positive pul s e )  

E n d  timer on T e s t  T erm 2 ( negative pulse)  

Close 2 1 P  s witch and the voltage on Test T erm 2 

must drop from 20 to 0 volts in 1 8  to 20 millisec onds 

( 24 to 27 M$) 

This t i me can be adj u sted by turning potentiometer 

R 1 4  on the OUTPUT clock wise for more time or 

counter clockwise for less time. (After recalibrating 

this timer also recheck the calibration of the 4/0 MS 

time r . )  

P i lot T r i p  4/0 M S  T imer - OUTPUT B D ,  

Start Timer on 2 1 P  switch (po sitive pulse) 

E nd timer on Test T erm 1 (positive pulse) 

For this calibration, close 52b s witch 

Close Trip- 1 switch ,  and al so Trip-2 swit c h  for 3 
T erm Line relay s  

Then c l o s e  2 1 P  s witch and the  v olt age on T e s t  T erm 

1 must rise from 0 to 20 volts in 4 . 0  to 4 . 5  milli­

seconds 

This timer can be adj usted by turning potentiometer 

R20 on th e OUT P UT BD.clo c k wise for more time and 

counter-clock wise for less time . 

( Aft er recalibrating this timer,  also recheck calibra­
tion of the 1 8/0 MS transient block timer . )  

Trans i ent Unblock i ng 1 8/0 MS T i mer- O U T P U T  B D. 

Start timer on Trip- 1 s witch (positive pulse)  

End t imer  o n  Test Term 1 ( po sitive pulse)  

Clo se 2 1 P  s witch, and also  close Trip- 2 switch fo r 
3 Term Line rel ays 

Then close Trip- 1 s witch an d the voltage on T est 
Term 1 must ri s e  from 0 to 20 volts in 18 to 20 milli­
seconds. 

Thi s time c an be adj usted by turning pot entiometer 
R1 o n  the O UTPUT BD. clockwise fo r more time 
and counter-clockwise for less time. 

1 6  

Tri pp ing  Relay (AR) 

The type A R  tripping relay unit has been pro­

perly adjusted at the factory to insure correct opera­

tion and should not be disturbed after receipt by the 

customer.  If, however, the adj ustments are disturbed 

in error , or it becomes nec e s s ary t o  replace so me 

part in  the fiel d ,  u se the following adjustm ent pro­

cedure. This procedure should not be used until it i s  

apparent that t h e  AR unit i s  not in proper working 

order , and then only i f  suitable tools are av ail able 

for c hecking the adju stment s .  

a .  A djust t h e  s e t  scre w a t  t h e  t o p  of the frame t o  

obtain a 0 . 009 inch gap at t h e  rear e n d  o f  t h e  

armature air g ap. 

b. A djust e ach contact spring to obtain 4 gram s 

pressure at the very end of the spring. This 

pressure i s  m e asured when the spring moves 

aw ay from the edge of  the slot in  the insulated 

crosspi ece .  

c .  Adjust e ach statio nary c ontact screw t o  obtain 

a c ontact g ap of  0 . 020 inch. This will give 1 5 -30 

grams cont act pressure. 

Trouble Shoot ing 

The components of the STU- 1 2  relay are operated 

well within their ratings and norm ally will give long 

and trouble-free servi c e .  However, i f  a relay has 

given an indication of trouble in service or during 

routine check , then u sing " 0 "  and " 1 "  logic nota­

tion, the faulty print ed circuit board can be traced to 

u sing the di agrams in Fig .  4 ,  5 ,  6 ,  or 7 .  In tur n ,  the  

faculty, component or  circuit can be found using the 

individual schematic of  the printed circuit  boards 

which show t he detailed transi stor NOR/NAND l o gi c-

E ach NOR/NAND l ogic block represents a tran­

sistor on the schematic .  The output of  each indivi­

dual lo gic block i s  the colle ctor of the transistor 

which represents that block . The c ollector of  e ach 

transistor i s  either connected t o  a test point or 

printed circuit terminaL A box around the transistor 

indicat e s  that it is conducting for the normal c ondi­

tion of the relay .  

F ollowing i s  an explanation o f  the voltage levels 

for the " 0 "  and " 1 "  lo gic notation as shown for the 

normal relay condition in  Figs.  4 ,  5 ,  6 ,  and 7 .  This 

logic notation w ill also apply t o  the detailed logic 

on the printed circuit board internal schematics. 
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TY P E  STU-1 2 T RANSF E R  T R I P  R E LAY ____________ ....:.._ _______ 1_· L_"_4_1-_9s_9_.7_1 A_ 

For pos it ive log ic - repres ented by logic bloc k s ,  

with n o  arrows ,  " 0 "  i s  equivalent to less  than 

0 . 5 volts w ith respect to negative, Test Term 1 0 .  

" 1 "  i s  equiv alent to 8 t o  20 volt s with r e spect 

to ne gative , Test T erm 1 0 )  

For negative log i c  - represented b y  l ogic blocks 

with open arrow head s ,  " 0 "  i s  e quivalent t o  8 to 

20 volt s with r espect t o  negative, Test Term 10,  

e x cept for the outpJlt of the relay driver, where a 

" 0 "  is rated positive de. 

" 1 "  is equivalent to les s  than 0 . 5  volts with 

respect t o  negative , Test· T erm 1 0 .  

A board extender, Style No. 849A5 34G0 1 ,  i s  

available for facilitating c ircuit volt age me asure­

ment s. After w ithdrawing anyone of  the c ircuit 

b oard s, t he e xt ender is inserted into that s lo t .  The 

b oard is then inserted into the terminal block on the 

front of the ext ender to restore all c ircuit connec­

tions.  

The Test T erminal s on the T e st Ed.  in the 

board po sit ion t o  the e xtreme right are he lpful in 

c hecking the overall relay operat ion. Fol lo wing are 

the v oltage s that will o c cur at these T e st T erminal s  

under various condition s :  

NOTE: A l l  voltages r eferred to are t aken with re­

spect to negat ive,  Test T erminal 1 0 .  

Test Term i n a l  1 :  P i lot T r i p  
Normal Condition - 0 volts 

Internal F ault - 20 volts 

For an internal fault, either a forward reac hi ng relay 

( 2 1 P  or 2 1NP(6 7N)) or a voltage relay ( 27 or 59N) 

operation and both r e ceiver trip signals ( one receiver 

trip signal for 2 Term L ine relay s  are required. 

Test Term ina l 2: Trans ient B loc k i ng & Unb loc k i n g  

Normal Condition - 2 0  volt s 

E xternal Fault - 0 volts 

T he following will simulate an extern al fault : 

2 1 P  or 2 1NP (67N) operation 

27 or 59N operation 

either channel receiver trip operat io n  

Test  Termina l  3 :  Protective Relay 

N ormal Operation - 0 volts 

21 P or 2 1 NP( 67N) Operation - 20 volts 

27 or 59N Op eratio n  - 20 volts 

Test Term ina l  4:  Channe l Tr ip  

Normal Condition - 0 volts 

Oper"ation of Channel 1 and 2 receiver trip output s­

( for 2 Term Line relays ,  only 1 channel r equired) - 2 0  

volts 

Test Term i n a l  5: XMT R Key 

Normal Condition - 0 volts 

2 1 P  or 2 1NP( 67N) Operation - 20 volt s  

5 2b contact operatio n - 20 volts 

Internal F ault (pilot trip signal) / 20 volt s 

27 or 59N and received trip signal 1 or 2 - 20 v olts 

Channel Check b ack scheme-20 volt s for 2 .5 se conds 

Test Termina l  6: Los s of Chennel 

Normal Condition - 0 volts 

Operation of  either c hannel  1 or 2 Low signal clamp-

20 volt s .  

Test Term ina l  7 :  Loss o f  Potent i a l  

Nor m al Condition - 0 volts 

2 1 NS(67NS) or 2 1 S  op eration-20 volt s after 500  MS 

time delay 

2 1 NS(67NS) or 2 1 S  and both receiver trip s ignal oper­

ation ( one rec eiver trip signal for 2 Term Line 

relays) - 0 volts 

Test Termine I 8 and 9: Pos . 20 V DC 

Norm al C ondition - 0 volts 

Test Termina l 1 0: Negative DC 

R E N E W A L  P A R T S  

Repair w ork c an be done most s ati sfactorily at 

the factory. However,  interchangeab le p art s can b e  

furnished t o  the customers w h o  are equipped for 

doing the repair w ork. When ordering parts ,  always 

give the complete nameplate data ,  and the com­

ponent Style No. given in the E lectrical P arts List. 
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TY P E  STU- 1 2  T R ANS F E R  T R I P R E LAY ______________________ _ 

I I 
1 8  

ELECTRICA L  PARTS L I ST  

C I R C U I T  SYM BO L  R E F E R E N C E  

POWER SUP P L Y  BOARD - St�202C465G0 1 

Capac i tors  
C l ,  C2 

Diodes 
D l , D2 

Res i stors  
None on PCB 

Tran s i stors 
Ql,  Q2 

Zener Diodes 
Z l ,  Z3 

Z2, Z4 

Heat Sink for Al & Q2 

6.8 MFD, 35 V ,  ±20% 

1N645A 

None 

2N3589 

1 N3050A ( 1 80 V - 1 W) 

1 N4 7 4 7A ( 20 V - l W) 

WEAK F E E D  - St�6262D69G0 1 - E L EC. MECH . SYSTEM 
LOGIC 1 BOAR D  - St�6262D69G02 - SOL ID STATE SYSTEM 

Capacitors  
C l , C2 

C 3 ,  C4 

C 5  

C 6  

Diodes 
Dl , D2 , D3 , D4 , D5 

R e s i stors  
R l ,  R 2 ,  R7,  RS D 
R l ,  R2 ,  R7,  RS tt 
R3,  R9 

R4 , R lO ,  R27,  R45 
R5 , R l l ,  R 1 5 ,  R 1 8 ,  R2 1 ,  R24,  R26,  R30,  R33 , R37,  

R40 ,  R4 3 ,  R44 

R6 ,  R l 2 ,  R l 6 ,  R25 , R3 1 ,  R38 

R 1 3 ,  R 1 4 ,  R l 7 , R29,  R34 ,  R35 , R36 , R39 ,  R4 1 

R 1 9  
R20 , R23 

R22 

R28 

R3 2 

Trans i stors  
Q l , Q2,  Q3 , Q4 , Q5,  Q6 , Q8 , QlO ,  Q l l 
Q7, Q l 2  

Q9 

D. - Solid State Systems 

.047 mfd , 200 VDC 

2 2  mfd , 35 V DC 
. 2 7  mfd, 200 V DC 

. 4 7  mfd, 35 V DC 

1N64 5 A  

4. 7 K ,  Yz W ,  ±2% 

47 K ,  Yz W, ±2% 
4. 7K , Yz W, ±2% 
82K,  12 W, ±2% 

10 K, Yz W, ±2% 

6.8 K ,  Yz W, ±2% 

27K,  Yz W, ±2% 

39K , Yz W, ±2% 

470 ohms, Yz W, ±2% 

47 K ,  Yz W, ±2% 

150  Ohms,  3 W, ±5% 

l K ,  Yz W, ±2% 

2N34 1 7  

2N3645 

2N3589 

tt - Elec . Mech Systems 

STYL E 

1 84A66 1 H l 0  

837A692H03 

8 3 7A6 1 7H0 1 

1 8 7A936H 1 6  
849A4 8 7H0l  

8 49A5 1 7 H0 1  

849A437H04 

184A66 1 H l 6  
188A669H05 

8 3 7A24 1 H 2 1 

837A69 2H03 

629A5 3 1 H48 
629A53 1 H 7 2  
629A53 1 H4 8  
629A53 1 H78 

629A53 1 H5 6  

629A53 1 H5 2  

629A5 3 1 H66 

629A5 3 1 H70 

6 29A53 1 H24 

6 29A53 1 H7 2  

762A679H 0 1  

629A5 3 1 H 3 2  

848A85 1 H0 2  

849A4 4 1 H0 1  

837A61 7H0 1 
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T Y P E  STU-1 2 TRAN S F E R  T Rl P R E LAY --------------------�_.L_._4_1 ·_9s_9_. 7_1 A 
E LECTR ICAL PARTS L IST 

C I R C U I T  S Y M B O L  R E F E R EN C E  

Zener D iodes 
Z l , Z2, Z5 , Z6 , Z l l  

Z3 , Z7 

Z4,  Z8,  Z9 , Z l O  

Z 1 2  

Capac itors 
C l , C 2 , C3 

C4 

D i odes 
Dl , D2 , D3 , D4 , D5 

Resi stors 
R l ,  R6 , R l 2  tl 
R l , R6 , R 1 2  It 
R2 , R7 , R 1 3  

R3 ,  R8 , R 1 4  

WEAK F E ED LOG I C  1 BOARD 
(cont i nued) 

IN3 688A 

IN3686B 

IN957B 

IN3050B 

WEAK F E ED S1t6262D57G01 - SOL I D  STAT E SYST EMS 
LOGIC 2 BOARD S�t6262D57G02 - E L E C .  MECH . SY STEMS 

. 047 mfd , 200 VDC 

. 1 5  mfd , 35 VDC 

IN 645A 

R4 , R9,  R 1 5 ,  R20,  R23 ,  R2 8 ,  R30 , R3 3 ,  R36 

R5 , R l l , R 1 7 , R2 1 , R24 , R29, R34 , R37 

R 1 0 , R 1 6 , R1 8 , R 1 9 , R2 2 , R25, R26, R27 , R35 

R3 1 

4 . 7 K . Vzw . ± 2% 

47K,  Yzw . ± 2% 

4 . 7 K ,  Vzw . ± 2% 

82K,  Vzw . ± 2% 
l O K ,  llzW , ± 2% 

6. 8 K ,  1/zW, ± 2% 

2 7 K ,  1/zw , ± 2% 
2 K ,  1/zW , ± 2% 

1 5K ,  Vzw . ± 2% R32 

T ran s i  stors 
Ql ,  Q2 ,  Q3 ,  Q4 ,  Q5 ,  Q6 ,  Q8,  Q9 

Q7 
2N34 1 7  

2N3645 

Zener D iodes 
Z l , Z3 , Z5 

Z2, Z4 , Z6 

Capac i tors 
C l  

C 2 ,  C3 

C4 

D iodes 
D l , D2 , D3 , D4 , D5 

tl - Solid State Syst ems 

IN3686B 

IN957 B  

W EAK F E ED S1t6262D65G01 - SOLI D  STAT E SYSTEMS 
LOGIC 3 BOARD Sit6262D65D02 - E L E C .  MECH . SYST EMS 

3 . 3  mfd , 35 VDC 

.047 mfd , 200 VDC 

.47 mfd , 3 5  VDC 

IN645A 

It - Elec. Mech.  Syste ms 

S T Y L E  

862A288H01 

1 85A2 1 2H06 

1 86A797H06 

187 A936H 1 7  

84 9A437H04 

837 A24 1 H 1 3  

837 A692H03 

6 29A5 3 1 H4 8  

6 2 9A53 1 H7 2  

6 2 9A53 1 H4 8  

6 29A53 1 H7 8  

6 2 9A53 1 H56 

629A5 3 1 H5 2  

629A53 1 H 3 9  

6 29A53 1 H60 

848A85 1 H02 

849A44 1 H0 1  

1 85A2 1 2H06 
1 86 A797 H06 

862A53 0H0 1 

849A437H04 

83 7A24 1 H 2 1  

837A692H03 
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TY P E  STU - 1 2  T RAN S F E R  T R I P  R E LAY ______________________ _ 

ELECTR ICAL PARTS LIST 

C I R C U I T  S Y M B O L  R E F E R E N C E  S T Y L E  

WEAK F E ED LOG I C  3 BOARD 
(cont inued) 

Res i stors 
R l , R7 , R l 4 , R20, R2l , R22 , R24 , R2 5 , R30 , R32 27K , Yzw , ± 2% 6 2 9A53 1 H66 

R2 , R5 , RS , R 1 3 , R 1 7 , R26 , R2 8 , R3 1 , R33, R35 I OK, YzW , ± 2% 629A5 3 1 H56 
R3 3 0 K ,  Yzw . ± 2% 6 2 9A53 1 H67 

R4 470 ohm , YzW , ± 2% 6 29A53 1 H 24 

R6 , R9 , R 1 5 , R23 , R27 s . s K .  Yzw , ± 2% 6 2 9A5 3 1 H 5 2  

R I O ,  R I 6  6. 4 . 7 K ,  Yzw, ± 2% 6 2 9A53 I H4 8  

R I O , R I 6  If 4 7 K ,  1/zw ,  ± 2% 6 2 9A5 3 I H7 2  

R i l ,  R I 7  4 . 7 K ,  Yzw, ± 2% 629A5 3 I H4 8  

R I 2 ,  R I S ,  R2 9 ,  R36 82 K, Yzw , ± 2% 6 2 9A5 3 I H78 

R34 I 5 K,  Yzw , ± 2% 6 29A5 3 I H60 

Tran si stors 
Q l , Q2 , Q3 , Q4 , Q5 , Q6 , QS 2N34 1 7  84 8A85 I H0 2  

Q7 , Q9 2N3645 84 9A44 I HO I  

Zener D i odes 
Z l , Z3 , Z5 IN957B 1 86A7 97H06 

Z2 , Z4 IN3686B I 8 5A2 I 2 H06 

WEAK F E ED SII6262D74G01 - SOLID STATE SYS T EM 
LOGIC 4 BOARD SII6262D74G02 - E L EC .  MECH . SY S T EM 

Capac i tors 
C I  . 047 mfd , 200 VDC 849A437H04 

C2 4 . 7  mfd, 35  VDC 1 84A66 I H I 2  

C3 . 4 7  mfd, 35  VDC 83 7A24 I H 2 I 

Diodes 
D l , D3 , D4 , D5 , D6 IN64 5 A  837A692H03 

Resi stors 
R I , R2 , R5 , R6 , R I 2 , R I 4 , R I 5 , R2 2 , R2 9 , R3 I , R3 2 , R33 27K,  Yzw . ± 2% 6 2 9A5 3 I H66 

R3 , R7 , R l 3 ,  R2 0 ,  R23 , R26,  R28 , R34 I OK ,  YzW , ± 2% 629A5 3 I H5 6  

R4 , RS , R I 6 ,  R 1 9 ,  R2 I ,  R27 , R3 0 ,  R35 s.SK , Yzw. ± 2% 6 2 9A5 3 1 H5 2  

R 9  !\ 4 . 7 K ,  Yzw . ± 2% 6 2 9A53 I H4 8  

R9 If 4 7 K ,  Yzw, ± 2% 6 2 9A5 3 I H7 2  

R l O  4 . 7 K ,  Yzw , ± 2% 6 2 9A5 3 1 H4 8  

R l l  82 K ,  YzW ,  ± 2% 629A5 3 1 H7 8  

R I 7  2 2K,  Yzw . ± 2% 6 2 9A5 3 1 H6 4  

R I S  2 . 7 K, Yzw, ± 2% 629A5 3 I H 4 2  

R24 3 3 K , YzW ,  ± 2% 629A5 3 1 H6 8  

R25 4 7 0  ohm s ,  Yzw , ± 2% 6 2 9A5 3 I H2 4  

Tran s i stors 
Q I , Q2 , Q3 , Q4 , Q5 , Q6 , Q7 , QS 2N34 1 7  84 8A85 I H0 2  

Zener D i odes 
Z I  IN3686B I 85A2I 2 H06 

Z2 , Z3 , Z4 IN957B I 86A797H06 

6. - Solid State System 11 - Elec . Mech. System 
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TY P E  STU-1 2 TRAN S F E R  T RI P  R E LAY _____________________ ._" L_" _4 1_·9_s_9._71 A 

E LECTR ICAL PARTS L I ST 
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c
_
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c
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E
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L
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CHANN E L  - Stt202CS30G0 1 - TCT I N T .  
I N T E R FACE BOA R D - SII202C469G0 1 - TA3 I N T .  

r-------------------------,-----------,----- --------
Capaci tors 

C l , C3 , C5 

C4 , C6 

D i odes 

D 2 ,  D3 

Res i stors 

Rl , R2 , R9, Rl O ,  R 1 7 ,  R 1 8  

R3 , R7 , R l l ,  R1 5 ,  R 1 9 ,  R23 

R4 , R5 , R 1 2 ,  R 1 3 , R20 ,  R2 1 ,  R26 

R6 , R1 4 ,  R2 2 ,  R27 

R l 6 ,  R24 

R25 

Tran s i stors  

Q l '  Q3 , Q5 , Q7 

Q 2 ,  Q4 , Q6 

Zener D i odes 

Z 1 , Z4 , Z7 

Z2 , Z5 , Z8 

Z6 , Z9 , Z l O  

. 047  mfd , 200 V DC 

. 27 mfd , 200 V DC 

1 N645A 

4 . 7  K ,  YzW ,  ± 2% 

82 K ,  lfzW , ± 2% 

1 0  K ,  YzW , ± 2% 

6 . 8  K ,  YzW ,  ± 2% 

1 5 0  ohm,  3 W ,  ± 5% 

27 K ,  1/zw .  ± 2% 

2N3 4 1 7  

2N3645 

1N3686 B ,  20 V, ± 5% 

1 N 957B , 6 . 8  V ,  ± 5% 

1 N3 6 8 8 A ,  24 V ,  ± 20% 

CHANN E L  - Stt202C47 1 G0 1  - T C F  
T R I P BOARD - Stt202C472G0 1 - TON E 

Capacitors 

C l  

Diodes 

D l  

Res i stors 

R l , R2 , R5 , R8, R l l ,  R 1 4 ,  R 1 7 , R l 8 ,  R2 1 ,  R 2 2 ,  R25 , 

R26 , R29 ,  R3 2 ,  R33 ,  R34 , R37 ,  R43 

R3 , R6 , R9 , R1 2 , R l 5 , R l 9 , R23 , R27 , R30 , R3 5 , R3 8 , R39 

R4 , R7 , R1 0 , R 1 3 , R 1 6 , R20 , R24 , R2 8 , R3 1 , R36 , R40 

R4 1 

R4 2 

0 . 27 mfd, 200 V 

1N645A 

27 K ,  lfzw . ± 2% 

1 0K ,  YzW ,  ± 2% 

6 . 8  K ,  lfzW ± 2% 

82 K ,  lfzw . ± 2% 

1 5 0  ohm,  3 W ,  ± 5% 

849A437H04 

1 88A669H05 

83 7 A692H03 

629A53 1 H48 

629A5 3 1 H7 8  

6 2 9 A5 3 1 H56  

6 2 9 A53 1H52 

76 2A679H0 1 

629A5 3 1 H66 

848A85 1 H02 

849A44 1 HOl 

1 85 A 2 1 2H06 

1 86 A7 9 7H06 

862A288H0 1 

1 88A669H05 

837 A692H03 

629A5 3 1 H66 

629A5 3 1 H5 6  

629A5 3 1 H5 2  

6 29A53 1 H7 8  

7 6 2 A679H0 1 
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TY P E  STU-1 2 T RANS F E R  T R I P R E LAY ______________________ _ 

ELECTR ICAL PARTS LIST 

C I R C U I T S Y M B O L  R E F E R E N C E  

CH AN N E L  T R I P  BOARD 
(contin ued) 

Tran s i stors 
Q l , Q2 , Q3 ,  Q4 , Q5 , Q6 , Q7 , Q8 , Q9 , Q l O ,  Ql l 

Zen er D i odes 
Z l  

T C F  CHAN N E L  

2N34 1 7  

1N3688A ,  2 4  V ,  ± 1 0% 

SU P E RVIS ION BOARD - S�t202C532G01 

Res i stors 
R l , R2 , R9, R22 , R23 , R26 

R3 , R4 , R I O ,  R 1 3 ,  R24 , R27 

R5 , R l l ,  R25 , R28 

R 1 2  

Tran s i stors 
Q l , Q4 , Q8 , Q9 

Q2 

Q5 

Z ener  D i odes 
Z l  

27  K ,  nW, ± 2% 

1 0  K ,  nW , ± 2% 

6 . 8  K ,  nW , ± 2% 

1 K ,  Yzw , ± 2% 

2N3 4 1 7  

2N3645 

2N3589 

1 N 3 05 0B ,  1 80 V 

TON E CHAN N E L  - Sit202C474G0 1 - E L EC .  M E C H .  SYST EMS 
SU P E R V I S ION BOARD - Sit202C533G0 1  - SO L I D  STATE SYST EMS 

Capac itors 
C l  

D i odes 
D l ,  D2 ,  D3  

Res i stors 
R1 , R2 , R3 , R6 , R 1 5 ,  R20 ,  R23 , R24 , R25 ,  R 2 8 ,  R 2 9 ,  R32 

R4 , R7 , R 1 2 ,  R 1 3 ,  R1 6 ,  R 1 9 ,  R2 1 ,  R26 , R30 , R33 

R5 , R8 , R 1 4 ,  R 1 7 ,  R2 2 ,  R27 , R3 1 ,  R34 

R9 11 
R I O t\ 

R l l 

R 1 8  

Tran s i stars 
Q1 , Q2 , Q3 , Q5 , Q7 , Q8 , Q9 , Q 1 0  

Q4 

Q6 

Zener D iodes 
Z l  

Z2  

11 - Indicat es typical value 

22 

1 2  mfd , 35 V, ± 1 0% 

1 N645A 

27 K ,  Yzw ± 2% 

1 0  K , Yzw, ± 2% 

6 . 8  K ,  Yzw , ± 2% 

22 K ,  Yzw , ± 2% 

1 0 K ,  nW , ± 2% 

1 5  K ,  Yzw, ± 2% 

1 K ,  YzW , ± 2% 

2N3 4 1 7  

2N3645 

2N3589 

1 N957B , 6 . 8 V ,  ± 5% 

1 N3050B , 1 8 0  V 

S T Y L E  

848A85 1 H02 

862A288H01 

6 2 9A53 1 H66 

6 2 9A53 1 H56 

6 29A53 1 H 5 2  

629A53 1 H3 2  

84 8A85 1 H02 

84 9A44 1 H0 1  

837A6 1 7H0 1  

1 87A936 H l 7 

862A530H05 

837 A692H03 

6 29 A53 1 H66 

6 2 9A53 1 H56 

629A5 3 1 H5 2  
629A5 3 1 H64 

629A53 1 H56 

629A53 1 H60 

62 9A53 1 H32  

848A8 5 1 H02 

849A44 1 H0 1  

8 3 7  A6 1 7H 0 1  

1 86A797H06 

187 A936H 1  7 
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TY P E  STU - 1 2  T RANS F E R  TRI P R E LAY ---------------------I · L_._4_1 -_9s_9_.7_1 A  

ELECTRICAL PARTS L I ST 

C I RCU I T  SYMBOL R E F E R E N C E  S T Y L E  

T R ANSMI TT E R  - S�t202C634G0 1 - T C F  CH.  
K E Y  BOARD - S�t202CS3SG0 1 - TON E CH . 

Capa c i tors 
C 1 , C2 0 . 27 mfd , 200 V DC 1 8 8A699H05 

Diodes 
D 1 ,  D 2 ,  D3 , D4 , D5 , D 6 ,  D7 1 N645A 837A6 92H03 

Res i stors 
R1 , R2 , R3 , R4 , R5 , R6 , R7 , R l 3  2 7  K ,  Vzw ,  ± 2% 6 29A53 1H66 

R8 , R9 , R 1 2 ,  R 1 4 ,  R 1 5 , R20 10 K, Vzw ,  ± 2% 6 29A53 1H56 

R10 ,  R l l , R 1 6  6 . 8  K ,  Vzw , ± 2% 6 29A53 1 H5 2  

R 1 7  82 K, Vzw ,  ± 2% 629A53 1 H 7 8  

R l 8  1 5 0  ohm,  3 W,  ± 5% 762A679H01 

R 1 9  4 . 7  K ,  Vzw ,  ± 2% 62 9A53 1H48  

Tran s i stors 

Q1 , Q4 2N3 4 1 7  84 8A851 H02 

Q2,  Q5 2N3645 849A44 1 H0 1  

Q3 , Q6 2N3589 837A6 1 7 H 0 1  

Zener D iodes 

Z 1 , Z3 1N3688 A ,  24 V ,  ± 1 0% 862A288H01 

Z2 , Z4 1 N3050B , 1 80V 1 8 7  A936Hl 7  

CH ECKBACK BOARD - S1t6263Dl 7G01 

Capa c i tors 
C l ,  C2 150 mfd , 35  V 849A007H0 1 

Diodes 
D 1 , D 2 , D3 1 N645A 837A692H03 

Res i stors 
R1 , R4 , R7 , R8 , R 1 5  27 K ,  Vzw ,  ± 2% 6 2 9A53 1 H66 

R2 , R5 , R9 , R l 2 ,  R 1 6  1 0  K ,  � ± 2% 629A5 3 1H56 

R3 , R6 , R 1 7  6 . 8 K ,  Vz , ± 2% 629A53 1 H 5 2  

R l O  � .  R l 3  � 33 K ,  llzW , ± 2% 6 2 9A5 3 1 H6 8  

Rl l ,  R 1 4  470  ohm , Vzw , ± 2% 629A53 1 H24 

Tra n s i stors 
Ql , Q2 , Q3 , Q4 , Q5 2N34 1 7  848A85 1H02  

Zener  D i odes 
Z l , Z2 1 N957B , 6 . 8 V ,  ± 5% 1 86A797H06 

� - Indicat es typical value 
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TY P E  STU - 1 2  T RANS F E R  T R I P R E LAY ______________________ _ 

ELECTR ICAL PARTS L IST 

C I RC U I T  S Y M B O L  R E F E R E N C E  STY L E  

T I M I N G  B O A R D  - S�t202C477G0 1 

Capac i tors  
C 1  . 047 mfd , 200 V 849A437H04 

C2 12  mfd , 35  V ,  ± 1 0% 862A530H05 

C3 1 . 5 mfd , 35 V ,  ± 5% 1 87A508H 1 8  

C 4  1 5 0  mfd , 30  V ,  ± 1 0% 849A007H0 1 

C5 1 . 0 mfd , 35 V ,  ± 1 0% 837A24 1 H 15 

D i odes 
D l ,  D2 , D3 , D4,  D5 1 N645A 837A692H03 

Res i stors 
R1 47 K, Yzw.  ± 2% 629A53 1 H72 

R2 4 . 7K ,  Y2W , ± 2% 629A5 3 1 H48 

R3 82 K, Yzw. ± 2% 6 29A5 3 1 H78 

R4 , R7 , R 1 0 ,  R 1 3 ,  R 1 6 ,  R 1 9 ,  R2 2 ,  R25 , R28 , R33 10 K, Yzw . ± 2% 629A5 3 1 H56  

R5 . R8 , R 1 4 , R17 ,  R23 , R26 , R34 6 . 8  K ,  Yzw. ± 2% 6 29A53 1 H52  

R6 , R9 , R 1 5 . R1 8 ,  R24 , R27 , R31 , R3 2 ,  R35 27 K, Yzw . ± 2% 629A5 3 1 H66 

R1 1 L\ 30 K . Yzw .  ± 2% 6 29A5 3 1 H67 

R 1 2 ,  R21 , R30 470 ohm , Yzw. ± 2% 6 2 9A5 3 1 H24 

R20 /\ ,  R29 11 33 K .  Yzw.  ± 2% 6 29A5 3 1 H6 8  

T rans i stors 
Q1 , Q2 ,  Q3 , Q4 , Q5 , Q6 , Q7 , Q8 , Q9,  Q10  2N3 4 1 7  848A85 1 H02 

Zener D i odes 

Z 1  1N368B , 2 0  V ,  ± 5% 1 85A21 2H06 

Z2 , Z3 , Z4 , Z5 1 N957B , 6 . 8 V ,  ± 5% 186A797H06 

ARMI NG BOARD - S�t202C478G0 1 

Capac itors 
C 1  2 2  mfd , 35  V ,  ± 1 0% 1 84A66 1 H 1 6  

C 2  3 . 3  mfd , 3 5  V ,  ± 5% 862A530H0 1 

Diodes 
D l , S2 , D3 , D4 , D5  1 N645A 837A692H03 

R es i stors  
Rl . R2 , R5 , R9 , R 1 0 ,  R 1 6 ,  R20 , R23 , R24 , R25 27 K.  Yzw.  ± 2% 629A53 1 H66  

R3 , R6 , R 1 1 ,  R 1 2 ,  R 1 8 ,  R21 , R26 , R27 , R32 ,  R36  1 0  K ,  Yzw. ± 2% 6 29A53 1 H56  

R4 , R7 , R 1 3 ,  R19 ,  R22 , R28 , R33  6 .8  K .  Yzw.  ± 2% 6 29A5 3 1 H52  

R 1 4  82 K ,  Y2W . ± 2% 629A53 1 H78 

R 1 5  20 K .  Yz w .  ± 2% 629A53 1 H63 

R29 , R34 1 K , YzW . ± 2% 629A5 3 1 H32  

R30 1 00 ohm , Yzw. ± 2% 629A5 3 1 H08 

R3 1 L\ 1 5  K ,  Yzw.  ± 2% 6 29A5 3 1 H60 

R35 1 2 K ,  Yzw . ± 2% 6 29A53 1 H5 8  

T ran s i stors 
Q 1 ,  Q2 , Q3 , Q5 , Q6 , Q7 , Q9 , Q 1 0  2N34 1 7  848A85 1 H02 

Q4 , Q8 2N3645 849A44 1 H0 1  

L\ - Indicates typical value 
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TY PE STU - 1 2  TRAN S F E R  T RI p  R E LAY ---------------------L L_o_4_1-_9s_9_. 7_1 A  

E LECTR ICAL PARTS L I ST 

C I R C U I T  SYMBOL R E F E R E N C E  1 STY L E  

OU TPUT BOARD Stt202C479G01 

Capac itors 
C1 1 . 5  mfd , 35 V ,  ± 1 0% 1 87A508H 1 8  

C 2 ,  C4 , C7 0 . 22 mfd , 1 0 0  V 763A2 1 9H21  

C3 3 .3 mfd , 35 V, ± 1 0% 862A530H0 1 

C6 0 . 047 mfd , 200 V 849A437H04 

C8 , C9 0 . 1  mfd , 200 V 1 88A669H03 

C 1 0  0 . 27 mfd , 200V 188A669H05 

D i odes 
D 1 , D2 , D3 , D4 , D5 , D6 , D7 , D8 1N645A 837A692H03 

Potent iometers 
R 1  50  K ,  ViW , ± 20% 629A4 3 0H01  

R 1 4  1 5  K ,  lfiW . ± 20% 629A43 0H08 

R20 1 K, lfiW . ± 20% 629A4 30H02 

Resi stors 
R2, R7 , R9, R 1 2 ,  R1 8 ,  R2 1 ,  R23 , R24 , R25 , R26 , R30 10 K, YzW , ± 2% 629A53 1 H56 
R3 1 ,  R34 , R36 ,  R37 

R3 150 K ,  Yzw , ± 5% 629A 5 3 1 H84 

R6 47 ohm , Yzw . ± 5% 1 87A290H 1 7  

R8 , R35 27 K ,  YzW , ± 2% 629A53 1 H66 

R l O ,  R 1 5  4 7 0  ohm , YzW , ± 2% 629A5 3 1H24 

Rl l 470  K ,  Yzw . ± 5% 1 84A763H91 

R 1 6 ,  R28 4 .7  K,  Yzw . ± 2% 629A5 3 1H48 

R4 , R 1 7 ,  R 1 9 ,  R22 , R29 22 K, YzW , ± 2% 629A5 3 1 H64 

R5 , R27 , R32, R33 , R38 6 . 8  K ,  YzW , ± 2% 629A:1 3 1H52 

R39 82 K, Yzw . ± 2% 629A53 1 H78 

R40 1 50 ohm , 3W, ± 5% 762A679H01  

R 1 3  1 5K ,  Yzw. ± 2% 6 29A5 3 1 H6 0  

Transi stors 
Q1 , Q4 , Q5 , Q6 , Q8 , Ql l 2N3645 849A44 1 H 0 1  

Q2 , Q3 ,  Q7 , Q l O  2N34 1 7  848A85 1 H0 2  

Q9 2N3589 837A6 17H01 

Zener Diodes 
Z 1 , Z7 1 N3688A,  24 V, ± 1 0%  862A288H01 

Z2 , Z3 , Z4 , Z5 1 N957B , 6 . 8 V ,  ± 5% 1 86A797H06 

Z6 1N3050B , 1 80 V 1 87A936H1 7  

TEST BOARD - S�t5490D87G01 

Tip Jacks (Red) 
1 ,  2, 3 ,  4 ,  5, 6, 7, 8, 9 1 87A332H01 

Tip Jacks (Black)  
1 0  1 87A3 3 2H02 
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TY P E  STU- 1 2  TRAN S F E R  T R I P  R ELAY--
---------------------

Fig. 1 .  P hotograph (Front view with door open) 

·-· 

u : j  ·. ! I I. 

F ig. 2 Photograph (R ear view t ak en above re/oy with top cover off and door open) 
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TYPE STU-12 TRAN S F E R  T R I P  R E LAY-------------------• " L_. _4 1_-9...:..59:.:..:. 7:...:..:..:.1 A  

A 
1 c 

0 0  
0 0  :El ( 0 8 c D G H J K L M IN 0 0 

� � �  I 0 0  
0 0  

d l rr-

F R O N T  V I E W 

( C O V E R  R E M OV E D ) 

B O A R D  

P O S I T I O N  
B O A R D  D E S C R I P T I O N 

A 
f--------

B 
c 
D -- E 
F 
G 

H 

j 
K 
L 
M 

N 

0 

t-- --

PO W E R  S U P P LY 

W EAK F E E D  LOG I C - I -· --�-

W EAK FE E D  LOGIC - 2  
· - ·-- -

W EAK F E E D  L O G I C  -3 
W EAK F E ED LOGI C - 4  

C H A N N E L  I I N T E R FA C E  
C H A N N E L  2 I N T E R FA C E  

C H A N N E L  T R I P  

C H A N N E L S U P E R V I S I O N  

C H A N N E L T R A N S M I T T E R  K E Y  
C H E C K  B A C K  

T I M I N G 

A R M I N G  

O U T P U T  

T E S T  

Fig. 3 R elay component location 
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TY PE STU - 1 2  TRAN SF ER T R I P  R E LAY _____________________ _ 
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TY P �59.71 A 

30 

'RAN S F E R  TRIP R E LAY 

I CHASSIS GNO. 
c::::> BATTERY POS. 

2 c::::> 
3 c::::> 
4 . c::::> 
5 o:::::l BATTERY NEG 
6 

c::::J 

7 = 
8 = 

J l  ? t  NS O R  67NS 
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]�� J l  21 P 

D : 1 � 59N 8 

lEW OF RELAY 

2 7  
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I !IC Rl 8o RD 
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1272 S-1101004 
IHIIII SOOO OHMS 

7217 S-1201214 

31 30 
27 

2 6  
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TY P E  STU - 1 2  TRANS F E R  T RI P  R E LAY-------------------------
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TY P E  STU- 1 2  TRANS F E R  T RI P  R ELAY----------------------
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Fig. 1 0  Component L ocation - Weak Feed Logic 1 B oard 
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Fig. 1 1  In tern al S chematic - Weak Feed Logic 1 B oard for Elec. M ech. System 
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TY P E  STU-1 2 T RAN S F E R  T R I P R E LAY 

F - - -
w'EiKFEED LOGIC ,

-

---�� 

• 
10 

� 
1 4  

NEG  0 C 
@ill6�iiTJ -- -- --1 

I ,L, 4 1 -959. 7 1 A  

@:) = N ORMALLY CONDUCTING TRANSISTORS 

All RESISTORS 1 / 2  WATT U N LE SS 

OTHERWISE SPECifiED. 

716B841 

Fig. 12 Internal  Schematic - Weak Feed Logi c 1 Board for Solid State Sy stem 
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Fig. 1 3  Component L ocation - Weak Feed Logi c 2 B o ard 

3 9  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E STU - 1 2  TRANSF E R  T R I P  R E LAY-----------------------
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F ig. 14 Internal  Schematic - Weak Feed Logic 2 Board 
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Fig. 15  Component Location - Weak Feed Logic 3 B oard 
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T Y P E  STU- 1 2  TRANS F E R  TRI p R E LAy ---------------------" L_"_4_1 -_9s_9_.7_1 A 
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Fig. 1 6  In tern al Schemati c - Weak Feed Logic 3 Board for Elec. M ech.  Systems 
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Fig. 17  Internal Schematic - Weak Feed L o g i c  3 B oard for Solid State Systems 
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TY P E  STU- 1 2  TRAN S F E R  T R I P  R E LAY ______________________ _ 

13 

4 2 
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F ig. 18 Component Location - Weak Feed Logic 4 B oard 
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TY P E  STU- 1 2 T R AN S F E R  T RI P  R EL AY-----------------------

CHANNEL INTERFACE BO -TA- 3 TONES 

7 1 5B214 

F i g. 20 Component Location Channel In terface B oard 

� ------"--- - --- -- +-----
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TRANSISTOR 
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TY P E  STU - 1 2  TRANS F E R  T R I P  R ELAY----------------------
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TY P E  STU-1 2 TRANSF E R  T R I P  R ELAY ____________________ 1_oL_" _4 1_·9_s_9._71_A 

stat e ,  not ' '  1 ' ' .  When a low signal clamp operation 

( " 1 "  to " 0 ' ' )  is received from the tone channel ,  

then the  150/ 1 00 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 C HANNEL TRIP 

BD . will b ecome a " 1 "  and hold the 1 5 0/ 1 00 MS 

timer picked up by applying a " 1 "  input to t he 3 

input loss of c hannel OR on the CIJANNEL SUPER­

VISION ED.  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- 1 2  relays .  

At  the  local terminal , the carrier transmitter 

will be disconnected from the line thus c ausing a 

loss of channel condition at the re mote terminal .  

T his will cause the loss of channel O R  o n  the 

C HANNEL SUPERVISION BD . (Remote Terminal) 

to assume a " 1 " ,  and satisfy the two input AND 

(preceding the 2500/2500 MS timer) and in 2500 

milliseconds pickup the 2500/2500 MS timer on the 

CHEC KBACK BD . The " 1 "  output of the 2500/25 00 
MS timer will satisfy one input of the AND follo w ing 
it . Next, a test switch  will be operated at the local 

terminal and the following will happen:  a protective 

relay signal (for example , 2 1 P )  w ill b e  simulated ,  

the transmitter will be  reconnected to  the  l ine  to re­

store the channel ,  and the local transmitter will be 

keyed to the trip freque ncy. 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 rec eiver . 

T his check trip output will satisfy the other input 

to the 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 t he AND energizing the 2500/ 

2500 MS timer , it will no longer be satisfied and the 

timer will dropout causing keying to stop in 2 . 5  

seconds. However , within the 2 .5 seconds o f  keying, 

the STU- 1 2  relay at the local terminal will trip be­

c ause of reception of both a received trip signal and 

a simulated protective relay signal. 

b .  Frequency shift. tone c hannel 

Refer to logic drawings , Fig. 6 and 7 

InformatioH in this section does not cover 

t he complete test , but only that portion con­

cerning the STU - 1 2  relay .  

At the local terminal, the tone transmitter 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 on th.e CHANNE L 

SUPERVISION BD.  ( remote terminal)  to assure a 

" 1 " output to pickup the 150/ 1 00 Ms· timer . This 

satisfies the two input AND on the Check B ack B d .  

and in 2500 milliseconds t h e  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 ,  2 1 P) 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 ED . 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 B D .  

causing the transmitter t o  b e  keyed to the trip fre­

quency.  Sinc e at the same time , the input to the 

2500/2500 MS timer is lost ,  then the keying signal 

to local terminal will o nly last 2.5 se conds . How­
ever , within this time of keying·, the STU-1 2  relay 

will trip because of the reception of both  a r e c eived 
trip signal and a simulated protective relay signal . 

9 .  Electromechanical Systems 

When the STU- 1 2  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 

board s 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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T Y P E  STU-1 2 TRANS F E R  T R IP R ELAY ------------------------
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Fig. 3 0  I nternal S ch em ati c Ch ann el Supervis ion B oard for TCF Channel 
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F i g .  3 7  Componen t  Location Tran smitter K e y  B o ard 
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T Y P E  STU-1 2 TRAN S F E R  T R IP R ELAY ------------------------

4 8  

l S3Jv. 80.-TCF-��---

I 

L_ _ _  

Of-02 

o• L �� 
-__ I202'CS32GOI rq r.:Q :  NORWALLY CONDUCTING - - -- -- - - ' - LiCl TRANSISTOR 

7 1 5B265 

Fig. 30 Internal  Sch em atic Channel Supervis ion B oard for T C F  Channel 

l 

I �= 

I 
7 1 5B220 

Fig. 31  Componen t Location Tran smitter Key B o ard 
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TY P E  STU- 1 2  TRANSF E R  T R I P  R ELAY lolo 4 1 •959. 7 1 A  

TCF TRANSMITTER KE'f 80 

202C'534GOI 

71 5B267 

F ig. 32 Internal Schem atic Transmitter Key Board for TCF Channel 

lt»L TMNSMITTER KEY BO 

13 

7 1 5B268 

Fig. 33 Internal Schematic Transmitter Key B oard for a Tone Channel 
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T Y P E  STU - 1 2  T RANSF E R  T R I P  R ELAY -------------------1 "-L-" _4 1--9-5
-9._7_1 A_ 

IOJT!'UT OO. -

IOK 

I 

7 1 58224 

SYMBOLS "o" a N  1 " ON LDGtC DWG. INDICATE LOGIC YCLTJGE LEVELS UNDER NORMAL NON-FAULT 
CONDITIONS. 

[b)• NORMALL'Y CONDUCTING 

TRANSISTORS 
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TYPE STU - 1 2  TRANSF ER T R I P  R E LAY-------------------
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Westinghouse I. L. 41-959. 7 

I N S TA L L ATI O N  • OPE R A T I O N  • M A I N TE N A N CE 

I N S T R U C T I O N S 
TYPE STU-12 TRANSFER TRIP RELAY 

CAUTION: It is recommended that the user of this equipment become acqua inted 
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 putting the relay 
into service, operate the relay to check the electrical connecti ons . 

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 directional comparison permissive 
overreaching transfer trip auxiliary relay for use with solid state or 
ele ctromechanical distance relays , and a frequency shift type TCF carrier or 
TA -3 tone channel .  This relay will prevent tripping for faults external to 
the protected line section to which it is 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 s ignal and 
the initiation of high speed tripping for internal faults . Either hro 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 mounted on a standard 19" wide panel 5 � �� 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. 41 . 

A hinged and removable door on the front of the chassis cove J.· s the printed 
circuit boards . The photog1·aph in Fig . l shows the front view of the rela y 
with the door open .  A sealing post at the top center in front may be used 
to lock and seal the relay when in service . 

The rear panel consists of a hinged door which may be opened to expose 
various 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 
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 . 
This relay is available for inspection by removing 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 o:f make or break 
contacts . 
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F our p owe r supply re s i st or s  are mounted in the rear hous ing of the cha s s i s . 
In addit ion, one 32 terminal c onne cto� Jl, and two, ( 4 )  terminal, terminal 
b l o cks are mounted on the rear of the pane l . The phot o in Fig. 2 shows the 
rear v iew of the STU -12 re lay -vri th the top c over off and rear door open .  

All o f  the cir c uitry su itab le for mounting on printed c ir c uit b oards is 
c ontained in an enclosure behind the fr ont door . The pr inted circuit b oards 
s l ide into pos iti on in slotted guide s at the t op and b ottom of the 
enclosure , and e ngage a terminal :) locl<:: at the rear of the c ompartment . Ea ch 
b oard and termina l  block are keyed so that the y cannot be a c c idently inserted 
into the lvr ong s lot lo cat i on .  A handle mounted on the fr ont end of ,the 
b oard is used for identificat ion, and f or r emov ing and inser t ing the c ir cuit . 
In addit i on the handle s als o s erve a s  a b umper with the fr ont door t o  prevent 
the b oard fr om b e c oming di s c onne cted from it s terminal b lo ck .  The b oards 
may be removed far repla cement purp ose s or for use in c on j unct ion with a 
b oard extender ( Style No . 849A 5 34GOl ) �Vhi ch permit s a c ce s s  t o  the b oards 
te st p oints and terminals for making mea s urements whi le the re lay is 
energi zed . 

E ither 13 or 14 pr inted cir cuit o oards are used in the STU -12 chas s i s . The 
l ocati on and t itle of the pr inted c ir cuit b oards are shown on the rela y  
c omp onent location drawing, F i g . 3 .  

Pr inted C i r c uit B oards 

Following is a de s cr ipt ion of a ll the printed c ir c uit b oards ased in the 
STU -12 relay . Refer to the functi onal re lay logic shown in F ig .  4, 5 ,  6, 
and 7. The internal s chema t i c s  a s s oc iated �Vith the pr inted cir cuit b oards 
c ontain a detai led NOR/NAND log i c  diagram to s implify under standing of the 
tran s i st or logi c .  

For those user s not generally acqua inted 1vi th logi c c ir cuit notation or with 
dev i ce symb ols of those c omp onents used in the STU -12 drawings ,  it i s  
r e c ommended UJB t a c opy o f  We stinghouse i nstruct ion lea flet I . L .  41 -000 . 1  
ent it le d  SYMBOLS FOR SOLID STATE PROTECTIVE RELAYING b e  c onsulted . 

P uvrer S upply B oard 

The P ower S upply b oard located in slot A c ontains two 20 v olt transi stor 
re gulator s : The se voltage re gulat or s wi ll operate from a nomina l b attery 
s upply of 48 or 125 volts de by varying res istors RA, RB, RC and RD mounted 
in the rear of the cha s s i s . The locat i on of c omp onents on thi s b oard is 
shown in F �g .  8, and the internal s chema t i c  is Fig . 9 .  

Prote ctive Relay (P . R . ) Interfa ce B oard s 

The Pr ote ctive Rela y  (P . R . ) Interface b oard located in slot B conta ins the 
b uffered i nter fa ce log i c  f or the di stance relays and the functi onal test 
swit c h .  Other l og i c  a s s o c iated -..ri th the pr ote ct ive re lays is included . 

Locat ion '::Jf c omp onent s on thi s  b oard is shmm in F i g .  10 . Tvm internal 
s chemat i c s  are used : F ig . 11 - F or use vith ele ctr ome chanical distance rela ys 
and F i g .  12 - Z or use 11ith s ol iO. sta te ci.i stance relays . The di fference in 
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I . L .  41 -95 9 . 7  

the two s chemat i c s  i s  the o uffered di stance re lay input ; 48/125 V DC input 
f or electrome chani cal s ystems , 20 V DC input f or s o l id state s ystems . 

Loss of Potential Boards 

The Los s of Potential b oard l o cated in s lot C c ontains a 500/0 millisecond 
time de lay and logic to ca use an a larm and v oltage output if a ciista nce 
relay inadvertantly operate s on a b l own ac potent ia l fuse or ha s a sustained 
output for greater than 500 millise c onds . An input AND prevent s operat ion 
of the timer if b oth channe l trip s i gna ls are obtained . 

In re lays for use with e le ctrome chanica l s ystems , a relay dr ive r  is pr ovided 
on thi s b oard t o  ener gize the Los s of Potential AL te lephone relay mounted 
in the rear of the cha s s i s . 

Location of c omponent s on thi s b oa r d  i s  shown in F i g .  13 . Two internal 
s chematics are used :  Fig . 14 - For use 1-ri th e le ctr ome chani cal systems and 
F ig .  15 for use with s olid state systems . 

E le c -Me ch ( E . M. ) Interfa ce Board 

The E le c -Me ch ( E . M. ) interface b oard l ocated in sl ot D i s used only in systems 
us ing ele ctr omechani ca l  di stance re lays . Upon re ce ipt of a di stan ce re lay 
s i gna l, thi s c ir cuit of two time r s  ( 0/25 and 20/0 millise c ond ) and a s s o c iated 
logic will immediate ly s irr!ulate a protective re lay s ignal for 20 mi ll i s e c ond s ,  
ther eb y overr iding any conta ct b o unce i n  the ele ctrome chanic2l re lays . 

Location of comp onent s on this ooarci i s  shmm in F ig .  16, and the internal 
s chemati c  in Fig . 17 . 

Channel Interfa ce Boards 

The Channe l  I nterfa ce b oards located in s lot F ( Channel l )  and s lot G 
( C ha nne l 2 - when us e d )  c onta in the b uffered inter fa ce logic for c onne ction 
with the channe l equipment and )l ovide the outputs to vork into the c:1annel 
Trip and S upv . b oards . In add iti on, the TA -3 Channe l Interfa ce �; oa rd c onta ins 
b uffered outputs . 

An interlocl\: feature i s  also included in orcler to c onvert from a 2 t o  3 
termina l line re lay and c onver sely . CHANNEL TWO INTERFAC.b.! �) .:Jarcl in s l ot G 
must be used in the relay for THREE 't.KRMINAL LINE app l ications , o ut MUST BE 
REMOVED for TWO TERMINAL LINE s ys tems . 

A c onvers ion kit may be ordered t o  change a 2 TE.t�1 LINE re lay to 3 TERM LINE . 
This kit inc ludes in structi on s ,  nameplate and a CHANN'i:L INTERFI1,CE BOARD . 

The locat ion of c ompone nts fOT -o oth the TA -3 and TCF - CHANJ'IJEL INTERFACE 

b oards is s hown in F i g .  18 . Interna l s cheJJ£: tic s are shmm in ? i g .  19 for 
the TA -3 CHAIDJEL and F i g .  20 f or the TCF CHANTJEL . 

Channe l Tr ip B oards 

The CHANTfEL TRIP b oard l ocated in slot H c ontains the conne ctinc; log ic oehreen 
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the channel trip s ic;na l s  and the remainder of the rela y  logi c . A b uffered 
output for cha nne l l and 2 t r ip is inc luded on' this b oa r d . 

The TOW"� CHANiillL TRIP 'o oard a l s o  ha s audi t i ona l  logic compr ised of two 
AND ' s a nd an OR for a guard return f uncti on . This log i c  i s  inherent t o  the 
TCF channel e quipment )  there fore it is not required in thi s r e la y .  

Locat i on of c omponents o n  thi s b oard i s  shmm i n  F i e; .  21 . Two internal s c h ­
mat i c s  a r e  use d :  TONE CHANNEL TRIP BOARD - Fig . 22, TCF CHANNEL TRIP BOARD -
F ig .  23 . 

Channe l Supe rv i s i on B oard - TCF Channel 

The Cha nnel S uperv i s i on b oard f or a TCF channe l is located in sl ot I a nd 
c ontains the c onne ct ing log i c  between the supe r v i s ory functi ons of the channe l 
e quipment and the remainder of the re lay logic . B oth LOW S IGNAL CLAMP output s 
'\<Tor k int o  an OR J a s  do b oth CHECK TRIP output s .  

F or ele ctrome chani ca l systems , a relay dr iver i s  us e d  f or energi z i ng a los s 
o f  channel AL telephone rela y .  

The lo cati on of c om.ponent s f or thi s b oard i s  shown i n  F ig .  27  . J  and the 
internal s chemati c  in F i g .  28 . 

Channe l S upervis ion B oard - T one Channel 

The Cha nne l S upervi s i on b oard for 2c TONE cha nnel i s  located in s l ot I and 
c onta ins the c onne ct ing l og i c  oetHeen the s uper v i s ory functi ons of the 
channel equipment and the rema inder ·:)f the rela y  logi c .  A 150/100 millisec ond 
t ime de la y  a nc1 a s s o c iated log i c  i s  used to m Jnitor the LOW S IGNAL ClAMP 
output s for los s of channe l .  For ele ctr ome chanical systems, a relay dr iver 
is us e d  for energiz ing a Loss of Channel AL telephone re lay . The NOISE 
output s 1vork int o  OR logi c on this o oard . 

Loca t i on of c omp unent s for this b oard is shmm in Fig . 24 . T1-10 internal 
s chema t i c s  are usecl ;  F ig .  25 for electrome chanical systems and Fig . 26 for 
s ol id state sys tems . 

Transmit ter Key B oa r d  

The Transmitter K e y  o oard located i n  s l ot J c onta ins O R  logic t o  c omb ine all 
input s requir ed t o  };.e y the transmitter , and interfa ce c ir cuitry t o  l(ey the 
particular channel equipment . A relay dr iver cir cuit is c onne cted to the 
output of the m1 in order t o  operate an AR re lay mounte d  in the rear of the 
cha. s s i s . 

F or the channe l interfa c e  with the TCF transm.itter is a posit ive g oing 
( 0 to 20 v o lt ) lo uffered output repre sented by trans i s t or::: Q4 and '"5 is shmm 
on the internal s c hemat i c ,  Fig . 30 . Hhe n the rela y  is us ed 1-rith tone 
channels , the transmitter inte r fa ce is a negative go ing output s imilar t o  the 
rela y  dr i ver and i s  shmm b y  trans istor Q6 on inte rnal s chematic, Fig . 31 . 
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Location of components for the XMTR KEY b uard is shmm in Fie; . 29 . 

Che ckback Board 

The Che ckbad: b oard located in slot K contains logic used to functionally 
test the channel in b oth directions . T1m separate cir cuits are included 
on thi s ooard .  One cireuit comprised of a buffered input, AND eircuit and 
a 2500/0 millisecond time delay is used for keying the transmitter for 2 . 5  
se conds >vhen the TEST s-v1itch i s  operated . The other circuit cons isting of 
hro AND circuns a nd a 2500/2500 millisecond t ime delay is operated fr om the 
CHANNEL TlUP b oard and is required a s  part of the channel che ckbacl1 s cheme . 

The location of components for thi s b oard is  shmm in Fig .  32, and the 
internal c cheGatic in Fig . 33 . 
Timing B oarC:[ 

The Tirain0, J .An' d l o ca te d  in slot L conta ins lor;ic, a buffered input, and 
three time delays Uf3ed in conj unction 1.;rith the remainder of the relay .  

After a pilot ·crip operation, the 0/30 millise eond tin.ter ma inta ins the 
transmitter keying fur 30 milliseconds . The 180/0 millisecond timer delays 
keying of the transmitter for 160 1,1illise conds after opening of the local 
�reaker . Input to this timer is  a 40/125 V DC buffer cir cuit . 

The 2500/0 tilillisecond timer and a s s ociated logic is used to  permit trans ient 
ulo.�l\ine; for 2 . 5  se conds if a tr ip output is obta ined from the channel 
receiver . This circuit is also controlled b y  the 52b conta ct input . 

The locatj_ on of coi!tponents on this  b oard is shmm in Fig .  34, and the internal 
s chematic in Fig . 35 . 
Arming B oard 

The Arming ooarcl located in slot M c onta ins the connecting logic between the 
Channe l, Protect ive Relay, Ele c -Mech and Timing b oards for the OUTPUT b oard . 
Logic on this b oard interface s with and sets  up arming of the trip AND, the 
transient b l od::i ng and unbloeking timer s and the 4/0 millisecond trip timer . 

In addit ion, tv1o tiue delays,  0/1000 and 0/100 milliseconds,  are included 
on this b oarcL The 0/1000 MS timer holds transient blocking on for an 
additional lCOO MS to protect against fault power rever sals due to unequal 
breaker reclosinc time s into a permanent external fault . After a pilot tr ip 
operation, the C/100 MS timer picks up and im:mediately re set s the 0/1000 MS 
timer to  cle -energize the transient b locldng timer . The 100 MS dropout time 
is  greater than the time it tal-:e s to reset the distance relays , remove the 
input to the 0/1000 MS timer , therefore transient blocking will remain off, 
after the pilot trip s ignal is removed . 

The location of coLtponents for this b oard is sho-vm in Fig.  36 and the internal 
s chematic in F .g . 37 . 
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Output Board 

The Output board l ocated in s l ot N contains the final logi c of the rela y .  
This board utilizes the intell igence s uppl ied b y  the Arming b oard t o  s e t  up 
either a pilot trip outp ut for interna l  fa ult s ,  transient iJ l o c king on 
external faults or trans ient unb locking for sequent ia l fault s .  

Three timer s are used on thi s o oar d : a 4/o mi ll ise c ond timer to delay the 
pilot trip output and two 18/0 mill i s e c ond timer s for trans ient b loc king 
and unblocking . NOTE : Relays may b e  s upplied lvith the tra ns ient -o lock t ime 
calibrated for 25 mill i s e c onds instead of 18 MS t o  c oord inate with the t ime 
delay of the channel e quipment . The p ilot trip output i s  c ompr ised of and 
AND circuit whose output works int o a logic invert ing amplifier . There are 
two final pilot trip output ; a b uffered p o s it ive go ing ( o  to 20 volt ) output 
and a relay driver to activate an AR r e lay mounted in the rear of the 
chassis . Fig .  38 shows location of c omp onent s on this b oard, and F i g .  39 
shows the internal schematic and deta iled logic .  

Te st Board 

The Te st board located in slot 0 is used for fa cil itat ing te s t  mea s urement s 
and routine che cks of the rela y .  Th i s  b oard c on s i st s  of 10 t e s t  termina ls 
mounted on a panel attached to a pr inted c ir cu it b oard . 

OPERATION 

The type STU-12 transfer trip relay is used in a direct ional c ompa r i s o n  
permis sive overreaching transfer trip rela y  s ystem f o r  p over line prote ction . 
High speed tripping is obta ined for two or three termina l  l ine appli cati ons 
for faults anywhere on the protected l ine , providing all terminals c ontr ib ute 
a de qua te fault current to operate the d is tan ce fault dete ctor s . 

System Operation 

In a directional comparison transfer trip system, a c ont inuous guard s igna l 

is normally transmitted from each line t erminal and r e ceived at all other 
terminals . The phase or ground prote ct ive re lays key the channel transmitte r s  
t o the trip frequency to remove b locking at the remote terminals during a 
fault . Tripping is accomplished when b oth the local pr otect ive relay operat e s ,  
and the trip signal has been received . 

Some features included in this system are a functi onal t e s t  channe l che ckb a ck 
s cheme, lockout of tripping after 500 millise conds for ab normal pr ote ctive 
relay operat ion, channel logic to force a guard return, and coordina t i on for 
bus fault tripping, breaker failure and fault p ower flmv reversa l .  The 
description of the preceding features will be further explaine d under the 
RELAY OPERATION section . 

Refer to system I . L.  40-205 on the permi s s ive overreaching trans fer tr ip 
system for further system operat ion . 
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Relay Operation 

c\efer to the loe;ic diagrams shown in Fig . 4, 5 ,  6, and 7 to understand the 
operat ion of the STU -12 transfer tr ip relay.  

l .  Normal Condit ion 

In Fig . 4, 5 ,  6, and 7 the logic voltage "O"  and "l"  state s shown refer to  
the normal operating condition of the STU-12 relay .  

2 .  Internal Fault 

For an interna l fault , one or more of the prote ctive distance re lays will 
operate and perform the follo-Hing : 

a .  Start the 500/0 MS loss of potential t imer 
b .  Produce a logi c  " l" at TEST TERMINAL 3 (pr otective relay ) 
c .  Key the transmitter to the trip frequency 
d .  Pickup the 0/1000 MS timer on the ARMING b oard and produce a _ logic 

"0"  at terminal 5 of the OUTPUT b oard . This 1vill start the trans ient _ 
blocl'�ing til!ler . 

e .  Arm the trip AND on the OUTPUT b oard throught the one input OR on 
the ARMING board . 

f .  Satis f:;l �Jne input of tl1e trip Al\fD o n  the AR1J1ING boE\rd • .  

The channel tra nsmitter ilill also be  keyed at the rernte terminal,  thus 
caus ing the trip outputs  of the local channel l and 2 re ce ivers to become a 
logL: " l" . This vTill make TEST TERM 4 (CHANNEL TRIP ) a logic ' 'l" s ignal 
through loGi c on the CHANl\fEL INTERFACE a nd CHANNEL TRIP BDS . This " l "  
output -Hill satisfy the trip AND on the ARlviiNG BD. caus ing energization of 
the Lf/0 1<13 timer on the OUTPUT BD.; F'Jur millise conds later the trip AND on 
the OUTPUT BD. ,,rill be satisfied anci produce D Pilot Trip Output before 
trans ient b locking becume s effe ctive . 

In addition, when a receiver trip output is received as  an input to the 
STU-12 the 2500/0 MS t imer on the TTh1ING BD. will be  energized to start 
transient blocking . This 1vill not affect the initia l pilot tr ip,  and once 
the local breaker opens ,  then the 52b conts ct will b lock the output of this  
AND on the TTh1ING BD.  

Once a pilot trip s ignal is  obta ined for an internal fault, the 0(100 MS 
t imer on the ARHIHG BD . will rapidly re set the 1000 millisecond dropout time 
of the 0(1000 �-13 timer . Therefore , lvhen re clos ing into a permanent internal 
fault, the only time delay \.Jill be the 8/o MS t imer . 

3 .  E:cternal Fa ult 

If no channel trip s ignal is rece ived from the remote terminal iihen the 
local distance relays operate , then the trip AND on the ARMING BD. will not 
be satisfied and the lf)/o 1J'J8 transient ;Jlocldng timer iTill t ime out . TEST 
TERMINAL 2 (Transient Blocking ) will then become a negative logi c " l" and 
b lock the trip AND of the OUTPUT BD. thereby preventing possib le unde sirable 
tripping during trans ients occuring at the clearing of an external fault . 
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If an external fault occLU'S behind the protected line such that the local 
distance relays do not operate , but either one or b oth of the channel 
receivers are keyed to the t_· ip frequency at the remote terminal then 
trans ient b locking will also be set up . When either channel trip output 
a sswnes 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 0/1000 MS timer on the ARMING BD. and set up 
transient blocking 18 milliseconds later . 

In addition, for external faults,  transient blocking is established to 
insure against any misoperation due to  fault power flow reversals caused by 
unequal circuit breaker clearing time on parallel line s .  The 1000 mill i ­
second reset time of the 0/1000 MS timer on the ARMING BD . prevents mis ­
operations when reclosing into an external fault where fault pmver flow 
reversals occur on parallel lines due to unequal breaker reclosing time s .  
I n  addition, the 1000 millisecond reset til!le also prevents transient 
blocking from resetting when short holes appear in the input . 

4 .  Sequential Fault 

Occasionally an external fault ·Hill be folloved by an internal fault before 
the former is cleared. In order to  prevent a long delay in clearing a 
sequential fault, a transient unblocking 16/0 MS timer is included . Although 
transient blocking has been initiated o y  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"  signal will energize the 4/0 MS timer and 
satisfy the AND to  energize the 18/o MS trans ient unblocking timer on the 
OUTPUT BD. In 18 milliseconds the transient unblocking dmer ·Hill drop out 
the transient blocking timer thus satisfying the trip AND on the OUTPUT BD. 
and causing a pilot tr ip output . 

5 .  Loss of Potential 

Distance relays may tend to operate if the input from the potent ial device 
is momentarily interrupted . Since tripping of circuit breakers is unde s irab le 
for this loss of ac potential, or any other abnormal protective relay oper ­
ation, the STU-12 relay vill lockout tripping and provide alarm. This ia 
accomplished by the 500/0 .MS timer on the LOSS OF POTENTIAL BD. In 500 
milliseconds after a distance relay operation, providing b oth receiver trip 
s ignals are not present,  a logic "l" signal 1vill be produced at TEST TERMINAL 
7 (Loss of Potential ) . This "1" signal >vill iJlock the AND on the PROTECTDJE 
RELAY INTERFACE BD. thereby s imulating no distance relay signal .  Output of 
the 500/0 MS timer will also provide a buffered "1" signal at the Jl 
connector . 

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

6 .  Channel Transmitter Control 

The transmitter may be keyed to the trip frequency by any one of six inputs 
as  follows : 
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a .  Distance relay operation 
b .  0/30 MS timer after pi lot trip 
c .  180/0 .MS timer from 5 2b contact 
d .  Che ckback cir cuit from test switch 
e .  Che ckbaclc c ir c uit from channe l logi c 

I .L. 41-95 9 · 7  

f .  Output from EM Interface b d .  for ele ctr ome chanical systems only . 

\men the transmitter is keyed, TEST TERMINAL 5 (XMI'R KEY ) b e come s  a logic 
" l" s igna l, the keying AR picks up , and the interface with the transmitter 
oecome s a logi c " l" as de s cribed under the operat ion of the XMI'R KEYING BD. 

After a p ilot trip operat ion the 0/30 .MS timer on the TIMING BD. w:t11 
mainta in l�:eying of the trip frequency for 30 milliseconds in order to ins ure 
that the remote breal�:er ha s tr ipped before the transmitter returns to normal 
conditi on . 

After the local circuit breaker opens , the 52b contact wi ll e nergize the 
180/0 MS t ime r  on the TIMING BD. and initiate tr ip frequency transmi s s ion 
after 180 milli seconds and unt il s uch time a s  the c ir c uit breaker is reclosed . 
This 180 millisecond delay allmJS coordination for bus fault tr ipping of the 
loca l  breaker 7 where tr ipping of the remote breaker would be incorrect and 
might ca use unde s ired interruption to tapped transformer terminals . Trans ­
mi s s ion of the trip frequency i s  ne ce s sary to pe rmit tr ipping of the remote 
terminal should the remote cir c uit breaker be closed into a fault, or should 
a fa ult develop in the pr ote cted line while the loca l cir cuit breaker i s  
open.  

7 .  Channel Loc;ic 

a .  TCF frequency shift carrier channel 
Refer to CHABNEL -INT&'\FACE, TRIP, and SUPERVISI ON BDS . in logi c 
drawings Fig . 4 and 5 .  

Tvo TCF CHANFZL ::LNTERFACE b oa rd s  are shmvn : Both b oards must be used for 
three terlilinal line systems ut iliz ing two receiver s . However , for two 
terminal line applications,  the interf8.ce b oard in b oard slot G must not be 
used in the re lay.  An interlock sho-vm on the Channe l 2 interface b oard 
conne cts the Channe l 2 tr ip output a s  one output to the Channel tr ip AND on 
the CHAN1Ti;L THIP BD. 

For three terminal line applicati ons , b oth receiver tr ip s  s ignals are 
re quired to pr oduce a logic " l" s igna l at TEST TERMINAL 4 .  This output wi ll 
satisfy one input of the ARMING BD . trip AND7 b lock operation of the 500/0 
MS loss of potent :La.l t imer , and pr oduce a 1Juffered " l "  output . Either 
rece iver trip s ignal lvill pr oduce a "l"  signal at terminal 12 of the CHANTlEL 
TRIP BD. to  start transient blocking . 

For tim terminal line applicat ions , the one receiver tr ip s ignal 1-rill pr o ­
duce a " l "  output a t  TEST TERMHIAL 4 ( CHANl'if.2;L THIP ) , and termina l 1 2  o f  the 
CHANNEL TRIP BD. 

Operation of e ither or b oth low s i gnal clamp inputs ( " l" to "O" ) will cause 
a " l "  s ignal at TEST TERMHIAL 6 (LOSS OF CHANNEL ) for use in the channel 
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checkback s cheme . For electromechanical systems, an AL telephone relay 
will dropout for indication of loss of channel . In addition, operation of 
e ither Che ck Trip output will produce a "1" output at terminal 7 of the 
CHANNEL SUPERVISION BD. 'l'his signal is used for the channel che ckback 
s cheme . 

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 b e  used for 
three terminal line systems utiliz ing t1vo receivers . However , for two 
terminal line applications , the interface board in board slot G must not 
be used in the relay. An interlocl\: shmvn on the channel 2 interface b oard 
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 rece iver tr ip signals and no 
low signal clamps are required to produce a logic "l" signal at TEST 
TERMINAL 4 (CHANNEL TRIP ) . This  output will satisfy one input of the 
ARMING BD. trip AWD, block operation of the 500/0 MS loss of potent ial 
timer, and produce a buffered output . Either receiver trip signal vnll 
produce a "1" signal at terminal 12 of the CHANNEL TRIP BD. to start trans ­
ient blocking and to energize an AND c ircuit on the CHANNEL SUPERVISION BD. 

For two terminal line applications, the one receiver trip s ig1ml will 
produce a 1 1111 output at TEST TERMINAL 4, and terminal 12 of the CHANNEL TRIP 
BD. 

When a Tone Channel is used with the STU-12 transfer trip relay, the Tone 
receivers must be internally strapped to clamp to no trip output irhen a lovr 
signal condition occurs . Therefore , tripping will not be allowed under los s 
of channel .  

Either LO\v signal clamp operation ( "l" to  "O" ) will pickup the 150/100 MS 
timer and produce a "1" s ignal 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 lmv s ignal clamp outputs on the CHANNEL INTERFACE BDS . are 
buffered and separately brought out to the Jl connector . 

One AND c ircuit on the CHANNEL SUPERVISION BD. is used for channel checkba ck. 
When a receiver trip s ignal from e ither channel is received, a logic "1" 
will be produce<l at terrniLal 3 of the CHl\.NNEL SUPERVISION BD. pr oviding b oth 
low s ignal clamps have not operated . 

When the noise output operates on e ither one or b oth channel receivers} a 
logic " 1 "  output is produced from the noise OR on the CF..ANNEL SUPERVISION BD. 
to block the trip AND of the ARMING BD. Therefore,  the STU-12 relay >vill 
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 
connector . 
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A guard return circuit is  included on the CBANNEL TRIP BD. ano_ ls comprised 
of t·Ho AND ' s <:mel an OR . The principle of cU:ard return, is ·co insure that 
after a loss of channel condition i s  cleared up, the receiver trip s ignal 
will return in -C,he "0 "  logic state ,  not "l" . vJhen a lmr signal clamp oper ­
ation ( "l" to "O" ) is  received from the tone channel, then the 150/100 MS 
tililer pic:,s up and applie s a "l"  sic;nal to one input of ea ch of the 'cwo 
r.suarcl return AND ' s on the CHANNEL TiUP BD.  Nmv, if either or iJ oth receiver 
trip s ie;nals are "l" or become a "1"  1Jithin the 100 millise concl clr opout 
time of the 150/100 :tv!S timer ,  then a " l" output will be produced at the 
output of the guard return AND and the OR it -vrorks into . Terminal 5 of the 
CHANNEL THIP BD.  -vrill becorae a "l" and hold the 150/100 MS t imer pic�ed up 
by applying a "1" input to the 3 input los s of channel OR on the CHANNEL 
SUPERVISION BD.  By inspecting the logic it can be  seen that both receiver 
trip s ignals ( one for two terminal line applications ) must return  to guard, 
logic "o" , to mal�e the channel operative after a loss  of channel condition .  

8 .  Channel Che ckbacl-\: Test 

a .  TCF frequency shift carrier channel 
Refer to  logic drmvings,  Fig .  4 and 5 .  Information in this section 
does  not cover the c omplete test, but only that portion concerning 
the STU-12 relays . 

At the local terminal, the carrier transmitter 1-vill be di s connected from the 
line thus causinc; a los s of ehannel eondition at the remote terminal . This  
wi ll cause the los s c)f channel OR on  the CID\N1lEL SUPERVIS ION B D .  ( Remote 
Terminal )  to assw11e a "1" ,  and satisfy the tlw input AND (preceding the 
2500/2500 MS timer ) and in 2500 milli seconds pickup the 2500/2500 MS timer on 
the CHECIC&\CK BD . The "l" output of the 2500/2500 MS timer vrill satis fy one 
input of the AND follo1-ving it . Next, the te st S\vit ch will be operated at the 
local terminal and the follo-vring vrill happen :  a protective relay signal -vrill 
be s imule.ted throuc;h the OH on the PROTECTIVE .RELAY INTERFACE BD. , the trans ­
mitter will be reconnected to the line to re store the channel, and the local 
transmitter ·uill be teyed to the trip :crequency for 2500 milliseconds through 
the 2500/0 l·IS timer ancl AND circuit on the CHECKBACK BD.  At the remote 
terminal; the TCF receiver logic ·vrill not c:;ive a trip output since the channel 
1-1as not restore( -:� : ;  -n1e guard frequency . Ho11ever ,  there lvill be a "1" s ignal 
o-utainecl fro111 the CHECK TBIP output of the re ceiver . This check trip output 
1-1ill satisfy the other input to the AND on the CHECKBACK BD. ca. us ing the 
transmitter to �Je lceyecl to the trip frequencJ . S ince the checl':. trip sic;nal 
a lso  applies a "l"  input to the nec;atec1 inlJut of the AND energiz inG; the 
2)00/2500 MS tir11er;  it l·lill no longer oe satisfied and the timer vill dropout 
causing keyinc; t.u s"cop in 2 . 5  se conds . H: :uever; -vrithin the 2 . 5  seconds of 
:keying, the STU -12 relay at the local tenli.na l \·T ill trip oecause of reception 
of -o oth a received trip sit;na l and a s imt1leted prote ctive relay si[nal .  

b .  Frequency shift tone channel 
Refer to logic drawings ; Fig . 6 and 7 
Information in this section does not cover the c omplete test, but 
only that portion coneerning the STU-12 relay . 

At the local terminal,  the tone tr<=msm�Ltte:'_" uill be dis connected from the 
line thus ca usinc; a loss of channel conc1ition at the remote terminal .  This  
\vill cause the lu,s s  of channel OH on  the CHAUNEL SUPERVISIOn B J .  6"emote 
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termina l )  to  a s s ume a " l" output to pi d:up the 150/100 MS timer . Thi s 
sati sfie s  the two inrmt AND on the Che ck Ba ck Bd . a nd in 2500 millise c ond s 
the 2500/25 00 MS tim�r 1vill pick up . The 11 1 11  output of the 25 00/2500 MS 
timer will sati sfy one inpl� l:. of the AND following it . Next , the test s1rit ch 
will be operated at the local termina l and the follmrine; 1vill happen : a 
prote ct ive relay s igna l 1.rill b e  s imula ted through the OR on the PROTECTIVE 
RELAY INTER."�'ACE BD. , the tra nsmitter vlill oe reconne cted t o  the line to 
restore the channe l, and the local transwi tter vrill be keyed to tr ip freq ­
uency for 2500 1�1illise conds thr ough the 2500 MS t imer and AND circuit on 
the CHECKBACK BD . At the remote terminal, the tone re ce iver trip s i gna l 
vrill b e  a "11 1  thus causing the three input 1\ND on the CHANJ'ilil. SUPERVISION 
BD.  to operate a nd produce a " l" at terminal 3 of this b oard . This "l"  
uill satisfy the other input to the AND on the CHECKBACK BD.  ca using the 
tra nsmitter to be ke yed to the trip frequency.  S ince at the same time ,  the 
input to the 2500/2500 MS timer is lost,  then the keying s i gns.l to local 
terminal will only la st 2 . 5  se conds . Hovrever J within this time of keying, 
the STU -12 relay will tr ip b e cause of the recepti on of b oth a re ce ived trip 
s ignal and a s imulated prote ctive relay s igna l .  

9 .  Ele ctrome chanica l Inter face 

When the STU -12 relay is  us ed in an ele ctrome chani cal system the ELEC -MECH 
( E . M. ) INTERFACE BD. is used only for the purpose of prevent ine:; adcl itional 
tripping delay because of c onta ct b ounce . '.oJhen a dis tance relo ;y  operntes J 
the 0/25 MS t ime delay on the E . M. INTERFACE BD. 1vill immediate ly pi d:up to 
sati sfy the AND thereb y simulat ing a pr ote ctive re la y  operat ion . The 25 
millisecond dropout time of the 0/25 MS tiaer 1.vi ll hold the 11 11 1  input to the 
AND in the event that b ouncing conta cts interrupt the timer input signa.l . 
The 20/0 timer wi ll time out and remove the simula ted pr ote ctive relay 
s ignal after 20 milli sec onds . 

Control Voltage : 

Current Dra in: 

Temperature Range : 

Inputs : 

5 2b C onta ct -

CHARACTERISTICS 

Lf8 V DC ( 4 2  to 56 volt s )  
125 V DC ( 105 to 140 volts ) 
SOLID S'l'ATE SYSTEVJS 

Norne.l - 130 MA 
P ilot Trip - 21+0 MA 
Ivia xhmra - 200 MA 

ELEC -l'li_i;CH SYSTEMS 

Norrk'l l  - 170 MA 
Pilot Tr i1) - 280 MA 
ura �: iFmin - 320 MA 

-20 C to +55 C around cha s s i s  

4 C  1125 C ontr ol Voltae;e Buffered. l+GV - l • 5 MA Mll�X CURRENT 
125V - 2 .  5 MA MAX CURRENT 
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Distance R.::: lays l; 2,  3 

All Other Inputs are : 

Outputs : 

Transl!litter Key :  

TCF Frequency Shift 
Carrier Channel 

Frequency Shift Tone 

SOLID STATE SYSTEMS 

15 t _, 20 V DC Buffered 
2 I1IA lliA)C CURRENT 

ELEC - MECH SYSTEMS 

I .L .  41-95 9 . 7  

48/125 Control Voltage Buffered 
Lfl3 V - l. 5 MA MAX CURRENT 
125 V - 2 .  5 MA MAX CURRENT 

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

15 to 20 V DC Buffered 
10 MA MAX CURRENT 

" 0 "  State - Open C ircuit 
"1"  State - Short C ircuit to Battery Neg .  
140 V DC MAX Voltage 
40 MA MAX CUfuqENT 

All Other Outputs are 15 to 20 V DC Buffered and provide 10 l.W. MAX CURRENT . 

Time : 

Trip Time ( 4/0 ) 

Transient Block and 
Transient Unblocl� Time ( 18/o ) 

Low Signal Lockout Time 

Loss of Potential 
Time ( 500/0 ) 

Dimensions : 

Weight : 

4 . 0  to 4 . 5  Milliseconds 
( adjustable from 2 . 0  to 6 . 0  MS ) 

18 to 20 Milliseconds 
(adjustable from 12 to 30 MS ) 
(Relays may be ordered vlith a transient 
blocl:�ing time of 24 to 27 milliseconds ) 

130 to loO Milliseconds 

4oo to 6oo Milliseconds 

relay height - 5 . 25 " ( 3  rack umts ) 
relay 1:1idth - 19" 
relay depth - 14" 

approxiwately 12 lbs .  

SETTINGS 

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

The STU -12 relay is generally supplied in a cab inet or on a relay rack as  
part of a complete system. The location must be  free from dust; exces s ive 
humidity, vioration, 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 sho-vm in Fig. 41 . 

ADJUSTMENTS AND MAINTENANCE 

Acceptance Che ck 

It is recommended that an a cceptance che ck be applied to the STU-12 relay 
to verify that the circuits are functioning properly . The follmving 
procedure can be used for this  purpose . 

Connect the STU -12 relay to the test cir cuit of Fig. 40 . Apply rated de 
to Jl terminals  3 and !1- as  shovm, and use an auxiliary 20 volt regulator 
or the internal 20 volts  of the STU -12 relay for the input s to the s>vi tches . 
On STU-12 relays for use with electro -mechanical distance relays, rated 
positive de must be applied to the PR 1, 2, and 3 switches .  Note that the 
lm-1 signal S\,Titche s for cbannels l and 2 are normally closed and a ll other 
switches  are open . 

Since the STU -12 relay varies in logic depending on the channel equipment, 
insure that it is che cked per the proper channel .  \men reference is made 
to AL relays , this refers to STU-12 relays for use only iVith electro­
mechanical systems utilizing elec -mech distance relays . 

;-lhen reference i s  made to TEST TERMINAL, this  means one of the 10 test 
terminals on the TEST BD. in board slot 0 ._ All voltages are to be measured 
iVith respect to negative, TEST TERMINAL 10 . Voltage measurements may vary 
by  .:!:_10% . Information in this acceptance test applies to a relay -vrith a 
transient b locking time of 18 MS .  For relays -vlith a trans ient b locking 
time of 25 MS . ,  limits are 24 to 27 milliseconds . 

A .  Normal Condition 

TEST TE.l�MINAL 1 :  0 Volts 
I I  " 2 :  20 Volts 
" rr 3 :  0 Vults 
" " L� : 0 Volts  
I f  If  5 : 0 Volts  
If  rr  6 :  0 Volts 
I f  r r  7 : 0 Volts 
I f  I f  8 :  2 0  Volt s  
I f  I f  9 : 20 Volts 

Ke�'inc:, AR - Not picked up 
Trip AR - Not picked up 
Loss of Channel AL - Picked up (Ele c -Mech System) 
Loss of P.Jtential AL - Picked up ( Elec -Mech System) 
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I . L . 41 -95 9 · 7  

B .  Channel Loe;ic - 2 Term Line Relays Only 
(For 3 Term Line relays, disret;;ard this section and c ontinue on se ction 
c )  

1 .  TCF Carr ier Channel 

a .  Channel Trip - 2500/0 I1S timer (TilliNG BD. ) ,  0/1000 I1S timer 
Close Trip -1 switch 
Test Term 2 :  Voltage drop frow 20 to 0 volts in 18 to 20 milli­

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

Test Terra 4 :  Volta ge rise from 0 to 20 volt s  
Open Trip-1 svritch 

b .  Loss of Channel 
Open LOW SIGNAL-1 svri tch 
Test Term 6 :  Voltage rise from 0 to 20 volts 
L, , s s  of Channel AL will dr· op out 
Close LOW SIGNAL-1 s1-ritch 

2 .  Tone Channel 

a .  Channel Trip - 2500/0 I1S timer (TIMING BD. ) , 0/1000 MS timer 
(ARMING BD. ) ,  transient b locking 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 volt s in 3100 to 
4100 millise conds 

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

o .  Los s  of Channel - 150/100 I1S timer ( CHANNEL SUPERVISION BD. ) 

Or;en LOW SIGNAL-1 svri tch 
Test Term 6 :  Voltage rise from 0 to 20 volt s  in 130 to 180 milli-

seconds 
Los s of Channel AL 1vill drop out 
Close LOH SIGNAL-1 s1-ri tch 
Test Term 6 :  Voltage drop fr om 20 t o  0 volt s  i n  7 5  t o  125 mill i ­

seconds 

c .  Guard Return 

Open LOW SIGNAL -1 switch, then close Trip -1 switch 
Test Term 4 :  Voltage must rema in at zero 
CJose LOH SIGNAL -1 svri tch 
Te st Term 6 :  Voltae;e Lmst rer!l<'lin at 20 volts 
Open Trip -1 si·Tit ch 
Test Term 6 :  Voltage must drop from 20 to 0 volts  
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c .  Channel Lugic - 3 Term Line Relays Only 

(For 2 Term Line relays, the precedint; section was used and this pa rt 
may be disregarded ) 

1 .  TCF Carrier Channel 

a .  Channel l - Trip 2500/0 MS timer (TIMING BD. ) ,  0/1000 MS timer 
(ARMING BD. ) ,  transient blocking timer 
Close Trip-1 suitch 
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 s>vit ch 

b .  Channel 2 - Trip 2500/0 MS timer (TIMING BD. ) ,  0/1000 MS timer 
(ARMING BD. ) ,  transient blocking timer 
Close Trip-2 suitch 
Test Term 2: Voltage drop from 20 to 0 volts  in 18 to 20 milli ­

then rise from 0 to 20 volts in 3100 to L�lOO 
milliseconds 

Test Term 4 :  Voltage remains at zero 
Open Trip-a svTit ch 

c .  Channel l and 2 Loss of Channel 
Open LOW SIGNAL-1 suitch 
Test Term 6 :  Voltage rise from 0 to 20 volts 
Loss  of Channel AL must drop out 
Close LOW SIGNAL-1 suiteh, then open LOW SIGNAL-2 svitch 
Test Term 6 :  Voltage r j_ se frolll 0 to 20 volts  
Loss of Channel AL must drop out 
Close LOW SIGNAL-2 suitch 

d .  Channel l and 2 sVTitches 
Test Term 4 :  Voltage rise from 0 to 20 volts 
Open Trip-1 and Trip -2 s1,.rit ches 

2 .  Tone Channel 

a .  Channel l - Trip 2500/0 MS timer (TIMING BD. ) ,  0/1000 MS timer 
(ARMING BD. ) ,  transient blocking timer 
Close Trip-1 suitch 
Test Term 2 :  Voltage drop fror,l 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 

b .  Channel 2 - TRIP 2500/0 MS timer (TIMING BD. L 0(1000 MS timer 
(ARMING BD. ) transient blocking timer 
Close trip-2 switch 
Test Term 2 :  Voltage drop from 20 to 0 volts in lC to 20 milli -
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seconds then rise from 0 to 20 volts in 3100 to 
4100 milliseconds 

Te st Term 4 :  Voltage remains at zero  
Open Trip-2 switch 

c .  Guard Return - Channel l - Trip and Low Signal - 150/100 MS timer 
Open LOW SIGNAL-l 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 -l swi tchJ then close LOW SIGNAL-l svritch 
Test Term 6 :  Voltage must remain at 20 volt s  
Open Trip -l switch 
Test Term 6 :  Voltage must drop from 20 to 0 volts in 75 to 125 

milliseconds 

d .  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-l switchJ then close LOW SIGNAL-l switch 
Test Term 6 :  Voltage must remain at 20 volts 
Open Trip-l switch 
Test Term 6 :  Voltage must drop from 20 to 0 volts in 75 to 125 

milliseconds 

e .  Channel l and 2 - Trip and Low Signal 
Close Trip-l and Trip -2 S\vi tches 
Test Term 4 :  Voltage ri se from 0 to 20 volt s  
Open LGW SIGNAL-l switch 
Test Term 4 :  Voltage drop from 20 to 0 volts 
Open Trip-l and Trip -2 switches )  then close LOH SIGNAL -l svitch 

D. Distance Relay Operation 

a .  Distance relay operation-loss of potential 500/0 :11'18 timer 
Close PR-l svitch 
Test Term 7 :  Voltage rise from 0 to 20 volt s  in 400 to 6oo milli ­

seconds 
Loss  of Potential AL must drop out 
Test Term 3 & 5 :  Voltage rise from 0 to 20 volts imrnecliately and 

then drop from 20 to 0 volts in 400 to 600 milli­
seconds 

XMTR key AR pid:s up ii,JJnediately then drops out in 4oc to 60CJ 
milliseconds 
Open PR-1 svitch 
The same a s  the preceding Lmst bappen by closine: either the PR-2 
or PR-3 si·Titch 

b .  Distance relay operation - no los s of potential 
Close Trip -1 and Tr ip -2 svTi tches 
(Trip -2 switch not required for 2 Term Line relays ) 
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Close e ither PR -1, PR -2, PR -3 s-vritches  
Test Tern 7 :  Voltage must rellk'1 in at zero, the lo s s  of potential 

timer must not pickup 
Open Trip -1, Trip-2, and PR s-vrit ches 

E .  Test Switch Operation - 2500/0 MS timer ( CHECKBACK BD. ) 
0/1000 MS t imer (ARMING BD. ) 
18/0 Transient blocking timer ( OUTPUT BD. ) 

Close test switch 
Test Term 3 :  Voltage must rise from 0 to 20 volts 
Test Term 2 :  Voltage must drop from 20 to 0 volt s  in 18 to 20 lfl.illi ­

se conds 
Test Term 5 :  Voltage must rise from 0 to 20 volts immediately, then 

drop from 20 to 0 volts in 2000 to 3000 milliseconds 
Also, XMTR KEY AR must pickup for 2 to  3 se conds 
Open Test switch 
Test Term 2 :  Voltage must r ise from 0 to 20 volts in 900 to  1300 

milliseconds 

F .  52b C ontact Operation - 180/0 VJS timer (TIMING BD. ) 
Close 52b Slvit ch 
Test Term 5 :  Voltage must rise from 0 to 20 volts in 180 to 230 

millisec onds 
Open 52b s11i tch 

G .  Channel Che ckbacl'>: Operation 

l .  TCF Carrier Channel 
2500/2500 MS timer ( CHECKBACK BD. ) ,  che ck trip input s  

Open Lmv SIGNAL -1 s•,.rit ch 
TPlf on CHECKBACK BD. voltage must drop from 8 to 0 volts in 2000 
to 3000 milliseconds 
Close CK Trip-1 switch 
Test Term 5 :  Voltage must rise from 0 to 20 volts immedia tely then 

drop from 20 to 0 volts in 2000 to 3000 mill ise c onds 
XMTR KEY AR must piclmp for 2 to 3 seconds 
Close Lmv SIGNJI.L-1 switch, then open CK Trip -1 Slvitch 
For rela y  used for 3 Term Line ,  also  do the follmving : 
Open LOH SIGNAL-2 swit ch and wait for 3 seconds ,  then close CK Tr ip -2 
m·ri tch 
Test Tern 5 :  v .)ltage must rise f:com 0 to  20 volts  immediately then 

drop frow 20 to 0 volts in 2 to 3 se conds . 
Cluse LOVJ SIGNAL-2 svitch, then open CK Trip-2 s1vit ch 

2 .  Tone Channel 
2500/2500 MS timer (CHECKBACK BD. ) 

Open LOH SIGNAL-1 svri tch 
TP4 on CBECKBACK BD. : Voltage must drop from 8 to 0 volts in 2000 to  

3000 milliseconds 
Close Trip -1 svri t ch, then close LO'v'l SIGNAL-1 switch 
Test Term 5 :  Voltage must rise froiil 0 to 20 volts immediately then 

drop fro;a 20 to C volts in 2000 to  3COO milliseconds 
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XMTR KEY AR must pick up for 2 t o  3 seconds 
Open Trip -l switch 

I .L .  41-959 . 7  

For relays used for 3 Term Line, also do the following : 
Open b oth LOW SIGNAL -l and LOW SIGNAL-2 switches then close Trip -2 
switch. Wait for 3 seconds then close both 
LOW SIGNAL-l and 2 switches 
Test Term 5 :  Voltage must rise from 0 to 20 volts immediately after 
closing both the LOW SIGNAL switche s 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 -l switch, and also, for 3 Term Line relays, close Trip -2 
switch 
Then, close TEST Switch 
Test Term 1 :  Voltage must rise from 0 to 20 volt s in 4 . 0  to 4 . 5  

milliseconds 
Trip AR must pickup 
Open Trip -l and Trip -2 switches 
Test Term l :  Voltage must remain at 20 volts 
Open Test switch and Trip AR must drop out 
Open 52b switch 

I .  Pilot Tr ip After Trans ient Unb locking 18/o MS �imer (OUTPUT BD. ) 

Close Test switch 
Then, close Trip -1 s1vi tch, and als o for 3 Term Line relays, close 
Trip -2 switch 
Test Term l: Voltage rise from 0 to 20 volts in 18 to 20 milliseconds 
Open Te st switch 
Test Term 1 :  Voltage drop 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 te st svlitch, then wait until XM.TR KEY AR drops out then close 
Trip -1 switch and for 3 Term Line relays , also close Trip -2 s'Vlitch 
As s oon as the voltage on Test Term 1 r ises from 0 to 20 volts then 
the 0/30 MS timer will pickup in le s s  tMn 1 millisecond and the 
voltage at Te st Term 5 will rise fr om 0 to 20 volts 
Then open Test switch 
Test Term 5 :  Voltage must drop from 20 to 0 volts in 24 to 30 milli ­

seconds 
Open Trip -1 and Trip -2 switche s 

K. Fast Reset of 0/1000 MS timer after pilot trip . 0/100 MS timer (ARMING BD. ) 

For checking this 0/100 MS timer, it -vrill be necessary to use •a 
jwrrper 
Close Te st switch, then close Tr ip -1 switch and also for 3 Term 
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Line relays close Trip-2 switch 
Terminal 4 (ARMING BD. ) :  Voltage mast rise from 0 to 16 volts in 

less  than 2 millisec ,Jnds after the voltage 
at Test Term 1 rises from 0 to 20 volts 

In order to check the 100 millisecond re set 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 0 volts in 70 

to 170 milliseconds 
Open Trip-1 and Trip -2 switches, and remove the jumper 

L .  Ele c -Mech Interface 0/25 and 20/0 MS timers (ELEC -MECH (E.M.) INtERFACE BD.) 

This section is to be used only for those STU-12 relays which 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 from 0 to 11 volts 
inunediately then drop back to zero in 16 to 24 milliseconds 
Open PR-1, PR-2 and PR-3 switches 
Terminal 4 (E.M. INT. BD. ) :  Voltage must remain at zero . 

M. Noise Operation 

This section is t o  be used only for those STU-12 relays which are 
for use with a frequency shift tone channel . 
Close NOISE -1 switch 
Then close Test switch and Trip-1 switch, and also for 3 Term Line 
relays close Trip-2 switch 
Test Term 1 :  Voltage must remain at zero 
Open Noise -1 switch 
Test Term 1: Voltage must rise from 0 to 20 volts 
Trip AR must pickup 
Open Test, 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 desirable to indicate impending 
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 curnisher, Style No . 
182A836H01, is recommended .  The use of abrasive material is not reconunended 
because of the danger of embedding small particles  in the face of the soft 
silver and thus impairing the contact . 

CALffiRATION 

The proper adjustments to insure correct operation of the relay have been 
made at the factory and should not be disturbed after receipt by the customer . 
Hmvever, if the adjustments or if the components or printed circuit boards 
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which affect calibration have been changed� then the STU -12 relay should be 
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 trans ient unblocking timer, and 
the 4/0 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 b y  turning potentiometer Rl4 on the OUTPUT clock­
wise 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 Test switch (positive pulse ) 
End t imer on Test Term 1 (positive pulse ) 

For this calibration, close 52b switch 

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

Then close Test switch and the voltage on Test Term 1 must rise from 0 to 
20 volts in 4 . 0  to 4 . 5  milliseconds 

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

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

Transient Unblocking 18/0 MS Timer - OUTPUT BD. 

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

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

Then close Trip-1 switch and the voltage on Test Term 1 must rise from 0 to 
20 volts in 18 to 20 milliseconds 

This time can be adjusted by turning potentiometer Rl on the OUTPUT BD. 
clockwise for more time and counter -clocbvise for le ss time . 
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Tripping Relay (AR) 

The type AR tripping relay unit ha s 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 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 end of the armature air ga�. 

b .  Adjust each contact spring to obtain 4 grams pressure at the very 
end of the spring. This pres sure i s  mea sured when the spring 
moves away from the edge of the slot in the insulated crosspiece . 

c .  Adjust each stationary contact screw to obtain a contact gap of 
0 . 020 inch . This will give 15 -30 grams contact pressure . 

Trouble Shooting 

The components of the STU-12 relay are operated Hell 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 checks , then 
using "O" and "1" logic notation, the faulty printed cir cuit board can be 
traced to using the diagrams in Fig .  4,  5 ,  6, or 7 .  In turn, the faulty, 
component or circuit can be found using the individual s chematics of the 
printed circuit boards which show the detailed transistor NOR/r�ND logic . 

Each NOR/NAND logic block represents a transistor on the schematic .  The 
output of each individual 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 b ox around the 
transi stor indicate s that it is conducting for the normal condit i on of the 
relay. 

Following is  an explanation of the voltage levels for the "0"  and "l" 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 schematic s . 

For positive logic - 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 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 dr iver , where a 
"O" is rated positive de . 
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" l "  :1. �3 e qui'J2 le nt t o  le :::. s  th�:u1 0 . 5  volts 11ith re spe ct t o  ner�e t ive , Test 
Term 10 . 

A b o8.rc1 e�:ten<1 c:c J Style 1\T ;) . oL�9A5 3lJ.G01) u; e va i lab le for fc. c il itE1 tinc; 
c ir cuit vultc: ; �c meo ,s urement s .  After 1:ri thclrmTin[ a nyone of the cir cui t 
b oerd s , the extenc-:_e1� j_ f; ins erted i nt o  th8. t c; l ot . The b oard i s  then inserted 
int o  the te rHina l b l o ck un the fr ont o f  the e:;;:tencler to r e s t ore e ll 
c ir c uit l Onne ctions . 

T:1e Te st Ten;lina�-"' ,Jil the Te st Bel . in the bocJ r cl  po s it i on to the extteme 
r ic;ht are i1e lpful in che ekinc; the 'wern ll r e la :yc oper1:1ti on .  Follmring are 
the vult2,i_je s thst \·Till o c c ur  at the s e  Te st Termina ls under va r i c)US conditi ons : 

NOTE : All volta ::;e s  r e fe rred to a r e  tal'�e n vTi ti1 re spect to nec;at i  ve , Te s t  
Terminal 10 . 

Test Ter;,tins l 1 :  P il ot Trip 

IJurut2 l C oncH tLm - 0 vult s  
I nterna l  £i'ault -· 20 volts 

F ur a n  intern o l  fa ult ; e :Lthe r a di s t<:ence relay or te st suit ch operat ion and 
b oth r e c e :L ver t:c ir' s i gna l s  ( one r e , ; e i  ver tr ig si gna l  for 2 Te:nn L ine re lays ) 
are re quire d .  

Te s t  Tcr�tlhl2 l  2 :  Tra ns ient B l o ckin::; £!: Unb loc:kinr.; 

Nunaa l C oncEtiun - 20 -v ,Jlt s 
K :tcrna l  l< :wh, - C volts 

rrhe follOIT:i_n2: utll c-> imulate a n  e:�terne l fe ult : 
d i E;tc: nc;e r e la y  oper ati ,,n 
t e s t  swit ch opera t i on 
e ither cha nnel r e ce iver trip ope rat ion 

Test Terntna l 3 :  Pr ote ctive :Re lay 

NormE, l Operation - C volt s 
Distn w.:e Re le ;y Opere.ti ,Jn - 20 vult 3 
Te st S1 :cit c:ll Oper e. t j_ oc1 - 20 volt s 

Te :;t Tenilnc: l l+ : Chr m ne l  'I' _' ip 

lJ _,nJal C onditj_on - 0 volts 
Opera t i on of ChaiJ.ae l 1 :cm.d 2 r e c e tver tr ip uutput ;.o - (for 2 Term Line re lays , 
only 1 chm me l  requir ed ) - 20 v ol t s  

T � st Termina l  5 :  XH'rH Key 

N .rwa. l C ,mc."L i t i on - C V ':Jlts 
D:i..stance Re la y  Opelni:rc i on - 20 v olt s 
5 2b c::: mri:.<ec ct operat ion - 2G volts 
Interne:, ]_ Fa ult 
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(pilot trip signal ) - 20 volts 
Test Switch operation - 20 volts for 2 . 5  seconds 
Channel Checkback scheme - 20 volts for 2 . 5  seconds 

Test Terminal 6 :  Loss  of Channel 

Normal Condition - 0 volts 
Operation of e ither channel 1 or 2 Low signal clamp - 20 volts 

Test Terminal 7 :  Loss of Potential 

Normal Condition - 0 volts 
Distance relay operation - 20 volts after 500 MS time delay 
Distance relay and both receiver trip signal operation 
( one receiver trip signal for 2 Term Line relays ) - 0 volts 

Test Terminal 8 and 9 :  Pos . 20 V DC 

Norrool Condition - 0 volts 

Test Terminal 10 : Negative DC 

RENEWAL PARTS 

Repair 1mrk can be done most satisfactorily at the factory. However) inter ­
changeable parts can be furnished to the customers who are equipped for doing 
the repair work. \{hen ordering parts; always give the complete nameplate 
dataJ and the c omponent Style No . given in the Ele ctrical Parts List . 
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Cl, C2 

Ql,  Q2 

,_:, 1 ;  Z 3  
z 2 ,  z it­
Res t S ink f vr (;2 

ELECTRICAL PARTS LIST 

CAPAC ITOHS 

DIODli:S 

T�\ANS IS 'ill RS 

2ITJ5 

JJJ�C5 Cic 
UTJ i cr' I L7A 

V · Ll ) 
v ... l\l ) 

Pr ._ te ct i ve 1�c le J 
Interfa ce B :_JD r cl  

87/ 202Ci+66GCl 
S,j' 202C475GOl 

s ',_,::L ic� 3tc).te S;JsteHl�:) 
J le: ( ;  �-i_"'·ie cj1 S J· c; t2 t:1.'3 

Cl, C2 

Rl,  �-t2, H3 � 
Rl, R2, H3 ,;.· 
R4, Rl5 , l-U6 
R5 , :iU7, n22 
R6, R9, Rl3 , Rl9, R20 
R7, HlO, Rll�, H2l 
R8, Rll, �12, RlC 

Ql, Q2, G,3,  QLf 
Q5 

JJIO.JES 

H.i:S IS 1.'0�\S 

TJ.!\.IiSIS�COBS 

2ITJl �-:t 7 
2n::;6L1-5 

- 25 -

I . L .  41-95 9 · 7  

Style 

1Cli-A661Hl0 

_I_\ �7./2� s:·:SH16 
l+i'•'i'HOl 
5 l' (HCl 

i � (HC)J. 

l_ ·  

G29il�53,JJ�IL�G 
629A5 3 lH72 
629A5 3llil+f; 
6;�)1", 5 Jlll'(l� 
C2)A 5 3 lll5 6  
62Sl}_. 5 3 JJl52 
��2'Ji\ 5 )l!-I()6 

HIC2 
Cif']Al!JflHGl 
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ELECTRICAL PARTS LIST 

Prote ctive Relay - S# 202C466GOl - S olid State Systems 
Interface Board - sjf 202C475GOl - Elec -Mech Systems 

Circuit Symbol 

Zl, Z2, Z 3  
z4, z 6  
Z5 , Z 7  

c1 - SOLID STATE SYSTEMS 
# - ELEC -MECH SYSTEMS 

Reference 

ZENER DIODES 

ll{3688A, 24 v J +llf/o 
lN3686B, 20 V, +5% 
1N957B, 6 . 8  V, �% 

Los s Of - S# 202C467G0l - Elec -Mech Systems 
Potentia l Board - S# 202C529GOl - S olid State Systems 

Cl 
C2 

Dl, D2 

Rl, R4, R5 , lU6 
R2, R6, R9, RlO, 
Rl5, Rl8 
R3� Rll� Rl6 
R7 .6. 
R8 
Rl2 
Rl3 
Rl7 

Ql, Q2, Q3, Q5 
Q4 
Q6 

Zl 
Z2 
Z3 

{). - INDICATES TYPICAL VAlliE 

CAPACITORS 

22 MFD, 35 V 
. 27 MFD, 200 V DC 

DIODES 

RESISTORS 

TRANSISTORS 

2N34l7 
2N3645 
2N3589 

ZENER DIODES 

ll�957B, 6 . 8  v, +5% 
lN3688A, 24 V, + lafo 
lN3050B, 180 V . -

- 26 -

Style 

862A288HOl 
l85A212fi06 
l86A797H06 

l84A66lHl6 
l88A669H05 

837A692H03 

629A53lH66 
629A53lH56 

629A53lH52 
629A53lH7l 
629A53lH24 
629A53lH78 
762A679H0l 
629A53lH32 

8Lf8A85lH02 
849A44lHOl 
837A6l7HOl 

l86A797H06 
862A288HOl 
l87A936Hl7 
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ELECTRICAL PAI\TS LIST 

Ele c  -Mech Interface Board - Sjj 202C468GOl 

C ircuit Symb ol 

Cl, C2 

Dl, D2, D3 , D4, D5 

Rl 
R2, R5 , R9, Rl2, 
Rl4, Rl5 
R3 L1 
R4 
R6 
R7 � 
R8 
RlO, Rll, Rl3 
Rl6 

Ql, Q2, Q3,  Q4, Q5 

D. - INDICATES TYPICAL VALUE 

Reference 

CAPACITORS 

1 . 5  MFD, 35 V, 2/% 

DIODES 

lN645A 

RESISTORS 

TRANSISTORS 

2N3417 

ZEN&'\ DIODES 

lN957B 

Channe l - 81/ 202C 5 30GOl - TCF Int, . 
Interface B oard - S// 202C469GOl - TA3 Int . 

Cl, C 3 ,  C5 
c4, c6 

D2, D3 

CAPAC ITORS 

• 0L} 7 �ii"D, 2CJO V DC 
• 27 1-IFD, 200 V DC 

DIODES 

ll\T645A 

- 27 -

I . L .  41 -95 9 · 7  

Style 

l87A508Hl8 

837A692H03 

629A53lH66 
629A5 31H56 

629A5 )lH67 
1C7A290H09 
629A53lH58 
629A53lH58 
629A53lH2Lf 
629A531H64 
629A53lH52 

C48A05lliG2 

186A 797H06 

OLJ-SJP.l t 37HCJlf 
l8Cr'\G69HC!5 
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ELECTRICAL PARTS LIST 

.Clec -Mech Interfa ce B08rd - Sit 202CL!-68GOl - ( continued)  

C ir cuit Sywb ol 

Rl, 1\2, R9, lUO 
Rl7, Rl8 
R3, R7, Rll, Rl5 
lU9, l\.23 
R4, R5 , Rl2, Rl3, 
R20, R2l, H26 
R6, RlL�, R22, R27 
Rl6 R24 ) 
R25 

Ql, Q3, Q5 , Q7 
Q2, Q4, Q6 

Zl, z4, �7 
Z2, Z5 ,  z G  
z6,  Z9, ZlO 

Reference 

RESISTORS 

Tl\1\HSISTOl�S 

2H3417 
2NJ645 

ZEJIT.6.:.i. DIODES 

1JIJ]686B, 20 V, +5% 
1H957B, 6 . 8  V , +"5% 
J1�3688A, 24 V ,  "f_2Cf/o 

Channel - SJ 202C47lGOl - TCF 
Trip Board - S]- 202C472G01 - Tone 

Cl 

Dl 

Rl, R2, R5 , R8, �ll 
Rl4, Rl7, Rl8, R2l, 
R22, l\25, R26, R29, 
R32, R3J , R34, 237, R43 
.RJ D �  � n  � 1 2 , l r � , nO, h ) ;  .cl. . .  , n_) , 
Rl9, R23, R27, RJO, H35 , 
R38, l\39 
R4, R7, �10, 313,  Rl6 
R20, R2h, R28, R3l, R36 
R40 

CAPACITOHS 

0 . 27 MFD, 200 V .  

DIODES 

lN645A 

RESISTORS 

27 K, -}w, :t_2% 

6 () L" 1- J 2'1 • 0 l'c J ·-CC'/• ) + jJ 
"'- -

Style 

629A53lH48 

629A5 3lH78 

629A53lH56 

629A531H52 
762A679H0l 
629A53lH66 

f)L�8A851H02 
8l+9ALl-4lHOl 

185A212H06 
l86A797H06 
862A288H01 

l88A669H05 

629A531H66 

629A53lH56 

629A53lH52 
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J:{L�l 
_t{l.!-2 

Ql) 
Q5 ; 
r n  '-c/ J 

i f _; _  

202C l t-71GC!l 
2C2C4 72GCJl 

EL:CC�l�1ICl\L PJ\J.�_es LISrl 

- TC�jl - ( (' c -- 1·'- � ' 1 ll"Cl ) -' .J /_ LJ . .L .. - '-� 

150 

i{ii:SIS'J:'OJS - ( c::mttnur.:::c1 )  

T?J\.ITSISJ�() __ \S 

ZEITEn DJ::C• J:..::3 

+2/� 

. -\ ,., :- _ I_ l 
�IT�6}.:-� 
2E::; 5 C 9  

"l ,.- : /-. ' \ T  
� ' - .  \ ·, <I 

I . L .  l : l -95 9 . 7  

S:2:)A5 3lH7C\ 
7S2i\679ECll 

JJIC2 

::l!l52 
629f\5 3JJIJ,2 

:' I , ,, 
' . : t iL  JJICi2 
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ELECTRICAL PARTS LIST 

Tone Channel -- Srf 202C4 74GOl - Elec  -Hech Systems 
�upervis ion B ,Jard_ - s�+ 202C533GOl - S olid State Systems 

Circuit Symool Reference 

CAPACITORS 

Cl 12 l>JFD, 35 V, ::t_lOO� 

Dl, D2, D3 

nl, R2, R3, R6, Rl5 
R20, R23,  R2�-, R25 , 
R28, R29, R32 
RlJ., R7, lU2, Hl3 
Rl6, Rl9, R2l, R26, 
R30, I\33 
R5 , R8, Rl4, Rl7, 
R22, R27 , R3l, R34 
R9 D. 
RlO L\ 
Rll 
Rl8 

Ql, 
Q() u ,  
Q4 
Q6 

Zl  
Z2  

Q2, Q3, Q5 , Q7 
Q9, Ql(J 

;\ - INDICATES TYPICAL VALUE 

DIODES 

lN645A 

RESISTOHS 

6 . 8  K, �w, ::t.2!fo 

Tl'\ANSISTORS 

2N3417 

2N3645 
2N3589 

ZENER DIODES 

lN957B, 6 . 8  V, +5% 
lN3050B,  180 V . -

Transmitter - Slf 202C534GOl - TCF Ch . 
Key Board - So// 202C535GOl - Tone Ch . 

CAPACITORS 

Cl, C2 0 . 27 MFD, 200 V OC 

- 30 -

Style 

862A530H05 

837A692H03 

629A53lH66 

629A53lH56 

629A53lH52 

629A531H64 
629A53lH56 
629A53lH60 
629A53lH32 

848A85lH02 

849A44lHOl 
837A617H0l 

l86A797H06 
l87A936Hl7 

l88A669H05 
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ELECTRICAL PARTS LIST 

Transmitter - S�� 202C5 3lt-GOl - TCF Ch . - ( continued ) 
Key Board - S7f 202C535G0l - Tone Ch. 

Circuit Symbol 

Dl, D2, D3, D4, 
D5 , D6, D7 

Rl, R2 , R3 ;  R4; 
R5 , R6, R7, Rl3 
R8, R9, Rl2, Rl4, 
1U5 ;  H20 
RlO, Rll, Rl6 
Rl7 
Rl8 
R19 

Q1, Qll­
Q2, Q5 
Q3, Q6 

Z1} Z3  
z2 ,  z4  

Re ference 

DIODES 

lN645A 

RESISTORS 

27 K, �H, i_'C/o 
10 K; -??:vl, i_'Cfo 
6 . 8  K, -??:w, +2% 
8 1 - 1 2 K, 2\-J, +qo 
150 ohmi 3-W, �% 
4 . 7  K, 2H, +2% 

TRANSISTORS 

2N3l�l7 
2N3645 
2N3589 

ZETiJ1�R DIODES 

1N3688A, 24 V, +10% 
lN3050B, 180 V .

-

Checkbacl\: Board - S/f 202C476G01 

C1, C2, CLJ­
C 3  

Dl, D2, D3, D4, 
D5, D6 

R1, R4, R7, E8, 
R15, R23, R27 
R2, E5, R9, R12, 
R16, R21, R24, R28 

CAPACITORS 

150 ME"D; 35 V .  
. 047 MFD, 200 V DC 

DIODES 

UJ645A 

RES IS TOES 

27 K, �H, i_Zia 

- 31 -

I . L .  41 -959 ·  7 

Style 

U37A692H03 

629A5 3lH66 

629A53lH56 

629A53lH52 
629A531H78 
762A679H01 
629A53lH48 

8l!BA85lH02 
849AL�41H01 
837A617H0l 

862A2o8H01 
l87A936H17 

8l�9A007H01 
849A4 37HOl� 

837A692H03 

629A53lH66 

629A53lH56 
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ELECTRICAL PARTS LIST 

Che ckbac:c B J2 ro_ - S/t 202cl�76GOl - ( continued )  

Circuit Symb J1 

R3, R6, Rl7,  R22, R29 
R10 L , Rl3 � , R25 � 
R11, 1U4, R26 
R18, EU9 
R20 

Q1, Q2, Q3, QL�, Q5 , 
Q6, Q7, Q8 

Z 1 ,  Z2, Zl+,  Z5  
Z3  

1:J. -- INDICATES TYPICAL VALUE 

Timing Boarcl - Sjf 202C4 77G0l 

C1 
C2 
C3  
c4  
C5 

D1, D2, D3, Dl+, D5 

Rl, R2 
R3 
R4, R7, RlO, R13 
Rl6, Rl9, R22, R25 , 
R28, R33 
R5 , R8, Rl4, Rl7, 
R23, R26, R34 
R6, R9, R15 , Rl8, 
R24, R27, R3l, R32, R35 
Rll 1:1 

Reference 

RESISTOR - ( continued ) 

TRANSISTORS 

2N3417 

ZENER DIOiJ8S 

1N957B, 6 . 8  V, +5% 
1N3686B, 20 V, �% 

CAPA0ITORS 

. 047 MFD, 200 V 
12 MFD, 35 V, +1a;f 
1 . 5  MFD, 35 V ,-+5% 
150 HFD, 30 V, +"lC:t/o 
1 . 0  MFD, 35  V, ±:10% 

DIODES 

RESISTORS 

- 32 -

Style 

629A531H52 
629A531H68 
629A53lli24 
629A531H48 
629A53lli78 

848A85lli02 

186A797H06 
185A212H06 

849A437H04 
862A530H05 
187A508Hl8 
849A007H01 
837A24lH15 

629A531H48 
629A5 3lli78 
629A5 3lli5 6 

629A53lH52 

629A531H66 

629A5 3lli67 
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ELECTRICAL PARTS LLST 

Timing Board - S// 202C477G01 - ( c ontinued ) 

C ircuit Syrnbol 

Rl2, R2l, R30 
R20 11 ' R29 A 

Ql, Q2, Q3, Q4, 
Q5 , Q6, Q7, Q8, 
Q9, QlO 

Zl 
Z2, Z3, z4, 65 

� - INDICATES TYPICAL VALUE 

Arming Board - S# 202C478G01 

Cl 
C2 

Dl, D2, D3, D4, D5 

Rl, R2, R5 , R8, R9 
RlO, Rl6, R20, R23, 
R24, R25 
R3, R6, Rll, Rl2, Rl8 
R21, R26, R27, R32, R36 
R4, R7, Rl3, Rl9, R22 
R28, R33 
Rl4 
Rl5 
R29, R34 
R30 
R31 0. 
R35 

Reference 

RESISTORS ( continued ) 

4 70 obm, �w, +?!!� 
1 ryj-33 K, ;lvl, :!;_c..p 

TRANSISTORS 

2N3417 

ZENER DIODES 

1N3686B, 20 V, +5% 
1N957B, 6 . 8 V, �5% 

CAPACITORS 

22 !vJFD, 35 V, +10% 
3 - 3  IvJFD, 35 v,-�% 

DIODES 

1N645A 

RESISTORS 

27 K, �w, :t2% 
10 K, �' :t2% 
6 . 8  K, �H, :!:_2% 
82 �' tw, :t2% 
20 K, ;ivl, +Z/o 
1 K, �H, +2fo 
100 obm, �H, +z% 

1 �  rvr�-15 K, lvl, "j;_C:Jo 
12 K, 2',v, :t'cfo 

- 33 -

I .L. 41-959 ·  7 

Style 

629A53lli24 
629A53lli68 

848A851H02 

l85A212H06 
186A797H06 

184A661Hl6 
862A530H01 

837A692H03 

629A53lli66 

629A53lli56 

629A531H52 

629A531H78 
629A531H63 
629A531H32 
629A531H08 
629A531H60 
629A531H58 
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ELECTRICAL PARTS LIST 

Arming Board - S# 202C478GOl - ( continued ) 

C ir cuit Symbol 

Ql, Q2, Q3, Q5, 
Q6, Q7, Q9, QlO 
Q4, Q8 

fl - INDICATES TYPICAL VALUE 

Output Board - S# 202C4 79G0l 

Cl 
C2, C4, C7 
C 3  
c6 
C8, C9 
ClO 

Dl, D2, D3, D4, D5 , 
D6, D7, D8 

Rl 
Rl4 
R20 

R2, R7, R9, Rl2, 
Rl8, R2l, R23, R24, 
R25 , R26, R30, R3l, 
R34, R36, R37 
R3 
R6 
R8, R35 
RlO, Rl5 
Rll 
Rl6, R28 
R4, Rl7, Rl9, R22, R29 
R5, R27, R32, R33, R38 
R39 
R40 
Rl3 

Reference 

TRANSISTORS 

2N3417 

2N3645 

CAPACITORS 

1 . 5  MFD, 35 V, +10% 
0 . 22 MFD, 100 Ve-; 
3 . 3  MFD, 35 V, +10% 
0 . 047 MFD, 200 V 
0 . 1  MFD, 200 V 
0 . 27 MFD, 200 V 

DIODES 

lN645A 

l?OTENTI OMETERS 

l. rvd 50 K, f H, ::2v-jo 
15 K, 4 W, +20% 

1 -,vrf l K, 4 VI, ::2VJo 

RESISTORS 

- 34 -

Style 

848A85lli02 

849Ali4lHOl 

l87A508Hl8 
76�19H2l 
862A530HOl 
849A437H04 
l88A669H03 
l88A669H05 

837A692H03 

629A430HOl 
629A430H08 
629A430H02 

629A53lH56 

629A53lli84 
l87A290Hl7 
629A53lli66 
629A53lH24 
l84A763H9l 
629A53lH48 
629A53lli64 
629A53lH52 
629A53lli78 
762A679HOl 
629A53lli60 
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ELECTRICAL PARTS LIST 

Output Board - S# 202C479G0l - ( c ontinued ) 

Circuit Symbol 

QlJ Q4J Q5 J Q6J 
Q8J Qll 
Q2J Q3J Q7J QlO 
Q9 

:61J Z7 
Z2J Z3J Z4J Z5 
z6 

Test Board - S# 5 490D87G01 

Tip Jad:s (Red ) 
lJ 2} 3} 4} 5 )  6) 
7}  8} 9 
Tip Jacks (Blad:) 
10 

Reference 

TRANSISTORS 

21(?/�17 
2N3589 

ZENER DIODES 

1N3682A) 211- V) +1o% 
lN957BJ 6 . 0  VJ +5% 
lN3050BJ 180 V . -

I . L . ln S5 9 .  7 

Style 

GL�8A85lH02 
G37A617H01 

G62A288H01 
186A797H06 
187A936H17 

187A332HOl 

187A332H02 

69-279 

Fig. 1 Photograph (Front view with door open) . 
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69-280 
Fig.  2 Photograph (Rear view taken above relay with top cover off and door open) 

I 
I 

t 
I! I I R � R � IE ( ) H  � II 

B O A R D  
POS I T I ON 

A 

B 
c 
D 

E 

F 
G 
H 

I 

J 
K 
L 
M 

N 

0 

G H I 

I 

J K L 

F R O N T  V I E W 
( CO V E R  REMOV E D )  

B O A R D  D E S C R I PT I O N  

POWER S U P P LY 

P R O TECTIVE RELAY I NTERFACE 
LOSS OF POTENTIAL 

ELEC. MEC H . I N TE RFACE --
C H A N N E L  I I NT E R FA C E  

C H A N N EL 2 I N T E R FACE 

C H A N N E L  TRIP 

CHANNEL SUPERVI SION 

"-----
0 0  
0 0  

s� 
0 0  
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VOLT 2111-28 CONTACTS 
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125VDC 111!408 C 845G2B 

.:Jrt.� SYMBOL INDICATES POINT ..,� ON TEST BOARD ( SLOT 0 )  

S'I'MIOLS"O ''AHO" I "  REPRESENT 

CHASSIS GND. 
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DISTANCE ** 2 
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30 
3 1  
32 
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I t�=L 

22 
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CHECK 
TRIP 23 
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C H E C I<  
TRIP 

TH£ LOGIC VOLTAGE STATES FOR N O R M A L  OPERAT I N G  STATE O F  R E L AY 
6. FOR lWO TERMINAL LINE APPLICATIONS ,CHANNEL 

TWO INTERFACE BOARD (SLOT G )  MUST N O T  BE USED 
I N  THE RELAY 

.6. FOR THREE TERMINAL LINE APPLICATIONS, BOTH CHANNEL ONE AND 
TWO INTERFACE BOARDS ( S LOTS F AND G) MUST BE USED I N  RELAY 
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L - - - - - - -
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'----+-••• 

LOSS OF 
POTENTIAL 

t>l'>-+-------l--62!5 TRANS­
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KEY 

4 L 2'!!!'�YJ!I..G_.l§�·!....:l 

TRANSIENT BLOCI< IN.G 
AND UNBLOCKING 

101 I 
L - - - - - - - - - - - - - - - - ���- J���� 

0:RELAY STYLES AVAILABLE 
WITH TRANSIENT BLOCK 
TIME OF 2 5  M ILL I SECONDS 

:ate distance relays and a T C F  carrier channel. 
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T H E  LOGIC VOLTAGE STATES F O R  N O R M A L  O P E R A T I N G  STATE O F  R E L AY 

!::::. FOR TW O TERMINAL LINE APPL I C ATIONc .. CHt,NNEL 
TWO INTfRFACE BOARD (SLOT G) MUST N O T  B E  U S E (J 

IN THE RELAY 

l:J. FOR THREE TERMI N A L  LINE APPLICATIONS, BOTH CHANNEL ONE AND 
TWO INTERFACE BOARnll! (SLOTS F AND 1:) MUST BE USED I N  R E L AY 
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PART OF Jl 

LOSS O F  
POTENT IAL 

TERMINAL 
BLOCKS 

4 

• 

TRIP 
AR 

----·----------------------------------u�•R=EL�AY�ST=YL�ES�A�VA�ILA�BL�E--------------� 
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� !  

7 1 5B2 10  

Fig. 8 Component Location Power Supply Bd. 
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POS. 20 VOC 

2N35B9 I 2N3589 POS 20 VOC or-; �J. 02 ....J IN645A IN645A 

h, �
.
2 ,.lc' ->z, -

r=>A IN474 7A 68MFD � IN3050A 
t---J C2 

Z4 'AT 6.8MFD/ IN4747A 

NEG. D.C. 

- - -

14 

1 

13 
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I 

fA 
202C4� 

� '�oWER' I - �� � +�v. '• 

A"' EXTERNAL RESISltlRS 

RA S RC RB S RO 
48 IJOLT - 1!50.J\.-2!5WATT 1800J\ - 25WATT 

12!5 VOLT -9QQn-2!5WATT 50QCJ\. -2!5 WUT 

7 1 5B195 

Fig. 9 Internal Schematic Power Supply Bd. 
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Fig.  1 0  Component Location Protective Relay Interface Bd. 

P R INTERFACE (UEC-MECH RELAYS) 

12 

7 1 5B205 

Fig. 1 1  Internal Schematic Protective Relay Interface Bd. for Elec. -Mech 
System. 
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P R. INTERFACE BO. (SOLID STATE RELAYS) 

12 

7 1 5B196 

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 BO {ELEC-MECH RELAYS) 

0 1  " & 0 2  03-04 
� � L� 
?----- d£.f-l � lo� 

[0-: = NORMAL LY C O NDUCTING T R A NSISTOR 

Q5 Q6 

715B197 

Fig. 14 Internal Schematic Loff of Potential Bd. for Elec-Mech Systems. 
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7 1 5B262 
----------------------------------------------------------------� 

Fig. 1 5  Internal Schematic Loss of Potential Bd. for Solid State Systems. 
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7 1 5B21 3  

Fig. 1 6  Component Location Elec-Mech Interface Bd. 

El.EC-MECH INTERFACE 10 

Q5 

7 15B198 

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

CHANNEL INTEAFACE 80 -TA-3TONES 
I I  

• I 

71 5B214 

Q3·Q4 

� = NORMALLY CONDUCTING 
--- __ __...:;:== TRANSISTOR 

715B199 

Fig. 19 Internal Schematic Channel Interface Bd. for TA-3 Tone. 
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Fig. 20 Internal Schematic Channel Interface Bd. for TCF Carrier. 

7 1 5B217 

Fig. 21 Component Location Channel Trip Bd. 
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7 1 5B202 

Fig. 22 Internal Schematic Channel Trip Bd. for Tones. 
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Fig. 23  Internal Schematic Channel Trip Bd. for TCF. 
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a ;; 

li:):o NORMALLY CONOUCTNG 
TRANSISTOR 

7 1 5B266 

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

7 1 5B218 

Fig. 27 Component Location Channel Supervision Bd. TCF Channel. 
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Fig. 28 Internal Schematic Channel Supv. Bd. for TCF Channel. 

Fig. 29 Component Location Transmitter Key Bd. 
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TCF TRANSMITTER KEY 80 

202C534GOI 

71 5B267 

Fig. 30 Internal Schematic Transmitter Key Bd. for TCF Channel. 
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7 1 5B268 

Fig. 31 Internal Schematic Transmitter Key Bd. for a Tone Channel. 
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Fig. 34 Component Location Timing Bd. 

Fig. 35  Internal Schematic Timing Bd. 
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Fig. 3 6  Component location Arming Board. 
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Fig. 37 Internal Schematic Arming Board. 
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Fig. 38 Component location Output Board. 

Fig. 39 Internal Schematic Output Board. 
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PART OF J l  

N AM EPLATE R AT E D  
POS. DC 

RATED POS.OC : E LEC-MEC H SYSTEMS 
POS. 20 V D C : SOU D STATE SYSTEM S 

52 b 

PR- 2 

P R - 3  

POS. 20 VDC T E S T  

u e----------1 �T�R;..;.I ;,P _-..;.,1 __ -+--< 
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4 P O S. DC 

o LOW SI G N A L  - I  N ._  __________ _.�------------�--����-----uj 
0 
0.. 

N O I S E  ( C K. T R I P  ) - I 

T R I P - 2 

L O W  S I G N A L - 2  

N O ISE (CK . T R I P ) - 2 

N E G .  DC 

Fig. 40 Test Circuit. 
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Westinghouse 1. L. 41-959. 4 

I N STA L L A TI O N  • OPE R A T I O N  • M A I N T E N A N C E  

I N S T R U C T I O N S  
TYPE STU UNBLOCK RELAY 

CAUTION : It is recommended that the user of this equipnent oe corJe acquainted 
with the information in either these instructions or the systems 
instruction leaflet 40-204 before energiz ing 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 ele ctrical connections . 

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

APPLICATION 

The type STU relay i s  a solid state directional comparison unblocking auxiliary 
relay for use with solid state or electromechanical distance relays, and a 
frequency shift type TCF carrier or TA -3 tone channel .  This relay lvill 
prevent tripping for faults external to the protected line section to vlhich 
it is applied and permit high speed sir;mltaneous tripping for internal faults . 
The relay will respond to indications of fault dire ction and distance provided 
by the phase and ground distance relays , thereby controlling the transmission 
of an unblocking signal and the initiation of high speed tripping for internal 
faults .  Either two or three terminal line applications may ·oe used 'ivhere all 
line terminals provide adequate fault current to operate the overreaching 
distance relays . 

CONSTHUCTION 

The STU relay is mounted on a standard 19" wide pane l 5 -�" high ( 3  ra ck units ) 
with edge slots for mounting on a standard relay rack or panel . For the 
outline and dr illing plan, refer to Fig. 41 . 

A hinged and removable door on the front of the chassis covers the printed 
circuit boards . The photograph in Fig . l shovrs the front vie1v- of the relay 
with door open .  A sealing post at the top center in front may be  used to 
lock and seal the relay when in service . 

The rear panel consists of a hinged door 11hich may be opened to e:�pose 
var;ious components mounted inside . Mounted on the hinged door are tvro AR . 
type auxiliary relays and, \·Then used, tvm AL telephone type relays . The AR 
relay is a small high-speecl attra cted armature tY}Je of unit . An insulated 
member, fastened to the free end of the armature , drmv-s c1mm four noving- ­
contact springs to close or open the contacts -vrhen the rela.y coil is energized . 
This relay is mounted on the rear hinged d:Jor,  is available for inspection by 
removing the locking scre>v and S'ivinging the hinged door outw=J.rd . 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 contact s .  Four power supply resistors are 
mounted in the rear hous ing 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 top cover off and rear door open . 

All of the circuitry suitable for mounting on printed circuit b oards is 
contained in an enclosure behind the front door . The printed circuit b oards 
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 b oard 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 b oard 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 b oard 
from becoming disconnected from its terminal block . The boards may be 
removed for replacement purposes or for use in c onjunction with a board 
extender (Style N�' · 849A534GOl ) which permits access  to the b oards test 
points  and terminals for making measurements while the relay is energized . 

Either 13 or 14 printed circuit boards are used in the STU chassis . The 
location and title of the printed circuit b oards are shown on the relay 
component location drm-1ing, Fig . 3 .  

Plillf'l.'li.D CIRCUIT BOAROO 

Following is a description of all the printed circuit b oards used ·in the 
STU relay . Refer to the functional relay logic shown in Fig . 4, 5 ,  6, & 7 .  
The internal s chematics associated with the printed circuit b oards contain 
a detailed NOR/NAND logic diagram to simplify understanding of the transistor 
logic . 

For those users not generally acquainted vTith logic- circuit notation or with 
device symbols of those components used in the STU drawings ,  it is recommended 
that a copy of We stinghouse instruction leaflet I . L .  41 -000 . 1  ent itled 
SYMBOLS FOR SOLID STATE PROTECTIVE RELAYING be consulted .  

Power Supply Board 

The Power Supply beard located in slot A contains two 20 volt transistor 
regulators : These voltage regulators will operate from a nominal battery 
supply of 48 or 125 volts de by varing resistors RA, RB, RC, & RD mounted in 
the rear of the chassis . 

The location of components on this b oard is  shown in Fig .  8, and the internal 
s chematic i s  Fig .  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 b oard is  shown in Fig . 10 . Two internal 
s chematics are used: Fig .  ll - 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 ; 
48/125 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 or has an 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 , a relay driver is  provided 
on this b oard to energize the Loss  of Potential AL telephone relay mounted 
in the rear of the chassis . 

Location of components on this b oard is shown in Fig . 13 . Two internal 
s chematics are used : Fig . 14 - For use lvi th electromechanical systems and 
Fig .  15 - For use with solid state systems . 

ELEC -MECH (E .M. ) Interface Board 

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

Location of components on this board is  shmm in Fig .  16, and the internal 
s chematic in Fig . 17 . 

Channel Interface Boards 

The Channel Interface b oards located in slot F ( Channel l) and slot G 
(Channel 2 - when used)  contain 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 conversely.  CHANNEL TWO INTR�ACE in slot G must oe 
used in the relay for THREE TERMINAL LINE 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 includes instructions , nameplate and a CHXNNEL INTERFACE board .  
The location of  eomponents  for both the TA -3 and 'i'GF - CHANNEL INTERFACE 
b oards is shown in Fig . 18 . Internal s chematics are shmm 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 b oard 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 l 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 relay. 

Location of c omponents on this hoard is sho�om in Fig. 21 . Two internal 
schematics are used : •.rONE 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 in slot I and contains 
the connecting logic between the supervisory functions of the channel equip­
ment and the remainder of the relay logic . Both LOW SIGNAL CLAMP OUTPUTS 
>vork into an OR, as  do both CHECK TRIP outputs . 

In addition, there is a circuit comprised of an AND circuit and a 0/150 
millisecond time delay to allow tripping when reclos ing into a fault . 

For electromecham..cal systgms , a relay driv-er is used for energizing a loss 
of channel AL telephone relay. 

Location of components for this board is shmm in Fig . 26 . T1w internal 
s chematics are used : Fig .  27 for electromechanical systems and Fig .  28 for 
solid state systems . 

Channel Supervision Board - Tone Channel 

The Channel Supv. board for a tone channel is located in slot I and contains 
the connecting logic between the supervi sory functions of the channel 
equipment and the remainder of the relay logic . A 150/100 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 ele ctromechanical 
systems, a relay driver is used :for energizing a Loss of Channel AL telephone 
relay . The NOISE outputs work into OR logic on this board . 

In addition, there is a circuit comprised of an AND circuit and a 0/150 
millisecond time delay to allow tripping when reclosing into a fault . 

Location of components for this b oard is shown in Fig .  24 and the internal 
schematic in Fig . 25 . 

Transmitter Key Boa:;:c:ls 

The transmitter Key bo1::1.rd 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 . 
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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 s chematic,  Fig. 30 . \fuen the relay is  used with tone channels, the 
transmitter interface is  a negative going output similar to the relay driver 
and is shuwn by trans istor Q6 on internal s chematic ,  Fig . 31 . 
Location of components for the XMI'R KEY ooord is shown in Fig. 29 . 

Checkback Board 

The Checkback board located in slot K contains logic used to functionally 
test the channel in both dire cti ons . Two separate circuits are included on 
the board . One circuit comprised of a buffered input, AND circuit and a 
2500/0 millisecond time delay is used for keying the transmitter for 2 . 5  
seconds after the TEST SI·Titch i s  operated .  The other circuit consisting of 
two AND circuits and a 2500/2500 millisecond time delay is operated from the 
CHANNEL SUPV. BD . and is required as part of the channel checkbac};: scheme . 

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

Timing Board 

The Timing board located in slot L contains logic ,  a buffered input, and 
three time delays used in conjunction 1vith the remainder of the relay . 

After a pilot trip operation, the 0/30 millisecond timer maintains the trans ­
rnitter keying for 30 milliseconds . The 180/0 millisecond tir�r delays keying 
of the transmitter for 180 milliseconds after opening of the local breaker . 
Input to this timer is a 48/125 VDC buffer circuit . 

The 2500/0 millisecond t imer and associated logic is used to permit transient 
blocking for 2 . 5  seconds if a unblock trip output is obtained from the 
channel receiver . This circuit is  also controlled by the 52b contact input . 

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

Arming Board 

The Arming board located in slot M contains the connecting logic between the 
Channel, Protective Relay, Elec -Mech and Timing boards for the OUTPUT board .  
Logic on this  board interfaces with, and sets up arming of the trip AND, the 
transient blocking and unblocking timers and the 4/o millisecond trip timer . 

In addition, two time delays, 0/1000 and 0/100 milliseconds,  are included on 
this board . The 0/1000 MS timer holds transient blocking on fol' an additional 
1000 MS to protect against fault power reversals duf' to unequal breaker 
reclosing times  into a permanent external fault . A �  ... er a pilot trip operation, 
the 0/100 MS timer picks up and immediately resets L,he 0/1000 MS timer to 
de -energize the transient blocking timer . The 100 lYiS 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 s chematic in Fig. 37 . 

Output Board 

The Output b oard located in slot N contains the final logic of the relay. 
This b oard 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 timers are used on this board: a 4/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 \vith the transient block time 
calibrated for 25 milliseconds instead of 18 ms . to coordinate with the 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 outputs;  a buffered positive going ( 0  to 20 volt ) output 
and a relay driver to activate an AR relay mounted in the rear of the cha ssis . 

Fig . 38 shows location of components on this board, and Fig. 39 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 b oard consists of 10 test terminals 
mounted on a panel attached to a printed circuit board .  

OPERATION 

The type STU unblock relay is  used in a directional comparison unblocking 
relay system for power line protection. High speed tripping is obtained for 
two or three terminal line applications for faults anywhere on the prote cted 

line , providing all terminals contribute adequate fault current to operate 
the distance fault dete ctors . 

System Operation 

In a directional comparison unblocking system, a continuous blocking signal 
is normally transmitted from each line terminal and rece ived at all other 
terminals .  The phase or ground protective relays key the channel transmitters 
to the unblock frequency to remove blocldng at the remote terminals during a 
fault . Tripping is a ccomplished when both the local  protective re lay operates ,  
and the blocking s ignal has been removed . The unblocking s ignal does not have 
to be  received to allo�r tripping . 

Some features included in this system are a functional test channel checkback 
s cheme , lockout of tripping after 500 milliseconds for abnormai protective 
relay operation, channel logic to force a block return, and c oordination for 
bus fault tripping, breaker failure and fault power flow reversal .  The 
description of the preceding features are further explained under the Relay 
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Operation section .  

Refer t o  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 . 

1 .  Normal Condition 

In Fig. 4, 5 ,  6, and 7 the logic voltage 110 11 and " 111 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 111 11 at TEST TERM 3 (Protective Relay) 
c.  Key the t�nsmitter to the unblock frequency 
d .  Pickup the 0/1000 MS timer on the ARMING BD. and produce a 

logic " 0 11 at terminal 5 of the OUTPUT BD. This will start 
the transient blocking timer . 

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

f .  Satisfy one input of the trip AND on the ARMING BD. 

The channel transmitter will also be keyed at the remote terminal, thus 
causing the unblock trip outputs of the local channel l and 2 receivers to 
become a logic " 1" . This will make TEST TERM 4 ( CHANNEL TRIP )  a logic 11 1 11  

signal through logic on the CHANNEL INTERFACE and CHANNEL TRIP BDS . This 
111 11 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 output 
before transient blocking becomes effective . 

In addition, when a receiver unblocl\. 'trip output ( logie "l" ) is received as 
an input to the STU 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 local breaker opens ,  then the 52b contact will block the output 
of this AND on the TIMING BD . 

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

3 .  External Fault 

If no unblock trip signal is received from the remote terminal when the local 
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distance relc: yr3 Jperate , then the trip AND on the ARMING BD. will not be 
rJatisfieci <'Jijd the lfi/O MS transient blucldng timer will time out . TEST TERM 2 
(Trans ient BlocLing ) vill then oec ,_)ue a negative logi c "1" and block the trip 
AND uf the OUTPU'r BD. thereby l)reventing l)Ossible undesirable tripping during 
transients occuring at the clearinc; of an ec:ternal fault . 

If an external fa ult occurs oehind the protected line such that the local 
distance relays do not operate , out either .me or b oth of the channel receivers 
are l;:eyed tij the unb lucl<: frequency at tlle remote terminal then transient 
blocking -vrill also be set up . When e j_ther channel unblock trip output as sumes 
a logic 1 1 11 1  state , the 2500(0 MS timer on the TIMING BD. is energized and a 
logic "1" is  obtained at TIMING BD. termina l 10 for 2 . 5  seconds . This output 
will a ctivate the 0(1000 MS timer on the ARIYIING BD. and set up transient 
b locking 18 milliseconds later . 

In addition, for external  faults , trans ient blocking is established to insure 
against any misoperation due to fault pmrer flmv reversals caused by unequal 
cir cuit breaker clearing time on parallel line s . The 1000 millisecond reset 
time of the 0/1000 MS timer on the AHMING BD. prevents misoperations v·rhen 
re closing into an external fault vrhere fa ult power flmv reversals occur on 
parallel lines  due to unequal breaker reclosing times . In addition, the 1000 
millisecond reset time also prevents transient blocking from resetting when 
short holes appear in the input . 

4 .  Sequential Fault 

Occasionally an external fault >·rill be follovred by an internal fault before 
the former is cleared . In or1er to prevent a long delay in clearing a 
sequential fault , a transient unblocking 18/0 MS timer is included . Although 
trans ient blocking has been initiated by the external fault, the presence of 
an internal fault will produce a negative logic "111 signal from the trip AND 
on the ARMING BD. This "1" signal vrill energize the 4/0 MS timer and satisfy 
the AND to energize the 18/o MS transient unblocking timer on the OUTPUT BD. 
In 18 milliseconds the transient unblocking timer will drop out the transient 
b locking timer thus satisfying the trip AND on the OUTPUT BD. and caus ing a 
pilot trip output . 

5 .  Loss of Potent ial 
Distance relays may tend to operate if the input from the potential device is  
momentarily interrupted .  S ince tripping of circuit breakers is undesirable 
for this los s of a c  potential, or any other abnormal protective relay operation, 
the STU relay will lockout tripping and provide alarm. ThL is accomplished 
by the 500/0 MS timer on the LOSS OF POTENTIAL BD. In 500 milliseconds after 
a distance relay operation, providing b oth rece iver unblock trip signals are 
not present ,  a logic 1 11 11 signal will be produced at TEST TERM 7 (Loss of 
Potential ) . This "1" signal 1-rill block the AI'W on the PROTECTIVE RElAY INTER­
FACE BD. thereby s imulating no distance relay signal . Output of the 500/0 MS 
timer >vill also provide a b uffered 11111 signal at the Jl 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 unblock frequency by any one of the 
folloving six inputs : 
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a .  Distance relay operation 
b .  0/30 MS timer after pilot trip 
c .  180/0 MS timer from 52b contact 
d .  Checkback circuit from test switch 
e .  Che ckback circuit from channel logic 

I .L .  41 -95 9 . 4  

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

When the transmitter is keyed, TEST TERM 5 (XMTR KEY) becomes a logic " l" 
s ignal, the keying AR picks up, and the interface with the transmitter become s 
a logic "l" as  described under the operat ion of the XMI'R KEYING BD. 

After a pilot trip operation the 0/30 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 norr�l 
condition . 

After the local circuit breaker opens , the 52b conta ct vJill close and energize 
the 180/0 MS timer on the TIMING BD. to cause initiation of the unblock freq­
uency 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 undesired interruption 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 develop in the protected line while 
the local circuit breaker is open. 

7 •  Channel Logic 

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

Two TCF CHANNEL INTERFACE boards are shoim; b oth b oards must b e  used for 
three terminal line systems utilizing two receiver s .  However , for two ter ­
minal line application, the interface b oard in b oard slot G must not be used 
in the relay . An interlock shown on the Channel 2 interface b oard connects 
the Channel 2 unblock trip output as  one input to the channel trip AND on 
the CHANNEL TRIP BD. 

For three terminal line application, both receiver unblock trip signals are 
required t o  produce a logic "l" s ignal at TEST TERM 4 .  This output will 
satisfy one input of the ARMING BD. trip AND, b�ock operation of the 500/0 
MS Loss of Potential timer, and produce a buffered "l" output . Either 
receiver unblock trip signal will produce a "l" signal at terminal 12 of the 
CHANNEL TRIP BD. to  start transient blocking. For two terminal line appli ­
cations , the one receiver unblock trip signal will produce a "l" output at 
T�ST TERM 4 (CHANNEL TRIP ) ,  and terminal 12 of the CHANNEL TRIP BD. 

Operation of e ither or b oth low signal clamp input ;: ( "l" to "o" ) will cause 
a "l" s ignal at TEST TERM 6 (Loss of Channel )  for use in the channel checkback 
s cheme . For ele ctromechanical systems, an AL telephone relay will dropout for 
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indicati on 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 s cheme . 

If the carrier channel is  lost for an internal fault condition then the TCF 
receiver ·Hill convert to an unblock trip signal for 150 milliseconds to 
allow tripping before lockout . However, it is still des irable to have this 
system operative if reclosing into a permanent fault . This is accomplished 
by the 0/150 MS timer and AND circui.t on the CHANNEL SUPV. BD. Afi;;er the 
initial opening of the breaker, the 52b contact will close and pickup the 
0/150 MS timer . Upon reclosure the 52b contact opens and starts dropout of 
the 0/150 timer, therefore vrith a loss of channel signal from the TCF, a 
"1" output will be obtained from the AND . This "1" produces a "1" 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; 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 unblock trip output as one input to the three input channel trip 
AND on the CHANNEL TRIP BD. 

For three terminal line applications, both receiver unblock trip signals and 
no low signal clamp are required to produce a logic "1" signal at TEST TERM 
4 (CHANilliL TRIP ) . This output will satisfy one input of the ARMING BD. 
trip AND, block operation of the 500/0 !� Loss of Potential timer ,  and 
produce a buffered output . Either receiver unblock trip s ignal will produce 
a "1" s ignal at terminal 12 of the CHANN.ii.L TRIP BD. to start transient 
blocking and to energize an AND circuit on the CHANNEL SUPV. BD. 

For two terminal line appli cat ions , the one re ce iver unb lock trip s ignal will 
produce a "1"  output at TEST TERM 4, and terminal 12 of the CHANNEL TRIP BD. 

When a tone channel is  used with the STU unblock relay, the tone rece ivers 
must be internally strapped to clamp to an unblock trip output when a low 
signal condition occurs . Therefore , if during an internal fault condition 
the channel is lost, tripping will be allowed until the 150/100 MS timer on 
the CHANNEL SUPV. BD. picks up and blocks the channel trip AND on the CHANNEL 
TRIP BD. However, it is st·ill desirable to have thi s 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. After the initial opening of the 
breaker,  the 52b contact will close and pickup the 0/150 MS timer . Upon 
reclosure the 52b conte ct opens and starts dropout of the 0/150 timer, there ­
fore with a loss of channel signal from the tones ,  a "1" output will be 
obtained from the AND . This " l" produces a "1" at TEST TERM 4 to permit 
tripping if a distance rei.ay operates . 

Either low s ignal clamp operation ( " 1" to "O" ) will pickup the 150/100 MS 
timer and produce a "1" signal at TEST TERM 6 (LOSS OF CHANilliL ) for use in 
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channel checkback a s  well a s  blocking channel trip . For ele ctromechanical 
systems , an AL telephone relay will dropout for indicati on of los s of 
channel .  Both low signal clamp outputs on the CHANNEL INTERFACE BDS . are 
buffered and separately brought out to the Jl 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 . 

\�en the noise output operates on either one or both channel receivers ,  a 
logic t tl" output is produced from the noise OR on the CHANNEL SUPV. 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 connector . 

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 return is to insure that 
after a loss of channel condition is cleared up, the receiver unblock trip 
s ignal returns in the "ott logic state , not " lu . �en a low signal clamp 
operation ( "lu to tto tt ) is rece ived from the tone channel, then the 150/100 
MS timer picks up and applies a "ltt signal to one 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 t tl " or become a 11lu "\fithin the 100 millisecond 
dropout time of the 150/100 MS timer, then a t tlu output will be produced 
at the output of the b lock return AND and the OR in works into .  Terminal 
5 of the CHANNEL TRIP BD. will become a tt l "  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 SUPV. BD. By inspecting the logic, it can be seen that both receiver 
unblock trip signals ( one for two terminal line applicati ons ) must return to 
block, logic "011 , 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 .  Information in this section 
does not cover the complete test , but only that portion concerning 
the STU relay . 

At the local terminal, the carrier transmitter will be disconnected from the 
line thus causing a loss of channel condition at the remote terminal . Thir3 
will cause the loss of channel OR on the CHANNEL SUPV. BD. (Remote Terminal ) 
to assume a "1", and satisfy the two input AND (preceding the 2500/2500 MS 
timer ) , and in 2500 millise conds pickup the 2500/2500 MS timer on the CHECKBACK 
BD. The ttl" output of tbe 2500/2500 MS timer will satisfy one input of the 
ANq 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 ch&nnel, and the local trans ­
mitter 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 rece iver logic will not give a trip output since the 

- 11 -www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



channel "�"'as not restored to  the b locking 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 -vrill drop out caus ing 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 b oth a received unblock trip signal and a 
simulated protective relay signal.  

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

At the local terminal, the t one transmitter 1nll b e  disconnected from the 
line thus caus ing a loss of channel condition at the remote terminal . This 
will cause the loss of channel OR on the ClffiNNEL SUPV . BD. (Remote Terminal ) 
to assume a "1" output to  pick up the 150/100 MS timer . This satisfies the 
t\-10 input AND on the CHECKBACK BD. and in 2500 milliseconds the 2500/2500 MS 
t imer will pick up . The 1 11 11 output of the 2500/2500 MS timer will satisfy 
one input of the AND following it . Next, the test switch will b e  operated 
at the local terminal and the follm"'ing ·Hill happen :  a protect ive relay 
s ignal -vrill be s imulated through the OR on the protective relay Ilf.f! BD, the 
transmitter will be reconnected to the line to restore the channel, and the 
local transmitter will be keyed to the uniJlock frequency for 2500 l)lilliseconds 
through the 2500 MS timer and AND circuit on the CHECKBACK BD.  At the remote 
terminal, the tone re ceiver unolock trip signal >·Till 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 "1" will satisfy the other input to the AND 
on the CHECKBACK BD. causing the transmitter to be keyed to the nnblock 
frequency. Since at the same time, the input to the 2500/2500 MS timer is 
lost, then the keying signal to the local terminal will only last 2 . 5  seconds . 
However, within this time of keying, the STU relay will tr ip be cause of the 
reception of b oth a received trip (unblock ) signal and a simulated protective 
relay s ignal . 

9 .  Electromechanical Interface 

�Vhen the STU relay is used in an electromechanical system the EU!C-:MECH (E .M. ) 
INTERFACE BD. is used only for the purpose of preventing additional tripping 
delay because of contact b ounce . When a distance relay operates ,  the 0/25 MS 
time delay on the E .M. INTERFACE BD. will immediately pickup to satisfy the 
AND thereby s imulating 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 bouncing contacts interrupt the timer input signal .  The 20/0 timer will 
time out and remove u,e simulated protective relay signal after 20 milli­
seconds .  
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I .L. L�l -95 9 . 4  

CHARACTERISTICS 

CONTROL VOLTAGE : 

CURRENT DRAIN: 

TEMPERATURE RANGE : 

INPUTS : 

52b Contact -

DISTANCE RELAYS l, 2, and 3 :  

Solid State Systems -

Elec -Mech Systems -

All Other Inputs Are 
Buffered and Require 2 MA MAX Current 

OUTPUTS : 

TRAMITTER KEY: 

L�8 V DC ( 42 to 56 volts ) 
125 V DC ( 105 to 140 volts ) 

SOLID STATE SYSTEMS 

N annal - 130 MA 
Pilot Trip - 240 MA 
Maximum - 280 MA 

ELEC -MECH SYSTEMS 

Nurmal - 170 MA 
Pilot Trip - 280 MA 
Maximum - 320 MA 

-20°C to +55°C around chassis 

48/125 C ontrol Voltage Buffered 
48 V - 1 . 5  MA. MAX Current 
125 V - 2 .  5 MA MAX Current 

15 to  20 V DC Buffered 
2 MA MAX Current 

48/125 C ontrol Voltage Buffered 
48

' 
V - 1 . 5  MA MAX Current 

125 V - 2 . 5  MA MAX Current 

l5 to 20 V OC 

TCF Frequency Shift Carrier Channel 15 to 20 V DC Buffered 
10 MA MAX Current 

Frequency Shift Tone Channel "O" State - Open C ircuit 
"l" State - Short Circuit to 

Battery Neg .  

140 V DC lviAX Voltage 
40 MA MAX Current 

All other outputs are 15 to 20 V DC buffered and provide 10 �� MAX Current 
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TIME : 

TRIP TIME ( lj./0 ) 

TRANSIENT BLOCK 
and TRANSIElU 
UNBLOCK 'I'IME ( 18/0 ) 

LOW SIGNAL LOCKOUT TIME 
150/100 & 0/150 

LOSS OF POTENTIAL 
TIME ( 500/0 ) 

DIMENSIONS : 

I-lEIGHT : 

CHARACTERISTICS 

SETTIHGS 

4 . 0  to 4 . 5  Milliseconds 
(adjustable from 2 . 0  to 6 . 0  MS )  

18 to 20 Milliseconds 
(adjustable from 12 to 30 MS )  
(Relay may be ordered with a 
transient blocking time of 24 to 
27 millise conds ) 

130 to 180 Milliseconds 

4oo to 6oo Milliseconds 

Relay Height - 5 . 25 " ( 3  rack units ) 
Relay Hidth - 19" 
Relay Depth - 14" 

Approximately 12 lbs .  

No setting is required on the STU relay. 

INSTALLATION 

The STU relay is generally supplied in a cab inet or on a relay rack as  part 
of a complete system. The location must oe free from dust, excessive 
humidity, vibration, corrosive fumes or heat . The maximum temperature 
around the cha s s i s  must not exceed 55°C .  
The outline and d.Tilling plan of the STU relay is shown in Fig. 41 . 

ADJUSTMENTS AND J'.1A.INTENANCE 

Acceptance Check 

It is recommended that an acceptance checl: oe applied to the STU relay to 
verify that the circuits are functioning properly. The following procedure 
can be used for this purpose . 

Connect the STU relay i o  the test c ir cuit of Fig. 40 . Apply rated de 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 Si--li t ches . On STU 
relays for use w1 th ele ctromechanical distance relays ,  rated positive de 
must be applied to the PR 1, 2,  and 3 svritches .  Note that the low signal 
switches  for channels l and 2 are normally closed and all other switche s are 
open . 
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Since the STU relay varies  in logic depending on the channel equiJment, 
insure that it is checked per the proper channel .  "v-Jhen reference is made 
to AL relays , this refers to STU relays for use only with ele ctromechanical  
systems utilizing ELEC -:MECH distance relays . 

When reference is made to TEST TERM, this Heans one of the 10 test terminals 
on the TEST BD. in board slot 0 .  All voltae:;es are to be mea sured ,,lith 
respect to negative, TEST TERM 10 . Voltac;e measurements may var:" by +lCJ% . 
Information in this acceptance test applie s to a relay ·Hith a transient 
blocking time of 18 MS for relays with a transient blocking time of 25 MS ,  
limits are 24 to 27 milliseconds . 

A .  Norr�l Condition 

TEST TERM 1 :  0 Volts 
II II 2 :  20 Volts 
II II � � 0 Vqlts 
I I  II 0 Volts 
" II 5 :  0 Volts 
II II 6:  0 Volts 
II II l � 0 Volts  
II  II 20 Volts 
II II 9 : 20 Volts 

Keying AR - not picked up 

Trip AR - not picked up 

Loss  of Channel AL - picked up (Blec-Mech system) 

Loss of Potential AL - picked up - (Elec -Mech System) 

B .  Channel Logic - 2 Term Line Relays Only 

(For 3 term. line relays , disregard this section and continue on section C )  

1 .  TCF Carrier Channel 

a .  Channel Trip - 2500/0 MS timer (fiMING 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 mi lli ­
seconds, then rise from 0 to 20 volts in 3100 to 
4100 milliseconds .  

TEST TEl� 4 ·  Voltage rise from 0 t o  20 volts . 

Open Trip 1 switch 

� .  Loss of Channel 

Open Lmv S ignal - 1 Sl,ritch 

TEST TERM 6: Voltage rise from 0 to 20 volt s 
Loss of Channel AL will drop out 

Close LCW SIGNAL - 1 S�tch 
2 . Tone Channel 
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a .  Channel Trip - 2500/.MS timer (TIMING BD. ) ,  0/1000 MS timer 
(ARMING BD. ) , transient a locking timer 

Close Trip -l svritch 

TEST TERM 2 :  Voltage drop fron1 20 to 0 volt s  in 18 to 20 milli ­
seconds , then rise from 0 to 20 volts in 3100 to 
4100 milliseconds 

TEST TERM 4 :  Voltage r ise from 0 to 20 volts 

Open Trip-l switch 

b .  Los s of Channel - 150/100 MS timer (CH .  SUPV. BD. ) 

Open LOW SIGNAL - l svritch 

TEST TERM 6 :  Voltage rise from 0 to 20 volts in 130 to 180 milli ­
se conds 

Loss of Channel AL will drop out 

Close LOW SIGNAL - l switch 

TEST TERM 6 :  Voltage drop from 20 to 0 volts in 75 to 125 milli ­
seconds . 

c .  Block return 

Open LOW SIGNAL - l switch, then close Trip-l switch 

TEST TERM 4 :  Voltage must remain at zero .  

C lose LOW SIGNAL - l svri tch 

TEST TERM 6 :  Voltage must remain at 20 volts 

Open Trip-l swit ch 

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 vras used and this part 
may be disregarded ) 

l .  TCF Carrier Channel 

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

Close Trip-l 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 - l switch 

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

Close Trip -2 switch 

- 16 -www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I .L. 41 -959 . 4  

TEST TER1'1 2 :  V ,Jl tage drup from 20 to  0 vol ;_,s l n  2-8 to  20 
milliseconcs then rise from 0 to 20 volts in 3100 
to L�lOO milliseconds 

TEST TERM 4 :  Voltage rema ins at zero 

Open Trip - 2 s1·li t ch 

c .  Channel l and 2 Loss of Channel 

Open LOW SIGNAL - 1 svJi tch 

TEST TERM 6 :  Voltage rise from 0 to 20 volts 

Loss of Channel AL must drop out . 

Close LOW SIGNAL - 1 svritch, then open LOW SIGNAL 2 switch 

TEST TERM 6 : Voltage rise from 0 to 20 volts 

Loss of Channel AL must drop out 

Close LOW SIGNAL - 2 svritch 

d .  Channel 1 and 2 trip 

Close Trip-1 and Trip -2 SI,Titche s 

TEST TERM 4 :  Voltage rise from 0 to 20 volts 

Open Trip -1 and 'l!.rip-2 switche s 

2 .  Tone Channel 

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

Close Trip -1 svJitch 

TEST TERM 2 : Voltage drop from 20 to 0 volts in 18 to 20 milli­
se conds then rise from 0 to 20  volts in 3100 to 4100 
milliseconds . 

TEST TERM 4 :  Voltage remain at zero .  

Open Trip -1 switch 

b .  Channel 2 - Trip 2500/0 MS timer (TIMING BD. ) ,  0/1000 MS timer 
(Aill1ING BD. ) ,  transient blocking timer . 

Close Trip-2 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 remain at zero .  

Open Trip -2 switch 
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c .  Block Return - Channel l - Trip and Low Signal - 150/100 MS 
Timer 

Open LOW SIGNAL - l s1vi tch 

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 - l switch 

TEST TERM 6 :  voltage must renmin at 20 volt s  

Open TRIP-1 s1vi tch 

TEST TERM 6 :  voltage must drop from 20 to 0 volts in 75 to 125 
milliseconds . 

d .  Block 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 LO\Il SIGNAL - l 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 
milliseconds . 

e .  Channel l and 2 - TRIP and LOW SIGNAL 

Close TRIP-1 and TRIP-2 s11itche s 

TEST .TERM 4 :  vo.ltage rise from 0 to 20 volts 

Open LOW S IGNAL - l switch 

TEST TERM 4 :  voltage drop from 20 to 0 volts 

Open TRIP-l and TRIP-2 s1vitches, then close LOW SIGNAL-1 switch 

D. Distance Relay Operation 

a .  Distance relay operation loss of potential 500/0 MS timer 
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I .L .  41 -959 . 4  

Close PR-1 switch 

TEST TERM 7 :  voltage rise from 0 to 20 volts in 400 to 600 milli ­
seconds 

Loss of Potential AL must drop out 

TEST TERM 3 & 5 :  voltage rise from 0 to 20 volts immediately, 
and then d.rop from 20 to 0 volts in 4oo to 
6oo milliseconds 

XMTR KEY AR picks up immediately then drops out �n 400 to 600 
milliseconds 

Open PR -1 switch 

The same a s  the preceding must happen by closing either the 
PR-2 or PR -3 switch 

b .  Distance Relay Operation - no Loss of Potential 

Close TRIP-1 and TRIP-2 switches 
(TRIP-2 Sl-7itch not required for 2 TER!vl LINE relays ) 

Close e ither PR-1, PR-2, or PR-3 s-v1i tches  

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 t imer (CHECK BACK BD. ) 
0/1000 MS timer (AR!vliNG BD. ) 
lB/0 transient Blocking timer ( OUTPUT BD. ) 

Close TEST Switch 

TEST TERM 3 :  voltage must rise from 0 to 20 volts 

TEST TERM 2 :  voltage must drop from 20 to 0 volts  in 18 to 20 milliseconds 

TEST TERM 5 :  voltage must rise from 0 to 20 volts immediately, then drop 
from 20 to 0 volts in 2000 to 3000 milliseconds 

Also, XMTR KEY AR must pickup for 2 to 3 seconds 

Open TEST Switch 

TEST TERM 2 :  voltage must rise from 0 to 20 vo�_ts in 900 to 1300 milli ­
seconds 
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F .  52b Contact Operation - 180/0 MS timer (TIMING BD. ) 

Close 52b s1vi tch 

TEST TERM 5 :  voltage must rise from 0 to 20 volts in 180 to 230 mi:_li­
seconds 

Open 52b switch 

G.  Channel Checkback Operation 
1 .  TCF Carrier Channel 

2500/2500 MS timer (CHECKBACK BD. ) 
Check Trip Inputs 

Open LOW SIGNAL - 1 switch 

TP4 on CHECKBACK BD: voltage must drop from 8 to 0 volts in 2000 to 
3000 milliseconds 

Close CK TRIP-1 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 

XMTR 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 �RM LINE, also do the following 

Open LOW SIGNAL-2 switch and uait for 3 seconds , then close CK 
TRIP-2 switch 

TEST TERM 5 :  voltage must rise from 0 to 20 volts immediately, then 

drop from 20 to 0 volts in 2 to 3 seconds . 

Close LOW SIGNAL - 2 switch, then open CK TRIP-2 switch 

2 .  Tone Channel 
2500/2500 MS timer (CHECKBACK BD. ) 

Open LOW SIGNAL - l switch 

TP4 on CHECKBACK BD: voltage must drop from 8 to 0 volts in 2000 to 
3000 milliseconds 

Close TRIP-1 switch, then close LOW signal-1 switch 

TEST TERM 5 :  voltage must rise from 0 to 20 volts immediately then 
drop from 20 to 0 volts in 2000 to 3000 milliseconC.s . 

XMTR KEY AR must pickup for 2 to 3 seconds 
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I .L .  41-959 . 4  

Open 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 both LOW SIGNAL 1 and LOW 
SIGNAL 2 switche s .  

TEST TERM 5 :  voltage must rise from 0 to 20 volts immediately after 
closing b oth the LOW SIGNAL switche s,  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 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 0 to 20 volts in 4 . 0  to 4 . 5  milli ­
seconds . 

TRIP AR must pick up 

Open TRIP-1 and TRIP-2 switches 

TEST TERM 1: voltage must remain at 20 volts  

Open TEST switch and TRIP AR must drop out . 
Open 52b switch 

I .  Pilot Trip after Transient Unblocking 18/0 MS timer ( OUTPUT BD) 

Close TEST switch 

Then, close TRIP-1 switch, and also for 3 TERM LINE relays , close 
TRIP-2 switch. 

TEST TERM 1: voltage rise from 0 to 20 volts in 18 to 20 milliseconds 

Open TEST switch 

TEST TERM 1: voltage drop from 20 to 0 volts 

Open TRIP-1 and TRIP-2 switches 

J .  Continue Key after Pilot Trip - 0/30 MS timer (TIMING BD. ) 
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Close TEST svritch, then wait until XMTR KEY AR drops out . 

Then close TRIP-1 switch and for 3 TERM LINE relays , also close TRIP -2 
switch 

As s oon as the voltage on TEST TERM 1 rises fr c m  0 to 20 volts, ther. 
the 0/30 MS timer will pickup in less  than 1 millisecond and the 
voltage at TEST TERIVl 5 ivill rise from 0 to 20 volts . 

Then open TEST svlitch 

TEST TERM 5: voltage must drop from 20 to 0 volts in 24 to 30 millise conds . 

Open TRIP -1 and TRIP-2 switches 

K .  Fast reset of 0/1000 MS timer after pilot trip . 0/100 MS timer 
(ARMING BD. ) 

For checking this 0/100 MS timer , it will be  necessary to use a jumper . 

Close TEST si-Titch, then close TRIP-1 switch and· also for 3 TERM LINE 
relays close TRIP-2 switch 

Terminal 4 (ARMING BD. ) :  voltage must rise from 0 to 16 volts in less  than 
2 milliseconds after the voltage at TEST TERM 1 r ises from 0 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 m-ri tch 

Terminal l� (ARMING BD. ) voltage must drop from 16 to 0 volts in 70 to 
170 milliseconds 

Open TRIP-1 and TRIP -2 switche s ,  and remove the jumper . 

L .  Elec -Mech Interface 0/25 and 20/0 MS timers  (Elec -Mech (E .M. ) INTERFACE BD. ) 

This section is to  be used only for those STU relays >Yhich are for U3e 
-vrith electrome chanical distance relays . 

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

Terminal l� (E .Ivl. INTERFACE BD. ) :  voltage must rise from 0 to 11 volt :3 
immediately then drop back to zero in 16 to 24 milliseconds 

Open PR -1, P:i\ -2, and PR -3 suitches 

Terminal 4 (E .M. INTERFACE BD. ) :  volts.ge must renJB.in at zero 

M. Unblock timer for Reclosure 0/150 MS timer (CH. SuPV . BD. ) 
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I .L .  L�l -95 9 . 4  

Close 52b switch, and open LOW SIGNAL-l s>vi tch .  This vrill set up the 
AND on the CH . SUPV . BD . 

Novr, open 52iJ svvitch 

TEST TERM 4 :  voltage must rise from 0 to 20 volts immediately, then 
drop back to zero in 130 to  180 milliseconds 

Close LOW SIGNAL-1 switch 

N. NOISE operation - (Tones Only ) 
This section is to be used only for those STU relays vlhich are for use 
with a frequency shift tone channel . 

C lose NOISE-1 svritch 

Then close TEST switch and TRIP-l suitch, and also for 3 TEHM LINE 
relays close THIP-2 switch 

TEST TERM 1 :  voltage must remain at zero 

Open NOISE -1 S>vitch 

TEST TEHM 1 :  voltage must r ise from 0 to 20 volts 

Trip AR must pickup 

Open TEST, TRIP-1, and THIP-2 switches 

For 3 TEHM LINE relays, repeat above test using NOISE -2 switch instead 
of NOISE -1 switch 

Hecommended Routine Maintenance 

Periodic che cks of the relay system are desirable to indicate impending 
failure so that the equipment can be tal�en out of service for correction . 
Any accwnulated dust should be removed at regular maintenance intervals . 

All contacts should be  periodically cleaned.  A contact burnisher , style 
No . l82A836HOl, is re commened. The use of abrasive material is not 
recommended because of the danger of embedding small particles in the face 
of the soft s ilver and thus impairing the contact . 

CALIBMTION 

The proper adjustments to insure correct operat�0n 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 been changed, then the STU relay should be 
rechecked per the acceptance check information. 

All time delays are fixed except for the three timers on the OUTPUT BD. : 
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18/0 MS trandient blocking timer,  18/o MS transient unblocking t imer, a :1d the 
4/0 MS trip t imer . These adjustable t imer s  can be recalibrated as foll�ws 
us ing an auxiliary timer or os cilloscope . 

Transient block 18/o 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 mvitch 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 b y  turning potentiometer Rl4 on the OUT:?UT 
BD. clockwise for more time or counter-clockwise for less  time . 

Pilot trip 4/0 MS time - OUTPUT BD. 

Start timer on TEST SWITCH 
End timer on TEST TERM l 

For this calibration, close 52b switch 

Close TRIP-1 switch and also TRIP-2 swit ch for 3 TERM LINE relays . 

Then close TEST switch and the voltage on TEST TERM l must rise from 
0 to 20 volts in 4 . 0  to 4 . 5  milliseconds 

This time can be adjusted by  turning potentiometer R20 on the OUTPUT 
BD. clockwise for more t ime or counter-clockwise for less  t ime . 

Transient unblocking 18/0 MS timer - OUTPUT BD. 

Start timer on TRIP -1 switch 
End timer on TEST TERM l 

Close TEST switch, and also close TRIP-2 svri tch for 3 TERM LINE relays 

Then close TRIP -1 switch and the voltage on TEST TERM 1 must rise 
from 0 to 20 volts in 18 to 20 milliseconds 

This time can be adjusted by turning potentiometer Rl on the OUTPt� 
BD. clock�ise for more time and counter-clockwise for less  time . 

Tripping Relay (AR ) 

The tyl)e AR tripping relay unit has been properly adjusted at the fa ctory to 
insure correct operation and should not be disturbed after receipt by the 
customer . If, however, the adjustments are disturbed in error, or it be:come s  
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 then only if suitable tools are 
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I . L. 41 -95 9 . 4  

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 end of the armature air gap . 

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

c .  Adjust each stationary contact screw to obtain a contact gap of 
0 . 020 inch. This will give 15 -30 grams contact pressure . 

Trouble Shooting 

The components of the STU relay are operated well within the ir 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 checks, then 
using "0" and "l" logic notation, the faulty, printed circuit board can be 
traced to using the diagrams in Fig. 4, 5 ,  6, or 7.  In turn, the faulty 
component or circuit can be found using the individual schematics of the 
printed circuit boards, which show the detailed transistor NOR/NAND logic . 

Each NOR/NAND logic block represents a transistor on the schematic .  The 
output of each individual 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 conditi on of the 
relay. 

Following is an explanation of the voltage levels for the "O" and "l" logic 
notation as shown for the normal relay condition in Figures 4, 5, 6, and 7 .  
This logic notation will also apply t o  the detailed logic on the printed 
circuit board internal schematics . 

For positive logic - represented by logic blocks , with no arrows . 

"0" is  equivalent to les s  than 0 . 5  volts with respect to negative, 
TEST TERM 10 . 

"l" 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 de . 

"l" is  equivalent to less  than 0 . 5  volts wit ' '- "espect to negative, 
TEST TERM 10 . 

A board extender, style No . 849A534GOl, is  available for facilitating circuit 
voltage measurements .  After withdrawing any one of the circuit boards , the 

- 25 -www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



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 conne ct ­
ions . 

The TEST TERMINAL 'S  on the TEST BD. in the board position to the extreme 
right are helpful in checking the overall relay operation. Follmring are 
the voltages that will occur at these TEST TERM' s  under various conditi o:J.s : 

NOTE : All voltages referred to are taken from respe ct to negative, TEST 
TERM 10 

TEST TERM l :  PILOT TRIP 

Normal Condition - 0 volts 

Internal Fault - 20 volts  

For an internal fault, either a distance relay or test switch operation and 
both receiver trip signals ( one receiver trip signal for 2 TERM LINE relays ) 
are required . 

TEST TERM 2 :  TRANSIET BLOCKING & UNBLOCKING 

Normal C ondition - 20 volts 

External Fault - 0 volts 

The following vrill s imulate an external fault : 

Distance relay operation 
Test switch operation 
Either channel receiver trip operation 

TEST TERM 3 :  PROTECTIVE RELAY 

Normal Condition - 0 volts 

Distance relay operation - 20 volts 

Test S1vitch Operation - 20 volts 

TEST TERM 4 :  CHA]U� TRIP 

Normal Condition - 0 volts 

Operation of Channel 1 and 2 rece iver trip 

Outputs - (for 2 TERM Line Relays, only Channel l required ) - 20 volts 

TEST TERM 5 : XMI'R KEY 

Normal Condition - 0 voltf; 
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Distance relay operation - 20 volts 

52b contact operation .- 20 volts 

Internal Fault 
(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 - 0 volts 

Operation of either Channel . l  or 2 
Low S ignal Clamp - 20 volts 

TEST TERM 7 :  LOSS OF POTENTIAL 

Normal Condition - 0 volts 

Distance Relay Operation - 20 volts after 500 MS time delay 

Distance relay and both receiver trip signal 

I .L .  41-95 9 . 4  

Operation (one receiver trip s ignal for 2 TERM LINE relays ) - 0 volts 

TEST TERM 8 and 9: POS . 20 V DC 

Normal Condition : 18 to 21 volts 

TEST TERM 10 : NEGATIVE DC 

RENE\.J"AL PAR'l'S 

Repair work can be done most satisfactorily at the fa ctory. HmreverJ inter ­
changeable parts can be furnished to ·�he customers who are equipped for doing 
the repair work. When ordering parts )  always give the complete nameplate data} 
and the c omponent style no . given in the Ele ctrical Parts List . 
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ELECTRICAL PARTS LIST 

Pmver Supply Board (S# 202C465GOl ) 

Circuit Symbol 

Cl, C2 

Dl, D2 

None on PCB 

Ql, Q2 
Heat S ink for Ql, Q2 

Zl, Z3  
z2,  z4 

Reference 

CAPACITORS 

6 . 8  MFD, 35 V, i_2afo 

DIODES 

lN645A 

RESISTORS 

None 

TRANSISTORS 

2N3589 

ZENER DIODE 

1N3050A ( 180 V - Hl) 
lN4747A ( 20 V - lW) 

Protective Relay (S# 202C466G01 ) - Solid State Systems 
Interface Board (S# 202C475G0l ) - Elec -Mech Systems 

Cl, C2 

Dl, D2 

Rl, R2, R3 A 
Rl, R2, R3 # 
R4, Rl5 , Rl6 
R5, Rl7,  R22 
R6, R9, Rl3, Rl9, R20 
R7, RlO, Rl4, R2l 
R8, Rll, Rl2, Rl8 

Ql, Q2, Q3, Q4 
Q5 

CAPACITORS 

. 047 MFD, 200 V DC 

DIODES 

1N645A 

RESISTORS 

TRANSISTORS 

2N3417 
2N3645 

- 28 -

Style 

184A 76J.Hl0 

837A61'7H01 
849A517HOl 

l87A936Hl6 
849A487H01 

849A4 3'7H04 

629A531H48 
629A531H72 
629A531H48 
629A531H78 
629A531H56 
629A531H52 
629A531H66 

848A851H02 
849A441HOl 
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ELECTRICAL PARTS LIST 

Protective Relay (S# 202C466Gol) - Solid State Systems 
Interface Board (SI 202C475G01 ) - Elec-Mech Systems 

Circuit Symbol 

Zl, Z2, Z3 
z4, z6 
Z5 ,  Z7 

A - S olid State Systems 
# - Elec-Mech Systems 

Reference 

ZENER DIODES 

1N3688A' 29 v' + lcP/o 
1N3686B, 20 V, +5% 
1N957B, 6 . 8  V, �% 

Loss  of (S# 202C467G01 ) - Elec -Mech Systems 
Potential Board (S# 202C529G01 ) - Solid State Systems 

Cl 
C2 

Dl, D2 

Rl, R4, R5, Rl4 
R2, R6, R9, RlO 
Rl5, Rl8 
R3, Rll, Rl6 
R7 4 
R8 
Rl2 
Rl3 
Rl7 

Ql, Q2, Q3,  Q5 
Q4 
Q6 

Zl 
Z2 
Z3  

CAPACITORS 

22 MFD, 35 V 
• 27 :MF'D, 200 V DC 

DIODES 

1N645A 

RESISTORS 

TRANSISTORS 

2N3417 
2N3645 
2N3589 

ZENER DIODES 

lN957B,  6 . 8  v, +5% 
1N3688A, 24 v, +lo% 
lN3050B, 180 V -

- 29 -

I .L .  41 -959 . 4  

Style 

t362A288H01 
185A212H06 
186A797H06 

184A661Hl6 
188A669H05 

837A692H03 

629A531H66 
629A531H56 

629A531H52 
629A531H71 
629A531H24 
629A53lH78 
762A679H0l 
629A531H32 

848A851H02 
849A441H01 
837A6l7HOl 

186A797H06 
862A288H01 
187A936Hl7 
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ELECTRICAL PARTS LIST 

Loss of (Sif 202C467G0l ) - Elec -Mech Systems ( cuntinued)  
Potential Board (S# 202C529GOl ) - Solid State Systems 

ll - Indicates Typical Value 

Elec -Mech Interface Board (S# 202C468GOl ) 

Circuit Symb ol 

Cl, C2 

Dl, D2, D3, Dl-1-, D5 

Rl 
R2, R5 , R9, Rl2 
Rlt�, Rl5 
R3 11 
R4 
R6 
R7 A 
R8 
RlO, Rll, Rl3 
Rl6 

Zl, Z2 

A - Indicates Typical v,, lue 

Reference 

CAPACITORS 

1 . 5  MFD, 35 V, ±5% 

DIODES 

lN645A 

RESISTORS 

TRANSISTORS 

2N3417 

ZENER DIODES 

lN957B 

Channel (S# 202C530GOl ) - TCF Int . 
Interface Board (S# 202C469GOl )  - TA3 Int . 

Cl, C3 ,  C5 
c4, c6 

CAPACITORS 

. 047 MFD, 200 V DC 
• 27 MFD, 200 V DC 

- 30 -

Style 

l87A508El8 

837A692H03 

629A53JJI66 
629A53ll!56 

629A5 3lli67 
187A290H09 
629A531H58 
629A53JJI58 
629A5 3JJI24 
629A53H!64 
629A5 311!52 

848A85lf!02 

l86A797H06 

849A437H04 
l88A669H05 
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ELECTRICAL PARTS LIST 

Channel (S# 202C530GOl ) - TCF Int . ( continued ) 
Interface Board (S# 202C469G01 ) - TA3 Int . 

C ircuit Symbol 

D2, D3 

Rl, R2, R9, RlO 
Rl7, Rl8 
R3, R7, Rll, Rl5 
Rl9, R23 
R4, R5 , Rl2, Rl3 
R20, R21, R26 
R6, Rl4, R22, R27 
Rl6, R24 
R25 

Ql, Q3 ,  Q5 ,  Q7 
Q2, Q4, Q6 

Zl, Z4, Z7 
Z2, Z5,  Z8 
z6, Z9, ZlO 

Reference 

DIODES 

1N645A 

RESISTORS 

4 . 7  K, !w, 7:..2?/o 

82 K, !'fv, 7:..2?/o 

10 K, !w, 7:..zfo 

6 . 8  K, !H, +zfo 
150 ohm, 3 W, +5% 

1 ry:j -27 K, 2w, :!:_c..,a 
TRANSISTORS 

2N3417 
2N3645 

ZENER DIODES 

1N3686B, 20 V, +5% 
lN957B, 6 . 8 v, +5% 
1N3688A' 24 v' �2o% 

Channel (S# 202C471G01 ) - TCF 
Trip Board (S# 202C472G01 ) - Tone 

Cl 

Dl 

Rl, R2, R5 , R8, 
Rll, Rl4, Rl7� R32, 
R33, R34, R37, R43 
R3, R6, R9, Rl2, Rl5 
Rl9, R23, R27, R30, R35 
R38, R39 

CAPACITORS 

0 . 27 MFD, 200 V .  

DIODES 

1N645A 

RESISTORS 

- 31 -

I .L .  41 -959 .4  

Style 

837A692H03 

629A531H48 

629A531H78 

629A531H56 

629A5 31H52 
762A679H01 
629A531H66 

848A85UI02 
849A441H01 

185A212H06 
186A797H06 
862A288Hol 

188A669H05 

837A692H03 

629A531H66 

629A531H56 
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ELECTRICAL PARTS LIST 

Channel (S// 202C47lGOl ) - TCF ( continued ) 
Trip Board (S# 202C472GOl ) - Tone 

C ircuit Symb .Jl 

R4, R7 , RlO, Rl3 
Rl6,  R20, R24, R28, 
R3l, R36, R40 
R4l 
R42 

Ql, Q2, Q3, Q4, 
Q5 , Q6, Q7, Q8, 
Q9, QlO, Qll 
Ql2 

Zl 

Reference 

RESISTORS 

82 K, -!w, +C!fo 
150 ohm, 3\.1, :!:_5% 

TRANSISTORS 

2N3417 

ZENER DIODES 

lN3688A} 24 v} ±.lCP/a 

TCF Channel (S# 202C473G0l) - Elec -Mech Systems 
Supv . Buard ( S# 202C53lGOl ) - Solid State System 

Cl 

Rl, R2, R6, R9, Rl4, 
Rl8, Rl9, R22, R23, R26 
R3, R4, R7, RlO, Rl3 
Rl5 , R20, R24, R27 
R5, R8, Rll, R2l, R25 , 
R28 
Rl2 
Rl7 
Rl6 /l 

Ql, Q3,  Q4, Q6, Q7 
Q8, Q9 

CAPACITORS 

6 . 8 MFD, 35 V, :!)% 

DIODES 

lN645A 

RESISTORS 

27 K, -!w, 7:..2/o 

10 K, -!w, ±.C!fo 

6 . 8  K, -!w, -:lC!fo 

1 K, -!vv, +C!fo 
470 ohm, f\.J, +'C/o 
43 K, -!H, "!:_c$-

TRANSISTORS 

2N3417 

- 32 -

Style 

629A53lll52 

629A53lll78 
762A679HOl 

848A85lll02 

849A44JJIOl 

862A288H01 

l84A66JJI2l 

629A53lll66 

629A53lll56 

629A5 3lll5c� 

629A5 3lll3c� 
629A5 3lll2�-
629A53lll71 

848A85JJio::� 
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ELECTRICAL PARTS LIST 

TCF Channel (S# 202C473G0l) - Ele c -Mech Systems ( continued ) 
Supv . Board (S# 202C53lGOl ) - Solid State System 

Circuit Symbol 

Q2 
Q5 

Zl 
Z2 

� - Indicates Typical Value 

Reference 

TRANSISTORS 

2N3645 
2N3589 

ZENER DIODES 

lN3050B, 180 V .  
lN957B, 6 . 8  V, �% 

Tone Channel (S# 203C253G01 ) - Elec -Mech or 
Supv . Board 

Cl 
C2 

Dl, D2, D3, 
D4, D5, D6 

Rl, R2, R3, R6 
Rl5 , R20, R23, 
R24, R25 , R28, 
R29, R32, R35 , R39 
R4, R7, Rl2, Rl3 
Rl6, Rl9, R21, R26, 
R30, R33, R36, R41 
R5 , R8, Rl4, R22, 
R27, R3l, R34, R42 
R9 tl 
RlO b. 
Rll 
Rl7 
Rl8 
R37 ll 
R38 
R40 

Solid State Systems 

CAPACITORS 

12 MFD, 35 V, +lo% 
6 . 8  MFD, 35 V,-�ajo 

DIODES 

1N645A 

RESISTORS 

- 33 -

I .L .  41 -959 . 4  

Style 

8l_�9A.851H02 
837A617H0l 

l87A936Hl7 
l86A797H06 

862A530H05 
l84A661H2l 

837A692H03 

629A531H66 

629A531H56 

629A531H52 

629A531H64 
629A531H56 
629A531H60 
629A531H50 
629A531H32 
629H531H71 
629A531H24 
629A531H58 
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ELECTRICAL PARTS LIST 

Tone Channel (S# 203C253G0l ) - Ele c -Mech or ( continued)  
Supv . Board Solid State Systems 

C ircuit Symbol 

Ql, Q2, Q3, Q5 
Q7, Q8, Q9, QlO, 
Qll, Ql2 
Q4 
Q6 

Zl, Z 3  
Z2  

6 - Indicates Typical Valve 

Reference 

TRANSISTORS 

2N3417 

2N3645 
2N3589 

ZENER DIODES 

1N957B, 6 . 8  V, +5% 
1N3050B, 180 V -

Transmitter (S# 202C534G01 ) - TCF Ch. 
Key Board (S# 202C535G01 ) - Tone Ch. 

Cl, C2 

Dl, D2, D3, D4, 
D5 , D6, D7 

Rl, R2, R37 R4, 
R5, R6, R7, Rl3 
R8, R9, Rl2, Rl4, 
Rl5 , R20 
RlO, Rll, Rl6 
Rl7 
Rl8 
Rl9 

Ql, Q4 
Q2, Q5 
Q3, Q6 

CAPACITORS 

0 . 27 MFD, 200 V DC 

DIODES 

1N645A 

RESISTORS 

27 K, �H, 2:_'Cfo 
10 K, �'1,-J, ±'C/o 

6 . 8  K, �w, +2% 
1 7)af_ 82 K, 2Y, +c./9' 

150 ohmi 3W, +5% 
4 .  7 K, 2w, ±c!% 

TRANSISTORS 

2N3417 
2N3645 
2N3589 

- 34 -

Style 

848A851H02 

849A441H01 
837A617H01 

186A797H06 
187A936Hl7 

188A669H05 

837A692H03 

629A53lH66 

629A53lR56 

629A53lR52 
629A531H78 
762A679H01 
629A531H48 

848A85lR02 
849A441H01 
837A617H01 
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ELECTRICAL PARTS LIST 

Transmitter ( S/f 202C534GOl ) - TCF Ch. - ( cGntinued ) 
Key Board ( S# 202C535GOl ) - Tone Ch. 

Circuit Symbol 

Zl, Z3 
z2,  z4 

Checkback Board (S# 202C476GOl ) 

Cl, C2, C4 
C3 

Dl, D2, D3, D4, 
D5 , D6 

Rl, R4, R7, R8, 
Rl5, R23, R27 
R2, R5 , R9, Rl2, 
Rl6, R2l, R24, R28 
R3, R6, Rl7, R22 
R29 
RlO 6. , Rl3 C!. , R25 A 
Rll, Rl4, R26 
Rl8, Rl9 
R20 

Ql, Q2, Q3, Q4, Q5 
Q6, Q7, Q8 

Reference 

ZENER DIODES 

lN3688A, 24 v' +10% 
lN3050B, 180 V -

CAPACITORS 

150 MFD, 35 V 
. 047 MFD, 200 V DC 

DIODES 

lN645A 

RESISTORS 

27 K, !w, "!:..2% 
10 K, !w, "}:_Z'/o 

6 . 8  K, !w, "!:..21o 

33 K, !w, +2% 
470 ohmi ¥w, +21o 
4 . 7  K, 2w, +2% 
82 K, !w, "!:.."'2/o 

TRANSISTORS 

2N3417 

ZENER DIODES 

Zl, Z2, Z4, Z5 
Z3 

A - Indicates. Typical Value 

lN957B, 6 . 8  V, +5% 
1N3686B, 20 V, �% 

- 35 -

I .L .  41 -95 9 . 4  

Style 

862A288HOl 
l87A936Hl7 

849A007HOl 
849A437H04 

837A692H03 

629A53lH66 

629A53lH56 

629A53lH52 

629A53lH68 
629A53lH24 
629A53lH48 
629A53lH78 

848A85lH02 

l86A797H06 
l85A212H06 
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ELECTRICAL PARTS LIST 

Timing Board (S# 202C477G01 ) 

Circuit Symbol 

Cl 
C2 
C3 
c4 
C5 

Dl, D2, D3, D4, D5 

Rl, R2 
R3 
R4, R7, RlO, Rl3 
Rl6, Rl9, R22, R25 , 
R28, R33 
R5, R8, Rl4, Rl7, 
R23, R26, R34 
R6, R9, Rl5, Rl8, 
R24, R27, R31, R32, 
R35 
Rll 
Rl2, R21, R30 
R20 6. ,  R29 A 

Ql, Q2, Q3, Q4, 
Q5 ,  Q6, Q7, QB, 
Q9, QlO 

Zl 
Z2, Z3, Z4, Z5 

6 - Indicates Typical Value 

Reference 

CAPACITORS 

.047 MFD, 200 V 
12 MFD, 35 V, +10% 
1 . 5  MFD, 35 V, -+5% 
150 MFD, 30 V, +10% 
1 . 0  MFD, 35 V, flO% 

DIODES 

1N645A 

RESISTORS 

6 . 8  K, -tw, ±..2% 

27 K, �w, ±..2% 

30 K, �w, +2% 
470 ohm, ¥1, +2% 

1 %-33 K, 2W, ±_2So 
TRANSISTORS 

2N3417 

ZENER DIODES 

1N3686B, 20 V, +5% 
1N957B, 6 . 8  V, "f)% 

- 36 -

Style 

849A437H04 
862A530H05 
187A508Hl8 
849A007H01 
837A241Hl5 

837A692H03 

629A531H48 
629A531H78 
629A531H56 

629A531H52 

629A531H66 

629A531H67 
629A531H24 
629A531H68 

848A851H02 

185A212H06 
186A797H06 
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ELECTRICAL PARTS LIST 

Arrriing Board ( S# 202C478GOl ) 

Circuit Symbol 

Cl 
C2 

Dl, D2, D3, D4, D5 

Rl, R2, R5, R8, R9, 
RlO, Rl6, R20, R23 
R24, R25 
R3, R6, Rll, Rl2, 
Rl8, R21, R26, R27, 
R32, R36 
R4, R7, Rl3, Rl9, 
R22, R28, R33 
Rl4 
Rl5 
R29, R34 
R30 
R31 
R35 

Ql, Q2, Q3, Q5 ,  
Q6, Q7, Q9, QlO 
Q4, Q8 

4 - Indicates Typical Value 

Output Board (S# 202C479GOl ) 

Cl 
C2, C4, C7 
C3 
c6 
cB, c9 
ClO 

Reference 

CAPACITORS 

22 MFD, 35 V, +lo% 
- at 3 . 3  MFD, 35 V, :!:/1o 

DIODES 

1N645A 

RESISTORS 

27 K, �w, '!:..zfo 

10 K, �w, '!:..zfo 

TRANSISTORS 

2N3417 

2N3645 

CAPACITORS 

1 . 5  MFD, 35 V, +lo% 
0 .22 MFD, 100 V-
3 . 3  MFD, 35 V, +lo% 
0. 047 MFD, 200 V. 
0 . 1  MFD, 200 V 
0 . 27 MFD, 200 V 

- 37 -

I .L .  41 -959 . 4  

Style 

184A66llU6 
862A530H01 

837A692H03 

629A531H66 

629A5S1H56 

629A531H52 

629A531H78 
629A531H63 
629A531H32 
629A531H08 
629A531H60 
629A531H58 

848A851H02 

849ft.44lHOl 

187A508Hl8 
763A219H21 
862A530H01 
849A437H04 
188A669H03 
188A669H05 
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ELECTRICAL PARTS LIST 

Output Board ( S# 202C479G0l ) - ( continued) 

Circuit Symb ol 

Dl, D2, D3, D4, 
D5, D6, D7, D8 

Rl 
Rl4 
R20 

R2, R7, R9, Rl2, 
Rl8, R2l, R23, R24, 
R25 , R26, R30, R3l, 
R34, R36, R37 
R3 
R6 
R8, R35 
RlO, Rl5 
Rll 
Rl6, R28 
R4, Rl7, Rl9, R22, 
R29 
R5 , R27, R32, R33, 
R38 
R39 
R40 
Rl3 

Ql, Q4, Q5 ,  Q6, 
Q8, Qll 
Q2, Q3, Q7, QlO 
Q9 

Zl, Z7 
Z2, Z3, Z4, Z5 
z6 

Reference 

DIODES 

lN645A 

POTENTIOMETERS 

RESISTORS 

10 K, tw, 7:.2!/a 

TRANSISTORS 

2N3645 

2N3417 
2N3589 

ZENER DIODES 

lN3688A, 24 V, +lo% 
lN957B, 6 . 8  V, +5% 
lN3050B, 180 V -

- 38 -

Style 

629A430HOl 
629A430H08 
629A430H02 

629A531H56 

629A531H84 
l87A290Hl7 
629A53lH66 
629A-53lH24 
l84A763H9l 
629A53lH48 
629A-53lH64 

629A-53lH52 

629A-531H78 
762A679H0l 
629A53lH60 

849A44lHOl 

848A85lH02 
837A617H0l _ 

862A288Ho1 
l86A797H06 
l87A936Hl7 
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Test Board (S# 5490D87G01 ) 

Circuit Symbol 

Tip Jacks (red) 
1, 2, 3 ,  4, 5 , 6, 
7 ,  8, 9 

Tip Jacks (black) 
10 

ELECTRICAL PJLRTS LIST 

Reference 

I .L .  41-959 . 4  

Style 

187A332H01 

187A332H02 

69-279 

Fig. 1 Photograph (Front View with Door open). 
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Fig. 2 Photograph (rear view taken above relay with top cover off 
and door open). 

I II 'i 
ll � 
A Bi c! E F 

TT J ) � II I I 

B O A R D  
POS I T I ON 

A 

B 

c 
D 

E 

F 
G 
H 

I 

J 
K 

L 
M 
N 

0 

H I J K L 

I I  

F R O N T  V I E W  
{ COV E R  RE MOVE D )  

B O A R D  D E S C R I PT IO N  

POWER S U P P LY 

P R O T EC T I VE RELAY I NTERFACE 

LOSS OF POTENTIAL 
ELEC. M E C H . I N T E R FACE 

--
C H A N N E L  I I N T E R FA C E  

C H A N N EL 2 I NTER FA C E  

C H A N N E L  TR I P  

CHANNEL SUPER VI SION 

"---
0 0  
0 0  

3� 
0 0  
0 0  
h-

C H A N N EL T R A N S M I T T E R  KEY 

C H E C K  BACK 

T I M I NG 

A R M I NG 

O U T PUT 

TE ST 

(I) t­
z ::;) 
" 0 ct "' 

U9-280 

876A61 1  

Fig. 3 Relay Component Location. 
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27 0 
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1 10 
3 

= 

28 0 
� ,.a � 

290 
J!o, 130 

300 � 140 

31 0 g ,�n 
.. o � �.o 
CONNECTOR J I 
AS VIEWED FROM 
REAR OF RELAY 

6 
6 

= 

7 = 
• = 

POWER SUPPLY RES ISTORS 

VOLT RA a R C RB a R D 
1�0 OHMS 180 0 OHMS 

48VDC  s"'- 1267272 s .. -120IOo4 
900 OHMS SOOO OHMS 

1:2� voc s ... -1261287 s"-1 205214 

•• REl. AY 

VOLT IM-I.a CONTACTS 

48 VDC s'!a71B472 Gi l  

125VDC S�408C 84&G21 

:::...� SYMBOL INDICATES POINT 7� ON TEST BOARD {SLOT 0 )  

SYMBOLS" a "  AND" I " REPRESENT 

CHASSIS GNO. 
BATTERY PQS. 

BATTERY NEG 

t

l 
DISTANCE 1=* 2 RELAYS ** !  

TEST SWITOi 

UNBLOCK 
TRIP 

LOW 
CHAN�El SIGNAL 

I CLAMP 

CHECK 
TRIP 

TRIP 
LOW 

!UNBLOCK 
CHANNEL SIGNAL 

2 C L A MP 

CHECK 
TRIP 

PART OF Jl 

30 " 
32 

2 1  

2 4  

22 

23 

THE LOGIC VOLTAGE STATES FOR NORMAL OPERATING STATE OF RELAY 
I::J. FOR TWO TERMINAL LINE APPLICATIONS ,CHANNEL 

TWO INTERFACE BOARD {SLOT G) MUST NOT BE USED 
IN THE RELAY 

li. FOR THREE TERMINAL LINE APPLICATIONS, BOTH CHANNEL ONE AND 
TWO INTERFACE SOAROS (SLOTS r ANOG) MUST BE USED IN RELA'r 

DC 

NEG DC 

-43-

POS 2 0  !DC) TO PRINTED CIRCUIT 

I

@ 

B

TERMINAL IO,BOARDS F,G,H, I ,J ,K 

- --, 
10 

I 
I 

PROTECTIVE 
RELAY 

Fig. 5 STU logic - for use w 
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4 CHANNEL 
TRIP 

ith solid state distance relays and a TCF 

I. L. 41-959. 4 

Xr.ITR KEY 

12jl>--t--------!-.zo 
L ..!'ll.• ... !l.P.l!!..•-�!!!.·!...S 

Q:RELAY STYLE S AVAILABLE 
W I TH  TRANSIENT BLOCK 
T IME  OF 2 5  MILL I SECONDS 
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,.o 6 ·0 I 
= 

26 0 18 = roO ob 
21 IT c!!, nO 3 = 

,. D 
� �zo 6 

29 0  
� 130 6 

30 0 � 140 b " " � J� o do, 
32 n 8 ,.0 b 

C O N N E C T O R  J I 
AS VIEWED FROM 
REAR OF RELAY. 

• POWER SUPPLY RESI STORS 

VOLT RA a � c  iii a R D  

. .����7��� 
1100 OHMS 

41YDC St*·l201004 
900 OHMS SOOO OHMS 

1215VDC a•-•zeTZIT J s•-taoszt4 

AR RELAY 

VOLT 211 -21 CO,.TACTS 

41VOC 8 ... 1718472011 

121S"VOC s"408 C 840021 

� \ S 'l' M B O L  INDIC ATE S POINT � ..... V Oh TEST BUA RD ( SLOT O) 
SYN B OLs''o" ANO"I" REPRESENT 

i 

CHASSIS GND. 

BAT TERY NEG 

t' DI STANCE .t:t 2 
RELAYS "' 3 

TEST SWITCH 

UNBLOCK 
T R !  P 

LOW I 
CHANNEL SIGNAL 

I 

CHANNEL 
2 

C L AMP 

NO I SE 

!UNBLOCK T R l  P 

LOW 
SIGNAL 

CLAMP 

NOISE 

PART OF Jl 

30 3 1  
32 

21 

24 

2 2  

2 3  

TERMINAL I OII\, BOARDS F,G,H , I , J, I<  

+W-N!!JE�G'-.£_DC"-.-�==�=�=�:l:h==:d��.!!f£Q�� TO PRINTED CIRCUIT 
TERMINAL I ,  ALL BOAR02 

10 

,�>­' 
.J>-� ��------�--��7�--, • 1  1 cs-. 

L - - - - - '!,O!,;,C�V�R:!;"!.'!,!E.!,F�E- _ Lf';!'� _ J  

,i€) r 
LOSS OF 
POT!NTIAL 

· .• f� 3 PROTECTIVE 4� RELAY 

r - -- - - �A-;:N;-L - T;;P- - - - - -� 
I --- I I.  I 

I 

l r  
I '  \t> 

T H E  LOGIC VOLTAGE STATES F O R  NORMAL  OPER AT ING  STATE O F  R E L AY 

t •  m L ,OI<�N,LL..l!Ut:' _ - - ...J.r'!."-2.:' �  
!::::. FOR TWO TERMINAL L I N E  A P P L IC ATIOI<I S . C H t, N N E L  

TWO INTfftFACE B O A R D  { S L O T  G )  MUST NOT BE USED 
I N  THE RELAY 

l:l. FOR THREE TERMIN AL LilliE APPLICATIONS, BOTH CHANNEL ONE AND 
TWO I NTERFACE BOARDI ( SLOTS F AND G) MU ST BE USED I N  R E L AY 

FOR THE STU- UNBLOCK  SYSTE� U S ED WITH T O N E  
CHANNE L S , TH E  TOllE RECE I VE RS MUST BE 
INTERNALLY S-TRAPPED TO CLAMP TO A TR IP  OUTPUT WHEN 
A LOW SIGNAL CONDITION OCCUR S  

() FOR 9 3 7 A  T O N E S ,  ONLY 4 8 V D C  I S  U S E D  

Fig. 7 STU logic - for use with solU 
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I. L. 4 1 - 9 59. 4 
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state distanc e r elay s and a tone channel. 
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POS D C  < 

I 
EXTERNAL 6. 
RESISTORS 

-lRAl- 6 

-jill- , 

-ID- • 

- 'RO'  3 

T 

2 

NEG O.C 

I 

I. L. 4 1 - 9 59.  4 

I � �  

I 
7 1 5B21 0  

Fig. 8 Component location power supply board. 
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POS. 20 VOC 

2N3589 I 2N3589 0� � ! -" 01 � 02 
IN64!5A 1 1N645A 

�· ·tf' �ct. c� ·r �ZI 
IN3050A IN4747A 68MFD. 

I 
IN3050A ��747A G.8MFO. 

NEG. D.C. 

- - -

14 

'I 

POS 20 VDC 13 

I 

I 

lA 
202C46� 

01 
�-· ! 20 VOLT L � POWER � +rov. 1j 

A-" EXTERNAL RESISlORS 

RA a RC RB a RD 
48 VOLT - 150J\.-25WATT 18001\ - 25 WATT 

125 VOLT -'30Qf'L- 25 WATT 5QOC'f\. -25 WATT 

7 1 5B19 5 

Fig. 9 Internal schematic power supply board 
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Figo 10  Component location Protective Relay Interface Board. 

P. R. INTERFACE(fJ_EC-MECH RELAYS) 
12 

I 
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i 

7 1 5B211  

715B205 

Fig. 11 Internal Schematic Protective Relay Interface Board for Elec-Mech System. 
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I. L. 4 1 -9 59. 4 

P. R. INTERFACE BO.(SOLlD STATE RELAYS) 
12 

715Bl96 

Fig. 12 Internal Schematic Protective Relay Interface Board for solid state System. 

1 

-

L 

� r.J g_ '  @m � :!I'==== 
I 

Fig. 1 3  Component Location Loss of Potential Board. 
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LOSS OF POTENTlAL BO.(ELEC-MECH RELAYS) 
7 

14 

Q l  

l�-::J = NORMALLY CONDUCTING TRANSISTOR 

Q!5 06 

715B197 , 

Fig. 14 Internal Schematic Loss of Potential Board for Elec-Mech Systems. 

LO S S  CJF POTENTIAL BD.(SOUD STATE RELAYS) __ _ 
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.J 
02 �� 0 1  

IN645A i 10 
.. N .. 

"' !: 

202CS2 � : NORMALLY C O NDUCTING T R A NSISTOR 

715B262 

Fig. 15 Internal Schematic Loss of Potential Board for solid state system .. 
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I. L. 41-959. 4 

715B213 

Figo 16 Component Location Elec-Mech Interface Board. 

ELEC-MIECH INTERFACE 80 

Q5 

'115B198 

Figo 17 Internal Schematic Elec-Mech Interface Board. 
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Fig. 18 Component Location Channel Interface Board 

QiAHNn. INTERFACE BD.-TA-3 TONES 
I I  

.. :! :1! 
"" 

8 
• 

• Qt ·  Q2 ,. 

I Q�·Q6 

y 

71 5B2 14 

715B199 

Fig. 19 Internal Schematic Channel Interface Board for T A-3 Tone. 
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CHANNEL INTEitf'ACE: 80.-TCF. 
II 

NEG 

0 i N :II ! 

14 
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I. L. 41-959. 4 

Qt ·  Q2 
G� " �  

07 

I I  

Ql·Q4 
12 - o � 

� =NORMALLY CONDUCTING 
-----<=== TRANSISTOR 

715B263 

Fig. 20 Internal Schematic Channel Interface Board for TCF Carrier. 

I 
Fig. 21 Component Location Channel Trip Board. 
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L _ _  _ --- - -- - - - �--

�" NORNALLY CONtlJCTINI 
TRANSSTORS 

7 1 5B202 

Fig. 22 Internal Schematic Channel Trip Board for Tones. 

CHANNEL TRIP io.=Tcf -----

., 

02 POS 20 VOC 

INTERLOCK 

·��·+-,_ _________ �+----, 

� =NORMALLY CONDUCTING" TRANSISTOR 

715B201 

Fig. 23 Internal Schematic Channel Trip Board for TCF. 
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715B218 

Fig. 26 Component Location Channel Supervision Board - TCF Channelo 

[Q;j = NORMALLY CONDUCTING TRANSISTOR 

715B203 

Figo 27 Internal Schematic Channel Supervision Board for TC'F Channel 
and ElecrMech System. 
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I. L. 41-959. 4 
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� tJ ,  
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(g:::J = NORMALLY CONDUCTING TRAMS ISTOR 

715B264 

Fig. 28 Internal Schematic Channel Supervision Board for TCF Channel 
and Solid State System. 
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Fig. 29 Component Location Transmitter Key Board. 
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715B267 

Fig. 30 Internal Schematic Transmitter Key Board for TCF Channel. 
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Fig. 31 Internal Schematic Transmitter Key Board for Tone ChanneL 
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Fig. 32 Component Location Checkback Board. 

Fig. 33 Internal Schematic Checkback Board. 
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7 1 5B222 . 

Fig. 34 Component Location Timing Board. 

715B207 

Fig. 35 Internal Schematic Timing Board. 
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7 15B224 

Fig. 38 Component Location Output Board. 

IOK 

----- -

Fig. 39 Internal Schamtic Output Board. 
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SYMBOLS "0" a " t "  ON LDGIC D'MG. 
INDICATE LOGIC YOL TAGE LEVELS 
UNDER NORMAL NON- FAULT 
CONDITIONS. 
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TE S T  CI RCU IT 

REL AY T YPE STU I S T U - 1 2  

NAMEPLATE R AT E D  
POS. DC 

I. L. 41-959. 4 

PART OF Jl 

4 P O S. DC 

876A638. 

Fig. 40 Test Circuit. 
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I N S T A L L A TI O N  • O PE R A T I O N  • M A I N TE N A N CE 

I N STRUC T I O N S  
STU-91 AND STU-92 TRANSFER 

TRI P  RELAYS 

CAUTION: It is recommended that the user of this 

equipment become acquainted with the information 

in this instruction leafl et 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. 

A P P L I C AT I ON 

The type STU-9 1 and STU-- �·.: relays are solid 

stat·� · ;xiliary relays for use with direct transfer 

Lrip sys .. e J�; � T)irect transfer trip systems are usu­

ally applied L t.·ip a remote break er for a transformer 

or shunt rea!·· t • •r fault where no high side breaker 

exists at the local station . Th e direct transfer trip 

relaying system is also applied with breaker failure 

protection. 

The STU-9 1 relay is for use with single channel 

transfer trip systems. It provides the channel mon­

itoring logic ,  channel status indication , thyristor 

breaker tripping, and trip indication. 

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 does for a single channeL The logic 

and tripping of each channel is completely isolated 

from each other , and where logic signals cross from 

one channel to the other DC isolation is provided. 

With this isolation, the STU-92 can provide a dual 

channel transfer tripping function which will switch 

to a single channel s:vstem 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-9 1 & STU-92 may be used with audio 

tones or power line carrier equipme nt. 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. 

N EW INFORMATION 

C ON STRUCT I ON 

The type STU-92 relay consists of printed cir­

cuit boards , tripping AR r elays , alarm relays, tripping 

thyristors , pulse transformers, switches, and moni­

toring lights mounted on a standard 19-inch wide 

panel , 7 inches high (4 rack units). Edge slots are 

provided for mounting the rack on a standard relay 

rack. The components are connected as shown in 

Figure 1 and Figure 2.  

Printed Circuit Board s 

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 fre quency-shift power-line 

carrier channels , the lockout boards are not required 

since they are part of the TCF carrier assembly. 

The STU-9 1 relay consists of one-half the 

boards of the STU-92 relay. For a tone channel , 

the STU-9 1 relay contains seven boards: a channel 

interfa ce 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 removabl e 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. 

Fol low ing is a description of the STU-9 1 /92 

printed circuit boards: 
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STU-91 AND ST U -92 TRANSF E R  T R I P  R ELAYS--------------------

1 .  CH. I NT E R  (Channel I nterface B oord) 

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 o f  this board include three 

buffer inputs, three line drivers, and OR and an 

AND. 

2. Lockout B oord (Tone Channel On l y) 

The lockout board contains the logic to lockout 

either the STU-9 2 or STU-91 rel ay 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 de voltage 

on the tone receiver. 

b. Initiate intelligence to the transfer board on 

a lost channel. 

c. Lockout the relay when the tone receiver 

produces a noise clamp. 

d. Pro vide channel trip intelligence to the trip 

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 relay is enabled on that 

channel. 

This board contains OR circuits , AND circuit and 

a 150/15 timer circuit. Figure 7 shows the schematic 

of the board, and Figure 8 shows the location of 

components on this board. 

3 .  T ran sfer Boord 

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 

operation on the loss of one channel. 

The circuits of the board include: 

A. 500-2500 millisecond adjustabl e timer which 

2 

allows a time delay in transferring to a single 

channel mode of operation after a loss of 

channel. An alarm relay drops out when the 

timer times out. 

B. Two 10 millisecond timers which delay the 

inputs to the OR board to assure that tripping 

is blocked from: 

1. The loss of both channels. 

2. The re-energization of either one or both 

channels after a loss of both channels. 

The schematic of the board is shown in Figure 9, 

and the location of the components is shown in 

Figure 10. 

4. Rel ay Dr iver Board 
The relay driver board contains the necessary 

circuits to drive: 

A. The self-resetting white guard light. 

B. The tripping relay (AR). 

c. The noise and transfer alarm relay (AL) 
Two AND circuits , three relay drivers, and a 

500/0 timer are located on this board. The 500/0 

timer provides a time delay on noise outputs from the 

channel receiver before the al arm relay drops out. 

Figure 11 shows the schematic of the board, and 

Figure 12 shows the component location on the 

board. 

5 . I nd icator 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 b efore 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. O R  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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STU-9 1 AND ST U-92 TRANS F E R  T R I P  R E LAYS -------------------.:•.:;.;;•L...,�. --4-l._-.-95-.9.-.,3 

trans fer to a single-channel mode of operation 
on a loss of c hannel .  A l ink on the board de­

termines in which manner the STU-9 2 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 rem aining 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 wil l not 

occur if a trip signal is received over the 

remaining channeL 

This function is not provided in the STU-9 1 re­

lay because the relay i s  used on a single channel 

only. 

Figure 15 shows the schematic of the board , 

and Figure 1 6  shows the component location for the 

STU-92 relay . Figure 17 shows t he schematic of  the 

board and Figure 18  shows the component location 

for the STU-9 1 relay .  

7. T r i p  Board 

The trip board conne cts the OR board to the 

tripping AR and tripping thyristors.  This board 

contains transistor circuitry and isolator circuit s 

that will provide a gate signal to the tripping thy­

ristors. 

The following figures apply to this relay :  

TRIP VOLTAGE 

RATING 

4 8 1 1 25 
250 

A R  Tr ipp ing Re lay 

SCHEMATIC 

Fig, 1 9  

Fig. 2 1  

LOC ATION OF 

COMPONENTS 

Fig. 20 

Fig. 22 

The tripping AR relay is a small high-speed 

attracted armature type 0f unit. An insulated member, 

fastened to the free end of the armature,  draws down 

four m oving-contact springs t o  close the trip-circuit 

contacts w hen the relay coil is  energized. This relay 

is m o unted on the rear hinged door and is available 

for inspection by removing the locking screw and 

swinging the door outward. 

Alarm Re lay 

The alarm relays are telephone type relays. In 

these relay s ,  an electromagnet attracts a right-angle 

iron bracket which in turn operat e s  a set of make or 

break contacts .  These relays are mounted on the 

rear door with the tripping AR relays. 

P ul s e  Transformer 

This is a low impedance t wo-winding iron core 

transformer. The primary is connected into the trip 

circuit so that when trip current flows ,  a pulse i s  

produced i n  the secondary and fed t o  t h e  trip l ight 

indicator circuit. 

Sw itches 

These switches are hand toggle switches with a 

spring return and are used for resetting the l ights as 

well as testing the light filament. 

l i ghts 

All l ights are incandescent and removable from 

the front panel for replacem ent when necessary. 

The lights are energized below rated current so that 

they will have long life but yet provide s ufficient 

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 

A card extender ( style tt849A01 9G01 ) is available 

for facilitating circuit voltage measurem ents or major 

adjustment s. After withdrawing any one of the circuit 

boards ,  the e xt ender is inserted in that position. 

The board then i s  inserted into the terminal block on 

the front of t he e xtender, This restores all c ircuit 

connections , and all components and test points are 

readily acce ssibl e .  

OPE R A T I ON 

The circuits of the STU-9 1 and STU-9 2 relays 

use the signals fro m  the channel rec eivers to perform 

the following functions: 

1 .  The STU-9 2 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-9 1  relay, the 

trip output is provided to the trip coil upon 

receipt  of a trip signal from one c hannel re­

ceiver .  

2. For tone channels ,  both relays prevent trip­

ping of the circuit breakers for a noise clamp 

from the c hannel receiver. 
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STU-91 A ND STU-92 TRANS F E R  T R I P  R ELAYS--------------------

3 .  The relays initiate action to do one of the 

following for a l ow-signal clamp from the 

c hannel receivers: 

a. For a STU-92 relay ,  transfer to a single­

channel mode of operation after an ad­

j ustable 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-9 1 

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-9 2 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 l ink open, the relay will transfer to a 

single-channel status , and lockout only on 

loss of both channels .  

4 .  Both relays provide channel monitoring l ights 

to determine the state of the c hannels. 

When the frequency-shift channel equipme nt 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-9 1 re­

lay are shown on the logic drawing of Figure 2 6  and 

27.  The number " 1" indicates that a voltage is 

obtained at that point , w hile a " 0 "  indicates that the 

voltage is approximately zero. As seen in the logic 

diagrams , the relays require a ' '1 ' '  from the low­

signal clamp , and " 0 "  from the trip and noise clamps 
of the tone channels to i ndicate normal operating 

conditions . For the condition shown, the w hite 
lights are on and the alarm relays are picked up . 

Tr ip  Sequence 

For a STU-9 2 system, both channels are shifted 

to trip and the " 0 "  from the fre quency shift re­

c eiver c hanges to a " 1 " .  The channel interface of 

the srU-9 2  relay see this change and puts a " 1 " 

into either the lockout board (tone channel) or the 

OR board (TCF channel).  In the c ase of a tone 

channel , the change in state is applied to OR-2 

( lockout board) whose o utput changes to a " 0 " .  

This fulfills  all the input requirements t o  AND 5 .  

1 .  A " 1 "  from the 1 50 / 1 5  timer. 

2.  A "0" from OR- 2. 

3 .  A "0" from the noise interface .  

T h e  output o f  AND-5 g o e s  t o  a " 1 "  and the 

following occurs : 

4 

1 .  A " 1 "  is applied to the rel ay driver . b oard 

which will cause the output of AND-1 to 

change to a "0 "  thereby turning the white 

light off. 

2. A " 1 " is applied to the indicator board which 

energizes driver 3 to turn on the amber 

channel trip light. 

3. A " 1 " input is applied to OR-1 of the OR 

board. The output of OR-1 changes to a "0 " 

which is applied to OR-2 and OR- 3 .  With a 

change in state of the output of OR- 2 ,  the 

input to the isolator on the second OR board 

changes to a ' '0 ' '  and the output of the iso­

lator to a " 0 " .  Sinc e both channels are in a 

trip state,  the o utput of the isolator on the 

first OR board changes to a " 0 "  in the same 

manner. All the inputs to both OR-3 circuits 

of the two OR boards are thus " 0 " .  The out­

puts on the OR-3 circuits change to a " 1 "  

which is applied t o  the driver o f  a trip board . 

In turn ,  this " 1 "  is applied to: 

a. Relay driver 2 o f  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 c urrent 

flows , the pulse transformers are energized 

to apply an input to the amplifiers of the 

indicat or board to turn the red breaker 

trip lights on. 

If trip is received only on one frequency shift 

receiver, the re quired three inputs to the two OR-3 

logic s of the OR board are not satisfied,  and the 

STU-92 relay will not operate.  For e xample ,  if 

channel 1 receives a trip signal and c hannel 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 t he channel 2 

OR board . 

The STU-9 1 operates in the same manner except 

that its p erformance 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 rece iv er clamps into a "0 " 

output , and the signal at terminal 2 o f  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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STU-9 1 AND STU ....;92 TRANSFER T R I P  R EL AYS _________________ I_. L_. _4 1_-...;.;95;...;.9=.3 

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 1 0/0 timer whose output instantane­

ousely changes to a " 1 " .  This " 1 " is 

applied to OR-3 of the OR board to lock­

out OR-3 of that channel. 

c. To a 0/ 10 timer whose output changes 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 changes 

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 , (because of " 1 "  

input from 0/ 10 timer) and the output of 

the isolator on the 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 (on OR board) will change to a 

" 0 " .  This changes the output of the iso­

lator of the 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 timer picked 

up. Since AND-5 is locked out, tripping will 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 single-channel status after 

the loss of one channel. 

For the condition where the channel has been 

lost AND-5 will remain locked out when the channel 

is restored to normal if the channel receiver returns 

in a trip state. When loss of channel occured,  the 

150 / 15 timer picked up and applied a " 0" to one 

input of OR-3. If a trip is received with this condi­

tion , then the other OR-3 input will become "0 " 

and the output of OR-3 will go to " 1 "  thereby apply­

ing an input to OR-4 thus preventing the 150/ 15 

timer from dropping out. The trip signal must be re­

moved from 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 

changes to "0". 

2 .  After a 150 millisecond time delay , AND-5 

of the lockout board of second channel is 

cl amped 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, ancr the t1mer 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 1 0/0 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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STU-91 AND STU-92 TRANSFER TRIP R ELAYS _____________ _ _ ___ _ 

For the condition where both c hannels 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. 

Noi se 

If an o utput is obtained from the noise cl amp on 

the fre quency 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. 

C H A R A CT E R I S T I C S  

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-9 1 relay is available for fre quency shift tones 

or carrier as shown in the logic diagrams, Figures 

26 and 27. Following are the three (3) types of trip 

outputs prov-ided . 

1. Thyristor Trip 

2. Relay Trip 

3. Voltage Trip 

Noise Alarm Time 500 Milliseconds 

Lockout Time 150 Milliseconds 

(Tone Channel Only) 

(Lockout Time pro-

vided in TCF 

channel, when used) 

Transfer Time 

Operating Time 

Maximum Allow­

able Output Current 

on voltage output 

Terminals 

Ambient Tempera­

ture Range 

6 

Adjustabl e 0 . 5  to 2 . 5 Seconds 

3 Milliseconds with AR Relay 

Output 75 Microseconds for 

solid-state thyristor or volt-

age output. 

10 milliamperes at 20 volts de 

B attery Voltage Var iation s 

Rated Voltage 

48 V DC 

125 V DC 

Battery Drain Normal 

Allowable Variation 

42-56 V DC 

105- 140 V DC 

1 25 milliamperes - 48 V DC 

1 10 milliamperes - 125 V DC 

Maximum 300 milliamperes - 48 V DC 

250 milliamperes - 1 25 V DC 

Setting 

The only setting required is the setting of the 

timer for transferring to a single-channel mode of 

operation upon a loss of one channel. This setting 

is made by means of the knob on the front of the 

transfer board of the relay. This knob should be 

locked after the setting is made. 

If the application requires that the relay lockout 

after a loss of a single channel, the link on the two 
OR boards should be changed to the closed position. 

I n sta l l ation 

The STU-9 2 and STU-9 1 relays are generally 

supplied in a cabinet or on a relay rack as part of a 

complet e assembly. The location must be free from 

dust, excessive humidity , vibration, corrosive fume s, 

or heat. The maximum temperature around the chassis 

must not exceed 55°C. 

Routine Ma intenance 

Periodic checks of the relaying system as de­

scribed in the assembly instructions are desirable 

to indicate impending failure so that the e quipment 

can be taken out of service for correction. 

All contacts should be periodically cleaned. A 

contact burnisher Slt 182A836H0 1  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. 

A D J U S T M E N T S A N D  M A I N T E N A N C E  

The Acceptance Te st listed below can be fol­

lowed to verify that the STU-9 1 or STU-9 2 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-9 2 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-9 1 relay, only the information to 

channel 1 need be considered. 

Test Equipment : 

1. Timer or Cathode Ray Oscilloscope 

2. Card Extender Style 849A534G0 1 

With a jumper, connect the link on both "OR" 

boards. Close de power switches 1 and 2: ( 1) White 

lamps will l ight , (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 .  Tr i p  C i rc u it 

A. Close channel 1 trip switch. 

1. White lamp of channel 1 will go off. 

2. Amber channel trip lamp of channel 1 

will light. 

B .  With channel 1 trip switch closed , close 

channel 2 trip switch. 

1. WL switches will operate. 

2. Red breaker trip lamps will light 

3. External trip light will light. 

4. White lamp of channel 2 will go off. 

5. Amber channel trip lamp of channel 2 

will light. 

c. Open both channel 1 and channel 2 switches. 

Reset lamps and WL switches. 

I I .  Noise C i rc u it (500 M i l l i second T i mer) 

A. Channel 1 

1 .  Connect timer start (scope trigger) to 

terminal 8 of CH INTER board ( A  board). 

2. Set timer 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 will drop out. 

5 .  Open channel 1 noise switch. Reset lamps. 

B .  Channel 2 

1. Connect timer start (scope trigger) to 

terminal 8 of CH INTER board (F board). 

2. Set timer start ( scope trigger) to positive 

pulse. 

3. Connect timer stop (scope probe) to 

terminal 13 of channel 2 relay driver 

board (I board). Connect ground to termi­

nal 1 of the board. 

4 .  Close channel 2 Noise Switch. 

a. Timer will start and stop after 440 to 

560 milliseconds. 

b. Channel 2 amber noise l amp will light. 

c. Channel 2 alarm relay will drop out. 

5. Open channel 2 Noise Switch. Reset l amps 

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. 

2. Close channel 1 and channel 2 trip 

switches. Channel 2 guard lamp will go 

off and channel 2 trip lamp will light. 

3. Open channel 1 Noise Switch. 

a. WL relays will operate. 

b. External trip light will light. 

c. Channel 1 guard lamp will go out. 

d. Channel 1 amber trip l amp will light. 

e. 4 red breaker trip lamps will light. 

4. Open channel 1 and 2 trip switches and 

reset lamps. If board G is not used go to 

step III . 
5. Close channel 2 Noise Switch. 

a. Channel 2 alarm relay will drop out. 

b. Channel 2 noise lamp will light. 

6. Close channel 1 and channel 2 trip 

switches. Channel 1 guard lamp will go 

off and channel 1 trip lamp will light. 

7. 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. Channel 2 amber lamp will light. 

e. 4 red breaker trip lamps will light. 

8. Open channel 1 and 2 trip switches and 

reset lamps. 

I l l .  L ow Signa l C lamp (Tone Channel Only - where 
boards B or G are used) 

8 

A. Channel 1 

1 .  150 Millisecond Timer 

a. Connect timer start (scope trigger) to 

terminal 5 of CH INTER (A board) 

a. Set timer start (scope trigger) to 

negative pulse. 

c. 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. 

d. 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 0 volts in 

same time). 

2. Channel 1 guard lamp will go out. 

3. After a time delay, channel 1 

alarm relay will drop out. 

2. 15 Millisecond Delay. 

a. Set timer start (scope trigger) to 

positive pulse. 

b. Close channel 1 low- signal switch. 

Timer should start and should stop 

after a delay of 1 2  to 18 milliseconds 

( scope voltage will change from 0 

volts in the same time). 

c. Open channel 1 low-signal switch 

3 .  Guard Return 

a. Close channel 1 and channel 2 trip 

switches. 

1. Channel 2 guard lamp will go out. 

2. Channel 2 trip lamp will light. 

b. Close channel 1 low-signal clamp 

switch. No change in status should 

occur . 

c. Open channel 1 trip switch. 

a. Channel 1 guard lamp will light . 

2. Channel 1 alarm relay will pickup. 

d. 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 ( scope probe) to 

terminal 1 3  of channel 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 (Scope will start and stop 

after a time del ay of 1 25 to 185 

milliseconds (scope voltage will 

drop from 20 volts to 0 volts in 

same time) .  

2.  Channel 2 guard lamp will go out. 

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 T i mers 

A. Channel 1 

1 .  Adjustable 500 to 2500 Millisecond 

Timer 
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a .  Connect timer start (scope trigger) to 

termiRal 2 of channel 1 transfer board 

(C board). 

b. Set timer start ( scope trigger) to 
negative pulse. 

c. 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. 

e. Open channel 1 low-signal clamp 

switch. 

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. 

f. Close channel 1 low-signal clamp 

switch. 

2 .  0/ 10 Timer 

a. Connect timer start (scope trigger) to 

red test point of channel 1 transfer 

board (C board). 

b. Set timer start (scope trigger) to nega­

tive pulse. 

c. Connect timer stop (scope probe) to 

terminal 13 of channel l transfer board 

(C board). Set timer stop on positive 

pulse. Use black test point or terminal 

1 as common or ground. 

d. Open c hannel 1 low-signal clamp 

switch. Timer should start and stop 

after a time delay of 7 to 13 milli­

seconds (scope voltage will cha nge 

from zero to 13 . 5  volts in same time). 

e. Set timer start (scope trigger) to posi­

tive pulse. 

f. Set timer stop to negative pulse. 

g. Close channel 1 low-signal c lamp 

switch. Timer should start and stop in 

less than 1 millisecond (scope voltage 

will change from 1 3 . 5  volts to zero 

volt s i;; same time). 

3 .  10/0 Timer 

a. Connect timer start (scope trigger) 

to red t est point of channel 1 transfer 

board. 

b. Set timer start (scope trigger) to nega­

tive pulse. 

c. Connect timer stop ( scope probe) to 

terminal 8 of channel 1 transfer board 

(C board). Set timer stop on positive 

pulse. Use black test point or terminal 

1 as common or ground. 

d. Open channel 1 low-signal clamp 

switch. Timer should start and stop 

after a time delay of less that 1 milli­

second. (Scope voltage will change 

from zero volts to 9 volts in same 

time.) 

e. Set timer start (scope trigger) to 

positive pulse. 

f. Set timer stop to negative pulse. 

g. Close channe l 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). 

B. 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). 

b. set timer start (scope trigger) to nega­

tive pulse. 

c. 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. 

e. Open channel 2 low-signal clamp 

switch. 

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. 

f. 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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1 0  

b.  Set timer start ( scope trigger) to nega­
tive pulse. 

c. Connect timer stop ( scope probe) to 
terminal 1 3  of channel 2 transfer 

board (H board). Set timer stop on 

positive pulse . Use black test point 

or terminal 1 as common or ground. 

d. 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). 

e. Set timer start ( scope trigger) to posi­

tive pulse. 

f.  Set timer stop to negative pulse. 

g. 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). 

3.  10/0 Timer 

a. Connect timer start ( scope trigger) to 

red test point of channel 2 transfer 

board. 

b. Set timer start ( scope trigger) to nega­
tive pulse. 

c .  Connect timer stop ( scope probe) to 
terminal 8 of channel 2 transfer board 

(H b oard). Set timer stop on positive 
pulse. Use black test point on terminal 
1 as common or ground. 

d. Open channel 2 low-signal clamp 
switch. Timer should start and stop 
after a time delay of less than 1 milli­

second. (Scope voltage will change 

from zero volts to 9 volts in same 
time. )  

e .  Set timer start (scope trigger) t o  posi­

tive pulse.  

f. Set timer stop to negative pulse. 

g. Close 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 9 volts to zero volts in same 
time. ) 

V. Transfer To S ing le  Channel 

A .  L oss of Signal 

1 .  Open link on both "OR" boards by re­
moving jumper placed there at beginning 

of te st. 

2.  Open channel 1 low-signal clamp switch. 

Channel 1 white guard lamp will go off. 

3. After STU-9 2 has transferred to a single 
channel as indicated by alarm relay drop­
ping o ut ,  close channel 2 trip switch. 

4. External trip light will light, and WL re­
lays will operate,  breakers 1 and 2 ,  trip 2 

red lamps will light , white lamp of chan­
nel 2 will go off and amber trip lamp of 

channel 2 will light. 

5. Close channel 1 low-signal clamp switch, 

and open channel 2 trip switch , reset 

lamps and WL switches. 

6 .  Open channel 2 low-signal clamp switch. 

Channel 2 white guard lamp will go off. 

7. After STU-9 2 has transferred to a single 

channel as indicated by alarm relay drop­
ping out ,  close channel 1 trip switch. 

8.  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. 

9 .  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 de power supply switch 1 .  

a .  Alarm relay 1 should drop out. 

b. White guard light 1 should go out. 

2 .  Close trip switch of channel 2 .  

a .  W L  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. 

3 .  Open trip switch of channel 2 ,  close de 

power supply switch 1, and open de power 

supply switch 2. 
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a. Alarm relay 2 should drop out. 

b .  White guard light 2 should go o ut .  

4 .  Clo se trip switch o f  channel 1 .  

a .  W L  sho uld 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 l ight. 

Tr i_e�i�� 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 rec eipt 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 i s  ap­

parent that the AR unit is not in proper working 

order, and then only i f  suitable tools are available 

for checking the adjustments.  

a .  Adjust the set  screw at the top o f  the frame 

to obtain a 0 . 009 inch gap at the rear end 

o f  the armature air gap . 

b .  Adjust each contact spring to obtain 4 grams 

pressure at the very end of the spring .  This 

pressure is m easured when the spring moves 

away from the edge of the slot in the insulated 

crosspiece .  

c.  Adjust e ach stationary contact screw t o  

obtain a contact gap of  0 . 0 20 inch. This will 

give 1 5-30 grams contact pressure. 

Troub l e  Shooti ng  

The components o f  the STU-92 and STU-9·1 re­

lay s are operated well within their ratings , and under 

normal c onditions , they should give long, trouble­

fre e  service.  However , if a relay has given an in­

dication of trouble in service or during routine che ck s ,  

the "truth table s "  of  Figure 3 2  should b e  checked 

to determine the faulty component. All voltages are 

measured with respect to negative except where 

noted. 

R E N E W A L  P A R T S  

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts c an be 

furnished to the customers who are equipped for do­

ing the repair work . When ordering parts , always 

give the complete nameplate data, and styl e numbers 

from the electric al parts list. 
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E L E C T R I C A L  P A T R S  L I S T  

W E S T I N GHO USE W E S T I N G H O US E  
CIRCUIT SY MBOL DESCRI P T IO N  STYLE C I R C U IT SYMBOL D ESCR I P T IO N  S T Y L E  

N U MB E R  N U M BE R  

I NT E R FAC E BOARD S;t202C482G0 1 I N T ER FACE B OARD Stt202C491 G0 1  Conto 

Capac itor s Res i stors 
C 1  6 . 8  MFD 1 84A66 1 H 10 R 1 , R 2 , R 5 , R 6 , R 1 3, R  14 4 .  7 k-ohm 6 29A53 1H48 

C 2 , C3 , C4 0 .0 4 7  MFD 849A437H04 R 3 , R 7 , R 1 2 , R2 1  , R2 7  8 2  k-ohm 6 29A53 1H78 

R 4 , R9 , R 10 , R 1 5 , R 1 7 , R 18 

Diodes R 2 2 , R 24 , R 25 10 k-phm 6 2 9 A5 3 1H56 

D 1  1 N 64 5 A  837A69 2H0 3 R8 , R 16 , R 2 0 , R23 4 7  k -ohm 629A5 3 1 H 7 2  

R l l , R 1 9 , R 2 6  6 . 8  k -ohm 629A5 3 1H52 

T rans istor s 
Q 1  2N3589 837A6 17H0 1 

Zener D iodes 

Q 2 , Q4 ,  Q6 2N3 4 1 7  848A85 1 H0 2  
Z 1  1N 2050A, 180 V 1 8 7A936 H 1 6  

Q 3 , Q5 , Q7 2N3645 84 9A44 lHO 1 
Z 2  1N4747A,  2 0  V 849A4 87H0 1 

Z3 , Z5 , Z7 1 N 3686B , 20 V 1 85 A 2 1 2H06 

R e s i stors Z4 , Z6 , Z8 2N95 7B , 6 . 8  V 1 86 A797H0 6  

R l . R 2 , R 8 , R9 , R 1 5 , R 1 6  4 .  7 k-ohm 629A5 3 1H48 
zg UZ5875 , 75 V 83 7A693H0 4  

R 3 , R7 , R 17 , R 2 1  8 2  k-ohm 629 A53 1 H78 

R 4 , R 5 , R l l , R 1 2 , R 1 8 , R 1 9 10 k-ohm 629A5 3 1 H5E 
LOCKOUT BOARD ( WH E R E  US ED) S�t202C456G0 1 

R 6, R 1 3 , R20 6 . 8  k-ohm 629 A53 1 H 5 2  

R 14 47 k-ohm 6 29 A5 3 1 H7 2  
Capacitors 

C 1  6 . 8  MFD 184A66 1 H 1 0  

Zener D iodes Di odes 
Z1 1 N 30 5 0 A ,  1 20 V 187 A936H 1 6  

D 1 t o  D 4-D6 to D 1 0  1N645A 8 37A69 2H03 

Z 2  1 N474 7 A ,  20 V 849A48 7H0 1 

Z3 , Z5 , Z7 1 N3686B , 20 V 185 A 2 1 2H06 Tran s i stors  
Z4 , Z6 , Z8 1 N9 5 7 B ,  6 . 8  V 186A79 7H06 Q 1 ,  Q 2 , Q 3 , Q4 , Q5 , Q6 2N34 17 848A8 5 1 H0 2  

Q7 , Q8 , Q9 ,  Q l l  

I NT E R FACE BOARD S�t202C491 G01 Q 1 0 ,  Q 1 2  2N3645 849A44 1HO 1 

Capac itors Resi stors 

C 1  6 . 8  MFD 1 84 A6 6 1 H 10 
R 1 , R4 , R7 , R 1 4 , R 2 5  39 k-ohm 6 2 9 A 5 3 1 H70 

C 2 , C3 , C 4  0 . 0 4 7  MFD 849 A43 7 H0 4  
R 2 , R 5 , R8 , R l l , R 1 5 10 k-ohm 629 A53 1H56 
R 1 9 , R 2 2 , R26 , R 2 9 ,  

R 30 , R 3 4 , R35 

Di odes 
R3, R 9 ,  R 16, R23, R27 6.8 k-ohm 6 29A53 1 H 5 2  

D 1  1N64 5 A  837A692H0 3 R 3 1 , R 36 

R6, R 1 3 ,  R 3 3  3 3  k-ohm 6 29A53 1 H68 

T ransi stor s R 10 , R 1 2 , R 1 7 , R 1 8  27 k-ohm 6 29A53 1H66 

Q 1  2N3589 837A6 1 7H0 1 R 20 ,  R2 1 ,  R28 

Q2. Q5 , Q8 2N43 5 6  84 9 A44 1 H0 2  R24,  R 38 1 2  k-ohm 629A53 1H58 

Q3 , Q6 , Q9 2N34 1 7  848 A85 1 H0 2  R 3 2 8 2  k-ohm 6 29 A5 3 1H78 

Q4 , Q7 , Q 10 2N364 5 849A44 1 H0 1  R37 47 k-ohm 629A5 3 1 H 7 2  
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E LE C T R I C A L  P A R T S  L I S T  C o n t .  ,-
I WESTI NGHOUSE WEST I N G H OUS, 

C I R CUIT SYMBOL D ESC R IPTION STYLE CIRCUIT SYMBO L  D E SCRIPTION S TY L E  
N UMBE R N U M B E R  

LOCKOUT BOARD (WH E R E  USED) S�t202C456G0 1 T R I P  BOARD (Cont.) 
48/ 1 25 & 250 VOL TS DC 

Z ener Di odes D iodes 
Z l  1N957B , 6 . 8  V 186A797H06 Dl to D4 1N645A 837 A692H03 

O R  BOAR D  Stt202C446G0 1 Tran si stors 
Q l  2N2647 629A45 3H0 1 

Capacitors Ql 2N3645 849A441H0 1  
C l-C2 0 . 27 MFD 849A437H0 2 

Q3 2N34 17 848A85 1H02 
C3 1 . 5 MFD 187A508H09 

Resi stors 
Diodes 

Rl to R4 470 ohm ,  1W 187A64 3 H 19 
D l ,D2 ,D4 to D 15 1N645 A 837A692H0 3 

D3 MAL 3053 629A370H04 
R5 300 ohm 629 A5 3 1 H1 9  

R6 15  k-ohm 629A53 1H60 
Transi stors R7 3 . 3  k-ohm 629 A53 1H44 

1 Q , Q3 , Q4 , Q5 , Q6 , Q7 2N34 1 7  848A85 1H02 
R8 22 k-ohm 629A53 1H64 

Q2, Q8 2N3 645 849A44 1H0 1 
R9 6 . 8  k-phm 629 A53 1H52 

R e s i stor s R 10 10 k-ohm 629A5 3 1H5 6 

R l , R 3 , R5 ,R7 , R 10 10 k-ohm 629A53 1 L56 Rll to R13 27 k-ohm 629A531 H66 
R 14 ,R 2 1 ,R24 ,R25 

R2,R8,R l l , R 1 5 , R22 ,R26 6.8 k-ohm 629 A53 1H5 2 Z ener Diodes 
R4 47 k-ohm 629A53 1H72 Z1 to Z6 1R200 629A3 69 H0 1 

R6 4 .  7 k-ohm 629A531H48 

R9 ,R12 , R 1 3 ,R l6 ,R 1 7  2 7  k-ohm 629A53 1H66 Tra n s  former 
R 1 8 , R 19 , R20 ,R23 TR l FD50 5 629A372H0 1 

R27 82  k-ohm 629A53 1H78 

R28 150 ohm , 3W 762A679H0 1 T RANSF E R  BOAR D, Stt5489D25G0 1 

Tra nsforme r s  Capac itors I 

TRl FD 50 5 629A372H0 1 C l  100 MFD 184 A76 1G0 1 

Zener D i odes 
C2 , C3 1 . 5  MFD 187 A508H09 

Z l , Z2 1N3688A,  24 V 872A288 H0 1  Diod e s  

D 1  t o  D4 1N645A 837A692H03 
TRIP B OA R D  48/12 5  VO LTS DC, S�t899C826G01 

250 VOLT S DC, S�t201 C41 6G01 Tra n s i stors r------ _ _  _. _  -
Capacitors Q 1 , Q2 , Q3 , Q5 , Q6 2N34 17 8:1 r. �_;;o 1H02 

C l ,C2 2 MFD 187A624H05 Q7, Q8, Q9 , Q10  

C 3 , C4 . 27 MFD 188 A669H05 Q4 2N3645 849A44 1 HO 1 
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E L E C T R I C A L  P A R T S  L I S T ( C o n t . ) 

W E S T I N G HOUSE W E S T I N GHOUSE 
CIRCUIT SYMBOL D E SCRIPTION S T Y LE CIR CUIT SYMBOL DESCRIPTION S T Y L E  

N U MBE R N U MB E R  

TRA NS F E R  BOARD, S#5489D25G01 (Cont.) RELAY DRIVER, S#202C488G01 

Res istors Resi stor s 

R 1 , R 1 2 , R 17 ,R21 , R29 33 k-ohm 629A53 1H68 R3,R4 , R24 ,R25 22 k-ohm 629A5 3 1H64 

R7,R8, R28 , R29 3 . 3  k-ohm 629A53 1H44 
R2 ,R3 , R6,R9,R10 10 k-ohm 629A53 1H56 
R 1 3 ,R16 ,R19 ,R22 

R10 1 5  ohm, 3 W 763A127H36 

R25,R28 R l l ,R13 , R14 33 k-ohm 629A5 3 1H68 

R14 ,R20 ,R2 1 47 k-ohm 629A53 1H72 
R4 ,R15 ,R27 470 ohm 629A53 1H24 

R17 470 ohm 629A53 1H24 
R5 50 k-ohm pot. 862A303H0 1 R22 27 k-ohm 629A53 1H66 
R7,R8,R18 , R23,R 24 27 k-ohm 629A53 1H66 R3 1 6 . 8  k-ohm 629A53 1H5 2 

R l l  4 7  k-ohm 629A53 1H72 
Zener D iodes 

R14,R26 1 5  k-ohm 629 A53 1H60 Z1  1N3688A, 24V 862A288H0 1 

R20 6.8 k-ohm 629A53 1H52 Z2 1N957B , 6 . 8V 1 86A797H06 

Zener Di odes I N D ICAT OR BOARD 48 VOL T DC, S#202C502G01 

Z 1 , Z2 , Z3 1N957B, 6 . 8V 186A797H06 
Capacitors 

RE LAY D R IVER, S#202C488G01 C l,C2 0 . 56 MFD 763A2 19H 18 

C3,C5,C7,C9 0 . 082 MFD 849A437H0 1 

Capa citor s C4,C6,C8,C10 0 . 0 1  MFD 763A21 9H03 

C1 22 MFD 184A661H 16 
D i ode s 

D l  to D lO 1N64 5 A  837A69 2H03 

Diodes 
T ransi stors 

D l  to D4 1N645 A 837A692H03 Q l , Q3 2N34 17  848A85 1H02 

Q 2 , Q4 2N3645 849A44 1H0 1 

Tran s i stor s 
Q5, Q7 , Q9 , Q l l  2N2646 629A43! H03 

Q6 , Q8 , Q10 , Q 1 2  K 1 1 49- 13 SC R  184A640H 1 3  
Q 1 , Q2 , Q4 , Q5 , Q6 2N3417 848A85 1H0 2  

Q8, Q9 Resi stors 

Q3 , Q10 , Q l l  2N3589 837A6 17H0 1 R l , R2 , R7 ,R8,R 1 3 , R l7 20 k-ohm 629A5 3 1H63 

Q7 2N3 645 849 A44 1H0 1 R3,R4 ,R9 , RlO  10  k-ohm 629A5 3 1H56 

R5 , R l l  6 . 8  k-ohm 629A5 3 1H52 

R6, R 1 2  27 k-ohm 629A53 1H66 

Resistor s R 14 , R 18 ,R22,R26 300 ohms 629A53 1H 19 

R l , R5 ,R26 39 k-ohm 629A5 3 1H70 R 1 5 ,R19 ,R23 , R27 5 1  ohms 629A53 1H0 1 

+R l6, R20 ,R24 , R28 1 . 2  k -ohms, 3W 763Al27H03 
R2,R6,R9, R12 , Rl5 ,R18 ,  10 k-ohm 6 29A53 1H56 

R2l ,R25 100 k-ohm 629A53 1H80 
R 1 9  ,R23 , R27 ,R30,R32 R29 15 ohms , 3W 763A127H36 

+ NaT USED ON 48 VOLT DC INDICATOR BOARD 
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STU-91 AND STU -92 TRANSF E R  T R I P  R E LAYS __________________ _ 

1 6  
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Q lcH@ uj CHANNEL l 
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Fig. 2. Conponent L ocation in the STU-92 Relay 
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STU-91 AND STU-92 TRANS F E R  TR I P  R E LAYS -----------------�'·L::.:·....::4:..:...1-::.:9:.::.59=-.3 

-
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BUFFE R 
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S U P P L Y  

�4 1 � � 

7 1 5Bl l6 

Fig. 3 .  Schemat ic D iagram of the Channel I nterface Board for TA -3 Tone Channel and TCF C arrier 

I I � i:::::==::::i 

7 1 5B227 

F i g .  4 .  Component L o cation o n  t h e  Channel Interface Board for T A - 3  Tone Channel and T C F  Carrier 
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STU-91 AND STU-92 T R A NS F E R T R IP R E LAYS ________________________________________ __ 

1 8  
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7 1 5Bll8  

Fig. 5 .  Schemat i c  Diagram of the Channel Interface Board for L enkurt 937A Tone Channel 
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Fig. 6.  Component Loc ation on the Channel Interface Board for Lenk urt 937A Tone Chan nel 
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STU-91 AND STU-92 TRANS F E R  TRI P  RE LAYS _________________ _.:.:.:I.L:.:--=4..:..:1 -:..:9.:::..59:..:.:::... 3  

L "-y-./ � \.....,--� � � '-y--/ '-----,,-J'-...;-J � '--v----' '-v-' '---.r----' 
AIIDI 0111 011! AIIDZ 011 1 0114 ANO 5 150/15 AN04 LINE OIIIVER I AND 5 ,....==-==� 

----- ------ [gj] • NORMALLY CONDUCTING TIIANIIITOII 

7 1 5B086 
Fig.  7. Schematic D iagram of the L o ckout Boa .d for TA-3 and 937 A Tone Channel 
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Fig. 8 .  Component Lo cation o n  the Lo ckout Board o f  the STU-92 Relay for TA-3 and 937A Tone Channels 
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STU-9 1 AND ST U-92 TRANS F E R  T R I P  R ELAYS __________________ _ 

20 

LOW 
SIGNAL 
CL-

CCliiDITION FOR STATE O F  TRANSISTOR SHOWN 
NO LOW SIGNAL CLAMP. 

MOUN TED ON 
FRONT OF 

MODULE 

-d�o � rR 1 � r � -�..-r�i�l -

MOUNTED ON 
FRONT OF 

MODULE 

I 

Fig. 9. Schematic D iagram of the Tran sfer Board of the STU-92 R elay 

Fig. 10. Component Location on the Transfer Board 
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ST U-91 AN D STU -92 TRANS F E R  TR I P  R E LAYS __________________ • ·..;;;L.;... 4_1_-9;...:,5=.;.9. 3 

I I • 
' 0:: / 0  
' )-4( .J w 0:: 

D . C .  SUPPLY V OLTAQE l 

Dl I N 645A ti 

I 

'-v-' '---y---1'� � '---y--J \�'-y--J '-v-' '----y----' I 
DRIVER OR2 AND2 500/0 LINE AND 3 OR3 RELAY RELAY 

DRIVER DRIVER I DRIVER 2 

202C488GOI 

CONDITIONS FOR STATE OF TRAN SISTOR SHOWN i 

I. N O  L09S OF CHANNEL CLAMP AMl 

NO NOISE CLAMP FROM CHANNEL 

RECEIVER 

2 .NON T R I P  CONDITiONS FROM 

CHANNEL RECEIVER. 

l:m] = NORMALLY CONDU CTING TRANSISTORS 

715Bl14 

Fig. 1 1 .  Schematic Di agram of the Relay Driver Board 

7 1 5B230 

Fig. 12.  Component Lo cation on the R elay Driver Board 
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STU- 9 1 AN D STU-92 TRANS F E R  T R I P  R E LAYS ______________________________________ __ 

22 

CONDITIONS FOR STATE Of TRANSISTORS SHOWN; 
l .  NON TRIP CONDITIONS 
2. N O  NO ISE CLAMP FROM CHANNEL 

RECEIVER. 
3. N O  CHANNEL T R IP. 
+ . JUMPER REPLACES Ri6,R20, R24 a R2B ,-----------------�� FOR 48VOLT APPLICATION, 

12 

Fig. 1 3 .  Schematic Diagram of the Indicator Board 

B � ll 

9�5 
2 � 1 2  

3 � 4  

Fig.  14. Component Lo cation on the Indicator Board 
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ST U-91 AND ST U -92 T R ANS F E R  T R I P  R E LAYS 

COMDITK:tN FOR STATI O f  TRAMSIITORS IHOW'tli 
I .  NON TRIP 
2. lOTH CHANNELS IN SERVICE. 

+ FOR TRANSFER INTO A IIN8L£ CMANNEL MOOE OF OPERATION .VTER A LDSS OF 

� ONE CHANNEL, LINK IIUST IE OP£N 
AS SHIPPED FROM f'ACTORY, LINk IS OPD 

I .Lo 4 1 - 959.3 

0 

10 

!ii) • NOOIIAI..LY C0110UCT1118 T.-roO 

0:: 
0 

+ liNK 

Fig. 1 5  Schematic D iagram o f  the OR Board o f  the ST U-92 R elay 

Fig. 1 6. Component Lo cation on the OR Board of the STU-92 Relay 
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STU -91 AN D STU-92 T RANS F E R  T R I P  R E LAYS 

24 

a:: 
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00 I LOOK 

IIIIVIII 
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10 

! IOSCIIIIOI J 
(gj] • NOIUU&.LY COliiDUCTINI 

TMNIIITOR 

Fig. 1 7. Schematic D iagram o f  the OR Board of the STU-9 1 Relay 

Fig. 78. Component Lo cation on the OR Board of the STU-9 1 Relay 
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ST U -9 1 AND STU-92 T RANS F E R  T R I P R ELAY S 

14+--- POS 
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F ig. 1 9 .  Schematic of the Trip Board for 48/ 125 Volt D C  Operation 
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Fig. 20. Component Locat ion on the Trip Board for 48/125 Volt DC Operation 
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ST U-91 AND STU-92 TRANS F E R  T R I P  R E L AY S  

r-
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-

26 

1 1 
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tRAY TYPE IIU 
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F ig. 2 1 .  Schematic of the Trip Board for 250 Volt DC Operation 
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Fig. 22. Component Locat ion on the Trip Board for 250 Volt DC Operation 
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STU-91 AND STU - 92 TRAN S F E R  TR I P  R E LAY S  
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ST U - 9 1  AND ST U-92 T R ANS F E R  T R I P  R E LAYS 
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ST U-91  AND STU-92 T RANS F E R  T R I P  R ELAY S -------------------
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STU-91 AND STU-92 T R A NS F E R  T R I P  R ELAYS 

4 1  
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STU-91 AND STU-92 TRANSF E R  T R I P  RE LAYS ____________________ _ 

4 5  

RELAY DRIVER BOARD 

CIRCUITS 

&00/ LINE 
CONDIT- .,._, 2500 Oft- I DRIVER AND-2 1 0 / 0  OR-2 AND-3 AND-4 OR-3 10/0 AND-S CONDITION AND- I O R - I  DRIVER 
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I.L. 4 1 -959.3 

I ND ICATOR BOARD 

C IRCUITS C tRCUtTS 

500/ L INE RELAY RELAY CONDITION AMP- I DR IVER  AMP-2 DR I VER DR IVER D R  I VIR OR-2 AND-2 DRIVER AN0-3 OR-3  DRIVER DRIVER 2 I 3 • 
I 2 + + o ,_ + 0 + + o ,_  o ,_  1- + 15 0 o,_ 1- 1- t 1- 1- � !; 1- " 1- " � + 1- " " " " " 

� " � 1- 1- 1- � � " ,_ .,  ,_ .,  � � �-- � " " 0. ii' 0. � .. .. L .. L L 
0. " " .. ii' l5  i' i,  i' :i  .. 1- !; !; 1- 1- 1-� .. z z ! !! " ! " 1- 1- .. ..  1- 1- " " 

� � !; ;: � �  Z z ! ffi 0 0 0 0 0 0 " " " - .. " " 0 0 0 0 0 ::; 0 1- 0 
NORMAL 0 0 0 0 0 

0 0 0 0 TR IP 0 0 
0 0 0 0 

NOISE 0 

0 0 0 0 0 0 
VOLTS fOR -48 -4 8 20 - 48 20 -·· 

I I I 0 0 I STATUS (- 125) (-120) (-120) Hill 
20 20 10 20 10 10 10 - 48 20  - 48  AT TP OR � TP TP TERM. ... TP TP TERM. TERM. ,. ..... TEMI. TEIUI. 20 10 10 7 7 QJ 0.6 TERMINAL 2 1 2  8 I I  • TERM. TP TP TP TP TERM TERM. TP TER" TP TP TP TERM. TERM. TERM 

.. Q6 
4 4 13 13 7 7 10 I I  += VOLTAGE I S  A PULSE. 0= MEASURED WITH REFERENCE TO SOURCE vtlLTAGE. (48 OR 125 VOLTI D.C.) 
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I I 0 0 0 0 I I I I 0 I 0 0 0 NORMAL I 0 0 I 0 0 
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-
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I N STA L L ATI O N  
Westinghouse I . L. 4 1 -959 .2C 

• OPERATI O N  • M A I NTEN A N CE 

I N ST R UC T I O N S  
TYPE STU-9 

DUAL CHANNEL 

TRANSFER · TRI P  RELAY 

CAUTION: It is recommended that the user of thi s  

equipment become acquainted with the information 

in this instruction l eaflet before energizing the 

equipment. Failure to observe this precaution m ay 

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. 

A P P L I C A T I O N 

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 i s  

used. I t  is  used i n  conjunction with dual channel 

frequency-shift equip m ent, either audio tone or 

power line carrier frequencies. 

CON S T R U C T ION 

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 standard 19-inch wide 

panel , 8% inches high ( 5 rack units). Edge slots 

are provided for mounting the rack on a standard 

relay rack. 

Printed C i rcu i t  Boards 

The number of boards varies with the type chan­

nel used, but in general the STU-9 relay consists 

of five printed circuit boards; two channel interface 

boards, two transfer boards and a trip board. For 

TCF frequency shift power line carrier channels, 

the interface board i s  a part o f  the TCF receiver. 

All of  the circuitry that is suitable for mounting 

on printed circuit boards is contained in an enclo­

sure that proj ects from the rear of  the panel and i s  

acc essible b y  op ening a hinged door on the front of  

the panel. The printed circuit boards slide into 

position in slotted guides at the top and bottom o f  

SU PERSEDES I . L. 41 -959 .2B & L-779959 
*Den otes 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 is k eyed so .that if  a board 

i s  plac ed in the wrong compartment, it cannot be 

inserted into the terminal block . A handl e on the 

front of  each board is labeled to i dentify its func­

tion in the relay. 

1 .  Channel Interface Board 

The interface board is the connecting l ink be­

tween the channel equipment and the transfer 

logic and consists of interface circuits, a lock­

out circuit, and the channel trip N AND. Each o f  

the circuits p erforms 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 N AND pro duces 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 i s  obtained from the NAND. 

This voltage will exist until all inputs into the 

NAND are positive.  Base c urrent 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 p eriods of time, 

after 150 millisecond the lockout input will short 

the input of the NAND and hold the output in a 

non-Dp erative condition. Also noise output from 

the tone  channel will short the input of the NAND 

and hold the o utput in a non-operative condition. 

This board will vary depending upon the mak e 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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T Y P E STU-9 R E LAY ___________________________________________________________ ___ 

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 2 I  ( channel I) and terminal 9 ( chan­
nel 2). The style switchboard light used is either 
style I 589 I93 or I 589 I8 I with bulb style 1 1 24 I56. 

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 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 AND must 
be above negative potential. This occurs when 
the AND receives a trip input from both transfer 
logics. 

* For a loss of one channel,  the trip input from the 
transfer logic of that channel removes its shorted 
input to negative, l eaving the trip AND shorted 

to negative from the trip input of the remaining 
transfer logic. If both channels are lost, the 
trip inputs to the AND puts a positive voltage 
into the AND. However, the transfer input to the 

AND is put at negative potential to short the 
Input of the AND. A time delay is inserted in the 

transfer logic so that the transfer input to the 

AND is shorted to negative before the trip input 
switches to a positive output. 

Other C i rcuits (when used) 

As shown in Figure I, the trip output may con­
tain other circuits. An additional transistor may 

be connected to obtain a voltage output from the 

trip NAND. This voltage output is used to drive 
an externally connected SAR relay. The transis-

2 

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 d esirabl e 
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 

I8) of the STU-9 relay, the STU-9 relay will 
lockout on a single channel failure and not 
switch to a single channel mode of op eration. 
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 of the different boards with 
reference to the assembly is as follows: 

style Number 

* 898C 235GO I 

* 898C235G0 2 

898C235G0 3 

898C235G04 

Power Supp l y  

Components 

AR output 3 NO-I NC · D256 and 
D258 omitted as well as trans­
sistor Q254 and associated 
resistors . 

AR output 3 NO-I NC · D 256 and 
D258 in the circuit but tran­
sistor Q254 and associated 
resistors omitted. 

AR output 4 NO, D256 and 
D 258 omitted, transistor Q254 
included. 

AR output 2NQ- 2NC, transistor 
Q254 and associated resistors 
included. 

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 I25 volts 

d. c. 

Card Extender 

A card extender ( Style No. 644B 3 I5G0 1) 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 accessibl e. 
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TYP E STU-9 R E LAY--------------------------------------------------------�I.�L�-�41�-9�5�9-�2c 

O P E R A T I O N 

The signal to which the STU-9 relay responds 

is  received from the receiver o f  the channel equip­

m ent. 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 op eration. The system will 

then trip upon receipt of a trip signal from the re­

mote terminal on the remaining channel. If both chan­

nel s  fail, the STU-9 locks out the trip circuit unt.il 

one or both channels are restored to service.  Cir­

cuits are included in the relay to alarm on the loss 

o f  a channel. 

The signal s  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  signals to  the 

STU-9 relay are as shown in the logic diagram of 

Figure 1.  The number " 1" indicates that a voltage 

is obtained at that point whil e 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" from 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 pick ed up. Also the input 

to the trip "AND" is shorted to negative through 

the "OR" circuits of the transfer lo gic. 

Trip  Sequence 

If both channel s 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: 

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 o f  the transfer logic. Since 

all inputs to the trip AND are " 1 ", an output is 

obtained to allow the AR to operate. Also the 

output transistor ( where used) is turned on  to 

give an output o f  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  S igna l  

With reference to  the  logic diagram o f  Fig. 1 ,  

the channel equipm ent recognizes 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 " 1" .  Upon application of the " 1" 
to the NOR circuit, a tim e  delay is energized. If the 

loss of signal exists for 150 millisecond, the output 

of  the NOR circuit changes to a "0" and the fol­

lowing occurs: 

1. The input to the channel trip N AND 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 o f  
. 5 to 2 .  5 sec. , a s  determined b y  the timer set­

ting, the timer tim es out and its output changes 

to a "0 " .  The following then occurs: 

a. Alarm relay drop s 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 o f  the OR circuit on the good channel. 

The circuits of the STU-9 are set up for single 

channel operation and the system will op erate if 

a trip signal is received from the output of the 

goo d  channel . 

Loss of Second Channel 

If the second channel is lost while  the STU-9 is 

set up in a singl e channel mode of op eration, the 

following occurs: 
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T Y P E STU-9 R EL AY __________________________________________________________ __ 

1. The o utput of the low signal interface of the 

second channel changes to a 1. 

2. The channel trip NAND i s  clamped to a " 1" .  

( non-trip ). 

3.  The input to the amber light AND i s  de- ener­

gized and the amber light turns o ff. 

4. The o utput of the NOT Lo c hanges to a 1, and 

the 2. 5 second timer times o ut, and the following 

occurs: 

a. The alarm unit drop s out to close its con­
tacts. 

b. The input to the trip AND through terminal * 
1 1  drop s to "0" instantaneously. 

c. The output of the NOT changes to a " 1 "  

and energizes a 1 0  millisecond d elay. 

d. At the end of 10 milliseconds the input to the 

trip AND ( through terminal 10) AND changes 

to a " 1" .  Tripping cannot o ccur because the 

AND was clamp ed previously to negative  

throu e;h  terminal 11 .  

shift channel s, either tone,  carrier, or a combination 

of both. The schematic and logic  diagram for fre­

quency- shift tone channel s 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 i s  the 

same as that of  Fig. 1 ,  except that the interface 

board is omitted. The lockout, not lockout, and trip 

inputs the STU-9 transfer boards are obtained from 

the logic board of the TCF receiver. These quan­

tities are the same as received from the interface 

logic Fig. 1. 
When the STU-9 relaY i s  used with both TCF 

frequency shift Carrier and frequency shift tone 

channels, the relay is connected as shown in Figure 

4. 

For the STU -9 for use with frequency shift tone 

channels and an SRU output package ,  refer to figures 

5 and 6 .  For these relays the trip output is a voltage .  

Lockout time 

Transfer time 

Op erating time 

150 milliseconds 

0 .  5 to 2. 5 seconds 

3 milliseconds with 

AR - 75 micro se­

conds to obtain volt­

age contact. 

Voltage Output Relay ( when used) 
Maximum Output 60 milliamperes ,  

4 5  V. d. c .  
For the condition where both channels are o ut 

of servic e  and one or both channels are restored to 

service,  the following occurs: * Ambient temp erature range -20°C to 55°C 

The time delaY in the base o f  transistor 

Q25 1 in the trip logic is energized. This 
time del ay m aintains the "0 " on the trip 

AND through diod e  D 252,  for Vz millisecond 

after the voltage from either D253 or D25 1 

drops to "0 " from a " 1" condition. 

N o i se 

If an output is obtained from the noise clamp of 

the channel equipm ent, the input to the noise inter­

face changes to a " 1" ,  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. Thi s puts the NAND in a non-operating 

condition. If  the noise condition exists for 150 

milliseconds, the STU-9 relay will recognize the 

condition as a loss of channel and switch into a 

singl e channel mode o f  op eration. 

C H A R A C T E R !  S T I  C S  

The type STU-9 rel aY is available for frequency 

4 

Battery Voltage Variations 

Rated Voltage 

48 V . D . C. 

125 V. D. C. 

Battery Drain 

Dimensions 

Allo wance Variation 

42 - 56 V. D . C .  

105 - 140 V . D. C. 

235 milliamp ere s - 48 

V . D. C. 

275 milliamp eres -

1 25 V. D . C. 

P anel Height 8% 

inch or 5 rack units. 

P anel Width -19 inches 

S E T T I N G 

The only setting required i s  the setting of the 

timer for transfering to a singl e channel mode o f  

op eration upon a loss o f  o n e  channel. This setting 

is made by means of the timer knobs on the front 

panel of the relay. The knob should be locked after 

th•:! setting is made. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E STU -9 R EL AY _______________________________ I . L_._4_1 _-9_59....;.·2_..:.c 

I N S T A L L A T I O N 

The STU-9 relay i s  generally supplied in a 

cabinet or on a relay rack as p art of a complet e  

assembly.  T h e  location must be free from dust, 

excessive humidity, vibration,  corrosive fumes,  or 

h e at. The m aximum temp erature around the chassis 
* must not exceed 5 5 °C .  

Routi ne Ma i nten ance 

P eriodic checks of the relaying system as 

descri bed i n  the assembly instructions are desirabl e 

to indicate imp ending failure so that the equipm ent 

can be tak en out of  service for correction. 

All contacts should be p eri odically cleaned. A 

contact burnisher S/1 18 2A8 36HO 1 i s  recommended 

* 

for thi s purpose.  The use of abrasive material for 

c leaning contacts i s  not recommended because of  

the danger of  embedding small particl es in the  face 

of the son silver and thus impairing the contact. 

Troub le- Shooting 

The components of  the STU-9 are operated w ell 

within their ratings, and under normal conditions 

they should give long, trouble-free service. Ho wever, 

if a relay has given an indication of troubl e in ser­

vice or cturing routine check s ,  the voltages tabula­

ted in T ABL E I should be checked to d et ermine the 

faulty circuit. The test point and component loca­
tion on t.,e boards are given in Figures 7 ,  8 ,  9 ,  1 0 ,  

and 1 1 .  Refer to e lectrical parts list for t h e  proper 

component locat ion . 

TABL E I 

Test point voltages to negative except where specifi e d  to positive 45 volts D .  C. 

NORMAL WITH NOISE 'NITH LOSS OF WITH TRIP 
BOARD TEST POINT C H ANNEL ONLY CHANNEL ONLY ONLY 

term 1 6  to p o s  - 16 - 1 6  - 2 - 1 6  

TP 15 1 0 . 0 5  0 . 0 5  1 5  0 . 0 5  

term 1 7  to pos 0 - 16 0 0 

TP 1 5 3  1 5  0 . 0 5  1 5  1 5  

TP 154  0 . 0 5  1 5  0 . 0 5  0 . 0 5  

TP 1 5 5  15 0 . 05 0 .05  1 5  
CHANNEL 

TP 1 5 6  0 . 0 5  2 1  2 1  0 . 0 5  
INTERFACE 

term 18 10 0 . 10 0. 10 10 

term 1 2  0 . 0 5  4 ( with max. setting 4) 0 . 0 5  

term 1 5  to pos 0 0 0 - 16 

term 1 1  1 5  1 5  1 5  0 . 0 5  

term 10 0 . 0 5  0 . 0 5  0 . 0 5  1 5  

term 6 15 15 1 5  0. 2 

term 1 2  0 . 0 5  4 ( with m ax. setting 4) 0 . 0 5  

term 1 6  0 . 0 5  45 45 45 

TP 20 1 0 . 0 5  0 . 0 5  0 . 0 5  10 

TP 20 2 9 0 . 1 0 . 1 9 

TRANSFER TP 20 3 0 . 0 5  20 20 0 . 0 5  

TP 204 1 3  0 . 0 5  0 . 05 0 . 0 5  

term 10 0 . 1 5  10 10 10 

term 1 1  0 . 7  0 . 7 0 . 7 0 . 7 

term 7 45 0 . 3 0 . 3 0 . 3 
Singl e  Both 

CH CH 

TP 25 1 0 . 0 5  0 . 0 5  0 . 0 5  1 5  0 . 0 5  

TP 2 5 2  1 5  15 1 5  0 . 0 7  1 5  

TRIP term 10 0 . 1 5  10 10 10 10 

term 1 1  0 . 1 5  10 10 10 10 

term 19 0 .0 5  0 . 0 5  0 . 0 5  0 . 0 5  43 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE STU-9 R E LAY ________________________________________________________ __ 

6 

Renewal Part 

Repair work c an be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the c ustomers 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. 

* E L E C T R I C A L  P A R T S  L I S T  

C ircu i t  Descr ipt ion (W) Circuit  Descr ipt ion ( W) 
Symbol Sty le No. Symbol S ty le  No. 

PAN E L  MOU N T E D  COM PON ENTS Resi stors (Cont . )  

Power Suppl y  R1 75-R1 77-R 1 8 1 -
R183-R188-R1 54-

SW1 Switch 1 83A856H0 1 R 1 6 2-R1 82-R189 1 00K il-%W .  1 84A763H75 
PL Pilot Light R1 55-R163-R166-

1 25 V . D . C .  183A825G0 1 R1 70-R185-R186 68K il -%W. 1 84A763H7 1 
Pilot Light R1 65-R1 68-R1 69-

48 V . D . C .  1 83A825G04 R 1 7 2-R1 84-R187 3 3 K il -YzW . 1 84A763H63 
F 1-F2 1 . 5 Ampere R173 39K il -Yzw. 184A763H65 

Fuse 1 1D9 1 95H26 
R 1 76 1 2K il -%W. 184A763H53 

R1 26.5 n 40w . 
R 1 78 3 . 3Kil-%W.  1 84A763H39 48 V . D . C .  04D1 299H44 

R1-R2 1 5o n 4o w .  Z ener D i odes 
1 25 V . D . C .  1 20 1 499 Z 1 5 1  IN957B 

VR1 Z ener Diode, 6 . 7V 1 86A797H06 
IN2828B , Z 1 5 2  IN3686B 
50W.  184A854H06 

20V 1 85A21 2H06 

Alarm 
A I Amb er Light 1 83A825G08 T RANS F E R  BOARD (898C233G0 1 )  
R3-R4 33o n 3w.  1 85A207H 1 5  Component l ocati on - F i g .  8 

Potentiometer Capac i tors 
S1-S2 5 o  K n 185A086H22 C201  68MFD 

35 V . D . C .  l 87 A508H0 2 

CHAN N E L  I N T E R FAC E BOA R D  (898C234G01 )  C20 2 0 . 5MFD 1 87A624H l l  

Component Loc ati on F i g .  7 D i odes 
D20 1 ,  D202 

Capacitor D204 to D208 IN457A 1 84A638H07 
c 1 5 1  6 .8MFD I T ransi stors 35  V . D . C .  1 84A66 1 H25 

Q20 1 -Q202-Q204-
Diodes Q208 2N699 1 84A638H19  

D 1 5 1  IN457A 1 84A855H07 Q203-Q207 2N697 1 84A638H18 

T ransi stors Q205-Q206 2N696 762A585H01  

Q15 1 -Q 1 54-Q 1 6 1  Resi stors 
Q 1 5 2-Q1 55-Q156 R20 1 -R206-R21 6-

Q1 57-Q1 58-Q162  2N2043 184A638H 2 1  R220 68K il -%W.  1 84A763H71 

Q 1 6 3  2N696 762A585H0 1 R202-R204-R208-
R209-R21 1-R2 1 4-

Q 1 5 9  2N697 1 84A638H18 R21 7-R22 1-R224 1 0 K il -%W. 1 84A763H5 1 
Q1 60�Q 1 64 2N699 1 84A638H 1 9  R203 1 0 K il - 1  W. 1 87A643H5 1 

R esi stors R205-21 8-R2 1 9-

R1 5 1-R159-R 1 79 6 . 8K il-%W .  1 84A763H47 R222 3 3 K il -%W.  1 84A763H63 

R 1 5 2-R1 60-R1 7 4  
R207 1 K il -%W .  1 84A763H27 

R180  1 K  D -YzW. 1 84A763H27 R21 0-R223 1 2K il -%W .  1 84A763H53 

R 1 5 3-R 1 6 1 -R 1 64 R21 2-R225 3 . 3 Kil-%W .  1 84A763H39 

R 1 67-R1 7 1  1 0 K  D-YzW. 184A763H51 R2 1 3-R2 1 5  22K il -YzW. 1 84A763H59 
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* Fig. 1 .  Internal Schematic o f Type STU-9 Relay 
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I . L .  41 -959.2C 

* E L E C T R I C A L  P A R T S  L I S T ( C o n t i n u e d ) 

C i rc u i t  Descr ipt ion  (W)  C i r c u i t  
D e s c r i p t i o n  (W) 

Symbo l S t y l e  N o. Symbol  Sty l e  No.  

TRAN S F E R  B OARD (898C233G0 1 )  (Cont . )  D i odes 
D25 1 to D255 I IN457A 1 8 4A855H07 

Z ener Di odes D252 to D253 IN457A 1 84A8 55H07 
Z20 1 IN3686B ( when used) L __ 20V 1 85A2 1 2H06 

Z20 2 ,  Z203 IN957B Tran s i stors 
6 . 8V 1 86A797H06 Q25 1-Q252 2N696 762A585H0 1 

Alarm U n i t  Q253 2N699 1 84 A638 H 1 9  

Q254 ( when u sed) 2N2043 1 84A638H21  
AL Telephone 

Relay 408C062H07 R esi stors 
T RANS F E R  B OA RD (899C7 1 2G0 1 )  R25 1-R252-R257 l OK Q -VzW.  1 84A763H5 1 

Component l ocation - F i g . 9 R253-R255 33K Q -Vzw .  1 84A763H63 

R254-R256 6 8K Q -YzW . 1 84A763 H 7 1  
Capacitors R258 l O K Q - l W .  1 84A643H5 1 

C20 1 68 mfd , 35 Vdc 1 87A508H02 R259 800 !1 -3 W .  1 84 A859H06 
C202 0 .5  mfd 1 87A624H l l  R260 ( when used) lK Q -YzW. 1 84A763H27 

D i odes R261 (when used) l OK Q -VzW .  1 84A76 3H5 1 

D 20 1 ,  D202 ,  A R  U n i t  
D 204-D208 1 N475A 1 84A638H07 AR ( w hen used) 3NO-INC 

contacts 408C845G23 
T ran si stors AR ( when used) 4NO-contacts 408C845G1 3  

Q20 1-Q202- AR ( when used) 2N0-2NC 
Q204-Q208 2N699 1 84A638 H 1 9  contacts 408C845G09 

Q203-Q207 2N697 1 84A638H 1 8  

Q205-Q206 2N696 762A585H01 T R I P  B OA R D  (899C700G0 1 )  

R e s i stors Component location - F ig .  1 1  

R20 1 -R206-R2 1 6- C apacitor  
R220 68 K-Q ,Vzw .  1 84A763H7 1 C25 1-C252 0 . 2 5  UF 1 8 7A6 24H02 

R20 2-R204-R208-
R209-R2 1 1 -R2 1 4- D 2 5 1  to D 255-I R 2 1 7-R221 -R224 10 K-Q ,Vzw .  1 84A763H5 1 D258-D260 1 N475A 1 84A855H07 

R203 10 K-Q , 1 W. 1 87A643H5 1 D256-D257-D259-

R205-R2 1 8-R2 1 9- D26 1 CER-69 1 88A342H06 

R222 33 K-Q ,Yzw. 1 84A763H63 
Tran si stors 

R207 1 K-Q , YzW. 1 84A763H27 
Q251 -Q25 2 2N696 762A5 85H0 1 

R 2 1 0-R2 1 2  22  K-Q ,YzW. 1 84A763H59 I 
Q253 2N699 1 84A638H 1 9  I R2 1 3-R2 1 5  2 2  K-n ,Vzw. 1 84A763H59 
Q254-Q255-Q256 2N4356 849A4 4 1 H0 2  I 

R223 12 K-Q ,Yzw. 1 84A763H53 

R225 3 . 3  K-Q ,Vzw .  1 84A763H39 R es i stors 
R251 -R25 2-R257-

Z ener  D i odes R259-R263-R266 l O K ,  VzW.  1 84A763H5 1 
Z20 1 1 N3686B , 20V 1 85A2 1 2H06 R253-R255 3 3 K ,  YzW . 1 84A763H63 

Z202, Z203 1 N957B, 6 . 8 V  1 86A797H06 R254-R256 68K,  Vzw. 1 84A763H7 1 
R258 lOOK, VzW .  1 84A763H75 

I R261-R264-R267 2 . 25 K ,  3W.  1 84A636H03 
T R I P  BOARD (898C23SG0 1 )  R260-R262-R265 l K ,  Vzw .  1 8 4A763H27 

Com ponent location - F i g .  1 0  

C apacitors Zener D i odes 
C25 1-C252 .25  uf  1 87 A624H02 Z251  1 N3686B 1 85A2 1 2H06 
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* Fig. 2. Internal Schematic of Type S TU- 9 Relay for TCF Frequency Shift Carrier Channel 
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TCF C H A N N E L  I 
NOT LOCKOUTe>------------------,�--­

T R I P  

LOCKOUT �-�---+---------�-----

TRANSFER 
LOGIC 

jl9 
I 
I I -

l l lL_ 

0 

TCF CHAN N E L  2 

Fig. 3. Logic  D iagram of Type STU- 9 R elay for TCF Frequency Shift Carrier Channel 

TRANSFER 
LOGIC 

670B472 
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15 

' I  ! ' 

---------------------

5305D6'1 
* Fig. 5 .  
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F i g . 7 .  ( o mpo � e  

B o a rd 

837 A7 1 5 
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n t  L o ca t i on s  o n 
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��-/ '--------------
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1 9  I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
861A826 

8 TP jo255!1 
252 IIQilll 

IR257I 80 llo252J 

!R255 I 
lR256 J  

eE IR253 !  
IR252 ! !R254I 
!R25 1 J  
j C251( 

1 9 

1 1 1 1 1 1 1 1 1 1 1 1 

8 
IR26 1 I  jR260I 

!c252l 

ID257J 
jR259I 

I R258f 

���� 

I 

I I I I l l  
837A7 1 

* Fig. 9. F i g. 10. Component Location on the Trip B oard 

l R252 J 

8 
j R253 I 
I R255I 

I R257 l @2561 
� I R258 J 
@57] lZ251 II 
IR259 J IR260J 

TP252 � 
() � 

I R 254 1 fR262l 
I R256 l R264 _] 
IID252l � 
IID251 l @2591 

� � [illg1J � TP251 

8 
� 
8 

IID258I 
lD260II 

I R265 I 
I R266J 

8 () C251 

I R251 l lz2s?AI � _ --n _: -� � 

861A818 

* F i g. 1 1 . 
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I N ST A L L A TI O N  
Westinghouse I .L .  4 1 -959.28 

• OPE R A T I O N  • M A I N TEN A N C E  

I N STRUC T I O N S  
TYPE STU-9 

DUAL CHANNEL 

TRANSFER · TRIP RELAY 

CAUTION: It is recommended that the user of this 
equipment become acquainted with the information 
in this instruction l eaflet before energizing the 
eqnipment. 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. 

A P P L I C A T I O N  

The type STU-9 relay is a static auxiliary relay 
used in transfer-trip relaying, such as would be 

used to trip a remote break er for a transformer 
fault at a station where no high voltage breaker i s  

used. I t  is used i n  conjunction with dual channel 
frequency-shift equipment, either audio tone or 
power line carrier frequencies. 

C O N S T R U C T I O N 

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 standard 19-inch wide 
panel , 8% inches high ( 5  rack units). Edge slots 
are provided for mounting the rack on a standard 
relay rack. The components are connected as shown 
in Fig. 1. 

Pri nted Ci rcu i t  Boards 

The number of boards varies with the type chan­

nel used, but in general the STU-9 relay consists 

of five printed circuit 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 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 func­

tion in the relay. 

1. Channel Interface Board 

The interface board is the connecting link be­

tween the channel equipment and the transfer 
logic and consists of interface circuits, a lock­
out circuit, and the channel trip NAND. Each o f  
the circuits p erforms 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 pro duces an output 
voltage due to the ton e  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 i s  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 i s  lost, or 
if noise exists for extended p eriods o f  time, 
after 150 millisecond the lockout input will short 
the input of the NAND and hold the output in a 
non-op erative condition. Also noise o utput from 
the tone channel will short the input of the NAND 
and hold the output in a non-op erative condition. 

This board will vary depending upon the mak e  of 

frequency shift equipm ent 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 Log i c  Board 

The transfer logic board contains the necessary 
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logic to alarm on loss of channel , to transfer to 

a single channel operation, and to invert the trip 

o utput 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 2 1  ( channel 1) and terminal 9 (chan­

nel 2). The style switchboard light used is either 

style 1 589 193 or 1 589 18 1 with bulb style 1 1 24 156.  

3. Trip Board 

The trip board contains the final o utput 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 hel d  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 AND must 

be abov e  negative potential. This occurs when 

the AND receives a trip input from both transfer 

logics.  

For a lost of  one channel , the trip input from the 

transfer logic of that channel removes its shorted 

input to negative,  l eaving the trip AND shorted 

to negative from the trip input of the remaining 

transfer logic. If both channels are lost,  the 

trip inputs to the AND p uts a positive voltage 

into the AND .  However, the transfer input to the 

AND is p ut at negative potential to short the 

Input of the AND. A time delay is inserted in the 

transfer l ogic so that the transfer input to the 

AND is shorted to negative before the trip input 

switches to a positive output. 

Other C i rcu its  (when used) 

As shown in Figure 1 ,  the trip o utput may con­

tain other circuits. An additional transistor may 

be connected to obtain a voltage output from the 

trip NAND. This voltage output is used to drive 

an externally connected SAR relay. The transis-

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 j umper 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 of  op eration. 

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 of the different boards with 

reference to the assembly is as follows: 

Style Number 

898C235G0 1 

898C235G0 2 

898C235G0 3 

898C235 G0 4  

Power Supp ly  

Components 

AR output 3 NO-INC, D256  and 

D 258 omitted as well as trans­

sistor Q254 and associated 

resistors. 

AR o utput 3 NO-INC,  D 25 6  and 

D258 in the circuit but tran­

sistor Q254 and associated 

resistors omitted. 

AR output 4 NO, D 256 and 

D 258 omitted, transistor Q254 

included. 

AR o utput 2NQ- 2NC, transistor 
Q 254 and associated resistors 

included. 

The STU-9 relay operates from a regulated 4 5  

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. 644B3 15G0 1) 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 accessibl e. 
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O P E R A T I O N  

The signal to which the STU-9 relay responds 

is  received from the receiver of the channel equip­

m ent. 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 singl e  channel mode of op eration. The system will 

then trip upon receipt of  a trip signal from the re­

mote terminal on the remaining channel . If both chan­

nel s  fail , the STU-9 locks out the trip circuit until 

one or both channel s are restored to service.  Cir­

cuits are included in the relay to alarm on the loss 

of a channel. 

The signal s  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 signals to the 

STU-9 relay are as shown in the logic diagram o f  

Figure 1 .  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 

logic diagram, the STU-9 relay requires a " 1" from 

the low signal clamp and "0" from the trip and 

noise clamps o f  the tone channels to indicate nom­

inal operating conditions. 

For the condition shown, the amber lights are 

on and the alarm relay is pick ed up. Also the input 

to the trip "AND" is shorted to negative through 

the "OR" circuits of  the transfer logic. 

Trip Sequence 

If both channels 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 o ut­

put of  the "NAND" goes to a "0 " and the following 

occurs: 

1. One input o f  the amber light AND is "0" and 

the light turns off. 

2. The o utput of the NOT of the transfer logic 

change s  to a " 1 "  and applies a " 1 "  to the trip 

AND through the OR of the transfer logic. Since 

all inputs to the trip AND are "1 ", an output is 

obtained to allow the AR to op erate� Also the 

o utput 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 break ers through Trinistor con­

trolled rectifiers. 

Lo s s  of S i gnal  

With reference to  the l o gic diagram o f  Fig .  1 ,  

the channel equipment recognizes a loss of channel 

and its low signal o utput changes to a "0".  The 

output of  the low signal interface of the STU-9 then 

changes to a " 1  ". Upon application of the " 1 " 

to the NOR circuit, a time delay is energized. If the 

loss of signal exists for 150 millisecond, the output 

of  the NOR circuit changes to a "0" and the fol­

lowing occurs: 

1. The input to the channel tr ip NAND is clamp ed 

to negative which locks the NAND o utput to a 

" 1 " state ( non-trip).  

2. One input to the amber light AND drop s to zero 
and the amber light turns off. 

3. The output o f  the NOT Lo changes to a " 1" ,  

which energizes a timer. After a tim e del ay o f  

. 5 to 2 .  5 sec. , a s  determined by the timer set­

ting,  the tim er times out and its output changes 

to a "0 " .  The following then occurs: 

a. Alarm relay drops o ut to close its contacts. 

b. The o utput 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 "AN D " .  

T h e  third input is clamped to negative b y  the 

output of  the OR circuit on the good channeL 

The circuits of the STU-9 are set up for single 

channel op eration and the system will op erate if 

a trip signal is received from the o utput of the 

goo d  channel. 

Loss of Second Channel 

If the second channel is lost while the STU-9 is 

set up in a singl e channel mode of op eration, 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 clo se its con­
tacts. 

b. The input to the trip AND through terminal 
1 1  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 1 1. 

For the condition where both channels are out 
of service and one or both channels are restored to 
service, the following occurs: 

The time delay in the base of transistor 
Q25 1 in the trip logic is energized. This 
time delay maintains the "0" on the trip 
AND through diode D252,  for Y2 millisecond 
after the voltage from either D253 or D25 1 
drops to "0 " from a " 1 "  condition. 

Noi se 

If an output is obtained from the noise clamp of 
the channel equipment, the input to the noise inter­

face changes to a " 1" ,  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 as a loss of channel and switch into a 

single channel mode of op eration. 

C H A R A C T E R !  S T I  C S  

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, not lockout, and trip 
inputs the STU-9 transfer boards are obtained from 
the logic board of the TCF receiver. 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 Carrier and frequency shift tone 
channels, the relay is connected as shown in Figure 
4. 

Lockout time 

Transfer time 

Operating time 

150 milliseconds 

0. 5 to 2. 5 seconds 

3 milliseconds with 

AR - 75 microse­

conds to obtain volt­

age contact. 

Voltage Output Relay ( when used) 
Maximum Output 60 milliamperes ,  

45  V .  d .c .  

Ambient temp erature range 

Battery Voltage Variations 

Rated Voltage 

48 V. D.C. 

125 V. D. C. 

Battery Drain 

Dimensions 

Allowance Variation 

42 - 56 V. D. C. 

105 - 140 V . D. C. 

235 milliamperes - 48 

V. D. C. 

275 milliamp eres -

1 25 V. D. C. 

Panel Height 8% 

inch or 5 rack units. 

P anel Width-19 inches 

S E T T I N G  

The only setting required is  the setting of the 

timer for transfering to a singl e channel mode o f  
op eration 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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I N S T A L L A T I O N  

The STU-9 relay is generally supplied in a 
cabinet or on a relay rack as part o f  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. 

Routi ne Maintenance 

P eriodic 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 p eriodically cleaned. A 
contact burnisher Slt 18 2A836HO 1 i s  recommended 
for this purpose. The use of abrasive material for 
cleaning contacts is not recommended because of 
the danger of embedding small particl es in the face 
of the soft silver and thus impairing the contact. 

Troubl e- Shooti ng  

The components of the STU-9 are operated well 
within their ratings, and under normal conditions 
they should give long, trouble-free service. Ho wever, 
if a relay has given an indication of trouble in ser­
vice or during routine checks,  the voltages tabula­
ted in TABL E I should be check ed to determine the 
faulty circuit. The test point and component loca­
tion on the boards are given in Figures 5, 6, and 7 .  

TAB L E  I 

Test point voltages to negative except where sp ecified to positive 45 volts D. C. 

NORMAL WITH NOISE WITH LOSS OF WITH TRIP 
BOARD TEST POINT CHANNEL ONLY CHANNEL ONLY ONLY 

term 16 to po s - 16 - 16 - 2 - 16 

TP 15 1 0 .05  0 . 0 5  15 0.05 

term 17 to pos 0 - 16 0 0 

TP 153  15 0 .05  15  15  

TP 154 0.05 15 0 .05 0 . 05 

CHANNEL 
TP 155 15 0 .05 0 .05 15 

TP 156 0 . 0 5  2 1  2 1  0 . 0 5  
INTERFACE 

term 18 10 0. 10 0. 10 10 
term 1 2  0 . 0 5  4 (with max. setting 4) 0 .05 

term 15 to po s 0 0 0 - 16 

term 1 1  15 15 15 0.05 

term 10 0 .05  0 .05  0 .05  15 
term 6 15 15 15 0 . 2 

term 1 2  0 . 0 5  4 · (with max. setting 4) 0 . 0 5  
term 16 0. 0 5  45 45 45 
TP 20 1 0 .05  0 .05  0 .05  10 
TP 20 2 9 0 . 1 0. 1 9 

TRANSFER TP 20 3 0 . 0 5  20 20 0 .05  
TP 204 13  0 . 0 5  0 .05 0 .05 
term 10 0 . 15 10 10 10 

term 1 1  0 . 7  0 . 7  0 . 7  0 . 7  

term 7 45 0. 3 0. 3 0 . 3 
Single Both 

CH CH 

TP 25 1 0 . 0 5  0 . 0 5  0 . 0 5  15  0 . 0 5  

TP 252 15 15 15  0.07 15 

TRIP term 10 0. 15 10 10 10 10 

term 1 1  0 . 15 10 10 10 10 
term 19 0 .0 5  0 . 0 5  0 . 0 5  0 . 0 5  4 3  
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TYPE STU-9 R E LAY 

Renewal Part 

Repair work can b e  done most satisfactorily at 

the factory. However, interchangeable p arts can be 

furnished to the customers who are equipp ed for 

doing the repair work. When ordering p arts, always 

give the complete nameplate data, and component 

style No . given in the el ectrical parts l ist. 

ELECTRICAL P ARTS LIST 

P ANEL MOUNTED COMPONENTS 

Circuit SYmbol Description ( W) Styl e No. 

Power Supply 

SW1 Switch 18 3A856H0 1 

PL Pilot Light 

125  V. D. C. 18 3A8 25G0 1 

Pilot Light 

48 V . D . C .  183A8 25G04 

F l - F2 1 . 5 Ampere 

Fuse 1 1D9 195H26 

R1 26. 5 .12 40w. 

48 V. D. C. 04D 1 299H44 

R 1 - R2 150 .12 40 w. 

1 25 V. D. C.  1 20 1499 

VR 1 Zener Diode, 

IN2828B, 

50W. 184A8 54H06 

Al arm 

A Amber Light 183A8 25G08 

R 3 - R4 330 .12 3W. 18 5A20 7H 15  

Potentiometer 

S 1 - S2 50 K .12 185A086H22 

CHANNEL INTERFACE BOARD 

C ap acitor 

c 1 5 1  6. 8MFD 

35  V. D. C. 184A66 1H25 

Diodes 

D 1 5 1  IN457A 184A8 55H07 

Transistors 

Q 1 5 1 - Q 1 54 - Q 1 6 1  

Q 15 2 - Q 155 - Q 156 

Q 1 5 7 - G 158 - Q 1 6 2  2N 2043 184A638 H 2 1  

Q l6 3  2N69 6 762A585H0 1 

6 

Q 159 

Q 160 - Q 164 

R 1 5 1 - R 1 59 - R 1 79 

R 1 5 2 - R 1 60 -R174 
R 180 

R 1 5 3 - R 1 6 1 -R164 

R 16 7 - R 1 7 1  

R 1 75 - R 1 7 7 - R 18 1-

R 18 3 - R 188 - R 154-

R 1 6 2 - R 1 8 2 - R 189 

R 1 5 5 - R 1 6 3 -R166-

R 1 70 - R185 - R 186  

R165 - R 1 68 - R 169-

R 1 7 2 - R 18 4 - R 18 7  

R 1 7 3  

R176 

R 1 78 

Z 1 5 1  

Z 1 5 2  

TRANSFER BOARD 

C 20 1  

C 20 2  

D 20 1 to D 208 

Q 20 1 - Q20 2 - Q20 4-

Q208 

Q 20 3 - Q207 

Q 20 5 - Q206 

R20 1 - R20 6 - R 2 16-

R220 

R20 2 - R20 4 -R208-

R209 - R2 1 1 - R2 14-

R 2 1 7 - R221 -R224 

R20 3  

R20 5 - R 2 18 - R 2 19-

R222 

R20 7  

2N69 7 

2N699 

Resistors 

6 .8K .12 -Yzw 

1K n -Yzw. 

10K .12 -YzW. 

lOOK .\2-YzW. 

68K n -Yzw. 

33K n -Yzw. 
39K n -Yzw. 
1 2K n -Yzw. 
3. 3K D-YzW. 

Zener Diodes 

IN957B 

6 . 7V 

IN3686B 

20V 

Capacitors 

68MFD 

35 V. D. C. 

0 . 5MFD 

Diodes 

IN457A 

Transistors 

2N699 

2N697 

2N696 

Resistors 

68K n -Yzw. 

lOK n -Yzw. 
lOK .12 - lW 

33K .12 -YzW. 

lK n -Yzw. 

184A6 38 H 18 

184A638H 19 

184A76 3H47 

184A7 6 3H27 

184A7 6 3H 5 1 

184A763H75 

184A763H7 1 

·184A76 3H 6 3  

184A7 6 3H 6 5  

184A763H53 

184A763H39 

186A797H06 

185A 2 1 2H06 

187A508H0 2 

187A624H l l  

184A638H07 

184A638 H 19 

184A638 H 18 

7 6 2A58 5H0 1 

184A7 6 3H 7 1  

184A763H5 1  

187A643H5 1  

184A763H6 3  

184A76 3H 27 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



"() 

* 

:!! 
� 
!"' 
:; 
;;-
3 � 
"" n 'l-ID 3 
Q 
�-n 
0 ... 
""i � ID 
"" 
""i c;::: 
'0 
� II) 
Q '<: 
()' ., 
-t t") , 
, ., II) .Q c: II) � ,., '<: 

� 
� ,..., Q ... �-., ... ,..., ::.--Q :::. � ., -

I �  
co 
1.\:> ,_. � 
co 

c��L T'tl" ..U 
{NOT LOCKOU,....!! 

N0.1 LOCIOIT'4"''0 ________ _ -� 

--. -,-

.. .. . -�Tirri i!1UiUil�I, III I � �I I i I I  rn� IUI�mm � 'I m-r ' '-�:1:'��· �� 
� � I �  l �  � .. 'jj o � 

••• D C.INPUTk • . I  r1,...,.__, ���# �L>H-1 �·I .._.__..I �· : I" "t� ...... " .. -

1 lit 13 DZJ� :� i 
I I  i TCF {NOTLOOCOUTDUT...._u � AND ' " --,;oy-"�"c�'Nar_/ 'NoT't�R,, ""'" \ '---- QD- " ' ..Or/ " t4 " ��""�'nl;;l - , '' � 

CHANNEL Tit� ALAMI nn .. S lO U  'ALI.IIt: 14 Oft TEST ALA.UI TRir S TO Z .S  'AlLUM M 011 T(S!I MA 011 141 IMD Alt 

NO.I 14 ..... HT SE:CTM: ... u.... MOT ... tD.DO. u.HT 1 ... ...,. HC: Tlfllll AL.... MOl' ... 'tDDO. ..... MT r·· . 1 
LOCKOUT DlLAY L OILAY 

---- ------ ' � ��-_:_·_a· . lf".r 1 '--' --:-_ -···:.:..· �· - - -I I - ·� -�···-\=--� 
� . . l _! -- �-

_- !: I Z 5 4 !5 6 T e  I I I I I ! I I 
! � !! !! !1 � � !! 
IT 18 19 20 tl 22 23 24 I I I I I 1 I I 

� � ;:!' � !! � � !_2 

T[JitMINAL BLOCK 
AI Ylf:WED f"ltOM ltEAit OF PANEL 

- �- -- .... 
DOTTED Utf£S t:MCLOS£ COMf"OM(NTI 
ON l"fiiiNT£0 CUtCUIT lOAM). Oft O'l'MP 
sut-ASIEM8Lif.l . 

• IIIC)IJNT£0 ON l.4Ml ICAT SINKS. 

1020_1_ l9Hf eoK INDICATES HI:ANSISTOit IS NORMAU.Y CONDUCTIM8 . 

• •MOMAALLY OP'EN CONTACT ... EM QD4 IS ,.,.._1[0 TI:Mill ffiiOM OOI..UC101t 0214 a 
'T'IJIM ]II ..... M. SCOIITACT aM: _,T UKD AT 1lC Ul« TM 

..a WH[N ut(.Q 

-4 
-< 
., 
m 
� 
c: :0 
;:o 
m 
r­
� -< 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



R 2 10 - R223 1 2K .0 -Y:!W. 184A763H53 
R2 1 2 - R225 3. 3K .0-Y:!W. 184A763H39 
R 2 1 3 - R 2 1 5  22K .0 -Y:!W. 184A763H 59 

Zener Diodes 

Z20 1 IN3686B 

20V 18 5A2 1 2H06 

Z20 2  IN957B 

6 . 8 V  186A797H06 

Alarm Unit 

AL Tel ephone 

Relay 408C062H07 

TRIP BOARD 

Capacitors 

C 25 1 - C 2 5 2  . 25 uf 187A624H0 2 

Diodes 

D25 1 to D 25 5  IN457A 184A8 55H07 

D 25 2  to D 253  IN457A 184A8 55H07 

( wh en used) 

TCF C H A N N E L  I 

NOT LOCKOUTo-------------------
T R I P  o-------f--------+----

�C�UT o---�---�------1-----

TRANSFER 
LOGIC 

0 

{l _
_

_ o 

T R I P I AR A R  Lk_hl��9 

Transistors 

Q25 1 - Q252 2N696 
Q253 2N699 

Q254 ( when used) 2N2043  

Resistors 

R25 1 - R252 - R257 IOK .0 -Y:!W. 
R25 3 - R255 33K .0 -Y:!W. 
R254 - R256 68K .0 -Y2W. 

R 258 IOK .0 - IW. 
R259 800 .0 - 3W. 
R260 ( when used) IK .0 -Y:!W. 

R26 1 ( when used) IOK .0 -Y:!W. 

AR Unit 

AR ( when used) 3NO - INC 

contacts 

AR ( when used) 4NO - contacts 

AR ( when u sed) 2NO - 2NC 

contacts 

TCF CHAN N E L  2 

I .L. 41 -959. 2 8  

762A58 5H0 1 

184A638 H 19 

184A638 H 2 1  

184A763H 5 1  

184A763H6 3  

184A763H7 1  

184A643H 5 1  

184A859H06 

184A763H27 

184A763H5 1 

408C845G23 

408C845G 1 3  

408C845G09 

TRANSFER 
LOGIC 

67 0B472 

f T e STU- 9  R elay 
F . 3 Logi c D iagram o YP for TCF Frequency Sh i ft Carrier Channel 

l g  . .  
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T Y P E  STU -9 R E LAY 

1 9  

I I I  I I I  I I I l l  I I  I I I 
837A7 1 5  

F i g. 5 Component Locations on the Interface Logic  

B oard 

e TP 
252 

8 0 IR 257I 
jR2ss l 
IR252 l 8� � 
� 

1 9 

ID255II 
� 
IID252l 
IR 256 I 
lR253 I  
JR 254J 

I l l  I I l l I I l l  I 

1 9  I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1  
837A7 14 

F ig. 6. Component Location o n  the Tran sfer Logic 

B oard 

8 
IR26 1 I IR26DI 

! czs2l 

lo2s1j 

IR 259 j 

I R2sel 

���� 

I 

I I I I l l  
837A7 16 

Fig. 7 .  Component L o cation o n  the Trip Board 
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F " g. 8. Outl ine and Dri l l ing P lan for the Type S T U- 9  Relay 
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I N ST A L L ATI O N  • 

Westinghouse I . L . 4 1 -959 . 1 C 

OPE R A T I O N  • M A I N TEN A N CE 

I N S T R U C T I O N S  
TYPE TT-9 AUXILIARY RELAY 

CAU TION 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 op erate freely, 

inspect the contacts to see that they are clean and 
close properly, and operate the relay to check the 

settings and electrical connections. 

A P P L I C A T I O N  

The typ e 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. 

C O N S T R U C T I O N  

The type TT-9 relay consists of one lockout unit, 

two blocking diodes, and one indicating contactor 
switch. 

Lockout U n i t  - LO 

The lockout unit LC is a telephone type relay. 
In this relay, an electromagnet attracts a right-angle 
iron bracket which in turn op erates a set of make 
and break contacts. 

The lockout unit is of slow release type .  The 
delay in tel ease is obtained by a copp er slug located 
at the end opposite from the armature. When the coil 
becomes de-energized, the change in flux through the 

slug results in an electromotive force and associated 

current in it. This current produces a flux which aids 

the main flux and delays the release of the armature. 

When the coil is energized, the operation of the relay 

is not appreciably delayed because the armature is 

operated by flux not linking the slug. 

Block i n g  Diodes  

Blocking diodes are zener type silicon rectifiers. 

SUP ERSEDES I .L .  41 -959. 1 B  
*Denotes changes from superseded i ssue. 

I nd i cati ng  Contactor Switch ( ICS) 

The indicator is a small d-e operated clapper 

type device. A magnetic armature is attracted to the 
magnetic core upon energization of the switch. Dur­
ing this op eration two fingers on the armature deflect 

a spring located 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 

from outside the case by pushrod located at the bot­
tom of the cover. 

O P E R A T I O N  

Lockout U n it - 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). 

Block i n g  Diode 

The diode in series w ith 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 LQ-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) .  

C H A R A C T E R I S T I C S  

The various characteristics of the various units 

of the relay are as follows:  

LO Unit Coil 
LO-Series Resistor 

48V 
Ohms 

1300 

125V 
Ohms 

1300 
5000* t 

250V 
Ohms 

1 300 
1 5000 t 1  

LO unit pickup time less than 1 . 5  cycles. 
LO unit dropout time - 4 cycles. 

t Adjustable 
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T Y P E  TT-9 AUXILIARY R EL AY-------------------------

S E T T I N G S 

L ockout U n i t  

The telephone relay requires correct setting for 

the correct control voltage. For 48V d-e, the series 

resistor is  bypassed by connecting the l ead to the 

rear termi nal of the resistor. For 1 25V d-e or 250V 

d-e rated relays the connection is made to the ad­

just terminal of the series resistor. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 

p anels 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-flush mounting or by 

means of the rear mounting stud or studs for p roj ec­

tion mounting. Either a mounting stud or the mount­

ing screws may be utilized for grounding the relay. 

The electrical conne.ctions may be made directly to 

the terminals by means of screws for steel p anel 

mounting or to the terminal studs furnished with the 

relay for thick p anel mounting. The terminal studs 

may be easily removed or  inserted by locking two 

nuts on the stud and then turning the proper nut with 

a wrench. For detailed information ,  refer to IL . 4 1-

076 .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The p roper adjustm ents to insure correct opera­

tion of this relay have been made at the facto ry. Up­
on receipt of the relay, no customer adjustments 

o ther than those covered under "SETTINGS" should 

be required. 

A cceptance Check 

The following check is recommended to insure 

that the rel ay is in proper working o rder. 

2 

A. Indicating Contactor Switch 

Apply direct current to 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 

the operation can be checked as outlined under 
calibration p rocedure. 

Routin e  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 periodically cleaned. A 

contact burnisher S#l82A836H0 1 is recommended 

for this purpose. The use of abrasive material for 

cl eaning contacts is not recommended because of 

the danger of embedding small particl es in the face 

of the soft silver and thus impairing the contact . 

NOTE When making a diel ectric test on the re­

lay ,  the hi gh voltage m ay be applied at the relay 

terminal s ,  from all circuits to ground, between coil 

and contact circuits,  and between i solated coil cir­

cuits .  However, the test voltage should not be applied 

across relay contacts and rectifier circuits. 

Use the following procedure for calibrating the 

rel ay if the rel ay has been taken apart for repairs or 

the adjustments have been disturbed. This p rocedure 

should not be used unless it  is apparent that the re­

lay is not in proper working order. 

Cal i bration P roced ure 

A. Lockout U n it - LO 

The op erating time o f LO should  be check ed with 
an electronic timer. 

For 1 25V d-e or 250V d-e control voltage, the 

coil of the relay should be connected in  series 

with the internal resistor. This resistance should 

be set initially for: 

3500 ohms ± 1 0% for 125V d- e 

12000 ohms ± 10% for 250V d- e 

With the armature closed, adj ust the air gap to 

be .002" - .003 " .  Contact gaps should m easure 

from . 0 20" to . 03 5 " .  The coil is energized across  

terminals 6 and 9.  

Check for the specified 4 cycles dropout time 

acro ss terminal s  4 and 5. If necessary , the drop­

out time can be adjusted by changing the air 

gap .  After final adjustment, th e air gap should 

be a minimum of . 00 2 " .  Check pick up .  It should 

be below 1 . 5  cps. If necessary, adjust series 

resistor. 
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�Zener B lock ing  Diode 
( For 48, -�25, anci_�?O Vol ts Rel ays) 

The zener typ e blocking diod e s  have a one  w att,  

200 volt rati ng ( J EDEC No. IN 305 1 ,  two diod es 

in  series used on 250 volt  relays). 

1.  Reverse Characteri sti cs :  

Breakdown voltage i s  the val u e  of voltage at 

which the current j u st exceeds 0 . 25 milli­

amp eres and should be between 1 60 to 240 

volts fo r each diod e.  The breakdown voltage 

is det ermined by slowly incr e asing voltage 

until reverse current exceeds 0. 2 5  milliamp er­

es and starts to increase rapidly. Do not ex­

ceed 3 milli amp eres reverse current . 

2 .  Fo rward Charact eristi c :  

With 200 milliamp eres flowing in  forward di-

INTERNAL SCHEMATIC 

_.,______,_- 1•1tATIH -----
CMTACTOI 

A=ce.ECT TMIS l EAD AS SltOIIII 
FOR 48 Y.D.c. OI'£UTIOR 

t = liOOOQ FOR .. •126 Y.I.C· IEUY 
( IYPAIIED FOR " y . o.c.  OPEUT I OR )  
160110 0 F OR  21i0 v . o . c .  RELAY 

SWITCH 

TUEPNME TYPE 
UUY 

UD .IIAIIOLE 
- TEST SWITCM 

- TEIIMI RAI 

187A327 
Fig. 1 I nternal S ch emati c fo r TT-9 Auxil i ary Rel ay in 

F T- 1 1  case. 

rection ,  the forward voltage acro s s  e ach 
diode shoul d not exceed 1 . 5  vo lts .  

C. I n d i c at ing Contactor Switch 

P as s  suffi cient d-e current through the trip cir­

cuit to clo s e  the contacts of the res. This val u e  

of  current shoul d be between 1 . 0  - 1 .  2 amp. The 

operation indicator target should drop fr eely.  

The contact gap should be approximately . 047 " 

betw een the bridging moving cont act and the ad­

j u stable  stationary cont act s .  The bridging mov­

ing cont act should touch both stationary co ntacts 

simultaneously.  

R E N E W A L  P A R T S  

Rep air work can be do ne most satisfactorily at 

the factory. How ever,  interc hangeabl e p arts c an be 

furni shed to the customers who are equipp ed fo r do­

ing repair  work.  When ordering p arts ,  al w ays give 
the comp l ete nameplate data. 

POS.---=T�RA='"'=S=M=IT=T=I ... �G=T=E R=M=I'"'=A=L=-­
cn 6 TEsT I WL 

lJ I  P. B . I .:. 1j All TT/T 

POS. �-�=· E=O=E '::''="=' :;�T=£ R=M=IN=A=L :._ __ 

TT9 
-g 

t LO IGS 

All 
... 

I.I.i ITT9 I t 
1;! 

TilT ANDTT/R 
TEST SWITCH 

POSITION­
CONTACT \IIOR.M OFr TE'ST 

X D'f.NOTES CONTACT CLOSED 
CON.TA(;.TS il>..'!: ·BS  A.ND l>..l-B7 IN PI>..RAL;_E_L Sl\PER'Il5E TONE CIRCUIT TO PfLOT WIRES AT 
TR".t.W5MtTT\...-., l£,_""\Nt>-.l. 

TA·I RECEIVER 
946• GUARO R'H . .... Y 
�4T-TR\PPIN6 'RELA'( 

TT 9- CloiANHEL � ... II •• URK 
A.LARM R£LA.V 

836A893  
* Fig. 2 Transfer Trip S cheme using single channel with 

TT-9 Relay. 
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TR.I>..NSFE� TRIP SCHEME USING. DLI""'L CH�NiiL. TYPE T""'·l TONE E.Q\.JIP'MENT. 

�· ���R=E<:�E=IY=t�N���T<�R�M=lN=�=L�------�-­A.2 
B2 

TT/T ,b..NO TT/� 
TEST SWITCH 

CONTM.'Tf---:'=,�OrS::.:I
-;1"-'-l 0'--N-r--1 

f'.l l ?  C\-11 OI?M OTI= 
AID-BID X 
.Al l  B \ 1  X 
AIZ.·B12. 
AI · B I 

X 

A':l-'0� ')( 
f.._ . DENpTES CONT,t..C.T CLOS€0 

CLOSED CONTJ!o..CT.$ IN POS 

C H. \ ! CH-2 MUST NOT 

C. VER.LJ!o..P. CONT ..... C.TS AIITBlOI 
A,\l-81 \ � ,t..12.·BI2 (oNNECTtD I N  
Pjlt.,R,A LLEL SUPERVISES 
TON Iii CIR.C.UIT TO P I LOT WI �tiS 
Jlo,.T TR ..... NSM I "TTl NC. 
TI:R.MIN.to.L. . 

... 508,11 4 4 3 &0 5  

R F.L. �!iCE I V E R.  
'?.14-G,· G.U.llo..ltb R.EL...Jo..V 

Ti� • C.Holo.,NN�L I="� lUi; 
A.LARM Rlir:\JIIo.'{ 

763A2 1 5  
* Fig. 3 Tran sfer Trip Sch em e u si n g  dual channel with 

TT- 9  R el ay .  

TE114tiiAL. •o NOUITIIIQ .OETAI LS 

DU�L CHANNEL T T - 9  5CHEME. 
{ PROV IDES SIN.G.Le. CH .... NNEL QPER,6.,"T I O N  IF ONE CH,t..NNE.L F.b.ILS ) 

T0t"2 
-'U,it.M 

AU' 
II' U"S�C 

LQ·Z. 

I���: "J4·'2. 0 ..... 
T 

TO C..H I 
,t..L.,t..RM 

. IF"-��ED 

Ne�----------�----._----------�-------+--��----�� 

S!:l!. A O  41- '!>!DO �I G.. I I  
FOR KE'(\WG C.IRC.U\TS. 

CAUTIO ... : DO NOT "PERFORM CH�NNEI.. "TES,­
WWt:.N. OTHEJit. C.HM•It.lEL ��S. F�IL&.D. 

A.EQUIRU: 
Z- TT·91 l<,EL"Va 
1 ·  TJU!r2 RELAY 
1- WL . 
1 ·  1.0,- .t..UY.IL\"1t.\£S 

862A516 

* Fig. 4 Transfer trip scheme us ing dual channel, with a s ing le 

channel operati on if one chan ne l fails, with TT9 R e lay.  

I'M£L etiTUUT I Olllllll 
� IDti-FlUSII NT&. 

PI LOT PLATE 5N,t.P} 
ON R.E.L A..Y ( TAe, WHEN IJ$ED 
ro REAR.) 

!---""";::---------,--- s i 

I'AIIEL ntLlllt Olt ctmiVT F01 I'I!'OJ£CTIOII IItTI. 
(f!OIT YI£lf) 

2 �  ·� 

57D-7900 

Fig. 5 Outline and Dril ling p lan for T T - 9  A ux iliary relay in F T- 1 1  case. 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
R E LAY- I N STR U M E N T  D IVI S I O N  N EWAR K, N .  J. 

Printed i n  U.S.A. 
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Westinghouse I. L. 41-959A 

I N S T A L L A TI O N  • OPE R A T I O N  • M A I N T EN A N CE 

I N STRU C T I O N S 
TYPE STU UNBLOCK RELAY 

FOR USE WITH SOLID STATE RELAY 

CAUTION: It is recommended that the user of thi13 equipment become thoroughly 
acquainted with the information in these instructions before energizing this 
relay. Failure to observe this precaution may result in damage to the equip­
ment . If the equipment is mounted in a cabinet, the cabinet must be bolted 
down to the floor or otherwise secured before swinging out the equipment rack 
to prevent its tipping over. 

APPLICATION 

The type :3TU relay is a completely solid-state carrier unblock auxiliary relay 
for use with solid-state relays and a type TCF frequency shift channel to 
prevent tripping for faults external to the line section to which it is 
applied and to permit instantaneous and s imultaneous tripping for internal 
faults . �rhe relay is arranged to respond to indications 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 may be used. 

CONSTRUCTION 

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

All of thE� circuitry suitable for printed circuit b oard mounting is c ontained 
in an enc1osure that projects from the rear of the panel and is accessible by 
opening the door on the front . The dotted lines enclosing separate areas of 
Fig .  1 inclicate that the components thus enclosed are all on the same printed 
circuit b oard .  

The printed circuit boards slide into position in slotted guides at the top 
and botton1 of the enclosure, and the board terminals engage a terminal block 
at the rear of the compartment . Each board and terminal block are keyed so 
that if a board is placed in the wrong compartment, it cannot be inserted into 
the terminal block. The printed circuit boards are labeled from left to right 
respectively: Protect ive Relay Interface, Timing, Channel, Arming, Output and 
Test . 

SUPERSEDES I. L. 41-959 
* Denotes change from superseded issue. EFFECTIVE AUGUST 1969 www . 
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A board extender ( Style No . 644B315G0l ) is available for facilitating c ircuit 
voltage measurements 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, test points and printed 
circuit terminals are readily accessible . 

* Most of the relay operates from a zener regulated 20 volts d-e supply (Zl on 
Fig. l )  which is mounted on a heatsink at the rear of the panel .  The 20 volt 
zener and a portion of the relay works from a 45 volt d-e input supply. 
External connections to the relay are made through a 32 terminal circuit 
receptacle, JlOl in Fig. l.  

SYSTEM OPERATION 

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

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

The output of  A 2 initiates keying of the local transmitter through operation 
of OR 2, by shifting the transmitter from the blocking frequency to the un­
blocking or trip frequency. In 10 milliseconds after a primary pilot trip 
operation, the 10/150-400 millisecond timer picks up and also maintains the 
unblocking frequency keying for 150 to 400 milliseconds after a loss of the 
trip signal.  This time is adjustable to allow for the breaker failure timer 
setting at the remote terminal . 

In addition, the 52b contact initiates the trip frequency transmission 30 
milliseconds after the local circuit breaker opens and until such time as the 
circuit breaker is reclosed. The 30/0 millisecond timer delays the trans ­
mission of trip frequency to obtain coordination for bus fault tripping of 
the local circuit breaker where tripping of the remote breaker would be 
incorrect and might cause undesired interruption to tapped transformer ter­
minals . Transmission of the trip or 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 develop in the protected line while 
the local c ircuit breaker is open. 

Internal Fault 

* The operation 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 ) :  

1 .  Energizes  the 3 second timer and A2 thereby giving an output from 
A2 for up to 3 seconds . 
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I. L. 41-959A 

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 unblock 
signal to energize Al thereby producing a "1" input from the channel to A3. 
This together with the signal from PR-1, PR-2 or PR-3 at A3 will cause tripping 
2 milliseconds later . This operation will be completed before the transient 
blocking becomes effective . 

External Fault 

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

The above procedure also holds true if the TCF unblocking 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 internal 
fault, a "transient unblocking" feature is included. Although transient 
blocking has been set up by the initial external fault, the presence of an 
Internal Fault will cause an output from A3 which will energize the transient 
unblocking circuit . After 25 milliseconds, A6 will be resensitized and tripping 
will be permitted. 

RELAY OPERATION 

The complete detailed relay circuit is shown on the internal schematic, Fig. 1. 
The operation of the logic elements shown on Fig. 2,  and the individual circuit 
components will be described in the following paragraphs . 

Protective Relay 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 l and its associated Buffer B3, for surge 
protection, the 3000/100 millisecond time delay for loss of a-c potential, and 
A2 . 

Under normal conditions, JlOl 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-
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thereby holding transistor QlOl, the output of B3, non-conductive . With QlOl 
off, transistors  Ql02 and Ql09 have base drive holding them both conductive . 
Since Ql09 is turned on, this represents a "O" output from A2 . Transistor 
Ql07 is normally on representing a "1" signal from NOT 1 to the AL loss of 
potential alarm elsewhere in the relaying system. 

When one or more of the protective relays, PR-1, PR-2 or PR-3 operate and 
positive 20 volts d-e is applied to JlOl terminals 30, 31 or 32, then tran­
sistor QlOl will conduct and immediately turn off Ql02 and Ql09 . Transistor 
Ql09 is the output stage of A2, and for A2 to assume a "1" output, both 
transistors· QlOl ( output of buffer B3 )  and Ql08 ( output of NOT 1 )  must be 
conducting thereby holding Ql09 non-conductive . Therefore, immediately 
following reception of a protective relay "1" signal, A2 will yield a "1" output . 

Transistors  Q102 to Ql05 are associated with the 3000/100 millisecond time 
delay, and Ql06 to Ql08 with NOT 1 .  Normally, transistors Ql02, Ql04, Ql07 and 
Q108 are conducting and Ql03 and Ql05 non-conductive . Therefore, capacitor 
Cl02 in the three ( 3 )  second timer is fully discharged through transistor Ql04 . 
Since Ql08 is conducting, this represents a "1" input to A2 from NOT 1.  

Since distanee relays may operate on loss of  a -c potential, the 3000/100 mill­
isecond timer provides alarm and blocks A2 three ( 3 ) , seconds after loss of 
primary protection and blown a -c potential fuse . As mentioned above, output 
from any or all the protective relays turns off transistor Ql02 . Therefore, 
providing the timer disable switch between JlOl terminals 12 and 13 is closed, 
transistor Q103 has base drive to cause it to conduct and turn off transistor 
Q104. When this occurs, capacitor Cl02 will begin to charge from positive 20 
volt d-e through resistors R114 and R116 and, in 3000 milliseconds, reaches a 
sufficient potential to breakdown zener diode Z103 and cause transistor Ql05 
to conduct . With Q105 conducting, base drive is removed from transistors 
Ql06 and Ql08 to make them man-conductive . Therefore, with Ql08 off, the "1" 
input from NOT 1 becomes a "0" and blocks A2. In addition, since Ql06 is 
off, no base drive is available for Q107 so it becomes non-conductive and 
provides a "O" signal to the AL alarm for indication of loss of a -c potential . 
Upon loss of the prote ct ive relay signal, transi stor Ql04 will turn on and permit 
capacitor Cl02 to discharge in 100 milliseconds below the breakdown of zener 
diode Zl03 and turn off transistor Q105 . 

Timing Board 

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

Under normal conditions, transistor Q20l, the output of Buffer circuit B4, and 
the input to the 30/0 timer, is non-conductive thereby preventing a path for 
base current to turn on transistor Q202 . As a result, printed circuit terminal 
#14 is held at negative ( zero volts ) representing a "O" output from this timer . 

After the local circuit breaker opens, positive 125 volt d-e is applied through 
the now closed 52b contact to JlOl terminal No . 20 . When this occurs, transis -
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I. L. 41-959A 

tor Q201 has base drive and immediately becomes conductive . As a result, 
capacitor C202 starts charging to negative through resistor R207 and the 
collector-emitter circuit of Q201, and in 30 milliseconds, C202 assumes a low 
enough potential below positive 20 Vdc to breakdown zender diode Z203 and 
provide a path for base drive to make transistor Q202 conductive . Therefore, 
with Q202 conducting, this represents a "1" signal to OR 2 to shift the 
transmitter from a blocking to an unblocking or trip frequency. Upon breaker 
reclosing, the 52b contact opens turning transistor Q201 off thus permitting 
capacitor Cl02 to rapidly discharge for immediate dropout . 

The l0/150-4oO millisecond time delay operates similar to the 30/0 MS timer . 
After a primary pilot trip operation, capacitors C203 and C204 will charge in 
millisecdnds through diode D202, resistor R212 and the collector-emitter 
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 frequency for the duration 
of the pilot trip signal. After loss of the pilot trip signal, capacitors 
C203 and C204 will discharge in 150 to 400 milliseconds (adjustable by resistor 
R214 ) and turn Q204 off. This 150 to 400 MS dropout time holds the unblocking 
or trip frequency on to provide coordination with the breaker failure timer . 
Normal dropout time is factory calibrated at 300 milliseconds . 

Channel Interface Board 

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

Under normal conditions and for three -terminal line applications , both JlOl 
terminals 8 (TCF RCVR-1 ) and 7 (TCF RCVR-2 )  are held at negative ( zero volts ) 
thereby allowing no base drive for transistors Ql5l and Ql52 thus holding 
them non-conductive . As a result, transistor Ql53 has base drive, so it is 
normally conducting and represents a "O" output from Al. 

When both of the TCF Receivers receive the unblocking or trip frequency from 
the other terminals, they will produce a positive 20 Vdc potential at JlOl 
terminals 8 and 7 .  When this occurs, both transistors Ql5l and Ql52 have base 
drive and start conducting. In turn, with both Ql51 and Ql52 on, base drive 
is removed from transistor Ql53 which them stops conducting and represents a 
"1" output signal from Al . If only one of the TCF Receivers yield a trip 
output, then transistor Ql53 still will receive base drive from the other 
input transistor in the STU and a "O" signal will be received from Al. 

In the case of two-terminal line applications, either JlOl terminal 8 or 7 
must be connected to JlOl terminal 4 to simulate having a constant signal of 
"1" at one of the Al inputs .  Under this condition, transistor Ql53 will still 
be normally conducting thus representing a "on output from Al. When the JlOl 
terminal (either 8 or 7 )  not connected to JlOl terminal 4 receives a positive 
20 Vdc signal from the TCF, transistor Ql53 will lose its base drive and turn 
off to p:roduce a "l" output from Al. 

Under normal conditions, the inputs to OR 2 printed circuit terminals #14, 15 
and 16 on the Channel Board are held at negative ( 0  volts ) thereby preventing 

- 5-www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



any base drive from turning on transistors Ql54, and thus Ql55 · When one or 
more of these printed circuit terminals receive a positive d-e signal, "1", 
base drive will turn on transistor Ql54 which in turn will make transistor 
Ql55 conduct and apply positive 45 Vdc to the TCF transmitter to cause it 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 which combine the 
information from the protective relays and the channel receiver and in turn 
provides the proper interfaces for this information to be translated to the 
Output Board for transient block, arm, transient unblock and pilot trip. 

Normally, there is a "O" signal to OR 4 from Al (printed circuit terminal #12 ) 
and from A2 (printed circuit terminal #14 ) thereby resulting in a "O" signal 
at printed circuit terminal #9, the output of OR 4 .  When either or both Al 
and A2 yield a "1" output signal to the inputs of OR 4, current is allowed to 
flow through resistor R287 and diode D264 ( for an Al output ) or resistor R288 
and diode D265 ( for an A2 output ) .  In this case, therefore, a "1" is received 
from OR 4 to energize the transient block circuitry in the Output Board. 

Likewise, both inputs into A3 are normally "O" . The input transistors of A3 
are Q255 for Al and Q254 for A2 . Normally both Q255 and Q254 have no base 
drive and, as a result, they are both non-conductive . Therefore, the output 
transistor of A3, Q256, has base drive and is turned on thus allowing Q254 to 
conduct and provide a proper interface 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 drive to Q256 to turn it off . This causes 
Q257 to stop conducting and allow the 2/0 timer and the transient unblock 
circuits in the Output Board to function. If either Q255 or Q254 remains non­
conductive, then transistor Q257 will stay on and a "O" output will be received 
from A3 . 

The Arm circuit is energized from A2 and under normal conditions with a "O" 
output from A2, there is no base drive from transistor Q258, so it is non­
conductive . As a result, with Q258 off, base drive holds transistor Q259 
conducting thereby keeping the Output Board "disarmed" .  As soon a s  A2 
assumes a nln output state, base drive turns transistor Q258 on and thereby 
Q259 turns off and arms A6 on the Output Board. 

Output Board 

The Output Board contains all the logic required for final tripping, transient 
blocking and transient unblocking. In reference to Fig . 2 ,  a "ln signal from 
OR 4 represents a transient blocking signal.  A "ln 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 blocking 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 Sl) 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. If a tripping 
condition is indicated for some time less than two ( 2 )  milliseconds,  such as 
during a reversal of fault power flow, as soon as transistor Q257 in A3 again 
conducts,  capacitor C306 will rapidly discharge through the collector emitter 
circuitry of Q257, diode D26l and resistor R318. This rapid resetting of the 
2/0 timer prevents possible "notching up11 of the charge on C306 during 
momentary and intermittent interruptions under normal conditions . 

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

Upon occurrence of an internal fault, transistor Q259 in the Arming Board turns 
off thereby removing the desensitizing bias from Q306 by open-circuiting the 
path of current through diode D308 and resistor R335 . This causes A6 to become 
"armed" and in a ready condition for a tripping operation.  After a two ( 2 )  
millisecond time delay, the potential across capacitor C306 i s  sufficient to 
cause Q305 to conduct and thus turn off Q306 . When Q306 is no longer conducting, 
the potential of its collector circuit drops to a relatively low value and 
allows sufficient voltage to appear across the base -emitter circuit of trans ­
istor Q307 in the trip amplifier, causing it to become conductive . In turn, 
trans istor s  Q308 and Q309 turn on and apply a pilot trip voltage output . 

The transient blocking circuit is energized only when there is an output from 
OR 4.  An output from OR 4 consists of a positive potential which immediately 
turns on transistor Q302 thus dropping its collector potential (at TP 303 ) to 
a very low value . Therefore, the positive voltage is removed from the base 
of transistor Q303 turning it off . When this occurs, capacitor C305 charges 
in 25 milliseconds to a potential which is sufficient to cause the breakdown 
of zener diode Z303 and provide a path for base current to turn on transistor 
Q304. With Q304 on, a conducting path through resistors R324, R323, diode 
D306 and the collector -emitter circuit of Q304 is provided in order to hold a 
desensitizing bias on transistor Q306 in A6 . Thus, the transient blocking 
circuitry allows 25 milliseconds after the operation of either a protective 
relay or the reception of a TCF trip signal for a "1" to be received from A6 . 
If tripping does not occur in this time,  as during an external fault, operation 
of the transient blocking circuit will hold A6 desensitized in order to prevent 
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undesirable operation during transients associated with power reversals on 
the protected line or at the clearing of an external fault . 

If an internal fault occurs before the external fault is cleared, it is 
desirable to obtain high-speed tripping. The transient unblocking circuitry 
permits this since transistor Q257 in A3 will turn off and remove the positive 
20 Vdc potential on printed circuit terminal #10 . This allows capacitor C301 
to charge to negative through diode D301, resistor R314 and the collector ­
emitter circuit of transistor Q304, which has been turned on due to transient 
blocking . In 25 milliseconds,  C301 will charge to a sufficient potential to 
turn on transistor Q301 and permit base drive for trans istor Q303 . This will 
immediately turn on Q303 which allows a path for rapid discharge of capacitor 
C305 . When this occurs, zener diode Z303 will not breakdown, and Q304 will 
stop conducting thereby interrupting the desensitizing circuit from the base 
of transistor Q306 . Therefore A6 will be able to assume a "1" output and 
provide tripping after a delay of only 25 milliseconds . 

Test Board 

The Test Board contains two potentiometers ,  Sl and S2, used for factory time 
delay adjustments .  Also, six test points are easily accessible from the front 
of this ooard for facilitating system tests of the STU Relay. 

Potentiometer Sl is the 2/0 millisecond time delay adjustment, and 82 is the 
25/0 transient unblocking time delay adjustment . These potentiometers are 
used only for factory calibration of the STU Relay. 

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

1 .  Pilot Trip 
2 .  Transient Block 
3 .  Arm - Received Protective Relay 
4. Rece ived Channel 
5 .  Transmitter Key 
6 .  Negative DC 

CHARACT ERISTICS 

Input Voltage 45 volts D-C 

Current Drain 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 

Amb ient Temperature Range 
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Dimensions panel height : 
panel width: 
panel depth : 

I. L. 41-959A 

8-3/4" or 5 R.U . 
19" 
6" 

Weight approximately 9 pounds 

SETTINGS 

Normally, there are no settings to be made on the STU unblock relay. All 
various time delay circuits are factory adjusted to the stated time in Fig. 2 .  
However, if conditions require, the dropout time of the 10/150-400 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 as  part of a complete 
relay system assembly. The location must be  free from dust, excessive humidit,y, 
vibration, corrosive fumes or heat . The maximum ambient temperature around 
the chassis  must not exceed 55°C . 

The outline and drilling plan of the STU Relay is shown in Fig . a 

ADJUSTMENT AND MAINTENANCE 

A .  Acceptance �est 

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

Note : In reference to Fig . 1, use the timer disable switch (between JlOl 
terminals 12 and 13 ) closed unless  otherwise noted in tests below. 

1 .  Normal Condition. 

2. Protective Relay Operation. 
(Open timer disable switch ) 
(Apply positive 20 Vdc to JlOl 
terminal 30 ) 

3 .  Channel Receiver Operation. 
(Apply positive 20 Vdc to JlOl 
terminals 8 and 9 )  

-9-

Test 
Test 
Test 
Test 
Test 

Test 
Test 
Test 
Test 
Test 

Test 
Test 
Test 
Test 
Test 

Point 
Point 
Point 
Point 
Point 

Point 
Point 
Point 
Point 
Point 

Point 
Point 
Point 
Point 
Point 

1 - 0 Vdc 
2 - 19 Vdc 
3 - less  than 0 . 5  Vdc 
4 - less  than 0 . 5  Vdc 
5 - 0 Vdc 

l - 0 Vdc 
2 - less  than 0 . 5  Vdc 
3 - 19 Vdc 
4 - less than 0 . 5  Vdc 
5 - 45 Vdc 

1 - 0 Vdc 
2 - less  than 0 . 5  Vdc 
3 - les s  than 0 . 5 Vdc 
4 - 7 Vdc 
5 - 0 Vdc 
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4 .  Protective Relay and 
Channel Operation. 
(Apply pos . 20 Vdc to JlOl 
terminals 8 and 9 .  
Then apply pos .  20 Vdc to 
JlOl, terminal 30 ) 

B .  Recormnended Routine Maintenance 

Test 
in 3 

Test 
in 3 

Test 
in 3 

Test 
in 3 

Test 
in 3 

Point 1 - irmned. 20 Vdc, 
sec . 0 Vdc 

Point 2 - irmned. 19 Vdc, 
sec . les s  than 0 . 5  Vdc 

Point 3 - immed. 19  Vdc, 
sec .  les s  than 0 . 5  Vdc 

Point 4 - irmned. 7 Vdc , 
sec . 7 Vdc 

Point 5 - irmned. 45 Vdc , 
sec . 0 Vdc 

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

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

c .  Calibration 

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

The dropout of the 10/150-400 millisecond signal continuing timer may be 
adjusted from 150 to 4oo MS to allow for various settings of the breaker fail­
ure timer . By comparing the Pilot Trip voltage of the relay with the timer 
output voltage at printed circuit 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 les s  time it should be  turned counter -clockwise . Factory setting of the 
dropout time is 300 milliseconds . Pickup time can be calibrated in the same 
manner except for more time, increase resistor R212 and for less  time, 
decrease R212 . Pickup time should be 10 milliseconds . Location of potentio­
meter R214 and resistor R212 can be seen on the Timing Board component 
location, Fig. 4. 

2. 30/0 T .D.  (Timing Board ) 

The pickup time of the 30/0 millisecond timer can be calibrated by  comparing 
the input voltage to Buffer B4 with the output voltage at printed circuit 
terminal 14, Timing Board, under pickup conditions . Pickup time should be 30 
milliseconds . Increase resistor R207 (Timing Board)  for more time or 
decrease R207 for less time . Location of resistor R207 can be seen in Fig . 4 .  
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I. L. 41-959A 

3 ·  3000/100 T .D. (P. R. Interface Boar�) 

The 3000/100 millisecond time delay can be calibrated by comparing the time 
duration for a voltage change between the timer input, the output of Buffer 
B3, and the timer output, printed circuit terminal 14 (P.  R. Interface B�) 
under pickup and dropout conditions . Normal pickup time is 3000 milliseconds . 
For more pickup time, increase resistor Rll6 and for less time ,  decrease Rll6 . 
Dropout time can be calibrated by using a higher value of resistor Rll5 for 
more time or a lower value for less time . Normal dropout calibration time is 
100 milliseconds . Location of resistors Rll5 and Rll6 can be seen on the 
Protective Relay Board component location, Fig. 3 ·  

4 .  2/0 MS Timer (Output Board ) 

In order to calibrate the 2/0 millisecond time delay, connect a jumper across 
capacitor C305 on the Output Board. Then compare the voltage at test point TP 
255 on the Arming Board with the voltage at test point TP 306 on the Output 
Board under a trip condition. If the time delay between a change in both 
voltages is not two milliseconds,  turn potentiometer Sl on the Test Board 
clockwise for more time and counter -clockwise for less time . Location of 
components and test points may be seen in Figs . 6 and 7 •  After calibration, 
remove the jumper from capacitor C305 and insure that 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 )  is not 25 milliseconds, then turn potentio­
meter S2 (Test Board) clockwise 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 25/0 Time Delay (Output Board) 

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

D. Electrical 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 ln Table 
I under various system conditions . The exact values will vary from one 
relay to another but, in general, will be within +10% between relays . A 
Board Extender is helpful in checking test point voltages .  

RENEWAL PARTS 

Repair work can be done most satisfactorily at the factory. However, inter­
changeable parts can be furnished to the customers who are equipped for doing 
repair work. When ordering parts, always give the complete nameplate data 
and identify the part by its designation on the internal schematic drawing 
Fig .  1, as well as all information in the Electrical Parts List . 
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I. L. 41-9 59A 

TABLE I 
ELECTRICAL CHECKPOINTS - TROUBLE SHOOTING VOLTAGES 

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

TEST CONDITIONS 

TEST NORMAL PROTECTIVE PROTECTIVE PROTECTIVE 
POINTS STAND-BY RELAY OPER. RELAY & RElAY & 

( 3  SEC. TIMER CHANNEL RCVR. CHANNEL RCVR. 
DISABLED) OPER. ( 3  SEC . OPER. ( 3  SEC . 

TIMER TIMER USED) 
DISABLED ) (VOLTAGES A?I'ER 

3 SEC ) 
PROTECTIVE 
RElAY BD. 

TP 101 12 . 5  Vdc less than 0 . 5  less than 0 . 5  less than 0 . 5  
TP 102 6 . 5  6 . 5  6 . 5  less than 0 . 5  
TP 103 less than 0 . 5  less than 0 . 5  less than 0 . 5  17 
TP 104 6 6 6 less than 0 . 5  
TP 105 less than 0 . 5  less than 0 . 5  less than 0 . 5  20 
TP 106 20 20 20 0 
TP 107 less than 0 . 5  less than 0 . 5  less than 0 . 5  9 
PCT -5 less than 0 . 5  20 20 6 . 5  
PCT -15 less than 0 . 5  7 7 less than 0 . 5  

TIMING BD. 

TP 201 20 20 20 20 
TP 202 20 20 less than 0 . 5  20 
PCT -14 0 0 0 20 
PCT -16 0 0 20 0 

CHANNEL BD. 

TP 151 15 15 less than 0 . 5  less than 0 . 5  
TP 152 15 15 less than 0 . 5  less than 0 . 5  
TP 153 45 less than 0 . 5  less than 0 . 5  45 
PCT -10 less than 0 . 5  less than 0 . 5  7 7 
PCT -18 0 45 45 0 

- PCT INDICATES PRINTED CIRCUIT TERMINAL 
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TABLE I (CONT . ) 

TEST CONDITIONS 

TEST NORMAL PROTECTIVE PROTECTIVE PROTECTIVE 
POINTS STAND-BY RELAY OPER. RELA.Y & RELAY & 

( 3  SEC . TIMER CHANNEL RCVR. CHANNEL RCVR. 
DISABLED) OPER . ( 3 SEC . OPER. ( 3 SEC . 

TIMER TIMER USED) 
DISA.m.ED) (VOLTAGES AFTER 

3 SEC . ) 

ARMING BD. 

TP 253 10 10 less than 0 . 5  less than 0 . 5  
TP 254 less than 0 .5  less than 0 .5  20 less than 0 . 5  
TP 255 20 20 0 20 
TP 256 6 .5  less than 0 .5  less than 0 .5  6 .5  
PCT -1 10 less than 0 .5  less than 0 .5  10 
PCT -19 less  than 0 .5  19 19 less than 0.5  

OUTPUT BD. 

TP 301 20 20 20 20 
TP 302 0 0 0 0 
TP 303 2 less than 0 . 5 less than 0 . 5  less than 0 . 5  

,r't"'-�. 

TP 304 2 7 . 5  2 7 ·5 
TP 305 19 19 5 · 5 19 
TP 306 0 0 13 0 
TP 307 20 20 less than 0 . 5  20 
TP 308 0 0 20 0 
PCT -14 19 less than 0 .5  19 less than 0 .5 

TEST BD. 

TEST PI'. - 1 0 0 20 0 
TEST PI'. - 2 19 less than 0.5 19 less than 0 . 5  
TEST PI' .  - 3 less  than 0 .5  19 19 19 
TEST PI'. - 4 less than 0 .5 less than 0 . 5  7 7 
TEST PT. - 5 0 45 45 0 
TEST PI'. - 6 0 (REF) 0 (REF )  0 (REF ) 0 (REF )  
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CIRCUIT 
SYMBOL 

Dl0l -Dl02 
Dl03-Dl05 
Dl04 

ZlOl 
Zl02-Zl03 
Zl04 

Ql01-Ql02 
Ql03 -Ql06 
Ql08-Ql09 
Ql04-Ql05 
Ql07 

ClOl 
Cl02 
Cl03 

Rl01-Rl02 
Rl03 
Rl04-Rl22 
Rl05 -Rl23 
Rl06-Rl08 
Rlll-Rll4 
Rl31 
Rl07 -Rl09 
Rll0-Rll2 
Rll3 -Rll7 
Rll8-Rl20 
Rl21 -Rl26 
Rl27 -Rl30 
Rl32 
Rll5 
Rll6 
Rll9 -Rl28 
Rl24 
Rl25 
Rl33 

ELECTRICAL PARTS LIST 

PROTECTIVE RELAY INTERFACE BD. (S# 20lC050GOl) 
DESCRIPl'ION 

DIODE 1N645A 

DIODE 1N457A 

ZENER DIODE 1N3686B 
ZENER DIODE 1N957B 
ZENER DIODE 1N3688B 

TRANSISTOR 2N3417 

TRANSISTOR 2N697 
TRANSISTOR 2N3645 

CAPACITOR 0 . 047 MFD. ,  200 VOLTS, +5% 
CAPACITOR 68 MFD. ,  35 VOLTS, +2o% 
CAPACITOR 0 . 27 MFD. ,  200 VOLTS, �o% 

RESISTOR 4.7K OHMS, t WATI', ±_2$ 
RESISTOR 82K OHMS, 1 WATT, ±_Zfo 
RESISTOR lOK OHMS, 1 WATT, ±..Zfo 
RESISTOR 6 . 8K OHMS, 1 WATT, +Zfo 
RESISTOR 22K OHMS, 2 WATT, "f_5% 

RESISTOR lOK OHMS, -!- WATI', ±_r;f'/o 

RESISTOR 6 . 8K OHMS , t WATI', +5% 
RESISTOR 56K OHMS , 1 WATI', +5% 
RESISTOR l2K OHMS, � WATT, +5% 
RESISTOR 27K OHMS, 2 WA'IT, +2% 
RESISTOR 150 OHMS, 3 WATT, +5% 
RESISTOR 4. 7K OHMS, -!- WATT, "f_5% 

- INDICATES TYPICAL VALUE 

- 1 5-

I. L. 41-959A 

WESTINGHOUSE 
DESIGNATION 

837A692H03 

184A855H07 

185A212H06 
186A797H06 
862A288H01 

848A851H02 

184A638Hl8 
849A441H01 

849A437H04 
187A508H02 
188A669H05 

629A5 31H48 
629A531H78 
629A531H56 
629A531H52 
l84A763H59 

184A763H59 

184A763H47 
l84A763H69 
l84A763H53 
629A531H66 
762A679H0l 
184A763H43 
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CIRCUIT 
SYMBOL 

D201-D202 

Z201 
Z202-Z203 
Z204 

Q201 
Q202-Q203 
Q204 

C201 
C202 
C203-C204 

* R201 
R202 
R203 
R204 
R205 
R206 
R207 
R208-R216 
R209 
R210-R211 
R215 
R212 
R213 
R214 

D151-D152 
D153 

Z151-Z153 
Z152-Z154 
Z155 
Z156 
Q151-Q152 
Ql53 
Q154 
Q155 

C151-C152 

R151-R152 
R157-R158 
R153-R159 
R154-R160 
R155 -R161 
R156-R162 
R163-R164 

ELECTRICAL PARTS LIST 

TIMING BD. (S# 201C046G01l 
DESCRIPTION 

DIODE 1N457A 

ZENER DIODE 1N3686B 
ZENER DIODE 1N957B 

TRANSISTOR 2N3417 
TRANSISTOR 2N1132 
TRANSISTOR 2N697 

CAPACITOR 0 .047 MFD. ,  200 VOLTS, +5% 
CAPACITOR 4.7 MFD. ,  35 VOLTS, +10% 
CAPACITOR 6 .8  MFD. , 35 VOLTS, I5% 

RESISTOR 47K OHMS, 1 WATI', +5% 
l . -

RESISTOR 4 .  7K OHMS' I WA'IT' -:..'2!fo 
RESISTOR 82K OHMS' I WATT' ±'c/o 
RESISTOR lOK OHMS, I WATT, ±'4u 
RESISTOR 6 .  8K OHMS J I WA'IT J +'Cfo 
RESISTOR 2 .  2K OHMS J I WA'IT' ±5% 
RESISTOR 15K OHMS, I WA'IT, '!?% 
RESISTOR 33K OHMS, f WATI', +5% 
RESISTOR 22K OHMS J I WATT J ±5% 
RESISTOR lOK OHMS, 2 WATT, ±5% 

RESISTOR 1.5K OHMS, l WATT +5% 
RESISTOR 68K OHMS, � WATT; ±5% 
POTENTIOMETER 50K OHMS 

* CHANNEL BD. (S# 201C013G01) 

DIODE 1N457A 

ZENER DIODE 1N3686B 
ZENER DIODE 1N957B 
ZENER DIODE UZ 5875 
ZENER DIODE 1N3688A. 
TRANSISTOR 2N3417 

TRANSISTOR 2N699 
TRANSISTOR 2N3064 

CAPACITOR 0 .047 MFD. , 200 VOLTS, ±5% 

RESISTOR 4.7K OHMS, � WA'IT, "!:..2% 
RESISTOR 82K OHMS, l WATT, +2% 
RESISTOR lOK OHMS, I WA'IT, +2% 
RESISTOR 6 .8K OHMS, I WATI', +2% 
RESISTOR 22K OHMS' I WATT' +5% 
RESISTOR 10K OHM3, 2 WATI', !_5% 

- 16-

WESTINGHOUSE 
DESIGNATION 

184A855H07 

185A212Ho6 
186A797H06 

848A.851H02 
184A638H2o 
184A638H18 

849A437H04 
184A661H12 
184A661H21 

187A643H67 
629A531H48 
629A531H78 
629A531H56 
629A531H52 
184A763H35 
184A763H55 
184A763H63 
184A763H59 
184A763H51 

184A763H31 
184A763H71 
629A430H01 

184A855H07 

185A212H06 
186A797H06 
837A693H04 
862A288H01 
848A.851H02 

184A638H19 
184A638H24 

849A437H04 

629A531H48 

629A531H78 
629A531H56 
629A531H52 
184A763H59 
184A763H51 www . 
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I. L. 41-959A 

ELECTRICAL PARTS LIST 

* CIRCUIT CHANNEL BD. (S# 201C013G01) (CONTINUED )  WESTINGHOUSE 
SYMBOL DESCRIPriON DESIGNATION 

Rl65 -Rl66 
Rl67 
Rl68 RESISTOR 15K OHMS, l WATT, ±51o 187A643H55 

CIRCUIT ARMING BD. {Si 201C022G01} WESTINGHOUSE 
SYMBOL DESCRIPTION DESIGNATION 

D259-D260 DIODE 1N457A 184A855H07 
D261-D263 
D264-D265 

Q254-Q255 TRANSISTOR 2N3417 848A8511I02 
Q256-Q258 
Q259 
Q257 TRANSISTOR 2N3645 849A4411I01 

R266-R267 RESISTOR lOK OHMS, 
R270-R271 

� WATT, "!J'/o 184A763H51 

R275 -R276 
R281-R282 
R284-R285 
R287-R288 
R268-R272 
R273-R274 

RESISTOR 22K OHMS, � WATT, "!:?1o 184A763H59 

R277-R278 
R283 
R279 RESISTOR 27K OHMS, � WATT, i.Zio 629A53lll66 

CIRCUIT OUTPUT BD. {S� 201C024G01} WESTINGHOUSE 
SYMBOL DESCRIPTION DESIGNATION 

D301-D302 DIODE lN457A 184A855H07 
D303-D304 
D305 -D306 
D308 
D307 DIODE lN645A 837A692H03 

Z301-Z303 ZENER DIODE 1N957B 186A797H06 
Z304-Z305 
Z306 ZENER DIODE 1N3688A 862A288H01 

Q301-Q305 TRANSISTOR 2N3645 849A44lliOl 
Q306-Q307 
Q309 
Q302-Q303 TRANSISTOR 2N3417 848A85lll02 
Q304-Q308 
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C301 
C302-C303 
C306-C309 
C305 
C307-C308 
C310 
C311 

R301-R303 
R304-R306 
R310-R311 
R315 -R320 
R323-R324 
R326-R330 
R335 
R302 
R305 
R307-R314 
R319-R321 
R325 
R309-R317 
R312 
R313 
R316 
R318-R322 
R328 
R327 
R329 
R331 
R332 
R333 
R334 

CIRCUIT 
SYMBOL 

S1 
S2 

CIRCUIT 
SYMBOL 

Z1 

R1 

ELECTRICAL PARTS LIST 

CAPACITOR 1 . 0  MFD. ,  35 VOLTS, +10% 
CAPACITOR 0 . 22 MFD. ,  50 VOLTS , �10% 

CAPACITOR 4 . 7  MFD. ,  35 VOLTS, +10% 
CAPACITOR O .d+7 MFD. , 8JO VOLTS, +'5% 
CAPACITOR 0 . 10 MFD. ,  8JO VOLTS, :t'1orf, 
CAPACITOR 1 . 5  MFD. ,  35 VOLTS, �10% 

RESISTOR 10K OHMS, -! HATT, "!)% 

RESISTOR 120K OHMS, t WATT, +5% 
RESISTOR 47 OHMS, f WATT, +'5% 
RESISTOR 22K OHMS, 2 WATT, i_5rf, 

RESISTOR lK OHMS, t WATT, +5% 
RESISTOR 470 OHMS, - WATT, +'5% 
RESISTOR 470K OHMS, l WATT, ?3% 
POTENTIOMETER 15K OH¥3 
RESISTOR 4 .  7K OHMS, 2 WATT, "!)% 

RESISTOR 6 .8K OHMS, t WATT, +5% 
RESISTOR 18K OHMS, f WATT, +'5% 
RESISTOR 10K OHMS, V WATT, +2% 
RESISTOR 6 . 8K OHMS, f WATT, +2% 
RESISTOR 27K OHMS, 2 WATT, :t'2ojo 
RESISTOR 150 OHMS, 3 WATT, ±?% 

TEST BD. ( S# 899C711G01 ) 
DESCRIPTION 

POTENTIOMETER lK OHMS 
POTENTIOMETER 50K OHMS 

CHASSIS MOUNTED COMPONENTS 
DESCRIPTION 

ZENER DIODE 1N2984B 

RESISTOR 300 OHMS, 25 WATT, "!)% 

- 18 -

837A24lli15 
762A703H01 

184A66lli12 
849A437H04 
188A669H03 
187A508H09 

184A763H51 

184A763H77 
187A290H17 
184A763H59 

184A763H27 
184A763H19 
184A763H91 
629A430H08 1C34A T6 3H4 3 

184A763H47 
184A763H57 
629A531H56 
629A53lli52 
629A531H66 
762A679H01 

WESTINGHOUSE 
DESIGNATION 

185A086H28 
185A086H22 

WESTINGHOUSE 
DESIGNATION 

762A631H01 

1202847 
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Fig. 2 Logic Block Diagram for the Type STU Relay 
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Fig. 3 Component Location of the Pro­
tective Relay Board for the Type 
STU Relay. 
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201C047 

Fig. 4 Component Location of the Timing 
Board for the Type STU Relay. 
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* Fig. 5 Component Location of the Chan­
nel Board for the Type STU Relay. 
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201C041 
Fig. 6 Component Location of the Arm­
ing Board for the Type STU Relay. 
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Fig. 7 Component Location of the Output 

Board for the Type STU Relay. 
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