
Westinghouse I. L . 41-95BB 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TT-8 AUXILIARY RELAY 

CAUTION Before putting relays into s ervice,  
remove all blo cking which may have been insert ed 
for the purpose of securing p arts during shipm ent ,  

m ake sure that all moving part s  op erate fre ely , in­
spect the cont act s to see that they are clean and 

clo se properly, and operat e  the relay to check the 

settings and electrical connections .  

A P P L I C A T I O N 

The typ e  TT-8 is an auxiliary relay u s ed in the 

typ e KD directional comparison t ripping syst em. The 
TT-8 relay provides a circuit for high speed tripping, 

controls the transfer tripping signal fo r t he remot e  
line t erminal s,  and supplie s  neces sary coordination 
during power reversal conditions. 

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

The typ e TT-8 relay co nsist s  of t hree time-del ay 
auxiliary relay unit s, two silicon zener diodes,  and 
a tripping diode. 

Auxi l iary U n i .ts X, Xl, and X2 

The auxiliary unit s X, X 1 ,  and X 2  are t elephone­
type rel ay s .  In these relay s ,  an el ect romagnet attract s ,  
a right- angle iron bracket which in t u r n  operat e s  a 
set of mak e or break co ntact s .  

All unit s are o f  slow-release typ e. The· delay in 
release is  obtained by a copp er slug locat ed at the 
end opposit e  from the armat ur e. When the coil be­
comes d eenergized,  the change in flux t hrough the 

slug results in an electromotive force and asso ciat ed 
current in it. 

Thi s current produces a flux which aid s  the main 

flux and delay s  the release of the armature. When t h e  

coil is energized, t h e  op eration of t he relay i s  not 

appreciably delayed because the armature is operat ed 

by flux not linking the slug. 

Tripping Diode Dl 

Tripping diode D 1  has 300V rating ( J ED EC No.  

SUPERSEDES I .L. 4 1 -958A 
Complete Revi s i on 

1 N 1 203 for 1 2 5 volt s relay). 

Block ing Diodes D2, D3 

Blocking diodes D2 and D3 are zener type dio des 

having a one watt , 200 volt rating (JEDEC No. 1N-
305 1) .  

O P E R A T I O N  

Microwave o r  tone relaying m akes use o f  a chan­

nel s ep arat e  from the prot ect ed line. Therefore , either 
a blocking o r  a tripping signal can be utilized for re­

laying. The t ripping signal i s  p referabl e ,  since it ef­
fects hi gh- speed t ripping particularly in cases where 

a t apped line t e rminal has weak sourc e of  fault cur­

rent. In the event of channel failure, undesirable 

t ripping cannot tak e  place since the microwave sig­

nal must be received over the channel to initiat e  
high- speed t ripping. 

K-Dar Overreach i ng Trip Scheme 

In this scheme, the tripping relays ,  as in the 

directional comparison c arrier scheme, are s et to 
operat e  for a fault anywhere on the prot ect ed line, 

and they reach beyond the line at the remot e line 
t erminal s.  Fast relay operation is obt ained since 

all fault s will be within the relay characteristic.  For 
short line s t here i s  no problem in setting the trip­
ping rel ay s to se e faults in the p rot ected zone. 

A "trip request "  i s  t ransmitt ed when the local 
fault-detecting relays operat e; t hi s  signal clo s e s  the 
remot e  receiver relay cont act. However,  the receiver 
relay cannot initiate tripping unless  the fault-det ect­
ing relays al so operate. For external fault relay set 
in the direction of the fault , hereaft er call ed Station 

I, will op erat e  and s end a t rip requ e st for the breaker 

at the ot her station, hereaft er call ed Station II.  H o w­

ever, since the relays at st at io n  II do not operat e  for 

this fault , neit her breaker is t ripped. At st ation II the 

fault detecting relays do not permit tripping. At st a­

tion I the receiver relay contact s remain open in the 
absence o f  a t rip requ e st from station II. In contrast 

for int ernal fault 2, the fault det ectors operat e  at both 
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br e akers and both initiate a trip request. Therefore, 

both breaker trip circuits are energized through the 
fault-detector contacts and the re ceiver-relay co ntact , 

to cl ear thi s fault.  For detailed op eration of this 

scheme refer to Fig .  2 .  

The following rel ays are used in this scheme. 

1 - Typ e KD Directional Distance Ph ase Rel ay 

- Typ e KRC , KRP, KRD , or KRQ Directional 
Overcurrent Ground Relay 

1 - Typ e TT- 8 Transfer- Trip Auxiliary Rel ay 

For internal faults the fault-detecting relays (Z 2 
o r  D0 + I0 ) op erate at both stations ,  k eying a trip re­
quest by applying battery positive to the transmitter 

k eying circuit. Receiver-relay contact 94 closes at 
both stations to p ermit tripping through Z2 or D0 + 
I0 , X, 94 ,  and TS contacts. 

In o rder to test for succ essful receipt of a trip­

requ est signal the test cutout switch TS is turned to 
the "REC" position.  In thi s p o sition , the trip circuit 
is  open and the fault-detecting relay contact s are by­
p assed to provide a path for indicator-light current. 

Thi s light is  lit when the 9 4  contact closes ,  com­
pleting a suc cessful test. To transmit ,  TS is turned 
to the "SEND " position. Cont act 5-6 applies positive 
potential to the transmitter k eying circuit. 

Auxi l iary Unit X 

The X unit provides a coordinating delay to allow 

contact 94 to open,  if a sudden reversal o ccurs in the 
direction of fault-power now in the prot ect ed line .  
For  an internal fault the  X unit is  energi zed at  about 
the same time that th e remote tran smitter is being 
k eyed,  so that receiver relay 94 and X unit op erate 

in parallel. Accordingly, the actual delay in tripping 
caused by the X unit is less than the total pickup 
time of X. 

The Auxiliary Unit Xl 

Th e unit X 1 delays the transmission of a trip­

signal when the breaker in qu estio n is being tripped 
for other than a fault in the prote cted line. Suppos e 

a bus fault occurs. If it were not for the X 1  unit, the 
52b contact would immediately initiate a trip requ e st ,  
before the remote fault-detecting relays had a chanc e  

t o  reset. A similar circumstance exists for an adj acent 
line fault where the breaker in question is common to 
the protected lin e as well. In either case, X 1  prevents 

p remature transmitter k eying after the breaker opens.  

2 

The Auxil iary Unit X2 

Relay unit X2 p erforms a signal-continuing func­

tion following tripping. This unit is energized al ong 

with the trip coil and continues the signal for about 

8 cycles after the breaker op ens. For exampl e ,  this 
feature is  needed where a 3 cycl e and an 8 cycl e 
breaker are mixed. 

Tri pping Diode Dl 

Rectifier D 1 prevents th e bus differential relay 
contacts ,  87B,  from keying th e transmitter thro ugh 

rectifier D 2 .  

Blocking Diodes D2, D3 

Re ctifier D2 block s trip-current flow around con­

tacts X and 94 .  Rectifi er D3 also blocks trip- current 

flow.  Without D3 the Io contact would be byp assed 
and tripping would occur if D0 and not Io op erate s. 

A circuit is availabl e through re ctifier D2 to al­

low the line back-up rel ays to k ey a trip-requ e st sig­

nal. Thi s feature provides imm ediate tripping of the 
remote breaker for a line fault, even though th e local 

p rimary relays fail to operate. Ordinarily. the D2 rec­
tifier circuit i s  not requi red; it i s  needed only to 

handle the possibility of a primary relay failure. 

C H A R AC T E R I S T I CS 

The characteristics of the various units of the 

relays are ar follows: 

X Unit Coil 
X Series Resi stor 
X 1 Unit Coil 
X 1 S eri es Resi stor 
X 2 Unit Coil 
X 2 Series Resi stor 

+ Adj us ted Value 

125V Avg. Ohms 

3 , 300 
1 2 , 000 + 

3 , 300 
5 , 000 + 
3 , 300 
5 ,000 + 

The pickup and operating values of these units 

are given under "Adj ustments and M aintenance.  • • 

S E T T I N G S 

Auxiliary Units 

The auxiliary units X, X 1  and X2 require a set­

ting for the correct control voltag e .  For 48V d . c. vol­

t age,  the series resistors are by-p assed by connecting 

.�.·. 
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the lead to the rear termi nal of the resisto r .  For 125V 
d .c .  rated relays,  the connection i s  made to the ad­

ju stable tap terminal on the series re sistor .  

I N S T ALL A T I O N  

The rel ays should be mo unted on switchboard 

panels or their equivalent in a location free from dirt, 
moisture , excessive vibration, and heat.  Mount the 
relay ve rtically by means of the four mounting holes 

on the fl ange for semi-flush mounting or by means of 
the rear mounting stud or studs for proj ection mount­

ing. Either a mounting stud or the mounting screws 
m ay be utilized for gro unding the relay.  The el ectri­

c al conn ectio ns may be made directly to the terminal s 
by means of screws for thick panel mounting. The 
terminal stud s may be easily removed or inserted by 

locking two nuts on the stud and then turning the pro­

per nut with a wrench. 

ADJ USTM E N TS AN D MAI N T E NANCE 

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory. Upon 
receipt of the relay, no customer adjustment s, other 
than tho s e  cov ered under ''SETTINGS ,'' should be 
required. 

Acceptance Check 

The following check is recommended to insure 
that the relay is in proper working o rder: 

Auxiliary Units X, X 1 ,  X2' 

Apply rated vo ltage to each auxili ary unit rel ay 
terminal s and observe contact action. If de sired, the 

timing of the operation c an be checked as outlined 
under calibration proc edure .  

Routine Mai ntenance 

All relays should be inspected periodically and 
the operation should be checked at least once every 
year or at such o ther time interval s  as may be dic­
tated by experience to be suitable to the particular 
applic atio n.  

All  contacts should be periodic ally cl eaned. A 
contact burni sher Si't 182A8 36H 0 1  is reco mmended fo r 

thi s purpo se.  The use of abrasive m aterial for cl ean­

ing contacts is not reco mmended because of the dan­

ger of embedding small particles in th e face of the 
soft silver and thus impairing the contact.  

NOT E  When m aking a dielectric test on the re-

lay, the high voltage m ay be applied at the relay 
terminal s, from all circuit s to ground, betw e en coil 
and contact circuits ,  and between isolated coil cir­
cuits. Ho wever, the test voltage should not be app lied 
acro ss rel ay contacts and rectifi er circuits.  

Use the following procedure for c alibrating the 
relay if the relay has been tak en apart for repairs or 

the adj u stments have been disturbed. Thi s  proc edure 
should not be u s ed unless it i s  apparent that the re­

lay is not in proper working o rder. 

Auxi l i ary Units  X, Xl, and X2 

The operating time of units X, X 1 ,  and X2 should 

be check ed with an electronic timer.  When adju sting 
the series resistor,  loos en the adju stm ents band to a­

void damage to the resistance wire. The series resis­
tor for each unit is located below the corre sponding 

unit. 

Aux i l iary Unit  X (left- Han d  Un i t) 

For 125 V . D . C. or 250 V. D.C. control voltage, 

the coil of the rel ay should be connected in series 

with the resi stor .  Adj ust the resistance to measure: 

12 , 000 ohm s for 125 V . D . C .  

20 , 000 ohms for 250 V . D . C .  

With the armature closed, adj ust the air gap to be 
. 0 02" - . 003". Contact gaps should me asure from 

. 020" to . 0 35" . The coil is energized acro s s  termin­

als 1 and 2 .  

Check for the specified 2-4 cycle dropout time 
across terminals 1 and 1 0 .  If necessary , the dropout 
time c an be adj usted by changing the air gap. After 
final adj ustment, the air gap sho uld be a minimum of 

. 002" . Check pickup time by applying first 8 0% and 
then 1 15% of rated voltage. It should fall within the 
specified limits of 0.6 to 1 .5 cycl e s .  If necessary, 
mak e  further adj ustm ent to ac hieve correct timing by 
slightly increasing o r  decreasing the seri e s  resistanc e .  

Auxi l iary U n i t  X l  (Mi ddle U n i t) 

For 125 V . D . C .  and 250 V . D . C .  control voltage,  

the coil of the relay should be connected in series 

with the resisto r .  Adjust  the resi stance to m easure: 

5 , 000 ohm s for 125 V . D . C. op eration 

1 3 , 000 ohm s for 250 V . D . C .  operation 

With the armatur e closed, adj ust the gap to the 
. 002" - . 00 4" .  Contact gaps should measure from 
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TYP E TT-8 AUXILI ARY RELAY _________________ ________ _ 

. 020" to . 035". Check for the specified 8 to 10 cy­
cles dropout time by energizing th e relay between 
terminals 2 & 3, and measuring the contact dropout 
time between terminal s 5 and 7. If nec es sary, the 
dropout time c an be adj u sted by changing the air gap. 

After final adj ustment the air gap should be a mini­
mum of . 00 2" .  Check the pickup time first with 8 0% 

and then 1 1 5% of rated voltage. It should be below 

1,0 cycle.  If necessary , make further adj ustment to 
achieve correct timing by slightly increasing or de­

creasing the series resistanc e .  

Auxiliary Uni t  X 2  ( Right-Hand Unit) 

For 1 2 5  V . D . C .  or 250 V . D.C. control voltage, the 

coil of the rel ay should be connected in serie s  with 
the resistor.  Adj ust the resistor  to measure: 

5 ,000 ohms for 125 V. D.C . 

1 3 , 000 ohm s for 250 V. D.C . 

Adj ust the armature air gap until the dropout 
tim e is between 6-8 cycl es.  Block X 1  contact op en . 
Energize the coil between terminals 2 and 9 and mea­

suring tim e  respons e  acro ss termi nal s  7 and 5. Th e 
final air- gap with the armature closed should be mini­

mum . 0 0  1 5 .  Check the pickup time with 80% of rated 
voltage. It should be below 1 . 5  cycle s .  If necessary, 

make further adj u stments to achi eve correct timing 

by slightly increasing o r  decreasing seri es re sistance.  

4 

Dl - ( T ripping D iode Check) 

A. Forward Voltage Drop 

Pass 10 amperes d .  c. in terminal 9 out ter­
minal 8 ,  with positive polarity on terminal 9, 

and u sing a hi gh resistanc e  voltmeter measure 

the voltage acro s s  terminal s  8 and 9. It should 
be less than 1.  5 volts.  

B .  Leak age Current 

For 48/ 1 25 V d .c .  Relays 

Apply 250 V d.c . with 10 ,000 ohm resistor in 
series with terminal s  8 and 9 and positi v e  

polarity on terminal 8 .  M easure the l eakage 
current with a d .c.  milliammeter. It should 
be less than 10 milliamp eres .  

Zener Blocking Diodes 

A. Reverse Characteristic: 

Breakdown voltage is the value of voltage at 

which the reverse current just exceeds 0 . 2 5 
milliamperes and should be between 160 and 
240 volts for each diode .  The breakdown vol­
tage is determined by slowly increasing the 

voltage until reverse current exc eeds 0 . 2 5 
milliamperes and starts to increase rapidly. 
Do no t exceed 3 milliamperes reverse current. 

B .  Forward Characteri stic: 

With 200 milliamperes flowing in forward dir­
ection, the forward voltage acro ss each diode 
should not exceed 1 .  5 volts.  

R E N E W AL P A R T S  

Repair work c an be do ne most satisfactorily at 
the factory. However, int erchangeable parts c an be 

furni shed to the cu stomers who ar e equipp ed for do­
ing repair work. When ordering parts, always give the 
complete nameplate data. 
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185A322 
F i g. 1 - In tern al Schemati c of Type T T-8 Auxi li ary Relay in 

F T-21  case. 
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TS 

II, 12 
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14 

DIRECTIONAL UNIT Of IRC, !RP, UD OR UQ RELAY 
OYERCURREU UIIT Of !RC, !RP, !RD OR KRQ RELAY 
TTPE I TEST CUT- OUT SIITCH 
DELAYED PICK-UP UNIT Of TT·I RELAY 
DELATED DROP-OUT um Of TT-l RELAY 
U UIIT OF !D RELAY 
3f UNIT Of !D RELAY 
IUS DlffEREITIAL RELAY 
RECEIVER RELAY 
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CONTACT 
POSITIDI 

REC Off NORI 
1 -2 I 

3- 4 I 
5-8 
1-1 I 
9-10 I 
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F i g. 2 - K - Dar/ TT-8 o verreachin g tran sfer - Trip Scheme. 
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X 

I 
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TYP E TT-8 AU XI L I ARY RELAY --------

6 

• 190-32 SC�EW 

SPACER OR 
SPACERS FOil TMIII PAIIELS 
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5 16 Ill SCIIEW 

(FOil THICK 
PAIIEL USE L1e STUD) 16 .190-32 SCttEW 

9 
Ts 

�:��C����l���.
OJI CUTOUT FOil 

(F�OIIT VIEW) 

F· 3 '9· . O utline an d Dri lling P l an for TT.B R I . e ay In FT-21 case. 

D I A.4 HOUS FO� 
.190-32 MTG.SC�EWS 

TERMINAL 
NUMBEr! 

57-D-7900 
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* 

INSTALLATION 
Westinghouse I .L. 4 1 -958.91 B 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TT-12 UNIVERSAL CHANNEL TRANSFER­

TRIP RELAY 

CAUTION Before putting relays into s ervice, remove 

all blocking which may have been inserted for the 
purpo se of s ecuring the part s during shipm ent, mak e 
sure that all moving parts operate freely, inspect the 
contacts to see that they are clean and clo s e  pro­
perly, and operate the relay to check the settings 
and electrical connections; 

A P P L I CA T I O N  

The typ e TT- 12 i s  an auxiliary relay used in 

the K-DAR directional comparison p ermis siv e o ver­

reaching transfer trip system. The TT- 12 relay 
provides a circuit for: 

a. high speed tripping for all faults 

b.  alarm and trip circuit lockout upon channel 
failure. 

c .  supplying nece s sary coordination durin g a 

sudden reve rsal in power flo w fo r an external 
fault. 

d. check-back test. 

The TT- 12 relay can be applied to two or three 
t erminal lines .  

Th e TT- 12 relay may be appli ed with TA-3 or  

T A - 1  audio ton es or TCF po wer line carrier. Any 
comparable frequency shift channel equipm ent that 
contains receiver relay contacts as follo ws may 
also be used.  

Guard relay; 1 form A or 1 form C 

Trip relay: 2 form A and 1 form B or  3 form C 

contacts. 

CO N S T R UC T I O N  

T he type TT- 12 rel ay consists of a thermal type 

time delay relay ,  telephone type relays , s ilicon 

ze ner d iodes , and an indicating contactor switch. 

SUP E RSEDES I.L. 41-958.91A 
*Denotes change from superseded issue. 

Auxi l iary Unit  Xl 

Auxiliary unit X 1 is a thermo static time delay 
relay that is actuated by a heater. The contacts are 

hermetically sealed. 

Aux i l iary Un its X, Y and L O  or AL X  

The auxiliary units X ,  Y and LO o r  ALX are 
telephone type relays. In these relays an ele ctro­
magn et attracts a right angle iron bracket which in 

turn operates a set of make or b reak contacts .  

Tripping Diodes Dl and D 2  

Tripping diodes D l  and D2 are z ener typ e 
diodes having a 5 0  watt, 2 00V rating (J EDEC No . 
1N28 4 6A for 125 volt and 48 volt relays).  Two 

*diodes are us ed in serie s for 25 0 volt relays . 
(JED EC NO . 1 N284 6A and 1N28 46RA ). 

* B locki ng Diodes D3 to Dl 4 

Blocking diodes D3 through D1 4  are z ener type 
diod es hav ing a one watt , 200 volt rating. Two are 
used in series for 250 volt r elay s .  (Catalog No . 

1 . 5 K E-2 00)  

I nd i cati ng Contactor  Switch Unit  ( ICS) 

The d-e indicating contactor switch is a s mall 
clapper typ e  devic e. A magnetic armature , to which 
l eaf- spring mo unted contacts are attached, i s  at­
tached to the magnetic core upon energization of  the 

s witch. When the switch clo ses the moving contacts 

b ridge two st ationary contacts , compl eting the trip 
circuit , Also ,  during this operation two fin gers on 

armature deflect a spring located on the front of the 

s witch, which allow s  the operation indicator target 

to drop.  

The front spring, in addition to holding the tar­

get , pro vide s restraint for the armature and thus 
controls the pickup value of the switch. 
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T Y P E  TT-1 2 U N I V E R S A L  C HA N N E L  T R A N S F E R -T RI P R E LAY _____________________ _ 

X U NIT----­

LO U N I T  -----:��L 
48VDCX1 RESISTOR 

125/250 V DC Y RES ISTOR 

Fig. 1. Type TT- 1 2  R elay without Case. ( Front Vi ew) 

Fig. 2. Type T T- 1 2  Re lay without Case ( R ear Vi ew) 

2 

Y UNIT 

Xl U N I T  

I C S  U NI T  
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T Y P E  TT-12 UNI V E R SA L  C HA N N E L  T RANS F E R-TR I P  R E LA y ________________ I_
. L

_
.
_4:,.:.1 ...::·9.:.58�·.:..91�B 

O P E R A T I ON 

The typ e  TT- 12 relay is used with a microwave,  
pilot-wire tone channel,  or TCF power line carrier 

in a directional tran sfer trip relay scheme for power 
line protection. High-speed trippin g is obtain ed for 
two-terminal or multi-terminal line application s  fo r 
faults anywhere on the protected line.  See figs .  7 ,  8 ,  
9 , 10 , 1 1  & 1 2 .  

T h e  protective re lays and the relay settings 
used in the TT- 12 s cheme are the same as used in 
directional comparison carri er  schemes. with the 
relay set to reach beyond the remote line terminal s ,  
s o  that e n d  zone faults will appear well within the 
relay characteristic for fast relay op eration.  

The TT-12 scheme,  ho wever, uses  a tripping sig­
nal rather than a blocking signal to provide improved 
security against undesired relay operation for exter­

nal faults. Since the micro wave or pilot wire tone 
channels are separated from the conducto rs of the 
protected po wer line, it is not n ece ssary to use a 
blocking signal, as in the conventional directional 

comparison carrier s cheme. T his avoids having to 

s end the signal on the conductors through a fault. 
The conventional directional comp ari son carrier 
s cheme is arranged to trip on abs ence of the block­
ing signal , so that the channel failure will re sult 
in false tripping for extern al remote faults that are 

within reach of the p rotective relays.  Since the 
TT- 1 2  scheme requires reception of the trip signal 
as well as operation of the loc al protection relays, 

channel failure cannot result in undesired tripping. 

Auxiliary Unit X 

The X-unit i s  used to provide a coordinating de­
l ay ,  if a sudden reversal occurs in the direction o f  
fault power flow i n  t h e  protect ed lin e .  For a n  internal 
fault , the  x-relay is preclo s ed and is k ept closed by 
fault d et ecting relay s  (PR) . These cons i st of the 
KRD directional o vercurrent ground relay and the KD 
zone 2 phase distance relay. 

Auxiliary Unit Y and Anti- bounce Circuit 

Au xiliary unit Y, in conjunction with capacitor 

and resistor pro vides for continuation of  th e audio 
tone tri pping signal in case the pro tective relay 

( PR) contacts should h av e  an initial bounce. The 

s equenc e of  operation of this anti-bounce circuit is 
as follows: 

A s  soon as a PR contact first closes ,  the capac­
itor c harges almost instantaneously to the ap­
proxim at e  v alue of the d-e control voltage through 
the resistor R and the normally clo se d  Y contact, 

at the sam e  time clo sing of the prot ective relay 
contact applies reverse bias to the k eying tran­
sistor in th e transmitter of the  audio tone equip­

m ent , c au sing the tran smitt er to shift to the trip 
frequency. S hould the PR contact bounce open, 

thi s reverse bi as to " shift " is upheld by the 
cap acitor voltage that is s lowly discharged 
through a high resistance p ath in the  tran smitt er 
circuit .  When PR contact recloses the s am e  s e­
quence o f  events tak es place. Wh en finally PR 
clo s e s  " solid" or long enough for Y unit to oper­

ate, th e anti-bounce circuit is cut off by the  nor­
mally clo s ed Y contact and the capacitor charge 

is dissipated through a normally open cont act and 
its associated resistor. 

Auxiliary Unit LO - Universal TT-1 2  Only 

The LO unit i s  energized by the ton e  receiver 
9 4- G  guard relay contact as shown in Fi gs.  7, 8 ,  9 ,  

10, 1 1  and 12 . One contact of the  LO relay energizes 

the X unit . This mak es it po ssibl e, in case of  chan­
nel failure, to lock out the transfer tripping at th e 
local terminal .  A second LO contact i s  in s eries 

with the ton e  recei v er 9 4-T trip relay contact, as a 
second path to energize the LO unit coil ,  after the 
trip signal is received. A break contact is u s ed, 
along with a break X relay contact ,  to supervi s e  the 
X1 relaY. The LO unit has prolonged dropout tim e ,  
thus assuring that it w il l  stay closed during a shift 
o f  frequency .  

Auxiliary Unit X- 1 

The unit X-1 pro vides m ean s  for a check-back 
t e st .  It is energized by a break contact of t he X 
unit for all chann els and the LO unit for ton e  c han­
nels or the AL in the TCF channel . It s contact 

en ergizes the k eying circuit and i s  superv ised by an 
X contact to avoid check-back k eying during faults .  

Auxiliary Unit ALX- T T-1 2 for TC F Only 

The ALX unit is used as an alarm unit for these 
TT- 1 2  relays u s ed with a TCF carrier channel. 

Operation of Test Facilities 

A ch eck-back test of t h e  transfer trip received 

signal is obtain ed without the neces sity of having 
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TY PE T T-1 2 UN IV E R SA L C HA N N E L  T R ANSF E R - TR I P  R E LAY ____________________ _ 

an operator at remote te rminal s and without danger 
of trippin g  on e xternal fault s .  

The operatin g sequence i s  as follows:  

1 .  The operator at any line terminal moves the test 
s witch to the "OFF" po sition. This place s the 
tran sfer trip scheme temporarily out-of- servi ce 

and stops the tran smis sion of the guard signal 
from the loc al station to remote stations where 
the LO-unit (AL for TCF) drop s out . The LO or 
AL and X unit break contacts energized to X- 1 
termin al unit which requires 2-3 seconds to pick­
up . 

2. After holding the test s wit ch in the "OFF " 

position for approximately 1 0  seconds, the 

operator next moves t he te st s witch to the 
"R ECEIVE" position. Thi s re-establi shes the 

transmission of gu ard signal .  The Lo-unit (AL 
for TCF) and X-unit at remote line termin als 

pickup again . With the thermal unit X 1  still 
picked up t he trip signal is tran smitted from re­
mote line terminal s until X 1 unit reset s.  The 

operator should see the "BLUE A ND AMBER" 
te st li ght for appro xim ately 2 seconds. On 3 
terminal l ine s both sets of light s should be on 
if all channel s  are operative. 

3. Thi s completes the check-back test and the test 

switch should be moved to ''norm al'' position 
as soon as the te st l amp s go dark. Thi s  restore s 

the e quipment to t he operative po sition at all 

line terminals.  

The test switch in Figs.  7 ,  8 ,  9 ,  10 ,  1 1  and 1 2  
pro vi de s  a " send" po sition so that the trans­
mitter may be shi fte d durin g periodic m ain­
ten ance chec k s. 

Tripping Diodes D l ,  D2 

Trippin g diode D 1  provide s isolation of the K D  

time circuit from the ground fault dete ctor relay. 
Diode D 2  prevent s t he keyin g circuit from bein g 

energized for operation o f  86B cont act for a bu s 

fault behin d the protected line . Otherwise , undesired 
trippin g of remote termin al s  would result. 

Blocking Diodes 

4 

D 3  - blocks tripping current p ath through 

directional ground cont act D0 and 

diode D5 and blo ck s  tripping current 
p ath from battery po sitive thru X an d 

X 1  relay cont act s durin g check-back 
test s. 

D 4  - blo ck s tripping current p ath through 
directional ground contact D0 , 94-T 

and X cont act s. 

D5 - blocks discharge of  the anti-bounce 
c ap acitor through the Y unit. 

D6 - prevent s energizing one of the blue 

light s durin g check-back test on 3-
terminal line arrangement with te st 

s witch in "RECEIV E" position. See 
Fig. 7 .  

D 7  & D B  - are in series with the lockout relay 

coil and are u se d  to clock the gu ard 
rel ay  from energizing t he amber light. 

D9 - is needed when b ack contact of t rip 
rel ay  is not avail able. 

D 10 & Dll - blo cks trip relay from pi ckin g up guard 
li ght when light i s  u se d. 

D 1 2  - block s trip current flo w through D 4 .  

Dl3 - i s  needed to block the b ack contact 
of 9 4T from keying. 

* D14 - blocks the pilot relays fro m energizing 

the X coil through D l 3  w hen the 
c hanne l is lost and Lo is deenerg ize d .  

S E T T I N G  

There are no settings to be m ade on the relay. 

I N S TALLAT I O N 

The rel ay s  should be mounted on switchboard 
panel s or their e quivalent in a loc ation free from 
dirt , moisture, e xces sive vibrat ion , an d heat . Mount 
the relay verti cally by means of the four mounting 
holes on the flange for semi-flush mounting or by 
mean s  of the rear mounting stu d  or stu d s  for pro­
jection mounting. Either a mounting stu d  or the 
mounting screws may be utilized for groun ding t he 

relaY. The outline for the F T 2 2  case is shown in 

Fi g. 14 .  

The electrical connect ion s  m ay be m ade directly 

to the terminals by mean s of screws for thick p anel 

mountin g. The termin al studs may be e asily removed 

or inserted by locking t wo nuts on the stu d an d 

then turning the proper nut with a wrench. 

For 1 25 or 250 VDC TT- 1 2  relay s,  an e xternal 
X 1  re si stor is required. The outline drawing is shown 
in Fi g. 13. 
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T Y P E  T T-12 U N I V E RSAL C HA N N E L  T R A NS F E R- T RI P R E LA Y  
I.L. 41 -958.91 B 
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I''JICATI% 
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3,900D 

INTERNAL SCHEMATIC 

TELEPHCKE RELAY 
(LEFT SlOE} 

TELEPHQriE RELAY 
(CEMm) 

1,5000 

RED HA::OLE 

TEST SWITCff 

879A9 7 3  
'if Fig. 3.  Internal Schematic 48 VDC U n iversal TT- 1 2  Relay 

in the Type F T22 Case 
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(CEMTER) 

RED HANDLE 
TEST SWITCH 

-TERNIIf.ll 

8 7 9A9 7 5  
* Fig. 5. Internal Schematic 48 VDC TT- 1 2  Relay for TCF in 

the Type F T22 Case 
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2 IN SERIES 

FOR 250 VOC 

TELEPHONE RELAY 
(CENTER) 

8 7 9A97 4 
*Fig. 4. Internal Schem ati c 1 25/250 VDC Un iversal TT- 1 2  

Relay in the Type FT22 Case 

3�000 

2 IN SERIES 

FOR 250 VDC 
TEL�P�:�:·� RELAY (l!:FT SIDE) 

i,sooo 
2,500 Q- 125 ¥DC 
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* Fi g. 6. Internal Schematic 1 25/250 VDC TT- 1 2 Relay for 

TCF in the Type F T22 Case 
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T Y P E  T T-12 UNIVE RSAL C HA N N E L  T R A NS F ER-T R I P R E LA Y ---------------------
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TY P E  TT-12 U N I V E RSA L C H A N N E L  TRANSF E R -TR I P  R E LAY---------------------

ADJ U S TMEN T S  AN D MA I N TENAN C E  

T h e  proper adju st m ents to insure correct op er­
ation of this relay have been made at the factory. 
Upon receipt o f  the relaY , no customer adjustments 
should be required. 

Acceptance Check 

The follo win g check i s  recommended to in sure 
that the relaY i s  in proper workin g order: 

Auxiliary Units X, Xl and Y, and LO or ALX 

Energize each auxili ary unit with rated  volt age 
an d c heck contact action . If desired, the timin g of 
the operation c an be checked as outlined under 
c alibration procedure. 

Zen ner Tripping Diode 

A. R ev erse Characteristi c :  

Breakdown voltage i s  t h e  valu e o f  voltag e at 
which the revers e current just e xceeds 5 milli­
amperes and should be b etween 1 60 to 240 
volt s for each diode. The breakdown voltage i s  

det ermin ed by slowly increasin g voltage until 

rev erse current exceeds 5 milli amperes and 
st art s to increas e rapidly. Do not e xceed 200 

milliamp eres reverse current . 

B. Forward Characteri stic: 

With 10 amperes flowing in forward direction, 

the forw ard voltage across eaeh diode should 

not e xc eed 1. 5 volt s.  

Zener Blocking Diodes 

A. R everse Characteristic :  

Breakdown volt age i s  t h e  v alu e of  volt age at 

which the reverse current just exceed s  0.25 

m illi amp eres and should be between 1 60 to 240 

volt s for each dio de. Th e breakdown volt age is 

determined by slowly incre asin g the voltage 

unt il reverse current exc eeds 0.25 milliamp eres 

and st art s to increase rapi dly. Do not exceed 3 

milliamperes reverse current. 

B. Forward Ch ar acteri stic: 

10  

With 200 milliamp eres flowing i n  forw ard direc­

tion, the forw ard voltage across each dio de 

should not exceed 1. 5 volt s. 

Routine Maintenance 

All relaY s should be operated p eriodi cally and 
the operation should be check ed at least onc e ev ery 

year or at such other time interv als as may b e  dic­

t ated by experience to be suit abl e to the p articular 
app lic ation. 

All cont act s should be periodic ally cleaned. A 
contact burnish er S1t 1 8 2A836H 0 1 i s  recom mended for 
this purpose. Th e use of abrasive m at erial for cle an­

ing cont acts i s  not recommended becau se of the d an­

ger of embedding small p articl e s  in the fac e of the 
soft silver and th1,1 s  impairin g th e cont act. 

NOTE: When m akin g a di electric t e st on the  
relay, the high volt age maY be applie d  at the relaY 
t ermin al, from all circuit s to grounct , between coi l  

an d cont act circuit s ,  and betw een isolated coil 
circuit s. However, the test voltage should not be 
appli ed across relaY cont act s ,  relay coils ,  or rec­
tifi er circuit s. 

CALI B RATIO N 

U se the follo wing procedure for c ali brating the 
relaY , if the relaY h as been t aken ap art for rep airs or 

if the adju stment s hav e  been di sturbed. This p ro­

c edure should not be u s ed unl ess it is app arent that 
th e relay i s  not in prop er working order. R efer to 

figure s 3, 4, 5 and 6. 

Auxiliary Units X, Xl , Y and LO or ALX 

The op eratin g time of unit s X, Y and LO should 
be checked with an el ectronic tim er. 

The resi du al air g ap should not be less than 
.002" and the cont act gaps should be between . 0 20 "  

t o  . 035". 

Auxiliary Unit X 

The X relaY i s  located  at the left ( FV) and i s  

en ergi '!,,,d between terminals 5 an d 13-, with t h e  LO 

unit t;ru\n sed.  It s adjustin g resistor is lo cated at 

the upp er front . Contact circ uitry i s  betw een ter­

minals 1 1  and 1 2. Th e appro xim at e  s ettin g of the 
adjusting resi stor is  2000 ohms for 1 25 volt relays 

and 4500 ohms for 250 volt relaYs. The 48 volt 

relay s do not use a c alibrating resistor. 

The operating time for a variation of 85% an d 

115% of rat ed volt age is a minimum of 32 milli­
* seconds . If n ec e ssary , adju stment to achi eve timing 
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T Y P E  T T -1 2 U N I V E RSA L  C HA N N E L  T R A N S F E R-TR I P  R E LAY ----------------:.:...'·�L:.:...·:;:_41:._·.:..;95::.::8:.:;.9:..:1=.B 

may be made using the adjustment resistor. For 

48 volt relays with no adjustable resistor, oper­

ate time must be 32 milli seconds or greater at 56 

volts. 

The dropout time should be less than 16 milli­

seconds. If necessary, the dropout time can be ad­

justed using the residual screw and changing the 

armature gap. After final adjustment, the gap should 

not be less than .002". 

Auxiliary Unit Y 

The Y unit is located at the right front and is 

energized between terminals 5 and 19. For contact 

circuitry, see Figure 3, 4, 5 and 6. The normally 

closed contact should open in 1. 5 cycles at rated 

voltage. This adjustment is controlled by the Y unit 

resistor which is located at the lower left front. The 

approximate setting of the resistor is 5000 ohms for 

the 125 volt relays and 13,000 ohms for 250 volt 

relays. The 48 volt relays do not use a calibrating 

resistor. 

The dropout time at rated voltage should be 40-

60 milliseconds. If necessary, the dropout time can 

be adjusted by using the residual screw and changing 

the armature gap. After final adjustment, the arma­

ture gap should not be less than . 002". 

Auxiliary Unit LO or ALX 

The LO unit is located at the upper center (FV) 

and is energized between terminals 6 and 9 for Fig. 

3 & 4 or between terminals 6 & 7 for Fig. 5 and 6. 

Its adjusting resistor is located at the rear. See 

Figures 3, 4 and 5 for contact circuitry. The closing 

time should be approximately one cycle at rated 

voltage. The approximate setting of the adjusting 

resistor is 1300 ohms for the 125 volt relays and 

3,400 ohms for 250 volt relays. The 48 volt relays 

do not use a calibrating resistor. The operating time 

for a variation of 85% and 1 15% or rated voltage is 

between 10 and 27 milliseconds. If necessary adjust­

ment to achieve timing may be made using adjusting 

resistor. 

The dropout time at rated voltage should be 40-

60 milliseconds. If necessary, the dropout time can 

be adjusted using the residu al screw and changing 

the armature gap. After final adjustment, the armature 

gap should not be less than . 002". 

Auxiliary Unit Xl 

The X1 unit is located at the lower center (FV) 

and is energized between terminals 5 and 15 for Fig. 

3 with the X and LO units de-energized. The Xl unit 

should have a dropout time of 2.5 ± 1 second, after 

being energized for 10 seconds. This time is meas­

ured at terminals 15 and 18, keeping in mind that 

the break contact of the X unit will have to be jump­

erect. Adjust the timing if necessary, by means of 

adjusting a screw accessible from the top of the 

unit. To increase dropout time turn the screw slightly 

clockwise, and to decrease dropout time turn the 

screw slightly counterclockwise. 

Indicating Contactor Switch (ICS) 

Close the main relay contacts and pass sufficient 

d-e current through the trip circuit to close the con­

tacts of the ICS. This value of current should n ot be 

greater than 1.0 ampere. To increase the pickup cur­

rent, bend the springs out, or away from cover. To 

decrease the pickup, bend the springs in toward 

the cover. Make sure that the target drops freely 

when energized. 

R EN EWAL PAR T S  

Repair work can be done most satisfactorily at 

the factory. However, interchangeable parts can be 

furnished to the customers who are equipped for 

doing repair work. When ordering parts, always give 

the complete nameplate data. 

11 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



.... 
N 

eos 
�. 

101 " T 8 

"' 

K - DAR/TT-12 TRANSFER TRIP SCHEME USE WITH TCF TWO TERMINAL 

GROUND 
BACK UP ZONE I BLOCK ING TIMER 

� ,....--......, ,...---..... ,.....--.,... 

�� c o  I o 

67NT ""' 

g,_l,tJ�' :J:' 0 "' 
OS r-- 68 OS" 

i 

I� " 

� INSTANT ANEOUS GROUND 

,L Fll R 

� 
2 1 - 2  �I 

r---

" 10 
" 

'" " T 

r 
"' 

" u 
' " " 

A6 � ,; 
B6 T R  812 ' 

� " ,; 

21-2 Z(3"ii 
" Os 

o• 

l"' 
ro 

'" � .. ,; 
" ' " 2o ,----

.-

" " ' 8 

"' 
'" G L T S/NRS 

' 
6 

1 05 E �-" " " 

� � ¥  
" 

" .� 18 y 
Cl � y r: �.- �� ;,;-� h. 

I TRANSMITTER I RECEIVER 

L____ .J L _ _ _ _ _  J 

r-TO LINE 
TUNER 

"' 
" ' "' 

.-

"' 
� " " 

� t--- "' "' 
" • !! '( 

" " " i9 
§ 

' "' 

'---� 0 
Dl1•' 

� 

"' " " " T 
EXTERNAL 
RESISTOR 

00- 48 voc 
4750-125 VDC 

11200-250 VDC 

* Fi g. 1 1 . Two Terminal 48 - 125-250 VD C TCF 

!:" " ' "' 

' 

" T 

" 
A1l"=BTT m=err "'Ai'='Bl A5-=B'5 A6='B6 � crr:c m=or cr:::1iT cs:D5 6=06 
rrr=m TI2='fi2 rr=F'I = E6='F6 IT="f'i 

X DENOTES CONTACT 
CLOSED 

SWITCH SHOWN IN 
NORMAL POSITION 

[]-· 

6282021 

-1 
-< 
"0 
m 

-1 

� 
"' 

c 
z 

< 
m 
;Q "' 
,. 
r 

n 
:I: 
,. 
z 
z 
m 
r 

-1 
;Q 
,. 
z "' 
, 
m 
;Q 

� 
;Q 

"0 

;Q 
m 
r 
,. 
-< 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



.... w 

J "' T 

K-DAR/TT-12 TRANSFER T R I P  SCHEME USE WITH TCF THREE TERMINAL 

"' 
BACK UP ZONE 1 BLOCKING TIMER 

� � � � 

• j;;,J .,., l;;:;}., t !� 8 T co 1 , I�f";' � ,, 
6/NT 68 ---;-- OS 

" iii 

"'I" F I ITR 

ZONE 2 INSTANTANEOUS GROUND 
� 

h 21 2 

D"" 00 m 

L, 
I;;;; � 

Al l  TS 
B l  TS 

,-------"' " "' "' 
"' m,cc 

� §* � ;T ¥ T* T 'il  
- TCF - 6TCF 6TCF r<�-t--�•r-1 m 

t---.----+---1 " w 
All +---

%% � I I t"' 
/;) ' 

17  n: 

:i¥ 

" T 
?TCF 
_ 94Tl '" 

"' 
" Ti 

"' "'f" 
AL2 AL(' All 

,----J t----+---, t"' "' '" 

¥ � � 
§2�""'� I . 
' e 

�-r " 1  e Di4 
o4 .t oJz l I I  rix o n  t"" 

d' , "' 
A6 TS � N  r rt -L I ' 8 t "' 

(e " h,, 1 I l l I I  " '" Ti 

� li J)  ::::f:::':=i====c=_£r _ _ _  , Dv �� 
" 

JC. 

" 0 I ' l_ R�::R-
�
3: �::i��� �g� 

,----v- - - - ; 11200-250 ¥DC 

! REl�I�ER "------'"""�----- T
T
O
U���

E 

I ' Ll _ _ _  j 

" T 

* Fig. 1 2 .  Three Termina/ 48 - 125-250 VDC TCF 

" T 

(<) ,, 

CONTACT 
Alf=8TI � ]I,"'I':"8J 'A"5='B5 A6=l36 � 
Cli-011] X 
C !Z-012 'C'l=i5T 'C5"="5'5 'C"6="56 � 'E'l1=1TI TI"2"=Ti'2 rr:i"T � 'E6=T5 

X DENOTES CONTACT 
CLOSED 

SWITCH SHOWN IN 
NORMAL POSITION 

6282D22 

-1 
-< 
, 
m 

-1 
-1 
.!... 
"' 

c 
z 

< 
m 
;o 
VI 
> 
r 

n 
:I: 
> 
z 
z 
m 
r 

-1 
;o 
> 
z VI 
"TT 
m 
;o 

-1 
;o 

, 

;o 
m 
r 
> 
-< 

:-,.... 
.... 
.0 "' !"' 
� 
Dl 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TY P E  TT-1 2 UNIV E R S A L  CHA N N E L  TRAN S F E R-TRI P R E LAY _______________ _ 
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INSTALLATION 
Westinghouse I .L. 41 -958.91 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TT-12  UNIVERSAL CHANNEL TRANSFER ­

TRIP RELAY 

CAUTION Before p utting relays into s ervic e ,  remove 

all blocking which m ay have b een in serted for the 
p urpos e  of  s ecuring the parts during shipment , make 

sure that all moving p arts operate freely , in spect the 

contacts to see that they are clean and clo s e  pro­
p erly, and operate the relay to check th e settings 
and el ectric al connections ;  

A P P L I C A T I O N  

The type TT- 1 2  i s  an auxiliary relay used in 
the K-DAR directional comparison p ermissive over­

reaching transfer trip system. The TT- 1 2  relay 
provides a circuit for: 

a. high speed tripping for all faults 

b. alarm and trip circuit lockout. upon channel 

failure. 

c .  supplying necessary coordination during a 
sudden reversal in power flow for an e xternal 

fault . 

d. check-back test. 

The TT- 1 2  relay can be applied to two o r  three 
terminal lines. 

Th e TT- 1 2  relay m ay be applied with TA-3 or 
TA- l audio ton e s  or TCF po wer line carrier. Any 

comparable frequency shift channel equipm ent that 
con tains receiver relay contacts as follow s  may 
also be u sed.  

Guard relay; 1 form A or 1 form C 

Trip relay: 2 form A and 1 form B or 3 form C 

contacts .  

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

The type TT- 1 2  relay consists of a thermal typ e  

time delay relay, t elephone typ e  relay s ,  silicon 

zener dio des, and an indicating contractor s witch. 

NEW INFORMAT ION 

Au xi I iary U n it X 1 

Auxiliary unit X l  is a thermostatic time delay 
relay that is actuated by a heater. The contacts are 
h ermetically s ealed.  

Auxi l iary Un its X, Y and L O  or AL X 

The auxiliary units X ,  Y and LO or ALX are 
t elephone type relays.  In thes e relays an electro­

magnet attracts a right angle iron bracket which in 

t urn operates a set of make or break contacts .  

Tripping D iodes D 1  a n d  D2 

Tripping diodes D l  and D 2  are zener typ e 
diodes having a 50 watt, 200V rating (JEDEC No . 

1 N 28 4 6A for 1 25 volt and 4 8  volt relays). Two 
diodes are used in s eries for 250 volt relays. (JEDEC 
No. 1 N2840A and 1N2846RA). 

Blocking D iodes D3 to D 1 3  

Blockin g diodes D 3  through D 13 are zener type 

dio des having a one watt,  200 volt rating (JEDEC 
No.  1N305 1 ). Two are used in series for 250 volt 
relays.  

I nd i cati ng Contactor Swi tc h  Unit  ( I CS) 

The d-e indicating contactor switch is a small 
clapper typ e device. A magnetic armature , to which 

l eaf- spring mounted contacts are attached, is  at­
tached to the magnetic core upon energization of the 

s witch. Wh en the switch clo ses th e moving cont acts 
b ridge t wo stationary contacts ,  compl eting the trip 
circuit, Also, during this operation two fin gers on 

armature deflect a spring lo cated on the front of  th e 
s witch, which allow s  the op eration indicator target 

to drop. 

Th e front spring, in addition to holding the tar­

get , pro vides restraint for the armature and thus 
controls the pickup value of  the s witch.  

EFFECT IVE F EBRUARY 1 971 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



T Y P E  TT-1 2 U N I V E R S A L  C HA N N E L  T R A N S F E R-T R I P  R E LAY ____________________ _ 

X U NIT ---� 

LO U N I T  ----:�:-----� 
48VDCX1 R ESISTO R 

125/250 VDC Y RESISTOR 

Fig. 1 .  Type TT- 1 2  Relay without Case (Front Vi ew) 

Fig. 2. Type T T- 1 2  R e lay without Case ( R ear Vi ew) 

2 

Y UNIT 

Xl UNIT 

ICS UNIT 
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T Y P E  TT-1 2 U N I V E RS A L  C HA N N E L  T R A NS F E R -T R I P  R E LA Y  

THER:U.L TI!lE 
DELAY REUY 

r;cca 

I N D ICATING 
CONTACTOR 
SWITCH 
3, 900[1 

TELEPHONE REUY 
(LEFT SIDE) 

TELEPHONE RELAY 
(CEHm) 

t,sooa 

REO HAUOLE 
fEST SWITCH 

ltRHtnAL 

87 9A9 7 3  
Fig. 3. Internal Schematic 48 VDC Universal TT- 1 2  Relay 

in the Type F T22 Case 

THER•AL T I HE  ----1+-+,;-;�-j=�:::J\ 
DELAY RELAY 

6000 

TELEPHONE IEL.JY -·-++-+�-'"'"­
{RIGHT SlOE) 
·INDIC.lTIIUJ ---�{1 
COftTACTOI 
Sill I TCH 
..... -----

TELEPHONE RELAY 
(LEFT S IDE) 

T.ELEPHONE RELAY 
(CfNTER) 

RED HAHDLE 
TEST SWITCH 

- TERNIIAL 

879A9 7 5  
Fig. 5 .  Internal Schematic 48 VDC TT- 1 2  Relay for TCF in 

the Type F T22 Case 

CURREN;
E
��s;

W
��g�=ttc::f---'lf-Y. 

RED HANDLE 
CHASSIS OPERATED 
SHORTING SWITCH 

I .  L .  41 -958.91 

2 IN SERIES 
FOR 250 V O C  

TELEPHONE RELAY 
(LEFT SIDE) 

1,500 Q 

2,500 g - 125 VDC 5.000 ·Jl - 250 YDC 

TELEPHONE RELAY 
(CENTEA) 

87 9A 9 7 4  
Fig. 4 .  Internal Schematic 1 25/250 VDC Un iversal TT- 1 2  

Relay i n .  the Type F T22 Case 

TEST S
W

ITCH:����l���l;]�t��� lED HA!fOLE 
CIUS S I S  OPERATED, 
SHORTING SWITCH 

THERI4Al TmE ----1-1-+-.or---lc::::::::t-n 
DELAY RELAY 

2 I N  SERIES. 
FOR 250 V OC  

TELEPHONE RI!UY 
(LEFT S I DE) 

i, soo a 

2,500 0- IU¥DC 
5,.ou .t - no n' 

J;::'==::::;-t-+- 15000 -1!5 l D C  

INDICATING ----.1--{ 
CO:ITACTOR 
SWI TCH 
39000 

5,000.4. -UO YI' 

T.ElEPHONE RELAY 
{CfNTER) 

2 I N  SERIES 
FOR 250 V O C  

RED HAKDLE 
TEST SWITCH 

-TER�IIUL 

87 9A9 7 6  
F i g. 6 .  I n ternal Schem ati c 1 25/250 VDC TT- 1 2  Relay for 

TCF in the Type F T22 Case 
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T Y P E  T T-1 2 UN I V E R SA L  C HA N N E L  T RA NS F E R - TR I P  R E LA Y---------------------

O P E R A T I O N 

The type TT- 1 2  relay is used with a microwave , 

pilot-wire tone channe l ,  or TCF power line carrier 

in a dire ctional tran sfer trip relay scheme for power 

line protection . High-speed trippin g i s  obtaine d for 
two-terminal or multi -terminal line applications fo r 
faults any where on the protected line . See fig s .  7 ,  8 ,  
9 ,  1 0 ,  1 1  & 1 2 .  

The protective re lays and the relay settings 

u sed in the TT- 1 2  s cheme are the same as used in 
directional comparison carrier schemes. with the 
relay set to reach beyond the remote line terminal s ,  
so that end zone faults will appear well within the 
relay characteristic for fast relay operation. 

The TT- 1 2  scheme ,  h o wever ,  u ses a tripping sig­
n al rather than a blocking signal to provide improved 
security against undesired relay ope ration for exter­

nal faults.  Since the micro wave or pilot wire tone 
channels are separated from the conductors of the 
protected powe r  line , it is not necessary to use a 

blocking sign al ,  as in the conventional directional 
comparison carrier sche me. This avoids havin g to 

send the sign al on the conductors through a fault . 
The conventional directional comp arison carrier 

scheme is arranged to trip on absence of the blo ck­

ing signal, so th at the channel failure will re sult 
in false tripping for extern al remote faults that are 
within reach of the p rotective relays. Since the 
TT- 1 2  s cheme requires reception of the trip signal 
as well as operation of the local protection relays, 
channel failure cannot result in undesired tripping . 

Auxiliary Unit X 

The X-unit i s  used to provide a c oo rdinating de­
l ay ,  if a sudden reversal occurs in the direction o f  
fault power flow in the prote cted line . F o r  an internal 

fault, the X-relay i s  preclosed and is kept closed by 

fault detecting relays (PR).  These consist of the 

KRD dire ction al overcurrent ground relay and the KD 

zone 2 phase distance relay. 

Auxiliary Unit Y and Anti-bounce Circuit 

Au xiliary unit Y, in conjunction with capacitor 
and resistor provides for continuation of the audio 
tone tripping sign al in c ase the protective relay 

( PR) contacts should h ave an initial bounce. T he 

se quence of operation of this anti-bounce circuit is  

a s  follows: 

4 

A s  soon as a PR contact first close s ,  the c ap ac­

itor c harges almost instantaneously to the ap­

proxim ate v alue of the d-e control voltage through 

the resi stor R and the normally clo se d  Y contact, 

at the same time closin g of the protective relay 
c ontact applie s reverse bias to the keying tran­
sistor in the tran sm itter of the audio tone e quip­

ment, causing the tran smitter to shift to the trip 

fre quency. Should the PR contact bounce open, 
this reverse bias to " shift" is upheld by the 
capacitor voltage that is slowly disc harged 
throu gh a high re sistance p ath in the tran smitter 

circuit. When PR contact recloses the same se­
quence of events takes place. When finally PR 
close s  ' 's olid'' or long enough for Y unit to oper­

ate , the anti-bol.!nce circuit is cut o ff by the nor­
mally closed Y contact and the capacitor charge 

is d issipated through a normally open contact and 

its associated resistor. 

Auxiliary Unit LO - Universal T T - 1 2  Only 

The LO unit i s  energized by the tone receiver 

94-G guard relay contact as sho wn in Fi gs. 7, 8 ,  9 ,  
1 0 ,  1 1  and 1 2 .  One contact o f  the L O  relay energizes 

the X unit. This makes it p o ssible, in c ase of chan­
nel failure , to lock out the transfer tripping at the 
local termin al . A second LO c ontact i s  in series 

with the tone receiver 9 4-T trip relay c ontact, as a 
se cond path to energize the LO unit coil , after the 

trip signal is  received. A break contact is used, 
along with a break X relay contact ,  to supervise the 
X 1  relay.  The LO unit has prolonged dropout time , 
thus assuring that it w ill stay closed durin g a shift 
of frequency . 

Auxiliary Unit X- 1 

The unit X-1 provides mean s  for a check-back 
te st. It is energi zed by a bre ak c ontact of t he X 
unit for all channels and the LO unit for tone chan­

nels or the AL in the TCF channel.  Its contact 

energizes the keying circuit and is superv i sed by an 

X contact to avoid check-back keyin g during faults. 

Auxiliary Unit ALX - T T- 1 2  for TC F Only 

The ALX unit is used as an alarm unit for these 
TT- 1 2  relays u sed with a TCF carrier channel. 

Operation of Test Facilities 

A check-back test o f  the transfer trip received 

signal is obtained without the neces sity of having 
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TY P E  T T- 1 2  UN IV E R SA L  C HA N N E L  T R ANSF E R -TR I P  R E LAY ____________________ _ 

an operator at remote terminal s  and without danger 
of tripping on external faults. 

The operatin g se quence is as follows:  

1 .  The operator at any line terminal moves the test 
switch to the "OFF" position. This place s the 
transfer trip scheme temporarily out-of- service 

and stops the tran smis sion of the guard s i gnal 
from the loc al s tation to remote stations where 
the LO-unit (AL for TCF) drop s out. The LO or 

AL and X unit break contacts energized to X- 1 

terminal unit which require s 2- 3 seconds to pick­
up. 

2 .  A fter holding the test s witch in the "OFF" 
position for approximately 1 0  second s ,  the 

operator next move s the te st s witch to the 
"R ECEIVE" po sition . This re-establishes the 
transmission of gu ard sign al .  The LQ-unit CAL 

for TCF) and X-unit at remote line termin als 
pickup again. With the therm al unit X 1 still 
picked up the trip signal is transmitted from re­

mote line termin al s  until X 1 unit resets. The 

operator should see the "BLUE A N D  A MB ER" 
te st l ight for approxim ately 2 seconds. On 3 

terminal l ine s both sets of l i ghts should be on 

if all channel s  are operative. 

3. Thi s complete s  the check- back tes t  and the test 
switch should be moved to "normal" position 
as soon a s  the test l amp s go dark. Thi s  restores 
the e quipment to the operati ve po sition at all 

line termin al s .  

The test s witch in Figs . 7 ,  8 ,  9 ,  1 0 ,  1 1  and 1 2  
provide s  a " send" position so that the trans­
mitter maY be shifte d  during periodic m ain­
ten ance checks.  

T ri pping D iodes Dl,  D2 

Tripping diode D 1  provides isolation of the KD 
time circuit from the ground fault dete ctor relaY. 
Diode D 2  prevents t he keyin g circuit from bein g 

energized for operation o f  86B contact for a bus 
fault behin d the protected line. Otherwise , unde sired 
trippin g of remote termin als would result. 

Block ing Diodes 

D3 - blocks tripping current p ath through 

directional ground contact Do and 

diode D5 and blo ck s trippin g current 
p ath from battery po sitive thru X and 

X 1 rel aY contacts during check-back 

tests. 

D4 - blocks tripping current p ath through 
directional ground contact D0 , 94-T 
and X contacts. 

D5 - blocks discharge of the anti-bounce 
c ap acitor through the Y unit. 

D6 - prevents energizing one of the blue 

lights durin g check-back test on 3-
terminal line arrangement with te st 
s witch in "RECEIVE" po sition . See 
Fig. 7 .  

D7 & D8 - are in series with the lockout rel aY  
coil an d  are u se d  to clock the gu ard 
rel aY  from energizing the amber light. 

D9 - is needed when b ack contact of trip 
rel aY i s  not available. 

DlO & D ll - blo cks trip relaY from pickin g  up guard 
light when light i s  u sed. 

D 1 2  - block s trip current flo w through D 4 .  

D 13 - i s needed to block the b ack contact 
of 9 4T from keying. 

SE T T I N.G 

There are no settings to be made on the relaY. 

I N S TA L LAT I O N 

The relaYS should be mounted on switchbo ard 
panel s or their e quivalent in a location free from 
dirt, moisture, e xcessive vibration , and heat. Mount 
the relaY verti c ally by means of the four mounting 
holes on the flange for semi- flush mounting or by 
me an s  of the re ar mounting stud or studs for p ro­
jection mounting. Either a mounting stud or the 
mounting screws may be utilized for grounding the 

relay.  The outline for the FT2 2 case is shown in 
Fi g. 1 4 .  

The electrical connections maY b e  m ade directly 

to the terminals by means of screws for thi ck p anel 

mounting. The termin al studs maY be e asily removed 

or inserted by locking two nuts on the s tud and 

then turning the proper nut with a wrench.  

For 1 25 or 250 VDC TT- 1 2  relaY s,  an e xtern al 

X 1 resistor i s  required. The outline drawing is shown 

in Fig. 13 .  
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INSTALL A Tl 0 N 
Westinghouse I .L. 4 1 -958 .9C 

• OPERATION • MAINTENANCE 

INST R U C T ION S 
TYPE TT-12 UNIVERSAL CHANNEL TRANSFER ­

TRIP RELAY 

CAUT I O N  Before putt ing relays into service , remove 

all blocking w hich may have been inserted for t he 
purpose of securing the parts during shipment , make 

sure t hat all mov ing parts operate free ly, inspect the 

cont act s to see that t hey are cle an and close properly , 
and operate t he relay to check the settings and elec­

trical conne ct ions. 

A P PLI CAT I O N 

The type TT- 1 2  is an auxiliary relay used in t he 

K -DAR direct ional comparison tripping sche me (over­

re aching tr ansfer trip) .  The TT- 1 2  re lay prov ide s a 

circuit for :  

a .  high spee d tripping for all fault s 

b .  alarm and trip c ircuit lockout upon c hannel 

failure . 

c .  supply ing ne cessary coordination during a sud­

den rever sal in power flow for an e xternal 
fault . 

d .  che ck-back te st . 

The TT- 1 2  relay can be applied to two or t hree 

terminal lines .  

T he TT- 1 2  relay works w ith  TA- l  audio tone 

channe ls or w it h  any comparable e quipment that con­

t ains receiver relay cont act s as follow s :  

Guard re lay: 1 for m A o r  1 for m C 

Trip relay: 2 form A anc 1 form B or 3 form C 
cont act s. 

Use the TT-8 relay instead of the TT- 1 2  where the 

channe l receiver doe s not cont ain the ne ce ssary re lay 

contact st ruct ure re quired for t he TT-1 2  system. The 

TT-8 provides no monitoring facilit ie s .  Whe re moni­
toring is not integral wit h  t he re ceiver , use a TT-9 

re lay along with  t he TT - 8 .  

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

The type TT- 1 2  re lay consist s  of a t hermal type 

t ime delay relay , telephone type relays , s ilicon zener 
diodes , and an indicating cont actor switch. 

SU PERSEDES I .L. 4 1 -958.  9B 
*Denotes change from superseded i ssue .  

Auxiliary U n i t  X l  

Auxiliary unit X l  i s  a thermost at ic time de lay 
relay t hat is  actuat �d by a heater.  The cont act s are 

hermet i c ally sealed.  

Auxiliary Units X,  Y and LO 

The auxiliary unit s X ,  Y and LO are tele phone 

type re lays . In the se relays , an electromagnet att ract s  
a right angle iron bracket w hich i n  t urn operates a 
set of make or break cont act s .  

Tr i pping D iode s D l  and D2 

Tripping diodes D l  and D2 are zener type diodes 

having a 50 watt , 200 V rat ing ( JEDEC No . 1 N 2 846A 
for 1 25 volt and 48 volt re lays ) .  Two diodes are used 

in series for 25 0 volt relays . ( JEDEC No . 1 N2840A 

and 1 N 2 846RA ) .  
Block ing D iode s D 3  t o  D l l 

B locking diode s D3 t hrough D8 are zener type 

diodes having a one watt , 200 volt rat ing ( JEDEC 
No . 1 N 3 05 1 . )  Two are used in series for 25 0 volt 

re lays. 

I ndicat ing Contactor Switch Unit ( ICS) 

The d-e indicating cont actor switch is a s mall 
clapper type dev ice . A magnet i c  armature , to w hich 

le af-spring mounted cont act s are att ac hed ,  is at­
t racted t o  t he magnetic core upon energizat ion of t he 

switch .  When t he switch clo se s  t he moving cont act s 
br idge two st ationary cont act s ,  complet ing t he trip 

circuit . A lso , during t his operat ion two fingers on t he 
armature deflect a spring located on t he front of t he 

swit ch ,  w hich allows t he operation indicator t arget 
to drop. 

The front spring , in addition to holding t he t ar­

get , provides re st raint for t he armat ure and thus con­

trols the pickup value of the switch.  

O P E RAT I O N 

The type TT- 1 2  re lay is used with  a microwave 
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Fig. 7. Type TT- 12 R el ay without case (Front Vi ew) 

Fig. 2. Type TT- 12 Rel ay without case (Rear V i e w) 
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T Y P E  T T -1 2  U N I V E RS A L  C H A N N E L  T R A N S F E R - T R I P  R E L A Y  __________ I
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t . SOICI  

... .... 
T!.ST IWITCR 

8 7 6A7 09 
F i g. 3. In tern al Schem ati c o f  the Type T T- 12 R el ay in the 

Type FT 22 case for 48 VDC Only. 
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DELAY RELAY 
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iii>ICATIIG C<lllJIClaO SWITC>O 
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TELEPHONE RELAY 
(LEFT SIDE) 

1,500 ll 

s.ooo a 

2 1N SERIES 

TELEPI-IONZ RELAY 
(CENTER) 

TERMINAL 

8 7 6A7 1 3  
Fig. 5 .  Internal Schematic o f  the Type TT- 1 2  Relay i n  the 

Type F T-22 case for 250 VDC. 

TERMINAL 

RED HANDLE 

CHASSiS OPERATE0 -�--1--+--t-r 
SHORTING SWITCH 

THERMAL TIME - -
DELAY RELAY 

600...fl.... 

1. 23MFD. 

7100 0 

1500 0 

TELEPHONE RELAY 
(CENTER) 

8 7 6A7 1 0  
Fig. 4. Internal Schematic for the TT- 12 Relay in the Type 

FT22 case for 1 25 VDC. 

or pilot-wire tone channel in a directional transfer 

trip relay scheme for power line protection. High­

speed tripping is obt ained for two-terminal or multi­

terminal line applications for faults anywhere on the 

protected line . See figs. 6 , 7, 8, &9 . 

The protective relays and the relay settings used 

in the TT- 12 scheme are the same as used in direc­

tional comparison carrier schemes with the relay set 

to re ach beyond the remo te line terminals,so that end 

zone faults will appear well withi n the relay c harac­

ter istic for fast relay oper ation. 

The TT- 12 scheme , however, uses a tri pping sig­

nal rather than a blocking signal to pr ovide improved 

security ag ainst undesired relay operation for e xter­

nal faults. Since the microw ave or pilot wire tone 

channels are separ ated from the conductors of the pro ­

tected power line , i t  i s  not necessary t o  use a block­

ing signal, as in the conventional directional com­

parison c arrier scheme . This avoids having to send 

the signal on the conductors through a fault. The con­

ventional directional comparison carr ier scheme is ar­

r anged to trip on absence of the blocking signal , so 

that the channel failure will result in false tripping 

for external remotC! faults that are within reach of the 

protective relays . S ince the TT-12 scheme re quires 

reception of the trip signal as well as oper ation of 
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T Y P E  T T - 1 2  U NI V E RSAL C HA N N E L  T R A NS F E R -T R I P  R E LA Y _____________ _ 

the local protection relays,  channel failure cannot 
result in unde sired tripping. 

Auxiliary Unit X 

The X-unit is used to provide a coordinating 

delay, if a s udden reversal occurs in the direction of 

fault power flow in t he prote cted line . For an internal 

fault ,  the X-relay is preclosed and is kept closed by 
fault detecting relays (PR) .  The s e  consist of the KRD 
directional overcurrent ground relay and the KD zone 
2 phase distance relay. 

Auxiliary Unit Y and Ant i-bounce C ircuit 

Auxiliary unit Y ,  in c onj unction w ith capacitor 
and resistor provid es for continuation of t he audio 
tone tripping signal in case the protective r elay ( PR) 

contacts should have an initial bounce. The sequence 

of operation of this anti-bounce circuit is as follow s:  

As -soon as a PR contact first close s ,  the capac­

itor charges almost instantaneously to t he ap­

prox imat e value of the d-e control voltage thr ough 
the resistor R and t he normally closed Y cont act , 

at the same time closing of the protective relay 

contact applies reverse bias to the keying tran­
sistor in the trans mitt er of the audio tone equip­
ment , causing the transmitter to shift to the trip 
frequency. Should the PR contact bounce ope n ,  

this reverse bias to " s hift " i s  upheld b y  the 

capacitor voltage that is  slowly discharged 

through a high resi st ance path in t he tr ansmitter 
circuit . Whe n  PR cont act recloses the same se­
quence of e vents takes place.  When finally PR 
close s " s olid" or l ong enough for Y unit to  oper­
at e ,  the anti-bounce circuit is cut off by t he nor­
mally closed Y contact and the capacitor charge 

is dis sipated through a nor mally open contact and 
it s associated resistor. 

Auxiliary Unit LO 

The LO unit is energized by the tone receiver 94-

G guard relay c ontact as shown in Figs . 6 ,  7 ,  8 & 9. 

One c ontact of the LO r elay energizes the X unit. 

This makes it possibl e ,  in case of channel failure , to 

lock out the transfer tripping at the local ter minal. A 

sec ond LO cont act isin series wit h the alarm circuit , 
and a third LO contact is in serie s with the tone re­

ceiver 94-T trip relay contact , as a se cond path to 

energize the LO unit coil,  after the trip signal is  re­

ceiv ed . A break cont act is used, along w ith a break 
X relay contact , to supervi se the X 1  relay. The LO 

unit has prolonged drop out time , thus assuring that it 

will stay closed during a shift of frequency. 

4 

Aux i l iary Unit X-1 

The unit X- 1 provides means for a check-back 

test . It is energized by a break contact of t he X and 

LO unit s .  It s contact energizes the keying circuit and 
is sup ervised by an X contact to avoid c heck-back 
keying during fault s .  

Operation of te st facilities 

A check-back test of the transfer trip received 

signal is obtained without the necessity of having an 
operator at remote terminal s and without danger of 

tripping on external fault s .  

The operating sequence i s  a s  follows:  

1 .  The operator at any line t erminal m oves the test 

switch to the " OFF " position. This places the 

transfer trip sche me temporarily out-of-service and 
stops the transmissio n  of t he guard signal from the 

local station t o  remote stations w here the LO-unit 
drops out . The LO and X unit break cont act s ener­

gized te X-lthermal unit w hich requires 2-3 sec­
ond s t o  pickup . 

2 .  After holding the t e st switch in the " OFF " posi­

tion for appro ximately 10 seconds , the o perat or 

next moves the test switch to the " RECEIV E "  

position. This re-est ablishes the transmission o f  

guard s ignal . The LO-unit and X-unit a t  remote 

line terminals pickup again.  With the t hermal unit 
X1 still picked up the trip signal is trans mitted 

from remote line terminals until X 1 unit resets.  
The operator should see the " BLUE and AMBER " 
test light for approximately 2 seconds. On 3 t er­
minal lines both sets of light s should be on if all 
channels are operative.  

3 .  This completes the c heck-b ack test and the test 

switch s ho uld be moved to " normal " position as 
soon as the test lamps go dark . This restores t he 
equipment to the operative po sition at all line ter­

minals .  

The test switch in Fig s .  6 ,  7 ,  8 & 9 provides a 
"send "  position so that the transmitter may be 

shifted during periodic maintenance c hec ks.  

Tri pp ing D iodes 0 1 , 02 

Tripping diode D 1 provides i solation of the KD 

time circuit from the ground fault detector relay. 

Diode D2 prevents the keying circuit from being 

energized for op eration of 86B cont act for a bus 
fault behind the prote cted line . Otherwi s e ,  und e sired 

tripping of remote termi nals would re sult . 
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B locking Diodes 

D3- bloc k s  tripping current path through dir­
ectional ground contact D 0 and diode D5 
and blocks tripping current path from bat­
tery positive t hru X and X 1  relay contact s 

during c heck-back tests . 

D4- blocks tripping current pat h throu gh dir­
ectional ground contact D0 , 94-T and X 

contacts . 

D5- blocks discharge of the anti-bounce cap­

acitor through the Y unit. 

D 6- prevents energizing one of the b lue lights 
during check-back test on 3-terminal line 

arrangement with test switch in "RE­

CEIVE" po sition. See Fig. 7.  

D7&D8- are in serie s with the lockout relay c oil 

and are used to blo ck the guard relay 

from energizing the amber light. 

D 9- is needed w hen back c ontact of trip relay 

is not available . 

D 1 0&D 1 1- blocks trip relay from picking up guard 

light w hen light is used . 

SETT I N G S  

There are no setting s  to b e  made o n  t he relay .  

I N S TALLAT I O N 

The relays should be mounted on switchboard 

panels or their equivalent in a location free from dirt , 

moisture , exces sive 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 proj ection m ount­
ing . Either a mounting stud or the mounting s crews 
may be utilized for grounding the relay. 

The electrical connections may be made directly 

to the terminals by means of screws for thick panel 
mounting . T he terminal studs may be easily removed 

or inserted by locking two nut s on the stud and then 
turning the proper nut with a wrench.  

ADJ U S T MEN T S  AND MA I N TENAN C E  

The proper adjustments t o  i ns ure c orrect ope ra­

tion of this relay hav e bee n made at the factory. Upon 

receipt of the relay , no customer aajustments should 

be required. 

Acceptance Check 

The following check is recommended to insure 
that t he relay i s  in proper working order :  

Auxi l iary Units X ,  Xl , and Y, and Lo 
Ener gize e a c h  auxiliary unit with rated voltag e 

and check c ontact action. If desired , the timing of the 
operation can be c hecked as outlined under calibra­
tion procedur e .  

Zenner T r i pping Dtode 

a. Rever se C haracteristic :  

Breakdown voltage i s  the value of voltage at 

which the reverse current j ust exceeds 5 milli­
amperes and should be between 1 6 0  to 240 

volts for e ac h  diode . The breakdown voltage 

is deter mined by slowly increasing voltage un­
til reverse current exceeds 5 milliamp er es 

nad starts to increase rapidly. D o  not exceed 
200 milliamperes reverse current. 

b. Forward Characteristic :  

With 10 amperes flowing in forward dir ection,  

the forward voltage across each diode should 

not exceed 1 . 5 volt s .  

Zener Blocking Diodes 

a. Reverse C haract eristic :  

Breadkown voltage i s  the v alue of voltage at 

which the rev·er se current j ust exceeds 0. 25 

milliamperes and should be bet ween 1 60 to 
240 volts for each diode. The breakdown volt­

age is determined by slowly increasing t he 
voltage until reverse cum�nt exceeds 0 . 2 5  
milliamperes and starts to i ncrease rapidly. 
D o  not exceed 3 milliamperes reverse current . 

b .  F orward Charact eristic :  

With 200 milliampe res flowing i n  forward direc­

tion , the forward voltage across each diode 
should not exceed 1 .5 volts .  

Routine Maintenance 

All r elays should be inspe cted periodically and 
the operation should be checked at least onc e  e very 

year or at such ot her time intervals as may be dic­

tated by experie nce to be suitable to the particular 

application. 
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T Y P E  T T - 1 2  U NI V E R S A L  C HA N N E L  T R A NS F E R -T R I P  R E L A Y  ____________ _ 

All contact s should b e  periodically cleaned.  A 

contact burnisher S# 1 8 2A83 6H01 is recomme nded for 
this purpos e .  The use of abrasive material for clean­

ing c ontacts is not recommended because of the dan­

ger of embedding s mall particles in the face of the 
soft silver and thus imparing the contact . 

NOTE : When making a dielectric test on the re­
lay , the high voltage maybe applied at the relay term­

inal , from all circuits to ground ,  between coil and 

contact c ircuit s ,  and between isolated coil circuit s .  
However , the test voltage s hould not be applied 
across relay contact s ,  relay coil s ,  or rectifier cir­

cuit s .  

CALI B RAT I O N  

use the following procedure for calibrating the 

relay ,  if the relay ·has been taken apart for repairs or 

if the adjustments have been dist urbed. This pro­
cedure should not be used unless it is apparent that 

the relay is not in proper working order . Refer to 
figur e s  3 ,  4 & 5 .  

A uxiliary Units X, Xl , Y ,  and L O  

T he operating time of unit s X ,  Y and LO should 
be checked with an electronic timer. 

T he residual air gap s hould not be less than 

. 002 " and the contact g aps should be between . 020" 

to .035 " .  

Auxiliary Unit X 

T he X relay is located at the left (FV) and is 

energized between terminals 5 and 1 3 ,  with the LO 
unit preclosed . Its adj usting resistor i s  located at 
the upper front . Cont act circuitry is between terminals 
1 1  and 1 2 .  The approximate setting of the adjusting 

resistor is 2000 ohms for 1 25 volt relays and 4 500 
ohms for 250 volt relays. The 48 v olt relays do not 
use a calibrating resistor. 

The operating time for a v ariation of 85% and 1 1 5% 

of rated voltage is a minimum of 32 millisecond s .  If 

necessary , adj ustme nt to achieve timing may be made 

using t he adj ustment resistor . For 48 volt relays w ith 

no adj ustable resistor , operate time must be 32 milli­

sec onds or greater at 56 volt s .  

T h e  dropout time should be le s s  than 1 6  milli­

seconds.  If nec essary, the dropout time can be ad­

j usted using the re sidual screw and changing the arm­

ature gap . After final adj ustment , t he gap should not 

be less t han . 002 "  

1 0  

Auxiliary Unit Y 

The Y unit is l ocated at the right front and is en­

ergized between termi nals 5 and 20.  For cont act c ir­

cuitry , see Figures 3 & 4 .  The normally clo sed con­

tact should open in 1 . 5  cyc les at rated v oltage . This 

adjustment is controlled by t he Y unit resistor w hich 
is loc ated at the lower left front . The approximate 

setting of the resistor is 5000 ohms for the 1 25 volt 

relays and 1 3 , 000 ohms for 250 volt relays. The 4 8  
volt relays do not u s e  a calibrating resistor. 

The dropout time at rated voltage s hould be 40-60 

milli seconds . If necessary , the dropout time can be 
adjusted by using the residual screw and c hanging the 

armature gap . After final adj ustment ,  the armature gap 
should not be less than . 00 2 " .  

A uxiliary Unit LO 

T he LO unit is locat ed at the upper center (FV) 

and is energized between termi nals 6 and 9 .  Its adj ust­
ing resistor is located at the rear. See Figures 3 , 4&5 
for contact circuitry. The closing time s hould be ap­

proximately one cycle at rated voltag e .  The approxi­

mate setting of the adjusting resi stor is 1 300 ohms 

for the 1 25 v olt relays and 3 , 4 00 o hms for 250 volt re­

lays. The 48 volt relays do not use a calibrating re­

sistor. The operating time for a v ariation of 85% and 
1 1 5% or rated voltage is betw een 1 0  and 27 milli­
second s .  If necessary adj ustment to achieve timing 
may b e  made using adj usting resistor. 

The dropout time at rated voltage s hould be 4 0-
60 millisecond s .  If nece ssary,  the dropout time can 
be adj usted using the residual s crew and c hanging the 

armature gap . After final adj ustment , the armature g ap 
should not be less t han . 002" . 

Auxiliary Unit Xl 

The X 1  unit is locat ed at the low er center ( FV )  
and is energized bet ween termi nals 5 and 1 5  with the 

X and LO units de-energized . The X 1  unit sho uld 

have a dropout time of 2 . 5 ± 1 second , after be ing 
energized for 1 0  second s .  This time is measured at 

t ermi nals 1 5  and 1 8 ,  k eeping in mind that t he break 

c ontact of the X unit will have to be j umpered . Adjust 

the timing if necessary,  by means of adjusting a 

screw accessible from the top of the unit . To incre ase 

dropout time turn the screw slightly clockwise , and to 

decrease dropout t ime t urn the screw slightly counter­

clockwise.  
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Fig. 9. Outline Dwg. for External Resistor for T T 1 2  Relay 

Indicat ing Contactor Switch (ICS) 

Clos e the main relay contacts and pass sufficient 
d-e current through the trip circuit to c lose the c on­
tacts of the ICS. This value of current should not be 

greater than 1.0 ampere .  To increase the pickup cur­

rent , be nd the springs out , or away from cover . To 
To decrease the pickup , bend the springs in toward 

the cover . Make sure that t he t arget drops freely w hen 
energized. 

R EN E WAL PAR TS 

Repair work can be done m ost satisfactorily at 

the factory . H owe ver , interchangeable parts can be 
furnished to the customers w ho are equipped for doing 
repair work. When ordering part s ,  always give the 
complete nameplate data. 
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Westinghouse I. L. 4 1 - 9 58. SA 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TT - 16 AUXILIARY RE LAY WITH AVALANCHE DIODE 

CAUTION : Before putting relays into service, remove all b locl;:ing which may 
have been inserted for the purpose of securing parts during shipment, make 
sure that moving parts operate freely, inspe ct the contact s to see that they 
are clean and close properly and operate the relay to check the settings and 
electrical connections . 

APPLICATION 

The type TT -16 is an auxiliary relay used in the K-�R directional compar ison 
tripping scheme . The TT -16 relay provide s a c ircuit for high speed tripping, 
controls the transfer signal for the remote line terminals and supplies 
neces sary coordination during sudden reversal for external fault conditions . 
The TT-16 relay can b e  use� on 2 or 3 terminal line s .  

CONSTRUCTION 

The type TT-16 relay cons ists of a mercury wetted contact relay, telephone type 
relays , avalanche diode s ,  and an indicat ing contactor switch. 

Auxiliary Unit X 

Auxiliary unit X is a mercury wetted relay. 

Auxiliary Unit X2, Y and LO 

Auxiliary units X2, Y and LO are telephone type relays . 

Tr ipping Diode D9 and Blocking Diode s D3 to D8 

The se diodes are controlled avalanche type diode s with a 1000 volt, 12 ampere 
rating ( JEDEC NO . lN4529 ) .  

Indicating Contactor Switch Unit ( res ) 
The indicating contactor switch is a small d-e operated clapper type device . 

OPERATION 

The type TT -16 relay is  used with microwave or pilot wire tone channel in a 
directional transfer trip relay s cheme for power transmiss ion line protection . 
High-speed tr ipping is  obtained for tvm -terminal or multi -terminal line 
applications for fault s anywhere on the protected line . 

SUPERSEDES 4 1 - 9 58.  8 
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The protective relays and the relay settings used in the TT-16 s cheme are the 
same as used in directional comparison carrier s chemes with the relay set to 
reach beyond the remote line terminals so that end zone faults will appear well 
within the relay characteristic for fast relay operation . 

The TT-16 s chemeJ however , uses a tripping signal rather than a blocking signal 
to provide improved se curity against unde sired relay operat ion for external 
faults .  S ince the microwave or pilot wire tone channels are separate from the 
conductors of the prote cted power line , it is not ne ces sary to use a blocking 
s ignal, as in the c onventional direct ional compar ison carrier scheme to avoid 
having to send the signal on the conductors through a fault . The conventional 
directional compar ison carrier s cheme is arranged to trip on ab sence of the 
blocking signal, s o  that the channel fa ilure will result in false tripping for 
external remote faults that are within reach of the protective re lays . S ince 
the TT-16 scheme requires re ception of the trip signal as well as operation of 
the local protection relays , channel failure cannot result in unde s ired tr ipping . 

Auxiliary Unit X 

The X -unit is  used to provide a coordinating delayJ if a s udden rever sal occurs 
in .the direction of fault power flow in the prote cted line . For an internal 
fault, the X -relay is  preclosed and is kept closed by fault detecting relays . 

Auxiliary Unit Y and Anti-bounce C ircuit 

Auxiliary unit YJ in conjunction with capac itor C and re si stor R, provide s for 
continuation of the audio tone tr ipping signal in case the prote ctive relay (PR)  .� 

contacts should have an initial b ounce . The sequence of operation of this ant i -
bounce c ircuit is as  follows : 

As s oon a s  the PR contact fir st closes,  the capacitor charge s almost 
instantaneously to the approximate value of the d-e c ontrol voltage 
through the resistor R and the normally closed Y contact, at the same 
time closing of the protective relay contact applie s rever se b ias to 
trans istors in the transmitter of the audio tone equipment, causing 
the transmitter to shift to the tr ip frequency. When the PR contact 
bounce s open thi s reverse b ias to "shift" is upheld by the capacitor 
voltage that is slowly discharged through a high re sistance path in 
the transmitter c ircuit . When PR contact re closes the same sequence 
of events takes place . When finally PR closes "solid" or long enough 
for Y unit to operate, the anti -bounce circuit is cut off by the 
normally closed Y contact and the capacitor charge is dis s ipated 
through a normally open contact and res istor R .  

Auxiliary Unit - LO 

The LO unit is  energized by the 94-G channel control contact . One contact of LO 
relay energizes the X unit . This make s it possib leJ in case of channel failure , 
to lockout the transfer tripping at the local terminal. The second LO contact 
is in ser ies with alarm circuit, and the third LO contact is in serie s with the 
94 -T channel control contact, as a second path to energize LO unit coil, after 
trip signal is received .  The LO unit has prolonged dropout time, thus assuring 
that it will stay closed long enough to transfer from guard to trip re ceived 
s ignals without dropping out . 
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Auxiliary Unit - X2 

The X2 unit is used to provide additional time delay in the transmitter initiate 
circuit , when des ired. When used, it is connected in series with "b " contact 
of circuit breaker.  

Tripping Diode Dl 

Tripping diode Dl provide s isolation of the KD timer circuit from the ground 
fault detector relay. 

Blocking Diodes D3 to D8 

Blocking diode s D3 through D8 are utilized to prevent undes irable tripping or 
operation of associated e quipment .  

STYLE O F  RELAYS 

D. C .  SUPPLY VOLTAGE STYLE OF RElAY 

48 

125 

250 

SETTINGS 

The only setting required is that if the X relay operating time . Operating 
times between 1 . 5  to 2 . 0  cycle s can b e  obtained by utiliz ing slide wire resistor 
which is located at top front of TT-16 re lay chassis . The X relay is set at 
the factory for a 1 . 5  cycle operate time . 

INSTALLATION 

The relays should be mounted on switchboard panels or their e quivalent in a 
location f�ee from dirt, moisture, exces s ive vibration, and heat o Mount the 
relay vertically by means of the four mounting holes on the flange for semi ­
flush mounting or by meanq of the rear mounting stud or studs for proJection 
mounting . E ither a mounting stud or the mounting s crews may be utilized for 
grounding the relay. 

The electr ical conne ctions may be made directly to the terminals by means of 
s crews for thick panel mounting . The terminal studs may be eas ily removed or 
inserted by locking two nuts on the stud and then turning the proper nut with 
a wrench.  

ADJUSTMENTS AND MAINTENANC E 

The proper adjustments to insure correct operation of this relay have been 
made at the factory. Upon receipt of the relay, no customer adjustments should 
be required. 

Acceptance Check 

The following che ck is  recomme nded to insure t hat the relay is  in proper 
working order . 
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Auxiliary Units X, X2, Y, and LO 

Energize with rated voltage each auxiliary unit and check contact action. If 
de s ired, the timing of the op�ration can be che cked as outlined under calibration 
procedure . 

Avalanche Diode 

Reverse Character ist i c :  

Breakdown voltage is the value o f  voltage a t  which the reverse current j ust 
exceeds 0 . 5  milliamperes and should be 600 volts for each diode . The breakdown 
voltage is determined by slowly increasing voltage until rever se current exceeds 
0 . 5  milliamperes and starts to increase rapidly . A safety res istor should be 
used to prevent shorting the D. C .  source . 

Rountine 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 dictated by 
experience to b e  suitable to the particular application. 

All contacts should be periodically cleaced. A contact burnisher S#l82A836H01 
is recommended for this purpose . The use of abras ive material for cleaning 
contacts is not recommended because of the danger of embedding small particles 
in the face of the soft silver and thus impa iring the contact . 

NOTE : When making a dielectric te st on the relay, the high voltage may b e  
applied a t  the relay terminal, from all c ir cuits t o  gr ound, between coil and 
contact circuits ,  and between isolated coil c ircuit s . However , the te st voltage 
should not be applied across relay contacts,  relay coils, or rectifier c ircuit s .  

CALIBRATION 

Use the following procedure for calibrating the relay if the relay has been 
taken apart for repairs or if the adj ustments have been di sturbed . This 
procedure should not be used unle s s  it i s  apparent that the relay is not in 
proper working order . 

Auxiliary Units X, Xl, Y, and LO 

The operating time of units X and LO should be checked with an electronic timer . 

Auxiliary Unit X 

The X relay is  located at the upper rear and is energized between terminals 
5 and 13, with LO unit preclosed. Its adj ust ing resi stor is mounted across the 
front and at the top of the TT-1 6 chassi s . The operating range of the X unit i s  
adj ustable from 1 . 5  to 2 . 0  cycle s and this is accomplis'1ed b y  adj usting its 
as sociated re s istor . 

The dropout time is  1 . 5  to 2 . 0  cycle s at rated voltage . 

NOTE : For the following telephone relay checks , the res idual air gap should not 

b e  le s s  than . 002" and the contact gaps should be between . 020" to . 035 " . 
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Auxiliary Unit X2 

The X2 unit is located at the upper r i ght front of the TT -16 cha s s i s  and is 
energized between termina ls 5 and 15 , with the contact c ir c uit b e ing betwe en 
terminals 15 and 18 . The operating t ime of this unit at rated voltage is 6 to 
8 cycle s .  

Auxiliary Unit Y 

The Y unit i s  located at the left front of the TT -16 cha s s is and i s  energized 
b etween terminals 5 and 20 . For conta ct c ir c uitry, see Internal S chemati c  
848A729 . The normally c losed c onta ct should open in 1 . 5  cyc les a t  rated voltage . 
This adjustment is controlled by the Y unit re s i stor 1·1h ich is located at the 
lower left . The approximate sett ing of the r e s i s tor i s  5 000 ohms for the 125 
volt relays or 13000 ohms for the 250 volt relays . 

The dropout t ime should be 40 -5 0 �illi seconds . I f  ne ce s sary, the dropout t ime 
can b e  adj usted us ing the r e s idual s crew and changing the armature gap . After 
final adj ustment, the armature gap should not be le s s  than . 002" . 

Auxiliary Unit LO 

The LO unit is located at the lm·rer r ight fr ont of the TT -16 cha s s is and i s  
e nergized between terminals 6 and 9 .  The c lo s ing t ime of a normally open contact 
should be approximate ly one cycle at rated voltage . This adjustment is c ontrolled 
by the LO unit re s istor which is located at the lower right front . The approxim­
ate sett ing of thi s  r e s i s tor should 2000 ohms for 125 volt relays or 5 000 ohms 
for 250 volt relays . 

The dropout time should b e  4 0 -50 millise c onds . If ne ces sary, the dropout time 
can be adjusted us ing re s idual s crew and changing the armature gap . After final 
adj ustme nt , the armature gap should not be le s s  than . 002 " .  

Indicat ing C ontactor Switch ( ICS ) 
Close the ma in relay contacts and pas s suff ic ient d-e c urrent through the tr ip 
circuit t o  close the conta cts of the ICS . This value of current should not b e  
greater than l . O  ampere . 

RENEWAL PARTS 

Repair work can be done mo st sat i s fa ctor i ly at the fa ctory . Hmvever ,  inter ­
changeable parts can b e  furnished to the c us tomers who are equipped for doing 
repair wor k .  When ordering par t s ,  always give the c omplete nameplate data . 
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INTERNAL SCHEMATIC 

TEST SWI TCH 

6001l 

TELEPHONE RELAY 

MERCURY COIITACT 
RELAY 

10 MFD. •IJ8V. D . C. 
-----+--+- 7 MFD · - 125/250Y. D . C.  

2 , 5ooa- •a v . D. c . 
r�L---t-+-1 5 , 0000.12 5  V . D . C .  

25, 0000-250 V . D. C. 1 . 8  MFD . -�8 V . D . C .  

1 .  23 MFD. - 1 2  5 V .  D. C.--+---+--:_____.-+---+-----------<--+----' 
1 MFD. -250V . D . C .  

OC-IJ8 V . D . C.  

3 , 90011 

I II D I CAT I IIG 
CONTACTOR --------.4lo...J 
SWI TCH 

oo-.e v . o . c . -
7 , 1001l· 125V . D . C .  

1 5 , 000D-250V . D . C. 

FRONT VIEW 

IJ ,  500Qo l 25V. D .  C.  
8 , 500C-250V. D . C. 

ED HANDLE 

.-....,r+---TEST SWI TCH 

TEII M I IIAL 

848A7 29 

Fig. 1 Internal Sc hematic of  the Type TT - 1 6  Relay in the FT - 3 2  Case. 
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TERNIMAL AIIO NOU!Il'IMG DETAILS 

1 19 -1 l , J.  � � !  32 1· 1e I I 1e 
_, _ 
00 

PAIIEL CUTOUT & ORI LLIIIG 
FOR SEMI FLUSH NTG. 

PAIIEL �t LLIIG OR 
CUTOUT FO. PROJECTIUII NT&. 

( FROIIT yt EW) 

I. L. 4 1 - 9 58.  SA 

57 -D-7903 

Fig. 2 Outline and Drilling Plan for the Type TT - 1 6  Relay in the FT - 3 2  Case. 
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Westinghouse I. L.  4 1 - 958o 7A 

INSTA L L A TION • OPERATION • MAINTENANCE 

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

Caut ion : It i s  recommended that the user of this equipment become 
acquaint ed with the hformat ion in this instruct ion leaf ­
let before energi zing the equipment . Failure t o  observe 
t his precaut ion may re sult in damage to the equipment . 

If the equipment is mount ed in a cabinet , the cabinet 
must be bolt ed down to the floor or otherwis e  secured 
before swinging out the equipment rack to prevent its  
t ipping over . 

A P PL I C A T I O N  

The t ype STU-12 relay is a st at ic  auxiliary relay used in a direc ­
t ional comparison tripping scheme ( over-reaching t ransfer t rip ) . 
The STU-12 relay provides circuit s for : 

a .  high speed t ripping for all fault s 

b .  alarm and trip circuit lockout upon channel failure 

c .  supplying nece ssary coordinat ion during a sudden reversal 
in power flow for an ext ernal fault . 

d .  check-back t est 

e .  blown fuse det ect ion . 

The STU-12 relay can be applied to  two or three t erminal line s . 

The STU-12 relay works with audio t one channels or with any compar­
able equipment that produces a voltage out put for t ri p ,  loss of 
s ignal , and no ise . 

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

The t ype STU-12 relay cons ist s of print ed c ircuit boards , power sup­
ply , fuses , a pilot light , power swit ch , and channel t rip light 
mount ed on a standard 19 - inch wide panel 8 3/4 inches high ( 5  rack 
unit s ) . Edge slot s are provided for mount ing t he rack on a st and­
ard relay ra ck . The component s are connect ed as shown in F ig .  l .  

SUPERSEDES I. L. 4 1 - 9 58. 7 
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PRINTED CIRCUIT BOARDS 

The STU-12 relay contains 4 print ed c ircuit boards ; prot ect ive relay 
int erfac e board , t iming and keying board , channel int erfac e  board 
and a trip board . 

All of the c ircuitry that i s  suitable for mount ing on print ed 
c ircuit boards is contained in an enclosure that pro j ects from the 
rear of t he panel and is access ible by opening a hinged door on the 
front of the panel . The print ed c ircuit boards slide int o posit ion 
in slott ed guides at the top and bottom of each compartment , and 
the board t erminals engage a t erminal block at the rear of the com­
partment . Each board and t erminal block is keyed so that if a 
board i s  placed in the wrong compartment , it cannot be insert ed into 
the t erminal block . A handle on the front of each board is labeled 
to ident ify it s funct ion in the c ircuit . 

1 .  Protective Relay Int erfac e  Board 

The prot ect ive relay int erface board is the connect ing link 
between output of the prot ect ive relays and the STU-12 c ircuit s .  
This board contains the c ircuit s asso c iat ed with t he prot ect ive 
relays and consi st s  of a blown fuse det ector , int erface c ircuit s 
for a t est switch and t hree separat e protect ive relay input s .  

The blown fuse det ector i s  a t iming c ircuit whos e  output short s 
t o  negat ive 2 . 5 seconds aft er operat ion of a prot ect ive relay . 
This short s the input to  the keying c ircuit t o  prevent keying 
of t he tone transmitt er and also short s the input to the 
c hannel trip NAND t o  prevent t ripping of the syst em . An ext ernal 
mount ed alarm relay i s  also de-energi zed to c lose it s contact s 
t o  sound an alarm . ( T elephone relay style 408C06 2H07 should be 
used for this funct ion . )  A seal-in c ircuit i s  provided to  
mainta in the blown fuse condit ion unt il it is reset by an ex­
t ernally connected pushbutton . 

For maint enanc e purposes c ircuit s are provided to de-act ivat e 
t he blown fuse det ector by means of an ext ernal connect ed 
swit ch . 

2 .  T!ming and Keying Board 

This module c ontains the necessary c ircuit s t o  key the tone 
t ransmit t er , to supply necessary co-ordinat ion on reversal of 
fault c urrent for an ext ernal fault ( X ) , and to provide check­
back ( Xl ) . 

The keying c ircuit provides a voltage for shift ing t he tone 
transmitt er from a guard condit ion to a t rip condition . This 
c ircuit is energi zed by operat ion of eit her the prot ective relays 
or t he checkback unit ( Xl ) t hrough an OR c ircuit . 

The X1 unit i s  a 2 . 5 second t imer which provides a means t o  key 
the transmitt er from the remot e t erminal as described under 
operat ion . The unit operat es on a loss of signal from t he 
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channel e quipment . 

The X unit i s  a t imer un it whi c h  pi cks up in 2 5  mill i s e c onds and 
drops o ut in 2 5  mi l l i s e c onds . It i s  energ i zed by t he prot ect ive 
relay and t he lo ckout unit of the a s s o c iat ed t one r e c e iver . 
Upon operat ion of t he X un it , the STU-12 relay i s  c lamped t o  a 
non-operat ive st at e .  

3 .  Channel Int erfa c e  Board 

The channel int erfa c e  board is the conne ct ing link between the 
t one channel , t he prot ect ive relay , and the t r i p  board and c on ­
s i st s  o f  int erfa c e  c ircuit s ,  a lo ckout cir cuit , and t he channel 
t r ip NAND . Each of t h e  c ircuits perform des ignat ed funct ions 
with reference to t he chann el e quipment . The int e rfa c e  c i rcuit s 
c onnect t he lockout circuit and t he channel trip NAND t o  t he t one 
channel . In t h e  norma l stat e ,  t he trip NAND produc es an out put 
voltage due t o  the t one trip input and t he pro t e c t ive relay in­
put b e ing held at negat ive pot ent ial . This prevent s ba se curr ent 
from flowing int o t he t rans ist or of the NAND and keeps the t ran­
s istor t urned off . A s  long a s  one of the five input s i s  held 
at negat ive pot ent ial , a vo ltage out put i s  obt a ined from t he 
NAND . This volt age wi ll exist unt i l  all input s int o t h e  NAND 
are posit ive . Ba se current wi ll then be appl i ed to t he NAND 
t ransist or and t he t rans ist or wi ll t urn on . This short s t he out ­
put of the NAND t o  negat ive pot ent ial . I f  the channel i s  lost 
or if no i s e  exi st s for ext ended periods of t ime , aft er 1 50 milli­
s e conds , t he lockout input wi ll short the input of the NAND and 
hold t he out put in a non-operat ive condit ion . A l s o  noise out ­
put from t he t one channel will short t he input of t he NAN D and 
hold t h e  out put in a non-operat ive condit ion . 

This board will vary depending upon the make of frequen cy sh ift 
equipment used as t h e  channel . 

4.  Trip Board 

The t rip board cont a ins t he f inal out put of the ST U-12 relay 
and c onsist s of an out put t ransistor to c onvert t he out put of 
t he channel t rip NAND to t he proper polarity and an a larm relay . 
Und er non-t rip c ondit i ons , a vo lt age out put i s  obtained from the 
channel t ri p  NAND and the out put t ransist or i s  not conduct ing . 
A s  a re sult , the out put of t he STU-12 relay i s  z ero volt s .  I n  
order f o r  a voltage t o  b e  obta ined , all inpE5 t o  the channel 
trip NAND must be at posit ive pot ent ial to turn the out put t ran­
s i st o r  on . The voltage out put obtained from t he STU-12 r elay 
i s  used as one input to a S RU out put pa ckage . 

A ddit i onal c i rcuit s can b e  inc luded in the t r i p  module for the 
conn e ct i on of an ext erna lly -mount ed swit chboard l ight . The light 
can be us ed t o  monitor the t rip of the STU-12 r elay , and should 
be c onne ct ed b etwe en the re gulat ed 45 volt s d . c .  ( t erminal 2 )  
and t erminal 9 .  The style swit chboard li ght t o  us e is e ither 
st yle 1 589193 or 1 5 89 1 81 wit h  bulb st yle 11241 56 . 
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The style numbers of the different boards with reference to the 
a ssemblies are as  follows : 

Style Number 

898C286G01 

898C 286G0 2 

Power Supply 

Descript ion 

Includes c ircuit for swit chboard 
light . 

Does not include c ircuit for swit ch­
board light . 

The ST U -12 relay operat es from a regulated 45 v . d . c .  supply . This 
voltage i s  t aken from a zener diode mount ed on a heat sink . Varia­
t ion of the resist ance value between the posit ive side of the unregu­
lat ed d . c .  supply and the 45 volt zener diode adapt s the receiver for 
operat ion on 48 or 125  volts d . c .  

Card Ext ender 

A board ext ender ( Style No . 644B3 1 5G01 ) i s  available for facilitat ing 
c ircuit voltage measurement s or ma j or adjustments . Aft er withdrawing 
any one of t he circuit boards , the ext ender is insert ed in that com­
partment . The board then is insert ed int o the terminal block on 
t he front of the ext ender . This rest ores all circuit connect ions , 
and all component s and test point s on the board are readily ac cessible . 

O P E R A TIO N 

The type STU-12 relay is used with a pilot -wire tone channel in a 
direct ional transfer trip relay scheme for power line prot ect ion . 
High-speed t ripping is obtained for two-t erminal or mult i -t erminal 
line applicat ions f or fault s anywhere on the prot ected line . 

The prot ect ive relays and relay sett ings used in the STU-12 scheme 
are the same as used in direct ional compari son carrier schemes with 
the relay s et t o  rea ch beyond the remot e line t erminals , so that end 
zone fault s will appear well within the relay charact erist i c  for fast 
relay operat ion . 

The STU-12 scheme , however , uses a t ripping signal rather than a 
blocking s ignal , because the pilot- wire tone channel is s eparat e 
from the conductors of the prot ected power line . This avoids having 
to send the signal on the conductors through a fault . 

The signals to which the STU-12 relay responds is received from the 
receiver of the tone equipment and the output of the prot ect ive 
relays . For the STU-12 relay t o  operat e ,  the channel rece iver must 
receive a t rip signal from the remot e t erminal and the local pro­
tect ive relay must operat e .  

With a non-trip condit ion on the STU-12 relay , the s ignals to the 
STU-12 relay are as  shown in the logic diagram of Fig . 1.  The 
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numb er "1 " indi cat es t hat a voltage i s  obtained at t hat point while 
a "0 " indi cat es t hat t h e  volt age i s  approximat e z ero . As s een in 
F i g . 1 ,  the input s from the t one r e c e i ver are a "1 " from the l ow 
s i gnal clamp , a "0 " from the no i s e  c lamp , and a "0 " f rom the t rip . 
The ST U-1 2 relay r e c eives a "0 " from the prot ect ive relays . 

For t he condit i ons shown , the alarm relay of the S T U-12 i s  pi cked 
up and the t one t rip amber light is off . 

A .  S equenc e  wit h  Prot ect ive Relay Operat ion Only 

If a pro t e c t i ve relay operat e s , the out put from the relay put s 
a "1 " int o the OR c ircuit of t he prot ect ive relay int erfa c e  
board . T h e  out put o f  t h e  O R  changes t o  a "1 " and energ i z e s  the 
blown fus e d et e ctor , and AND c ircuit , and an OR c ircuit . The 
out put from t he OR r emoves negat ive pot ent ial from one input of 
the NAND c i rc uit of the channel int erfa c e  logi c . However , t rip­
ping will not o c cur be caus e  t he NAND i s  held at negat ive pot en­
t ia l  due to "O " input from t he t on e  t rip . 

Wit h  a second input t o  the AND c ircuit of the prot ect ive relay 
int erfa c e  logi c , a "1 " out put is obt a ined . This out put i s  
appl i ed t o  t h e  k eying c ircuit through an O R  circuit o f  the 
t iming and k eying logi c .  The out put volt age from the k eying 
c ircuit shift s the local t ransmitt er from a gua rd c ondit ion t o  
a t ri p  c ondit i on . 

2 . 5 s e c onds aft er t he prot ect ive relay has opera t ed , the blown 
fuse det e c t o r  p i ck s  up t o  change it s out put t o  a "0 " .  This 
"0 " out put i s  s ealed in t hrough an ext ernal pushbut t on and 
will r ema in in t h i s  c ondit ion unt i l  the reset pushbut t on i s  
opened . T h e  "0 " out put o f  the blown fuse det e c t o r  de-energ i zes 
t he AND c ircuit to the keying lead and t he local t ransmitt er 
shift s back to a guard frequency . A lso the input t o  the NAND 
of the channel int e rfa c e  log i c  is short ed to n e gat ive and t he 
STU-12 i s  c lamp ed t o  a non-op erat ive dondit i on . 

A t hird out put from t h e  blown fus e det e c t o r  i s  appl i ed t o  an 
ext ernal a larm r elay which drops out to close it s cont a ct s .  
The alarm relay wi ll rema in closed unt il t he prot ect i ve r elay 
reset s  and t he fuse lockout reset is open momentarily . 

B.  T o n e  Trip S equenc e Only 

Upon r e c e i pt of a t one t ri p , the "0 " input int o the channel 
int erfa c e  logic chang es to a "1 " .  This "1 " removes negat ive 
pot ent ial from the t on e  t rip input to t he NAND . However , 
t ripping will not o c c ur be cause t he NAND i s  h eld at negat ive 
pot ent ial by t he prot ect ive relay input . The change t o  111 "  
from t he t on e  t ri p  will energ i z e  t he amber light whi c h  will 
t urn on to indi cat e t hat a t ri p  frequency i s  being t ransmit t ed 
from t he remot e t ermina l . 

The output from the t one trip is also applied t o  a NOT c ircuit 
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which changes it s output from a "1 " t o  a "0 " .  This c hange 
removes one input from a two input AN D c ir c uit of t he t iming 
and keying logic ( t hrough an OR ) and caus e s  t he output of t h e  
AN D t o  c hang e t o  a "0 " .  If this "0 " i s  ma int a ined f o r  2 5  
millis e c onds , t he X un it will drop out and c lamp t he NAND t o  
negat ive t hrough t he X lea d . This input will remain i n  a z ero 
stat e for 25 millise conds aft er t he t one t rip is remove d .  

C .  Lo s s  of S ignal 

If a channel fa i lure o c c urs , t he low s i gnal out put from t he t one 
e quipment chang e s  t o  a "0 " �  This energ i z e s  a NOR c ircuit , whos e  
out put go e s  t o  "0 " aft er a 1 50 mi lli s e c ond t ime delay . This 
c aus e s  t he alarm relay of t he t r ip logic to drop out and c lo s e  
it s cont a ct s t o  indi cat e a c hannel fa ilur e . 

The loss of t he lo ckout voltage also removes one input of t he 
two input AN D c i rc uit of t he t iming and k eying logic . The 
out put of the AN D c hanges to a no n ,  and 25 mil l i s e c onds lat er 
t he X un it is de -energ i zed . This c lamps t he NAND c ircuit 
int o a non-operat ive st at e .  The loss of X and lo ckout ( Lo ) 
i s  s e en by t he X1 un it , and 2 . 5  s e c onds lat er t he out put of 
t he X1 unit chang e s  t o  a 111 11 and put s an input int o  t he keying 
A N D .  However , t he X unit input t o  the AN D had previously 
dropped t o  zero , and the AN D i s  not energ i z ed .  The lo cal t rans ­
mit t er rema ins i n  a non-keyed st at e .  

D .  N o i se 

If an out put i s  obt a ined from t he no i s e  c lamp of t he channel 
e quipment , t he input t o  t he noise int erfa c e  chang e s  t o  a " 1 "  
and energ i zes a NOT and a NOR c ircuit . The out put of the N OT 
chang e s  t o  a "0 " and sho rt s t he input t o  t he channel t rip NAND 
t o  negat ive . T h i s  put s t he NAND in a non -operat ing c ondit ion . 
If t he no i s e  c ondit ion exist s for 1 50 mil l i s e c onds , t he STU-12 
relay will recogn i z e t he c ondit ion a s  a loss of c hann e l  and 
lock t he STU-12 t rip NAND t o  a non-trip stat e .  

E .  Check-Back 

A check-back t e st of t he t ransfer t r ip rec eived s ignal i s  
o bt a ined wit hout t he n e c e ss ity of hav ing an o perat o r  a t  remo t e  
t erminals and wit hout danger o f  t ripping on ext ernal fault s .  

The operat ing s e quen c e  i s  a s  follows : 

1 .  The o perat or at any line t erminal moves t he t e st swit c h  t o  
t he "OFF " posit ion . This p la c e s  t he t ransfer t r ip s cheme 
t emporarily out -of-serv i c e  and st ops t ransmi s s i on of a 
t on e  s i gna l from t he local st at ion t o  the remot e stat ion . 
The remot e t one r e c e iver recogn i z e s  t he c ondit ion a s  a 
lo s s  of channel and t he following o c c ur s  at t he remot e 
t erminal ; 
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I. L. 4 1  ... 9 58. 7A 

The low-s i gnal out put of the t one r e c e i ver changes t o  a "O " 
out put . Aft er 1 50 milli s e c onds , the lockout unit of t he 
remot e STU-12 drops out . The dropout of l o ck out ( Lo )  
de-energi z e s  t h e  X unit t hrough the A N D  of t h e  k eying and 
t imin g log i c . This c lamps the NAND of the r emot e ST U-12 t o  
a non-o perat ive stat e .  

The loss of both X and Lo caus e s  the Xl unit t o  p i ckup t o  
provide a "l " input t o  the keying A N D  of t h e  t iming and 
k eying logi c . The k eyin� AND ha s a "1 11 input from t he Al 
un it , and a 110 11 from the X unit , and t h e  remo t e  t erminal i s  
t ransmitt ing a guard fre quenc y .  

2 .  A ft er holding t h e  t est swit ch i n  the "OFF '' posit ion for a 
f ew s ec onds , t h e  operat or next moves t he t e st swit ch t o  t h e  
"RECEIVE " posit ion . This re-est ablishes t h e  t ransmi s s ion 
of the gua rd s ignal , and t he following o c c urs at t he r emo t e  
t erminal : 

The low-s ignal out put of the t one rec e iver changes t o  a "l " 
and the lo ckout ( Lo )  picks up . This energi z e s  the X unit 
t hrough the A N D  c ircuit of the t iming and k eying l o g i c ; 
and 2 5  millise conds lat er , a " l "  out put i s  obtained from 
the X un it . An input is also appl i ed t o  t he NOR of the X1 
unit , however , the dro pout t ime for this unit is 2 . 5 
s e c onds . Hen c e  for 2 . 5 s e cond s , the k eying A N D  ha s two "l " 
input s and an out put is obt a ined . This out put k eys the 
remot e t ransmit t e r  to a t rip frequency unt i l  the X1 unit 
reset s .  The o pe rat or at the local t erminal should see t he 
"Blue " and "Amber" t e st l i ght s  for approximat ely 2 . 5 
s e c onds . On 3 t ermina l l ines , both s et s  of light s should 
be on if all channels are operat ive . 

3 . This c omplet e s  the check-back t e st , and t h e  t est swit ch 
should b e  moved to "norma l " position a s  soon as the t e st 
lamps go dark . Th is restores t he e quipment to the 
operat ive po s it i on at all l ine t erminals .  

C H A R A C T E R I S T I C S  

The type STU-12 r elay i s  ava i lable for appl i c at ion t o  2 o r  3 
t erminal lines wh ere frequency shift t one channels a r e  ut ili zed . 
The logic diagram for the STU-12 relay i s  shown in F igure 1 ,  and 
the t rans i st or c ir c uit of t he relay for a two t erminal line i s  
shown in F igure 2 .  

Lockout Unit T ime 

X Unit T ime 

X]_ Un it T ime 

-7-

1 50 mil l i s e c onds 

2 5  millisec ond pi ckup 
2 5  mil l i s e c ond dropout 

2 . 5 s e c onds 
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Blown Fuse Det ector T ime 

Operat ing T ime 

Volt age Out put Relay ( when used ) 
Maximum Output 

K eying Voltage to T one T ransmitt er 

Batt ery Voltage Variat ions 
Rat ed Voltage 

48 v . d . c .  
1 2 5  v • .  d . c .  

Ambi ent T emperature Range 

Batt ery Drain 

Dimensions 

S ET T I N G  

2 . 5 seconds 

0 . 7 5 microsecond to obtain 
voltage output 

60 milliampere s ,  45 v . d . c .  

- 45 volt s , d . c .  

A llowable Variat ion 
42-56 v . d . c .  

10 5 -140 v . d . c .  

23 5 milliamperes , 4$ v . d . c .  
27 5 milliampere s , 1 2 5  v . d . c .  

Panel Height $-3/4 inches or 
5 rack unit s 

Panel Width 19 -inches 

No s ett ing i s  required on t he ST U-12 relay . 

I N S T ALLA T I O N  

The STU-12 relay is generally supplied in a cabinet or on a relay 
rack as part of a c omplet e assembly . The locat ion must be free 
from du�t , exc e s s ive humidity , vibrat ion , corros ive fumes or heat . 
The maximum t emp erat ure around the chassis must not exc eed 60 ° C . 

Rout ine Ma int enance 

Periodic checks of the relaying syst em as described in the assembly 
inst ruct ions are desirable t o  indicat e impending failure so that 
t he e quipment can be taken out of s ervic e  for correct ion . At 
regular maint enanc e int ervals , any ac cumulat ed dust should be 
removed . 

Trouble-Shoot ing 

T he component s of t he STU-12 are operat ed well within their rat ings , 
and under normal c ondit ions should give long t rouble -fre e  servic e .  
However , if a relay has given an indicat ion of t rouble in s ervi c e  
or during rout ine c hecks , the voltage s  tabulat ed i n  TABLE I should 
be checked to det ermine the faulty c ircuit . The t est point and 
c.omponent locat ion on the boards are given in F igures 6 ,  7 ,  8 and 9 .  
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I. L. 4 1 - 9 58.  7A 

TABLE I 

T est po int voltages t o  negat ive exc ept where s p e c if i ed t o  pos it ive 
4 5  volt s , d . c .  

W�t h · Low PH. T one 
N o rmal N o i s e  S igna Trip Trip Syst em 

Board T e st Po int Channel Onl_y Only Only Only T rip_ 

T erm .  1 5  0 . 3 0 . 3 0 . 3 20 0 . 3 20 
T e rm . 16 0 . 3 0 . 3 0 . 3 20 0 . 3 20 
T erm . 17 0 . 3 0 . 3 0 . 3 20 0 .3 20 
T P  51 1 5 . 5  1 5 . 5 1 5 . 5 0 . 4  1 5 . 5 0 . 4  

PR TP 5 2 0 . 3 0 . 3 0 . 3 1 5  0 . 3 1 5  
I NTER- T P  53 1 5 . 5  1 5 . 5 1 5 . 5 0 . 4 1 5 . 5 0 . 4  
FACE T e rm .  l 0 . 1  0 . 1  0 . 1  11 . 6  0 . 1  11 . 6  

T P  54 0 . 1  0 . 1  0 . 1  42 0 . 1  42 
T erm . 8 1 5  1 5  1 5  0 . 3 1 5  0 . 3 
T erm .  4 0 . 3 0 . 3 0 . 3 45 0 . 3 45 
T erm .  3 0 . 3 0 . 3 0 . 3 45 0 . 3 45 
T P  55 1 5  1 5  1 5  0 . 1  1 5  0 . 1 
T erm .  5 0 . 0 2 0 . 0 2 0 . 0 2 16 . 7  0 . 0 2  16 . 7  

T erm . 19 1 2 . 8 0 . 11 0 . 11 1 2 . 8 1 2 . 8  1 2 . 8 
T erm . l l  9 . 5  9 . 5  9 . 5  9 . 5  0 . 03 0 . 03 
Term .  l 0 . 1  0 . 1  0 . 1  11 . 6  0 . 1  11 . 6  
T erm .  5 0 . 0 2  0 . 0 2  0 . 0 2 16 . 7  0 . 1  16 . 7  

T IMING T P  101 0 . 1  0 . 1  0 . 1  0 . 1  17 0 . 1  
A N D  T P  10 2 1 4 . 7  14. 7  14 . 7  14 . 7  0 . 2  1 4 . 7 
KEYING T P  103 · 13 . 5 0 . 9 0 . 9 13 . 5  0 . 9 13 . 5  
LOGIC T P  104 0 . 2 3 3  3 3  0 . 2 3 3  0 . 2 

T erm . 1 8  1 5 . 5 0 . 0 5 0 . 0 5  1 5 . 5 0 . 0 5 1 5 . 5  
T P  10 5 0 . 10 20 20 0 . 10 0 . 10 0 . 10 
T P  106 42 0 . 10 0 . 10 42 42 42 
T P  107 0 . 10 1 5 . 5 1 5 . 5  0 . 10 0 . 10 0 . 10 
T P  108 16 . 5  16 . 5  16 . 5  16 . 5  16 . 5  16 . 5  
T P  109 0 . 0 5 0 . 0 5 0 . 0 5  0 . 0 5  0 . 0 5  0 . 0 5  
T erm 17 to pos 0 . 1  0 . 1  0 . 1  -45 0 . 1  -45 

C ONT INUE D  ON PA GE 10 
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TA BLE I ( CONTINUED ) 

T e st po int voltage s  t o  negat ive exc ept where spec ified t o  posit ive 
45 volt s ,  d . c .  

With Low PH Tone 
Normal Noise S ignal Trip Trip Syst em 

Board T e st Po int Channel Only Only Only Only T rip_ 

T erm 16 t o  pos -16 -16 - 2  -16 -16 -16 
T P  1 51 0 . 0 5  0 . 0 5  1 5  0 . 0 5 0 . 0 5  0 . 0 5 
T erm 17 t o  0 -16 0 0 0 0 
T P  1 53 1 5  0 . 0 5 1 5  1 5  1 5  1 5  
T P  1 5 4  0 . 0 5  1 5  0 . 0 5 0 . 0 5 0 . 0 5 0 . 0 5  

C HANNEL TP 1 5 5  1 5  0 . 0 5  0 . 0 5  1 5  1 5  1 5  
INTER- TP 1 5 6  0 . 0 5  21 21 0 . 0 5 0 . 0 5  0 . 0 5 
FACE T erm . 19 10 0 . 10 0 . 10 10 10 10 

T erm . 12 0 . 0 5 45 45 o . o s 0 . 0 5 0 . 0 5 
T erm 1 5  t o  pos 0 0 0 0 -16 -16 
T erm . 11 9 . 5 9 . 5 9 . 5 9 . 5 0 . 03 0 . 03 
T erm . 10 0 . 1  0 . 1  0 . 1  0 . 1  10 10 
T erm . 1 0 . 1  0 . 1  0 . 1  11 . 6  0 . 1  11 . 6  
T erm . 8 1 5  1 5  1 5  0 . 3 1 5  0 . 3 
T erm . 18 1 5 . 5  0 . 0 5  0 . 0 5  1 5 . 5 0 . 0 5 1 5 . 5 
T erm . 6 1 5  1 5  1 5  1 5  1 5  0 . 2 

T erm . 1 2  0 . 3 45 45 0 . 3 0 . 3  0 . 3 
T erm . 10 0 . 1  0 . 1  0 . 1  0 . 1  10 . 0  10 . 0  
T erm . 16 45 45 45 45  0 . 6  0 . 6  

TRI P  T erm . 6 1 5  1 5  1 5  1 5  1 5  0 . 2 
T erm . 18 0 . 0 5 0 . 0 5  0 . 0 5 o . o �  0 . 0 5  43 
T P  201 1 5 . 3 1 5 . 3 1 5 . 3 1 5 . 3 1 5 . 3  0 . 3 
T P  20 2 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  10 . 3 
T erm . 7 45 45 45 45  45 0 . 8  
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Renewal Part s 

Repair work can be done most sat i sfact orily at the fact ory . 
However , int erchangeable part s can be furnished to t he cust omers 
who are equipped for do ing t he repair work . vfuen ordering part s ,  
a lways give the complet e nameplat e data . 

E LECTRI CAL PART S  LIST 

Panel Mount ed Component s 

C ircuit S ymbo l  

svn 
PL 

Fl - F 2  
Rl 
Rl - R2 
VRl 

A 
R3 - R4 

Descript ion 

POViER S UPPLY 
Swit ch 
Pilot Light 1 2 5V DC 
Pilot light 48V DC 
1 . 5 Ampere Fuse 
26 . 5  Ohm , 40W , 48V DC 
1 50 Ohm , 4mi , 1 2 5V DC 
Zener Diode , IN 2828B , 50W 

A LARM 
Amber Light 
3 3 0  Ohm , 3W 

Prot ect ive Relay Int erfac e  Board 

C 51 

D 51 t o  D6 2 

Q 51-Q 5 2 -Q53 -Q57 
Q 54-Q5 5 
Q 56-Q58 

R 5 1 -R54-R56-R57 -R60 
R66 -R69-R71 -R74 
R 5 2-R5 5 -R61-R63 -R7 5 
R 53 -R58-R59 -R6 2-R67 
R73 -R76 
R64 
R6 5 ( Typi cal Value ) 
R68 
R70 
R7 2 

Z 51 

CA PA CITOR 
68 MFD , 3 5V DC 

DIODES 
IN457A 

TRANS ISTORS 
2N696 
2N697 
2N699 

RES I STORS !OK ofuri - lj2 w 

33K Ohm - lj2 W 
6-aK Ohm - lj2 W 

lK Ohm - 1{2 VI 
56K Ohm - j2 W 
1 2K Ohm - 1{2 W 
3 • 3 K Ohm - j2 W 
lOOK Ohm - lj2 W 

ZENER DIODES 
IN3686B , 20V 

-11-

We st inghous e 
Style Number 

183 A 8 56H01 
183 A 82 5G01 
183 A 8 2 5G04 
11D919 5H26 
04Dl299H44 
120 2499 
184A 8 54H06 

183 A 8 2 5G08 
1 8 5A 207Hl 5 

187A 508H0 2 

184A 8 5 5 H07 

7o 2A 5 8 5H01 
184A63 8Hl8 
184A63 8Hl9 

184A 763 H51 

184A763 H63 
184A763 H71 

184A763 H27 

184A763 H 53 
184A 763 H39 
184A763 H7 5 

1 8 5A 21 2H06 
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ELECTRICA L PARTS LIST 

Timing and Keying Board 

C ircuit Symbol 

C l01-Cl0 2  
Cl03 

DlOl t o  Dll4 

QllO t o  QllO 

Rl01-Rl03 -Rl06 -Rl08 
Rll2-Rl21-Rl29 -Rl3 4 
Rl36 -Rl3 7 
( Typical Value ) 
Rl0 2-Rl0 5-Rlll�Rll5 
Rll9 -Rl22-Rl24-Rl26 
Rl3 0 -Rl3 3 -Rl3 8 

Rl04-Rl07-Rll7-Rl28 
Rl3 1-Rl3 2-Rl3 5 -Rl40 
Rl09-Rll4-Rl25 
Rll0-Rll3 
Rll6 -Rl23 
( Typical Value ) 
Rll8-Rl20 
Rl 27 ( Typical Value ) 

ZlOl 
Zl0 2-Zl03 

Channel Int erfa c e  Board 

C l )l 

Dl 51 to Dl61 

Ql 51-Ql 54-Ql61 
Ql 5 2-Ql 5 5 -Ql 56-Ql 57 
Ql5 8-Ql6 2-Ql63 
Ql 59 
Ql60-Ql64 

Descript ion 

CAPA CITORS 
1 MFD 
6 8  MFD ,  3 5V DC 

DIODES 
1N457A 

TRANSIST ORS 2N696 
RES I ST ORS 33K ofim - lj2 w 

lOK Ohm - lj2 W 

6 8K Ohm - lj2 W 

lK Ohm - 1{2 W 
20K Ohm - j2 W 
27K Ohm - lj2 W 

39K Ohm - lj2 W 
56K Ohm - lj2 W 

ZENER DIODES 1N957B , 68v 
1N3 6 86B , 20V 

CA PA C IT OR 
6 . 8  MFD , 3 5V ,  DC 

DIODES 
1N457A 
TRANSISTORS 
2N2043 
2N696 

2N697 
2N699 

-12-

We st inghouse 
Style Number 

187A6 24H04 
187A 508H0 2 

184A 8 5 5H07 

762A 5 85H01 

184A763 H63 

184A763 H51 

184A 763 H71 

184A763 H27 
184A763 H58 
184A763 H51 

184A763 H6 5  

186A797H06 
185A 21 2H06 

184A661H25 

184A 8 5 5H07 

184A63 8H21 
76 2A 585H01 

184A63 8Hl8 
184A63 8Hl9 
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PROTECTIVE RELAY --------------------------------.----­
PROTECTIVE RELAY --------------------------------------------------.-�------­
PROTECTIVE RELAY -------------------------------------------------------�;-;-------

TEST SWITCH 

TRIP 
NOISE 

LOW -SIGNAL 

A 
I 

I A N D  0 A R E  VOLTAGES WITH 
REFERENCE TO N EGATIVE E X C E PT 
WHERE NOTED WITH t. WHICH IS W I TH 
REFERENCE TO POSITIVE 4 5 VOLTS D.C. 

• J IOI  CONNECTIONS 

)> PRINTED C I R C U IT BOARD TER M I NALS 

I �� AL AL 

mffi '" 
16 1 5  30 14 1 3  29 �""----y-----/' 

ALA R M  ALARM 7 
TRIP 

9 
TEST 

LI GHT 

21 

"' /  8 0 TONE 
XMTR 

12 10 I I  

T I M I N G  
A N D  

KEYING 
LOGIC 

BLOWN FUS£ 
OEACTI� 

I PROTECTIVE J.-- RELAY 

I I NTERFACE 

5 
FUSE 

I "  

LOCKOUT 
RESET 

* Fig. 1 Logic Diagram of Type STU- 12 Relay for Two Terminal Lines 
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r;- -- -- -- -- -- -;1  10-- -- ----_--;)_ l- - -- - - -
" 

TERMI!Uo.L I LOW SiGNAL4-'-'"---------

TEitMIMI.L 2 LOW SIG�LoJ'"-'---------------------------------------------------------

TEitlillliAL I NOISE<''"-'--------------------

TEIIMINAL 2 NOISE<''�------- --------------------------------------------------
TERMIMAL I TON£ 'niii' +''""'------------
TERMIMAI. 2 TONEntiP+"'"-------------------------------------------------------

2 3 4 5 
I I I I I 
S 10 I I  12 13 15 •6 
11 11 09 20 21 I I I I I I I 
� � !_'1 !_8 � !0 � � 

J I O I  
AS VI(WEO FIIOM REAROF PANEL 

OOTTEO UNES ENCLOSE COMPONENfS ON PRINTEO CIRCUIT IOAIIOS 
OR OTHEII SVB ASSEMBLIES 

0 loOOVNTEO ON LA�GE HEAT SINi<S 
@£) @12]) 10X iNOICATES TR.lHSiSTO II I 5 NOIIMALLY CotoiDI.ICTING 

* Fig. 3 Internal Schematic of Type 
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STU-12 Relay for Three T erminal Lines 

-18-

I. L. 4 1 - 9 58. 7A 

l I� J.LJ,RW 

�r �  ..... .. �""' I� 16 
ALARM 

l � GROU"'D 
- 2 REGULATED 

2 2 45V()C 

�� � :4 e: .  

7 561689 
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I. L. 4 1 - 9 58. 7A 

PROTECT I 'JE RELAY ------------------------------------.-----
�ECTNE �---------------------------------�r-----
PROTECTIVE RELAY----------------------------------��-1----­

TEST SWTCH--------------------------------�-------4-4-4------

TERMI NAL{ N��� --------��--t--------
1 ���.--�-------�----4---------

TERMINAL . NO I S E-+--------4-�--t-----+-
{ TRI P 

2 LOW-SIGNAL.-+----�r---4-+---t------+-

CliANNEL__j 
INTERFACE I 

PROTECTIVE 
RE LAY 
I NTERFACE 

6 l,!s F U SE kc LOCKOUT � RESET 

I A N D  0 A R E  VOLTAGES WITH 
REFERENCE TO NEGATIVE Ei:XC E PT 
WHERE NOTED WITH A WHICH IS W I TH 
REFERENCE TO POSITIVE 4 5 VOLTS D.C. 

• J I O I  CONNECTIONS 

)) PRINTED C I R C U IT BOARD TERMI NALS 

13 1s�3 .18 

m AL AL 

rn �� 
ALARM ALARM 7 

l RI P  
9 

TEST 
LIGHT 

I �� � �  � 
T I M I N G  

A N D  
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Fig. 5 Component Location on Chan­
nel Interface Board for Thr ee 
T erminal Lines 
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Fig. 7 Component Location on the 
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INSTALLATION 
Westinghouse I . L .  41 -958 .6B 

• OPERATION • MAINTENANCE 

INSTRUC T I O N S  
TYPE TT-21 AUXILIARY RELAY 

CAUTION:  B efore putting rel ays into s ervice,  re­
mov e  all blo cking w hich may have be en inserted 
for the purpose of se curing the parts during ship­

m ent, make sure that all moving part s op erate 
freely, insp e ct the co ntacts to see that they ar e 

clean and close properl y, and op erate the relay to 
check the settings and el ectrical connections. 

AP PLI CAT I O N 

The typ e TT- 2 1  is an auxiliary �elay used in 

the K-DAR directional comp arison tripping scheme 
( overreaching transfer trip ) .  The TT- 2 1  relay pro­

vides a circuit for supplying nece s s ary coordination 

during a sudden reversal in power flow for an ex­

ternal fault. 

The TT- 2 1  relay works with TCF carrier chan­

nels or w ith any comparable equipment that contains 
receiver trip relay contacts .  

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

The typ e TT- 2 1  relay consists of a tel ep hone 

typ e relay, avalanche diodes ,  and an indicating 
contactor switch. 

Auxi l i ary U n i t  X 

The auxili ary unit X is a telephone typ e relay.  
In t hi s  relay, an electromagnet attracts a right 

angle iron bracket which in turn op erates a set o f  
make or break co ntact s. 

Blocking Diodes Dl To D4 and Tripping Diodes DS 
to DS. 

These diodes are controll ed avalanche typ e 

diod es with a 600 volt, 1 2  amp ere rat ing ( J ED EC 
No.  IN450 8 ) .  

Indi cating Contactor Switch Uni t  ( ICS) 

The d- e indicating contactor s witch i s  a small 

clapper typ e device. A magnetic armature, to which 

l eaf- spring mounted cont act s are att ached, i s  at-

SU PERSEDES I .  L. 4 1 -958.6A 
*Denotes change from su perseded 1 ssue .  

tracted t o  the magnetic core up on energization o f  

the switch. Whe n the switch clo s e s  t h e  moving 

contact s bridge two stationary contact s ,  completing 

the trip circuit. Al so,  during thi s op eration, two 

fingers on the armature defl ect a spring located on 

the front of the switch , which allows the operatio n 
indicator to drop . 

The front spring, in addition to holding the 
target, provides restraint for the armature and thus 

controls t he pickup v alue of the switch. 

O P ERAT I O N  

The typ e TT- 2 1  rel ay i s  used with a TCF car­

rier channel in a directional transfer trip relay 
scheme for power l ine protection. Hig h- sp eed trip­

ping is obtained for two-terminal or multi-terminal 

line applications for fault s anywhere on the p ro­
tected line. See Fig. 3. 

The protective rel ays and the relay s ettings 

used in the TT- 2 1  s cheme are the s am e  as used in 
directional camp arison carrier s chem e s  with the 

relay set to reach beyond the remote line terminal s ,  
so that end zone faults w ill appear well w ithin the 

relay characteristic for fast relay operation. 

Auxi l i ary Unit X 

The X-unit i s  used to provide a coordinating 

delay, if a sudden reversal occurs in the d irection 
of fault power flow in the protected line. For an 
internal fault, the X-relay i s  preclosed and is k ept 
clo sed by fault detecting relay s  ( PR). These consist 
of the KRD directio nal overcurrent ground r elay 

and the KD zo ne 2 p hase dist ance relay. 

SET T I N G S  

There are no settings to b e  made on the relay. 

I N S TALLAT I O N 

The relays should be mounted on switchboard 

panels or their equivalent in a location fre e  from 
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TY P E  TT- 2 1  AU XILI ARY R E L AY 

dirt , moistur e ,  excessive vibration, and heat. Mount 
the rel ay, vertically by means o f  the four mounting 
hol es on the flange for semi-flush mounting or by 

means o f  the r ear mounting stud or studs for p ro­

j e ction mo unting. Either a mo unting stud or the 

mo unting screws may b e  utilized for grounding the 
rel ay.  

The el e ctrical co nnections may be made dir­

ectly to the ter minal s by means of screws for thi ck 

p anel mounting. The terminal studs may be easily 

removed or inserted 'by locking two nuts on the stud 

and then turning the prop er nut with a wrench. 

ADJ U S T M EN T S A N D  MAI N TEN A N CE 

The p roper adj ustments t o  insure correct opera­

tion of this rel ay have b e en made at the factory. 
Upon receipt of the relay , no customer adj ustments 

should be r e quired. 

Acceptance Check 

The following c heck is recommended to insure 

that the relay is in p roper working order: 

Auxiliary Unit X 

2 

Energize the auxiliary unit with rated voltage 

and check contact action.  If desired, the timing of 
the op eration c an be checked as o utlined under 
calibration p ro c edure . 

Avalanche Diode 

Rever se C haracteristic :  

Apply 600 volts D. C .  The r evers e current s hould 
b e  . 5  mill iamp eres or less. The avalanche voltage 

is determined by slowly increasing the voltage until 
reverse current starts to increase rapidly. A s afety 
resistor sho ul d  be used to prevent shorting the 
D. C. source. 

Routing Maintenance 

All relays should be inspected periodically and 

the op eration should be check ed at least once e very 

year or at such other time intervals as m ay be dic­

tated by experience to be suitable to the p articular 

application. 

All contacts should be p eriodically cleaned. A 

contact burnisher S#l8 2A8 36HO 1 i s  recommended 

for this p urpose. The use of abrasive mat erial for 

cleaning co ntacts is  not reco mm ended because of 

the danger of embedding small p articl es in the fac e 

of the soft silver and thus i mp airing the contact. 

NOTE: When making a diel ectric test o n  the 

relay, the high voltage may be applied at the 
relay terminal , from all circuits to ground b e­

tween coil and contact circuits,  and between 

isolated coil circuits. How ever, the t est voltage 

should not be applied across relay contact s ,  

relay coils, o r  rectifier circuits.  

CALl B RA T l  O N  

Use the following proc edure for calibrating the 

relay, if the relay has been taken ap art for r ep airs 

or if the adj ustments have been disturb ed. T his 

proc edure should not be used unl ess it i s  app arent 

that the relay is not in prop er working order. 

Auxiliary Unit X 

The operating time of unit X s hould b e  c hecked 
with an el ectronic timer. 

The residual air gap should not be l ess than 

. 00 2" and the cont act gap s should be betw e en 

. 0 20 "  to . 0 35 " .  

T he X relay is loc ated at the left (FV ) and i s  

* energized between terminals 5 and 1 3 .  The clo sing 

time should be set for appro ximately one c ycle . 
The approxim ate setting of the adj usting re sistor is 

5000 ohms for the 1 2 5  volt relay s .  The 48 V relays 

do not  u se an adj usting re sistor . T he operating time 
for a variation of 8 5% and 1 1 5% of rated voltage is 
between 10 and 27 m il l isecond s .  If  necessary , 
adj ustment to achieve timing may be m ade using 
adj ustment resistor. Since there is no adju stment for 

the 48 volts relay, the 42 v olts check l imit is 32 m .  s .  

The dropout time should b e  app roximately 25 
milliseconds. If necessary, the dropout time can 
be adj usted using the residual screw and c hanging 

the armature gap . After final adj ustment, the al:llla­

tur e gap should not be less than . 0 0 2 " .  

l n di eating Contacto r Switch ( I  CS) 

Cl ose the main relay contact s and pass suffi­

cient d-e current through the trip circuit to close the 

contacts of the ICS. Thi s val ue of current should 

not be greater than 1 . 0  amp ere for the 1 amp ere unit 

or . 2/ 2 amp eres for the tapped unit. To increase 

the pickup current, bend the springs out, or away 
from cover. Make sure that the target drop s freely 

when energized. www . 
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TY P E  TT-2 1 AU X I L I ARY R E L AY ---------------------------------------------�-�··=L�.4�1�-9�58�.6�8 
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INSTAL LATION 
Westinghouse I .L. 41 -95B .5A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TT-17 RELAY IN FT-22 CASE 

CAUTION : Before putting re lays into service . re­

move all blocking which may hav e been inserted for 
the purpose of securing the parts during shipment . 

make sure that all moving parts ope rate freely . 
inspect the c ontacts to see that they are c lean and 
close properly . and operate the relay to check the 

settings and electrical connections . 

A P PLI CAT I O N 

The type TT - 1 7  relay is used in the K-DAR under­

reaching transfer trip system.  

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

The type TT- 1 7  relay consists of three telephone 
type re lays and zener type blocking diodes,  zener 
type tripping diodes . an indicating contactor switch 
(lCS) and an instantaneous trip ( IT) .  

S E T T I N G S  

There ar e no settings to be made on the re lay except 
for setting desired pickup of IT unit . 

I N S TALLAT I O N  

The relays should be mounted on s witchboard panels 
or their equivalent in a location free from dirt , 

moisture , excessive vibration , and heat . Mount the 
re lay vertically by means of the four mounting holes 
on the flange for semi-flush mounting or by means 
of the re ar mounting stud or studs for projection 
mounting . E ither a mounting stud or the mounting 
scre w s  may be utilized for grounding the relay . 

The electrical connections may be made directly to 

the terminals by means of screws for thick panel 
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 . 

AD J U S T M E N T S  AN D MAI N T E NAN C E  

The proper adj ustments to insure correct operation 

of this relay have been m ade at the factory. Upon 

Su persedes M i meogra phed LL. 4 1 -958 .5  

receipt of the re lay . no customer adjustments should 
be required . 

1 .  Acceptance Check 

The following check is recommended to insure 
that the relay is in proper working order : 

2 .  Auxiliary Units X, X 1 ,  and LO 

Energize each auxiliary unit with rated voltage 
and check c ontact action, If desired, the timing 

of the operation c an be checked as outlined 

under calibration procedure . 

3 .  Zener Block i ng Diodes D3 and D7 

The zener type blocking diodes have a one watt ,  
200 volt rating ( JEDEC No . 1 N3 05 1 , two diode s 

in series used on 250 volt relays) .  

a. Reverse Characteristic :  

Breakdown voltage is the value Of voltage at 

which the current j ust exceeds 0 .25  milli­

amperes and should be between 1 60 and 240 
v olts for each diode . The breakdown voltage 

is determined by slowly increas ing voltage 
until reverse current exceeds 0 . 25 milliamperes 
and starts to increase rapidly . D o  not exceed 
3 milliamperes reverse current. 

b .  Forward Charact eristic: 

With 200 milliamperes flowing in forward 

dire ction, the forward voltage across each 

diode should not e xceed 1 . 5 volts . 

4. Zener Tr ipp ing Diodes D 1  and D2 

The zener type tripping diodes have a 50 watt . 
2 00 volt rating (JEDEC No . 1 N2846A for 1 25 volt 

and 4 8  vo lt relay s ,  1 N2846A and 1 N2 84 6-RA for 

250 volt relays ) .  

a .  Reverse Characteristic: 

Breakdown voltage is the value of voltage at 

which the reverse current j ust exceeds 5 milli­

amperes and should be between 1 60 to 24 0 
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volts for each diode . The breakdown voltage 
is determined by slowly increasing voltage 
until reverse current exceeds 5 milliamperes 

and starts to increase rapidly . Do not exceed 

200 milliamperes reverse current . 

b .  Forward C haracteristic:  

With 1 0  amperes flowing in forward direction, 
the forwar d voltage across each diode should 
not exceed 1 . 5 volts .  

5. Routine Maintenance 

2 

All relays should be inspect ed periodic ally and 

the operation should be che cked at least once 
every year or at such other time intervals as may 

be dictated by experience to be s uitable to the 

particular application . 

All c ontacts should be periodically cleane d .  A 
contact burnisher S# 1 8 2AS3 6H01 is recommended 
for this purpo s e .  The use of abrasive material 
for cleaning cont acts is not recomme nded because 
of the danger of embedding small particles in the 

face of the s oft silver and thus i mpairing the 
contact . 

NOT E :  When making a dielectric test on the 

relay , the high voltage may be applied at the 
relay terminal, from all circuits to ground,  between 

coil and contact circuits ,  and betwe en isolated 

c oil circuit s .  However , the test voltage should 

not be applied across relay c ontacts ,  relay coil s ,  
o r  rectifier circuits . 

CALI B RAT I O N  

Use the following procedure for calibrating the relay , 

if the relay has been taken apart for repairs or if 
the adjustments have been disturbed .  This procedure 

should not be used unl ess it is apparent that the 
relay is not in proper w orking order. 

Aux i l iary Units X, Xl and LO 

The ope rating time of units X ,  X1 and L O  should be 
checked with an electronic timer. 

The residual air gap should not be less than . 002" 

and the contact gaps should be between . 020" 

to . 035 " .  

The residual screw is used to control the dropout 

time . 

Internal schematic Dwg.  1 SSA5 26 shows coil and 

contact circuitry . 

All re quired characteristics to be checked at rated 

v oltage . 

Auxi l iary Unit  X 

The X unit is lo�ated at the left (FV ) .  The operating 
time of the X unit is 1 0  to 20 milli seconds . The 
dropout time is 35 to 50 milliseconds . 

Auxi. l iary Unit  Xl 

The X 1 unit is located at the center ( FV ) .  The 

operating time of the X1 unit is 65 to 1 20 milli­

second s .  The dropout time i s  50 to 1 5 0  millisecond s .  

Auxiliary U n i t  LO 

The LO unit is located at right (FV ) .  Its  adjusting 

resist or is located at the lower front . The approxi­

mate setting of the adjusting resistor is 1 3 00 ohms 

for the 1 25 volt relays or 3400 ohms for the 250 volt 

relays . The 48 volt relays do not use a calibrating 
resistor. The operating time is 1 0  to 27 milliseconds . 

If neces sary ,  adjustment to achieve timi ng may be 
made using adjusting resistor . The dropout time is 

4 0 to 70 milliseconds . 

I ndicating Contactor Switch ( ICS) 

Close the LO relay contacts and pass s uffi cient d-e 
current through the trip circuit to close the cont act s 
of the ICS. This value of current s hould not be 

greater than 1 . 0  ampe re . To inc reas e the pickup 

current , bend the springs out , or away from cover . 
To decrease the pickup ,  bend the springs in toward 

the cover.  M ake sure that the target drops freely 
when energized . 

I n stantaneo us Unit ( IT) 

The core screw w hich i s  adjustable from the top of 
the instantaneous unit determines the pickup value . 
The trip unit has a nominal ratio of adjustment of 
1 to 4 and an accuracy within the limits of 1 0%. 

The bridging moving c ontacts s ho uld touch both 

stationary contacts simultaneously . 

The contact gap is a nominal . 093 " .  

R E N EWAL PAR T S  

Repair work can be done most satisfactorily at the 

factory . However , interchangeable part s can b e  
furnished to the c ustomers who are e quipped for 

doing repair work . When ordering part s ,  always give 
the complete nameplat e data.  
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T Y P E  TT-1 7  R E LA Y  IN F T-22 CASE--------------------------

4 

I ND I CAT I NG 
CONTACTOR 
SWI TCH 

TElEPHONE RELAY 
( LEFT S I DE )  

CURRENT TEST JACK 

CHASS I S  OPERATED 
SHORTI NG  SW I TCH . 

INTERNAL SCHEMATIC 

,l�-l�c4? _ _  1 5  --1-_13 _ _  12 -�c 
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X 

I I 

FRONT VIEW 
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1 5000 
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Fig. 2. Relay Type TT- 7 7  Underreaching Auxiliary in Type FT-22 Case 
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T Y P E  TT-1 7  R E LAY I N  F T -22 C A S E  -----------------------___,!I�.L::.;,·,!4,!_:1-2:95�8�.5�A 
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INSTAL LATION 
Westinghouse J .L. 4 1 -958.3B 

• OPERATION • MAINTENANCE 

INSTRUCTION S 
T Y P E  T T - 1 2 T R A N S F E R - T R I P  R E L A Y  

C A U T I O N  B efore putting relays into service,  remove 
all blo cking which may have been ins erted for th e 

purpose of securing the parts during shipment , make 

sure that all moving p arts operate freely, inspect the 
contacts to see that they are clean and close prop erly, 
and operate the relay to check the settings and el ec­
trical conn-ections. 

AP PLI CAT I O N 

The type TT- 1 2  is an auxiliary relay used in the 
K-DAR directional comparison tripping scheme ( over­
reaching transfer trip). The TT- 1 2  relay provides a 
circuit for: 

a. high speed tripping for all faults 

b. alarm and trip circuit lockout upon channel 
failure .  

c .  supplying nece ssary coordination during a 
sudden reversal in power flow for an e xternal 
fault. 

d. check-back test. 

T he TT- 1 2  relay can be appl ied to two or t hree 

terminal lines.  

T he TT- 1 2  relay works with T A- l  audio tone 
channels or with any c omparable equipment that con­
tain s receiver relay contacts as follows:  

Guard relay: 1 form A or 1 form C 
Trip relay :  2 form A and 1 form B or 3 form C 

contact s.  

U s e  the TT-8 relay instead of the TT- 1 2  whe re the 
channel receiver doe s not contain the nece s sary relay 

contact structure required for the TT- 1 2  system. The 
TT-8 provide s no monitoring facilities.  Where moni­

toring is not integral with the receiv er,  us e a TT-9 
relay along with the TT-8 . 

SUPERSEDES I .L. 4 1 -958.3A 
*Denotes Change from Superseded I ssue. 

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

The type TT- 1 2  relay consi sts of a thermal type 
time delay relay ,  telep hone type relays,  silicon zener 
diodes, and an indicating contactor s witch. 

A u x i l i a r y  U n i t  X l  

Auxiliary unit X 1  is a thermo static time del ay 
relay that i s  actuated by a heater. The contact s are 
hermetically s ealed. 

A u x i l i a ry U n i t s  X ,  Y and L O  

The auxiliary units X, Y and L O  are telephone 
type relay s .  In these relays,  an electromagnet attract s 

a right angle iron bracket which in turn operates a s et 
of make or break contacts. 

T r i p p i n g  D i o d e s  D l  and D 2 

Tripping diodes D l  and D 2  ar e zener type diodes 
hav ing a 50 watt, 200 V rating (JEDEC No. 1N 2846A 

for 1 25 volt and 48 volt relays). 

B l a c k i n g D i o d e s  D3 to D S  

Blocking diode s D 3  through D8 are zener typ e 
diode s having a one watt, 200 volt rating (JEDEC 
No . 1N305 1.  

I n d i c at i n g  C a n t o c ta r  S w i t c h  U n i t  ( I C S )  

T h e  d-e indicating contactor switch is a small 

clapper typ e device. A magnetic armature .• to w hich 

le af-spring mounted contacts are attached , is attracted 
to the magnetic core upon energization of the switch. 

When the switch closes the moving cont acts b ridge 

two station ary contacts ,  completing the trip- circuit .  

Als o ,  during this operation two fingers o n  the armature 

deflect a spring located on the front of the s witch, 

which allows the operation indicator target to drop . 
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T Y P E T T- 1 2 R EL AY ________________________________________________________ __ 

X U NI T  ---_.._ 

L 0 U N I T  ----:;;;;r___.."L"' 

48VDC X 1  RESISTOR 

1 25 VDC Y RE SISTOR 

Fig, 1. T yp e  T T- 12 Relay without case (Front Vi ew) 

Fig. 2. Type TT- 12 Relay without case (Rear V i e w) 

2 

Y UNIT 

X l  UNIT 

I CS U NI T  

1 25VDC X l  RESI STO R 
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T Y P E  TT- 1 2  R E LAY ________________________________________________________ �I. L�·�4�1 -�9�ss�.J�B 

TEL£,1101£ IEUY 
(LEFT SID!) 

- 12,0000 

lf8 V.O .C .•OO n-�-A :_).25 Y .O .C .-IlSOI)(I 

�l(l[PII- IEUY 
(CElTEI) 

lED IIAIOLE 

TEbllll 

1 88Al 1 7  
* F i g. 3 .  I n te rn al Schem ati c o f  the Type T T- 12 R el ay i n  the 

Type FT 22 case for 48 VDC Only. 

The front spring, in addition to holding the tar­

get, provides restraint for the armature and thus con­

trol s the pickup value of the switch. 

O P E R A T I O N  

The type TT- 1 2  relay is used with a microw ave 
or pilot-wire tone channel in a directi onal transfer 

trip relay scheme for power line protection.  High­
speed tripping is obtained for two-terminal or multi­
terminal line applications for faults anywhere on the 

* protected line. See figs. 5, 6, 7 & 8 .  
T h e  protective relay s  and the relay s ettings used 

in the TT- 1 2  s che me are the same as u sed in direc­
tional compari s on c arrier scheme s w ith the relay s et 
to reach beyond the remote line t erminal s ,  so that end 
zone faults will app e ar well within the relay c harac­

teristic for fast relay operation. 

The TT- 1 2  scheme, however, uses a tripping sig­
nal rather than a block ing signal to provide improved 

security against undesired relay operation for e xternal 

faults .  Since the microwave or pilot w ire tone chan­

nel s ar e separate from the conductors of the protected 

power line , it i s  not necessary to use a blocking sig­
n al ,  as in the c onventional directional c omparis on 
carrier s cheme.  This avoids having to send the signal 

on the conduct or s  through a fault. The conve ntio nal 
directional co mpari s on carrier scheme is arranged to 
trip on absence of the blocking signal, so that the 

THE-L T111£ --1-1--1---l=;;:::::h 
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TEST SWITCH 
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* F i g. 4. Internal Schemat i c  for the TT- 12 Relay i n  th e Type 

F T22 case for 1 25 & 250 VDC. 

channel failure will result in false tripping for ex­
ternal remote fault s that are within reach of the pro­
tective relay s .  Since t he TT- 1 2  scheme requires 
reception of the trip signal as well as operation of 
the local protection relays,  channel failure cannot 

r esult in undesired tripping. 

A u x i l i a r y  U n i t X 

The X-unit is used to provide a coordinating 
de lay, if a sudden reversal occurs in the d irection of 

fault power flow in the protected line . F or an internal 
fault, the X-relay is preclosed and is k ept closed by 

fault detecting relay s  (PR).  These c onsist of the KRD 
directional overcurrent ground relay and the KD zone 
2 phase distance relay. 

A u x i l i a ry U n it Y a n d  A n t i - bo u n c e  C i r c u i t  

Auxiliary unit Y ,  i n  conjunction with c apacitor 
and res istor provide s  for continuation of the audio 
tone tripping signal in case the protective relay ( PR) 

cont acts should have an initial bounc e .  The sequence 

of op eration o f  thi s anti-bounce circuit i s  as follows:  

A s  s oo n  as a PR contact first clo ses,  the capac­

itor charges almost instant ane ou sly to the ap­

proximate value of the d-e control voltage through 

the resistor R and the no rmally closed Y contact, 
at the s ame time clo sing of the protective relay 

cont act applies reverse bias to the keying tran-
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T Y P E T T- 1 2 REL AY ________________________________________________________ __ 

sistor in the transmitter of the audio tone equip­
ment , c ausing the transmitter to shift to the trip 

frequency. Should the PR contact bounce open, 
t his rev erse bias to " shift" is upheld by the 
c apacitor v oltage that is slowly dischar ged 
through a high resistance path in the transmitter 

circuit. When PR contact recloses the same se­
quence of events takes place.  When finally P R  
closes "so lid" or long enough for Y unit t o  oper­

ate ,  the anti-bounce circuit is  cut off by the nor­

mally clo sed Y contact and the capacitor c harge 

is dissipated t hrough a normally op en contact and 

its associated resistor. 

A u x i l i ary  U n i t  L O  

The L O  unit i s  energized by the tone receiver 9 4-
* G guard relay contact as shown in Figs. 5, 6 ,  7 & 8 .  One 

contact of the LO relay energizes the X unit . This 
m akes it po ssib le, in case of c hannel failure , to lock 
out the transfer tripping at the local t erminal . A 

second LO contact is in s eries w ith the alarm circuit, 
and a third LO contact is in series with t he tone re­
ceiver 94-T trip relay contact, as a second path to 

energize the LO unit c oil, after the trip signal is re­
ceived. A break contact is used, along with a break 

X relay contact, to  supervise the X1 relay. The LO 
unit has prolonged dropout time, thus assuring that it 

will stay closed during a shift of frequency. 

A u x i l i a r y  U n i t  X - 1  

The unit X- 1 provide s  m eans fo r a check-back 
test. It is energized by a break contact of the X and 
LO units . Its contact e nergizes the keying circuit and 

is supervised by an X cont act to avoid c heck-back 
keying during fault s .  

O p e ra t i o n  o f  t e s t  f a c i l i t i e s  

A check-back test o f  the transfer trip receiv ed 
signal is obtained without the neces sity of having an 
operator at remote terminals and without dang er of 

tripping on external faults. 

The operating s equence is as follows:  

1 .  The operator at  any line terminal moves the t est 

switch to the "OFF" position. T his places the 
transfer trip scheme t emporarily out-of-service and 

stops the transmission of the guard signal from the 

local station to remote stations w here the LO-unit 

drop s out. The LO and X unit break contacts ener­

gize the X 1-thermal unit which requires 2-3 seconds 
to pickup. 

8 

2. After holding the test switch in the "OFF" posi­

tion for approxim ately 10 seconds,  the operator 
next moves the test switch to the "RECEIV E "  
position. This re-establishes the transmission o f  

guard signal. T h e  LO-unit and X-unit a t  remote 

line terminals pick up again. With the thermal unit 
X 1 still picked up the trip signal is transmitted 

from remote line terminals until X1 unit resets. 

The op erator should see the "BLUE and "AMBER" 
t est lig ht for approxim ately 2 s econds. O n  3 t er­
minal lines both sets of lights should be on if all 
channels are operative.  

3 .  This completes the check-back test  and the test 

switch should be moved to " normal" position as 

soon as the test lamps go dark. This restores the 
equipment to the operative position at all line t er­
minals. 

The test switch in Figs. 5, 6, 7 ,  & 8 provides a 

" send " po sition so that the transmitter .m ay b e  
shifted during p eriodic maintenance check s. 

T r i p p i n g  D i o d e s  D l , D 2  

T ripping diode D 1 provides isolation o f  the K D  
timer circuit from the ground fault detector relay. 
Diode D2 prevents the keying circuit from being 

energized for operation of 86B contact for a bus 

fault behind the prot ected line.  Otherwis e ,  unde sired 
tripping of remote t erminals would result. 

B l o c k i n g  D i od e s  

D3 - blocks tripping current path through direc­
tional ground contact D0 and diode D5 and 
blocks t ripping current p ath from battery 
positive thru X and X1 relay cont acts during 
check-back tests.  

D4 - blocks tripping c urrent p ath through direc­

tional ground contact Do ,  94-T and X con­
t acts. 

D5 - blocks discharge of the anti-bo unce c ap aci­
tor through the Y unit 

D6 - prevents energizing one of the blue lights 

during check-back t est on 3-terminal line 
arrang ement with test switch in "RE­

* C EIVE" po sition. See Fig. 6. 

D7 & D8 - are in s eries with the lockout relay coil and 

are used to block the guard relay fro m  ener­
gizing the amber light. 
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T Y P E T T- 1 2  R ELAY ---------------------------�1 · L:;..·_4_1 -_9s_s_. J_B 

S E T T I N G S  

T here are no sett ings t o  be made on the relay. 

I N S T A L L A T I O N  

The relays should b e  mount ed on swit c hboard 
panel s or their equivalent in a location free from dirt , 

moist ure, exces sive vibrat ion, and heat . Mount t he 
relay vertically by means of the four mount ing holes 

on the flange for semi-flush mount ing or by means of 
t he rear mounting stud or studs for proj ection mount­
i ng. E ither a mount ing stud or the mounting screws 

may be utilized for grounding the relay. 

The electrical connections may be made directly 
to the t erminals by means of screws for thick panel 

mount ing. The t erminal stud s may be easily removed 
or insert ed by locking two nut s on t he stud and t hen 

t urning the proper nut w it h  a wrench. 

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 proper adjustment s  to i nsure correct opera­

t ion of this relay have been made at the fact ory. Upon 
receipt of  the relay , no cust omer adjust m ent s  should 
be required. 

A c c e p ta n c e  C h e c k  

T he following check i s  recommended to  insure 
t hat the relay is i n  proper working order: 

A u x i l i a ry U n it s  X, X l ,  a n d Y ,  and L O  

E nergize each auxiliary unit w it h  rat ed voltage 

and check contact action. If desired, the timing of the 

op eration can be checked as out lined under calibra­
tion procedure.  

Z e n e r  T r i p p i n g  D i o d e  

a. Reverse Charact eristic:  

Breakdown voltage is t he value of  voltage at 

which t he reverse current just exceeds 5 milli­

amp eres and should be bet w een 1 60 to 240 
volt s for each diode. The breakdown voltage 

is det ermined by slowly increasing voltage 

until r everse current exceeds 5 milliamperes 

and start s to increase rap idly. Do not exceed 

200 milliamperes r ev erse c urrent .  

b .  F orward C haract eristic: 

Wit h 10 amperes flowing i n  forward direct ion, 

t he forward voltage acros s each diode should 
not ex ceed 1 . 5  volt s .  

Z e n e r  B l o c k i n g  D i o d e s  

a .  Reverse Charact eristic: 

Breakdown voltage i s  the value of voltage at 

which the revers e current just exceeds 0 . 25 

milliamp eres and should be bet ween 160 t o  
240 volt s  for each diode" The breakdown volt· 
age is d etermined by slowly increasing t he 

voltage until reverse current exceeds 0 "  25 

milliamp eres and start s to increase rapidly. 
Do not exceed 3 milliampere s reverse current . 

b .  Forward Charact eristic:  

Wit h 200 milliamp eres flowing i n  forward direc­
tion, t he forward voltage acro s s  each diode 
should not exceed 1 . 5  volt s .  

R o u t i n e  M a i n t e n a n c e  

All relays should be inspect ed p eriodically and 
t he op erat ion s hould be checked at l east once every 
year or at such other tim e int ervals as may be d ic­
tat ed by exp erience to be s uitable to the particular 

applicat ion. 

All contacts s hould be periodically cleaned. A 
contact burnisher S1t 18 2A836 is recommended for t his 
purpo se.  The use of  abrasive material for cleaning 
contacts is not recom mended because of the danger 
of embedding s mall part icles i n  the face of the soft 

silver and t hus impairing t he contact . 

NOTE : Whem making a dielectric t e st on the re­
lay, t he high voltage maybe applied at t he relay t ermi­
nal, from all circuits t o  ground , b etween coil and 
contact circuits .  and b et w e en isolated coil circuit s . · 
Howev er, the t e st voltage should not be applied 
across relay contact s ,  relay coils , or rectifier cir­
cuit s .  

C A L l  B R A T I O N  

Use the followi ng procedur e for calibrating the 

relay, if the  r elay has been taken apart for repairs or 

if t he adjust ment s have been disturbed.  T hi s  pro­

cedure should not be used unless it i s  apparent that 

t he relay i s  not i n  proper working order. 

A u x i l i a r y  U n i t s  X ,  X l , Y ,  a n d  L O  

The op erat ing t ime o f  unit s  X ,  Y and L O  s hould 

be che cked wit h  an electronic timer. 
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TYP E TT- 1 2 R E LAY __________________________________________________________ _ 

* 

The re sidual air gap s hould not be less than 

.002" and t he contact gap s  s hould be between . 0 20 "  
to .035".  

Au x i l i ary U n i t  X 
The X relay is l ocated at the l eft (FV ) and is 

energized between terminals 5 and 13, with LO unit 
preclosed. Its adj usting resistor is located at the 
upper front. Contact circuitry between te rminals 1 1  
and 12.  The closing time should be set for approxi­

mately one cycle .  The approximate setting of the 
adj usting resistor is 3000 ohms for the 125 volt re­

lays. The 48 volt rel ays do not use a calibrating 
resistor. The operating time for a variation of 8 5% 

and 1 1 5% of rated voltage is between 10 and 27 
millisecond s .  If nece ssary , adj ustment to achieve 

timing may be made using adj ustment resistor. Since 
there is no adj ustment for the 48 volt relay, the 40 
volt check limit is  32 milliseconds. 

The dropout ti me should b e  approx imat ely 25 
milliseconds. If necessary, the dropout time can be 
adjusted using the re sidual screw and changing the 
armature gap. After final adj ustment, the armature gap 

should not be less  than . 00 2" 

A u x i l i ar y  U n i t Y 

The Y unit i s  locat ed at the right front and i s  en­
ergized between t erminals 5 and 20. For contact cir­
cuitry, see Figures 3 & 4. The normally closed contact 
should open in 1 . 5  cycles at rated voltage. Thi s 
adjustment is controlled by the Y unit resistor which 
is located at the l ower left front. The approximate 

setting of the resi stor is 5000 ohms for the 125 volt 

relays . The 48 volt rel ay s  do not use a c alibrating 
resistor . 

The dropout time at r ated v oltage should be 40-60 
milliseconds. If necessary, the dropout time can be 
adjusted by using the residual screw and changing the 
armature gap. After final adj ustment, the armature gap 

should not be les s than . 002" . 

A u x i l i a ry U n i t  L O  

* The LO unit i s  loc at ed at the upper c enter ( FV) 

and is energized between t erminals 6 and 9.  Its  adjust­

ing resistor is located at the rear. See Figures 3 & 4. 

10  

for contact circuitry. The closing time should be ap­
proximately one cycle at rated voltage. The approxi­
m ate s etting of the adj usting re sistor is 1300 ohms 
for the 1 2 5  v olt relays. The 48 volt relays do not use 
a calibrating resistor. The operating time for a varia­
tion of 8 5% and 1 15% of rated voltage is between 
10 and 27 millise conds. If  necessary, adjustment to 
achiev e timing may be made using adjusting resistor. 

The dropout time at rated voltage should be 40-
60 milliseconds. If necessary, the dropout time can b e  

adjusted u sing the residual screw and changing t he 
armature gap. After final adjustment , the armature gap 

should n ot be less than . 00 2" . 

A u x i l i ar y  U n i t  X l  
The X 1  unit is  lo cated at the lower c e nter ( FV ) 

and is energized between t erminals 5 and 15 with t he 

X and LO units de-energized. '\he X 1  unit s hould 
have a dropout time of 2. 5 ± 1 second, after  b e ing 
energized for 10 s econds. This time is measured at 
terminals 1 5 and 18,  keeping in mind t hat the break 

contact of the X unit will have tc be j umpered. Adjust 
t he timing if necessary, by means of adjusting a screw 

accessible from the top of the u nit . To increase drop­
out time turn the screw slightly clockwise,  and to 

decrease dropout time turn the screw slightly c ounter­

clockwise.  

I n d i c at i n g  C o n t a c to r  S w i tc h  ( I C S )  

Close t h e  main r el ay contacts and p as s  sufficient 

d-e current through the trip circuit to  close the con­
tacts of the res. T his v alue of current should not be 
greater than 1 . 0  amp e re .  To increase the p ickup cur­
r e nt, bend the springs out, or away from cover. To 
decrease the pickup, bend the springs in toward the 
cover. Make sure that the t arget drops fr eely when 

energized. 

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

Repair work c an b e  d one most satisfactorily at 

the factory . H owever, i nt erchangeable parts can be 

furnished to the c usto mers who are equipped for doing 

repair w ork. When ordering parts , always give the 
complete nameplate d at a. 
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I I 
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* Fig. 9. Dwg. for External Resistor for T T 1 2  Relay O utline. 
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T Y P E T T- 1 2 R EL AY ________________________________________________________ __ 
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* Fig. 10.  Outline and Drilling P l an for the Type T T- 12 Relay in the Type F T22 case. 

W E S T I N G H O U S E  E L E C T R I C  
R E LAY- I N STR U M E NT D IVI S I O N  

C O R P O R A T I O N  
N EWAR K, N .  J.  
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