
INSTALLATION • 

Westinghouse I.L. 41-579L 

OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TD-4 Tl ME DELAY RELAY 

CAUT I ON Before putting relays into service operate 
the relay to check the electrical connections. Close 
the red handle switch last when placing the relay in 
service. Open the red handle switch first when remov­
ing the relay from service. 

APPLICATION 

The ty pe TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD-4 and KD-41 distance relays. The proper dela,y 
period is se lee ted by whichever zone relay operates. 

CONSTRUCT I ON 

The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay, a reference vol­
tage circuit, and a time delay circuit. A diode is 
added around the TX- 22 and TX- 23 coils on some 
types to override bounce of the initiating contact. 

A u x i l i ary C ircu i t  for I n i t i at i n g  T i m e  Delay 

The auxiliary circuit consists of two telephone­
type relays (TX-22 and TX-23) and two tapped re­
sistors (R2 and R3

). 

Referen c e  Vo l t a g e  C i rcu i t  

The reference voltage circuit consists of a sili­
con power regulator (D2 1) and a tapped resistor (RT). 

T i m e  D elay C i rcu i t  

The time delay circuit consists of a timing cir­
cuit module (M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3). The timing circuit module 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

OPERATION 

The type TD-4 relay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit, Fig. 5.  

SU PERS ED ES I.L. 41-579K 
*Denotes c h a n ge from su perse de d  iss u e .  

* 

T i m i n g  C i rcu i t  O p e r a t i o n  

The R-C timing circuit in Fig. 5 delivers a n  in­
creasing voltage to the sensing zener diode (D22). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by D2 1. 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in series with the timing capacitor. 
Therefore, the rheostat setting of T2 or T3 directly 
determines the time delay, as shown in Fig. 6. 

When capacitor C changes to the voltage value 

e, 022 breaks down to provide base drive for trans­
istor TR2 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor T�. Trans­
istor TR1 conducts, energizing output relay TR to 
the trip the breaker. 

1. Z a n e  2 O p er a t i on, Non- C a r r i e r 

For a zone 2 f ault, both zone 2 and zone 3 KD-41 
contacts close, energi zing both TX-Z2 and TX-Z3. 
This completes the D. C. reference voltage circuit 
through 021. The time delay circuit is energized 
through rheostat T2. When the time delay is com­
pleted, telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-22 contact. 

2. Z o n e  2 O p e r a t i o n ,  C a r r i er 

This case is similar to p aragraph 1, except t hat 
* the zone 2 KD-4 contact only is closed . T herefore, 

only TX-22 is energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1. 

3. Z one 3 O p e r a t i on, Non-Car r i e r  or Car r i e r  

* For a zone 3 fault the zone 3 KD-41 contact only 

is closed. This energizes TX-Z3 and co mpletes the 
timing circuit through rheostat T3. At the end of the 
time delay, TR is energized and completes the trip 
path through the normally closed TX-22 contact. 
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Fig. 1. Type TD-4 Re lay without case. 
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TYP E TD-4 RELAY ________________________________________________________ �I. L� ·�4�1 -�57�9 �L 

IIIIT lf&ID /"" T!Ll,..._ IEUY 

TI .. M CIICUIT 

FIOIT YIEW 184A615 
Fig. 2. Internal Schematic of the type TD-4 R elay in 

FT21 case. (Common trip circuits) 

4. O p e ratio n on  a Z o n e  2 Fault Whi ch A p p e a r s  as a 

Z one 3 Fa ult, D u e  to lnfeed 

A zone 2 fault may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
mfeed changes the apparent imp edance as seen by 
the distance re lay . 

* When this fault occurs and the "fo rward" con-
ne ction is used for the zone 3 relay , it energizes 
TX- Z3 and starts the ti ming function at the zone 3 
rate , as de scribed in parag raph 3. As soon as the 
infeed is re moved , the zone 2 distance relay ope rate s 
to ene rgize TX- 7.;2 . The ti ming function now con­
tinues at the zon e 2 rate . The total ti me de lay de­
pends on the T2 setting, the T3 setting, and the 
time at which th e breaker c lears the infeed . In a ny 

event the trip ti me fo llo wing zone 2 KD-4 operatio n 
wi ll be le ss than the T3 se tting . 

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

T i m e  D elay R ange 

Zone 2 :  0 . 1 sec.  - 1.0 sec.; 0 . 1 - 1.0 sec. 

Zone 3:  0 . 5  sec.  - 3.0 sec.; 0 . 3 - 1.5 sec.  

R eset T i m e  

TR D rop Out Time :  0 . 1 sec. o r  l ess 
TX-Z2 and TX-Z3 - Drop Out Tim e :  0.06 sec. or 

less 
Discharge to timing capacito r: Discharges to 
l ess than 1 %  of full vol tage in 0 . 0 15 sec. 

185A232 
Fig. 3.. Internal  Schematic of the type TD-4 relay in 

FT21 case. (Independent trip circuits) 

For the relay with slow dropout the reset time 
is:  

TX - Z2 dropout time = .045 - . 075 sec. 
TX - Z3 dropout time = . 0 90 - 0 . 1 5  sec. 

V olta g e  R a t i n g  O v e r  The Tem perature R ange 

48 , 1 25 or 250 volts d- e. The relay can stand 
llOo/c voltage continuously ,  from -20°C. to 70°C. 

B attery D r a i n  
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 
Operating Condition 

Timing Circuit and nz1: 50-90 MA 30-SOMA 25-70MA 
Tx-z2 : 117 MA 10 6MA 103MA 
TX-z3: 117 MA 10 6MA 103MA 

A c c u ra c y  

The accu racy o f  the time delay depends upon 
the repetition rate of consecutive timin gs , the supply 
voltag e ,  and th e ambient temperature. Self-heating 
has a negligibl e effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay , as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C, and rat ed 
voltage (48,  .1 2 5 ,  or 250 V.D.C. ) ,  wil l  be within 6 
mil l iseconds of its setting for settings of . 3  seconds 
and . 7 seconds; this accuracy wil l be ±2%. For set­
tings of . 7  seconds or more, this accuracy will 
be ± 1 '/z%. 
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TIMER CONTROL 
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RESISTANcE VALUES IN OHMS 

t-

48V.D.c. IZSV.O.C. 2so v.o.c.• 

RT 350 2500 '-500 I 

Rot 0 750 2000 I 
R.s 0 750 2.000 
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1' FOR ZONE 3 REVERSao TRIPPING OIRI!CTION 
REVE.SE CONNECTIONS TO TtRI'I'S 13(' II. 
151' I .. , 17 (16, IS ( 1• 01" KD-41 REL..A"''. 

F i g. 4. External Schemati c of the type TD-4 R elay 
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TYPE TD-4 RELAY ___________________________________________________________ I . L_._4_1 -_S_79_L 

TIMER CONTROL CIRCU IT 
POS.-�-.----����----�--�-------------

?x-lrx 
Z3 

-l I 
I 
I I 
I 
I 

I 
I 

---- __ j 
� 

TIMING CIRCUIT 
MODULE 

NE G.----�---------------------------------

185A515 

Fig. 5. Timer Control C i rcuit 

( 2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting ,  the readings dec rease. Th is change of 
time de l ay is due to the " voltage recove ry "  of th e 
timing capacitor. Vol tage reco very is a characteris tic 
which al l  capacito rs posse ss;  i t  has been m inimized 
by the selection of the timing capacitor in the TD-4. 

The amoun t of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at leas t 3 seconds is 
obse rved b e tween readin gs , the timing will repeat 
consistently', so that the total spread betw e en th e 
high est and lowest readings will be no more than 2% 
of the s e ttin g. 

If timings are repeated rapidly , the dec reas e in 
time delay is conside rable,  b e tween 3% and 4% in 
mos t cas es. In no case wil l this decrea se be more 
than 5% of the se tting. 

( 3) Supply Vol tage 

Changes in supply vol tage , between 80% and 

1 10% of nominal , cause time delay variations of no 
m ore than ±5 m illis econds for settings of .5 seconds 
or l es s ,  and no more than ±1% for se ttin gs above . 5  
seconds . 
( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitanc e  change with temp e rature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8.  
N o m e nclatu re for T y p e  T D - 4  T i m i n g  R e lay 

TR Relay Uni t  
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistanc e 2 , 000 ohms 
" " 500 ohms 
.. .. 500 ohms 

R2 Tapped Resis tor- See Internal Schematic 
R3 Tapped Resisto r - " " " 
RT Tapped Resisto r - " " " 
DZ 1 Zener Diode - 30 volt b reakdown - 1 0  watt 
T2 Rheostat - Adju stable 0-40, 000 ohms 
T3 Rheostat  - Adj ustable 0- 100 , 000 ohms 

0- 50 , 000 ohms 
( . 3- 1 . 5Sec. Range) 

M Module - Timing Circuit 
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TYPE TD-4 RELAY ________________________________________________________ _ 

TYPE T D- 4  VOLTAGE- T I M E  CU RVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.5 - 3 .0 SEC 

REFERENCE I OO 
VOLTAGE 

.., ..,  �� oo 
a:> 
..,.., zu lolz N�o� 
C) a: �� (l)lol 

za: 
..,.._ 
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z� oz 
..,.., C!)U 
;!ffi :..JIL 

9 0  

80 

70 

60 

50 

40 

10 

-r- ::::-::...:-=-=-:.c-=----
vc 

�� 0 ����-+-L--�--+---��,_
�4--� 1 .6--- 1�. 8

--� 2���2�.� 2�2�.4������� 3�.2� 
T IME IN SECONDS 

84 96 108 120 132 144 156 168 I 0 192 
T IME I N  CYCLES I 

Curve 4'71118 . 

Fig. 6. Voltage- Time Curves For M in imum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is selected by turnin g the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , �, and R T should be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their equivalent in a location free from 
tnoisture. Mount the relay vertically by means of the 
four mountin g holes on the flange for semi-fl ush 
mounting or by means of the rear mountin g stud or 
studs for projection mounting. Either a mo untin g stud 
or the mounting screws may be utilized for grounding 
the relay. The electrical connections may be made 
directly to the terminals by means of s crews for steel­
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 . For 

6 

detailed FT Case information, refer to I . L .  4 1 -076. 

ADJU S T M E N T S  A N D  M A I N T E N A NC E  

The proper adjustments to insure correct opera­
tion of this relay have been made at the factory and 
should not be disturbed after receipt by the cus tomer. 
Do not remove the knobs on the T2 and T3 rheostats 
unless the rheostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in pro per 
working order. A recommended test circuit is shown 
in Fig. 7. 

R o u tine  M a i nten a n c e  

All contacts should be cleaned periodically . A 
contact burnisher Stt182A8 36H01 is recommended 
for this purpose. The use of abrasive material for 
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TYP E TD-4 RELAY ____________________________________________________________ I._L_- 4_1_- s_79_L 

TIMER 

STOP 

START 
�--------���+�--�-4--� 

I 
I 

I 
I 
I --' 

D-C SUPPLY VOLTAGE 
N<G ___________ ....... __ _.,_. ___ _ 

185A028 

Fig. 7. Test Circuit for the Type TD-4 R elay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleaning contacts is not recommended, b ecause of 
the dan ger of embedding small particles in the face 
of the s oft silve r and thus 1 impairing the contact. 

T ro u b l e  Shoo t i n g  P ro c e d u re 

Use the following p rocedure to locate the source 
of trouble if the TD-4 is not ope rating corre ctly .  

1. Apply rated voltage b etween relay te rminals 
3 and 4 and visually check TX-Z2 contact o pe ration. 

( Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration . )  

2.  Check reference voltage circuit. This i s  done 
by measu ring the voltage between mo dule terminal 2 
( positive) and relay te rminal 8 ( negative) with a d-e 
voltmeter. Module te rminal numbers are shown in 
Fig. 1. This voltage should be zero before TX-Z2 
and TX-Z 3 operation, and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation . 

3. Checks rh eostats , T 2 and T 3 1 and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

C omponent 
Ohmmeter Betwe en 
Module Terminals Resistance 

2 and 6 0- 40, 000 ohms 
(TX-Z2 operated) 

2 and 10 0- 100 , 000 ohms 
( . 5· 3. 0 Sec . )  

2 and 4 

0· 50 ,000 ohms 
(. 3- 1 . 5 Sec . )  

2 ,000 ohms 

4. If the above check s do not determine th e 
source of trouble, eith e r  the wiring or the modul e ,  M, 
is faulty . 

C a l i br a t i o n  

Us e the following procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, follow the T roubl e Shooting Pro­
cedure to locate the s ource of trouble.  

1 .  Telephone Type Relay Adjustment 
Adjust the armature gap on the th ree tel ephone 

type rel ays to be app roximately .004 " with the 
armature cl osed. This is done with the armature 
set-sc rew and lock-nut. Also, adjust contact 
l eaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at l east . 0 1 0 "  follow on all nor­
mally open contacts and at l east . 0 0 5" follow 
on all normal l y  closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or  T 3 
rheostats , the relay may be recalibrated with 
the sam e  scale plate . This is done by rotatin g 
the s haft, without knob, until a 1. 0  second de­
lay is measured for T2 , or a . 5  second delay is 
measured for T3• Then , align the knob for this 
delay and tighten the knob s et-sc rew securely. 
There should be a pause of several seconds 
betwe en readings for al l time delays above . 5  
seconds . See section under Accuracy for dis­
cuss ion of this . 

3. Scale Plate Calibration ,  New Scale Plate 

If it is nece ssary to replace the s ilicon power 
regulator ( DZ1),  or  the modul e (M) ,  the relay 
should be recalib rated with a new scale plate. 
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TYP E TD-4 R ELAY __________________________________________________________ _ 

110 IJ __ __ 108 UPPER LI M I T  TYPICAL 
w 106 

APPROX I M ATE-""l -r- C�VE --11.0 \ o: 104 / 
�-� _j - I/ ---

-zl-
102 

-- ....-wz � :::--. T ,..--ow ... --- f--ll:o 1 
100 Wo - - j Q..lt) f-- -- --

C\1 98 
f-- - --

� � --- LOWER L I M I T, � 1- -- ----
>- �  96 

APPROX IMATE.-
�>-

---
� � 94 f----1--- ---o...J w wo 

92 � -w 
�-� 

90 i= 
-r 

- 2 0  -10 0 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN OEGREES CENTIGRADE 185Al71 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T 2 and 1. 75 sec. for T 3 
Th1s will ]ocate the calibration Jines symmetri­
cally around the scale plate. After centerin g 
and securely l ocking the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scale plate. When scribin g cal ibration lines 
for delays above .5 sec. , there should be a 
pause of at ]east 3 seconds between readings. 

RIGHT 11ANtl� ____...---------­
HFPH1Nf RELAY 

CENTER // 
TflfPHONf ltELAY 

185A210 
Fig. 9,/nternal Schematic of th e type TD-4 Relay with 

slow dropout relay ( common trip circuit). 

8 

See secti on under Accuracy for discussion of 
this. 

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However , interchan geabJ e parts can be 
furnished to customers who are equipped for doin g 
repair work. When ordering parts, always give the 
complete nameplate data. 

II liMIT HAitD ------�------
TELE'"OIIE RELAY 

LEFT MiltD __-_____-
TELEI'MOIIE IIELAY 

CENTER 
TELEI'MOitE IIELAY 

,_, 

en. 
lUIS ..... 0 350 

837A071 
Fig. 10 Internal s chematic of the type TD-4 relay with 

s low dropout relay ( independent trip circuits). www . 
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TYP E  TD-4 R E LAY -----------------------------•_.L_._4_1 -_s7_9_L 

• 190-32 SC.EW 

SPACUS FOR 
TMIM PAIELS 

Te- I �o:cm « 5 PAIEL USE 
fs•ll STUD) 

• 190-32 SCREW 

FOil TNI CK I'AIEL USE .190-32 STUD 

TERM I UL AID 
MOUITIIG DETAILS 

t Dl A. 10 IIOLES 
Olt CUT OUT 

,__ 5 !� I 

-{. 
1 6 I' � OIA.II MOLES FOil 

25 
/ .190-32 MT6. SCREWS 

2- � 32 � -¥-,----- f 

PAIEL CUlOUT I DRILLIM 
FOil SEMI FLUStl MTQ. 

I'AIEL DltiLLI•& Ot CUTOUT FOil 
�'Hot ECT I 011 MTI· 

( FltOIIT Yl EW) 

= l!e 

\ 

• fe DI A .2 IIOLES 

TEaMIIAL 
MCMEI 

57-D-7901 

Fig. l l  Outline and Drilling Plan for the Type TD-4 Relay in the FT2 1 Case. 
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TYPE TD-4 R ELAY __________________________________________________________ __ 

TABLE O F  REPLACEABLE PARTS 

CIRCUIT SYMBOL 

(See I nt. Schem. and TIME RANGE DESCRIPTI ON STYLE NO. 

also Fig. 5) 

TX22 All Telephone relay, 500 ohm coil Refer-Relay Style 

TX23 All Telephone relay, 500 ohm coil Refer-Relay Style 

TR All Telephone Relay, 2000 ohm coil 407C280H09 

RT All Resistor, 25 watts, 6500 ohms, 

with tap at 350 and 2500 ohms 184A651HO 1 

R2 All Resistor, 25 watts, 2000 ohms, 

with tap at 750 ohms 11D9511H04 

R3 All Resistor, 25 watts, 2000 ohms, 

with tap at 750 ohms 11D9511H04 

R1 All Resistor, 1050 ohms 184A868G01 

R3 All Resistor, 120 ohms , Yz watt 184A764H05 

R4 All Resistor, lOK ohms, 1%, Yz watt 184A764H51 

R5 All Resistor, lOK ohms, 1%, 12 watt 184A764H51 

R5 A ll Resistor, 3,920 ohms, 12 watt 184A764H41 

Dl A ll Diode 1N538 407C703H03 

TR1 , TR2 All Transistor 2N697 184A638Hl8 

DZ1 All Zener Diode lOW, 1N2989B, 30V ±5% 629A798H01 

DZ2 All Zener Diode, 12 watt, 18-20 volts 185A033H01 

c All Capacitor, 27 ufd., 35 V.D.C. 187 A508H15 

T2 All Potentiometer, 40 K ohms 184A756H01 

T3 .3-1.5 Sec. Potentiometer, 50 K ohms 184A756H03 

T3 .5-::1.0 Sec. Potentiometer, 100 K ohms 184A756H02 

Rz .3- 1.5 Sec. Resistor 5000 ohms 184A868G03 

R2 .5- 3.0 Sec. Resistor, 8000 ohms 184A868G02 

Resistor Aero ss 

TX Coil All Resistor, 3000 ohms, 3 watt 184A636H05 

Resistor Across 

TX Coil 

(Slow Dropout) All Resistor, 1000 ohms, Y:: watt 184A764H27 

Diode Across 

TX Coil 

(Slow Dropout) All Diode 1Nl224 508C320H12 
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Westinghouse I .L. 41-579K 
INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE TD-4 TIME DELAY RELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C A T I O N  
* The ty pe TD-4 static timing relay provides tim e 
delay for the second and third zone contacts of the 
KD -4 and KD-4 1  distance relays . The prope r .de l ay 
pe riod is se le e ted by whicheve r zone relay ope rate s .  

C O N S T R UCT I O N  

The Type TD-4 relay consists of an auxiliary 
circuit fo r initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode i s  
added around the TX - Z2 and TX - Z3 coils o n  some 
types to override bounce of the initiating contact. 

A u x i l i ary C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consis ts of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sisto rs (R2 and R3 ). 

R efere n c e  V o l t a g e  C i rc u i t  

The referenc e vol tage circuit consists o f  a sili­
con powe r regulator (DZ 1) and a tapped resistor(RT). 

T i m e D e l ay C i r c u i t  

The time delay circuit c onsis ts o f  a timing cir­
cuit modul e ( M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3).  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transis torized ampl ifying cir­
cuit. 

O P E R A T I O N  

The typ e  TD-4 relay is connected to the d-e trip 
bus as shown in the exte rnal schematic, Fig. 4 and 
th e  time r con trol circuit, Fig. 5. 

SUP ERSEDES I .L .  41 -579J 
*Den otes chan ge from s uperseded issue . 

T i m i n g  C i rc u i t  O p e r a t i o n  

Th e R-C timin g circuit in Fig. 5 delive rs an in­
creasing vol tage to the sensing zen e r  diode (DZ2).  
This zener  diode breaks down at approximately 6 3% 
of the reference vol tage which is supplied by DZ 1 . 
The rate of vol tage rise is dete rmined by the resis­
tanc e  (T2 or T3) in s e ries with the timing c apacitor. 
Therefore, the rheostat setting of T2 or T3 direc tly 
dete rmines the time del ay ,  as shown in Fig. 6.  

When capaci tor C changes to the vol tage value 
e, DZ2 b re aks down to p rovide base drive fo r trans­
isto r  TR 2 causing it to conduct. Emitte r curren t of 
TR2 provides base drive for transistor T� . Trans­
isto r  TR1 conducts , ene rgizing output relay TR to 
the trip the break e r. 

1. Z o n e  2 O p e r a t i o n ,  N o n - C a r r i e r  

F o r  a zone 2 faul t, both zone 2 and zone 3 KD 
contac ts clos e ,  energizing both TX-Z2 and TX-Z3. 
This compl e tes the D .  C.  refe rence vol tage circui t 
through DZ1 . The time delay circui t is energized 
through rheosta t  T2 . When the time delay is com­
pleted, tel ephone relay, TR, is ene rgized and com­
ple tes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o ne 2 O p erat i o n ,  C ar r i er 

Th is case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore, 
only TX-Z2 is ene rgized since zone 3 reach is re­
vers ed. The ope ration of the timing circuit and trip 
circui t  is identical to that described in paragraph 1 .  

3. Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  or  C a r r i e r  

Fo r a zon e 3 faul t the zone 3 KD- 1  contact only 
is closed. This energizes TX-Z3 and completes th e  
timin g circuit through rheostat T3 . At the end o f  the 
time delay , TR is ene rgized and compl etes the trip 
path th rough the normal ly closed TX-Z2 con tac t. 
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TYPE TD-4 RELAY __________________________________________________________ I ._L_. 4_1_-s_n_K 

-· 

l84A615 

Fig.l. Internal Schematic of the type TD-4 R elay in 
F T2l case. (Common trip circuits) 

4. O p er at i on on a Z one 2 F a ult W h i c h  A p p e ar s  a s  a 

Z on e  3 F a u l t, D u e  to lnfeed 

A zone 2 fault may appear to a distance relay as 

a zone 3 fault. This condition occurs when current 

infeed changes the apparent impedance as seen by 

the distance relay. 

When this fault occurs, the zone 3 distance re­

lay energizes TX·Z3 and starts the timing function 

at the zone 3 rate, as described in paragraph 3. As 

soon as the infeed is removed, the zone 2 distance 

relay operates to energize TX-Z2. The timing func­

tion now continues at the zone 2 rate. The total time 

delay depends on the T2 setting, the T3 setting, and 

the time at which the breaker clears the infeed. In 
any event the trip time following zone 2 KD operation 

will be less than the T
2 

setting. 

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

T i m e  D e  l o y  R ong e  

Zone 2:0.1 sec. -1.0 sec.; 0.1-1.0 sec. 

Zone 3: 0.5 sec. -3.0 sec.; 0.3-1.5 sec. 

R e s e t  T i m e  

TR Drop Out Time: 0.1 sec. or less 

TX-Z2 and TX-Z3 -Drop Out Time: 0.06 sec. or 

less 

Discharge to timing capacitor: Discharges to 

less than 1% of full voltage in 0.015 sec. 

3000. 
l85A232 

Fig.l_ Internal Schematic of the type TD-4 relay in 
FT2 l case. (Independent trip circuits) 

For the relay with slow dropout the reset time 

is: 

TX - Z2 dropout time = .045 -.075 sec. 

TX -Z3 dropout time = .090 - 0.15 sec. 

V o l ta g e  R a t in g  O v er T h e  T em per a t ur e  R an g e  

48, 125 o r  250 volts d-e. The relay can stand 

110% voltage continuously, from -20°C. to 70oc. 

B attery Dr a in 
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ( 5Q-90 MA 30-80MA 25-70MA 
TX·Z2: 117 MA 106MA 103MA 

TX-Z3: 117 MA 106MA 103MA 

A c c ur a c y  

The accuracy of the time delay depends upon 

the repetition rate of consecutive timings, the supply 

voltage, and the ambient temperature. Self-heating 

has a negligible effect on the timing accuracy. 

( 1) Nominal Setting 

The first time delay, as measured with the test 

circuit shown in Fig. 7, taken at 25°C, and rated 

voltage (48, ,125, or 250 V.D.C.), will be within 6 

milliseconds of its setting for settings of .3 seconds 

and . 7 seconds; this accuracy will be ±2%. For set­

tings of . 7 seconds or more, this accuracy will 

be ± 1Vz%. 
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Fig. 4. Extern al Schematic of the type TD-4 R elay 
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T Y P E  TD-4 RELAY ___________________________________________________________ I._L ._4_1_- s_79_K_ 

TIMER CONTROL C IRCU IT 
POS.-��----��--����----�------------

�T X  

Z2 Z3 

-l 
I 
I 
I 
I 

I 

I 

I 
I 

---- __ _j 

� 
TIMING CIRCUIT 

MODULE 

N E G.----�--------------------------------

185A515 

Fig. 5. Timer Control Circuit 

( 2) Consecutive Timings 

If consecutive time checks are made at any 
given s etting,  the readings decrease. This change of 
time de lay is due to the " voltage recovery " of the 
timing capacitor. Voltage recovery is a characteristic 
which a l l  capacitors possess;  it has been minimized 
by the selection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at l east 3 seconds is 
observed between readings , the timing wil l  repeat 
consistently', so that the total spread between th e 
highest and lowest readings will be no more than 2% 
of the s etting. 

If timings are repeated rapidly , the decrease in 
time delay is considerabl e ,  between 3% and 4% in 
most cases. In no case wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Vol tage 

Changes in supply voltage, between 80% and 

1 10% of nominal , caus e time delay variations of no 
m ore than ±5 milliseconds for settings of .5 seconds 
or les s ,  and no more than ± 1% for settings above . 5  
seconds . 
( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temperature . 
Ty pical variation of time delay with temperature is 
shown in Fi g. 8. 
Nom e n c l ature for  T y p e  T D- 4  Tim i n g  R e l a y  

TR Relay Unit 
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistance 2,000 ohms 
" ' '  500 ohms 
.. " 500 ohms 

R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " " " 
&r Tapped Resistor - " " " 
DZ 1 Zener Diode -30 volt breakdown - 10 watt 
T2 Rheostat - Adjustable 0-40,000 ohms 
T3 Rheostat - Adjustabl e 0- 100 , 000 ohms 

0-50,000 ohms 
( . 3- 1 . 5 Sec. Range) 

M Module - Timing Circuit 
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T Y P E TD-4 RELAY ________________________________________________ ______ ____ ____ 

TYPE TD- 4 VOLTAGE - TIME CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0 SEC 
ZONE 3 RANGE 0.5 - 3. 0 SEC 

REFERENCE I OO 
VOLTAG E  

9 0  

8 0  

7 0  
...... 
OC!) 6 0  Q � 
oo 
a:> 5 0  ...... zu l&lz Nl&l 4 0  

C!)et: 
zl&l _ ... (1)1&1 30 zet: 
...... (1)0 
Z l- 2 0  oz 
...... 
C!)U 1 0  �ffi :...JD.. 0 

� -·�-::.=-c::-=--�--Vc 

>� 0 1 .2 1. 4 1 .6 1.8 2 .0  
TIME I N  SECONDS 

3 .2 

72 84 96 1 08 12 0 1 32 144 156 168 I 0 192 
TIME IN CYCLES I 

Curve 471118 

Fig. 6. Voltage- Time Curves for Minimum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is selected by turning the 

knobs of rheostats T2 and T3. Refer to Fig. 1. 

The correct taps for R2, �, and RT should be 

selected for the supply voltage being used. 

I N S T ALLA T I O N  

The relays should be mounted on switchboard 

panels or their equivalent in a location free from 

moisture. 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 projection mounting. Either a mounting stud 

or the mounting screws may be utilized for grounding 

the relay. The electrical connections may be made 

directly to the terminals by means of screws for steel­

panel mounting. The terminal studs may be easily 

removed or inserted by locking two nuts on the stud 

and then turning the proper nut with a wrench. For 

6 

detailed FT Case information, refer to I . L .  41-076. 

ADJU S T M E N T S A ND M A I N T E N A N C E  

The proper adjustments to insure correct opera­

tion of this relay have been made at the factory and 

should not be disturbed after receipt by the customer. 

Do not remove the knobs on the T2 and T3 rheostats 

unless the rheostats are to be replaced as this will 

upset the relay calibration. 

A c ce p t a n c e  T e s t s  

A timing check at minimum and maximum settings 

is recommended to insure that the relay is in proper 

working order. A recommended test circuit is shown 

in Fig. 7. 

R o u t i n e  M a i n tena n c e  

All contacts should be cleaned periodically. A 

contact burnisher S1tl82A8 36H01 is recommended 

for this purpose. The use of abrasive material for 
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TYP E  TD-4 R E LAY ___________________________________________________________ I._L_. 4_1_-s_ 7 __ 9K 

START 

0-C SUPPLY VOLTAGE 

I 
_ _J 

N•G.-----------j,.... __ ..._....._ ___ _ 

185A028 

Fig. 7. Test Circuit for the Type TD-4 R elay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleanin g contacts is n ot recommended, because of 
the danger of embedding small particles in the face 
of the s oft sil ver and thus , impairing the contact. 

Tro u b l e  Shoo t i n g  Procedure  

Use the fol lowing procedure to locate the source 
of troubl e  if the TD-4 is not operating correctly .  

1. Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

( Apply vol tage between terminals 5 and 7 and check 
TX-Z3 operation . )  

2 .  Check reference voltage circuit. This i s  done 
by measurin g the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig .  1 .  This voltage should be z ero before TX-Z 2 
and TX-z3 operation , and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 op eration. 

3 .  Checks rheostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as foll ows:  

Component 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 1 0  

2 and 4 

Resistance 

0-40, 000 ohms 
(TX-Z2 operated) 

0- 100 , 000 ohms 
(.5- 3 . 0  Sec . )  

0- 50 ,000 ohms 
( . 3- 1 . 5  Sec . )  

2,000 ohms 

4. If the above checks do not determine the 
source of trouble,  either the wiring or the module,  M, 
is faulty.  

C a l i b rat i o n  

U s e  the foll owing procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, follow the Troubl e Shooting Pro­
cedure to locate the s ource of troubl e .  

1 .  Telephone Type Relay Adjustment 
Adjust the armature gap on the three tel ephone 

typ e relays to be approximately .004 " with the 
armature cl osed . This is done with th e armature 
s et-screw and l ock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at l east . 0 1 0" foll ow on all nor­
mally open contacts and at l east .005" follow 
on all normal ly closed contacts . 

2 .  Rheostat Knob Adjustment, Same Scale Pl ate 

If it is nece ssary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . This is done by rotatin g 
the shaft, without knob, until a 1 . 0  second de­
lay is measured for T2 , or a .5 se cond delay 1s 
measured for T3• Then , align the knob for this 
delay and tighten the knob set-screw securely. 
There should be a pause of several seconds 
between readings for al l time delays above . 5  
s econds . See section under Accuracy for dis­
cussion of this . 

3 .  Scale Plate Calibration ,  New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ) ,  or the modul e (M) , the relay 
s hould be recalibrated with a new scale plate. 
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TYP E TD-4 R ELAY __________________________________________ __________________ __ 

110 

U PPER�-T 108 TYPICAL 
LIJ 106 

APPROXI M ATE-, -� 

1-- CVVE_ u..c \ o;i 104 / 
<.!) _) --- - I�" 1-- 1----z l-

102 
-- -LIJZ ;;:... I=-f=- ·r f--oLLI ---

a:O -- I""'"- i 
LLio 100 I ll..IO -- f- -- --

-- -- -(\J 
98 

-,..... -z f.-- --- LOWER L IM I T, � - ..... -- --- APPROX IMATE.->- <X  96 - �  r---<X>-..J<t 
�jj 9 4  t----f- --� 

LLJ C  
92 �LIJ 

1-:E 
90 i= 

=r 

- 2 0  -10 0 10 20 30 40 50 6 0  7 0  

AMBIENT TEMPERATURE, IN DEGREES CENTIGRADE 185Al71 

Fig. 8. T iming Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T 2 and 1. 75 sec. for T3 
This will l ocate the calibration lines symmetri­
cal ly around the s cale plate. After centering 
and securely l ocking the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scale plate. When s cribin g calibration lines 
for delays above .5 sec. , there should be a 
pause of at least 3 seconds between readings. 

•! 
D.C. ' 

HIP L fA� lfSI S WOLT PO�ITIO� AlU£ I 
•a 2 "' 
25 3 2500 

250 • 135� 

RED DOT 

RED HAMDLE 

T.£ST SWITCH 

185A210 
Fig. 9. Internal Schematic of the type TD-4 Relay with 

slow dropout relay (common trip circuit). 

8 

See section under Accuracy for discussion of 
th is.  

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doin g  
repair work. When orderin g  parts , always give the 
complete nameplate data. 

I lilT HUll 
TELEPMOIIIE RELAY 

liNIIII& OlltCUIT 

CIT. lUOS ..... 0 " 

·-

837A071 
Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay (independent trip circuits). www . 
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TYPE TD-4 R E LAY -----------------------------.:..:.I.=.L ·:....4.:..:.1..:.-5..:.. 79�K 

�1·!. r ��: 1e I �61J :\ 
PAIIEL L�ATIOII SEMI FLUSII MTQ.� 
l'ltO.IECTIOII MTG. ______ _J 

• 190-32 SCitEW 

PAIIEL 

SPACEitS FOit 
THill PAlmS 

Te-' �o:cm ex 5 �AIIEL USE 
"ij-11 STUD) 

• 190-32 SCREW 

D I A. 

TEitMIUL MD 
NOUITIIG DETAILS 

3 if D I A· 10 IIOL£S 
Olt CUT OUT 

_._ 5 !.- I J 16 I � D I A., MOLES FOit 
2 
� l. ,.._ 1/ . 1  .... 32 MTS. SCIM 

-r-- +r 
... ='� 

- 1 -
. 

ltl-:! . ��= l"' �: �L 
�12 .!! � I lIt 

I.- sl _J ' . 
PAIIEL CUTOUT I DIULLI II 
FOil SEMI FLUSII MTQ. 

..,. __ 2 !.! ----" 
I ll 

PAIIEL Dlt1LLI118 Da CIJTOtJT FOil 
�ECTIOII MT8· 

( FltOifT ¥1 EW) 

9 fe DIA.2 MOLES 

TERMIIAL 
111111£11 

57-D-7901 

Fig. l l  Outline and Drilling P lan for the Type TD-4 Relay in the FT2 1 Case. 
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TYP E TD-4 R ELAY __________________________________________________________ ___ 

* TABLE O F  R EPLACEABLE PARTS 

CIRCUI T SYMBOL 

(See Int. Schem. and TIME RANGE DESCRIPTION STYLE NO. 

also Fig. 5) 

TX 22 All Tel ephone relay, 500 ohm coil Refe r-Relay Style 

TX23 All Telephone relay, 500 ohm coil Refer-Relay Style 

TR All Telephone Relay ,  2000 ohm coil 407C280H09 

RT All Resisto r, 25 watt s ,  6500 ohms, 
with tap at 350 and 2500 ohms 184A65 1HO 1 

R2 All Resi stor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D 9 5 1 1H04 

R3 All Resistor, 25 watts, 2000 ohm s, 
with tap at 750 ohms 1 1D95 1 1H04 

R1 All  Resistor, 1 05 0  ohms 1 84A868G01 

R3 All Resistor, 1 2  0 ohms , Yz watt 1 84A764H05 

R4 A l l  Resistor, 1 O K  ohms , 1% .  Y z  watt 1 84 A764H5 1 

Rs All Resistor, 1 OK ohms , 1% ,  Yz watt 1 84 A764H5 1 

R6 All Re sistor, 3 , 92 0 ohms , Yz watt 1 84 A764H4 1 

D t A l l  D iode 1 N538 407C7 03H03 

TR1 , TR2 All Transistor 2N697 1 84 A638Hl 8  

DZ1 All Zen e r  Diode l OW,  1 N2 989B, 3 0V ±5% 62 9A7 98H01 

DZ2 A l l  Zene r Diode , Yz watt, 1 8-2 0  volts 1 85A033H01 

c All Capacitor, 27 ufd. , 35 V.D.C. 1 87A508H 15 

T2 All Potentiometer, 40 K ohms 184A756H0 1 

T3 . 3 - 1 . 5  Se c. Potentiometer, 50 K ohms 1 84A756H03 

T3 . 5 - 3.0 Sec. Potentiometer, 100 K ohms 184A756H02 

Rz . 3 - 1 . 5  Sec. Resistor 5 000 ohms 184A868G03 

R2 . 5 - 3. 0 Sec. Resistor, 8000 ohms 1 84A868G0 2 

Resistor Aero ss 

TX Coil All Resistor, 3000 ohms, 3 watt 184A636H05 

Resistor Aero ss 

TX Coil 

( Slow Dropout) All Resistor, 1000 ohms, 1,6 watt 184A764H27 

Diode Across 

TX Coil 

( Slow Dropout) All Diode lN 1 224 508C3 20H 1 2  
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Westinghouse I . L .  41 -579J 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE TD-4 Tl ME DELAY RELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C AT I O N  

The type TD-4 static timing relay provides time 
del ay for the second and thi rd zone contacts of the 
KD and KD- 1 distance re lays.  The proper  del ay 
period is selected by whichever zone relay ope rates. 

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

The Type TD -4 relay consists of an auxiliary 
circuit fo r initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode i s  
added around the TX - Z2 and TX - Z3 coils o n  some 
types to override bounce of the initiating contact. 

A u x i l i a ry C i rc u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit  consis ts of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R efe ren c e  V o l tage C i rc u i t  

Th e reference vol tage circuit consists o f  a sili­
con powe r regulato r  (DZ 1 ) and a tapped resisto r (RT). 

T i me D e l ay C i rcui t 

Th e time delay circuit consis ts of a timing cir­
cuit modul e (M) a telephone type rel ay (TR) and two 
rheostats (T 2 and T 3).  The timing circuit modul e 
consists of an R-C timing circui t, a zene r diode for 
vol tage sensing, and a transis torized amplifying cir­
cuit. 

O P E R A T I O N  

The typ e  TD-4 rel ay is connected to the d-e trip 
bus as shown in the exte rnal schematic, Fig. 4 and 
th e timer con trol circuit, Fig. 5. 

SU PE RSEDES LL. 41 -579H 
* Den otes chan ge from sup erseded is sue.  

T i ming C i rc u i t  O p e r a t i o n  

The R-C timin g circuit in  Fig. 5 delivers an in­
creasing vol tage to the sensing zen e r  diode (DZ2). 
This zener diode breaks down at approximately 63% 
of the reference vo l tage which is supplied by DZ 1 . 
The rate of vol ta ge rise is dete rmined by the resis­
tanc e  (T2 or  T3) in s e ries wi th the timing capacitor. 
Therefore, the rheostat  setting of T2 or T3 directly 
dete rmines th e time delay. as shown in Fig. 6. 

When capaci tor C changes to the vol tage value 
e ,  DZ 2 breaks down to provide base drive for trans­
istor TR 2 causing it to conduct. Emitter current of 
TR2 provides bas.e drive for trans is tor T� .  Trans­
istor  TR1 conducts , ene rgizing output relay TR to 
the trip the breaker. 

1. Z o n e  2 O p e r a t i o n ,  N o n - C arr i er 

For a zon e  2 faul t, both zone 2 and zone 3 KD 
contacts close,  ene rgizing both TX-Z2 and TX-Z3 . 
This completes the D. C. refe rence voltage circui t 
through DZ 1 . The time delay ci rcui t is energized 
through rheosta t  T2 . When the time delay is com­
pl e ted, telephone relay, TR, is energized and com­
pl e tes the trip circuit path through the normally open 
TX-Z2 contac t. 

2. Z o ne 2 O p e r at i o n ,  C a r r i er 

This case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore, 
only TX-Z2 is ene rgized since zone 3 reach is re­
versed. The ope ration of the timing circuit and trip 
circuit is identic al to that described in paragraph 1 .  

3. Z o n e  3 O p erat i o n ,  N o n - C a r r i e r  or  C a r r i e r  

Fo r a zone 3 faul t the zone 3 KD-1 con tact only 
is closed. This energizes TX-Z3 and completes the 
timing circuit through rheostat T 3 . At the end of the 
time delay. TR is ene rgized and completes the trip 
path through the normally closed TX-Z2 con tac t. 
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TYPE TD-4 R ELAY ___________________________________________________________ L_L ._4�1 �·5�79�J 

TIMER CONTROL C I R CU I T 
P O S . --�.-----����������-----------

l�TX 
Z3 

- l  
I I 
I I 
I 
I 

I 
I 

- - - - _ _  j 
� 

T IMING C I RCUIT 
M O DULE 

NEG.----�---------------------------------

185A515 

Fig. 5. Timer Control C i rcuit 

(2) Consecutive Timings 

If consecutive time checks are mad e at any 

given setting,  the readin gs decrease. This change of 

time de lay is due to the " voltage recovery " of th e 

timing capacitor. V ol tage recovery is a characteristic 

which all  capacitors possess; it has been minimized 

by the se l ection of the timing capacitor in the TD-4. 

The amount of chan ge in time delay depends up­

on the pause, or duration of capacitor discharge be­

tween timings. If a pause of at l east 3 seconds is 

ob served b etween readings , the timing wil l  repeat 

consistently', so that the total spread b etwe en the 

highest and lowest readings wil l  be no more than 2% 

of the setting. 

If timings are repeated rapidly , the decrease in 

time delay is considerabl e ,  between 3% and 4% in 

most cases. In no case wil l this decrease be more 

than 5% of the setting. 

( 3) Supply Voltage 

Chan ges in supply voltage, betwe en 80% and 

1 1 0% of nominal , cause time delay variations of no 

mare than ±5 m11liseconds for settings of .5 seconds 

or l ess, and no more than ± 1% for settings above . 5  

se conds. 

( 4) Ambient Temperature 

Changes in ambient temperature cause changes 

in time delay .  This variation in time delay is a di­

rect function of capacitance change with temperature . 

Ty pical variation of time delay with temperature is 

shown in Fi g. 8.  
Nom e n c l a t u re far  T y p e  T D - 4  T i m i n g  R e l a y 

TR Relay Unit 

TX-Z2 Relay Unit 

TX- Z 3  Relay Unit 

- Nominal resistanc e 2, 000 ohms 

500 ohms 
.. 5 0 0  ohms 

R2 Tapped Resistor - See Internal Sch ematic 

R3 Tapped Resistor - " " " 

RT Tapped Resistor - " " " 
DZ 1 Zener Diode - 3 0 volt breakdown - 10 watt 

T2 Rh eostat - Adjustabl e  0-40, 0 0 0  ohms 

T3 Rheostat - Adj ustable 0- 1 00,000 ohms 
0-50 , 000 ohms 
( . 3- 1 . 5 Sec. Range) 

M Modu l e  - Timing Circuit 
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TYPE � RELAY ____________________________ __ __ ____ __ __ __ __ __ ________ __ 

TYPE T0-4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - I. 0 SEC 
ZONE 3 RANGE 0.5 - 3.0 SEC 

REFERENCE I OO 
VOLTAGE 

90 

80 

70 
..... ..... 
0 (!) 60 2 � 
c o  
a: >  50 ..... ..... Z (J  
l&.l z N I&J  40 
(!) a: 
z l&.l _ I&.  
(/) 1&.1  30 z a: 
1&.1 1&.  (1) 0  
Z l- 20 o z  
..... ..... (!) U  10 �ffi :..J Q. 0 

-r - - - - -

vc 

y -J e 
I I 
I 

>� 0 1 .2 1 . 4  1 .6 1 . 8  2 .0 2 .2 2.4 2.6 2.8 3.2 
TIME IN SECONDS 

72 8 4  96 108 120 132 144 156 168 I 0 192 
TIME I N  CYCLES I 

Curve 4 71118 

Fig. 6. Voltage- Time Curves for M in imum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el ected by turnin g  the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , �, and R T should be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

The rel ays should be mounted on switchboard 
panels or their equival ent in a l ocation free from 
moisture. Mount th e relay vertical ly 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 projection mounting. Either a mo untin g stud 
or the mountin g screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminal s by means of screws for steel­
panel mountin g. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper n ut with a wrench. For 

6 

detail ed FT Case information , refer to I . L .  4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by th e customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless th e rheostats are to be replaced as this will 
upset the relay cal ibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 7. 

R o u t i n e  M a i nte n a n c e  

A l l  contacts should b e  cl eaned periodical ly.  A 
contact burnisher S1t l82A836H0 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYP E  TD-4 R ELAY ___________________________________________________________ ,_. L_._4_1 _S7_9_J 

START 

D " C  SUPPLY VOLTAGE 

I I 
_ _j 

N•G. ----------..... --...... ---4----

185A028 

Fig. 7. Test Circuit for the Type TD-4 R elay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleaning contacts is not recommended, because of 
the danger of embedding small particles in the face 
of the s oft silver and thus , impairing the contact. 

T ro u b l e  Sho o t i n g  P ro c e d u r e 

Use the fol lowing procedure to locate the source 
of troubl e if the TD-4 is not operating correctly. 

1.  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

(Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration. )  

2.  Check reference voltage circuit. This i s  done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1. This voltage should be zero before TX-Z 2 
and Tx-z 3 operation, and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 op eration . 

3 .  Checks rh eostats, T2 and T 3 , and trippin g 
tel ephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

Component 
Ohmmeter Between 
Modul e Terminals 

2 and 6 

2 and 10 

2 and 4 

Resistance 

0- 40, 000 ohms 
(TX· Z2 operated) 

0- 100 ,000 ohms 
( . 5- 3 . 0  Se c. ) 

0-50,000 ohms 
( .  3- 1 . 5 Sec . )  

2,000 ohms 

4. If the above ch eck s do not determine the 
source of trouble ,  either the wiring or the modul e,  M, 
is faulty . 

C a l i b ra t i o n  

Use the following procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, follow the Trouble  Shooting Pro­
cedure to locate the s ource of trouble.  

1 .  Tel ephone Type Relay Adjustment 
Adj ust the armature gap on the three telephone 

type relays to be approximately .004 " with the 
armature cl osed. This is done with th e armature 
set-screw and lock-nut. Als o, adjust contact 
leaf springs to obtain at least . 0 1 5 "  gap on all 
contacts and at l east . 0 1 0 "  follow on all nor­
mally open contacts and at l east . 005" follow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . Th is is done by rotating 
the shaft, without knob, until a 1.0 second de­
lay 1s meas ured for T2 , or a .5 se cond delay 1s 
measured for T3• Then , align the knob for this 
delay and tighten the knob set-screw securely. 
There should be a pause of several seconds 
betwe en readings for all time delays above . 5  
s econds . See section under Accuracy for dis­
cussion of this . 

3 .  Scale Plate Calibration ,  New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ) ,  or the module (M) , the relay 
should be recalibrated with a new scale plate. 
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TYP E TD-4 R ELAY ____________________________________________________________ _ 

1 1 0  �l, IJc-· I 
108 UPPER LI M I T  TYPICAL 

I.JJ 106 
APPROX I M ATE-h 

� 
_ C�VE --

LL..
o \ 0 �  104 / 
<!> _l - / I- - ----z l- 102 

-- -f.--I.JJ Z ;.::.::... p :: - T f- -u i.JJ ---
a:: U - - i 

I.JJ o 100 I � -ll. lll f- - -- - -
C\1 98 

f- - - -z !---- - - - LOWER L I M I T, � - --- --I- -- APPROX IMATE.->- <t  96 --� 
<( 
.J >-
I.JJ <( 94 � 1--- --� o .J  I.JJ 
I.JJ O 

92 ::!; - LJJ 
I- :!;  

90 i= 
-r 

- 20 - 10 0 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN DEGREES CENTI GRADE l85Al7l 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T 2 and 1. 75 sec. for T 3 
Th1s will locate the calibration lines symmetri­
cally around the scale plate. After centering 
and s ecurely locking the knob on the rheostat 
shaft, new cal ibration lines may be marked on 
the scale plate. When scribing cal ibration lines 
for delays above . 5  sec. , there should be a 
pause of at l east 3 seconds between readings. 

R I SB T  HAN fJ � / ­

Hl'P'1'J!H RELAY 

CEIITER 
TELEPHONE RELAY 

./ tOOO !l 

185A210 
Fig. 9. 1nternal Schematic of the type TD-4 Re lay with 

slow dropout relay ( common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R ENE W A L  P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doin g  
repair work. When ordering parts , always give th e  
complete nameplate data. 

RIQIT HAifD ------/ /  
TELEI'ItONE RELAY 

TIMING CIRCUIT // 

CENTER 
TELEPHOME RELAY 

10000 

837A071 
Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay (independent trip circuits). www . 
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TYPE TD-4 R E LAY _____________________________ _:_I_:. L� • ...:..41...:.5:..:.7...:..9 J::._ 

UJ 
(f) 
-c 0 

, 190-32 S�EW 

I'AIIEL 

SPACEIIS FOR / THi ll  PAIIELS 

Te- I �olciD u 5 �AII EL USE 
fs·18 STUD) 

• 190-32 SCREW 

FOil THICK fi'AIIEL 
USE . 1 90-32 SlUD 

DI A .  

TERM I UL All D 
MOUITIIIG DETA ILS 

3 Ji" Dl A. 10 IIOLES 
011 CUT OUT 

-- s !- 1 i 1 6  ' D I A.� NOLES FOil 

2 
25 � 1/ . 190-32 MTG. SCIIEWS 

32 � -¥---r - - ! 
... = I �  - I -

"' .,. 

� �� I 

PAIIEL CUTOUT I Dlt I LLIII 
FOil SEMI FLUStl MTG. 

fi'MEL DIII LL1 116 0. CUTOUT FOil 
PWO.IECTI 011 MT8· 

( FROIIT Y I EW) 

\ 
TEIIMIIAL. 
IIIMU 

57-D-7901 

Fig. 7 7  Outline and Drilling Plan for the Type TD-4 Relay in the F T2 7  Case. 
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TYPE TD-4 RELAY ______________________________________________________________ ___ 

TABLE O F  REPLACEABLE PARTS 

CI RCU IT S YM BOL 

(See I nt. S che m. a n d  TIME RANGE DES CRI PT ION S T YLE NO. 

alsa F i g .  5) 

TX22 All Telephone relay, 500 ohm coil Refer-Relay Style 

TX23 All Tel ephone relay, 500 ohm coil Refer-Relay Style 

TR All Telephone Rel ay, 500 ohm coil 407C280H09 

RT All Resistor, 25 watts, 6500 ohms, 
with tap at 350 and 2500 ohms 184A65 1H0 1 

R2 All Resistor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D 9 5 1 1H04 

R3 All Resistor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D95 1 1 H04 

R1 All Resistor, 1050 ohms 184A868G0 1 

R3 All Resistor, 1 20 ohms, liz watt 184A764H0 5 

R4 All Resistor, 10K ohms, 1%, Yz watt 1 84A764H5 1 

R5 All Resistor, 10K ohms, 1%, Yz watt 184A764H 5 1  

R6 All Resistor, 3,920 ohms, liz watt 1 84A764H4 1 

D 1 All Diode 1N538 407C703H03 

TR 1 , TR2 All Transistor 2N69 7 184A638H 1 8  

DZ2 All Zener Diode,  Yz watt, 18-20 volts 185A033H01 

c All Capacitor,  27 ufd . ,  35 V.D.C.  187A508H 15 

T2 All Pote ntiometer, 40 K ohms 184 A756H0 1 

T3 . 3 - 1 . 5  sec. Potentiometer, 50 K ohms 184A756H03 

T3 . 5 - 3 . 0  Sec. Potentiometer, 100 K ohms 184A756H02 

R2 . 3 - 1 . 5  Sec. Resistor 5000r 184A868G03 

R2 . 5 - 3 . 0  Sec. Resistor, 8000r 1 84A868G02 

Resistor Aero ss 

TX Coil All Resistor, 3000 ohms, 3 watt 1 84A636H05 

Resistor Acro ss 

TX Coil 

( Slow Dropout) All Resistor, 1000 ohms, liz watt 184A764H27 

Diode Across 

TX Coil 

(Slow Dropout) All Diode 1N 1 2 24 508C3 20H 12 
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INSTALLATION • 

Westinghouse I.L. 4 1 -579H 

MAINTENANCE OPERATION • 

INSTRUCT IONS 
TYPE TD-4 Tl ME DELAY RELAY 

CAUT I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C AT I O N  

Th e type TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD and KD- 1 distance relays . The proper del ay 
period is selected by whichever zone relay operates. 

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

The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode i s  
added around the TX - Z2 and TX - Z3 coils on some 
typ es to override bounce of the initiating contact. 

A u x i l i ary C i rc u i t  far I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R efere n c e  V o l t age C i rc u i t  

Th e referenc e voltage circuit consists o f  a sili­
con power regulator (DZ 1 ) and a tapped resistor (RT). 

T i me D e l ay C i r c u i t  

Th e time delay circuit consists o f  a timing cir­
cuit module (M) a telephone type relay ( TR) and two 
rheostats (T 2 and T 3).  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N  

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
th e timer control circuit, Fig. 5. 

S U PE RSE DE S I.L. 41 -579 G 
* Denotes chan ge from s u pers e de d  i s s u e .  

T i m i n g  C i rc u i t  O p e r a t i o n  

Th e R-C timing circuit in  Fig. 5 delivers an in­
creasing voltage to the sensin g zener diode (DZ 2). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in s eries with the timing capacitor. 
Therefore, the rheostat settin g of T2 or T3 directly 
determines the time delay ,  as shown in Fig. 6 .  

When capacitor C changes t o  the voltage value 
e, DZ 2 breaks down to provide base drive for trans­
istor TR 2 causing it to conduct. Emitter current of 
TR2 provides base dri ve for transistor T� . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1 .  Z o n e  2 O p e r a t i o n ,  N o n- C a rr i er 

For a zone 2 fault, both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-Z2 and TX-Z3. 
This completes the D. C.  reference voltage circuit 
through DZ 1 . The time delay circuit is energized 
through rheostat T2 . When the time delay is com­
pl eted , telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o ne 2 O p e rat i o n ,  C ar r i er 

This case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore , 
only TX-Z2 is energized sinc e zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  o r  C a r r i e r  

For a zon e 3 fault the zone 3 KD-1 contact only 
is closed. This energizes TX-Z3 and completes th e 
timin g circuit through rh eostat T3. At the end of the 
time delay , TR is energized and completes the trip 
path through the normal ly cl osed TX-Z2 contact. 
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Fig. 1. Type TD-4 Relay without case. 
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TYP E TD-4 RELAY __________________________________________________________ �I_. L_. �41_-�s7�9�H 

- ·  

184A615 

Fig. 2. Internal Schemati c of the type TD-4 Relay in 
F T2 1  case. (Common trip circuits) 

4. O p erat ion  on a Z o n e  2 F a u l t  Wh i c h  A p p e a r s  a s  a 

Z o n e  3 F a u l t ,  D u e  to l n feed 

A zone 2 fault  may appear to a distance relay as 
a zone 3 faul t. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate, as described in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
rel ay operates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate . The total time 
delay depends on the T2 settin g,  the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 
any event the trip time following zone 2 KD operation 
will be l ess than the T2 setting. 

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

T i me D e l a y  R an g e 

Zone 2: 0 . 1 sec. - 1 . 0  sec. ; 0 . 1 - 1. 0 sec. 

Zone 3 :  0 . 5  sec. - 3 . 0  sec. ; 0 . 3 - 1 . 5  sec. 

R e s e t  T i m e  

T R  Drop Out Tim e :  0 . 1 sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Time:  0.06 s ec. or 

l ess 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 15 ::; e c .  

3000 fl 
185A232 

Fig. l. Internal Schematic of the type TD-4 relay in 
FT2 1 case. (Independent trip circuits) 

For the rel ay with slow dropout the reset time 
is: 

TX - Z 2  dropout time = 0 . 45 - . 075 sec. 
TX - Z3 dropout time = . 090 - 0 . 1 5  sec.  

V o l t a g e  R a t i n g  O v er  The T em pera t u r e  R a n g e  

48 , 1 2 5  or 250 volts d- e. The relay can stand 
1 10% voltage continuously, from -20°C. to 70°C. 

B attery D r a i n  
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1 : 50-90 MA 30-SOMA 25-70MA 

TX-z
2

: 1 1 7 MA 10 6MA 103MA 
TX-Z

3
: 117  MA 106MA 103MA 

A c c u racy 

The accuracy of the time delay depends upon 
the repetition rate of consecutive timin gs , the supply 
voltage,  and the ambient temperature. Self-heating 
has a negligible effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay ,  as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C, and rated 
voltage (48,  . 125,  or 250 V.D.C.) ,  wil l be within 6 
mil liseconds of its setting for s ettings of . 3  seconds 
and . 7 seconds; this ac curacy wil l be ±2%. For set ­
tings of . 7 seconds or more , this accuracy will 
be ± 1%%. 
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* Fig. 4. External Schematic of the type TD-4 R elay 
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T Y P E  TD-4 R ELAY ___________________________________________________________ I_. L_. _41_-
_s 7_9_H 

TIME R CONTRO L C I R CU I T  P O S . -�_. ____ _.._._�-..-�.-.-.-__________ __ 

#lTx 

!!] ,..... - -

Z2 Z3 

-l 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - - _ _  _j � 
T IMING CI RCUIT 

M O DULE 

NEG.----�--------------------------------

185A515 

* Fig. 5. Timer Control Circuit 

( 2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting, the readings decrease. This change of 
time de lay is due to the " voltage recovery " of the 
timing capacitor. Voltage reco very is a characteristic 
which all capacitors possess; it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause,  or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
observed between readings , the timing will repeat 
consistently', so that the. total spread between th e 
highest and lowest readings will be no more than 2% 
of the setting. 

If timings are repeated rapidly, the decrease in 
time delay is considerable ,  between 3% and 4% in 
most cases. In no cas e wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Changes in supply voltage, betwet  L 80% and 

1 10% of nominal , cause time delay variations of no 
more than ±5 mllliseconds for settings of .5 seconds 
or less,  and no more than ± 1% for settings above . 5 
seconds . 
( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temperature . 
Typical variati on of time delay with temperature is 
shown in Fi g, 8.  
No m e n c l a t u re for  T y p e  T D - 4  T i m i n g  R e l a y  

TR Relay Unit 
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistance 2, 000 ohms 
" " 500 ohms 
" " 500 ohms 

R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " " " 

RT Tapped Resistor - " " 

DZ 1 Zener Diode - 30 volt breakdown - 10 watt 
T2 Rh eostat - Adjustable 0-40, 000 ohms 
T3 Rheostat * - Adj ustabl e 0- 100 , 000 ohms 

0-50 , 000 ohms 
( . 3- 1 . 5 Sec. Range) 

M Module - Timing Circuit 
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TYPE � RELAY--------------------------------------------------------

TYPE TD-4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.5 - 3.0 SEC 

REFERENCE I OO 
VOLTAGE 

90 

80 

.... .... 
o C!I Q � 
o o 
a:: > 50 .... .... Z (J  
l&.l z  N l&.l  40 
Ci a:: 
z l&.l _ IL  
1/) 1&.1  30 z a:: 
I&.I IL  
III O 
Z l- 20 o z  
.... .... 
(!I U  10 �ffi :..J CL 0 

-r -·�-:::..-=-=--=----
vc 

>� 0 1 .2 1 . 4 1 .6 1 .8 2.0 
TIME I N  SECONDS 

3.2 

72 84 96 108 120 1 32 144 156 168 I 0 192 
TIME I N  CYCLES I 

Curve 471118 

Fig. 6. Voltage-Time Curves for M inimum one/ Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el ected by turnin g the 
knobs of rheostats T2 and T3 • Refer to Fig. 1 .  

The correct taps for R2 , � , and R T should be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

Th e relays should be mounted on switchboard 
panels or their equival ent in a l ocation free from 
mois ture. Mount the relay vertical l y  by means of the 
four mounting holes on th e flange for semi-flush 
mounting or by means of the rear mounting stud or 
studs for projection mounting. Either a mountin g stud 
or the mountin g s crews may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminals by means of screws for steel­
panel mounting. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper nut with a wrench. For 

6 

detail ed FT Case information , refer to I .L.  4 1 -076 .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by th e cus tomer. 
Do not remove the knobs on th e T2 and T3 rh eostats 
unl ess th e rh eos tats are to be replaced as this wil l 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 'J. 

R o u t i n e  M a i n t en a n c e  

Al l contacts should b e  cl eaned periodical ly.  A 
contact burnisher S1tl82A836H0 1 is recommended 
for this purpose .  The use of abrasive material for 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYP E  TD-4 R E LAY __________________________________________________________ �I�. L�-�4�1 -�57�9�H 

START 

D - C  SUPPLY VOLTAGE 

I 
- -' 

NFG.-------------------

185A028 

Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper 
terminals 6 and lO when testing relay with in­
dependent trip contacts). 

cl eaning contacts is not recommended, because of 
the danger of embedding small particles in the face 
of the s oft sil ver and thus , impairing the contact. 

T ro ub l e  S hoo t i n g  P ro c e d ure  

Use the following procedure to locate the source 
of troubl e if the TD-4 is not operating correctly.  

1 . Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

(Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration. )  

2 .  Check reference voltage circuit. This is done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numb ers are shown in 
Fig. 1. This voltage should be z ero before TX-Z 2 
and Tx-z 3 operation , and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation . 

3. Checks rh eostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

C omponent 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 10 

2 and 4 

Resistance 

0- 40 , 000 ohms 
(TX-Z2 operated) 

0- 100, 000 ohms '* 
( . 5- 3 . 0  Sec. ) 

0-50 ,000 ohms 
( .  3- 1 . 5  Sec . )  

2 , 0 0 0  ohms 

4. If the above checks do not determine the 
source of trouble, either the wiring or the modul e, M, 
is faulty . 

C o l  i b r o t i o n  

Use the fol l owing procedure for calibrating the 
relay if the relay adj ustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating,  fol low the Troubl e Shooting Pro­
cedure to locate the s ource of troubl e. 

1 .  Tel ephone Type Relay Adjustment 
Adjust the armature gap on the three telephone 

typ e rel ays to be approximately .004 " with the 
armature cl osed . This is done with th e armature 
set-sc rew and lock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 " gap on all 
contacts and at l east . 0 1 0" foll ow on all nor­
mally open contacts and at l east . 005" follow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is n ecessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . This is done by rotatin g 
the shaft, without knob, until a 1 . 0  second de­
lay IS measured for T2 , or a . 5  second delay Is 
measured for T3. Then , align the knob for this 
delay and tighten the knob set-screw securely. 
There should be a pause of several seconds 
between readings for al l time delays above . 5  
s econds . See section under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ), or the modul e (M), the rel ay 
should be recal ibrated with a new scale plate. 
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TYP E TD-4 R ELAY __________________________________________________________ _ 

1 1 0  

UPPER�JT 108 T Y PI CAL 
IJJ 106 

APPROX I M AT E -h - �  _ C�VE --"- 0  \ 0 �  104 / 
C) _l - 1/' f- - ----z f- -- -1---IJJ Z 102 :;:.:.. P. I=- - T r- -u iJJ --- i a: U  ..r -

IJ.J o  100 I fl. It) - - � - - - --
(\J 

98 
- - -- - -

z - - - - LOWER LI M I T, � - f- --- ---- APPROX IMATE.->- <(  96 ---
<( >-Li1 <( 94 -- -f-- ---o .J  IJJ 
IJJ O 

92 � - IJJ 
f- �  

90 � 
=r 

- 2 0  -10 0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN DEGREES CENTI GRADE 185Al71 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T 2 and 1. 75 sec. for T3 
Th1s will l ocate the calibration lines symmetri­
cal ly around the scale plate. After centering 
and s ecurely locking the knob on the rheostat 
shaft, new calibration lines may be marked on 
th e scale plate. When scribing cal ibration l ines 
for delays above . 5  sec. , there should be a 
pause of at l east 3 s econds betwe en readings. 

R I GH T  HAND _.-----­TH'P.,")Hf RELAY 

!.. EFT 'iAJIID / 
T[LEPttOHE RELAY 

CEIITER 

TEL EPHOHf ltELAY 

185A210 
Fig. 9. Internal Schematic of the type TD-4 Relay with 

slow dropout relay ( common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R ENE W A L  P A R T S  

Repair work can b e  done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts , always give th e  
complete nameplate data. 

IIGIT KAMD ___________ / TELEI'MOJIE IIEUY 

liNIIIG C I RCUIT 

LEFT HAND T!LEI'MOME IEUY 
CEIITEI 

TELEI'tiOIIE IEL.AY 

837A071 
* Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay (independent trip circuits). www . 
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TYP E TD-4 R E LAY ____________________________ ___:I�. L:.:·..:4..:._1 ·.::57:...:9.:..:H_ 

I 3 U -- � �  
� 3 - . I I '  I 1 6 I �6-l_J l\ 

PAIIEL �ATI OI! 
SEMI FLUSII MTG-� 
PltO.JECTIOII MTG· ---___ _J 

• 1 90-32 SCIIEW 

PAIIEL 

SPACE�S FOR 
THill PAIIELS 

!. ·18 SCREW 16 FOR TM I CK  5 AIIEL USE 
fs·ll STUD) 

• 1 90-32 SCREW 

FOR THI CIC PMEL 
USE • I 90-32 SlUD 

D IA. 

TEIIMIUL MD 
MOUITI JG DETAI LS 

f Dl A. 10 NOLES 
Ott CUT OUT 

-- 5  !.- I 

-i 
16 I' � D IA.II NOLES FOR 

25 / • 190-32 MTG. SCREWS 
2 - � 

3 2  � -¥---r - - T 
... = l!e - I -

"' ----L "' l_TI-: 1 
� : �;_j --1z :: � I 
I.- s.! � • • 

PAIEL CUTOUT I DltiLLIN 
FOR SEMI FUIStl NTG. 

ftAIEL DltiLLI•I Ott CUTOUT FOil 
PIIO.IEtTI 011 MTI· 

( FROifT Yl EW) 

t fe DIA. 2 NOLES 

TEIIMIIAL 
KIMEl 

57-D-7901 

Fig. 1 1  Outline ancl Drilling Plan for the Type TD-4 Relay in the FT2 1 Case. 
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TYPE TD-4 RELAY ________________________________________________________ ___ 

* TABLE O F  REPLACEABLE PARTS 

CI RCUIT S YMBOL 

(See I n t. Sche m. an d T I M E  RAN G E  D E S CRIPT I ON S TY L E  NO. 

also F i g. 5) 

TX22 All Telephone relay, 500 ohm coil Refer-Relay Style 

TX23 All Telephone relay, 500 ohm coil Refer-Relay Style 

TR All Telephone Relay, 500 ohm coil 407C280H09 

RT All Resistor, 25 watts,  6500 ohms, 
with tap at 350 and 2500 ohms 18 4A65 1H0 1 

R2 All Resistor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D 9 5 1 1H04 

R3 All Resistor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D95 1 1H04 

R1 All Resistor, 1050 ohms 1 84A8 68G0 1 

R3 All Resistor,  1 20 ohms , Yz watt 1 84A764H0 5 

R4 All Resistor,  1 0K ohms, 1%, Y2 watt 1 8 4A764H5 1 

Rs All Resistor, 10K ohms, 1%, Y2 watt 1 84A764H 5 1  

Re All Resistor, 3, 920 ohms, Yz watt 1 84A764H4 1 

D 1 All Diode 1N538 407C703H03 

TR1 , TR2 All Transistor 2N 69 7 184A638H 1 8  

DZ2 All Zener Diode , Y2 watt, 18-20 volts 1 85A033H0 1 

c All Capacitor, 27 ufd. , 35 V . D . C .  1 87A508H 15 

T2 All Potentiometer, 40 K ohms 184A756H0 1 

T3 . 3 - 1 . 5  Sec. Potentiometer, 50 K ohms 1 84A756H03 

T3 . 5 - 3 . 0  Sec. Potentiometer, 100 K ohms 1 84A756H0 2 

R2 . 3 - 1 . 5  Sec. Resistor 5000r 184A868G03 

R2 . 5 - 3. 0 Sec. Resistor, 8000r 1 84A8 68G02 

Resistor Acro ss 

TX Coil All Resistor, 3000 ohms, 3 watt 1 84A636H05 

Resistor Acro ss 

TX Coil 

(Slow Dropout) All Resistor,  1000 ohms, Yz watt 1 84A764H27 I 
Diode Across 

TX Coil 

(Slow Dropout) All Diode 1N 1 224 508C3 20H 1 2  
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Westinghouse I . L. 4 1 -579C 

I NSTAL LATION • OPERATION • MAI NTENANCE 

INSTRUCTIONS 
TYPE TD-4 Tl ME DELAY RELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C AT I O N 

The type TD-4 static timing relay provides time 
delay for the s econd and third zone contacts of the 
KD and KD- 1 distance relays. The proper del ay 
period is s el ected by whichever zone relay operates. 

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

The type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay, a reference vol­
tage circuit, and a time delay circuit. 

A u x i l i a ry C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary c ircuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R efere n c e  V o l t age C i r c u i t  

Th e reference voltage circuit consists of a sili­
con power regulator (DZ 1) and a tapped resistor (RT). 

T i m e D e l ay C i r c u i t  

Th e time delay circuit consists o f  a timing cir­
cuit modul e (M) a telephone type relay (TR) and two 
rheostats ( T  2 and T 3). The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized ampl ifying cir­
cuit. 

O P E R A T I O N  

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit , Fig. 5.  

SUP ERSEDES I . L. 4 1-579 6 
Comp lete Rev i s i on 

T i m i n g  C i rc u i t  O p e r.at i o n  

Th e R-C timing circuit i n  Fig. 5 delivers an in­
creasing voltage to the sensin g zener diode (DZ 2). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in series with the timing capacitor. 
Th erefore , the rheostat setting of T2 or T3 directly 
determines the time delay ,  as shown in Fig. 6. 

When capacitor C changes to the voltage value 
e ,  DZ 2 breaks down to provide base drive for trans­
i stor TR4 causing it to conduct. Emitter current of 
TR2 provides bas e drive for transistor TRr . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1.  Z o n e  2 O p e r a t i o n ,  N o n - C a r r i e r  

F o r  a zon e  2 fault, both zone 2 and zone 3 K D  
contacts clos e ,  energizing both TX-Z2 and TX-Z3. 
This completes the D. C .  reference voltage circuit 
through DZ1 . The time delay circuit is energized 
through rheostat T2 . When the time delay is com­
pl eted, telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2.  Z o ne 2 O p e r at i o n ,  C ar r i er 

This cas e is similar to paragraph 1 ,  except that 
the zone 2 KD contact only is closed. Therefore , 
only TX-Z2 is energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Z o n e  3 O p erat i o n ,  N o n - C a r r i e r  o r  C a r r i e r  

For a zone 3 fault the zone 3 KD- 1 contact only 
is closed. This energizes TX-Z3 and completes the 
timing circuit through rheostat T 3. At the end of the 
time delay , TR is energized and completes the trip 
path through the normally closed TX-Z2 contact. 
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F ig. 1. Type TD-4 Relay without case. 
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TYP E  TD-4 R EL AY ___________________________________________________________ I�.L�-�4�1-�57�9�C 

184A615 

Fig. 2. Internal Schematic of Stt290 8349A09 TD-4 Re lay 
in FT2 1 case. (Common trip c ircuits) 

4. O p e r a t i o n  on a Z o n e  2 F a u l t  W h i ch A p p e a r s  as a 

Z o n e  3 F a u l t, D u e to l n feed 

A zon e  2 fault  may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 an d starts the timing function 
at the zone 3 rate ,  as described in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
relay operates to energize TX-Z2. The timin g func­
tion now continues at the zone 2 rate . The total time 
delay depends on the T2 setting,  the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 
any event the trip time following zone 2 KD operation 
will be l ess than the T 2 s ettin g. 

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

T i m e  D e l ay R a n g e  

Zone 2:  0. 1 sec. - 1 . 0  sec. 
Zone 3 :  0.5 sec . - 3 . 0  sec. 

R e s e t  T i m e  

T R  Drop Out Time :  0. 1 sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Time: 0.06 sec. or 

l ess 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 1 5  sec. 

3000 0 

TX �2 3 
Z1 l2 " I IT JX n  

� � r - - - -- _IQ., ,, 
n! TR 12 

)'" I 
I I 
I I 
I I 
I I 
L _ _ _ _ _ _ _  _ 

RED DOT 
RED IIANDLE 
TEST SWITCH 

TER�IMAL 

185A232 

Fig. 3, Internal Schematic Stt2908349A 10 TD-4 relay in 
FT2 1 case. (Independent trip c i rcuits) 

V o l t a g e  R a t i n g  

48, 125 or 250 volts d-e. The relay can stand 
1 1 0% voltage continuously, up to 1 00°C. 

B a ttery D r a i n  

48 12 5  250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1 : 50-90 MA 30-SOMA 25-70MA 

TX-Z2 : 1 1 7  MA 106MA 103MA 
TX-Z3 : 1 1 7  MA 106MA 1 03MA 

A c c u ra c y  

Th e accuracy o f  the time delay depends upon 
the repetition rate of consecJ!tive timin gs, the supply 
voltage,  and the ambient temperature. Self-heating 
has a negl igibl e effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay , as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C ,  and rated 
voltage (48,  1 2 5 ,  or 250 V.D.C , ) ,  will be within 6 
mil l is econds of its settin g  for s ettings of . 3  seconds 
and . 7 seconds ; this ac curacy wil l be ±2%. For set ­
tings of . 7 seconds or more , this accuracy will 
be ± 1Yz%. 
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5TAT I O N  !!> U S  PHASE ROTAT I O N  1 ,  Z. ,  S T I MER 'COt.JflitOI.. 

� l l r  I 1 Ft I 1 � i 
P05 D.C. TIU I> .  !IUS 

2 0 � a 
f 
a. a. 
iii >-

� 
f- u  on .:  
.. ..  
� 6  "l �. 

l l  
I z. � 

"G.�si"�ft-.w.; ��:· 
,J;� '- ,f,� ... ��� !:·· 

SAME A'S 
ZON E l 

I L - - - - - - J  

.ZONE I ZOIJE Z. ZONE 5 
� � �  
l' ! - 1  Z l - l Z I - Z.  Z I· Z  2 1 - 3  Z l - 3  

Z. l - 3 � 

I 
I 

SAME A5 : 
ZONE I I I EXCEPT I I X- REACTOR. I 

I 1'5 NOT USED I : I 
I 

I 
I I 
c_ _ _ _ _ _ _  J 

ZONE 3 ZONE Z. ZON E  I 

U S E  St. <>. CONTACT W � i:: N 
T R I P  C O I L  sUPERV I S I O N  

TX zz 

LIC1 HT O R  0 . 2. 1'>MP. I .  C . !;. UN IT I S  U S E O  
.RE�I STANC E:  VA LUES I N  OHM$ 

48 v. o. c .  1 1  z.s v. o.c. lc:so v. o. c .  
350 1 esoo 1 .;. s o o  

0 0 0  

! 

� TA IT 1"3 r,. IT � TA IT � � �  D I!V I C E  NUM6ER. CHAitT 

-t FOR ZO>JE 3 REVERSED TRIPP II-!(, DIREC T I 0 "-1 ,  
R.E.YER.5E CONNECT I O N 'S  TO T E: RM ' S  1 3  f I Z. ,  
1 5  It 14 ,  17 1! 1 .;. ,  1 8  f 1 9  O F  K D - 1  RE LAY 

DEVICE 

N O .  
Z l - 1  
e 1 - z.  

Z: l - !1  
z. 

5 e  
5Z a.. 

S Z: TC 

ZONE 

I 
i! 
3 

DEV I CE DEVIC.I!: R.El,AY 
KD 
"10 
1(0 - 1  

T 0 - 4  TIM IN" 
P�� Cit.T. UR. 
l!IKA. \otilJll. !.o.i�CT l!llll.� C�II.' 

•Zr 

290J3326 

F ig. 4. External Schematic of Stt290B349A09 Type TD-4 Relay 
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ELAY I . L. 41-579C T V P E TD-4 R ---------------------------------------------------------

POS.--�01--------------------------------------
lTX 1 T X  

I 

I 

Z2 Z 3  

- - -, 

L- - - - - - - - - - - �- - - - - - - - - - - - - ­

TX 
Z2 T I M I N G  C I RCU IT  
TX  M O D U LE 
Z3 

N EG.----�---------------------------------

Fig. 5. Timer Control C i rcuit 

(2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting,  the readings decrease. This change of 
time delay is due to the " voltage recovery" of the 
timing capacitor. Voltage recovery is a characteristic 
which all capacitors possess ; it has been minimized 
by the sel ection of the timing capacitor in the TD·4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
observed between readings , the timing wil l  repeat 
consistently, so that the total spread between the 
high est and lowest readings will be no more than 2% 

of the s ettin g. 

If timings are repeated rapidly , the decrease in 
time delay is considerabl e ,  between 3% and 4% in 
most cases. In no case wil l  this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Changes in supply voltage, between 80% and 

1 10% of nominal , cause time delay variations of no 
more than ±5 m illis econds for settings of .5  seconds 
or l es s ,  and no more than ± 1% for settings above . 5  

seconds . 

( 4) Ambi ent Temperature 

Changes in ambient temperature cause changes 
in time delay .  This variation in time delay is a di­
rect function of capacitance change with temperature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8. 

N o m e n c l at u re for T y p e  T D -4 T i m i n g  R e l a y  

TR Relay Unit 
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistance 2 , 000 ohms 
" " 500 ohms 
" 500 ohms 

R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " • ·  

" 

� Tapped Resistor - " " " 

nz 1 Zenner Diode - 30 volt breakdown - 10 watt 
T2 Rh eostat - Adjustable 0-4 0,000 ohms 
T3 Rheostat - Adjustable 0- 100 , 000 ohms 
M Module - Timing Circuit 

5 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TD-4 R ELAY __________________________________________________________ __ 

R E FER E N C E  
IOO 

VOLTAGE 

90 

80 

70 

IIJ 
IIJ (!)  0 �  60 0 ;_,  o g  

50 0:: 
IIJ IIJ  z o  
IIJ Z  N IIJ  40 
(!) a:  Z IIJ 
- �  (f) IIJ  30 z o:: 
IIJ � UI Q 
Z l- 20 o z  
IIJ IIJ  
(!) � 10 � ILl  
;_, Q.  
O z  > - 0 

M I N. Z 2  
T I M E  

-;;;;r e 

I 
I 
I 

2.2 2.4 2.6 2.8 3.0 3.2 
I 

Curve 471118 

F ig. 6. Vol tage- Time Curves for Min imum and Maximum Time Setting s 

S E T T I N G S  

Proper time delay is s el ected by turning the 
knobs of rheostats T2 and T3 . Refer to Fig. 1.  

The correct taps for R2 , �, and RT should be 
s el ected for the supply voltage being used. 

I N S T A L L A T I O N 

The relays should be mounted on switchboard 
panel s or their equivalent in a l ocation free from 
moisture. Mount th e relay vertical l y  by means of the 
four m ountin g holes on the flange for semi-flush 
mounting or by means of the rear mounting stud or 
studs for projection mounting. Either a mountin g stud 
or the mountin g screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminals by means of s crews for steel­
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. For 

6 

detailed FT Case information , refer to I . L .  4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by the customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless th e rheostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 7. 

R o u t i n e  M a i ntena n c e  

A l l  contacts should b e  cl eaned periodical ly. A 
contact burnisher S!tl82A836H0 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYP E TD-4 R ELAY ___________________________________________________________ I_. L�·�4�1 -�5 7�9�C 

START 

I I 
_ _J 

NEG. -------------.... -----

185A028 

Fig. 7. Test C ircuit for Slt290B349 A09 Type TD-4 Relay. 
(Jumper term inals 6 and 10 when testing S1t2 90B349 
A 1 0) 

cl eaning contacts is not recommend ed, because of 
the danger of embeddin g small particles in the face 
of the soft sil ver and thus , impairing the contact. 

T ro u b l e  S h o o t i n g  P ro c e d u r e 

Use the following procedure to locate the source 
of troubl e  if the TD-4 is not operating correctly.  

1 .  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

( Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration . )  

2.  Check reference voltage circuit. This is done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1. This voltage should be zero before TX-Z2 
and Tx-z 3 operation, and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation. 

3 .  Checks rh eostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

Component 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 1 0  

2 and 4 

Resistance 

0 - 400, 000 ohms 
(TX-Z2 operated) 

0 - 1 00 , 000 ohms 

2,000 ohms 

4. If the above ch eck s do not determine the 
source of trouble,  either the wiring or the modul e, M, 

is faulty .  

C a l i b r a t i o n  

Use the foll owing procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, fol low the Troubl e  Shooting Pro­
cedure to locate the s ource of troubl e .  

1 .  Tel ephone Type Relay Adjustment 
Adjust the armature gap on the three telephone 

typ e relays to be approximately .004 " with the 
armature cl osed . This is done with th e armature 
set-screw and lock-nut. Al so, adjust contact 
l eaf springs to obtain at l east . 0 1 5 " gap on all 
contacts and at l east . 0 1 0" foll ow on all nor­
mally open contacts and at l east . 005" follow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . This is done by rotatin g 
the s haft, without knob, until a 1 . 0  second de­
lay is meas ured for T2 , or a . 5  se cond delay is 
measured for T3• Then , ali gn the knob for this 
delay and tighten the knob s et-screw securely. 
There should be a pause of several seconds 
betwe en readings for al l time delays above . 5  

s econds . See section under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is nece ssary to replace the silicon power 
regulator (DZ 1 ) ,  or the modul e (M) , the rel ay 
should be recalibrated with a new scale plate. 
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TYP E TD-4 R ELAY _________________________________________________________________________________________________________________________________________________ _ 

8 

1 1 0  

108 

LLJ 106 
LL.

o 

0 �  104 <!) 1- -zl-
102 LLJ Z  

o LLJ o:: O 
100 LI.J o  

C.. I() 
C\1 98 z 

- ,_  >- c:r  96 c:r >-li:l c:r  94 o .J  

U PPER�T 
I 

TYPICAL 
APPROX I M ATE h -t---- C�VE __ 

\ / 
_j - 1/ -- -� -- -

�-� ===-::::-- T - -
......,:: r- -

I- - ::::..:-: -:=::-:: -=-- - -- I r- - - I--- --- -- - - - LOWER LI M I T, J -- APPROX I MATE.----· ----·- --t--
- ·- · - --·- t--- r--- - ---

LLJ 
LLJ O 

92 � - LLJ  
�-- � 

90 i= 

r-------

� 

- 2 0  -10 0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN  DEGREES CENTIGRADE 185Al71 

F ig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( .550 sec. for T 2 and 1. 75 sec. for T3 
This will l ocate the calibration lines symmetri­
cal ly around the scale plate. After centering 
and s ecurely locking the knob on the rheostat 
shaft, new calibration lines may be marked on 
th e scal e plate. When scribin g cal ibration lines 
for delays above .5  sec. , there should be a 
pause of at l east 3 s econds betwe en readings. 

See secti on under Accuracy for discussion of 
this. 

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory . However, interchan geabl e parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts , always give th e  
compl ete nameplate data. 
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TYPE TD-4 R E LAY -----------------------------...:.' ·:..::L� . ..:..4 1:...;-5:..:.79�C.:..... 

SPACER FOR 
THIN PA.�EL'S 

� -IB SCI<EW IG (FOR \1-\IC.v<-. 
PANEL USE �-18 ':.TUD) 
. ! '7 0 · 32 SC REW 

TERMI N.A.L �N D 
MOUNT I N �  Dt:TA.I L'5 

N O T E : A L L  D \ NI E N :5 \ G  N ':::> 
I N  I N C H E S  

l DI J>... - 4- HOLE.S FOR + . 190·3'2. MTCr. SCREW$ 

Pt>.NEL CUTOUT t DRILL I W G­
F"CR SEMI-F LU5\-I I.ATG-. 

I 
' 3?.. 

PAWEL t)R\LU NG- OR CUTOUT 
PRO:TE.CT\0" MTG-. 

(rRO�T VIEW) 

57-D-7901 

Fig. 9. Outline and Drilling Plan for the Type TD-4 Relay in the FT2 1 Case. 
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Westinghouse I . L .  4 1 -S79F 

INSTALLATION • OPERATION • MAINTENANCE 

INSTR U CT IONS 
TY PE T D-4 Tl  ME DELAY RELAY 

C A U T  I 0 N Be fore putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing t he relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C A T I O N 

Th e type TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD and KD- 1 distance relays. The proper del ay 
period is selected by whichever zone relay operates. 

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

* The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode is 
added around the TX - 22 and TX- 23 coils on some 
types to override bounce of the initiating contact. 

A u x i l i a ry C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary c ircuit consists of two telephone­
type relays (TX-22 and TX-23) and two tapped re­
sistors (R2 and R3 ). 

R e feren c e  V o l t a g e  C i rc u i t  

The reference vol tage circuit consists o f  a sili­
con power regulator (D2 1) and a tapped resistor (RT) .  

T i m e  D e l ay C i r c u i t  

The time delay circuit cons ists o f  a timing cir­
cuit module (M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3).  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N 

The typ e  TD-4 relay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit, Fig. 5.  

SUPERSEDES I . L. 4 1 -579E 
*Denotes change from superseded i ssue 

T i m i n g  C i rc u i t  O p e r a t i o n  

Th e R-C timing circuit i n  Fi g. 5 delivers an in­
creasing voltage to the sen sin g zener diode (D22). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by D2 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in s eries with the timing c apacitor. 
Therefore, the rheostat settin g of T2 or T3 directly 
determines the time delay ,  as shown in Fig. 6. 

When capacitor C changes to the voltage value 
e, D2 2 breaks down to provide base drive for trans­
istor TR 2 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor T� . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1 .  Z o n e  2 O p e r a t i o n ,  N o n- C ar r i er 

F or a zon e  2 fault,  both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-22 and TX-23. 
This completes the D .  C.  reference voltage circuit  
through D21 . The time defay circuit is  energized 
through rheostat T2 . When the time delay is com­
pleted, telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o ne 2 O p e r a t i o n ,  C ar r i er 

This case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore ,  
only TX-22 i s  energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Z o n e  3 O p e r a t i o n ,  Non- C a r r i e r or  C a r r i e r  

For a zon e 3 fault the zone 3 KD-1 con tact only 
is closed. This energizes TX-23 and completes the 
timing circuit through rheostat T3 . At the end of the 
time delay , TR is energized and completes the trip 
path through the normally closed TX-22 contact. 
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* Fig. 1. Type TD-4 Re lay without case. 
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TYP E TD-4 RELAY ________________________________________________________ �I�. L�- �4 1�- 5�7�9 F 

l84A615 

* Fig. 2. Internal Schematic of  the type TD-4 Relay in 
FT2J case. (Common trip circuits) 

4. O p erat i o n  o n  a Z o n e  2 F au l t  W h i c h  A p p e a r s  as a 

Z on e  3 F o u l t, D ue to l n feed 

A zone 2 fault may appear to a distance relay as 
a zone 3 faul t. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate,  as described in paragraph 3. As 
soon as the infe ed is removed, the zone 2 distance 
relay operates to energize TX-Z2. The timin g func­
tion now continues at the zone 2 rate. The total time 
delay depends on the T2 setting ,  the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 

any event the trip time fol l owing zone 2 KD operation 
will be l ess than th e  T2 s etting. 

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

* T i m e  D e l a y  R a n g e  

Zone 2:  0 . 1  sec. - 1 .0 sec. ; 0 . 1 - 1 . 0  sec. 

Zone 3 :  0 . 5  sec. - 3 . 0  sec. ; 0 . 3 - 1 . 5  sec. 

R e set  T i m e  

TR Drop Out Time :  0. 1 sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Tim e :  0.06 s ec. or 

l ess 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 15 sec. 

•• 

RED DOT 

RED KAMDLE 

TEST SWITCH 

TERMINAL 

l85A232 

* Fig.3.. Internal Schematic of the type TD-4 relay in 
FT2 J case. (Independent trip circuits) 

* For the relay with slow dropout the reset time 
is: 

TX - Z2 dropout time = 0 . 45 - . 075 sec. 
TX - Z3 dropout time = . 090 - 0 . 1 5  sec. 

V o l ta g e  R a t i n g  O ve r  T h e  T e-m perature R a n g e  

48 , 125 or 250 volts d-e. The relay can stand 
1 10% voltage continuously, from -20ac. to 70°C. 

B attery D r a i n  
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ ( 5Q-90 MA 30-80MA 25-70MA 
TX-z2: 1 17 MA 106MA i03MA 
Tx-z3: 1 1 7  MA 106MA 103MA 

A c c u ra c y  

The accuracy of  the time del ay depends upon 
the repetition rate of consecutive timings , the supply 
voltag e ,  and the ambient temperature. Self-heating 
has a negligible effect on the timing accuracy . 

( 1 )  Nominal Setting 

The first time delay ,  as measured with the test 
circuit shown in Fig. 7 ,  taken at 25"C, and rated 
voltage (48,  . 1 2 5 ,  or 250 V.D.C . ) ,  will be within 6 
mil lis econds of its setting for settings of . 3  seconds 
and . 7 s econds; this accuracy wil l be ±2%. For set ­
tings of . 7 seconds or more , this accuracy will 
be ± 1Yz%. 
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* Fig. 4. External Schematic of the type TD-4 Relay 
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TYPE TD-4 RELAY __________________________________________________________ 1 ·_L._4_1 �-5-79F 

TIMER CONTROL C I R CU I T  
POS. --•51----����������-----------

lTx l TX 

� .- - -

Z2 Z3 

T IMING C I RCUIT 
M O DULE 

N E G.----�---------------------------------

185A515 

* Fig. 5. Timer Control Circuit 

( 2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting,  the readings decrease. Th is change of 
time de lay is due to the " voltage recovery" of the 
timing capacitor. Voltage recovery is a characteristic 
which all capacitors possess ; it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of chan ge in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
ob served b etween readings,  the timing will repeat 
consistently, so that the total spread between the 
high est and lowest readings will be no more than 2% 
of the setting. 

If timings are repeated rapidly , the decrease in 
time delay is considerable ,  between 3% and 4% in 
most cases. In no case wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Changes in supply voltage, between 80% and 

1 10% of nominal , cause time delay variations of no 
more than ±5 m il liseconds for settings of .5  s econds 
or l es s ,  and no more than ± 1% for settings above . 5  
seconds. 

( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temp erature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8. 

No m e n c l at u re far T y p e  T D - 4  T i m i n g  R e l a y  

TR Relay Unit - Nominal resistance 2, 000 ohms 
TX-Z2 Relay Unit - " " 500 ohms 
TX-Z3 Relay Unit ' '  ' '  500 ohms 
R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " " " 
RT Tapped Resistor - " " " 
DZ 1 Zener Diode - 30 volt breakdown - 10 watt 
T2 Rh eostat - Adjustable 0-40,000 ohms 
T3 Rheostat - Adjustable 0-100, 000 ohms 
M Module - Timing Circuit 
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TYPE � RELAY--------------------------------------------------------

TYPE T0- 4 VOLTAGE - TIME CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.!5 - 3.0 SEC 

REFERENCE I OO 
VOLTAGE 

90 

80 

70 
...... ...... 
o <ll 60 2 � o o a:> !5 0  ...... ...... z u 
""' z N w 40 
(!I a: 
z ""' _ .... (1) 11..1 30 z a: 
...... .... (1)0 
Z l- 20 o z  
...... ...... (!1 0  10 �ffi :..J Q. 0 > �  0 

--,.r -.;;-::..;-=-=-:..c-=---Vc 

1. 2 

72 

1 . 4 1 .6 1 . 8  2.0 2 .2 2. 4 2.6 2.8 3.0 3.2 
TIME IN SECONDS I 

84 96 108 120 132 144 1!56 168 I 0 192 
TIME I N  CYCLES I 

Curve 4 71118 

* Fig. 6. Voltage- Time Curves for M in imum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el ected by turnin g  the 
knobs of rheostats Tz and T3 . Refer to Fig. 1. 

The correct taps for R2 , R:3 ,  and RT should be 
selected for the supply voltage being used. 

I NS T A L L A T I ON 

The relays should be mounted on switchboard 
panel s or th eir equival ent in a l ocation free from 
tnoisture. Mount the relay vertical l y  by means of the 
four mountin g holes on the flange for semi-flush 
mounting or by means of the rear mountin g stud or 
studs for projection mounting. Eith er a mo untin g stud 
or the mounting s crews may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminal s by means of screws for steel­
panel mounting. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper nut with a wrench . For 

6 

detail ed FT Case information , refer to I . L .  4 1 -076 .  

A D J U S T M E N T S  AND M A I NT E N ANC E 

The proper adjustm ents to insure correct opera­
tion of this relay have been made at the factory and 
should not be disturbed after receipt by th e customer. 
Do not remove the knobs on the T2 and T3 rh eostats 
unless the rheostats are to be replaced as this will 
upset the relay calibration .  

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 'J. 

R o u t i n e  M a i n t e n a n c e  

A l l  contacts should b e  cl eaned periodical ly. A 
contact burnisher S!tl82A836H0 1 is recommended 
for this purpos e .  Th e use of abrasive material for 
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TYPE TD-4 RELAY ___________________________________________________________ 1 ·_L ._4_1_-5_79_F_ 

START 

D - C  SUPPLY VOLTAGE 

I I - -' 

N<G. ---------_ ..... __ _._. ___ _ 

185A028 

* Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleanin g contacts is not recommended, because of 
the danger of embedding small particles in th e face 
of the s oft sil ver and thus , impairing the contact. 

T roub l e  Sho o t i n g  P ro c e d u re 

Use the fol lowing procedure to locate the source 
of troubl e  if the TD-4 is not operating correctly.  

1 .  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

( Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration . )  

2 .  Check reference voltage circuit. This i s  done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1 .  This voltage shoul d  be zero before TX-Z 2 
and Tx-z 3 operation , and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation . 

3. Checks rh eostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

Component 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 10 

2 and 4 

Resistance 

0- 40, 000 ohms 
(TX-Z2 operated) 

0 - 100,000 ohms 

2,000 ohms 

4. If the above checks do not determine the 
source of trouble,  either the wiring or the module, M, 
is faulty . 

C a l i b ra t i o n  

Us e the following procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating,  fol low the Troubl e Shooting Pro­
cedure to locate the s ource of trouble.  

1 .  Telephone Type Relay Adjustment 
Adjust the armature gap on the three telephone 

typ e  rel ays to be approximately .004 " with the 
armature cl osed . This is done with the armature 
s et-screw and lock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at l east . 0 1 0 "  foll ow on all nor­
mally open contacts and at l east .005" follow 
on all normal ly closed contacts. 

2 .  Rheostat Knob Adjustment, Same Scale Pl ate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . Th is is done by rotatin g 
the s haft, without knob, until a 1 . 0  second de­
lay is measured for T2 , or a . 5  se cond delay is 
measured for T3• Then , align the knob for this 
delay and tighten the knob set-screw securely. 
There should be a pause of several seconds 
betwe en readings for all time delays above . 5  
s econds . See s ection under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ), or the modul e (M), the relay 
should be recalibrated with a new scale plate. 
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TYP E TD-4 R ELAY _____________________________________________________________________________________________________________ ____ 

1 1 0  

U PPER�T 108 TYPICAL 
w 106 

APPROX I M AT E  h CURVE 
LL O \ - -r--- --?' --
0 �  104 / 
... � _1 . - I/ - - -

� z l- - - -w z 102 � � ::: - T - -o w ---
o:: O - - t 
W o  100 I ll.. ll) r- - - - - - -

C\1 98 
- - - - -

z - - - - - LOWER L I M I T, v - ... -- - --
APPROX IMATE.->- <t  96 <t >-� <t  94 ---o ..J 

w 
w o  

92 � - w  
�-- � 

90 j: 
1" 

- 2 0  -10 0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN DEGREES CENTIGRADE 185Al71 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T2 and 1. 75 sec. for T3 
This will l ocate the calibration lines symmetri­
cal ly around the s cale plate. After centerin g 
and s ecurely locking the knob on the rheostat 
shaft, new calibration lines may be marked on 
th e scal e plate. When scribin g cal ibration lines 
for delays above . 5  sec. , there should be a 
pause of at least 3 s econds betwe en readings. 

U:FT HANO � 
TELEPHONE RELAY

/
� 

CENTER / 
TELEPHONE RELAY 

2500 155�� 

185A210 
* Fig. 9" Internal Schematic of the type TD-4 Relay with 

slow dropout relay ( common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts , always give the 
compl ete nameplate data. 

10000 / 

CIT. lUIS ...... 0 • 

837A071 
'* Fig. 10 Internal s chematic of the type TD-4 relay with 

s low dropout relay ( independent trip circuits}. www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE TD-4 R ELAY ----------------------------I_. L_._4_1 -....:s7_9;__F 

• 190-32 SC:.EW 

SPACEitS FOR 
TMI II  PAIELS 

!. ·til SCREW 
Iii FOil TH I CK  

S AIIEL USE 
fs·ll STUD) 

. 190-32 SCREW 

TE .. IIIAL MD 
NOUITI IG  DETAILS 

f Dl A. 1 0  IIOLES 
011 CUT OUT 

-- s !.- 1 J 1 6 l � D I A.� NOLES FOil 

2 25 � � 1/ . 190-32 MT&. SCIIE:WS 

1�
2

- -¥-- ! 
... = l !e  

- 1 -
. 

d> -L .,. 11J- : I 
��� j � :  r· L �12 !! l l I I  

k- s.! _J • 
PAIEL CU111UT I 011 I LLIII 
FOil SEMI FLUSII MTQ • 

PMEL DIIILLIIII 01 tuT0UT FOil 
PH.IECTI 011 MTI· 

( FltOIIT Yl EW) 

. , fe DIA.2 NOlES 

TE11411AL 
IIIMEI 

57-D-7901 

* Fig. l l  Outline ancl Drilling P lan for the Type TD-4 Relay in the FT2 1 Case. 
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Westinghouse I. L.  41 -579J 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TY PE TD-4 Tl  ME DELAY R ELAY 

C A  U T I  0 N Be fore putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch f irst when remov­

ing the relay from service. 

A P P L I C A T I O N  

The type TD-4 static timing relay provides time 
delay for the second and third z one contacts of the 
KD and KD- 1 distance re lays. The proper del ay 
period is selected by whichever zone relay operates. 

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

The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode is 
added around the TX - 22 and TX- 23 coils on some 
typ es to override bounce of the initiating contact. 

A u x i l i a ry C i rc u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consists of two telephone­
type relays (TX-22 and TX-23) and two tapped re­
sistors (R2 and R3 ). 

R eferen c e  V o l t a g e  C i rc u i t  

Th e reference voltage circuit consists of a sili­
con power regulator (D2 1) and a tapped res istor (RT).  

T i m e  D e l ay C i r c u i t  

Th e time delay circuit consists of a timing cir­
cuit module (M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3). The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized ampl ifying cir­
cuit. 

O P E R A T I O N  

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
th e timer control circuit, Fig. 5.  

SU PERSEDES LL. 41 -579H 
* Denotes chan g e from s u p erseded i s s u e .  

T i m i n g  C i rc u i t  O p e r a t i o n  

Th e R-C timing circuit i n  Fig. 5 delivers an in­
creasing voltage to the sen sin g zener diode (D22). 
This zener diode breaks down at approximately 63% 
of th e reference voltage which is supplied by D2 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in s eries with the timing c apacitor. 
Th erefore , the rheostat settin g of T2 or T3 directly 
determines the time del ay ,  as shown in Fig. 6 .  

When capacitor C changes t o  the voltage value 
e, D2 2 breaks down to provide base drive for trans­
istor TR 2 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor T� . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1.  Z o n e  2 O p e rat i o n,  N o n - C a r r i er 

For a zone 2 fault,  both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-22 and TX-23 . 
This completes the D. C. reference voltage circuit  
through D21 . The time delay circuit is  energized 
through rheostat T2 . When the time delay is com­
pleted, telephone relay, TR, is energized and> com­
pletes the trip circuit path through the normal ly open 
TX-22 contact. 

2. Z o ne 2 O p e r a t i o n ,  C ar r i er 

Th is case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore , 
only TX-22 is energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in para graph 1 .  

3.  Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  o r  C a r r i e r  

For a zone 3 fault the zone 3 KD- 1 con tact only 
is closed. This energizes TX-23 and completes the 
timin g circuit through rheostat T3 . At the end of the 
time delay , TR is energized and compl etes the trip 
path through the normal ly closed TX-22 contact. 
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DC CONTROL 

T3 SELECTOR : • '" ·:-;: m � 

T2 SELECTOR 

TR 

Front View 

F ig. 1. Type TD-4 Relay without case. 
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TYP E TD-4 R ELAY ___________________________________________________________ ,_. L_. _41_-�s7�9�J 

FlOIT Y I EW  l84A615 

Fig. 2. Internal Schematic of the type TD-4 R elay in 
FT2 1 case. (Common trip circuits) 

4. O p e rat i o n  on a Z o n e  2 F a u l t  Wh i c h  A p p e a r s  as  a 

Z o n e  3 F a u l t, D u e  to l n feed 

A zone 2 fault  may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate,  as described in paragraph 3. As 
soon as the infeed is removed ,  the zone 2 distance 
relay operates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate. The total time 
delay depends on the T2 setting ,  the T3 settin g, and 
the time at which the breaker clears the infeed. In 
any event the trip time following zone 2 KD operation 
will be l ess than the T 2 setting. 

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

T i me D e lay  R a n g e  

Zone 2 :  0 . 1 sec. - 1 .0  sec. ; 0 . 1 - 1 .0  sec. 

Zone 3:  0 . 5  sec. - 3 . 0  sec. ; 0 . 3 - 1 . 5  sec. 

R e set T i me 

TR Drop Out Time :  0 . 1 sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Time:  0.06 sec. or 

less 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 15 sec. 

3000 n 
l85A232 

Fig. l. Internal Schematic of the type TD-4 relay in 
FT2 1 case. (Independent trip circuits) 

For the rel ay with slow dropout the reset time 
is:  
* TX - Z2 dropout time = .045 - . 075 sec.  

TX - Z3 dropout time = . 090 - 0 . 1 5  sec. 

V o l tage R a t i n g  O v er  The T em pera ture R a n g e  

48 , 125 or 250 volts d- e. The relay can stand 
1 10% voltage continuously, from -20°C. to 70°C. 

B attery D r a i n  
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 
Operating Condition 

Timing Circuit and DZ 1: 50-90 MA 30-SOMA 25-70MA 

Tx-z2: 1 17 MA 106MA 10 3MA 
TX-z3: 1 1 7  MA 106MA 1 03MA 

A c c u racy 

The accuracy of the time del ay depends upon 
the repetition rate of consecutive timin gs , the supply 
voltage ,  and th e ambient temperature. Sel f-heating 
has a negligible effect on the timing accuracy. 

( 1) Nominal Setting 

The first time delay ,  as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C , and rated 
voltage (48,  . 125 ,  or 250 V.D.C . ) ,  will be within 6 
mil l iseconds of its setting for s ettings of . 3  seconds 
and . 7 seconds; this accuracy wil l be ±2%. For set ­
tings of . 7 seconds or more , this accuracy will 
be ± ll!z%. 
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STATIOK aus PHASE li:OTATION 1,2, 3 : fT. r r , r � , : POS. 
D-C. TRIP 'BU� ,..---------- � _.-- � ,-,:-- -------=" � --------.... 

z 0 
5 ... � p 
i 
t iii 1-

r--"---. 
.. ..  .. _, 

�� 
j j 

I Z 3 

'II ·� t ! • �� r ' r J r I ' f ; ' 

X 

c3C 

, zc�tl �' z(.3•), , z(fi� z(3tl, 
, .. OIS�CI. U)IIT 3� DISTANCI UtiiJ' v 

ZONE I 

I 
I 
I S,_ME AS I ZONE I I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

I 

I I 
I I L - - - - -' 

ZONE a. 

.Z:ONS: I ZONE Z ZON� 3 
��,---� 

SAME AS 
ZONE I 
El<CE.PT 

X· REACTOR 
AND R3F IS 
NOT US�P 

I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I L - - - - - __j  

ZONE. 3 

ZONE 1 ZONE 2. ZONE. I 

US£. SZ.cl CONT,I.CT WHEN 
TR IP COIL. SUPE RVI S I O N  

TX zz. 

t-

LI<OHT OR 0.& AMP I. C. 5 UNIT I S  USED-

RESISTANCE VALUES IN OHMS 
48V. D. c. JZSV. o.c. zso v.o.c. 

R_I_ 350 2500 "500 

�<'2. 0 750 2000 

"'" 0 750 z ooo 

DEV I C E  NUMI!ER CH,_RT 

Of.'IIC� OE.VICE w T,o. TA � � � �  ... o. ZONE IUL"'Y DEVICE 

1' FOR ZONE 3 REVI!.RSI.O TRIPPING PIRECTION 
REVEitSI!. CONNECTIONS TQ TtR I'I 'S  13 f' I I  15 ,. 1 4 1  17 ( I f>, 1 8  f 1111 01" KO·�J RE.L.A"'''. 

* Fig. 4. Extern al  Schematic of the type· TD-4 R elay 
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TYPE TD-4 RELAY ___________________________________________________________ I ._L ._4�1 �-s�79�J 

TIME R CONTRO L C I R CU I T  P O S . --�.-----����������-----------

l�TX 
Z3 

� 
.- - -

I 
I 

L---�----------4-------_, 
I 

_ _  _j 

� 
T IMING CI RCU IT 

M O DULE 

NEG.----�---------------------------------

185A515 

Fig. 5. Timer Control C i rcuit 

(2) Consecutive Timings 

If cons ecutive time checks are made at any 

given s etting,  the readings decrease. This change of 

time de l ay is due to the " voltage recove ry " of th e 

timing capacitor. Voltage recovery is a characteristic 

which all capacitors possess ; it has been minimiz ed 

by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­

on the pause, or duration of capacitor discharge be­

tween timings . If a pause of at l east 3 seconds is 

ob served b etween readings, the timing wil l  repeat 

consistently', so that the total s pread betw e en the 

high est and lowest readings wil l  be no more than 2% 

of the setting.  

If  timings are repeated rapidly, the decrease in 

time d e l ay is considerable, between 3% and 4% in 

most cas es.  In no cas e wil l this decrease be more 

than 5% of the se tting. 

(3) Supply Voltage 

Changes in supply vol tage , between 80% and 

1 1 0% of nominal , caus e time delay variations of no 

more than ±5 mil lis econds for s ettings of . 5  s econds 

or l es s ,  and no more than ± 1% for settings above . 5  

seconds. 

( 4) Ambi ent Temperature 

Changes in ambient temperature cause changes 

in time delay .  This variation in time delay is a di­

rect function of capacitance change with temperature . 

Ty pical variation of time delay with temperature is 

shown in Fi g. 8.  
No m e n c l a t u re far T y p e  T D - 4  T i m i n g  R e l a y 

TR Rel ay Unit 

TX-Z2 Relay Unit 

TX-Z 3 Relay Unit 

- Nominal resistanc e 2,000 ohms 
" 

500 ohms 
" 500 ohms 

R2 Tapped Resistor - See Internal Sch ematic 

R3 Tapped Res istor - " " " 

RT Tapped Resistor - " " " 

DZ 1 Zener Diode - 3 0 volt breakdown - 10 watt 

T
2 Rheostat - Adjustab l e  0-40, 0 0 0  ohms 

T3 Rheostat - Adjustable 0-1 0 0 , 000 ohms 
0-50 , 000 ohms 
(. 3- 1 . 5  Sec. Range) 

M Modul e  - Timing Circuit 
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TYPE � RELAY ____________________________________________________ __ 

TYPE TD-4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.5 - 3.0 SEC 

REFERENCE IOO 
VOLTAGE 

90 

80 

10 
..... ..... 
0 (!) 60 Q � 
o o 
o:: > 50 ..... ..... z u 
l&.l z  N l&.l 40 
(!) 0:: 
z l&.l u; l:i  30 z o:: 
..... ... (1) 0 
Z l- 20 o z  
..... ..... 
(!) U  1 0  �ffi � IL  0 

-,r -�-::...=-c.=-=-=-�-Vc 

>� 0 1.2 1 . 4  1 .6 1 . 8  2 .0 2.2 2.4 2.6 2.8 3;0 3.2 
TIME IN SECONDS 

72 84 96 108 120 1 32 144 156 168 I 0 192 
TIME IN CYCLES I 

Curve 4 71118 

Fig. 6. Voltage- Time Curves for Min imum and Maximum Time Settings 

S E T T I N G S  

Proper time del ay is s el ected by turning the 
knobs of rhe ostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , �, and R T should be 
selected for the supply voltage b eing used. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panels or their equival ent in a l ocation free from 
tnoisture. Mount th e relay vertical l y  by means of the 
four mountin g holes on the flange for semi-flush 
mounting or by means of the rear mounting stud or 
studs for projection mounting. Either a mo unting stud 
or the mountin g screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminals by means of screws for steel­
p anel mountin g. The terminal studs may be easily 
removed or inserted by locking two nuts on the stud 
and then turning the proper nut with a wrench. For 

6 

detail ed FT Case information , refer to I . L .  4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

Th e proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by the customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless the rheostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 7. 

R o u t i n e  M a i n tena n c e  

Al l contacts should b e  cl eaned periodical ly.  A 
contact burnisher Sttl8 2A8 36H0 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYP E  TD-4 R ELAY ____________________________________________________________ r . L_._4_1 _57_9_J 

TIMER 

D - C  SUPPLY VOLTAGE 

I 
I 

- -'  

N<G. ----------..._ __ ......,_. ___ _ 

185A028 

Fig. 7. Test Circuit for the Type TD-4 R elay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cl eaning contacts is not recommended, because of 
th e danger of embedding small particles in th e face 
of the s oft sil ver and thus , impairing the contact. 

T r o u b l e  S h oo t i n g  P ro c e d u re 

Use the following procedure to locate the source 
of troubl e if the TD-4 is not operating correctly.  

1 .  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

(Appl y voltage between terminals 5 and 7 and check 
TX-Z3 op eration. )  

2 .  Check reference voltage circuit. This is done 
by measuring th e voltage between modul e terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1 .  This voltage should be z ero before TX-Z 2 
and TX-Z 3 operation , and between 27 and 3 2  volts 
d-e after TX-Z2 or TX-Z3 operation . 

3. Checks rh eostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

Component 
Ohmmeter Between 
Module Terminals Resistance 

2 and 6 0- 40, 000 ohms 
(TX- Z2 operated) 

2 and 10 

2 and 4 

0- 100 , 000 ohms 
( . 5-3 .0  Sec. ) 

0· 50 ,000 ohms 
(. 3- 1. 5 Sec . )  

2,000 ohms 

4. If the above ch eck s do not determine the 
source of troubl e ,  eith er the wiring or the modul e ,  M, 
is faulty .  

C a l i b r a t i o n  

Us e the foll owing procedure for calibrating the 
relay if the relay adj ustments have been disturbed. 
This procedure should not be us ed until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, fol low the Troubl e Shooting Pro­
cedure to locate the s ource of trouble.  

1 .  Tel ephone Type Relay Adjustment 
Adjust the armature gap on the three tel ephon e 

typ e relays to be approximately .004 " with the 
armature cl osed . This is don e with th e armature 
set-screw and lock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at l east . 0 1 0 "  follow on all nor­
mally open contacts and at l east . 005" fol l ow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is nec essary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . Th is is done by rotatin g 
the shaft , without knob,  until a 1 . 0  second de­
lay 1s measured for T2 , or a . 5  se cond delay is 
measured for T3• Then , align the knob for this 
delay and tighten the knob s et-screw securely. 
Th ere should be a pause of several seconds 
betwe en readings for al l time delays above . 5  
s econds . S e e  section under Accuracy for dis­
cussion of th1s . 

3 .  Scale Plate Calibration ,  New Scale Plate 

If it is nece ssary to replace the silicon power 
regulator (DZ 1 ) ,  or the modul e (M) , the relay 
should be recalibrated with a n ew scale plate. 
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TYP E TD-4 R ELAY ____________________________________________________________ _ 

1 1 0  �l; IJ . 108 UPPER L I M I T  TYPICAL 
LLJ 106 

APPROXIMATE-, -
f- CVVE --

LL..
o \ o;i 104 / 
(!) _l - 1/ 1- - - - -

f..--z l- 102 
- - -

w z t:=F-: � f::"- T - -o W - -;;;.::;. Q: (.)  
LLl o 100 I Q... LC) - - ::..:-: -?-":: -::'- - - -

- - - -C\1 98 -
z - - - LOWER L IM IT ,  j � �  --- - - -

-- APPROX I MATE.-
<( 96 r---
_J )-
w <t  94 r-------- ---o .J  LLJ 
LLJ O  
::!; 92 r------- LLJ  
1- ::!;  

90 i= t 
- 20 -10 0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN DEGREES CENTI GRADE l85Al7l 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T2 and 1 . 75 sec. for T3 
Th1s will l ocate the calibration lines symmetri­
cally around the scale plate. After centerin g 
and securely locking the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scal e plate. When scribing cal ibration lines 
for del ays above . 5  sec. , there should be a 
pause of at l east 3 seconds betwe en readings. 

R l r;H T HAND 
Tf l � ""1N f RElAY 

CENTER 

TELEPHOME ltHAY 

tOOO 

185A210 
Fig. 9. 1nternal Schematic of the type TD-4 Relay with 

slow dropout relay ( common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R ENE W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory .  However, interchangeable parts can be 
furnished to customers who are equipped for doin g  
repair work. When ordering parts , always give the 
complete nameplate data. 

II I Qtll HAifD __ / TELEPtiOJIE RELU 

LEFT KAlliO TELEI'HONE REUY 
CEMTER 

TELEttHOIIE RELU 

"'""" 

837A071 
Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay ( independent trip circuits). www . 
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TYPE TD-4 R E LAy _____________________________ _:_L..:L..:.:. 4..:.:1....::5:.:.7.:..:9 J:.... 

- -t-
1 

SPACEIIS FOR 
Tlll ll PAIIELS 

Te· l�olcm'cx 
S �AIIEL USE 
f6•18 STUD) 

. 190-32 SUEW 
FOil TNI CK "AIIEL 
USE • 1 90-32 SlUD 

-- 5  !.- I -{. 1 6  , � O I A.�t NOLES FOil 
25 1/ . 190-32 MTG. SCIIEWS 

2 - � I 
32 � -¥--r - ! 

PAIIEL CUTOUT I DII ILLIII 
FOil SEMI FLUSM MTQ. 

I 
-1------+- ----t ,. "' 

� �/'i- 0 
. I 

= l!e 

\ 

� I �. "'·' IIOUS 

DIA . 3 if Dt A. 10 IIOLES 
011 CUT OUT 

TE .. IIAL 
IIIJIBEJ 

TEIIMIIIAL AIID 
MOUITIIIG DETAI LS I' All EL Dil l LL 1 116 011 CUlOUT FOil 

I"WW.. ECT I 011 MTQ. 

( FIIOIT Yl EW) 

57-D-7901 

Fig. 7 1  Outline and Dril ling P l an for the Type TD-4 Relay in the FT2 1 Case. 
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TYP E TD-4 RELAY ___________________________________________________________ ___ 

TABLE O F  REPLACEABLE PARTS 

CI RCUIT SYMBOL 

(See Int. Schem. a n d  T IM E  RAN G E  D E SCRI PT I ON ST YLE NO. 

also Fig. 5) 

TX22 All Tel ephone relay, 500 ohm coil Refer-Relay Style 

TX23 All Telephone relay, 500 ohm coil Refer-Relay Style 

TR All Telephone Relay, 500 ohm coil 407C 280H09 

RT All Resistor, 25 watts ,  6500 o hms, 
with tap at 350 and 2500 ohms 184A65 1H0 1 

R2 All Resistor, 25 watt s, 2000 ohms, 
with tap at 750 ohms 1 1D951 1H04 

R3 All Resistor,  25 watts,  2000 ohms, 
with tap at 750 ohms 1 1D95 1 1H04 

R1 All Resisto r ,  1050 ohms 1 84A868G0 1 

R3 All Resistor , 1 20 ohms , Yz watt 184A764H0 5 

R4 All Resistor , 10K ohms, 1%, Y2 watt 1 84A764H5 1 

R5 All Resistor ,  10K ohms, 1%, Yz watt 184A764H5 1 

R6 All Resistor, 3, 920 ohms, Yz watt 1 84A7 64H4 1 

D 1 All Diode 1N538 407C703H03 

TR 1 , TR2 All Transistor 2N69 7 184A638H 1 8  

DZ2 All Zener Diode, Yz watt, 18-20 volts 1 85A033H0 1 

c All Capacitor ,  27 ufd. , 35 V.D.C.  1 87A508H 15 

T2 All Potentiometer, 40 K ohms 184A756H0 1 

T3 . 3 - 1 . 5  Sec. Potentiometer,  5 0 K  ohms 1 84A75 6H03 

T3 . 5 - 3 . 0  Sec. Potentiometer , 100 K ohms 184A756H02 

R2 . 3 - 1 . 5  Sec. Resistor 5000r 184A868G03 

R2 . 5 - 3 .0  Sec. Resistor, 8000r 1 84A868G02 

Resistor Aero ss 

TX Coil All Resistor, 3000 ohms, 3 watt 1 84A636H05 

Resistor Acro ss 

TX Coil 

( Slow Dropout) All Resistor,  1000 ohms, Yz watt 184A764H27 

Diode Across 

TX Coil 

(Slow Dropout) All Diode 1N 1 224 508C320H 1 2  
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I NSTALLATION • 

Westinghouse I .L. 41-579K 
MAINTENANCE OPERATION • 

INSTRUCT IONS 
TY PE T D-4 TI ME DELAY R ELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch f irst when remov­

ing the relay from service. 

AP P L I C A T I O N 
* The type TD-4 static timing relay provides time 
delay for the sec ond and third zone contacts of the 
KD -4 and KD-4 1 distance relays . The proper . delay 
period is se lected by whichever zone re lay operates . 

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

The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode is 
added around the TX - Z2 and TX - Z3 coils on some 
types to override bounce of the initiating contact. 

A u x i l i ary C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary c ircuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R eferenc e  V o l t a g e  C i rc u i t  

The reference voltage circuit consists o f  a sili­
con power regulator (DZ 1 ) and a tapp ed resistor (RT) .  

T i m e  D e l ay C i r c u i t  

The time delay circuit consists o f  a timing cir­
cuit module ( M) a telephone ty pe rel ay (TR) and two 
rheostats (T 2 and T 3).  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N  

The type TD-4 rel ay is c onnected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit , Fig. 5.  

SUPERSEDES I . L.  41 -579J 
*Den otes change from su perseded issue . 

T i m i n g  C i rc u i t  O p e ra t i o n  

The R-C timing circuit i n  Fig. 5 delivers an in­
creasing voltage to the sen sin g zener diode (DZ 2). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in series with the timing capacitor. 
Th erefore, the rheostat setting of T2 or T3 directly 
determines th e time delay ,  as shown in Fig. 6. 

When capacitor C changes to the voltage value 
e, DZ 2 breaks down to p rovide base drive for trans­
istor TR2 causing it to conduct . Emitter current of 
TR2 provides base drive for transistor T� . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1.  Z o n e 2 O p e r a t i o n ,  N o n - C a rr i er 

For a zon e  2 fault, both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-Z2 and TX-Z3. 
This completes the D. C. reference voltage circui t  
through DZ1 . The time delay circuit i s  energized 
through rheostat T2 . When the time delay is com­
pleted, telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o n e  2 O p e r a t i o n ,  C ar r i er  

Th is case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore ,  
only TX-Z2 i s  energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3.  Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  o r  C a r r i er 

For a zon e 3 fault the zone 3 KD- 1  contact only 
is closed. This energizes TX-Z3 and completes the 
timing circuit through rheostat T 3. At the end of the 
time delay , TR is energized and completes the trip 
path through the normal ly closed TX-Z2 contact. 
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T3 SELECTOR : � "'' ·�·;�- '"' 

TX-Z2 TR 

w� 

Front View 

Fig. 1. Type TD-4 Relay without case. 
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TYP E TD-4RELAY __________________________________________________________ 1 ·_L_· 4_1_-5_79_K 

- ·  

FltOIT Yl  EW 184A615 

Fig. l. Internal Schematic of the type TD-4 Relay in 
FT2l case. (Common trip circuits) 

4. O p e r a t i o n  on a Z o n e  2 F a u l t  Wh i ch A p p e a r s  a s  a 

Z on e  3 F a u l t, D u e  to l n feed 

A zone 2 fault may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate ,  as described in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
relay operates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate. The total time 
del ay depends on the T2 setting ,  the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 
any event the trip time followin g zone 2 KD operation 
will be l ess than the T 2 s ettin g. 

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

T i m e  D e l a y  R a n g e  

Zone 2 :  0 . 1 sec. - 1 . 0  sec. ; 0 . 1 - 1 . 0  sec. 

Zone 3 :  0 . 5  sec. - 3 . 0  sec. ; 0 . 3 - 1 . 5  sec. 

R e s e t  T i m e  

TR Drop Out Tim e :  0 . 1 sec. o r  l ess 
TX-Z2 and TX-Z3 - Drop Out Tim e :  0.06 sec. or 

l ess 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 15 sec. 

3ooo n 
185A232 

Fig.l. Internal Schematic of the type TD-4 relay in 
FT2 l case. (Independent trip circuits) 

For the rel ay with slow dropout the reset time 
is: 

TX - Z2 dropout time = .045 - . 075 sec. 
TX - Z3 dropout time = . 090 - 0. 15 sec. 

V o l t a g e  R a t i n g  O v e r  T h e  T em p era t ure  R a n g e  

48 , 1 2 5  or 250 volts d- e. The relay can stand 
1 10o/c voltage continuously, from -20°C. to 70°C. 

B a ttery D r a i n  
48 125 250 

V.D.C. V.D.C. V.D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1: 50-90 MA 30-80MA 25-70MA 

TX-z2: 1 17 MA 106MA 103MA 
TX-z3 : 1 17 MA 106MA 103MA 

A c c u ra c y  

The accuracy o f  the time delay depends upon 
the repetition rate of consecutive timings , the supply 
voltage, and th e ambient temperature. Self-heating 
has a negligible effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay , as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C, and rat ed 
voltage (48,  . 1 2 5 ,  or 250 V.D.C.) ,  will be within 6 
mil liseconds of its setting for settings of . 3  seconds 
and . 7 seconds; this accuracy wil l  be ±2%. For set ­
tin gs of . 7 seconds or more, this accuracy will 
be ± lYz%. 
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Fig. 4. External Schematic of the type TD-4 R elay 
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TYP E  TD-4 RELAY ___________________________________________________________ I ._L_. 4_1_-s_79_K_ 

T I ME R CONTROL C I R CU I T  P O S. -�_. ____ _._.._.__.._._._._._ __________ __ 

ffx-LlTx 
Z3 

1!1 .- - - - l  
I 
I 
I 
I 

I 
I 
I 
I 
I 

- - - - _ _ _j � 
T IM ING C I RCU IT 

M O DULE 

NEG.----�--------------------------------

185A515 

Fig. 5. Timer Control C i rcuit 

( 2) Consecutive Timings 

If consecutive time checks are made at amr 
given s etting , the readin gs decrease. This change of 
time delay is due to the " voltage recovery " of the 
timing capacitor. Voltage recovery is a characteristic 
which all capacitors posse ss ; it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
ob served b etween readings , the timing wil l  repeat 
consistently', so that the total spread b etween the 
high est and lowest readings will be no more than 2% 
of the setting. 

If timings are repeated rapidly , the decrease in 
time delay is consi derabl e ,  between 3% and 4% in 
most cas es. In no cas e wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Chan ges in supply voltage , between 80% and 

1 1 0% of nominal ,  caus e time delay variations of no 
mare than ±5 m llliseconds for s ettings of . 5  s econds 
or less , and no more than ± 1% for settings above . 5  
seconds . 
( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temperature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8.  
No m e n c l at u r e  for T y p e  T D - 4  T i m i n g  R e l a y 

TR Relay Uni t 
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistance 2, 000 ohms 
" ' '  500 ohms 
" " 500 ohms 

R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " " " 
RT Tapped Resistor - " " " 

DZ 1 Zener Diode - 30 volt breakdown - 10 watt 
T2 Rh eostat - Adjustable 0-40, 000 ohms 
T3 Rheostat - Adj ustabl e 0- 100 , 000 ohms 

0-50 , 000 ohms 
( . 3- 1 . 5 Sec. Range) 

M Module - Timing Circuit 
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TYP E TD-4 R E LAY __________________________________________________________ __ 

TYPE TD-4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - I .  0 SEC 
ZONE 3 RANGE 0.5 - 3.0 SEC 

REFERENCE I OO 
VOLTAGE 

.... .... c <ll 0 �  - :..J c o 
II: >  
.... .... Z (.)  l&.l z  N IIJ 
Cli P: �� 
(1) 1&.1 z P: .... ... 
!n O  
z �  o z  
.... .... Cl (.)  
i! ffi  :..J Q. 
g �  

90 

80 

10 

60 

50 

40 

30 

10 

/T -�-::..:-==-=--=---Vc 

1. 2 1 . 4  1 .6 1 .8 2 .0 
TIME IN SECONDS 

72 84 96 108 120 
TIME I N  CYCLES 

t 
c: v. ( 1 -t RC ) c 

2.2 2.4 2.6 

1 32 144 156 

2.8 3.0 3.2 
0 

168 I 192 I 
Curve 471118 

Fig. 6.  Voltage-Time Curves for Minimum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el e cted by turnin g the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , �, and R T sh ould be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panel s or their equival ent in a l ocation free from 
moisture. Mount the relay vertical l y  by means of the 
four mountin g holes on the flange for semi-flush 
mounting or by means of the rear mounting stud or 
studs for projection mounting. Either a mountin g stud 
or the mounting screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminal s by means of screws for steel­
p anel mounting. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper nut with a wrench. For 

6 

detail ed FT Case information, refer to I . L .  4 1 -076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

Th e proper adjustments to insure correct o pera­
tion of this relay have been made at th e factory and 
should not be disturb ed after receipt by th e customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless th e rh eostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum s ettin gs 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 7 .  

R o u t i n e  M a i n t e n a n c e  

A l l  contacts should b e  cl eaned periodical ly . A 
contact burnisher S#l 8 2A836HO 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYP E  TD-4 R E LAY ___________________________________________________________ I ._L_. _4 1_-s_7_9K_ 

START 

D-C SUPPLY VOLTAGE 

I - -'  

N<G.-------------------

185A028 

Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleaning contacts is not recommended, because of 
the danger of embedding small particles in the face 
of the soft sil ver and thus , impairing the contact. 

T ro u b l e  S hoo t i n g  P ro c e d u re 

Use the following procedure to locate the source 
of troubl e  if the TD-4 is not operating correctly.  

1 . Apply rated voltage b etween relay terminals 
3 and 4 and visually ch eck TX-Z2 contact operation. 

( Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration.)  

2.  Check reference voltage circuit. This is done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1 .  This voltage should be zero before TX-Z2 
and TX-Z 3 operation , and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 op eration .  

3 .  Checks rh eostats , T2 and T 3 , and trippin g 
telephone relay, TR, wi th an ohmmeter. Th e readings 

should be as follows: 

Component 
Ohmmeter Between 
Modul e Terminals Resistance 

2 and 6 0- 40 , 000 ohms 
(TX- Z2 operated) 

2 and 10 

2 and 4 

0- 1 00 , 000 ohms 
( . 5- 3. 0  Se c . )  

0- 50, 000 ohms 
( . 3- 1 . 5  Sec . )  

2,000 ohms 

4. If the above ch ecks do not determine the 
source of trouble,  either the wirin g or the modul e, M, 
is faulty .  

C a l i b ra t i o n  

Use the following procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating, follow the Troubl e Shooting Pro­
cedure to locate the s ource of troubl e .  

1 .  Telephone Type Relay Adjustment 
Adjust the armature gap on the three tel ephone 

typ e rel ays to be approximately .004 " with the 
armature cl osed . This is done with th e armature 
set-screw and lock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 " gap on all 
contacts and at l east . 0 1 0 "  follow on all nor­
mally open contacts and at l east . 005 " follow 
on all normal ly closed contacts. 

2 .  Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . This is done by rotatin g 
the shaft, without knob, until a 1 . 0  second de­
lay 1s measured for T2 , or a . 5  se cond d elay is 
measured for T3• Then , align the knob for this 
delay and tighten the knob s et-screw securely. 
There should b e  a pause of several seconds 
between readings for al l time delays above . 5  
seconds . See section under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is nece ssary to replace the silicon power 
regulator (DZ 1 ) ,  or the modul e (M) , the rel ay 
should be recal ibrated with a n ew scale plate. 
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TYP E  TD-4 R ELAY ------------------------------------------------------------------------

1 1 0 

UPPER�T 108 T Y PICAL 
LLJ 106 

APPROX IMATE-, - -
1- CVVE _ _ 

LL O \ o :  104 / 
(!) _) -- - - I/ 1- - -z l- 102 

-- --LLJ Z  P--=:::-f:: - T �-- -u LLI --,.:; a:: U .- l 
LL.I o  100 I C.. IO - - r- - - - -- - - - -"' 9 8  -� - -- - - LOWER L I M IT, J 1- -- --

APPROX IMATE.->- <(  96 --� 
<( >-� <( 94 t---� ---
o .J  

LLJ 
LLJ O 

92 � LLJ  I- :!  
90 i= t_ 
- 2 0  - 1 0  0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN DEGREES CENTIG R A D E  l85Al7l 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T2 and 1. 75 sec. for T3 
This will l ocate the calibration lines symmetri­
cal ly around the s cale plate. After centering 
and s ecurely l ocking the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scal e  plate.  When scribing cal ibration lines 
for delays above .5 sec. , there should be a 
pause of at l east 3 s econds between readings. 

185A210 
Fig. 9. Internal Schematic of the type TD-4 Relay with 

slow dropout relay (common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory. However, interchangeable parts can be 
furnished to customers who are equipped for doin g  
repair work. When ordering parts , always give th e  
complete nameplate data. 

CUTER 
TUErtiOIE IEU1' 

CIT. IESIS ...... 0 ... 

837A071 
Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay (independent trip circuits). www . 
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TYP E  TD-4 R E LAY ___________________________________________________________ I ._L_. 4_1_-s_7 __ 9K 

�\·� fl- 11 ! 1 e  I �6-!_J l\ 
PAIIEL L�ATIOI'l SEMI FLIISM MTG-� 
""--ECTIOII MTG·---___ _J 

• 190-32 SCIIEW 

PAIIEL 

SPACERS FOR 
THill PAIIELS 

Te- I �olcfiT ex 
5 �AIIEL USE 
"ij-18 STUD) 

• 190-32 SCREW 
FOR 1111 CK ftAIIEL 
USE . 190-32 STUD 

DIA . 

TEitMIIIAl AIID 
MOUITIIIG DETAI LS 

3 if Dl A. 10 NOlES 
OR CUT OUT 

� I � L  
�2 :: � I 

f.- s1 _J 
• 

PAIIEL CUlOUT I DR ILLI II 
FDR SEMI FWSII NT&. 

14'----2 !! --� 
16 

PAIIEL DR ILL1116 OR tuT0UT FOR 
�ECTIOII MT6· 

( FROIIT Y I EW) 

F ig. l l  Outline and Drilling Plan for the Type TD-4 Relay in the FT2 1 Case. 

TUMIIIAL 
IIIMU 

57-D-7901 
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TYP E TD-4 R E LAY ________________ ________________________________________ ___ 

* TABLE OF REPLACEABLE PARTS 

C IR C UIT SYMBOL 

(S ee I n t. S ch e m. a n d  TIME R ANGE DE S C R I PTION S TYLE NO. 

a l so F i g .  5) 

TX 22 All Telephone relay, 500 ohm coil Refer-Relay Style 

TX23 All Tel ephone relay, 5 00 ohm coil Refer-Relay Style 

TR All Telephone Relay ,  2000 ohm coil 407C 280H09 

RT All Resistor,  25 watts,  6500 o hms, 
with tap at 350 and 2500 ohms 184A65 1H0 1 

R2 All Resistor, 25 watts, 2000 ohms, 
with tap at 750 ohms 1 1D95 1 1 H04 

R3 All Resisto r ,  25 watts,  2000 ohms,  
with tap at  750 o hms 1 1D95 1 1H04 

R1 All Resistor , 1 05 0  ohms 1 8 4A868G0 1 

R3 All Resistor ,  1 2 0  ohms , Y2 watt 1 84A764H05 

R4 All Resistor, l OK ohms , 1%, Yz watt 1 84A764H5 1 

Rs All Resistor , l OK ohms , 1 % ,  Yz watt 1 84A764H51 

R5 All Resistor , 3 , 920 ohms , Yz watt 1 84A7 64H4 1 

D 1 All Diode 1 N538 4 07C7 03H03 

TR 1 , TR2 All Transistor 2N697 1 84A63 8 H l 8  

DZ1 All Zener Diode l OW , 1 N2 98 9B , 3 0V ±5% 62 9A798H01 

DZ2 All Zener Diode , Yz watt , 1 8 -20 volts 1 85 A033H01 

c All Cap acitor ,  27 ufd. , 35 V.D.C.  1 87 A508H 1 5  

T2 All Potentiometer, 40 K ohms 184A756H0 1 

T3 . 3 - 1 . 5 Sec. Potentio meter,  50 K ohms 1 84A756H03 

T3 . 5 - 3.0 Sec. Potentiometer , 100 K ohms 1 84A756H02 

R2 . 3 - 1 . 5  Sec. Resistor 5 000 ohms 1 84A8 68G03 

R2 . 5 - 3. 0 Sec. Resistor ,  8 000 ohms 1 84A8 68G02 

Resistor Aero ss 

TX Coil All Resistor, 3000 ohms, 3 watt 1 84A636H05 

Resistor Acro ss 

TX Coil 

( Slow Dropout) All Resisto r ,  1 000 ohms , Y, watt 1 84A764H27 

Diode Acro ss 

TX Coil 

( Slow Dropout) All Diode lN 1 2 24 508C320H 1 2  
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Westinghouse 1 .  L .  4 1 -S79F 

INSTALLATION • OPE RATION • MAINTENANCE 

INSTRUCTIONS 
TY PE T D-4 TI M E  DELAY R ELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C A T I O N 

Th e type TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD and KD- 1 distance relays.  The proper del ay 
period is selected by whichever zone relay operates. 

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

* The Type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay ,  a reference vol­
tage circuit, and a time delay circuit. A diode i s  
added around the TX - Z2 and TX - Z3 coils o n  some 
typ es to override bounce of the initiating contact. 

A u x i l i a ry C i rc u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R e fere n c e  V o l t age C i-rc u i t  

The reference voltage circuit consists o f  a sili­
con power regulator (DZ 1 ) and a tapped res istor (RT) .  

T i me D e l ay C i r c u i t  

The time delay circuit consists o f  a timing cir­
cuit module (M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3) .  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N 

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit, Fig. 5. 

SUPERSEDES I . L .  4 1 -579E 
*Denotes change from superseded issue 

T i m i n g  C i rc u i t  O p e ra t i o n  

The R-C timing circuit i n  Fig. 5 delivers a n  in­
creasing voltage to the sen sin g zener diode (DZ2). 
This zener diode breaks down at approximately 6 3% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in series with the timing capacitor. 
Th erefore , the rheostat setting of T2 or T3 directly 
determines th e time delay ,  as shown in Fig. 6 .  

When capacitor C changes t o  the voltage value 
e, DZ2 breaks down to provide base drive for trans­
istor TR 2 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor TRt . Trans­
istor TR1 conducts, energizing output relay TR to 
the trip the breaker. 

1. Z o n e  2 O p e r a t i o n ,  N o n- C ar r i er 

For a zone 2 fault, both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-Z2 and TX-Z3. 
This completes the D. C. reference voltage circuit 
through DZ1 . The time delay circuit is energized 
through rheostat T2. When the time delay is com­
pl eted, telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o n e  2 O p e r at i o n ,  C a r r i e r  

This case i s  similar t o  paragraph 1 ,  except that 
the zone 2 KD contact only is closed. Therefore ,  
only TX-Z2 is energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  o r  C a r r i e r  

For a zon e 3 fault the zone 3 KD- 1  con tact only 
is closed. This en ergizes TX-Z3 and completes the 
timing circuit through rheostat T 3 . At the end of the 
time delay , TR is energized and completes the trip 
path through the normally closed TX-Z2 contact. 
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* Fig. 1. Type TD-4 Relay without case. 
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TYP E TD-4 RELAY ___________________________________________________________ I�. L�-�4�1 -�5�79�F 

184A615 

* Fig,2. Internal Schematic af the type TD-4 Relay in 
FT2J case. ( Cammon trip circuits) 

4. O p e r a t i o n  on a Z o n e  2 F au l t  W h i c h  A p p e a r s  a s  a 

Z o n e  3 F a u l t, D ue to l n feed 

A zone 2 fault may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate, as described in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
relay o perates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate . The total time 
delay depends on the T2 setting,  the T3 settin g, and 
the time at which the breaker clears the infeed. In 
any event the trip time followin g zone 2 KD operation 
will be less than the T2 s etting. 

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

* T i m e D e l a y  R a n g e  

Zone 2: 0 . 1 sec. - 1 . 0  sec. ; 0 . 1 - 1 . 0  sec. 

Zone 3:  0 . 5 sec. - 3 . 0  sec . ;  0 . 3 - 1 . 5  sec. 

R e s et T i m e  

TR Drop Out Time :  0 . 1  sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Tim e :  0. 06 s ec. or 

less 
Discharge to timing capacitor: Discharges to 
less than 1% of full voltage in 0.015 sec. 

CUTER TELEPHONE RELAY 

3ooo n 
185A232 

* Fig. � Internal Schematic of the type TD-4 relay in 
FT2 J case. (Independent trip circuits) 

* For the relay with slow dropout the reset time 
is:  

TX - Z 2  dropout time = 0.45 - . 075 sec. 
TX - Z3 dropout time = . 090 - 0. 15 sec. 

V o l ta g e  R a t i n g  O ve r  T h e  T em perature  R a n g e  

48 , 1 2 5  or 250 volts d-e. The relay can stand 
1 10% voltage continuously, from -20°C. to 70°C. 

B attery D r a i n  
48 125 250 

V.D.C. V.D.C. V. D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1 : 50-90 MA 30-SOMA 25-70MA 

TX-z2: 1 17 MA 106MA i03MA 
TX-z3: 1 1 7  MA 106MA 103MA 

A c c u ra c y  

The accuracy o f  the time delay depends upon 
the repetition rate of consecutive timings , the supply 
voltage , and the ambient temperature. Self-heating 
has a negligible effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay , as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C, and rated 
voltage (48,  , 125 ,  or 250 V.D.C . ) ,  will be within 6 
mil liseconds of its setting for s ettings of . 3  seconds 
and . 7 s econds; this accuracy will be ±2%. For set ­
tin gs of . 7 seconds or more , this accuracy will 
be ± lYRa. 
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TYPE TD-4 RELAY __________________________________________________________ 1 -_L ._4_l -_s7_9F 

TIME R  CONTROL C I R CU I T POS. -.. [h--�.;.;.;.:;.;.;..-.,;;.�..;.;;.;;;....;;,.-....,;-.o...;._-----
jTx lTx 

� ,-- - -

Z2 Z3 

T IMING C I RCUIT 
M O DULE 

-l 
I 
I 
I 
I 
I 
I 

N E G.----�--------------------------------

185A515 

* Fig. 5. Timer Con tro l Circuit 

( 2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting,  the readings decrease. This change of 
time de lay is due to the " voltage recovery" of the 
timing capacitor. Voltage recovery is a characteristic 
which all  capacitors possess ; it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings. If a pause of at least 3 seconds is 
ob served between readings , the timing will  repeat 
consistently, so that the total spread between the 
highest and lowest readings will be no more than 2% 
of the setting. 

If timings are repeated rapidly , the decrease in 
time delay is considerabl e ,  between 3% and 4% in 
most cases. In no cas e  wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Changes in supply voltage , betwe en 80% and 

1 10% of nominal , cause time delay variations of no 
more than ±5 millis econds for s ettings of .5 seconds 
or l ess , and no more than ± 1% for settings above . 5  
seconds .  

( 4 )  Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temperature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8.  

No m e n c l at u re for  T y p e  T D - 4  T i m i n g  R e l a y  

TR Relay Unit - Nominal resistance 2 ,000 ohms 
TX-Z2 Relay Unit - " " 500 ohms 
TX-Z3 Relay Unit . .  . .  500 ohms 
R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " " " 

RT Tapped Resistor - " " " 

DZ 1 Zener Diode - 30 volt breakdown - 10 watt 
T2 Rh eostat - Adjustable 0-4 0, 000 ohms 
T 3 Rheostat - Adjustable 0-100, 000 ohms 
M Modul e  - Timing Circuit 
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TYPE �4 RELAY--------------------------------------------------------

TYPE T0·4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.5 - 3 .0 S EC 

REFERENCE I OO 
VOLTAGE 

.... .... g �  - :.J  
c o  
a:> .... .... z u 
l&.l z N I&J  
(!) a: 
z l&.l _ IL  
(1) 1&.1  
z a: I&.I IL  Cli O 
Z I­
O Z  
.... .... (!) U  �ffi 

9 0  

80 

70 

60 

50 

40 

30 

1 0  

-;r - :::;-::..;-=-=-=--=----
Vc 

:..J il. 0 >� 0 ����-+-L--�--+---1�.2---1 .�4--�1 .6---1�.8--�2��--2�.-2--2�.4--�--�--��3�
.2�, 

TIME IN SECONDS 

72 84 96 108 120 1 32 144 156 168 I 0 192 
TIME IN CYCLES I 

Curve 471118 

* Fig. 6. Voltage- Time Curves for M i n imum and M aximum Time Settings 

S E T T I N G S  

Proper time del ay is s el ected by turnin g the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 . 

The correct taps for R2 , �, and R T should be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panel s or their equival ent in a l ocation free from 
tnoisture. Mount th e relay vertical l y  by means of the 
four mountin g h ol es on th e flange for semi-flush 
mounting or by means of the rear mounting stud or 
studs for projection mounting. Either a mountin g stud 
or the mounting screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminal s by means of screws for steel­
p anel mountin g. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper nut with a wrench. For 

6 

detail ed FT Case information , refer to I . L .  4 1 -076. 

A D J U S T M E N T S A N D  M A l  N T E N A N C E  

The proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by the customer. 
Do not remove the knobs on the T2 and T3 rh eostats 
unless the rhe ostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum s ettings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 7. 

R o u t i n e  M a i n tena n c e  

A l l  contacts should b e  cl eaned periodical ly. A 
contact burnisher Sttl82A836H0 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYPE TD-4 RELAY ___________________________________________________________ 1 ·_L ._4_1_·5_79_F_ 

START 

D-C SUPPLY VOLTAGE 

I ---' 

N•G. ----------...... --...... -----

185A028 

* Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper 
terminals 6 and 10 when testing relay with in­
dependent trip contacts). 

cleaning con tacts is not recommended, because of 
the danger of embedding small particles in th e face 
of the s oft silver and thus , impairing the contact. 

T ro u b l e  Sho o t i n g  P ro c e d u re 

Use the following procedure to locate the source 
of trouble if the TD-4 is not operating corre ctly .  

1 .  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

( Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration . )  

2. Check reference voltage circuit. This is done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1 .  This voltage should be z ero before TX-Z 2 
and TX-z 3 operation , and between 27 and 32 volts 
d-e after TX·Z2 or TX-Z3 operation .  

3 .  Checks rh eostats, T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. The readings 

should be as follows: 

Component 
Ohmmeter Between 
Modul e Terminals 

2 and 6 

2 and 1 0  

2 and 4 

Resistance 

0-40 , 000 ohms 
( TX- Z2 operated) 

0 - 100 ,000 ohms 

2,000 ohms 

4. If the above checks do not determine the 
source of trouble,  either the wiring or the module, M, 
is fau l ty .  

C a l i b r a t i o n  

Use the following procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Before calibrating , follow the Trouble Shooting Pro­
cedure to locate the s ource of troubl e .  

1 .  Telephone Type Relay Adjustment 
Adjust the armature gap on the three telephone 

type rel ays to be approximately .004 "  with the 
armature cl osed . This is done with the armature 
set-screw and lock-nut. Also,  adjust contact 
leaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at least . 0 10" follow on all nor­
mally open contacts and at l east . 005" follow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the same scale plate . This is done by rotating 
the s haft , without knob, until a 1.0 second de­
lay is meas ured for T2 , or a . 5  se cond delay is 
measured for T3• Then , align the knob for this 
delay and tighten the knob s et-screw securely. 
There should be a pause of several seconds 
between readings for all time delays above . 5  
s econds . See section under Accuracy for dis­
cussion of this . 

3 .  Scale Plate Calibration ,  New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ),  or the module (M) , the relay 
s hould be recalibrated with a new scale plate. 
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TYP E TD-4 R ELAY __________________________________________________________ __ 

1 1 0  

UPPER�T 108 TYPICAL 
LIJ 106 

APPROX I M ATE-I CURVE 
.._ a  \ � -- V'' -0 �  104 / 
... � _j - I' - - -

-z l- 102 
- - -� wz P-� f=- - T f- -o LLI  -;;;.::. a:: O i 

Ll.l o  100 I Q. LI)  - - 1- - - - - -
Z C\1  9 8  

,..- - - - - -
- -- - - LOWER L I M IT,  J � �  -- --- APPROXI MATE.-

<( >- 96 

ii:l <( 94 · -1- -·-
o ..J  

LIJ 
LIJ O 

92 � - LLJ  �-- � 
90 i= 

=r 

- 20 -10 0 1 0  20 30 40 50 60 70 

AMBIENT TEMPERATURE, IN OEGREES CENTI GRADE 185Al71 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T2 and 1 .  75 sec. for T3 
This will l ocate the calibration lines symmetri­
cally around the s cale plate. After centerin g 
and s ecurely locking the knob on the rheostat 
shaft, new calibration lines may be marked on 
th e scale plate. When scribin g cal ibration l ines 
for delays above .5 s ec. , there should be a 
pause of at l east 3 s econds betwe en readings. 

R I GHT HAMI)__-­Hln'1'11N[ RELAY 

lEFT HAND � 
Hlf"HONE RELAY 

CENT[R 
TELEPHONE JI:ELAY 

2500 liS':'� 

185A210 
* Fig. 9. Internal Schematic of the type TD-4 Relay with 

slow dropout relay (common trip circuit), 

8 

See section under Accuracy for discussion of 
this. 

R EN E W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory . However, interchan geable parts can be 
furnished to customers who are equipped for doin g  
repair work. When ordering parts , always give th e  
complete nameplate data. 

en. 
lUIS ..... 0 " 

837A071 
* Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay (independent trip circuits), www . 
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TYPE TD-4 RELAY ------------------------------' · L_._4_1 -_s_79_F_ 

19 � I 
I 32 � I 

6 •&1 
-rl= I 

�\·t r �� � 1 s  I �6-!_J :\ 
PAII EL �ATIOfl 
SEMI FLUSII MTQ.� 
�ECTIOII MTG· -------J 

• 1 90-32 SCIIEW 

PAilEL 

SPACEitS FOR 
TH i ll  PAilELS 

!. •lll SCREW 
16 FOit THICK 

5 AIIEL USE 
'ij ·II STUD) 

• 1 90-32 SCREW 

TOMIIIAL AIID 
NOUITI IG  DETAI LS 

f 01 A. 10 IIOU:S 
OR CUT OUT 

� s  !.- 1 -{ 1 6  I � D I A. � MOLES FOR 

25 
II/ . 190-32 MTQ. SCREWS 

2 - � 
32 + ,-- - - I 

... = ' �  
- 1 -

LJJ-:r ��= i 
� 1 � Ll 

-12 :: � I 
k- 5 _!  _J • 

PAIIEL CU10UT A ORI LLI II  
FOR S EM I  FWSII MTG. 

14'--2 !! -----.J 1e 

PAilEL ORILLIIII oa CUTOUT FH 
'"-tECTI 011 MTI· 

( FIOIIT Yl £W) 

\ 
/ 

t fe OIA.2 MOLES 

TEIMIIAL 
IIUMIEJ 

57-D-7901 

* Fig. 1 1  Outline ancl Drilling P lan for the Type TD-4 Relay in the FT2 1 Case. 
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Westinghouse I . L. 4 1 -579C 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE TD-4 Tl  M E  DELAY R ELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C A T I O N  

The type TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD and KD- 1 distance relays. The proper delay 
period is s elected by whichever zone relay operates. 

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

The type TD-4 relay consists of an auxiliary 
circuit for initiating the time delay, a reference vol­
tage circuit, and a time delay circuit. 

A u x i l i a ry C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R eference  V o l ta g e  C i rc u i t  

Th e reference voltage circuit consists of a sili­
con power regulator (DZ 1) and a tapped resistor (RT) .  

T i m e  D e l ay C i r c u i t  

The time delay circuit consists of a timing cir­
cuit module (M) a telephone type relay (TR) and two 
rheostats ( T  2 and T 3).  The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N  

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
the timer control circuit, Fig. 5.  

SUP ERSEDES I. L. 4 1-5798 
Complete Revi s ion 

T i m i n g  C i rc u i t  O p e r,at i o n  

The R-C timing circuit i n  Fig. 5 delivers a n  in­
creasing voltage to the sensing zener diode (DZ2). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in s eries with the timing capacitor. 
Therefore , the rheostat settin g of T2 or T3 directly 
determines th e time delay ,  as shown in Fig. 6.  

When capacitor C changes to the voltage value 
e, DZ 2 breaks down to provide base drive for trans­
istor TR4 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor T� . Trans­
istor TR 1 conducts , energizing output relay TR to 
the trip the breaker. 

1.  Z o n e  2 O p e r a t i on,  N o n - C a r r i er 

For a zon e  2 fault, both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-Z2 and TX-Z3 .  
This completes the D.  C.  reference voltage circuit 
through DZ1 . The time delay circuit is energized 
through rheostat T2 . When the time delay is com­
pleted , telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o ne 2 O p e r a t i o n ,  C ar r i er 

Th is case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Therefore , 
only TX-Z2 is energized since zone 3 reach is re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Zone 3 O p e r a t i o n ,  N o n - C a rr i e r  o r  C a r r i er 

For a zon e 3 fault the zone 3 KD-1 contact only 
is closed. This energizes TX-Z3 and completes the 
timing circuit through rheostat T 3. At the end of the 
time delay , TR is energized and completes the trip 
path through the normally closed TX-Z2 contact. 
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TELEPHONE RELAY UNITS 

TR Qk;! ( • �� 

D-C CONTROL 

TAPS 

T2 SELECTOR 

Front View 

Fig. 1. Type TD-4 Re lay without case. 
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TYP E TD-4 R ELAY ___________________________________________________________ I_. L_._4_1-�57_9_C 

184A615 

Fig. 2. Internal Schematic of Slt290 8349A09 TD-4 Relay 
in FT2 1 case. (Common trip c ircuits) 

4.  O p e ra t i o n  on a Z o n e  2 F a u l t  Wh i c h  A p p e a r s  a s  a 

Z o n e  3 F a u l t , D u e  to l n feed 

A zone 2 fault may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate,  as des cribed in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
relay operates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate . The total time 
delay depends on the T2 setting, the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 
any event the trip time followin g zone 2 KD operation 
will be l ess than the T2 settin g. 

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

T i me D e l a y  R a n g e  

Zone 2:  0. 1 sec. - 1 . 0  sec. 
Zon e 3:  0 . 5  sec . - 3 .0 sec .  

R e s e t  T i m e  

TR Drop Out Time :  0. 1 sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Tim e :  0 .06 sec. or 

l ess 
Discharge to timing capacitor: Discharges to 
l ess than 1% of full voltage in 0 . 0 15 sec. 

185A232 

Fig. 3. Internal  Schematic Slt290B349A 10 TD-4 relay in 
FT2 1 case. (Independent trip c i rcu its) 

V o l ta g e  R a t i n g  

48, 125 o r  250 volts d-e. The relay can stand 
1 1 0% voltage continuously, up to 1 00°C. 

B attery D r a i n  

48 125 250 

V. D. C. V.D. C . V. D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1 : 50-90 MA 30-SOMA 25-70MA 

TX-z2
: 1 1 7  MA 106MA 10 3MA 

TX-z3 : 1 1 7  MA 106MA 103MA 

A c c u ra c y  

The accuracy o f  the time del ay depends upon 
the repetition rate of conse c':ltive timings,  the supply 
voltage ,  and the ambient temperature. Self-heating 
has a negligible effect on the timing accuracy . 

( 1) Nominal Setting 

The first time delay ,  as measured with the test 
circuit shown in Fig. 7, taken at 25°C, and rated 
voltage (48 ,  1 2 5 ,  or 250 V.D.C . ) ,  will be within 6 
milliseconds of its setting for s ettings of . 3  seconds 
and . 7 seconds ; this accuracy wil l  be ±2%. For set ­
tings of . 7 seconds or more , this accuracy will 
be ± lYz%. 
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TYP E  TD-4 RELAY _________________________________________________________ I._L_. �4 1�-5�79�C 

P OS . --�t(�-------------------------------------

lr� lrx 
Z2 Z 3  

r- - - -

1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

- - -, 

L - - - - - - - - - - - �- - - - - - - - - - - - - -

TX 
Z2 T I M I N G  C I RC U I T  
T X  M O D U L E  
Z3 

N EG.----_.-----------------------------------

Fig. 5. Timer Control Circuit 

(2) Consecutive Timings 

If cons ecutive time checks are made at any 
given setting,  the readings decrease. Th is change of 
time de lay is due to the " voltage recovery" of the 
timing capacitor. Voltage recovery is a characteristic 
which all capacitors possess;  it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
ob served between readings , the timing will repeat 
consistently, so that the total spread between the 
highest and lowest readings will be no more than 2% 
of the s ettin g. 

If timings are repeated rapidly , the decrease in 
time delay is consi derabl e ,  between 3% and 4% in 
most cases. In no case wil l  this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Chan ges in supply voltage , between 80% and 

1 10% of nominal , cause time delay variations of no 
more than ±5 m il lis econds for s ettings of .5 seconds 
or les s ,  and no more than ± 1% for settings above . 5  
seconds. 

( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitanc e  change with temperature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8.  

N o m e n c l a t u re for T y p e  T D - 4  T i m i n g  R e l a y  

TR Relay Unit 
TX-Z2 Relay Unit 
TX-Z3 Relay Unit 

- Nominal resistance 2, 000 ohms 
" " 500 ohms 
. .  " 500 ohms 

R2 Tapped Resistor - See Internal Schematic 
R3 Tapped Resistor - " , .  " 
RT Tapped Resistor - " ' '  " 

DZ 1 Zenner Diode - 30 volt breakdown - 10 watt 
T2 Rheostat - Adjustable 0-4 0 , 000 ohms 
T3 Rheostat - Adjustable 0- 100, 000 ohms 
M Module - Timing Circuit 
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TYP E TD-4 R ELAY __________________________________________________________ __ 

R E F E R E N C E  
I O O  

VOLTAG E  

IIJ 
IIJ (!) 0 �  O ;.J  0 �  
Q: 

90 

80 

70 

60 

50 

M IN. Z2 
T I M E  

-;;;r e 

Z ENER BR EAKDOWN 

IIJ IIJ  z o  
IIJ Z  
N IIJ 
(!) Q:  
Z IIJ - "­
CI) IIJ  

40 

I 
I 
I 

MAX. Z 3  
T I M E  

Z D:  
IIJ IL. (/) Q 
Z I­O Z  
IIJ IIJ 
(!) � � IIJ  
;.J D.. O z > -

30 

20 

10 

0 2.2 2.4 2.6 2.8 3.0 3.2 I 

Curve 4 71118 

F ig. 6. Voltage- T ime Curves for Min imum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el ected by turnin g the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , � , and R T should be 
selected for the supply voltage being used. 

I N S T A L L A T I O N  

The rel ays should be mounted on switchboard 
panel s or their equival ent in a l ocation free from 
moisture. Mount th e relay vertical l y  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 projection mounting. Either a mountin g stud 
or the mountin g screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminals by means of screws for steel­
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. For 

6 

detailed FT Case information, refer to I . L .  4 1 -076 .  

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

Th e proper adjustments to insure correct opera­
tion of this relay have been made at th e factory and 
should not be disturbed after receipt by the customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless the rheostats are to be replaced as this will 
upset the relay calibration . 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum s ettings 
is recommended to insure that the relay is in proper 
working order. A recommended test circuit is shown 
in Fig. 'J. 

R o u t i n e  M a i n tena n c e  

A l l  contacts should b e  cl eaned periodical ly . A 
contact burnisher Sttl8 2A836H0 1 is recommended 
for this purpose .  The use of abrasive material for 
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TYP E TD-4 R E L A  Y ______________________________ ___;,;_I .::;L ·:...4.:....:1...:- s;.:..79;:..,;;..C 

TIMER 

STOP 
or----------����--�--r-� 

START 
I I 
I 
I 
I I 

---' 

D - C  SUPPLY VOLTAGE 
NEG.--------------------

185A028 

Fig. 7. Test C ircuit for Sit290B349A09 Type TD-4 Relay. 
(Jumper term inals 6 and 10 when testing 5112 908349 
A 10) 

cl eaning contacts is not recommended, because of 
the danger of embedding small particles in th e face 
of the s oft sil ver and thus , impairing the contact. 

T r o u b l e  S h o o t i n g  P ro c e d u re 

Use the following procedure to locate the source 
of troubl e  if the TD-4 is not operating correctly.  

1 .  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

(Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration. )  

2 .  Check reference voltage circuit. This is done 
by measurin g the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1 .  This voltage should be z ero before TX-Z 2 
and TX-Z 3 operation,  and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation . 

3. Checks rh eostats , T2 and T 3 , and trippin g 
telephone relay, TR, with an ohmmeter. Th e readings 

should be as foll ows: 

Component 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 10 

2 and 4 

Resistance 

0 - 400, 000 ohms 
(TX-Z2 operated) 

0 - 100 , 000 ohms 

2,000 ohms 

4. If the above check s do not determine the 
source of trouble, eith er the wiring or the modul e,  M, 
is faulty .  

C a l i b r a t i o n  

Us e the foll owing procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be used until it is appa­
rent that the relay is not in proper working order. 
Be fore calibrating, follow the Troubl e  Shooting Pro­
cedure to locate the s ource of troubl e .  

1 .  Tel ephone Type Relay Adjustment 
Adjust the armature gap on the three tel ephone 

typ e  rel ays to be approximately . 004 " with the 
armature cl osed . This is don e  with th e armature 
set-screw and lock-nut. Als o, adjust contact 
l eaf springs to obtain at l east . 0 1 5 " gap on all 
contacts and at l east . 0 1 0 "  foll ow on all nor­
mally open contacts and at l east . 005 " follow 
on all normal ly closed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the relay may be recalibrated with 
the sam e  scale plate . Th is is done by rotatin g 
the shaft, without knob, until a 1 . 0  second de­
lay 1s measured for T2 , or a . 5  se cond d elay 1s 
measured for T3• Then , align the knob for this 
delay and tighten the knob s et-screw securely. 
There should be a pause of several seconds 
between readings for all time delays above . 5  
s econds . See s ection under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is nece ssary to replace the silicon power 
regulator (DZ 1 ),  or the modul e (M), the relay 
should be recalibrated with a n ew scale plate. 
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TYP E TD-4 R ELAY ____________________________________________________________ __ 
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1 1 0 
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100 LLi o 
C... It) 

C\1 98 z - �--
>- <X 96 
<X 
...J >-
w <X  94 Q ...J 

urikRlLJT I 
TYPICAL 

APPROX I M ATE-1::1 -
c- CVVE --_l ' _L 

_j  - I/ - - -
f---- ""'"" � 

- -- -� � !=- - _I r- -

1-- - I- ;:::..; � - - - 1 - � ,.- - - r-:. - -
f.-- - - - - - LOWER L I M IT, u - - - --

APPROX IMATE.- --r--
- - -- -
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LLI O 

92 � - LLJ  
�-- � 

90 i= 
=r 

- 2 0  -10 0 1 0  2.0 30 40 50 60 70 

AMBI ENT TEMPERATURE, IN DEGREES CENTI G R A D E  185Al71 

Fig. 8. Timing Variations with Temperature Changes 

The first ste p should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( .550 sec. for T2 and 1. 75 sec. for T3 
This will locate the calibration lines symmetri­
cally around the scale plate. After centering 
and s ecurely loc king the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scal e plate.  When scribin g cal ibration lines 
for delays above .5  sec. , there should be a 
pause of at l east 3 seconds betwe en readings. 

See section under Accuracy for discussion of 
this. 

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

Repair work can b e  done most satisfactorily at 
the factory . However, interchangeable parts can be 
furnished to customers who are equipped for doin g  
repair work. When ordering parts , always give th e  
complete nameplate data. 
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TYP E  TD-4 R E LAY ------------------------------1 -_L_. _4 1_-s_79_c_ 

� 

w 

�__....... . 10 0 -32. SCREW 

�7 PANEL 

� SPACER FOR 
'-' T H I N  PANEL<;; 

� -I B SC.RE.W IG (FOR \1-\.\C\o'<.. 
PANEL USE fk1B SIUD) 
, ( C)0 - �2 SC REW 

TERI-AIN.A..L �N O 
MOUNTI N <:.- DET.A...I L';; 

N O T E : A L L  D I M E N � I {  N ':::> 
I N  ! N C H £ S  

l DI A. - 4- HOLE'S FOR + . 190-3'Z. MTu. scREW$ 

PANEL CUTOUT i DRILL \ W G­
f"OR SEMI-F LU�\-1 MTG:. 

I 
' 3� 

PANE:\.. DR\Ll.I NG- OR CUTOUT 
�ROJ"ECTIO"' MTG. 

(rRONT VIEW) 

57-D-7901 

F ig. 9. O utl ine and Drill ing Plan far the Type TD-4 Relay in the FT2 1  Case. 
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Westinghouse 1 .  L. 41 -579G 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCT IONS 
TYPE T D-4 Tl  ME DELAY RELAY 

C A U T I O N  Before putting relays into service operate 

the relay to check the electrical connections. Close 

the red handle switch last when placing the relay in 

service. Open the red handle switch first when remov­

ing the relay from service. 

A P P L I C A T I O N  

The type TD-4 static timing relay provides time 
delay for the second and third zone contacts of the 
KD and KD- 1 distance relays . The proper delay 
period is selected by whichever zone relay operates . 

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

The Type TD-4 rel ay consists of an auxiliary 
circuit for initiating the time delay,  a reference vol­
tage circuit, and a time delay circuit. A diode i s  
added around the TX - Z2 and TX - Z3 coils o n  some 
types to override bounce of the initiating contact. 

A u x i l i a ry C i r c u i t  for I n i t i at i n g  T i m e  D e l ay 

The auxiliary circuit consists of two telephone­
type relays (TX-Z2 and TX-Z3) and two tapped re­
sistors (R2 and R3 ). 

R eferenc e  V o l tage C i rc u i t  

Th e reference voltage circuit c onsists o f  a sili­
con power regulator (DZ 1 ) and a tapped resistor (RT). 

T i m e  D e l ay C i rc u i t  

The time delay circuit consists o f  a timing cir­
cuit modul e (M) a telephone type relay (TR) and two 
rheostats (T 2 and T 3). The timing circuit modul e 
consists of an R-C timing circuit, a zener diode for 
voltage sensing, and a transistorized amplifying cir­
cuit. 

O P E R A T I O N 

The type TD-4 rel ay is connected to the d-e trip 
bus as shown in the external schematic, Fig. 4 and 
th e timer control circuit , Fig. 5.  

SUPERSEDES I .L .  41 -579F 
*Denotes change from superseded i ssue 

T i m i n g  C i rc u i t  O p e r a t i o n  

Th e R-C timin g circuit in  Fig. 5 delivers an in­
creasing voltage to the sen sin g zener diode (DZ 2). 
This zener diode breaks down at approximately 63% 
of the reference voltage which is supplied by DZ 1 . 
The rate of voltage rise is determined by the resis­
tance (T2 or T3) in s eries with the timing c apacitor. 
Therefore, the rheostat settin g of T2 or T3 directly 
determines the time delay ,  as shown in Fig. 6. 

When capacitor C changes to the voltage value 
e, DZ2 breaks down to p rovide base drive for trans­
istor TR2 causing it to conduct. Emitter current of 
TR2 provides base drive for transistor T� . Trans­
istor TR1 conducts , energizing output relay TR to 
the trip the breaker. 

1 .  Z o n e  2 O p e r a t i o n ,  N o n - C ar r i e r  

For a zon e  2 fault, both zone 2 and zone 3 KD 
contacts clos e ,  energizing both TX-Z2 and TX-Z3. 
This completes the D.  C. reference voltage circuit 
through DZ 1 . Th e time delay circuit is energized 
through rheostat T2 . When the time delay is com­
pleted , telephone relay, TR, is energized and com­
pletes the trip circuit path through the normally open 
TX-Z2 contact. 

2. Z o ne 2 O p e r a t i o n ,  C a r r i er 

This case is similar to paragraph 1, except that 
the zone 2 KD contact only is closed. Th erefore ,  
only TX-Z2 is energized since zone 3 reach i s  re­
versed. The operation of the timing circuit and trip 
circuit is identical to that described in paragraph 1 .  

3 .  Z o n e  3 O p e r a t i o n ,  N o n - C a r r i e r  or  C a r r i e r  

For a zon e 3 fault the zone 3 KD- 1  con tact only 
is closed. This energizes TX-Z3 and completes th e 
timing circuit through rheostat T 3. At the end of the 
time delay , TR is energized and compl etes the trip 
path through the normal ly cl osed TX-Z2 contact. 
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Fig. 1. Type TD-4 Relay without case, 
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TYP E TD-4 RELAY _________________________________________________________ I�. L=·�4�1 -�57�9�G 

TELEPIIOI£ IELAY 
- ·  

f111T flEW 184A615 

* Fig. l. Internal Schematic of the type TD-4 R elay in 

FT21 case. (Common trip circuits) 

4. O p erat i o n  on a Z o n e  2 F a u l t  W h i c h  A p p e a r s  as a 

Z on e  3 F a u l t, D u e  to l n feed 

A zone 2 fault may appear to a distance relay as 
a zone 3 fault. This condition occurs when current 
infeed changes the apparent impedance as seen by 
the distance relay. 

When this fault occurs , the zone 3 distance re­
lay energizes TX-Z3 and starts the timing function 
at the zone 3 rate, as described in paragraph 3. As 
soon as the infeed is removed, the zone 2 distance 
rel ay operates to energize TX-Z2. The timing func­
tion now continues at the zone 2 rate . The total time 
delay depends on the T2 setting, the T3 settin g, and 
the time at which the breaker cl ears the infeed. In 
any event the trip time following zone 2 KD operation 
will be l ess than the T 2 s ettin g. 

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

T i m e  D e l a y  R a n g e  

Zone 2 :  0 . 1 sec. - 1 . 0  sec. ; 0 . 1 - 1 . 0  sec. 

Zone 3: 0 . 5  sec. - 3 . 0  sec. ; 0 . 3 - 1 . 5  sec. 

R e s e t  T i m e 

TR Drop Out Tim e :  0 . 1  sec. or l ess 
TX-Z2 and TX-Z3 - Drop Out Time:  0.06 sec. or 

l ess 
Discharge to timing capacitor: Discharges to 
less than 1% of full voltage in 0 .015  sec. 

3000 D 

185A232 

>I< Fig. l. Internal Schematic of the type TD-4 relay in 

FT21 case. (Independent trip circuits) 

For the relay with slow dropout the reset time 
is:  

TX - Z 2  dropout time = 0 . 45 - . 075 sec. 
TX - Z3 dropout time = . 090 - 0 . 15 sec. 

V o l ta g e  R a t i n g  O v e r  T h e  T em pera t ure  R a n g e  

48 , 125 or 250 volts d-e. The relay can stand 
1 10o/c voltage continuously, from -20ac. to 70°C. 

B attery D ra i n  
48 12 5  250 

V.D.C. V.D.C. V. D.C. 

Non-operating Condition: 0 0 0 

Operating Condition 

Timing Circuit and DZ 1 :  50-90 MA 30-80MA 25·70MA 

TX-Z2 : 1 1 7  MA 106MA 103MA 
TX-Z3 : 1 1 7  MA 106MA 103MA 

A c c u ra c y  

Th e accuracy o f  the time del ay depends upon 
the repetition rate of consecutive timin gs , the supply 
voltage, and the ambient temperature. Self-heating 
has a negligible effect on the timin g accuracy . 

( 1) Nominal Setting 

The first time delay , as measured with the test 
circuit shown in Fig. 7 ,  taken at 25°C, and rat ed 
voltage (48,  , 125 ,  or 250 V.D.C . ) ,  will be within 6 
mil liseconds of its setting for settings of .3 seconds 
and . 7 s econds ; this accuracy wil l be ±2%. For set ­
tin gs of . 7 seconds or more, this accuracy will 
be ± 1Yz%. 
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T Y P E  TD-4 R ELAY __________________________________________________________ �I�. L�- �41�-5�7�9�G 

T I ME R  C O N TR O L  C I R CU I T 
P O S. --�01----����������------------

JTx 

T IM IN G  C I RCUIT 
M O DULE 

N E G.----_.----------------------------------

185A515 

* Fig. 5. Timer Control Circuit 

( 2) Consecutive Timings 

If cons ecutive time checks are made at any 
given s etting,  the readings decrease. This change of 
time delay is due to the " voltage recovery" of the 
timing capacitor. Voltage recovery is a characteristic 
which all capacitors possess ; it has been minimized 
by the sel ection of the timing capacitor in the TD-4. 

The amount of change in time delay depends up­
on the pause , or duration of capacitor discharge be­
tween timings . If a pause of at least 3 seconds is 
observed between readings , the timing wil l  repeat 
consistently, so that the total spread between the 
high est and l owest readings will be no more than 2% 
of the s etting. 

If timings are repeated rapidly , th e decrease in 
time delay is consi derabl e ,  between 3% and 4% in 
most cases. In no cas e wil l this decrease be more 
than 5% of the setting. 

( 3) Supply Voltage 

Changes in supply voltage, betwe en 80% and 

1 1 0% of nominal , caus e time delay variations of no 
more than ±5 millis econds for s ettings of .5 seconds 
or l es s ,  and no more than ± 1% for settings above . 5  
seconds . 

( 4) Ambient Temperature 

Changes in ambient temperature cause changes 
in time delay. This variation in time delay is a di­
rect function of capacitance change with temp erature . 
Typical variation of time delay with temperature is 
shown in Fi g. 8. 

Nom e n c l a t u re for T y p e  T D - 4  T i m i n g  R e l a y 

TR Relay Unit - Nominal resistance 2 ,000 ohms 
TX-Z2 Relay Unit - " " 500 ohms 
TX-Z3 Relay Unit 500 ohms 
R2 Tapped Resistor - See Internal Schematic 
R Tapped Resistor - " " " 3 
RT Tapped Resistor - ' '  ' '  " 

nz1 Zener Diode - 30 volt breakdown - 10 watt 
T2 

Rheostat - Adjustable 0-4 0,000 ohms 
T3 Rheostat - Adjustabl e 0- 1 00 , 000 ohms 
M Module - Timing Circuit 
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TYPE T�4 RELAY ________________________________________ ________________ __ 

TYPE T0-4 VOLTAGE - T I M E  CURVE 
ZONE 2 RANGE 0. 1 - 1 . 0  SEC 
ZONE 3 RANGE 0.5 - 3 .0 SEC 

REFERE NCE I O O  
VOLTAGE 

90 

80 

70 
11.1 11.1  g �  60 
- :..J 
c o  
o:: > 50 II.I IIJ z u 
ll.l z  N IIJ 40 
(!) 0:: 1!: �  U) IIJ 30 z o:: 
11.1 11.. 
Ul O  
Z l- 2 0  o z  
11.1 11.1  (!) U  1 0  i! ffi :.J II.. 

-.r -·�-=-=-=-=--=-�-Vc 

g l!:  0 1.2 1 . 4  1 .6 1 .8  2 .0 2 .2 2.4 2.6 2.8 3.0 3 .2 
TIME IN SECONDS I 

72 84 96 108 120 1 32 1 44 156 168 I 0 192 
TIME IN CYCLES I 

Curve 471118 

Fig. 6. Voltage- Time Curves for M in imum and Maximum Time Settings 

S E T T I N G S  

Proper time delay is s el ected by turnin g the 
knobs of rheostats T2 and T3 . Refer to Fig. 1 .  

The correct taps for R2 , � ,  and RT should be 
s elected for the supply voltage being used. 

I N S T A L L A T I O N  

The relays should be mounted on switchboard 
panel s or their equival ent in a l ocation free from 
moisture. Mount th e relay vertically  by means of the 
four mounting holes on the flange for semi-flush 
mounting or by means of the rear mountin g stud or 
studs for projection mounting. Either a mountin g stud 
or the mountin g screws may be utilized for grounding 
the relay. The el ectrical connections may be made 
directly to the terminal s by means of screws for steel­
panel mountin g. The terminal studs may be easily 
removed or inserted by l ocking two nuts on the stud 
and then turning the proper nut with a wrench. For 

6 

detail ed FT Case information, refer to I . L .  4 1-076. 

A D J U S T M E N T S  A N D  M A I N T E N A N C E  

Th e proper adjustments to insure correct o pera­
tion of this relay have been made at th e factory and 
should not be disturb ed after receipt by the customer. 
Do not remove the knobs on the T 2 and T3 rh eostats 
unless th e rheostats are to be replaced as this will 
upset the relay calibration. 

A c c e p t a n c e  T e s t s  

A timing check at minimum and maximum settings 
is recommended to insure that the relay is in proper 
working orde r. A recommended test circuit is shown 
in Fig. 7. 

R o u t i n e  M a i n t e n a n c e  

All  contacts should b e  cl eaned periodically.  A 
contact burnisher S1tl82A836H0 1 is recommended 
for this purpos e .  The use of abrasive material for 
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TYP E TD-4 R E LAY ___________________________________________________________ 1 ·_L_. 4_1_�_7_9 G_ 

TIMER 

STOP
o+-----+-+--+---+---+-+----' 

t 
START 

D - C  SUPPLY VOLTAGE 

I I 
I I I 

- -'  

N�G.-------------------

185A028 

Fig. 7. Test Circuit for the Type TD-4 Reloy. (Jumper 
terminals 6 one/ 10 when testing relay with in­
dependent trip contacts). 

cl eanin g contacts is not recommended, because of 
the danger of embedding small particles in th e face 
of the s oft sil ver and thus , impairing the contact. 

T ro u b l e  Shoot i n g  P ro c e d u re 

Use the fol lowing procedure to l ocate the source 
of troubl e if the TD-4 is not operating correctly.  

1.  Apply rated voltage between relay terminals 
3 and 4 and visually check TX-Z2 contact operation. 

(Apply voltage between terminals 5 and 7 and check 
TX-Z3 op eration. )  

2 .  Check reference voltage circuit. This is done 
by measuring the voltage between module terminal 2 
(positive) and relay terminal 8 ( negative) with a d-e 
voltmeter. Module terminal numbers are shown in 
Fig. 1. This voltage should be z ero before TX-Z 2 
and TX-Z 3 operation ,  and between 27 and 32 volts 
d-e after TX-Z2 or TX-Z3 operation .  

3 .  Checks rh eostats , T2 and T 3 , and trippin g 
tel ephone relay, TR, with an ohmmeter. Th e readings 

should be as fol l ows: 

Component 
Ohmmeter Between 
Module Terminals 

2 and 6 

2 and 10 

2 and 4 

Resistance 

0-40, 000 ohms 
(TX-Z2 operated) 

0 - 100 ,000 ohms 

2,000 ohms 

4. If the above check s do not determine the 
source of troubl e ,  either the wiring or the module, M, 
is faulty .  

C a l i b ra t i o n  

Us e the foll owing procedure for calibrating the 
relay if the relay adjustments have been disturbed. 
This procedure should not be us ed until it is appa­
rent that the relay is not in proper working order. 
Before calibrating,  fol low the Troubl e Shooting Pro­
cedure to locate the s ource of troubl e.  

1 .  Tel ephone Type Relay Adjustment 
Adjust the armature gap on the three tel ephone 

typ e  rel ays to be approximately .004 " with the 
armature cl osed. This is done with the armature 
set-screw and l ock-nut. Also, adjust contact 
l eaf springs to obtain at l east . 0 1 5 "  gap on all 
contacts and at l east . 0 10" follow on all nor­
mally open contacts and at l east . 005" follow 
on all normal ly clos ed contacts. 

2. Rheostat Knob Adjustment, Same Scale Plate 

If it is necessary to replace the T 2 or T 3 
rheostats , the rel ay may be recalibrated with 
the same scale plate . This is done by rotatin g 
the shaft, without knob, until a 1 . 0  second de­
lay IS measured for T2 , or a . 5  second delay IS 
measured for T3• Then , align the knob for this 
delay and tighten the k nob set-screw securely. 
There should be a pause of several seconds 
betwe en readings for al l time delays above . 5  
s econds . See s ection under Accuracy for dis­
cussion of this . 

3. Scale Plate Calibration, New Scale Plate 

If it is necessary to replace the silicon power 
regulator (DZ 1 ),  or the modul e (M) , the rel ay 
should be recal ibrated with a new scale plate. 
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TYP E TD-4 R ELAY __________________________________________________________ ____ 

1 1 0 

U PPER WT! 
108 TYPICAL 

IJJ 106 
APPROX I M AT h CURVE 

LL.
o \ -

f- ·:-;-· -0 �  104 L' 
(!) _) - II' -- -1- - � � z l- 102 

- - -
Ul z :;;.::: =::::-: :: - T 

- -o LLI ---
a:: O i 
LLi o  100 I CI.. LO - - f.- - - - - -

t\1 9 8  
._ _  - - -z - -- - - LOWER L I M I T, J - .... - --

>- eX  -- APPROXI MATE.-
eX >- 96 t----
.J c:X  � .J  94 .. 1----- -·-

IJJ 
IJJ O 

92 ::! - IJJ 
1- ::!  

90 i= 
-r 

- 2 0  -10 0 1 0  20 30 40 50 60 70 

AMBI ENT TEMPERATURE, IN DEGREES CENTI G R A D E  l85Al7l 

Fig. 8. Timing Variations with Temperature Changes 

The first step should be to insure that the knob 
is approximately vertical for the mid-scale time 
time delay ( . 550 sec. for T2 and 1 . 75 sec. for T3 
This will l ocate the calibration lines symmetri­
cally around the s cale plate. After centering 
and s ecurely loc king the knob on the rheostat 
shaft, new calibration lines may be marked on 
the scale plate. When scribing cal ibration lines 
for delays above .5 s ec. , there should be a 
pause of at l east 3 s econds betwe en readings. 

185A210 
* Fig. 9. /nternal Schematic of the type TD-4 Re lay with 

slow dropout relay ( common trip circuit). 

8 

See section under Accuracy for discussion of 
this. 

R ENE W A L  P A R T S  

Repair work can be done most satisfactorily at 
the factory . However, interchangeable parts can be 
furnished to customers who are equipped for doing 
repair work. When ordering parts , always give the 
compl ete nameplate data. 

CENTER 
TELE"'OME RELAY 

10000 

en. lUIS ·-0 _!SO 

837A071 
* Fig. 10 Internal schematic of the type TD-4 relay with 

slow dropout relay ( independent trip circuits). www . 
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TYP E TD-4 R ELAY ___________________________________________________________ 
1
·_L_. 4_1_-s_7_9G_ 

19 r- I I i2 � 6 trl 
1 I 

TI I 

-1 , !  r 11 ! I 1 6  I ��� lJ l\ 
PA11fl L�ATIOil SEM FLUSM MTG.� flltO.IECTI OM MTG. _______ _j 

• 190-32 SCIIEW 

PAIIEL 

Te- I �o:cm ex 5 �AMEL USE 
fs·tl STUD) 

• 190-32 SCREW 
FOit TM I Cr PAIIEL 
USE • 190-32 STUD 

TEIIMIUL AIID 
MOUITIJG DETAI LS 

t Dl A. 10 MOllS 
Olt CUT OUT 

-- s  !- I 

-{ 
1 6 I' "i O I A-11 NOLES FOit 

25 
/ . 190-32 MTG.SCitEWS 2 - � 32 --¥--,--- - - r 

"' = I �  
- 1 -

I "' l_fl-:T . :. ,:: 
� ; � ;_l -1z .!! � I ! I I 
I s l  I � . � 

PAIIEL CUTOUT I Olt iU.IM 
FOit SEMI FLUSII MTG. 

PAIIEL Dlt1U.IJ8 Olt CUTDUT FOit 
PltO.IECTI 011 MT8· 

( FltCNrT Y I EW) 

t fs OIA.2 IIOLES 

TEIIMIIAL 
.... ER 

57-D-7901 

Fig. 7 1  Outline and Drilling P l an for the Type TD-4 Relay in the FT2 1 Case. 
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