INSTALLATION

Westinghouse 1.L. 41.579L
OPERATION ¢ MAINTENANCE

INSTRUCTIOWNS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 [irst when remov-
ing the relay from service.

APPLICATION

The type 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 delay
period is selected by whichever zone relay operates.

CONSTRUCTION

The Type TD-4 relay consists of an auxiliary,
circuit for initiating the time delay, a referénce, vol-
tage circuit, and a time delay circuit. A diode is
added around the TX-Z2 and TX - Z3 goilsi@en some
types to override bounce of the initiating centact:

Auxiliary Circuit for Initiating Time Delay

The auxiliary circuit consistsgof twoe. telephone-
type relays (TX-Z2 and TX-Z3) and two tapped re-
sistors (R2 and RS)'

Reference Voltage Circuit

The reference voltage, citeuit consists of a sili-
con power regulator (DZI) an@d a tapped resistor(RT).

Time Delay Circuif

The time ‘delay eir¢uit consists of a timing cir-
cuit modulé (M) a“telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists offan RAC 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-c trip
bus, as shown in the external schematic, Fig. 4 and
the timer control circuit, Fig. 5.

SUPERSEDES I.L. 41-579K

*Denotes change from superseded issue.

Timing Circuit Operation

The R-C timing\eircuit in Fig. 5 delivers an in-
creasing voltage ‘tefthe sensing zener diode (DZy).
This zener diodey,breaks down at approximately 63%
of the reference voltage which is supplied by DZ].
The rate /ofyvoltage rise is determined by the resis-
tance (T2 oF T3) in series with the timing capacitor.
Therefere, 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, DZ9 breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TRZ provides base drive for transistor TRl. Trans-
istor TR-l conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD-41
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZI. 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. Zone 2 Operation, Carrier

This case is similar to paragraph 1, except that
the zone 2 KD-4 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 Operation, Non-Carrier or Carrier

For a zone 3 fault the zone 3 KD-41 contact only
is closed. This energizes TX-Z3 and completes the
timing circuit through rheostat TS‘ At the end of the
time delay, TR is energized and completes the trip
path through the nommally closed TX-Z2 contact.

EFFECTIVE APRIL 1973



DC CONTROL
TAPS

T3 SELECTOR

T2 SELECTOR —»

RESISTORS

SILICON
POWER
REGULATOR

TIMING -
CIRCUIT
MODULE

MODULE

Front View

Fig. 1. Type TD-4 Relay without case.

TERMINALS

Rear View

T

AV3d v-al 3dAl




*

TYPE TD-4 RELAY

I.L. 4¥-579L

INTERRAL SCHBMAYIC

\

RIGRT NANO
TELEPROSE RELAY

A\

TIMRG CIRCUIT

TRIP) LEAD TRES
1 | rogrTion [y

350

LEFT RAND

TELEPOOSE RELAY
CENTER -

TELEPRONE RELAY

RED DOT
RED WANDLE
— TEST SwiTCH

=

- TEWMIRAL

1844615

ENTERNAL SCHENATIC

™ ]
727

RIGHT HAND
TELEPHONE RELAY

TIKING CIRCUIT

i}

‘_m-_m :
vou | ro§i¥0on | HELE

b! xALY!

T i )

25 | 25001
250 Ll 6500

I~RED DOT

LEFT HAND -
TELEPHONE RELAY
—H-RED HANDLE

7
TER /. 1 TEST SWiTCH

CEN
TELEPHONE RE‘LAV/ H
Lo gaY ¥ Y. ¥ ¥ _Y-Y-X-T--

3000

TERMINAL

185A232

FRONT VIEW

Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a
Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay 4as
a zone 3 fault. This condition occurs when_ecurrent
infeed changes the apparent impedance asfseen by
the distance relay.

When this fault occurs and the ‘‘forward’’ “eon-
nection is used for the zone 3 relayg it energizes
TX-7Z3 and starts the timing functiontat{the zone 3
rate, as described in paragraph 3¢ As seon as the
infeed is removed, the zone 2 distance relay operates
to energize TX-72. The timingW%funetfion now con-
tinues at the zone 2 rate. The totalvtime delay de-
pends on the T9 setting,)the Tz, setting, and the
time at which the breakemclears the infeed. In any
event the trip time following${zone 2 KD-4 operation
will be less than the T3 setting.

CHARACTERISTICS

Time Delay Ranige

Zone 230.1 sge. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3. 0.5fsec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

IR Drop Out Time: 0.1 sec. or less

I'X-7Z2 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.

Fig.3. Internal Schematic of the type TD-4 relay in
ET 21 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.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C, to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and Dth 50-90 MA  30-80MA 25-T0MA
TX-Z,: 117 MA 106MA 103MA
TX-Z3: 117 MA 106 MA 103MA

Accuracy

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 + 1Y%.
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FigyS. Timer Control Circuit

(2) Consecutive Timings

If consecutive time checks are made at any
given setting, the readings decgfease. This change of
time delay is due to the £‘voltage recovery’’ of the
timing capacitor. Voltage recoueryis a characteristic
which all capacitors possess; it'has been minimized
by the selection of the timing eapacitor in the TD-4.

The amount of ¢hange)in time delay depends up-
on the pause, orjduration/of capacitor discharge be-
tween timings. If afjpause of at least 3 seconds is
observed Mbetween 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
timeW\delay is considerable, between 3% and 4% in
mostwcases. In no case will this decrease be more
thany5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is

shown in Fi g. 8.
Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms

TX-Z2 Relay Unit — » »? 500 ohms
TX-Z3 Relay Unit _. s »» 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— *’ ” i

RTTapped Resistor— ** i »

— 30 volt breakdown - 10 watt
— Adjustable 0-40,000 ohms

— Adjustable 0-100,000 ohms
0-50,000 ohms
(.3-1.5Sec. Range)

— Timing Circuit

DZj1 Zener Diode
T2 Rheostat
T3 Rheostat

M Module




TYPE TD-4 RELAY

TYPE TD-4 VOLTAGE - TIME CURVE
ZONE 2 RANGE O.! - 1.0 SEC
ZONE 3 RANGE 0.5 - 3.0 SEC
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Fig. 6. Voltage-Time Curves for Minimum and Maximum Time Settings

SETTINGS

Proper time delay is selected byqturning the
knobs of rheostats T2 and T3. Refer to Fig.“@.

The correct taps for R2, R3, and RT sheuld be
selected for the supply voltage being™dsed.

INSTALLATION

The relays should be meunted on switchboard
panels or their equivalefit in,a location free from
moisture. Mount the reldy 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 mountirng, screws may be utilized for grounding
the relay. The electrical connections may be made
directly to,theiterminals by means of screws for steel-
panel mounting: The terminal studs may be easily
removedgariinserted by locking two nuts on the stud
and@then, turning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L.. 41-076.

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 1is recommended
for this purpose. The use of abrasive material for
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l.L.A41.579L
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Fig.7. Test Circuit for the Type TD-4 Relay. (Jumper
terminals 6 and 10 when testing relay withyin*-
dependent trip contacts).

cleaning contacts is not recommended, because’ of
the danger of embedding small particlgs impthe face
of the soft silver and thus, impairing the /contact.

Trouble Shooting Procedure

Use the following procedufre to“lecate the source
of trouble if the TD-4 fsgnotyoperating correctly.

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

(Apply voltage between terminals 5 and 7 and check
TX-Z3 operationy)

2. Checkireferénce voltage circuit. This is done
by measuring the'voltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Figl1l. This voltage should be zero before TX-Z2
and TX-23 operation, and between 27 and 32 volts
d-eyafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
T‘Z 2 and 6 0-40,000 ohms
(TX-Z2 operated)
T3 2and 10 0-100,000 ohms
(.5-3.0 Sec.)
0-50,000 ohms
(.3-1.5 Sec.)
TR 2 andygd 2,000 ohms

4. If the _above.Checks do not determine the
source of trouible,%either the wiring or the module, M,
is faulty.

Calibration

Use thesfollowing procedure for calibrating the
relay \if the relay adjustments have been disturbed.
Thismprocedure should not be used until it is appa-
rentythat the relay is not in proper working order.
Before calibrating, follow the Trouble Shooting Pro-
cedure to locate the source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015'’ gap on all
contacts and at least .010*’ follow on all nor-
mally open contacts and at least .005"" follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T, or T
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay is measured for T2, or a .5 second 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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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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 locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked on
the scale plate. When scribing calibration lines
for delays above .5 sec., there should bhe a
pause of at least 3 seconds between readings.

See seetion under Accuracy for discussion of
this,

RENEWAL PARTS

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
complete nameplate data.
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TYPE TD-4 RELAY

TABLE OF REPLACEABLE PARTS

O

CIRCUIT SYMBOL 0
(See Int. Schem. and TIME RANGE DESCRIPTION STYLE NO.
also Fig. 5)
L 2
TX22 All Telephone relay, 500 ohm coil R -Relay Style
TX23 All Telephone relay, 500 ohm coil efer-Relay Style
TR All Telephone Relay, 2000 ohm coil 7C280H09
RT All Resistor, 25 watts, 6500 ohms,
with tap at 350 and 2500 ohms 184A651HO01
Ro All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Ry All Resistor, 1050 oh 184A868G01
R3 All Resistor, 120 oh y tt 184A764H05
Ry All Resistor, 10K ohfits, o watt 184A764H51
R All Resistor, 10 %, Yo watt 184A764H51
Rg All Resistor, 3, , Yo watt 184A764H41
Dy All Diod 407C703HO03
TRI,TRZ All T 2N697 184A638H18
Dz All Zene 10W, IN2989B, 30V #5% 629A798HO01
DZ» All e iode, %2 watt, 18-20 volts 185A033H01
C All Cal tor, 27 ufd., 35 V.D.C. 187A508H15
T2 All 1 4 Potentiometer, 40 K ohms 184A756H01
T3 .3-1.5 Sec. K Potentiometer, 50K ohms 184A756H03
T3 .5-3.0 Sec. Potentiometer, 100 K ohms 184A756H02
Ro .3- 1.5 Sec. Resistor 5000 ohms 184A868G03
Ry .5-3.0 Resistor, 8000 ohms 184A868G02
Resistor Across \
TX Coil 11 Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Coil
(Slow Dropout) & Al Resistor, 1000 ohms, % watt 184A764H27
All Diode 1N1224 508C320H12










INSTALLATION

Westinghouse 1.L. 41-579K
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

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

APPLICATION

The type 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 .delay
period is selected by whichever zone relay operates.

*

CONSTRUCTION

The Type TD-4 relay consists of an auxiliany
circuit for initiating the time delay, a referengce,vol*
tage circuit, and a time delay circuit. A @diode is
added around the TX- Z2 and TX- Z3 coilsien Some
types to override bounce of the initiating coentact:

Auxiliary Circuit for Initiating Time Deldy

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

Reference Voltage Circuit

The reference voltage €ireuit eonsists of a sili-
con power regulator (DZI) and a tapped resisbor(RT).

Time Delay Circuit

The time delay ‘eircuit consists of a timing cir-
cuit module (M) a telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists offan{ R-C4timing circuit, a zener diode for
voltage sensingydnd a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579)

*Denotes change from superseded issue.

Timing Circuit Operatiof

The R-C timing €ircuit in Fig. 5 delivers an in-
creasing voltage“te the sensing zener diode (Dzz).
This zener diodey,breaks down at approximately 63%
of the reference voltage which is supplied by Dz,.
The ratefofyvoltage rise is determined by the resis-
tance (T2 /r T3) in series with the timing capacitor.
Therefore;)thie 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, DZoy breaks down to provide base drive for trans-
ister TR9 causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRl. Trans-
istor TR-l conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through Dzl. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE JUNE 1971
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Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a
Zone 3 Fault, Due to Infeed

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, thg zone“2 distance
relay operates to energize TX-Z2. ) The fiming 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 cClears the infeed. In
any event the trip time foldowingyZone 2 KD operation
will be less than the T2 setting.

CHARACTERISTICS

Time Delay'/Range

Zone 230.1 se¢. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0:§y$ec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

Fig.3. Internal Schematic of the type TD-4 relay in
FET 21 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.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C. to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and DZI: 50-90 MA  30-80MA 25-7T0MA
TX—ZZ: 117 MA 106MA 103MA
117 MA 106MA 103MA

TX-Zg:
Accuracy
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 *1%%.
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Fig. 4. External Schematic of the type TD-4 Relay
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TYPE TD-4 RELAY

L.L. 41s579K

POS.

TIMER CONTROL GIRGUIT

6ot

TIMING,, CIRCUIT
MODULE

185A515

Fig. 5. Timer Control Circuit

(2) Consecutive Timings

If consecutive time chegks lare made at any
given setting, the readings decrease. Fhis change of
time delay is due to the *‘‘voltage recovery’’ of the
timing capacitor. Voltage reedveryyis a characteristic
which all capacitors possess;“it.has been minimized
by the selection of the timing@apacitor in the TD-4.

The amount of chiange In time delay depends up-
on the pause, or duration)of capacitor discharge be-
tween timingsy If%a, pause of at least 3 seconds is
observed bétween readings, the timing will repeat
consistently,, 80 thdt 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
timel delay is considerable, between 3% and 4% in
most ‘eases. In no case will this decrease be more
than 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of -time delay with temperature is

shown in Fig. 8.
Nomenclature for Type TD-4 Timing Relay

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— ** i i

Rep Tapped Resistor — *’ i »

— 30 volt breakdown - 10 watt
— Adjustable 0-40,000 ohms

— Adjustable 0-100,000 ohms
0-50,000 ohms
(.3-1.5Sec. Range)

— Timing Circuit

DZ1 Zener Diode
T2 Rheostat

T3 Rheostat

M Module
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Fig. 6. Voltage-Time Curves fof Minimum and Maximum Time Settings

SETTINGS

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

The correct taps for Rz, R3, and RT should be
selected for the supply voltage being ‘used.

INSTALLAJFHON

The relays should, bejymountéd on switchboard
panels or their equivalent in%a location free from
moisture. Mount thefrelay 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 théiterminals by means of screws for steel-
panel moéunting. The terminal studs may be easily
removed ‘ar inserted by locking two nuts on the stud
and thenwturning the proper nut with a wrench. For

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

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for

sy,

e



TYPE TD-4 RELAY

l.L. 41-579K

D-C SUPPLY VOLTAGE

185A028

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

cleaning contacts is not recommended, ‘because of
the danger of embedding small particles_in the face
of the soft silver and thus, impairing the“eontact.

Trouble Shooting Procedure

Use the following procedure ‘e Ioeate the source
of trouble if the TD-4 is net operating correctly.

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

(Apply voltage betweenpterminals 5 and 7 and check
TX-Z3 operation.)

2. Chéck reference voltage circuit. This is done
by measuringithe voltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. Thispvoltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
déerafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, Tz and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
Ty 2 and 6 0-40,000 ohms
(TX-Z2 operated)
T3 2and 10 0-100,000 ohms
(.5-3.0 Sec.)
0-50,000 ohms
(.3-1.5 Sec.)
Tr 2'and 4 2,000 ohms

4. If the abeve checks do not determine the
source of trouble;, eithier the wiring or the module, M,
is faulty.

Calibration

Usevthe following procedure for catibrating the
relayy ifathe®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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’* with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015°’ gap on all
contacts and at least .010’* follow on all nor-
mally open contacts and at least .005°" follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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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 locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked @n
the scale plate. When scribing calibration lines
for delays above .5 sec., there should béa
pause of at least 3 seconds between readings.

See Usection under Accuracy for discussion of
this.

RENEWAL PARTS

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
complete nameplate data.
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slow dropout relay (independent trip circuits).
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TYPE TD-4 RELAY

* TABLE OF REPLACEABLE PARTS

CIRCUIT SYMBOL
(See Int. Schem. and TIME RANGE DESCRIPTION STYLEN
also Fig. 5)
*
TX22 All Telephone relay, 500 ohm coil r-Relay Style
TX23 All Telephone relay, 500 ohm coil r-Relay Style
TR All Telephone Relay, 2000 ohm coil 7C280H09
RT All Resistor, 25 watts, 6500 ohms,
with tap at 350 and 2500 ohms 184A651H01
Ry All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ohms
with tap at 750 ohms 11D9511H04
R1 All Resistor, 1050 oh 184A868G01
Rg All Resistor, 120 ohms, a 184A764H05
Ryq All Resistor, 10K ohms; V2 watt 184A764H51
Rs5 All Resistor, 10K o 1%, Y watt 184A764H51
Rg All Resistor, 3792 s, Y2 watt 184A764H41
Dy All Dio 8 407C703H03
TRy, TRy All Tra 2N697 184A638H18
D2z All ZN 10W, 1N2989B, 30V *5% 629A798H01
DZ2 All e iode, % watt, 18-20 volts 185A033H01
C All C itor, 27 ufd., 35 V.D.C. 187A508H15
T2 All L 4 Qtentiometer, 40K ohms 184A756H01
T3 .3-1.5 Sec. K\ Potentiometer, 50K ohms 184A756H03
T3 .5-3.0 Sec. Potentiometer, 100 K ohms 184A756H02
Ro .3- 1.5 Sec. Resistor 5000 ohms 184A868G03
Ro .5-3.0 Resistor, 8000 ohms 184A868G02
Resistor Across \
TX Coil 11 Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Coil
(Slow Dropout) & Al Resistor, 1000 ohms, % watt 184AT64H27
All Diode IN1224 508C320H12
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INSTALLATION

Westinghouse  I.L. 41-579)
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 bhandle switch [irst when remouv-
ing the relay f[rom service.

APPLICATION

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.

CONSTRUCTION

The Type TD-4 relay consists of an auxiliary
circuit for initiating the time delay, a referen@eyvol-
tage circuit, and a time delay circuit. Afdiode is
added around the TX-2Z2 and TX- Z3 coils‘onfsome
types to override bounce of the initiating contact:

Auxiliary Circuit for Initiating Time Dellay

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

Reference Voltage Circuit

The reference voltage_cireuit consists of a sili-
con power regulator (DZl) andpa tapped resistor(RT).

Time Delay Circuit

The time delay“€ircait consists of a timing cir-
cuit moduled(M) a telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists ofi@n R-@ timing circuit, a zener diode for
voltage sensing)fand a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579H

*Denotes change from superseded issue.

Timing Circuit Operation

The R-C timing €ircuit in Fig. 5 delivers an in-
creasing voltage“te the sensing zener diode (Dz2).
This zener ([diodeybreaks down at approximately 63%
of the reference voltage which is supplied by DZl.
The rate ofyvoltage rise is determined by the resis-
tanee (T2 or/T3) in series with the timing capacitor.
Therefore,®he 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, DZq breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRl. Trans-
istor TRy conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through Dz,. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE NOVEMBER 1969
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* Fig. 4. External Schematic of the type TD-4 Relay
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Eig. 57 Timer Control Circuit

(2) Consecutive Timings

If consecutive time checks(lare ‘made at any
given setting, the readings decréaseiyFEhis change of
time delay is due to the *‘‘vgltage“recovery’’ of the
timing capacitor. Voltage fecéovery is a characteristic
which all capacitors possesshit has been minimized
by the selection of the fiminggcapacitor in the TD-4.

The amount of gh@nge“in time delay depends up-
on the pause, or duration of capacitor discharge be-
tween timings. Ifja ‘pauSe of at least 3 seconds is
observed bftween Teadings, the timing will repeat
consistently, &80 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
timg delay is considerable, between 3% and 4% in
mostycases. In no case will this decrease be more
than 8% of the setting.

(3) Supply Voltagge

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than 5 milliseconds 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 variation of time delay with temperature is

shown in Fig. 8.
Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms

TX-Z2 Relay Unit — i i 500 ohms
TX-Z3 Relay Unit _ » ’o 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— ”’ »” ”

L] ”» »”

RT Tapped Resistor —
DZ1 Zener Diode —30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms

T3 Rheostat — Adjustable 0-100,000 ohms

0-50,000 ehms
(.3-1.5Sec. Range)

M Module — Timing Circuit
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Fig. 6. Voltage-Time Curves fof Minimum and Maximum Time Settings

SETTINGS

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

The correct taps for Rz, R3, and RT should be
selected for the supply voltage being used.

INSTALLATFION

The relays shouldgbe“mountéd on switchboard
panels or their equivalent in“a location free from
moisture. Mount the‘relay vertiecally by means of the
four mounting holes onythé 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. TheWelectrical connections may be made
directly to theterminals by means of screws for steel-
panel mgunting. The terminal studs may be easily
removed ar inserted by locking two nuts on the stud
and then turning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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 Tz and Tg rheostats
unless the rheostats are to be replaced as this will
upset the relay calibration.

Acceptance Tests

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.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
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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 particlesgin the, face
of the soft silver and thus, impairing the“eentact.

Trouble Shooting Procedure

Use the following procedurge te,loédate the source
of trouble if the TD-4 is neot operating correctly.

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

(Apply voltage betweengterminals 5 and 7 and check
TX-Z3 operation.)

2. Cheek reference voltage circuit. This is done
by measuringthe #oltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. This» voltage should be zero before TX-Z2
and TX-23 operation, and between 27 and 32 volts
d-crafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
T2 2 and 6 0-40,000 ohms
(TX=Z2 operated)
T3 2and 10 0-100,000 ohms
(.5-3.0 Sec.)
0-50,000 ohms
(.3-1.5 Sec.)
TR 2'and 4 2,000 ohms

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

Calibration

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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on thethree telephone
type relays to be approximately .004’* with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact

leaf springs to obtain at least .015’" gap on all
contacts and at least .010’" follow on all nor-
mally open contacts and at least .005"" follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T, or Ty
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay 1s measured for Ty, Or a .5 second delay 1is
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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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The first step should be to insure that the knob SeeWsection under Accuracy for discussion of
is approximately vertical for the mid-scale time this.
time delay (.550 sec. for T2 and 1.75 sec. for T3
This will locate the calibration lines symmetri- RENEWAL PARTS
cally around the scale plate. After centering
and securely locking the knob on the rheostat Repair work can be done most satisfactorily at
shaft, new calibration lines may be marked @n the factory. However, interchangeable parts can be
the scale plate. When scribing calibration lines furnished to customers who are equipped for doing
for delays above .5 sec., there should bé"a repair work. When ordering parts, always give the
pause of at least 3 seconds between readings. complete nameplate data.
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TYPE TD-4 RELAY

TABLE OF REPLACEABLE PARTS

CIRCUIT SYMBOL 0
(See Int. Schem. and TIME RANGE DESCRIPTION STYLE NO.
also Fig. 5)
L J
TX22 All Telephone relay, 500 ohm coil R -Relay Style
TX23 All Telephone relay, 500 ohm coil -Relay Style
TR All Telephone Relay, 500 ohm coil TC280H09
RT All Resistor, 25 watts, 6500 ohms,
with tap at 350 and 2500 ohms 184A651H01
Ry All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
R1 All Resistor, 1050 oh 184A868G01
Rg All Resistor, 120 oh tt 184A764H05
Ry All Resistor, 10K ohms, Y% watt 184A764H51
Rg All Resistor, 10 %, Y2 watt 184AT64H51
Rg All Resis , ms, % watt 184AT64H41
Dy All Di 8 407CT703HO03
TR{, TRy All TN N697 184A638H18
DZq All e iode, Y2 watt, 18-20 volts 185A033H01
C All C tor, 27 ufd., 35 V.D.C. 187A508H15
T2 All L 4 Q\entiometer, 40K ohms 184A"756H01
T3 .3-1.5 Sec. K\ Potentiometer, 50 K ohms 184A756H03
T3 .5-3.0 Sec. Potentiometer, 100 K ohms 184AT756H02
Ro .3-1.5 Sec. Resistor 5000r 184A868G03
Ra .5-3.0 Resistor, 8000r 184A868G02
Resistor Across \
TX Coil 11 Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Coil
(Slow Dropout) & Al Resistor, 1000 ohms, % watt 184A764H27
All Diode 1N1224 508C320H12
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INSTALLATION

Westinghouse 1.L. 41.579H
OPERATION ¢ MAINTENANCE

INSTRUCTIOWS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 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.

CONSTRUCTION

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 digde is
added around the TX - Z2 and TX- Z3 €eils‘én some
types to override bounce of the initiating centact:

Auxiliary Circuit for Initiating Time Delay

The auxiliary circuit consistsfof twastelephone-
type relays (TX-Z2 and TXzZ3) 'and two tapped re-
sistors (R2 and R3).

Reference Voltage Circuit

The reference voltage ciredit consists of a sili-
con power regulator (DZl) and a tapped resistor (RT).

Time Delay Circuif

The time delay“eircuit consists of a timing cir-
cuit module (M) a telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists oftan 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-c trip
bus) as shown in the external schematic, Fig. 4 and
the timer control circuit, Fig. 5.

SUPERSEDES I.L. 41-579G

*Denotes change from superseded issue.

Timing Circuit Operation

The R-C 4iming)eircuit in Fig. 5 delivers an in-
creasing voltage to"the sensing zener diode (Dzz).
This zener diode) breaks down at approximately 63%
of the reference voltage which is supplied by DZl.
The nate/ofpvoltage rise is determined by the resis-
tance (T2 or T3) in series with the timing capacitor.
Therefere, 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, DZo breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRI. Trans-
istor TR-l conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. The time delay circuit is energized
through rheostat Tz. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE JUNE 1968
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Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay as
a zone 3 fault. This condition occurs whengecurrent
infeed changes the apparent impedance @&s 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 zene 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 ‘¢lears the infeed. In
any event the trip timegfollowing zone 2 KD operation
will be less than the T2 setting.

CHARACTERISTICS

Time Defay Ri@nge

Zone2: 0.14sec. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3. 0.5 sec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Tirme

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.

Fig.3. Intérnal 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 = 0.45 — .075 sec.

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

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C. to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and DZI: 50-90 MA 30-80MA 25-7T0MA
TX-ZZ: 117 MA 106MA 103MA
TX-Zg: 117 MA 106MA 103MA

Accuracy

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 *1%%.
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* Fig. 5. Timer Control Circuit

(2) Consecutive Timings

If consecutive time checksjare/made at any
given setting, the readings deerease. This change of
time delay is due to the ‘‘Vveltage Tecovery’’ of the
timing capacitor. Voltage reeovery is a characteristic
which all capacitors posSéss;“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,“er duration of capacitor discharge be-
tween timings. If%, pause of at least 3 seconds is
observedd between readings, the timing will repeat
consistently4y so shat 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 considerable, between 3% and 4% in
most 'cases. In no case will this decrease be more
than 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, betweer; 30% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is

shown in Fi g. 8.
Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms

TX-Z2 Relay Unit — ” i 500 ohms
TX-Z3 Relay Unit _  » » 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor — *° i i

L2 9

RT Tapped Resistor— ”’
DZ1 Zener Diode — 30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms

T3 Rheostat % — Adjustable 0-100,000 ohms

0-50,000 ohms
(.3-1.5Sec. Range)

M Module — Timing Circuit
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Fig. 6. Voltage-Time Curves for Minimdm and Maximum Time Settings

SETTINGS

Proper time delay is selected by turning the
knobs of rheostats T2 and T3. Refer to Fig. Iu

The correct taps for Rz, R3, and RT should be
selected for the supply voltage being used.

INSTALLAT/ON

The relays should e mounted on switchboard
panels or their equivalent£in a“location free from
moisture. Mount the relayévertic¢ally 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¢crews may be utilized for grounding
the relay. The electrical connections may be made
directly to the terminals by means of screws for steel-
panel mountings The terminal studs may be easily
removedyar inserted by locking two nuts on the stud
and then“turning the proper nut with a wrench. For

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

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
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Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper
terminals 6 and 10 when testing relay with lin-
dependent trip contacts).

cleaning contacts is not recommended, “because of
the danger of embedding small particléSyin the face
of the soft silver and thus, impairing/thew%contact.

Trouble Shooting Procedure

Use the following procedureio locate the source
of trouble if the TD-4, is““not opeérating 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 operation.)

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

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Reésistance

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

T2 2 and 6

0-100,000 ohms
(.5-3.0 Sec.)

0-50,000 ohms
(.3-1.5 Sec.)

TR 2 andi4 2,000 ohms

T3 2and(10

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

Calibration

Use (the following procedure for catibrating the
relay ifi.the relay adjustments have been disturbed.
Ehis “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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact

leaf springs to obtain at least .015’’ gap on all
contacts and at least .010’’ follow on all nor-
mally open contacts and at least .005°’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay 1s measured for Toy, Or a .5 second 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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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time delay (.550 sec. for T2 and 1.75 sec. for Tq

This will locate the calibration lines symmetri- RENEWAL PARTS

cally around the scale plate. After centering

and securely locking the knob on the rheostat Repair work can be done most satisfactorily at
shaft, new calibration lines may be marked on the factory. However, interchangeable parts can be
the scale plate. When scribing calibration lines furnished to customers who are equipped for doing
for delays above .5 sec., there should befa repair work. When ordering parts, always give the
pause of at least 3 seconds between readings. complete nameplate data.

o -
RIGKT HAND — RIGAT HAND
o TELEPHONE RELAY

TELEOINE RELAY

TIMING CIRCUIT TIMING CIRCUIT

ad

D.C. CONTROL _CKT.

LB

YOUT | POBITION | VALUE
4

T #ED DOT
| red wawoLE
: L TEST swiTcH

LN
3., CONTROL mq._]
e LEAD (REX)Y
YOLT PO3ITION | YALYE

{8

CONTROL €KT.

LEAD | REBIS
PRRITION | VALE
] i
750
32000

PoloLEas
POSITigH

olo

P Y NN

LEFT HAND
TELEPHONE RELAY

-
LEFT HAND -
TELEPHONE RELAY

[~ RED DOT
RED HANDLE CENTER
—TEST SWITCH TELEPHONE RELAY

CENTER -
TELEPHONE RELAY

// | TERMIRAL
L [ TERMINAL 7
- 10000~ FRONT VIEW
1000 0 FRONT VIEW
1854210 ~ 837A071
Fig. 9 Internal Schematic of the type TD-4 Relay with % Fig. 10 Internal schematic of the type TD-4 relay with
slow dropout relay (common trip circuit). slow dropout relay (independent trip circuitsj.

8



TYPE TD-4 RELAY I.L. 47-5728H

DIA.4 NOLES FOR

|
19 J 6 | ;
P 6 .190-32 NTG. SCREWS
<l 32 *“ 1 2 % - ‘/
] TJ:- | 4w
~l® T —le
1| T .
4 o R &
o I \ e 9 .| % 3 ‘
~ 2 IS i ':ig - Jaag |
o 4 -
\ v U r———? s !
; i ! N =
3 ! | el d8 e
2|3 — }‘ | ’ o
18 !l )‘ L‘_ ™|
6.3 > | oA e
8 :onsL &UMJ & oniuim
P A R.SEMI, FLUSH MTG.
A —
PROJECTION MTG.
/E ,190-32 SCREW
! 2l PANEL
o SPACERS FOR
< - IS CPRRELS
(&)
5 _ys screw
16 !m ek
ANEL USE
1618 STUD)
. 190-3248CREW
1 W FoR Thick PAEL
S USE . 196-32 STUD
%nu. 10 NOLES
OR CUT OUT
TERMINAL AND
HOURTING DETAILS BARCL DRILLING Of CUTOUT FoR
(FRONT ViEW)

57-D-7901

Fig.11 Outline and Drilling Plan for the Type TD-4 Relay in the FT21 Case.



TYPE TD-4 RELAY

¥ TABLE OF REPLACEABLE PARTS

STYLE NO.®
& —

CIRCUIT SYMBOL
(See Int. Schem. and TIME RANGE DESCRIPTION
also Fig. 5)
TX22 All Telephone relay, 500 ohm coil Re@w Style
TX23 All Telephone relay, 500 ohm coil er ay Style|
TR All Telephone Relay, 500 ohm coil 7C280H09
RT All Resistor, 25 watts, 6500 ohms,
withtap at 350 and 2500 ohms 184A651HO01
Ro All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ehm
with tap at 750 ohms 11D9511H04
Ry All Resistor, 1050 ohm 184A868G01
Rg All Resistor, 120 ohms w 184A764H05
Ry All Resistor, 10K oh 1%, 72 watt 184A764H51
Rg All Resistor, 10 1%, Y2 watt 184A764H51
Rg All Resist 20 s, Y5 watt 184A764H41
Dy All Diade 8 407CT703HO03
TRy, TRg All Transi 697 184A638H18
DZ, All de, ¥» watt, 18-20 volts 185A033H01
C All or, 27 ufd., 35 V.D.C. 187A508H15
L 4
T2 All \ ntiometer, 40 K ohms 184AT756H01
Tg .3-1.5 Sec. K otentiometer, 50K ohms 184A756H03
Tg .5-3.0 Sec. \ Potentiometer, 100 K ohms 184AT56H02
Ro .3- 1.5 Sec. Resistor 5000r 184A868G03
Rog .5-3.08 Resistor, 8000r 184A868G02
Resistor Across \
TX Coil 1 Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Ceil
* All Resistor, 1000 ohms, % watt 184AT64H27
All Diode 1IN1224 508C320H12










INSTALLATION

Westinghouse 1.L. 41-579C
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 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.

CONSTRUCTION

The type TD-4 relay consists of an auxiliary
circuit for initiating the time delay, a referen€ée wol-
tage circuit, and a time delay circuit.

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltage)circuit consists of a sili-
con power regulator (DZI) andja tapped resistor(RT).

Time Delay Circuit

The time delay g£ircuit consists of a timing cir-
cuit module (M)4a, telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists offdan R®C timing circuit, a zener diode for
voltage sensing, and a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579B
Complete Revision

Timing Circuit Operation

The R-C timing Cirecuit in Fig. 5 delivers an in-
creasing voltage tQ,the sensing zener diode (DZz).
This zener diodefjbreaks down at approximately 63%
of the referenee voltage which is supplied by DZl.
The ratg of woltage rise is determined by the resis-
tanee (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, DZ2 breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRl. Trans-
istor TRy conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZI. The time delay circuit is energized
through rheostat Ty. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE SEPTEMBER 1961
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TYPE TD-4 RELAY

I.L. 41-579C

INTERNAL SCHEMATIC
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Fig. 2. Internal Schematic of S#290B349A09 TD-4 Relay

in FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay @s
a zone 3 fault. This condition occurs whengeurrent
infeed changes the apparent impedance ag seen by
the distance relay.

When this fault occurs, the zone 3_distanee re-
lay energizes TX-Z3 and starts the timingfunction
at the zone 3 rate, as described in_paragraph 3. As
soon as the infeed is removed, the zon@ 2 distance
relay operates to energize TX-Z2.“Eheftiming func-
tion now continues at the zone{ 2 rate. The total time
delay depends on the T2 settingy, the T3 setting, and
the time at which the breaker clears the infeed. In
any event the trip time f@llowing zone 2 KD operation
will be less than the T2 setting.

CHRARACTERISTICS

Time Delay Rarge

Zone 2:°0x1 séc. — 1.0 sec.
Zone 3: 0.5%sec. — 3.0 sec.

Reset Time

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.

Figii3alnteenal Schematic S#290B349A10 TD-4 relay in
FT21 case. (Independent trip circuits)

Veoltage Rating

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, up to 100°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0

Operating Condition

Timing Circuit and DZ: 50-90 MA  30-80MA  25-70MA
TX-Z,: 117 MA 106 MA 103MA
TX-Z4: 117 MA 106MA 103MA

Accuracy

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 +1%%.
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TYPE TD-4 RELAY

I.L. 41-579C
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Figs 5.“Timer Control Circuit

(2) Consecutive Timings

If consecutive time chegks '‘are made at any
given setting, the readings decrgase. This change of
time delay is due to the ‘‘voltage reéeovery’’ of the
timing capacitor. Voltage reeoveryypis a characteristic
which all capacitors possess; itahas been minimized
by the selection of the timing€apacitor in the TD-4.

The amount of chiange, in time delay depends up-
on the pause, ar duration of capacitor discharge be-
tween timingsk If“a, paWse of at least 3 seconds is
observed bétween readings, the timing will repeat
consistentlyy, so that the total spread between the
highest and l1owest readings will be no more than 2%
of the setting.

If timings are repeated rapidly, the decrease in
timefydelay is considerable, between 3% and 4% in
most ¢ases. In no case will this decrease be more
than, 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is
shown in Fig. 8.

Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms
TX-Z2 Relay Unit — ” i 500 ohms
TX-Z3 Relay Unit _  »» 1 500 ohms

R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— ** r »
RTTapped Resistor— ** ” ”

DZ1 Zenner Diode — 30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms
T3 Rheostat — Adjustable 0-100,000 ohms
M Module — Timing Circuit




TYPE TD-4 RELAY
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SETTINGS detailed FT Case information, refer to I.L. 41-076.

Proper time delay is selected by turning the
knobs of rheostats T2 and T3. Refer to Figs, 17

The correct taps for R2, R3 and RT should be
selected for the supply voltage being_used.

INSTALLATTON

The relays shouldr be“mounted on switchboard
panels or their equivalemt in“a location free from
moisture. Mount the“relay vertically by means of the
four mounting holes ony.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. Thejelectrical connections may be made
directly to theterminals by means of screws for steel-
panel mounting. The terminal studs may be easily
removed ar inserted by locking two nuts on the stud

and then“turning the proper nut with a wrench. For

ADJUSTMENTS AND MAINTENANCE

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 Ty rheostats
unless the rheostats are to be replaced as this will
upset the relay calibration.

Acceptance Tests

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.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
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TYPE TD-4 RELAY
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1851028

Fig. 7. Test Circuit for 5#290B349A09 Type TD-4 Reldy.
(Jumper terminals 6 and 10 when testing 5$#290B349
A10)

cleaning contacts is not recommended,“because of
the danger of embedding small particles,in“the face
of the soft silver and thus, impairing themcontact.

Trouble Shooting Procedure

Use the following procedurejto 16€ate the source
of trouble if the TD-4 is4not operating correctly.

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

(Apply voltage between, términals 5 and 7 and check
TX-Z3 operation.)

2. Checkdreference voltage circuit. This is done
by measuringythefvoltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. This voltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
d=eyafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, Tz and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

L.L. 41-579C
should be as follows:
Ohmmeter Between
Component Module Terminals Resistance
T2 2 and 6 0-400,000 ohms

(BX-Z2 operated)

T3 2and 10 0-100,000 ohms

TR 2fand, 4 2,000 ohms

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

Calibration

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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on thethree telephone
type relays to be approximately .004*’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015%’ gap on all
contacts and at least .010’’ follow on all nor-
mally open contacts and at least .005’’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay is measured for Tz, 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 all time delays above .5
seconds. 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 (DZI), or the module (M), the relay
should be recalibrated with a new scale plate.
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INSTALLATION

Westinghouse 1.L. 41-579F
OPERATION ¢ MAINTENANCE

INSTRUCTIOALS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 bhandle switch first when remov-
ing the relay f[rom service.

APPLICATION

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.

CONSTRUCTION

* 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 ‘diodel’is
added around the TX- 22 and TX- Z3 coils,on“seme
types to override bounce of the initiating contaet.

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltagefeircuiticonsists of a sili-
con power regulator (DZI) and a tapped resistor(RT).

Time Delay Circuit

The time Melayycireuit consists of a timing cir-
cuit module (M) astelephone type relay (TR) and two
rheostats (Tz and T3). The timing circuit module
consists of an“R-Cftiming circuit, a zener diode for
voltage sensing, and a transistorized amplifying cir-
cuit.

OPERATION

The“type TD-4 relay is connected to the d-c trip
busas’ shown in the external schematic, Fig. 4 and
the timer control circuit, Fig. 5.

SUPERSEDES I.L. 41-579E

*Denotes change from superseded issue

Timing Circuit Opefation

The R-C tinming circuit in Fig. 5 delivers an in-
creasing voltageyto the sensing zener diode (DZz).
This zener diode breaks down at approximately 63%
of the referenceljvoltage which is supplied by DZl.
The rate offvoltage rise is determined by the resis-
tance T2 or T'3) in series with the timing capacitor.
Thereforey 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
e3DZ 4 breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TR2 provides base drive for transistor TR,l. Trans-
istor TRy conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. The time delay circuit is energized
through rheostat Tz. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE NOVEMBER 1965
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* Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay as
a zone 3 fault. This condition occurs wheng€urrent
infeed changes the apparent impedance ag' seen by
the distance relay.

When this fault occurs, the zone 3 distanece re-
lay energizes TX-Z3 and starts the timingfunction
at the zone 3 rate, as described in_paragraph 3. As
soon as the infeed is removed, the zon® 2 distance
relay operates to energize TX-Z2. Thestiming func-
tion now continues at the zone(2 rate, The total time
delay depends on the T2 settingpthe 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 T2 setting.

CHARACTERISTICS

Time Delay Rarige

Zone 2:0:1 seéc. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0.5'sec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

* Fig.3Wlnternél Schematic of the type TD-4 relay in

FT21 case. (Independent trip ¢

ircuits)

* For the relay with slow dropout the reset time

is:

TX — Z2 dropout time = 0.45 — .075 sec.
TX — Z3 dropout time = .090 — 0.15 sec.

Voltage Rating Over The Temperature Range

48,

125 or 250 volts d-c. The relay can stand

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

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and DZI: 50-90 MA 30-80MA 25-T0MA
Tx-ZZ: 117 MA 106MA 103MA
TX-Z3: 117 MA 106MA 103MA

Accuracy

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 *1%%.
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TYPE TD-4 RELAY

I.L. 41-529F

POS. TIMER _CONTROL CIRCUIT

[
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g
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MODULE

NEG.

185A515

X Figh5. Timer Control Circuit

(2) Consecutive Timings

If consecutive time che¢ks ‘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 recoverydis a characteristic
which all capacitors possess; ifylias been minimized
by the selection of the timing‘eapacitor in the TD-4.

The amount of ¢hange, in time delay depends up-
on the pause, ép, duration/of capacitor discharge be-
tween timings§’. If ‘@ypause of at least 3 seconds is
observed betweén readings, the timing will repeat
consistentlyy sSo 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
timeydelay is considerable, between 3% and 4% in
most, eases. In no case will this decrease be more
tham, 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is
shown in Fi g. 8.

Nomenclature far Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms

TX-Z2 Relay Unit — » » 500 ohms
TX-Z3 Relay Unit —  » i 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— ** i i

R Tapped Resistor— * ” »”

DZ1 Zener Diode —30 volt breakdown - 10 watt

T2 Rheostat — Adjustable 0-40,000 ohms
T3 Rheostat — Adjustable 0-100,000 ohms
M Module — Timing Circuit



TYPE TD-4 RELAY
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* Fig. 6. Voltage-Time Curves férMinimum and Maximum Time Settings

SETTINGS

Proper time delay is selected by, turning the
knobs of rheostats TZ and T3. Refer to Figgl.

The correct taps for Rz, l-“\’3 and RT should be
selected for the supply voltage beingguseds

INSTALLATTON

The relays should”be "meunted on switchboard
panels or their equivalent in “a location free from
moisture. Mount the relay vertically by means of the
four mounting holes onWthe 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 ap inserted by locking two nuts on the stud

and, them turning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L.. 41-076.

ADJUSTMENTS AND MAINTENANCE

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 T, rheostats
unless the rheostats are to be replaced as this will
upset the relay calibration.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for

o,



TYPE TD-4 RELAY

I.L. 414579F

D-C SUPPLY VOLTAGE

1854028

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

cleaning contacts is not recommended, because, of
the danger of embedding small particlesmin the face
of the soft silver and thus, impairing the' eontact.

Trouble Shooting Procedure

Use the following procedure to,locate the source
of trouble if the TD-4 is fiot operating correctly.

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

(Apply voltage betweenpterminals 5 and 7 and check
TX-Z3 operation.)

2. Cheek sreference voltage circuit. This is done
by measuringthedvoltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. This" voltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
d-c*after TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
T2 2 and 6 0-40,000 ohms
(TX-Z2 operated)
'I‘3 2and 10 0-100,000 ohms
TR 2/4and 4 2,000 ohms

4, If the aboveWehecks do not determine the
source of trouble;feither the wiring or the module, M,
is faulty.

Calibration

Use the /following procedure for catibrating the
relayy ifythe 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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on thethree telephone
type relays to be approximately .004’" with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015”" gap on all
contacts and at least .010’’ follow on all nor-
mally open contacts and at least .005’’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or Tg
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay is measured for Tg, OF a .5 second delay is
measured for Tg. 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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.



TYPE TD-4 RELAY

110

108 UPPER LIMIT TYPICAL
w106 APPROXIMATE—+ | | GURVE _
55 1oa \
'_9 M x_—‘——‘i/
zE I e S e
‘“E 102 == =T
g0 == [T
&, 100 I P M— e
aw | | — 1 ===
§ — 1 —t = /
2 98 S
= - - LOWER LIMIT, J
=< ggt” APPROXIMATE.—
%
8 94 ——
o
gw 92
[
b3
= 9%:

-20 -I0 0 10 20 30 40 50 60 70

AMBIENT TEMPERATURE, IN DEGREES CENTIGRADE 185A171

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
timedelay (.550 sec. for Tz and 1.75 sec. for T3
This will locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked on
the scale plate. When scribing calibration lines
for delays above .5 sec., there should b€ a
pause of at least 3 seconds between readings.

See seetion under Accuracy for discussion of
this.

RENEWAL PARTS

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
complete nameplate data.
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Westinghouse  1.L. 41-579J
INSTALLATION o OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 [irst when remov-
ing the relay from service.

APPLICATION

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.

CONSTRUCTION

The Type TD-4 relay consists of an auxiliary
circuit for initiating the time delay, a referencegvol-
tage circuit, and a time delay circuit. A diode Jis
added around the TX - Z2 and TX- Z3 coils on, some
types to override bounce of the initiating contact.

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltage cireuit consists of a sili-
con power regulator (DZl) and a, tapped resistor (RT).

Time Delay Circuit

The time delay cir€uit/ consists of a timing cir-
cuit module (My a telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists of ‘an R-C tdming circuit, a zener diode for
voltage sensing,jand a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579H

*Denotes change from superseded issue.

Timing Circuit Operation

The R-C timing cireuit in Fig. 5 delivers an in-
creasing voltage topthe sensing zener diode (Dzz).
This zener diodeWbreaks down at approximately 63%
of the referenee voltage which is supplied by DZl.
The rate ofwvoltage rise is determined by the resis-
tance (T2 of T3Y in series with the timing capacitor.
Therefore, the rheostat setting of T2 or T3 directly
determinesithe time delay, as shown in Fig. 6.

When capacitor C changes to the voltage value
e, DZy breaks down to provide base drive for trans-
ister?TR 9 causing it to conduct. Emitter current of
TR2 provides base drive for transistor TR,I. Trans-
istor TRy conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. The time delay circuit is energized
through rheostat Tz. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE NOVEMBER 1969
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Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a
Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay ds
a zone 3 fault. This condition occurs when current,
infeed changes the apparent impedance asfseen 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, thé zone®2 distance
relay operates to energize TX-Z2.,The/timing func-
tion now continues at the zoneg2“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 follewingsone 2 KD operation
will be less than the Ty setting.

CHARACTERISTICS

Time Delay Range

Zone2: 0.1 see. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0054sec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

Figy3. Internal Schematic of the type TD-4 relay in
ET27 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.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C. to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and Dle 50-90 MA  30-80MA 25-7T0MA
TX-ZZ: 117 MA 106MA 103MA
TX-Z3: 117 MA 106MA 103MA

Accuracy

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 +1%%.
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(2) Consecutive Timings

If consecutive time checks fare made at any
given setting, the readings decreaseyThils change of
time delay is due to the ‘‘voltage“recovery’’ of the
timing capacitor. Voltage regovery, is a characteristic
which all capacitors possessiit has been minimized
by the selection of the timinggcapacitor in the TD-4.

The amount of ch@nge i time delay depends up-
on the pause, er duration of capacitor discharge be-
tween timings. Ifja ‘pause of at least 3 seconds is
observed bétween readings, the timing will repeat
consistently, &0 that the total spread between the
highest and lTowest readings will be no more than 2%
of the setting.

If timings are repeated rapidly, the decrease in
time, delay 1s considerable, between 3% and 4% in
mostWcases. In no case will this decrease be more
than 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is

shown in Fig. 8.
Nomenclature for Type TD-4 Timing Relay

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 — .- -
DZ1{ Zener Diode —30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms

T3 Rheostat — Adjustable 0-100,000 ohms
0-50,000 ehms
(.3-1.5Sec. Range)

— Timing Circuit

»

M Module
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Fig. 6. Voltage-Time Curves fof Minimum and Maximum Time Settings

SETTINGS

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

The correct taps for Rz, R3, and RT should be
selected for the supply voltage being used.

INSTALLAJION

The relays shouldypbe“mountéd on switchboard
panels or their equiyalent in“%a location free from
moisture. Mount the‘relay vertically by means of the
four mounting holes omythe 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. Thelelectrical connections may be made
directly to theterminals by means of screws for steel-
panel mounting. The terminal studs may be easily
removed ar inserted by locking two nuts on the stud

and then“turning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended

for this purpose. The use of abrasive material for
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TIMER
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D-C SUPPLY VOLTAGE

1854028

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, beeausepof
the danger of embedding small particles imn, theypface
of the soft silver and thus, impairing he/ contact.

Trouble Shooting Procedure

Use the following procedure toglocaté the source
of trouble if the TD-4 is not operating correctly.

1. Apply rated voltagegbetween relay terminals
3 and 4 and visually check TX4Z2 contact operation.

(Apply voltage betweenmterminals 5 and 7 and check
TX-Z3 operation.)

2. Che¢k referenge voltage circuit. This is done
by measuring the vgltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. This 4voltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
d-¢ after, TX-Z2 or TX-Z3 operation.

3."Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
T2 2 and 6 0-40,000 ohms
(TX+Z2 operated)
T3 2and 10 0-100,000 ohms
(.5-3.0 Sec.)
0-50,000 ohms
(.3-1.5 Sec.)
TR 2 and/4 2,000 ohms

4, If the abowve checks do not determine the
source of troublefyeither the wiring or the module, M,
is faulty.

Calibration

Use the following procedure for catibrating the
relay 9f ‘the ‘relay adjustments have been disturbed.
This procedure should not be used until it is appa-
renty, thati the relay is not in proper working order.
Beforefjcalibrating, follow the Trouble Shooting Pro-
cedurerto locate the source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on thethree telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015’" gap on all
contacts and at least .010’’ follow on all nor-
mally open contacts and at least .005’’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay 1s measured for Tg, 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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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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 locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked, on
the scale plate. When scribing calibration lines
for delays above .5 sec., there should /6€pa
pause of at least 3 seconds between readings.

See), section under Accuracy for discussion of
this.

RENEWAL PARTS

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
complete nameplate data.
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TYPE TD-4 RELAY

TABLE OF REPLACEABLE PARTS

CIRCUIT SYMBOL
(See Int. Schem. and TIME RANGE DESCRIPTION STYLEN
also Fig. 5)
2
TX22 All Telephone relay, 500 ohm coil r-Relay Style
TX23 All Telephone relay, 500 ohm coil -Relay Style
TR All Telephone Relay, 500 ohm coil 7C280H09
RT All Resistor, 25 watts, 6500 ohms,
with tap at 350 and 2500 ohms 184A651H01
Ro All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ohms
with tap at 750 ohms 11D9511H04
Rq All Resistor, 1050 oh 184A868G01
Rg All Resistor, 120 o\at 184A764H05
Ry All Resistor, 10K ﬁ 7 Yo watt 184A764H51
Ry All Resistor, 1 h 1%, Y% watt 184AT64H51
Rg All Resi 3, 6 ms, Y% watt 184A764H41
Dy All Di 38 407C703H03
TR;, TRy All 1& 2N697 184A638H18
DZ, All iode, % watt, 18-20 volts 185A033H01
C All itor, 27 ufd., 35 V.D.C. 187A508H15
T2 All L 4 Qtentiometer, 40 K ohms 184A756H01
T3 .3-1.5 Sec. K\ Potentiometer, 50K ohms 184A756H03
T3 .5-3.0 Sec. Potentiometer, 100 K ohms 184A756H02
Ro .3-1.5 Se Resistor 5000r 184A868G03
Ry .5- 3.0@ Resistor, 8000r 184A868G02
Resistor Across \
TX Coil All Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Coil
(Slow Dropout) | & All Resistor, 1000 ohms, % watt 184AT64H27
All Diode 1IN1224 508C320H12

Ey e
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INSTALLATION

Westinghouse  I.L. 41-579K
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 [rom service.

APPLICATION

The type 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 .delay
period is selected by whichever zone relay operates.

*

CONSTRUCTION

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 coilsien some
types to override bounce of the initiating €entaect.

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltage cireuit @ensists of a sili-
con power regulator (DZl) and atapped resistor (RT).

Time Delay Circuit

The time delay ‘€ipcuit consists of a timing cir-
cuit module (M) a telephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists ofian R-C tdming circuit, a zener diode for
voltage sensingy, and a transistorized amplifying cir-
cuit.

OPERATION

The type TD-4 relay is connected to the d-c trip
busWas“shown in the external schematic, Fig. 4 and
thetimer control circuit, Fig. 5.

SUPERSEDES I.L. 41-579)

*Denotes change from superseded issue.

Timing Circuit Operation

The R-C timing ‘€ircuit in Fig. 5 delivers an in-
creasing voltage“te the sensing zener diode (DZz).
This zener diode,breaks down at approximately 63%
of the referénce voltage which is supplied by DZ,.
The rateofyvoltage rise is determined by the resis-
tance (T2 or T3) in series with the timing capacitor.
Therefore,| thé 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, DZy breaks down to provide base drive for trans-
istory TRo causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRl. Trans-
istor TR‘I conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE JUNE 1971
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TYPE TD-4 RELAY

L.L. 41.579K
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Fig.2. Internal Schematic of the type TD-4 Relay in
FT2] case. (Common trip circuits)

4, Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

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  een\by
the distance relay.

When this fault occurs, the zone 3 distance“re-
lay energizes TX-Z3 and starts the timing,funetion
at the zone 3 rate, as described in paragraph“3. As
soon as the infeed is removed, thefzone“2¢fdistance
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 follewing,zene 2 KD operation
will be less than the T2 setting.

CHARACTERISTICS

Time Delay/Range

Zone 25041 see¢t’— 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0°§,sec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

Fig¥3. Internal Schematic of the type TD-4 relay in
ET 27 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.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C. to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0

Operating Condition

Timing Circuit and DZII 50-90 MA  30-80MA  25-70MA
TX-Zy: 117 MA 106MA 103MA
TX-Zg: 117 MA 106 MA 103MA

Accuracy

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 *1%%.
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POS.

TIMER CONTROL CIRCUIT

TIMING, CIRCGUIT
MODULE

NEG. l

185A515

Fig. 5."Timer Control Circuit

(2) Consecutive Timings

If consecutive time chegks lare made at any
given setting, the readings decrease. This change of
time delay is due to the ‘‘voltage réecovery’’ of the
timing capacitor. Voltage reedverypis a characteristic
which all capacitors possess; it,has been minimized
by the selection of the timing €apacitor in the TD-4.

The amount of change in time delay depends up-
on the pause, oF duration Jof capacitor discharge be-
tween timingse If“a, pause of at least 3 seconds is
observed bgtween 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
timeQ\delay is considerable, between 3% and 4% in
mest cases. In no case will this decrease be more
than, 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than *5 milliseconds 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 variation of time delay with temperature is

shown in Fi g. 8.
Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms
TX-Z2 Relay Unit —  ** i 500 ohms
TX-Z3 Relay Unit _.  » ” 500 ohms

R2 Tapped Resistor—See Internal Schematic
R3 Tapped Resistor— *’ » i

RT Tapped Resistor— *’ i
DZ1 Zener Diode — 30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms

T3 Rheostat — Adjustable 0-100,000 ohms
0-50,000 ohms
(.3-1.5Sec. Range)

— Timing Circuit

"

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

SETTINGS

Proper time delay is selected by turdming the
knobs of rheostats T2 and T3. Refer to Flig, 1\

The correct taps for Rz, R3, ahd RT should be
selected for the supply voltage being“used.

INSTALLAFION

The relays should, bejymountéd on switchboard
panels or their equivalent in%a location free from
moisture. Mount thefrelag 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 theterminals by means of screws for steel-
panel méunting. The terminal studs may be easily
removed ‘ar inserted by locking two nuts on the stud
and thenwturning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L. 41-076.

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for

A,
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TIMER
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185A028

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

cleaning contacts is not recommended, because of
the danger of embedding small particles_in the, face
of the soft silver and thus, impairing' the“eontact.

Trouble Shooting Procedure

Use the following procedure 4o, lIoéate the source
of trouble if the TD-4 is ne@t operating correctly.

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

(Apply voltage betweengterminals 5 and 7 and check
TX-Z3 operation.)

2. Chéck reference voltage circuit. This is done
by measuring‘the voltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. Thispvoltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
d4crafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
T2 2 and 6 0-40,000 ohms
(TX>Z2 operated)
T3 2and 10 0-100,000 ohms
(.5-3.0 Sec.)
0-50,000 ohms
(.3-1.5 Sec.)
TR 2 and 4 2,000 ohms

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

Calibration

Use“the following procedure for calibrating the
relay\ifythe®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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015’* gap on all
contacts and at least .010’* follow on all nor-
mally open contacts and at least .005’’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or ’I‘3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay 1s measured for Ty, 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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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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 locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked 4n
the scale plate. When scribing calibration lines
for delays above .5 sec., there should bea
pause of at least 3 seconds between readings.

See Wsection under Accuracy for discussion of

this.

RENEWAL PARTS

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
complete nameplate data.
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TYPE TD-4 RELAY

* TABLE OF REPLACEABLE PARTS

CIRCUIT SYMBOL
(See Int. Schem. and TIME RANGE DESCRIPTION STYLE NO:.
also Fig. 5)
L 2
TX22 All Telephone relay, 500 ohm coil r-Relay Style
TX23 All Telephone relay, 500 ohm coil r-Relay Style
TR All Telephone Relay, 2000 ohm coil 7C280H09
RT All Resistor, 25 watts, 6500 ohms,
with tap at 350 and 2500 ohms 184A651HO01
Ry All Resistor, 25 watts, 2000 ohms,
with tap at 750 ohms 11D9511H04
Rg All Resistor, 25 watts, 2000 ohms
with tap at 750 ohms 11D9511H04
Ri All Resistor, 1050 oh 184A868G01
R3 All Resistor, 120 oh a 184A764H05
Ry All Resistor, 10K o &/2 watt 184A764H51
Rs All Resistor, 10 h 1%, Y2 watt 184A764H51
Rg All Resistor, 392 s, % watt 184A764H41
D1 All Dio 8 407C703H03
TRy, TRy All Tran r 2N697 184A638H18
DZ; All ZN) 10W, 1N2989B, 30V +5% 629AT98HO1
DZg All e iode, %2 watt, 18-20 volts 185A033HO01
C All C itor, 27 ufd., 35 V.D.C. 187A508H15
T2 All * Qtentiometer, 40K ohms 184A756H01
Ty .3-1.5 Sec. K\ Potentiometer, 50K ohms 184A756H03
T3 .5-3.0 Sec. Potentiometer, 100 K ohms 184AT56H02
Ro .3- 1.5 Sec. Resistor 5000 ohms 184A868G03
Ro .5-3.0 Resistor, 8000 ohms 184A868G02
Resistor Across \
TX Coil 1 Resistor, 3000 ohms, 3 watt 184A636H05
Resistor Across
TX Coil
(Slow Dropout) | @  All Resistor, 1000 ohms, % watt 184AT64H27
All Diode IN1224 508C320H12
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INSTALLATION

Westinghouse I.L. 41-5729F
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 [irst when remov-
ing the relay f[rom service.

APPLICATION

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.

CONSTRUCTION

* The Type TD-4 relay consists of an auxiliary
circuit for initiating the time delay, a referenée vol-
tage circuit, and a time delay circuit. A 4diodelis
added around the TX- Z2 and TX - Z3 coils onisome
types to override bounce of the initiating contact.

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltageg€ircuitg@onsists of a sili-
con power regulator (DZl) and a\tapped resistor (RT).

Time Delay Circuit

The time delayycireuit consists of a timing cir-
cuit module /M) agtelephone type relay (TR) and two
rheostats (T2 and T3). The timing circuit module
consists of antR-Cftiming circuit, a zener diode for
voltage sensing, and a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579E

*Denotes change from superseded issue

Timing Circuit Opefation

The R-C timing circuit in Fig. 5 delivers an in-
creasing voltageyto“the sensing zener diode (DZz).
This zener diode breaks down at approximately 63%
of the referenceyvoltage which is supplied by DZ;.
The rate of/ voltage rise is determined by the resis-
tancen(T?2 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
enDZo breaks down to provide base drive for trans-
istor TRy causing it to conduct. Emitter current of
TR2 provides base drive for transistor TRl. Trans-
istor TR-l conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE NOVEMBER 1965
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TYPE TD-4 RELAY

1.L. 41-579E

IMTERNAL SCHEMATIC
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* Fig.2. Internal Schematic of the type TD-4 Relay in
FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay/as
a zone 3 fault. This condition occurs wheng@€urrent
infeed changes the apparent impedance a$ seen by
the distance relay.

When this fault occurs, the zone 34distanee re-
lay energizes TX-Z3 and starts the timing function
at the zone 3 rate, as described ingparagraph 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 settingy.the T3 setting, and
the time at which the breaker clears the infeed. In
any event the trip time féllowing zone 2 KD operation
will be less than the T2 setting.

CHARACTERISTICS

Time Deldy Rafnge

Zone 2:°0.1 séc. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0.5"sec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

* Fig.3Internal Schematic of the type TD-4 relay in
FT 21 case. (Independent trip circuits)

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

TX — Z2 dropout time

TX — Z3 dropout time

0.45 — .075 sec.
.090 — 0.15 sec.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C, to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and DZI: 50-90 MA 30-80MA 25-T0MA
TX-Zz: 117 MA 106MA 103MA
Tx-ZB: 117 MA 106MA 103MA

Accuracy

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 *1Y:%.
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TYPE TD-4 RELAY

L.L. 41-579F

POS. TIMER _CONTROL CIRCUIT
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185A515

X* Fign5. Timer Control Circuit

(2) Consecutive Timings

If consecutive time cheeks {are made at any
given setting, the readings decréase.“This change of
time delay is due to the ‘‘valtage recovery’’ of the
timing capacitor. Voltage reeoveryis a characteristic
which all capacitors possess;‘it.has been minimized
by the selection of the timing{ecapacitor in the TD-4.

The amount of ¢hange in time delay depends up-
on the pause, er. duration of capacitor discharge be-
tween timings. If%a, palse of at least 3 seconds is
observed between readings, the timing will repeat
consistently, &0 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
timé) delay is considerable, between 3% and 4% in
most ‘eases. In no case will this decrease be more
than 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is
shown in Fi g. 8.

Nomenclature for Type TD-4 Timing Relay

TR Relay Unit — Nominal resistance 2,000 ohms
TX-Z2 Relay Unit — » i 500 ohms
TX-Z3 Relay Unit . »» »» 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— ** » i

k24

RT Tapped Resistor— ** i
DZ1 Zener Diode —30 volt breakdown - 10 watt

T, Rheostat — Adjustable 0-40,000 ohms
T3 Rheostat — Adjustable 0-100,000 ohms
M Module — Timing Circuit



TYPE TD-4 RELAY
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* Fig. 6. Voltage-Time Curves fof Minimum and Maximum Time Settings

SETTINGS

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

The correct taps for R2, R3, and RT should be
selected for the supply voltage being used.

INSTALLATION

The relays shouldgbe “mountéd on switchboard
panels or their equivalent in“@ location free from
moisture. Mount the relay verti€ally by means of the
four mounting holes oniyth€ 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 temminals by means of screws for steel-
panel meunting. The terminal studs may be easily
removed ar inserted by locking two nuts on the stud
and then turning the proper nut with a wrench. For

detailed F'T Case information, refer to I.L.. 41-076.

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 1is recommended
for this purpose. The use of abrasive material for

Fainate N



TYPE TD-4 RELAY

l.L. 41579F
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1851028

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

cleaning contacts is not recommended, because, of
the danger of embedding small particlesmin the, face
of the soft silver and thus, impairing the‘eentact.

Trouble Shooting Procedure

Use the following procedure te,locate the source
of trouble if the TD-4 is fot operating correctly.

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

(Apply voltage betwgénpterminals 5 and 7 and check
TX-Z3 operation.)

2. Cheek seferefice voltage circuit. This is done
by measuringthevoltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig, 1. ThiS” voltage should be zero before TX-Z2
and TX-23 operation, and between 27 and 32 volts
d-cafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, To and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance
Ty 2 and 6 0-40,000 ohms
(T Z2 operated)
T3 2and 10 0-100,000 ohms
Tg 24and 4 2,000 ohms

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

Calibratign

Use  the /following procedure for catibrating the
relayyifythe 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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015’’ gap on all
contacts and at least .010’’ follow on all nor-
mally open contacts and at least .005°’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay is measured for Ty, 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 all time delays above .5
seconds. 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 (DZI), or the module (M), the relay
should be recalibrated with a new scale plate.
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Fig. 8. Timing Variations with TemperaturegyChanges

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 locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked on
the scale plate. When scribing calibration lines
for delays above .5 sec., there should be a
pause of at least 3 seconds between readings.

See section under Accuracy for discussion of
this.

RENEWAL PARTS

Repair work can be done most satisfactorily at
the factory. However, interchangeable parts can be
fumished to customers who are equipped for doing
repair work. When ordering parts, always give the
complete nameplate data.
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%* Fig. 10 Internal schematic of the type TD-4 relay with
slow dropout relay (independent trip circuits).
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INSTALLATION

Westinghouse 1.L. 41-579C
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION 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 therelay from service.

APPLICATION

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.

CONSTRUCTION

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

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltagepcircuit consists of a sili-
con power regulator (DZI) andypa tapped resistor (RT).

Time Delay Circuit

The time delay gircuit consists of a timing cir-
cuit module (M)4a. telephone type relay (TR) and two
rheostats (’I‘2 and T3). The timing circuit module
consists offan 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-c trip
bus,as shown in the external schematic, Fig. 4 and
the timer control circuit, Fig. 5.

SUPERSEDES I.L. 41-579B

Complete Revision

Timing Circuit Operation

The R-C timing circuit in Fig. 5 delivers an in-
creasing voltage to,the sensing zener diode (Dz2).
This zener diodejbreaks down at approximately 63%
of the referenee voltage which is supplied by DZl.
The ratg ofwoltdge rise is determined by the resis-
tanee (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, DZ2 breaks down to provide base drive for trans-
istor TR4 causing it to conduct. Emitter current of
TR2 provides base drive for transistor TR,I. Trans-
istor TR conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE SEPTEMBER 1961
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TYPE TD-4 RELAY

I.L. 41-579C
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Fig. 2. Internal Schematic of S#290B349A09 TD-4 Relay
in FT21 case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

A zone 2 fault may appear to a distance relay/as
a zone 3 fault. This condition occurs wheng@urrent
infeed changes the apparent impedance a$§ seen by
the distance relay.

When this fault occurs, the zone 3gdistanece re-
lay energizes TX-Z3 and starts the timing function
at the zone 3 rate, as described ingparagraph 3. As
soon as the infeed is removed, the zone 2 distance
relay operates to energize TX«Z2.“Ehe 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 f©llowing zone 2 KD operation
will be less than the T2 setting.

CRARACTERISTICS

Time Deldy Rahge

Zone 2:°Qy1 sec. — 1.0 sec.
Zone 3: 0.5"sec. — 3.0 sec.

Reset Timé

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.

Figa3alnteinal Schematic S#290B349A10 TD-4 relay in
FT21 case. (Independent trip circuits)

Voltage Rating

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, up to 100°C.

B attery Drain

48 125 250
V.D.C. V.D.C. V.D.C.

Non-operating Condition: 0 0 0
Operating Condition

Timing Circuit and DZI: 50-90 MA  30-80MA 25-T0MA
TX-Zy: 117 MA 106MA 103MA
TX-Zg: 117 MA 106 MA 103MA

Accuracy

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 +1%%.
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TYPE TD-4 RELAY

1.L. 41-579C
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Figs 5. Timer Control Circuit

(2) Consecutive Timings

If consecutive time cheeks ‘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 recoeveryais a characteristic
which all capacitors possess; itylitas been minimized
by the selection of the timingSeapacitor in the TD-4.

The amount of ¢hange in time delay depends up-
on the pause, @r, duration/ of capacitor discharge be-
tween timing§. If “aypause of at least 3 seconds is
observed betweén readings, the timing will repeat
consistentlyy,&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
timegdelay is considerable, between 3% and 4% in
most, cases. In no case will this decrease be more
tham, 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is
shown in Fi g. 8.

Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms
TX-Z2 Relay Unit — »? i 500 ohms
TX-Z3 Relay Unit _ 4 ’” 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor — *’ ¥ »

R Tapped Resistor— *»* i ”

DZ1 Zenner Diode — 30 volt breakdown - 10 watt
T2 Rheostat — Adjustable 0-40,000 ohms

T3 Rheostat — Adjustable 0-100,000 ohms

M Module — Timing Circuit




TYPE TD-4 RELAY
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Proper time delay is selected by turning the
knobs of rheostats Tz and T3. Refer to Figgl.

The correct taps for Rz, R3, and RT should be
selected for the supply voltage being useds

INSTALLAFTON

The relays should”be “mounted on switchboard
panels or their equiValent in @ location free from
moisture. Mount the relag vertically by means of the
four mounting holes onythe 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. TheWelectrical connections may be made
directly to theterminals by means of screws for steel-
panel mounting. The terminal studs may be easily
removed ar inserted by locking two nuts on the stud
and, then turning the proper nut with a wrench. For

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
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Fig. 7. Test Circuit for S#290B349A09 Type TD-4 Relgy.
(Jumper terminals 6 and 10 when testing $#290B349
A10)

cleaning contacts is not recommended,9because of
the danger of embedding small particles, in“the face
of the soft silver and thus, impairifng theépcontact.

Trouble Shooting Procedure

Use the following procedureyto J¥o€ate the source
of trouble if the TD-4 isqnot operating correctly.

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

(Apply voltage between términals 5 and 7 and check
TX-Z3 operation.)

2. Checkdreference voltage circuit. This is done
by measuring,thefvoltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. This voltage should be zero before TX-Z2
and TX—Z3 operation, and between 27 and 32 volts
dse,after TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

I.L.A41-579C
should be as follows:
Ohmmeter Between
Component Module Terminals Resistance
T2 2 and 6 0-400,000 ohms
(BX-Z2 operated)
T3 2and 10 0-100,000 ohms
TR 2fand, 4 2,000 ohms

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

Calibragion

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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on the three telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact

leaf springs to obtain at least .015°’ gap on all
contacts and at least .010’* follow on all nor-
mally open contacts and at least .005’" follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay is measured for T2, or a .5 second delay 1is
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 all time delays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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Fig. 9. Outline and Drilling Plan for the Type TD-4 Relay in the FT21 Case.
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Westinghouse 1.L. 41-579G
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-4 TIME DELAY RELAY

CAUTION Before putting relays into service operate
the relay to check the electrical connections. Close
the red bandle switch last when placing the relay in
service. Open the red bhandle switch first when remov-
ing the relay from service.

APPLICATION

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.

CONSTRUCTION

The Type TD-4 relay consists of an auxiliary
circuit for initiating the time delay, a referenéépvol-
tage circuit, and a time delay circuit. Afdiode is
added around the TX-Z2 and TX- Z3 cqoils‘onfsome
types to override bounce of the initiating céntact:

Auxiliary Circuit for Initiating Time Delay

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

Reference Voltage Circuit

The reference voltage_cireuit, consists of a sili-
con power regulator (DZI) andga tapped resistor (RT).

Time Delay Circuit

The time delay“€ircuit consists of a timing cir-
cuit module4M) a telephone type relay (TR) and two
rheostats (T2 and T'3). The timing circuit module
consists of‘afi R-C timing circuit, a zener diode for
voltage sensingpfand a transistorized amplifying cir-
cuit.

OPERATION

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

SUPERSEDES I.L. 41-579F

*Denotes change from superseded issue

Timing Circuit Operation

The R-C timing circuit in Fig. 5 delivers an in-
creasing voltage to,.the sensing zener diode (DZZ).
This zener diodeybreaks down at approximately 63%
of the reference voltage which is supplied by DZ,.
The raté ofyvoltage rise is determined by the resis-
tamee (T2for)T3) in series with the timing capacitor.
Therefore,"he 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, DZg breaks down to provide base drive for trans-
ister TRy causing it to conduct. Emitter current of
TRZ provides base drive for transistor TRl- Trans-
istor TRy conducts, energizing output relay TR to
the trip the breaker.

1. Zone 2 Operation, Non-Carrier

For a zone 2 fault, both zone 2 and zone 3 KD
contacts close, energizing both TX-Z2 and TX-Z3.
This completes the D. C. reference voltage circuit
through DZl. 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. Zone 2 Operation, Carrier

This 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 Operation, Non-Carrier or Carrier

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 T3. At the end of the
time delay, TR is energized and completes the trip
path through the normally closed TX-Z2 contact.

EFFECTIVE OCTOBER 1966
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* Fig.2. Internal Schematic of the type TD-4 Relay in
FT2] case. (Common trip circuits)

4. Operation on a Zone 2 Fault Which Appears as a

Zone 3 Fault, Due to Infeed

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

When this fault occurs, the zone 3 distance“re-
lay energizes TX-Z3 and starts the timing,func¢tion
at the zone 3 rate, as described in paragraph 3. As
soon as the infeed is removed, thefzone“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 follewingyzone 2 KD operation
will be less than the T2 setting.

CHARACTERISTICS

Time DelayfRange

Zone 25001 se¢. — 1.0 sec.; 0.1 — 1.0 sec.
Zone 3: 0.5p8ec. — 3.0 sec.; 0.3 — 1.5 sec.

Reset Time

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.

* Figh3. Internal Schematic of the type TD-4 relay in
E.T 21 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 — 0.15 sec.

Voltage Rating Over The Temperature Range

48, 125 or 250 volts d-c. The relay can stand
110% voltage continuously, from —20°C. to 70°C.

Battery Drain

48 125 250
V.D.C. V.D.C. V.D.C.
Non-operating Condition: 0 0 0
Operating Condition
Timing Circuit and DZl: 50-90 MA  30-80MA 25-T0MA
TX-Z2: 117 MA 106 MA 103MA

TX-Z,: 117 MA 106MA 103MA

Accuracy

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 +1%%.
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% Fig. 5.“Timer Control Circuit

(2) Consecutive Timings

If consecutive time checks are made at any
given setting, the readings decredse. "Ehis change of
time delay is due to the ‘‘voltage recovery’’ of the
timing capacitor. Voltage reeaverynis a characteristic
which all capacitors possess;“it.has been minimized
by the selection of the timing eapacitor in the TD-4.

The amount of chamge in*time delay depends up-
on the pause, or duration of capacitor discharge be-
tween timingss If%, pausé of at least 3 seconds is
observed between readings, the timing will repeat
consistently, s that the total spread between the
highest and lewestfreadings will be no more than 2%
of the setting.

If timings are repeated rapidly, the decrease in
timegdelay is considerable, between 3% and 4% in
mest ‘¢éases. In no case will this decrease be more
than, 5% of the setting.

(3) Supply Voltage

Changes in supply voltage, between 80% and

110% of nominal, cause time delay variations of no
more than +5 milliseconds 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 variation of time delay with temperature is
shown in Fig. 8.

Nomenclature for Type TD-4 Timing Relay

TR Relay Unit —Nominal resistance 2,000 ohms

TX-Z2 Relay Unit — » i 500 ohms
TX-Z3 Relay Unit _ s 2 500 ohms
R2 Tapped Resistor—See Internal Schematic

R3 Tapped Resistor— ** » i

R Tapped Resistor — i 4 iad

— 30 volt breakdown - 10 watt
— Adjustable 0-40,000 ohms
— Adjustable 0-100,000 ohms
— Timing Circuit

DZ1 Zener Diode
T, Rheostat

T3 Rheostat

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

SETTINGS

Proper time delay is selected by turming the
knobs of rheostats T2 and T3. Refer to Fig. I\

The correct taps for Rz, R4, and RT should be
selected for the supply voltage being‘used.

INSTALLAFHON

The relays should bejmountéd on switchboard
panels or their equivalent inja location free from
moisture. Mount thefrelag 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 théterminals by means of screws for steel-
panel méunting. The terminal studs may be easily
removed ‘ar inserted by locking two nuts on the stud
and thenwturning the proper nut with a wrench. For

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

ADJUSTMENTS AND MAINTENANCE

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.

Acceptance Tests

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. 1.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended
for this purpose. The use of abrasive material for
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Fig. 7. Test Circuit for the Type TD-4 Relay. (Jumper
terminals 6 and 10 when testing relay with int
dependent trip contacts).

cleaning contacts is not recommended, because, of
the danger of embedding small particlesgin the, face
of the soft silver and thus, impairing the“eontact.

Trouble Shooting Procedure

Use the following procedure “‘te,loéate the source
of trouble if the TD-4 is net operating correctly.

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

(Apply voltage betweengterminals 5 and 7 and check
TX-Z3 operation.)

2. Cheek réference voltage circuit. This is done
by measuring‘the yoltage between module terminal 2
(positive) and relay terminal 8 (negative) with a d-c
voltmeter. Module terminal numbers are shown in
Fig. 1. Thisy voltage should be zero before TX-Z2
and TX-Z3 operation, and between 27 and 32 volts
d-chafter TX-Z2 or TX-Z3 operation.

3. Checks rheostats, T2 and T3, and tripping
telephone relay, TR, with an ohmmeter. The readings

should be as follows:

Ohmmeter Between

Component Module Terminals Resistance

T2 2 and 6 0-40,000 ohms

(TX-Z2 operated)
T3 2and 10 0-100,000 ohms
TR 2 and 4 2,000 ohms

4. If the aboveWehecks do not determine the
source of trouble,feither'the wiring or the module, M,
is faulty.

Calibration

Use“the following procedure for calibrating the
relayyifythe“relay adjustments have been disturbed.
‘Fhis 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 source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gap on thethree telephone
type relays to be approximately .004’’ with the
armature closed. This is done with the armature
set-screw and lock-nut. Also, adjust contact
leaf springs to obtain at least .015”’ gap on all
contacts and at least .010”" follow on all nor-
mally open contacts and at least .005°’ follow
on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the T2 or T3
rheostats, the relay may be recalibrated with
the same scale plate. This is done by rotating
the shaft, without knob, until a 1.0 second de-
lay 1s measured for TZ' 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 all time declays above .5
seconds. 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 (DZl), or the module (M), the relay
should be recalibrated with a new scale plate.
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Fig. 8. Timing Variations with Temperatute Changes

The first step should be to insure that the knob
is approximately vertical for the mid-scale time
time delay (.550 sec. for Ty and 1.75 sec. for Tg
This will locate the calibration lines symmetri-
cally around the scale plate. After centering
and securely locking the knob on the rheostat
shaft, new calibration lines may be marked én
the scale plate. When scribing calibration lines
for delays above .5 sec., there should bhé™a
pause of at least 3 seconds between readings.

See “section under Accuracy for discussion of
this.

RENEWAL PARTS

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
complete nameplate data.
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Fig. 9. Internal Schematic of the type TD-4 Relay with
slow dropout relay (common trip circuit).

8

%* Fig.10 Internal schematic of the type TD-4 relay with
slow dropout relay(independent trip circuits).
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