INSTALLATION

Westinghouse I.L.41-579.1M
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an output
telephone relay (TR), and an indicating contactor
switch (ICS). An auxiliary relay (TX) is supplied
on some types to override bounce of the initiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides aWyfixed
supply voltage to the R-C time delay circuit"and pro-
tects the static components from high voltages. It
consists of a silicon power regulatoyfand ‘@asSeries
resistor (Rs). The silicon powenregulator(Z) is a
10 watt Zener diode mounted on_amyaldminum heat
sink. The series resistor (Rs) isya 3%%nch resistor
which is tapped for 24/32 volf d-c%and 48/125 volt
d-c relays.

Rheostat and Scale Plate

The rheostat (T) pr@vides™a variable resistance
for the R-C time ,delay gircuit. It is of wire-wound
construction, whichiymifimizes resistance change
with temperatdre. Do nag remove the knob from the
rheostat shaft, since it is not easy to replace the
knob in the calibrated position. The timing =cale is
non-linear as explained in the section under Printed

Circuit.
Potentiometer

Theéeypotentiometer (P), provides a biasing volt-
age whichikeeps the silicon controlled rectifier (SCR)
turnedg off until the capacitor voltage reaches the
potentiometer brush voltage. It is of wire-wound con-
struction and has a locking nut which should not be
loosened unless the relay is being re-calibrated.

frin'ed Circuit

The printed circuit comtainsia diode (Dq) which
protects the static comp@nentshwn case the relay is
connected with reverse polasity, a limiting timing
resistor (RL), timing ‘e€apacitor (C), a parallel
resistor (Rp) which makes’the calibrating scale non-
linear, and a silicon@eontrolled rectifier (SCR). The
printed circuit al'§g contains a diode (D9) to reverse
bias SCR, afTesistor (Ro) and diode (Dg3) to protect
the static “eomponents from the inductive voltage
kick assoeiated” with the telephone relay coil, and
series diedes?(Dy4, Dg, and Dg) which compensate
for the forward voltage drop through SCR and Dy and
zener reference variations.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

Al possible contingencies which may arise during
installation, operation, or maintenance, and all
details and variations of this equipment do not
purport to be covered by these instructions. 1f
further information is desired by purchaser re-
garding his particular installation, operation or
maintenance of his equipment, the local West-
inghouse Electric Corporation representative
should be contacted.

SUPERSEDES I.L. 41-579.1L, dated JUNE 1974

Addendum to I.L. 41-579.1L , dated APRIL 1979

O Denotes changed since previous Issue.

EFFECTIVE MARCH 1980
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from the inductive voltage kicks associated with the

telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on

48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (1CS)

The indicating contactor switch is a small d-¢
operated clapper type device. A magnetic armatupe,
to which leaf-spring mounted contacts are "attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, the/meving
contacts bridge two stationary contacts, ‘completing
the trip circuit. Also, during this foperation two
fingers on the armature deflect @ spring located on
the front of the switch, which allowsythe operation
indicator target to drop. Theptarget.is reset from the
outside of the case by a pushéred located at the bot-

© tom of the cover,

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup vdlue afshe switch.

OPERATION

Operation of“thé TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
condueting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
but in the» conducting state acts as a closed switch
to cénnect the telephone relay to the d-c source. To
switcn the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This current is
produced by the difference in voltage across the ca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across fhe potenti-
ometer brush but is delayed imgbuilding up across
the capacitor in accordance withgthe R-C time con-
stant of the circuit. As longdas thegCapacitor voltage
is less than the potentiometer“brush voltage, a re-
verse voltage appears agrogs the diode, Do, andthe
SCR to keep the silieon (eontrolled rectifier (SCR)
biased off. When the capacitor voltage reaches the
potentiometer brush “weltage plus approximately one
volt (forward voltageydrop across SCR and Dj), gate
current will flow, to the silicon controlled rectifier
(SCPR). This “eurrent switches the SCR to a con-
ducting, state’'to “allow the telephone relay (TR) to
pickup:

The SCR latches on when it switches and can be
resetponly by removing voltage from terminals8 and 9.
Ifia tripicoil supervisory indicator lamp is used, when
the timer is used with a fault detectorto trip abreaker,
agbreaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
pemitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Bettery Drain
24 Volts d-c 32 Volts dic 48 Volts d-c 125 Volts d-c 250 Volts d-c
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperature Range

The relay can stand 110% Weltage continuously
over a temperature range of 4#408C. to +70°C.

Reverse Polarity

Diode (D) Mmitsfreverse voltage of the static
components to lessdthanfone volt d-c, so that no
damage is done to theycircuit by connecting the relay
with reverse polarity. However, the relay will, of
course, not operate under this condition, and series
resistor (RS) may over-heat if reverse voltage is
applied for‘approximately 15 minutes or more.

Reset Time

TR drop-out time = 0.1 sec. orless. TR drop-out
time of )Relay with TX contact is an additional 15
msec.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D2,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test



TYPE TD.5 RELAY

¥ TABLE OF REPLACEABLE PARTS

CIRCUIT RELAY CHARACTERISTIC b ESCRIPTI ON STYLE
SYMBOL 'nc voLTS | TIME RANGES NUMBER
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap 184A064H03
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95 ohms 187A321H01
250 All Resistor, 40 Watts, 2500 + 5% ohms 1995653
Z 24/32 All Zener Diode, 1N2977B, 10 Watts, 13 Volts 629AT798H02
48/125 All Zener Diode, 1N2986B, 10 Watts, 24 Volts 629AT98H03
250 All Zener Diode, 1N2999B, 10 Watts, 56 Volts 629A7T98H04
D All All Silicon Diode, 1N4818, 200 Volts, 0.75 Amp 188A342H06
Z1, Z8 All All Zener Diode 1N3051 (For TD-5 with Tx only) 187A936H01
T All 0.05-1 Rheostat, 3 Watt, 40K 184A756H01
All 0.2 -4 Rheostat, 4 Watt, 100K 184A756H02
All 1.5 -30 Rheostat, 4 Watt, 100K 184A756H02
All .05-.4 Rheostat, 4 Watt, 20K 184A756H04
R, 24/32 0.05-1 & .05-.4 | Resistor, 1/2 Watt, 1K + 1% 862A376H01
48/125 0.05-1 & .05-.4 | Resistor, 1/2 Watt, 1K + 1% 862A376H01
250 0.05-1 & .05-.4 | Resistor, 3 Watts, 1K * 5% 184A636H08
All 0.2-4 Resistor, 1/2 Watt, 5.6K * 1% 862A376H73
All 1.5-30 Resistor, 1/2 Watt, 5.6K £ 1% 862A376HT3
(@) 24/32 0.05-1 & .05-.4 | Tantalum Capacitor, 22af, 35 volts 184A661H16
48/125 0.05-1 & .05-.4 | Tantalum Capacitor,g22uf, 35 volts 184A661H16
250 0.05-1 & .05-.4 | Tantalum Capacitor, 22uf,#0 volts 184A661H17
24/32 0.2-4 Tantalum Capaciter, 22uf, 35 volts 184A661H16
48/125 0.2-4 Tantalum C@pacitor, 22uf, 35 volts 184A661H16
250 0.2-4 Tantalum4€apagitor, 22uf, 50 volts 184A661H17
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V 184A661H16
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V 184A661H16
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V 184A661H17
Rp All 0.05-1 & .05-.4 | Reslistor@l/2 W, 62K * 1% 184AT64H70
All 0.2-4 Resistord1/2 Watt, 267K + 1% 184A764H85
All 1.5-30 Resistor, 1/2 Watt, 267K + 1% 184 A7T64H85
TR 24/32 All Telephone Relay, 30 ohm coil 407C614H05
48/125 All Télephone Relay, 125 ohms coil 407C614H06
250 0.05-1 & .05-.4 }\Telephone Relay, 125 ohm coil 407C614H06
250 0.2-4 Telephone Relay, 650 ohm coil 407C614H07
250 1.5-30 Telephone Relay, 650 ohm coil 407C614H07
Tx 48/125 All Telephone Relay 750 ohm coil 19B1312H09
Re 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms 187A290H19
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms 184AT63H13
250 All Resistor, 1/2 Watt, 1200 + 5% ohms 184AT763H29
SCR 24/32 All Silicon Controlled Rectifier, 2N885 185A517H02
48/125 All Silicon Controlled Rectifier, 2N885 185A517H02
250 All Silicon Controlled Rectifier, 2N886 185A51THO3
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms 185A067HO04
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms 185A067HO05
250 All Potentiometer, 4 Watts, 1300 + 10% ohms 185A067H06

WESTINGHOUSE ELECTRIC CORPORATION
REDAV'INSTRUMENT DIVISION CORAL SPRINGS, FL.

Printed in U.S.A.
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TYPE TD-5 RELAY

2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and

€ 14.0 volts for 24/32 volt relays, between 21.5and

© 25.5 volts for 48/125 volt relays, and between 50

@ and 59 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
trush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and D,

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may he the cause of trouble. The anode
to cathode voltage, as measured between nrinted
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacito
voltage reaches the brush voltage, at which tin
the wnode to cathode voltage should drop to ap-
proximately one volt.

Calibration * O

Use tie following procedure for calibrati
relav if the relayv adjustments have n urbed.
This procedure should not be used i ¥S appa-
rent that the relay is not in proper working order.

Before calibrating, follow the T yoting Pro-
cedure to locate the source of

1. Telephone Type Rel dj ent

%

the telephone type
inch with the armature
armature set-screw and

Adjust the arme
relav to be approximateld
closed., This is done with t
lock-nut. Also, adjust contact leaf springs to obtain
at least (015 inch gap®n all contacts and at least
010 inch followgon all normally open contacts and at
least.00510n won all normally closed contacts.

5% Adjustment, Same Scale Plate

rcessary to replace the rheostat (T) or

the silicon power regulator (Z), the relay may he
recalibrated with the same scale plate, in most cases
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum sca

marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all (lolﬁvs

above .05 seconds. See section underg: acy for
discussion of this.

brated with a new scale se the following
procedure:

3. Scale Plate Calibration, New S P [ape
If it is necessary to repla potentiometer
(P) or the printed circuit, ther ould be recali-
e.

(a). With the knob ¢
('T) at maximum.

he shaft, set the rheostat

t the times are 5% to 109
m scale marking.

(b). Adju
longer than the

{c)., Se e ostat (T) at minimum and check
than or equal to theminimum scale

that tim%
marking. If ;) adjust P slightlv to reduce times.

Tighten k nut on P.
( ace the knob on the rheostat shaft in such
0Ss that the times are symmetrical with respect

the scale plate marking. Tighten the knob set-
crew and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
econd, pause at least 3 seconds between readings.
Sece section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relayv contacts and pass suffi-
cient dvc current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact wipe should be 1/64’" to 3/64"
between the bridging moving contact and the adjust
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
gously.

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. Whenordering parts, alwaysgive the com-
plete nameplate data.
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I.L. 41-579.1M

circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Table |
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.03 - 1.0 seconds |[at least 3 seconds +2%
0.2 - 4.0 seconds |at least 5 seconds +2%,
1.5 -30 seconds |atleast 5 seconds +2%

Timing accuracy for fast repetitions will be per
Table II.

Table Il
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05 - 1.0 seconds instantaneous +4%
0.2 - 4.0 seconds instantaneous +4%
1.5 -30 seconds approx. % sec. ¥4,

(3) Supply Voltage

Changes in supply voltage, between“80% “and
110% of nominal, cause time delay vafiatiens“of no
more than + 3 milliseconds for settings'ef 0.3/ seconds
or less, and no more than + 1% for settingsfabove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variationh in‘time delay is a direct
function of capacitance, change with temperature.
Typical variation ofgtime“d€lay with temperature is
shown in Figure 3.

SETTINGS

The timedelagis selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selectedfor the supply voltage being used.

Indi@ating Contactar Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration, aand heat. Mount the
relay vertically by means, of®the four mounting holes
on the flange for semi-flushimounting or by means of
the rear mounting studfor studs for projection mount-
ing. 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 scréws, for'steel panel mounting or to the
terminal studs, furnished with the relay for thick panel
mountinggFheterminal studs may be easily removed
or inserted/byalocking two nuts on the stud and then
turning the proper nuts with a wrench.

For detailed FT case information refer to I.L.
472076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay and printed circuit
terminals.



ADDENDUM TO Westinghouse 1.L. 41-579.1L
INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

This sheet notes changes which should be made in Instruction Leaflet IL. 41-579.1L
dated June 1974.

On page 6, first column, paragraph 2 at top of page which is, partsof TROUBLE SHOOTING
PROCEDURE should read as follows:

2. Check the reference voltage circuity This is done
by measuring the d-c voltage®across the silicon
power regulator, Z. Connectithe d-c voltmeter
positive terminal to(the ‘rear terminal of RS
and the negative terminal to relay terminal 8.
Apply rated voltage per.the test circuit diagram.
Figure 4, the"Zener voltage should be between
11.0 and{14.0 volts for 24/32 volt relays,
between, 2196 _and 25.5 volts for 48/125 volt
relays, andybetween 50 and 59 volts for 250
volt relays:.

SMpossible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. 1f further
inforniation is desired by purchaser regarding his particular installation, operation or maintenance of
his equipmient, the local Westinghouse Electric Corporation representative should be contacted.

ADDENDUM TO I.L. 41-579.1L EFFECTIVE APRIL 1979







ADDENDUM TO Westinghouse 1.L. 41-579.1L
INSTALLATION e OPERATION e MAINTENANCE

INSTRWUCTIONS

TYPE TD-5 TIME DELAY RELAY

This sheet notes changes which should be made in Instruction Leaflet IL. 41-579.1L
dated June 1974.

On page 6, first column, paragraph 2 at top of page which isypartwof TROUBLE SHOOTING
PROCEDURE should read as follows:

2. Check the reference voltage cireuit’This is done
by measuring the d-c yoltage aeross the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal toqthe reéar terminal of RS
and the negative terminal to relay terminal 8.
Apply rated voltage perthe test circuit diagram.
Figure 4, thé Zener yoltage should be between
11.0 and<{14.0" volts for 24/32 volt relays,
betweeny21.5,and 25.5 volts for 48/125 wvolt
relays, andWbetween 50 and 59 volts for 250
volt relays:

W/ possible contingencies which may arise during installation, operation, or maintenance, and all
Herails and variations of this equipment do not purport 10 be covered by these instructions. If further
information is desired by purchaser regarding his particular installation. operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.
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INSTALLATION

Westinghouse I.L. 41-579.1k
OPERATION ¢ MAINTENANCE

INSTRUCTIO NS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an output
telephone relay (TR), and an indicating ce@ntactor
switch (ICS). An auxiliary relay (TX) is“suppdied
on some types to override bounce of thedinitiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides®a fixed
supply voltage to the R-C time @elay)circuit and pro-
tects the static components from<“high“voltages. It
consists of a silicon powger regulator and a series
resistor (Rs). The silicon power<regulator (Z) is a
10 watt Zener diode mounted ‘6ndan aluminum heat
sink. The series resistor (Rs){is a 3Y% inch resistor
which is tapped for 24/32%Welt d-c and 48/125 volt
d-c relays.

Rheostat and Scalle, Plate

The rheostai®(T) provides a variable resistance
for the R-Cjtime delay circuit. It is of wire-wound
construction, “whi¢h minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft, since it is not easy to replace the
knob,in the calibrated position. The timing scale is
non-linear as explained in the section under Printed

Circuity
Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1K

*Denotes change from superseded issue.

age which keeps the silicomycontrolled rectifier (SCR)
turned off until the eapacitor voltage reaches the
potentiometer brush veltage. It is of wire-wound con-
struction and has@a locking nut which should not be
loosened unless, theéwfrelay is being re-calibrated.

_F“rinfed Circuit

The printed circuit contains a diode (D) which
prote@tsWthe static components in case the relay is
connected with reverse polarity, a limiting timing
resistor” (Rp,), timing capacitor (C), a parallel
tesistor (Rp) which makes the calibrating scale non-
linear, and a silicon controlled rectifier (SCR). The
printed circuit also contains a diode (Dg) to reverse
bias SCR, a resistor (Rc) and diode (Dg) to protect
the static components from the inductive voltage
kick associated with the telephone relay coil, and
series diodes (D4, Ds, and Dg) which compensate
for the forward voltage drop through SCR and Dy and
zener reference variations.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE JUNE 1974



TYPE TD-5 RELAY
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Fig. 1. Type TD-5 Relay Without Case.
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TYPE TD-5 RELAY

l.L. 41-579.1L

INTERRAL SCHEMATIC

1. -TELEPMORE
INDICATING RELAY
CONTACTOR —
SWITCH

SILICON
),/ CONTROLLED
RECTIFIER
Rs
FD'& CONTROL CKT.
RESIS
A U il | T
PRINTED BOARD

TERMINALS 3T TTT T

a

A:NOT TAPPED
[—RED DOT
“-RED HANDLE

[~ TEST SWITCH

F—TERNINAL

FRONT VIEW

187A293

Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the
telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a smallgd-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attacheéd,
is attracted to the magnetic core upon energizatien
of the switch. When the switch closes, the mewing
contacts bridge two stationary contacts,/completing
the trip circuit. Also, during this operation two
fingers on the armature deflect a spring lecated on
the front of the switch, which allewsjthe/operation
indicator target to drop. The targét isyreset from the
outside of the case by a push rodilocated at the bot-
tom of the case.

The front spring, in addition to holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value ¢f the switch.

OPERATION

Operationyef the4TD-5 relay occurs when a sili-
con controlled reetifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
butgin the conducting state acts as a closed switch
to comnneet the telephone relay to the d-c source. To
switéh the SCR from a non-conducting state to a con-
dueting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This currentis
produced by the difference in voltage across the ca-
pacitor (C) and the brush of the potentiometes (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance withr the R-C time con-
stant of the circuit. As long as thie ‘¢apacitor voltage
is less than the potentiometer bruSh voltage, a re-
verse voltage appears across the,diode, Do, andthe
SCR to keep the silicon scontrolled rectifier (SCR)
biased off. When the§capacifor voltage reaches the
potentiometer brush voltage plus approximately one
volt (forward voltageddrop across SCR and Dy), gate
current will flgw t@ythe silicon controlled rectifier
(SCR). This current switches the SCR to a con-
ducting stdateto allow the telephone relay (TR) to
pickup.

The SER latches on when it switches and can be
reset,onlyby removing voltage from terminals 8 and 9.
If a%trip coil supervisory indicator lamp is used, when
the, timer is used with a fault detectorto trip a breaker,
a bréaker ‘‘a’’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Fig. 3. Timing Variation with Temperature Changes.
Battery Drain
24 Volts d-c 32 Volts d-¢ 48 Volts d-c 125 Volts d-c 250 Volts d-c
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has®an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The TemperaturelRange

The relay can stand 110% veltage continuously
over a temperature range of —403,C.Wto + 70°C.

Reverse Polarity

Diode (D;) limitg'reverse voltage of the static
components to less than” one“volt d-c, so that no
damage is done to theéircuit by connecting the relay
with reverse polarity. “He@wever, the relay will, of
course, not operate under this condition, and series
resistor (RS) may oyver-heat if reverse voltage is
applied for approximately 15 minutes or more.

Reset Time

TRAdrop=out time = 0.1 sec. or less. TR drop-out
timepof Relay with TX contact is an additional 15
msec.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D2,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test

ywwh



TYPE TD-5 RELAY

¥ TABLE OF REPLACEABLE PARTS

RELAY CHARACTERISTIC

CIRCUIT STYLE
SYMBOL | pc voL TS | TIME RANGES cESCRIPTION NUMBER
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap 184A064H03
48/125 All Resistor, 40 Watts, 550 +* 5% ohms, tap at 95 ohms 187A321HO01
250 All Resistor, 40 Watts, 2500 + 5% ohms 1995653
V4 24/32 All Zener Diode, 1IN2977B, 10 Watts, 13 Volts 629A798H02
48/125 All Zener Diode, 1IN2986B, 10 Watts, 24 Volts 629AT98H03
250 All Zener Diode, IN2999B, 10 Watts, 56 Volts 629A7T98H04
D All All Silicon Diode, 1N4818, 200 Volts, 0.75 Amp 188A342H06
Z7, Z8 All All Zener Diode 1N3051 (For TD-5 with Tx only) 187TA936H01
T All 0.05-1 Rheostat, 3 Watt, 40K 184AT56H01
All 0.2 -4 Rheostat, 4 Watt, 100K 184AT756H02
All 1.5 -30 Rheostat, 4 Watt, 100K 184A756H02
All .05-.4 Rheostat, 4 Watt, 20K 184A756H04
Ry, 24/32 0.05-1 & .05-.4 | Resistor, 1/2 Watt, 1K + 1% 862A376HO01
48/125 0.05-1 & .05-.4 | Resistor, 1/2 Watt, 1K + 1% 862A376HO01
250 0.05-1 & .05-.4 | Resistor, 3 Watts, 1K # 5% 184A636H08
All 0.2-4 Resistor, 1/2 Watt, 5.6K #41% 862A376H73
All 1.5-30 Resistor, 1/2 Watt, 5.6Kpt 1% 862A376H73
C 24/32 0.05-1 & .05-.4 | Tantalum Capacitor,“22uf, 35 volts 184A661H16
48/125 0.05-1 & .05-.4 | Tantalum Capacifory22uf; 35 volts 184A661H16
250 0.05-1 & .05-.4 | Tantalum Capacitor, 22uf, 50 volts 184A661H17
24/32 0.2-4 TantalumgCapacitome22uf, 35 volts 184A661H16
48/125 0.2-4 TantalumyCapacitor, 22uf, 35 volts 184A661H16
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts 184A661H17
24/32 1.5-30 Tantalum @apacitor, 22uf, (7 in parallel) 35 V 184A661H16
48/125 1.5-30 TantalumyCapacitor, 22uf, (7 in parallel) 35 V 184A661H16
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V 184A661H17
Rp All 0.05-1 & .05-,4 | Resistor, 1/2 W, 62K * 1% 184A764HT0
All 0.2-4 Resistor, 1/2 Watt, 267K * 1% 184A764H85
All 1.5-30 Resistor, 1/2 Watt, 267K * 1% 184A764H85
TR 24/32 All Telephone Relay, 30 ohm coil 407C614H05
48/125 All Telephone Relay, 125 ohms coil 407C614H06
250 0.05-1 &, .05-;4 | Telephone Relay, 125 ohm coil 407C614H06
250 On2-4 Telephone Relay, 650 ohm coil 407C614H07
250 1.5%30 Telephone Relay, 650 ohm coil 407C614H07
Tx 48/125 All Telephone Relay 750 ohm coil 19B1312H09
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms 187A290H19
48/425 All Resistor, 1/2 Watt, 270 + 5% ohms 184A763H13
250 All Resistor, 1/2 Watt, 1200 + 5% ohms 184A763H29
SCR 24/32 All Silicon Controlled Rectifier, 2N885 185A517TH02
48/125 All Silicon Controlled Rectifier, 2N885 185A517H02
250 All Silicon Controlled Rectifier, 2N886 185A517HO03
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms 185A067H04
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms 185A067THO05
250 All Potentiometer, 4 Watts, 1300 + 10% ohms 185A067THO06

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION

NEWARK, N. J.

Printed in U.S.A.
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TYPE TD-5 RELAY

2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and D,.

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately:
one-half the reference voltage until the capaciter
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop fo ap-
proximately one volt.

Calibration

Use the following procedure for4galibrating the
relay if the relay adjustments have beemydisturbed.
This procedure should not be usedr until®it is appa-
rent that the relay is not in proper\working order.
Before calibrating, follow the,Troubl€e Shooting Pro-
cedure to locate the source @f trouble.

1, Telephone Type Relay Adjustment

Adjust the armatdre gap on the telephone type
relay to be approximately£004 inch 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 inch gap on all contacts and at least
.010 inch follow on all normally open contacts and at
least.005%neh follow on all normally closed contacts.

2. Rhegstat Knob Adjustment, Same Scale Plate

L it )s necessary to replace the rheostat (T) or

the silicon power regulator (Z), the relay may be
recalibrated with the same scale plate, in most cases.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum ‘Seale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all delays
above .05 seconds. See section underAccuracy for
discussion of this.

3. Scale Plate Calibration, New Seale Plate

If it is necessary to geplace/the potentiometer
(P) or the printed circuit, thelgelay should be recali-
brated with a new scaleyplate. Use the following
procedure:

(a). With the knobyeff the shaft, set the rheostat
(T) at maximum.

(b). Adjust Pso that the times are 5% to 10%
longer than the maximum scale marking.

(c). Set the rheostat (T) at minimum and check
that times areless than or equal to theminimum scale
marking. Tf'not, adjust P slightly to reduce times.
Tightenlock nut on P.

(d). Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, always give the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Table |
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05 - 1.0 seconds |at least 3 seconds +29%
0.2 - 4.0 seconds |at least 5 seconds +2%
1.5 -30 seconds |at least 5 seconds +29,
Timing accuracy for fast repetitions will be per
Table II.
Table |1
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05 - 1.0 seconds instantaneous +4%
0.2 - 4.0 seconds instantaneous +4%
1.5 -30 seconds approx. % sec. +4%

(3) Supply Voltage

Changes in supply voltage, between 80% and
110% of nominal, cause time delay variations jof,no
more than * 3 milliseconds for settings of 0.3"sgconds
or less, and no more than + 1% for settings abhove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variation ig'time delay is a direct
function of capacitance change with temperature.
Typical variation of timegdebay “with temperature is
shown in Figure 3.

SETTINGS

The time delayis s€lected by adjusting rheostat,
T.

The correct tap on series resistor, Rg should
be selected for the supply voltage being used.

Indicating®Contactor Switch (ICS)

No setting is required on the ICS unit except the
sélection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration, and_heat. Mount the
relay vertically by means of the four mounting holes
on the flange for semi-flush mounting or by means of
the rear mounting stud or stgds/fer, projection mount-
ing. Either a mounting stud @r 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 or to the
terminal studs furnished with the relay for thick panel
mounting. Thegtérminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning thelpropernuts with a wrench.

Foradetailed FT case information refer to I.L.
412076.

ADJUSTMENT AND MAINTENANCE

‘The proper adjustments to insure correct opera-
tien of this relay have been made at the factory and
should not be disturbed after receipt by the customer.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.

1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.
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TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an/output
telephone relay (TR), and an indicating cenmtactor
switch (ICS). An auxiliary relay (TX) iSisupplied
on some types to override bounce of the_initiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides a fixed
supply voltage to the R-C time delay.cireuit and pro-
tects the static components from high’ voltages. It
consists of a silicon power fegulator and a series
resistor (Rs). The silicongpeowetyfegulator (Z) is a
10 watt Zener diode mounted ‘én an aluminum heat
sink. The series resistor (Rs)fis a 3% inch resistor
which is tapped for 24/82¢volt d-c and 48/125 volt
d-c relays.

Rheostat andScale Plate

The rhegstdt (T)fbrovides a variable resistance
for the R-C timeydelay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft, since it is not easy to replace the
knob im, the calibrated position. The timing scale is
non-hiftear, as explained in the section under Printed

Cireuit.
Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1)

*Denotes change from superseded issue.

age which keeps the silicon controlled rectifier (SCR)
turned off until the “@apa@itor voltage reaches the
potentiometer brush,voltage. It is of wire-wound con-
struction and haspa l'éeking nut which should not be
loosened unless the, relay is being re-calibrated.

Printed Circyit

Theyprinted circuit contains a diode (D) which
protects, the, static components in case the relay is
conneeted, with reverse polarity, a limiting timing re-
Sistomy(R1)), timing capacitor (C) a parallel resistor
(Rprgwhich makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Do) to reverse bias
8CR, a resistor (R¢) and diode (Dg3) to-protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, Dg, and Dg) which compensate for the
forward voltage drop through SCR and Dy and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE FEBRUARY 1972
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Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the

telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a small ‘d:c
operated clapper type device. A magnetic darmature,
to which leaf-spring mounted contacts areépattached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes,#theamoving
contacts bridge two stationary contacts, ¢ompleting
the trip circuit. Also, during thisfoperation two
fingers on the armature deflectga spring located on
the front of the switch, which allews the operation
indicator target to drop. The tdrget is“reset rom the
outside of the case by a push rodlecated at the bot-
tom of the case.

The front spring, in ‘addition to holding the tar-
get, provides restraintgforthe armature and thus con-
trols the pickup malue of the switch.

OPERATION

Operation“of, the TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
but,ifmthe conducting state acts as a closed switch
tomeonnect the telephone relay to the d-c source. To
switch the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This currentis
produced by the difference in voltage acfoss the ca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across,the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance withsthe R-C time con-
stant of the circuit. As long as the capacitor voltage
is less than the potentiometeér brush voltage, a re-
verse voltage appears @crgss§pthe diode, Dy, and the
SCR to keep the silicon controlled rectifier (SCR)
biased off. When the “@apacitor voltage reaches the
potentiometer brushyvoltage plus approximately one
volt (forward ybltage drop across SCR and Dy), gate
current will €lew to¥the silicon controlled rectifier
(SCP). Thi§y current switches the SCR to a con-
ducting state tor allow the telephone relay (TR) to
pickups

The SCR latches on when it switches and can be
reset only by removing voltage from terminals8 and 9.
If a trip coil supervisory indicator lamp is used, when
theyptdimer is used with afault detectorto trip abreaker,

e 9

a breaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
pemitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05~-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Battery Drain

24 Volts d-c 32 Volts d-c
STAND-BY: 0 0
OPERATING: 500 MA 420.MA

48 Volts d-c

125 Volts d-c 250 Volts d-c

0 0 0
270 MA 180 MA 80 MA

NOTE: TD-5 with TX,Relay has an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperdtire Rdnge

The relay can stand 110% Vveltage continuously
over a temperature range of /~40°C. to +70°C.

Reverse Polarity

Diode (D;) limits reverse voltage of the static
components to less than ofe volt d-c, so that no
damage is done to theteireitit by connecting the relay
with reverse polarity. However, the relay will, of
course, not operate under this condition, and series
resistor (Rs) may ‘Over-heat if reverse voltage is
applied for approximately 15 minutes or more.

Reset Time

T Ridrop-out time =0.1 sec. orless. TR drop-out
time,ofgRelay with TX contact is an additional 15
msee.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and DZ'
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test

e
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TABLE OF REPLACEABLE P ARTS

—_—
CIRCUIT RELAY CHARACTERISTIC
DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
RS 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at (95.6hms
250 All Resistor, 40 Watts, 2500 + 5% ohms
Z 24/32 All Zener Diode, IN2977B, 10 Watts, 13/Volts
48/125 All Zener Diode, IN2986B, 10 Watts, 24"Volts
250 All Zener Diode, IN2999B, 10 Watts, 56pVolts
D All All Silicon Diode, 1IN538, 200 Velts, 00@5 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2- Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
All .05-.4 Rheostat, 4 Watt, 20K
R, 24/32 0.05-1 & .05-.4 | Resistor, 1/2_Watt, WK &1%
48/125 0.05-1 & .05-.4 | Resistor, 1/ 2 attlk =+ 1%
250 0.05-1 & .05-.4 | Resistor, SW¥attslK * 5%
All 0.2-4 Resistor, 1/2Watt, 5.6K + 1%
All 1.5-30 Resistor, 442 Wat¥, 5.6K + 1%
C 24/32 0.05-1 & .05-.4 | Tantaliim LCapacitor, 22uf, 35 volts
48/125 0.05-1 & .05-.4 | Tamtaluni Capacitor, 22uf, 35 volts
250 0.05-1 & .05-.4 |fTantalum“Capacitor, 22uf, 50 volts
24/32 0.2-4 Tanfalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05-14& ‘05 | Resistor, 1/2 Watt, 62K + 1%
All 0.2-4 Resistor, 1/2 Watt, 270K + 1%
All 1.56-30 Resistor, 1/2 Watt, 270K * 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0v05-1 & .05-.4 | Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/ 125 All Telephone Relay, 760 ohm coil
Rc 24432 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 470 + 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/925 All Silicon Controlled Rectifier, 2N885
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms

WESTINGHOUSE
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ELECTRIC CORPORATION
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Fig.'™ Internal Schematic of TD-5 with Telephone
Relay (TX).
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2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and D2.

4, If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximaitely
one-half the reference voltage until the capaciton
voltage reaches the brush voltage, at whichftime
the anode to cathode voltage should drop to /ap-
proximately one volt.

Calibration

Use the following procedure )for calibrafing the
relay if the relay adjustments havedbeen“disturbed.
This procedure should not be used uptil”it is appa-
rent that the relay is not in preper working order.
Before calibrating, follow th@™TFrouble Shooting Pro-
cedure to locate the source of grouble.

1. Telephone TypesRelay Adjlistment

Adjust the armature gap on the telephone type
relay to be approximatelyf.004 inch with the armature
closed. This is done with the armature set-screw and
lock-nut. Also, adjust contact leaf springs to obtain
at least .0156 inch gap on all contacts and at least
.010 inchgfollow on all normally open contacts and at
least.005 inch*follow on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the rheostat (T) or

the silicon power regulator (&), the relay may be
recalibrated with the same scale plate, in most c@ses.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely.4Pause
several seconds between readingsgmfor all delays
above .05 seconds. See section underfA¢curacy for
discussion of this.

3. Scale Plate Calibration, New Scahe Plate

If it is necessary to Teplacefthe potentiometer
(P) or the printed circuig;, the relay should be recali-
brated with a new scale“plate. Use the following
procedure:

(a). With theknob 0ff the shaft, set the rheostat
(T) at maximum;

(b). AdjustyP “so that the times are 5% to 10%
longerghan the, maximum scale marking.

(e)r Setythe rheostat (T) at minimum and check
that gimes,areless than or equal to theminimum scale
marking. If not, adjust P slightly to reduce times.
Tightendock nut on P.

(@). Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, always give the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Table |
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05 - 1.0 seconds |at least 3 seconds +2%
0.2 - 4.0 seconds |at least 5 seconds +2%
1.5 -30 seconds |at least 5 seconds +2% J

Timing accuracy for fast repetitions will be per
Table II.

Table 1l
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05 - 1.0 seconds instantaneous +4%
0.2 - 4.0 seconds instantaneous +4%,
1.5 -30 seconds approx. % sec. +49%

(3) Supply Voltage

Changes in supply voltage, between80%%and
110% of nominal, cause time delay varidationsjef no
more than * 3 milliseconds for settings of,0. 3 seconds
or less, and no more than + 1% for setfings@bove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature“cause changes
in time delay. This variatiofi in time delay is a direct
function of capacitance change with temperature.
Typical variation of time, delay with temperature is
shown in Figure 3¢

SETTINGS

The time delay.i§ selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selected for the supply voltage being used.

Indicating’Contactor Switch (ICS)

No setting is required on the ICS unit except the
Selection of the 0.2 or 2.0 ampere tap setting. This
Selection is made by connecting the lead located in

front of the tap block to the desired setting byymeans
of the connecting screw.

INSTALLATION

The relays should be mounted on gwitchboard
panels or their equivalent in a loeation free from dirt,
moisture, excessive vibrationj amd“heat. Mount the
relay vertically by means ofithe four mounting holes
on the flange for semi-flushpmounting or by means of
the rear mounting stud or{studs fer projection mount-
ing. Either a mounting, stud _eor the mounting screws
may be utilized for grounding the relay. The electrical
connections may be made/directly to the terminals by
means of screws fomsteel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by locking two nuts on the stud and then
turning the, propér nuts with a wrench.

Forgdetailed FT case information refer to I.L.
4120762

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.
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Westinghouse 1.L. 41-579.1)
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an ogutput
telephone relay (TR), and an indicating contactor
switch (ICS). An auxiliary relay (TX) is“supplied
on some types to override bounce of the initiating
contact.

Reference Voltage Circuits

The reférence voltage circuit provides) a fixed
supply voltage to the R-C time delayjcire@it and pro-
tects the static components from\ highWvoltages. It
consists of a silicon power regulater and a series
resistor (Rs). The silicon pewerjregulator (Z) is a
10 watt Zener diode mounted on an aluminum heat
sink. The series resistor (R$).iS§ a 3% inch resistor
which is tapped for 24/32 wolt d-c and 48/125 volt
d-c relays.

Rheostat and Scale Plate

The rhebstatf(T) provides a variable resistance
for the R-C timendelay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft“since it is not easy to replace the
knob inythe calibrated position. The timing scale is
non-linearias explained in the section under Printed
Cireuit.

Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1H

*Denotes change from superseded issue.

age which keeps the silicon controlled rectifier (SCR)
turned off until the capacitor voltage reaches the
potentiometer brushijwoltage. It is of wire-wound con-
struction and hasma locking nut which should not be
loosened unlegs theWrelay is being re-calibrated.

Printed Circuit

TheWprinted” circuit contains a diode (D) which
protectsWthelstatic components in case the relay is
conneéted with reverse polarity, a limiting timing re-
sistorfy(R1,), timing capacitor (C) a parallel resistor
(Rpy. which makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
cireuit also contains a diode (D 9) to reverse bias
SCR, a resistor (R¢) and diode (Dg) to-protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, D5, and Dg) which compensate for the
forward voltage drop through SCR and Dy and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Reluy(ﬁ:\B)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure —po sitive contact'GEéfétion. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE MARCH 1970
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Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the
telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a small“dac
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts aregattached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, thépymoving
contacts bridge two stationary contacts,(compléting
the trip circuit. Also, during this g6peration two
fingers on the armature deflect & spring located on
the front of the switch, which allows“thé operation
indicator target to drop. The target is“reset irom the
outside of the case by a pushod lecated at the bot-
tom of the case.

The front spring, in addition to holding the tar-
get, provides restraint forpthe®armature and thus con-
trols the pickup valueof fhelswitch.

OPERATION

Operation “of, the TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
buttingthe conducting state acts as a closed switch
tomconnect the telephone relay to the d-c source. To
switch the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This current is
produced by the difference in voltage acrgss thewea-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance with the R-C time con-
stant of the circuit. As 1dong asfthe ,capacitor voltage
is less than the potentiometen brush voltage, a re-
verse voltage appears a€rogsypthe diode, Do, andthe
SCR to keep the silicon/controlled rectifier (SCR)
biased off. When the “eapaeitor voltage reaches the
potentiometer brushyvoltage plus approximately one
volt (forward voltage drep across SCR and Dj), gate
current will flow to“the silicon controlled rectifier
(SCE). Thisyp.curtent switches the SCR to a con-
ducting statel topallow the telephone relay (TR) to
pickup.

The,SCR latches on when it switches and can be
reset onlyby removing voltage from terminals8 and 9.
If a trip _coil supervisory indicator lamp is used, when
thedtimer is used with a fault detectorto trip a breaker,

ce 9y

a breaker ‘‘a’ contact must be connected between
tepminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Fig. 3. Timing Variation #¥ith Temperature Changes.
Battery Drain
24 Volts d-c 32 Volts d-c 48 Volts d-c 125 Valts d-c 250 Volts d-c
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The TemperatureRange

The relay can stand 110%\ voltage continuously
over a temperature range of =40°Ci#to + 70°C.

Reverse Polarity

Diode (Dl) limits reverse voltage of the static
components to leSs tHan one volt d-c, so that no
damage is done to thé circtiit by connecting the relay
with reverse polarity.@However, the relay will, of
course, not operate under this condition, and series
resistor (RS) may ,over-heat if reverse voltage is
applied fordapproximately 15 minutes or more.

Reset Time

TR drép-out time = 0.1 sec. or less. TR drop-out
tiney,ofyRelay with TX contact is an additional 15
msec,

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and Do,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test
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* TABLE OF REPLACEABLE PARTS

CIRCUIT RELAY CHARACTERISTIC
DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95fohms
250 All Resistor, 40 Watts, 2500 + 5% ohms
V4 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Valts
48/125 All Zener Diode, IN2986B, 10 Watts, 24 Volts
250 All Zener Diode, IN2999B, 10 Watts, 56 Volts
D All All Silicon Diode, 1IN538, 200 Volts,;¥0.75 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
All .05-.4 Rheostat, 4 Watt, 20K
Ry, 24/32 0.05-1 & .05-.4 | Resistor, 1/2 Watt, LKW 1%
48/125 0.05-1 & .05-.4 | Resistor, 1/2 katt, 1K + 9%
250 0.05-1 & .05-.4 | Resistor, 3 Watts,, 1Kt 5%
All 0.2-4 Resistor, 1/2Watt,;98.6K + 1%
All 1.5-30 Resistor, 1/2'Watt, 5.6K + 1%
C 24/32 0.05-1 & .05-.4 { Tantalumg@apacitor, 22uf, 35 volts
48/125 0.05-1 & .05-.4 | Tantalum CGapacitor, 22uf, 35 volts
250 0.05-1 & .05-.4 | Tantalum (Capacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05-4 & 05-.4 )| Resistor, 1/2 Watt, 62K + 1%
All 0.24 Resistor, 1/2 Watt, 270K * 1%
All 1.5-30 Resistor, 1/2 Watt, 270K + 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.0571 & .05-.4 { Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/125 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 *+ 5% ohms
250 All Resistor, 1/2 Watt, 470 + 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/125 All Silicon Controlled Rectifier, 2N885
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms

WESTINGHOUSE ELECTRIC CORPORATION
RELAY-INSTRUMENT DIVISION NEWARK, N. J.

Printed in U.S.A.
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2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and Do.

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capaciter
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop to ap-
proximately one volt.

Calibration

Use the following procedure for calibrating the
relay if the relay adjustments havelbeenddisturbed.
This procedure should not be usedguntil, it is appa-
rent that the relay is not in proper Wworking order.
Before calibrating, follow the TroubledShooting Pro-
cedure to locate the source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armaturé gap#on the telephone type
relay to be approximately .004 inch 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 inch gdp on all contacts and at least
.010 inch follow on all normally open contacts and at
least.005 ineh,follow on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

I'f #'tais necessary to replace the rheostat (T) or

the silicon power regulator (&), the relay may be
recalibratedwith the same scale plate, in most cases.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all delays
above .05 seconds. See section undér Aecuracy for
discussion of this.

3. Scale Plate Calibration, NewdScale Plate

If it is necessary to replade the potentiometer
(P) or the printed circuit, therelay should be recali-
brated with a new scaleWplate. Use the following
procedure:

(a). With the knob“@ff the shaft, set the rheostat
(T) at maximum.

(b). AdjustyP sesthat the times are 5% to 10%
longer than theymaximum scale marking.

(¢). Set, the“rheostat (T) at minimum and check
that times areless than or equal to theminimum scale
marking. IfWnot, adjust P slightly to reduce times.
Tightendlock nut on P.

(d)."Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, alwaysgive the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Table |

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05-1.0 seconds at least 3 seconds *+ 2%
0.2-4.0 seconds at least 5 seconds *+ 2%

1.5- 3.0 seconds at least 5 seconds + 2%

Timing accuracy for fastrepetitions will beper
Table II.

Table Il

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05-1.0 seconds instantaneous + 4%
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately % sec. +4%

(3) Supply Voltage

Changes in supply voltage, between “80% “and
110% of nominal, cause time delay variatiens“of no
more than *+ 3 milliseconds for settings of(0. 3 s€eonds
or less, and no more than + 1% for settingsiabove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variation in‘time delay is a direct
function of capacitance fchange with temperature.
Typical variation of time“delay with temperature is
shown in Figure 3.

SETTINGS

The timeydelayisfselected by adjusting rheostat,
T.

The correct tap on series resistor, Rg, should
be selected for the supply voltage being used.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location frée from dirt,
moisture, excessive vibrationgand heat. Mount the
relay vertically by meansgof theffour mounting holes
on the flange for semi-flush“mounting or by means of
the rear mounting stud orgstuds for projection mount-
ing. 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 screwspfor<stéel pamel mounting or to the
terminal studs,furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or inserted by lecking two nuts on the stud and then
turning,the’ proper nuts with a wrench.

Forydetailed FT case information refer to I.L.
41-076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.



INSTALLATION

Westinghouse 1.L. 41-579.1
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a silicon power
regulator () — series resistor (Rs) reference groltage
circuit, a theostat (T) and scale plate foradjusting
the time delay, a voltage biasing potentiometer (B)
used in calibrating the relay, a printed ciféuit con-
taining static timing components, an output telephone
relay (TR), and an indicating contactorsswitehd(ICS).

Reference Voltage Circuit

The silicon power regulator\(Z) is a 10 watt
zener diode mounted on an aluminum-heat sink. Series
resistor (Rs) is a 3% inchgrésistér®which is tapped
for 24/32 volt d-c and 48/125 Volt d-c relays. The
reference voltage circuityproteécts the static com-
ponents from high voltagés fand improves timing ac-
curacy by providing‘ayfixed,siipply voltage.

Rheostat and Scale Plate

The rheostatiy(T) provides a variable resistance
for the R-C time delay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat) shaft, since it is not easy to replace the
knobyinathe calibrated position. The timing scale is
non=linear as explained in the section under Printed
Circuit.

NEW INFORMATION

Potentiometer

The potentiometer,@P), provides a biasing volt-
age which keeps theWsilicon controlled rectifier (SCR)
turned off untilfthe capacitor voltage reaches the
potentiometer/brush voltage. It is of wire-wound con-
structien and has a locking nut which should not be
loosenedfunless the relay is being re-calibrated.

Printed Circuit

The printed circuit contains a diode (Dl) which
protects the static components in case the relay is
connected with reverse polarity, a limiting timing re-
sister (Rp ), timing capacitor (C)which is actually seven
capacitors in parallel for the 30 second relay, a
parallel resistor (RP) which makes the calibrating
scale non-linear (making possible move accurate
settings at the low end of the scale), and a silicon
controlled rectifier (SCR) with a 20 micro-ampere
maximum gate-current-to-fire rating. The printed
circuit also contains a diode (D2) to prevent charging
C through P, a “‘free-wheeling®’ circuit consisting of
R. and Dg which protects the static components from
the inductive voltage kick associated with the tele-
phone relay coil, and series diodes (D4, Dg, and D6)
which compensate for the silicon forward voltage drop
through SCR and Dy and thereby prevent timing varia-
tions caused by reference voltage changes due to
self-heating of the zener diode.

Telephone Relay

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

EFFECTIVE JULY 1962
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Fig. 1. Type TD-5 Relay Without Case.
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Fig. 2. Internal Schematic of Type TD-5 Relay.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a small d-c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energiZation
of the switch. When the switch closes, thefmoving
contacts bridge two stationary contacts, eempleting
the trip circuit. Also, during this operation two
fingers on the armature deflect a spring déeatedyon
the front of the switch, which allows the @peration
indicator target to drop. The target isgfeset\from the
outside of the case by a push rod located at the bot-
tom of the case.

The front spring, in addition“te, holding the tar-
get, provides restraint for the armature and thus con-
trols the pickup value of the swigch.

OPERATION

When d-c yeltage iswapplied to relay terminals 8
and 9, the cap@citor voltage increases until it reaches
the voltagetat the brush of potentiometer (P) plus
approximately one volt forward drop through SCR and
Do, at which time“positive current flows through the
gate of SCR and the telephone relay is energized. As
long as Ve isfless than Vp, a small amount of nega-
tive gate current passes through Dy in the reverse
directien; keeping SCR biased off. This permits the
dse, of avery sensitive, highgain SCR which switches
instantaneously froman open-circuit to a short-circuit
eendition, thus giving the relay aninherently accurate
time delay.

TD-5
RELAY

—0POS. ooc

SUPPLY
VOLTAGE

0/0—-—ONEG-

SWITCH

18TA527

Fig. 3. Test Circuits for Type TD-5 Relay.

The SCR latches on when it switches and can be
reset only by removing voltage from terminals8 and 9.
If a trip coil supervisory indicator lamp is used, when
the timer is used with afault detectorto trip a breaker,

ce 99y

a breaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Relay Style Time Delay Voltage Rating

Number Range (Seconds) (Volts d-c)
291B868A09A .05 —-1.0 24/32
291B868A10A .05 - 1.0 48/125
291B868A11A .05-1.0 250
291B868A12A 0.2-4.0 24/32
291B868A13A 0.2—-4.0 48/125
291B868A14 A 0.2—-4.0 250
291B868A15A 1.5 — 30 24/32
291B868A16A 1.5 — 30 48/125
291B868A17TA 1.5 — 30 250
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Fig. 4. Timing Variationivith Temperature Changes.

Battery Drain

24 Volts d-c 32 Volts.d-c
STAND-BY: 0 0
OPERATING: 500 MA 420 MA

Temperature Limits

The relay can stand 110%voltage continuously
over a temperature range of{—=40°C. to +100°C.

Reverse Polarity

Diode (D;) limitsdreverse voltage of the static
components to lessithandone volt d-c, so that no
damage is done to the cifcuit by connecting the relay
with reverse polakty. However, the relay will, of
course, not operategunder this condition, and series
resistor (Rs) may over-heat if reverse voltage is
applied for,approximately 15 minutes or more.

Resetalime
TRydrop-out time = 0.1 sec. or less.

Discharge of timing capacitor: the discharge of

48 Volts d-c

125 Volts d-c. 250 Volts d-c

0 0 0
270 MA 180 MA 80 MA

Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D2,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more.slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test
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circuit shown in Figure 3, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table L.

<Tab|e |_

Delay Between Accuracy, as

Relay Rating Readings P ercent of Setting
.05- 1.0 seconds at least 3 seconds * 2%
0. 2- 4.0 seconds at least 5 seconds + 2%
1.5- 3.0 seconds at least 5 seconds * 2%

Timing accuracy for fastrepetitions will be per
Table II.

Table Il

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +4%
0.2- 4.0 seconds instantaneous +4%
1.5- 3.0 seconds approximately s sec. *+4%

(3) Supply Voltage

Changes in supply voltage, betweenm80% %and
110% of nominal, cause time delay variations eof no
more than + 3 milliseconds for settingsefy0. 3 .seconds
or less, and no more than * 1% for settingsfabove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variation in time delay is a direct
function of capacitance change with temperature.
Typical variation of time delay with temperature is
shown in Figure 4

SETTINGS

The time delayis selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selected for the supply voltage being used.

INSTALLATION

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

moisture, excessive vibration, and heat. Mount the
relay vertically by means of the four mountinggholes
on the flange for semi-flush mounting or bymeans of
the rear mounting stud or studs for projection mount-
ing. 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 steelppanel” mounting or to the
terminal studs furnished with“the relay for thick panel
mounting. The terminal sfuds may be easily removed
or inserted by locking two/nuts’on the stud and then
turning the proper nutSywithya*wrench.

For detailed FFTWeasSe information refer to I.L.
41-076.

ADJUSTMENT AND MAINTENANCE

The “proper adjustments to insure correct opera-
tion of this relay have been made at the factory and
should nét be disturbed after receipt by the customer.
In partieular, do not remove knob from rheostat shaft
and“defnot loosen potentiometer lock nut.

Acceptance Test

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 Figure 3.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.

1. Inspect all wires and connections, paying particu-
lar attention to tel ephone relay andprinted circuit
terminals.

2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of RS and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
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3. The zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5
and 24.5 volts for 48/125 volt relays, and between
50 and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and Do,

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacitor
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop to ap-
proximately one volt.

Calibration

Use the following procedure for calibrating the
relay if the relay adjustments have beengdisturbed.
This procedure should not be used until it is ‘@appa-
rent that the relay is not in proper werkingsorder.
Before calibrating, follow the Trouble Shooeting Pro-
cedure to locate the source of trouble.

1. Telephone Type Relay Adjustment

Adjust the armature gapmen-the telephone type
relay to be approximately :004'inch with the armature
closed. This is done, with, thegarmature set-screw and
lock-nut. Also, adjust contact leaf springs to obtain
at least .015 in€h gap ongall contacts and at least
.010 inch follow on“all nermally open contacts and at
least.005inch follow on"all normally closed contacts.

2, Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the rheostat (T)‘or
the silicon power regulator (Z), the relay maysbe
recalibrated with the same scale plate, in most cases.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align{thesknob for this
delay and tighten the knob set-Serew seeurely. Pause
several seconds between readings for all delays
above .05 seconds. See seg¢tion‘under Accuracy for
discussion of this.

3. Scale Plate Calibration, New Scale Plate

If it is necessary to, replace the potentiometer
(P) or the printed cireuit, the relay should be recali-
brated with afnewyscale plate. Use the following
procedure:

(a). With the, knob off the shaft, set the rheostat
(T) at.maximum.

(bs,Adjust P so that the times are 5% to 10%
lofiger than the maximum scale marking.

(c). Set the rheostat (T) at minimum and check
that times areless than or equal to theminimum scale
marking. If not, adjust P slightly to reduce times.
Tighten lock nut on P.

(d). Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause 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. Whenordering parts, alwaysgive the com-
plete nameplate data.
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INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an gutput
telephone relay (TR), and an indicating céntactor
switch (ICS). An auxiliary relay (TX) is@supplied
on some types to override bounce of the initiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides a fixed
supply voltage to the R-C time delay,cireuit and pro-
tects the static components frem highyvoltages. It
consists of a silicon powerdregulator and a series
resistor (Rs). The wsilicon pewenregulator (Z) is a
10 watt Zener diode mounted én an aluminum heat
sink. The series resistor (Rs) s a 3! inch resistor
which is tapped for 24/32 xolt d-c and 48/125 volt
d-c relays.

Rheostat and Scale Plate

The rheostat’ (T) provides a variable resistance
for the R-C time,delay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft{? since it is not easy to replace the
knob im\the calibrated position. The timing scale is
non=linear, as explained in the section under Printed

Cireuit.
Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1B

*Denotes change from superseded issue.

*

age which keeps the silicon controlled rectifier (SCR)
turned off until the4gapagitor voltage reaches the
potentiometer brush voltage. It is of wire-wound con-
struction and has_a Yecking nut which should not be
loosened unle§s the relay is being re-calibrated.

Printed Cifcuit

The, printed circuit contains a diode (D7) which
protects, the, static components in case the relay is
éonfieeted with reverse polarity, a limiting timing re-
siston, (R1), timing capacitor (C) a parallel resistor
(Rp) which makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Dg) to reverse bias
SCR, a resistor (R¢) and diode (Dg) to protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, D5, and Dg) which compensate for the
forward voltage drop through SCR and D and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the

* application of a d.c. voltage to the relay. Because

of its slow dropout characteristic a contact of the TX

relay is connected around the contact of the initi-

ating relay to maintain voltage to the timing module

of the relay if the contact of the initiating relay
bounces.

A resistor and diode are connected across the

coil of the TX relay to protect the static components

EFFECTIVE AUGUST 1965
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Fig. 2. Internal Schematic of Type TD-5 Relay.
from the inductive voltage kicks associated with the
telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a small dac
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts areqattaéhed,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, thehmoving
contacts bridge two stationary contacts,\campléting
the trip circuit. Also, during thisg@Peration two
fingers on the armature deflect @ spring located on
the front of the switch, which allows ‘the operation
indicator target to drop. The target is reset from the
outside of the case by a pushirod located at the bot-
tom of the case.

The front spring, in addition to holding the tar-
get, provides restraint #6mthe“armature and thus con-
trols the pickup valueloffhe switch.

OPERATION

Operation ofy,thé TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
buttinwthe conducting state acts as a closed switch
toneonnect the telephone relay to the d-c source. To
Switch the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This currentliis
produced by the difference in voltage across therfca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance #¥ithgthe R-C time con-
stant of the circuit. As l1ong asthe capacitor voltage
is less than the potentiometer ‘brush voltage, a re-
verse voltage appears across the diode, Do, andthe
SCR to keep the silicon controlled rectifier (SCR)
biased off. When the“eapacitor voltage reaches the
potentiometer brush, voltage plus approximately one
volt (forward veltage“drop across SCR and Dj), gate
current will €low towthe silicon controlled rectifier
(SCp). This, cument switches the SCR to a con-
ducting state “te, allow the telephone relay (TR) to
pickupe

The SCR latches on when it switches and can be
reset'eonlyby removing voltage from tenninals8 and 9.
If a*trip coil supervisory indicator lamp is used, when
theytimer is used with afault detectorto trip abreaker,

€6 9y

a breaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permmitting more accurate settings.

CHARACTERISTICS

* Time Delay Range and Voltage Rating

Time Delay Voltage Rating

Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05~ 1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Fig. 3. Timing Variation #vith Temperature Changes.
Battery Drain
24 Volts d-c 32 Volts.d-c 48 Volts d-c 125 Volts d-c. 250 Volts d-¢
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX‘Relay has an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Température,Range

The relay can stand 110%pvoltage continuously
over a temperature range ofi —40°C. to +70°C.

Reverse Polarity

Diode (Dl) lilmits#reverse voltage of the static
components to lessythangone volt d-c, so that no
damage is done to the circuit by connecting the relay
with reverse polarity. However, the relay will, of
course, not operategunder this condition, and series
resistor (RS) may over-heat if reverse voltage is
applied for,approximately 15 minutes or more.

Resetsglime
TRy drop-out time = 0.1 sec. or less.

Discharge of timing capacitor: the discharge of

Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D,,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test
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TABLE OF REPLACEABLE P ARTS

CIRCUIT

RELAY CHARACTERISTIC

SYMBOL DC VOLTS TIME RANGES DESCRIPTION
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95 _ohms
250 All Resistor, 40 Watts, 2500 + 5% ohms
Z 24/32 All Zener Diode, 1IN1816A, 10 Watts, 13 Volts
48/125 All Zener Diode, 1N1822A, 10 Watts, 24 Volts
250 All Zener Diode, 1N1813A, 10 Watts, 56 Volts
D All All Silicon Diode, IN538, 200 Voltss, 0.75VAmp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
Ri, 24/32 0.05-1 Resistor, 1/2 Watt, 1K * 1%
48/125 0.05-1 Resistor, 1/2 Watt, WK ®.1%
250 0.05-1 Resistor, 3 Wattsy1K % 5%
All 0.2-4 Resistor, 1/2 Watt, 5.6K + 1%
All 1.5-30 Resistor, 1/2 Watt, 586K + 1%
C 24/32 0.05-1 Tantalum Capacitor, 22uf, 35 volts
48/125 0.05-1 Tantalum Capacitor, 22uf, 35 volts
250 0.05-1 TantalumCapacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum‘@apacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05-1 Resistor, 1/2 Watt, 62K + 1%
All 0. 2-4 Resistor, 1/2 Watt, 270K + 1%
All 1.5430 Resistor, 1/2 Watt, 270K + 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.05-1 Telephone Relay, 125 ohm coil
250 042-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/125 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 470 * 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 1/2 Watt, 2N885
48/125 All Silicon Controlled Rectifier, 1/2 Watt, 2N885
250 All Silicon Controlled Rectifier, 1/2 Watt, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 *+ 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 * 10% ohms
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RELAY-INSTRUMENT DIVISION

ELECTRIC CORPORATION
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be +29%.

(2) Consecutive Timings

Table Il

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I

Table |

Delay Between Accuracy, as

Relay Rating Readings P ercent of Setting
.05- 1.0 seconds at least 3 seconds * 2%
0.2-4.0 seconds at least 5 seconds + 2%

1.5- 3.0 seconds at least 5 seconds +2%

Timing accuracy for fastrepetitions will beper
Table II.

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +4%
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately'% sec. +4%

(3) Supply Voltage

Changes in supply voltage, between “80% “and
110% of nominal, cause time delay variatiens“@f no
more than + 3 milliseconds for settings of 0. 3/seeonds
or less, and no more than * 1% for settings @bove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variation in“time delay is a direct
function of capacitance ghange “with temperature.
Typical variation of time 'delay, with temperature is
shown in Figure 3.

SETTINGS

The timeidelayis Selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selected for the supply voltage being used.

Indicating Contactor Switch (ICS)

Ne setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

*

front of the tap block to the desired setting by means
of the connecting screw. '

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration,gand heat. Mount the
relay vertically by means,of thedour mounting holes
on the flange for semi-flush®mounting or by means of
the rear mounting stud or studs fog projection mount-
ing. Either a mounting (stud orrthe mounting screws
may be utilized for gréundingsthe relay. The electrical
connections may be madejdirectly to the terminals by
means of screws_fordsteel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
or insertedfby locking two nuts on the stud and then
turning the)proper nuts with a wrench.

Forydetailed F'T case information refer to I.L.
41-076"

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.
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INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, &
voltage biasing potentiometer (P), a printed circult
containing static timing components, andoutput
telephone relay (TR), and an indicating ‘centactor
switch (ICS). An auxiliary relay (TX) 4s, supplied
on some types to override bounce of the initiating
contact.

Reference Yoltage Circuits

The reference voltage citeuit (provides a fixed
supply voltage to the R-C time délay eifcuit and pro-
tects the static components from high voltages. It
consists of a silicon power regulator and a series
resistor (Rs). The silicongpowergregulator (Z) is a
10 watt Zener diode mounted§on an aluminum heat
sink. The series resistor@Rs) is a 3% inch resistor
which is tapped forf24/32 volt d-c and 48/125 volt
d-c relays.

Rheostat and(Scale Plate

The rheostat (T provides a variabl e resistance
for the R-C time delay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft, since it is not easy to replace the
knobtWin the calibrated position. The timing scale is
non-linear as explained in the section under Printed
Circuit.

Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1C

*Denotes change from superseded issue.

age which keeps the siligon controlled rectifier (SCR)
turned off until tHenpcapa€itor voltage reaches the
potentiometer brush voltage. It is of wire-wound con-
struction and has aWecking nut which should not be
loosened unless “the relay is being re-calibrated.

Printed Circuit

The printed circuit contains a diode (Dj) which
protects ‘the static components in case the relay is
connected with reverse polarity, a limiting timing re-
sister (Rp), timing capacitor (C) a parallel resistor
(Rp), which makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Dj) to reverse bias
SCR, a resistor (R¢) and diode (Dg) to protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, Dg, and Dg) which compensate for the
forward voltage drop through SCR and Dy and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the TX
relay is connected around the contact of the initi-
ating relay to maintain voltage to the timing module
of the relay if the contact of the initiating relay
bounces.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE OCTOBER 1966
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Fig. 2. Internal Schematic of Type TD-5 Relay.
from the inductive voltage kicks associated with the
telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48§ VDC
operation.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a smallid-c
operated clapper type device. A magneticarmature,
to which leaf-spring mounted contacts ape attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closesg# the méving
contacts bridge two stationary contacts, gompleting
the trip circuit. Also, during this™operation two
fingers on the armature deflect a Spring)located on
the front of the switch, which _allews®™the operation
indicator target to drop. The target isyreset from the
outside of the case by a push rodylocated at the bot-
tom of the case.

The front spring, intaddition to holding the tar-
get, provides restraint*for the armature and thus con-
trols the pickup,value of the switch.

OPERATION

Operationgef the TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
but“in, the conducting state acts as a closed switch
toy,connect the telephone relay to the d-c source. To
switch the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This\current is
produced by the difference in voltage aeross‘the ca-
pacitor (C) and the brush of the potemntiomgter (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordancé with, the R-C time con-
stant of the circuit. AsWeng¥as the capacitor voltage
is less than the potentiometer brush voltage, a re-
verse voltage appearg across the diode, Do, andthe
SCR to keep the ,siligon /controlled rectifier (SCR)
biased off. When theycapacitor voltage reaches the
potentiometer brash vpltage plus approximately one
volt (forwardgveltage drop across SCR and Dj), gate
current willy flow ‘0o the silicon controlled rectifier
(SCP). Jhis “eurrent switches the SCR to a con-
ducting' statemto allow the telephone relay (TR) to
pickup.

The'SCR latches on when it switches and can be
resetwonly by removing voltage from terminals 8 and 9.
If aytrip coil supervisory indicator lamp is used, when
theptimer is used with afault detectorto trip abreaker,
a breaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating

Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5- 30 48/125
1.5-30 250
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Battery Drain
24 Volts d-c 32 Volts d-c 48 Volts d-c 125 Volts d-c 250 Volts d-c
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with T X Relay has an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperature Range

The relay can stand 110% Weltage continuously
over a temperature range,of =40°C, | to + 70°C.

Reverse Polarity

Diode (Dyp) limits réverse voltage of the static
components to less ‘than one volt d-c, so that no
damage is done to the cireuit by connecting the relay
with reverse polarity. However, the relay will, of
course, not operate umder this condition, and series
resistor (Rglymay over-heat if reverse voltage is
applied forfappreximately 15 minutes or more.

Reset Time

LR drop-out time = 0.1 sec. or less.

Pischarge of timing capacitor: the discharge of

Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D2,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test
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TABLE OF REPLACEABLE P ARTS

CIRCUIT

RELAY CHARACTERISTIC

DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 * 5% ohms, tap at 95fohms
250 All Resistor, 40 Watts, 2500 + 5% ohms
Z 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Vgolts
48/125 All Zener Diode, IN2986B, 10 Watts, 24 Violts | %*
250 All Zener Diode, IN2999B, 10 Watts, 56pVolts
D All All Silicon Diode, 1N538, 200 Volts, 0375 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
Ry, 24/32 0.05-1 Resistor, 1/2 Watt, 1K $1%
48/125 0.05-1 Resistor, 1/2 Watt, 1K\ 1%
250 0.05-1 Resistor, 3 Watts WK 5%
All 0.2-4 Resistor, 1/2"Watt, 586K + 1%
All 1.5-30 Resistor, 1/2Wattp.5:6K + 1%
C 24/32 0.05-1 TantalumfCapacitor, 22uf, 35 volts
48/125 0.05-1 Tantalum Capaeitor, 22uf, 35 volts
250 0.05-1 Tantalum Capacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05°1 Resistor, 1/2 Watt, 62K + 1%
All 0.2-4 Resistor, 1/2 Watt, 270K *+ 1%
All 1.5°30 Resistor, 1/2 Watt, 270K *+ 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.06-1 Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/125 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 470 + 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/125 All Silicon Controlled Rectifier, 2N885 *
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms

WESTINGHOUSE

RELAY-INSTRUMENT DIVISION

ELECTRIC CORPORATION

NEWARK, N. J.

Printed in U.S.A.
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2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, which is constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and Do,

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacitor
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop tofap;
proximately one volt.

Calibration

Use the following procedure for calibrating the
relay if the relay adjustments haveibeen“disturbed.
This procedure should not be usedguntilyity 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 Rellay Adjlistment

Adjust the armaturef gapson the telephone type
relay to be approximately,.004 inch 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 inch gafy on all contacts and at least
.010 inch follow on all normally open contacts and at
least.005 iiéhyfollow on all normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If.iteis\necessary to replace the rheostat (T) or

the silicon power regulator (2&), the relay may be
recalibrated with the same scale plate, in most cases.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all delays
above .05 seconds. See section undef Agceuracy for
discussion of this.

3. Scale Plate Calibration, New Scahe Plate

If it is necessary to replace the potentiometer
(P) or the printed circuit, the relay should be recali-
brated with a new scale“plate, Use the following
procedure:

(a). With the knob ‘off the shaft, set the rheostat
(T) at maximum.

(b). AdjustyP so,.that the times are 5% to 10%
longer than thetmaXimum scale marking.

(c). Setpthe“rheostat (T) at minimum and check
that times,areless than or equal to theminimum scale
marking. If“not, adjust P slightly to reduce times.
Tighteneock nut on P.

(d)! Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, alwaysgive the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Table I}

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table L

Table |

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds at least 3 seconds * 2%
0.2-4.0 seconds at least 5 seconds +2%

1.5- 3.0 seconds at least 5 seconds *+* 2%

Timing accuracy for fastrepetitions will be per
Table II.

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +4%
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately % sec. + 4%

(3) Supply Voltage

Changes in supply voltage, between“80% “and
110% of nominal, cause time delay variatiens“ef no
more than * 3 milliseconds for settings of 043 séconds
or less, and no more than * 1% for settings,above 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variation,in‘time delay is a direct
function of capacitance/ change with temperature.
Typical variation of timeWdelay with temperature is
shown in Figure 3.

SETTINGS

The timeydelay is selected by adjusting rheostat,
T.

The correct tap on series resistor, RS' should
be selected fer the supply voltage being used.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2,0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting/by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration, ‘and heat. Mount the
relay vertically by mean§,of ‘the four mounting holes
on the flange for semi-flushimounting or by means of
the rear mounting stud of studs for projection mount-
ing. Either a mounting’»stud) or the mounting screws
may be utilized for grounding the relay. The electrical
connections may be madebdirectly to the terminals by
means of screws,foristeel pamel mounting or to the
terminal studs'furnished with the relay for thick panel
mounting. The ferminal studs may be easily removed
or insertéd byllocking two nuts on the stud and then
turning the proper nuts with a wrench.

For, detailed FT case information refer to I.L.
412076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.

1. Inspect all wires and connections, paying particu-
lar attention to telephone relay andprinted circuit
terminals.
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OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an /output
telephone relay (TR), and an indicating contactor
switch (ICS). An auxiliary relay (TX) iSysupplied
on some types to override bounce of the initiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides a fixed
supply voltage to the R-C time delay cireuit and pro-
tects the static components from high voltages. It
consists of a silicon powernfregulator and a series
resistor (Rs). The siliconpower segulator (Z) is a
10 watt Zener diode mounted fon an aluminum heat
sink. The series resistor (Rs)4is a 3% inch resistor
which is tapped for 24/824volt d-c and 48/125 volt
d-c relays.

Rheostat and Scale Plate

The rheestat (T)drrovides a variable resistance
for the R-C time délay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft; since it is not easy to replace the
knob in the calibrated position. The timing scale is
non:linear as explained in the section under Printed
Circuit.

Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1E

*Denotes changd from superseded issue.

age which keeps the silicen controlled rectifier (SCR)
turned off until théWeapaeitor voltage reaches the
potentiometer brush voltage. It is of wire-wound con-
struction and has, a“leeking nut which should not be
loosened unless the relay is being re-calibrated.

_Prinfed Circuit

The, printed circuit contains a diode (D) which
protects the static components in case the relay is
conneeted with reverse polarity, a limiting timing re-
sistor, (R), timing capacitor (C) a parallel resistor
(Rp) ,Which makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Dg) to reverse bias
SCR, a resistor (Rc) and diode (Dg) to-protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (Dg4, D5, and Dg) which compensate for the
forward voltage drop through SCR and Do and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE NOVEMBER 1967
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Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the
telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a smallpd-¢c
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closes, sthe moyving
contacts bridge two stationary contacts, completing
the trip circuit. Also, during thisgoperation two
fingers on the armature deflect a spring@located on
the front of the switch, which allows,the operation
indicator target to drop. The target“is, reset irom the
outside of the case by a push rod,located at the bot-
tom of the case.

The front spring, infaddition to holding the tar-
get, provides restraint_for ‘thegarmature and thus con-
trols the pickup valué offthe switch.

OPERATION

Operationfof the TD-5 relay occurs when a sili-
con controlled rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
butyintthe conducting state acts as a closed switch
to eonnect the telephone relay to the d-c source. To
switeh the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This currentis
produced by the difference in voltage across“thefca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance gwith_the R-C time con-
stant of the circuit. As deng‘as'the capacitor voltage
is less than the potentiometer@brush voltage, a re-
verse voltage appears acrgss the diode, Dy, andthe
SCR to keep the silicon controlled rectifier (SCR)
biased off. When theycapaeitor voltage reaches the
potentiometer brush voltage plus approximately one
volt (forward veltagendrop across SCR and D), gate
current will .flow “te, the silicon controlled rectifier
(SCP). This “eurrent switches the SCR to a con-
ducting Stategto ‘allow the telephone relay (TR) to
pickup.

The“SCR latches on when it switches and can be
reset,only by removing voltage from terminals 8 and 9.
If aytrip coil supervisory indicator lamp is used, when
the timer is used with a fault detectorto trip a breaker,
a breaker ‘‘a’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5- 30 48/125
1.5-30 250
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Fig. 3. Timing Variation with Temperature Changes.
Battery Drain
24 Volts d-c 32 Volts dc 48 Volts d-c 125 Volts d-c 250 Volts d-c
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420 MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has“an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperature'Range

The relay can stand 110% voltage continuously
over a temperature range of —409C."%to + 70°C.

Reverse Polarity

Diode (Dj) limit§ reverse voltage of the static
components to les§ tham one"volt d-c, so that no
damage is done to théy€ircuit by connecting the relay
with reverse polarity. ‘However, the relay will, of
course, not operate under this condition, and series
resistor (RS) may over-heat if reverse voltage is
applied for approximately 15 minutes or more.

Reset Timle

TR)drop=out time = 0.1 sec. or less. TR drop-out
timepeof Relay with TX contact is an additional 15
msec.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and Dy,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test

i,
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TABLE OF REPLACEABLE PARTS

RELAY CHARACTERISTIC

CIRCUIT DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95 ehms
250 All Resistor, 40 Watts, 2500 + 5% ohms
VA 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Volts
48/125 All Zener Diode, IN2986B, 10 Watts, 24 Volts
250 All Zener Diode, IN2999B, 10 Watts, 56,Volts
D All All Silicon Diode, 1N538, 200 Volts,“0.75 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
RL, 24/32 0.05-1 Resistor, 1/2 Watt, TK%, 1%
48/125 0.05-1 Resistor, 1/2 Watt, 1K\+ 1%
250 0.05-1 Resistor, 3 Wattsy, 1Knt 5%
All 0.2-4 Resistor, 1/2Watt,"5.6K *+ 1%
All 1.5-30 Resistor, 1/24Watt, 5.6K *+ 1%
C 24/32 0.05-1 Tantalum @apaeitor, 22uf, 35 volts
48/125 0.05-1 Tantalum Capaeitor, 22uf, 35 volts
250 0.05-1 Tantalum Capacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.0581 Resistor, 1/2 Watt, 62K + 1%
All 0.2-4 Resistor, 1/2 Watt, 270K + 1%
All 1.5+30 Resistor, 1/2 Watt, 270K *+ 1%
TR 24/32 AlY Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.05-1 Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/125 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 470 + 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/125 All Silicon Controlled Rectifier, 2N885
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms

WESTINGHOUSE

RELAY-INSTRUMENT DIVISION

ELECTRIC CORPORATION

NEWARK, N. J.

Printed in U.S.A.
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I.L. 41-579.1F

(A)THE CONNECTION OF THE LIGHT
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Fig. 6 Outline and Drilling Plan for Type TD-5 Relay in Type FT11 Case.
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2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal in order to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and D,.

4, If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacitor
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop to ap-
proximately one volt.

Calibration

Use the following procedure for calibratingithe
relay if the relay adjustments have been disturbed.
This procedure should not be used until ityis appa-
rent that the relay is not in proper working order.
Before calibrating, follow the Troubl€yShooting Pro-
cedure to locate the source of tréuble.

1. Telephone Type RelaylAdjustment

Adjust the armatuire gap ompthe telephone type
relay to be approximately<0044nch 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 inch gap 6n all contacts and at least
.010 inch follow'on all normally open contacts and at
least .005 inchfellow on all normally closed contacts.

2, RheostdhKnob Adjustment, Same Scale Plate

If it .i'Smnecessary to replace the rheostat (T) or

the silicon power regulator (&), the relay may be
recalibrated with the same scale plate, in most cases.
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all delays
above .05 seconds. See section under Accuracy for
discussion of this.

3. Scale Plate Calibration, New ScaleP|ate

If it is necessary to replace thepotentiometer
(P) or the printed circuit, the relay should be recali-
brated with a new scale plate. Use the following
procedure:

(a). With the knob offithe shaft, set the rheostat
(T) at maximum.

(b). AdjustiPyso that the times are 5% to 109,
longer than_the maximum scale marking.

(c). Set ‘the rheostat (T) at minimum and check
that timesiarelessthan or equal to the minimum scale
markings' If noty adjust P slightly to reduce times.
Tighten loek nut on P.

(d). Blace the knob on the rheostat shaft in such
a positien that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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, alwaysgive the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Table Il

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Table I‘

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds at least 3 seconds 2%
0.2- 4.0 seconds at least 5 seconds +29%
1.5-3.0 seconds at least 5 seconds + 29

Timing accuracy for fastrepetitions will beper
Table IL

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +4%
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately ' sec. +A4%

(3) Supply Voltage

Changes in supply voltage, betweeny80%pand
110% of nominal, cause time delay variations of no
more than + 3 milliseconds for settings of£0. 3 Seconds
or less, and no more than + 1% foréttingsfabove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient ‘témperature cause changes
in time delay. This variatien in,time delay is a direct
function of capacitance change with temperature.
Typical variation of_time,delay with temperature is
shown in Figure 3.

SETTINGS

The timé delayis selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selectedyfor the supply voltage being used.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration,gand heat. Mount the
relay vertically by means offthe/four mounting holes
on the flange for semi-flushymounting or by means of
the rear mounting studor’studs for projection mount-
ing. Either a mounting/ stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections ma¥ybe made directly to the terminals by
means of scréws fof steel panel mounting or to the
terminal studs furnished with the relay for thick panel
mountingspThejterminal studs may be easily removed
or inserted by, locking two nuts on the stud and then
turning the proper nuts with a wrench.

For detailed FT case information refer to I.L.
41-076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be *2%.

(2) Consecutive Timings

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table I.

Toble |_

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds at least 3 seconds +2%
0.2- 4.0 seconds at least 5 seconds + 2%
1.5- 3.0 seconds at least 5 seconds + 2%

Timing accuracy for fastrepetitions will beper
Table IL

Table Il

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +49
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately'. sec. *+ 4%

(3) Supply Voltage

Changes in supply voltage, between 80% and
110% of nominal, cause time delay variations of no
more than +3 milliseconds for settingsof 0.3 seconds
or less, and no more than * 1% for séttings above 0.3
seconds.

(4) Ambient Temperature

Changes in ambient temperature cause changes
in time delay. This variatién'in time delay is a direct
function of capacitance\\,change with temperature.
Typical variation of time, délay with temperature is
shown in Figure, 3.

SETTINGS

The time'del ay4ds selected by adjusting rheostat,
T.

The correct tap on series resistor, Rs, should
be selected for the supply voltage being used.

indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
Selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting“by means
of the connecting screw.

INSTALLATION

The relays should be mounted o#y switchboard
panels or their equivalent in agwecation free from dirt,
moisture, excessive vibration,#and heat. Mount the
relay vertically by means“of the, fiour mounting holes
on the flange for semi-fimsh mounting or by means of
the rear mounting stud or studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electrical
connections may beWmade directly to the terminals by
means of scréwsfer steel panel mounting or to the
terminal studs‘furnished with the relay for thick panel
mounting.#The, terminal studs may be easily removed
or inserted /by locking two nuts on the stud and then
turningithe proper nuts with a wrench.

For detailed FT case information refer to I.L.
41-076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.

1. Inspect all wires and connections, paying particu-
lar attention to telephone relay andprinted circuit
terminal s.
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2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and Ds.

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anodé
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacitor
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop tofap-
proximately one volt.

Calibration

Use the following procedurelfor 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 preper/working order.
Before calibrating, follow the Trouble Shooting Pro-
cedure to locate the source ‘ofgtrouble.

1. Telephone TypefRelay Adjistment

Adjust the armature gap on the telephone type
relay to be approximately .004 inch with the armature
closed. This is done with the armature set-screw and
lock-nut. Also, adjust contact leaf springs to obtain
at least .09 inch gap on all contacts and at least
.010 inchafell'ow on all normally open contacts and at
least.005 inch*follow on all normally closed contacts.

2, Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the rheostat (T) or

the silicon power regulator (2, the relay may_be
recalibrated with the same scale plate, in most ¢asesq
This is done by rotating the rheostat shaft, without
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely.“Pause
several seconds between readings¢®for all delays
above .05 seconds. See sectiom undef Agcuracy for
discussion of this.

3. Scale Plate Calibration, New Scale Plate

If it is necessary to replaceé the potentiometer
(P) or the printed circuity the relay should be recali-
brated with a new scale plate. Use the following
procedure:

(a). With thefkneb off the shaft, set the rheostat
(T) at maximum:

(b). AdjustR so that the times are 5% to 10%
longer{than,theymaximum scale marking.

(¢). Setythe rheostat (T) at minimum and check
that(timesyare less than or equal to theminimum scale
marking. If not, adjust P slightly to reduce times.
TightenTock nut on P.

¢(d). Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
screw and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, always give the cem-
plete nameplate data.
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TABLE OF REPLACEABLE PARTS

RELAY CHARACTERISTIC

CIRCUIT DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at/ 95¢hms
250 All Resistor, 40 Watts, 2500 + 5% ohms
Z 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Volts
48/125 All Zener Diode, IN2986B, 10 Watts, 24 Volts
250 All Zener Diode, IN2999B, 10 Watts, 56Volts
D All All Silicon Diode, 1N538, 200 Volts, 0875 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Wattgp100K
Ri, 24/32 0.05-1 Resistor, 1/2,Watt, WK %1%
48/125 0.05-1 Resistor, 1/2WattmlK + 1%
250 0.05-1 Resistor, 3Watts K * 5%
All 0.2-4 Resistor, 1/2Watt, 5.6K + 1%
All 1.5-30 Resistor, 4/2 Watt, 5.6K + 1%
C 24/32 0.05-1 Tantalum/ Capacitor, 22uf, 35 volts
48/125 0.05-1 Tantalum Capacitor, 22uf, 35 volts
250 0.05-1 Tanfalum Capacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05-n Resistor, 1/2 Watt, 62K + 1%
All 0.2-4 Resistor, 1/2 Watt, 270K * 1%
All 1.5-80 Resistor, 1/2 Watt, 270K + 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.05-1 Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/425 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 1200 + 5% ohms %
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/125 All Silicon Controlled Rectifier, 2N885
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms
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Fig. 3. Timing Variation with /Temperature Changes.

Battery Drain

24 Volts d-c 32 Volts d-c
STAND-BY: 0 0
OPERATING: 500 MA 420,MA

48 Volts d-c 125 Valts d-c 250 Volts d-c
0 0 0
270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has anyextra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperature‘Range

The relay can stand 110% voltage ¢ontinuously
over a temperature range of —403€. “topt70°C.

Reverse Polarity

Diode (D) limits reverseyvoltage of the static
components to less than @6ne volt d-c, so that no
damage is done to the“eircuit by connecting the relay
with reverse polarity. Howeéver, the relay will, of
course, not operate under this condition, and series
resistor (RS) may over-heat if reverse voltage is
applied for approximately 15 minutes or more.

Reset Time

TR drop=eutitime = 0.1 sec. or less. TR drop-out
time of Relay with TX contact is an additional 15
msec.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and Dy,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test
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Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the

telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on
48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (1CS)

The indicating contactor switch is a smallpd-¢
operated clapper type device. A magnetic armature,
to which leaf-spring mounted contacts are attacghed,
is attracted to the magnetic core upon eneérgization
of the switch. When the switch closes, 4he meving
contacts bridge two stationary contacts, completing
the trip circuit. Also, during this_operation two
fingers on the armature deflect a spring@located on
the front of the switch, which allows,the operation
indicator target to drop. The target“is reset irom the
outside of the case by a plish rod,located at the bot-
tom of the case.

The front spring, infaddition to holding the tar-
get, provides restraint_for‘thesarmature and thus con-
trols the pickup value of'the switch.

OPERATION

Operation of the TD-5 relay occurs when a sili-
con controlled Téctifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting state, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
bltyinithe conducting state acts as a closed switch
to ‘eonnect the telephone relay to the d-c source. To
switeh the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This eurrentis
produced by the difference in voltage acrossithedca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordance afith the R-C time con-
stant of the circuit. As leng‘asfthe capacitor voltage
is less than the potentiometer4brush voltage, a re-
verse voltage appears @ergss the diode, Do, andthe
SCR to keep the silicon cpntrolled rectifier (SCR)
biased off. When thejcapa€itor voltage reaches the
potentiometer brush voltage plus approximately one
volt (forward veltagendrop across SCR and Dj), gate
current will flow “te, the silicon controlled rectifier
(SCR). This “eurrent switches the SCR to a con-
ducting statenpto “allow the telephone relay (TR) to
pickuap.

TheSCR latches on when it switches and can be
réset onlyby removing voltage from terminals8 and 9.
If“aptrip coil supervisory indicator lamp is used, when
the timer is used with a fault detectorto trip a breaker,
a breaker ‘‘a’’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, a
voltage biasing potentiometer (P), a printed circuit
containing static timing components, an output
telephone relay (TR), and an indicating contactor
switch (ICS). An auxiliary relay (TX) is,supplied
on some types to override bounce of the initiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides a fixed
supply voltage to the R-C time delay circuit and pro-
tects the static components from” high voltages. It
consists of a silicon powenyregulator and a series
resistor (Rs). The silicon power regulator (Z2) is a
10 watt Zener diode mounfed on™an aluminum heat
sink. The series resistor (Rs) is a 3% inch resistor
which is tapped for 24732 volt d-c and 48/125 volt
d-c relays.

Rheostat and Séale Phate

The rheéstatd(T) provides a variable resistance
for the R-C time delay circuit. It is of wire-wound
construction, whiéh minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shafty since it is not easy to replace the
knob in the calibrated position. The timing scale is
non<inear as explained in the section under Printed
Circuit.

Potentiom eter

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41-579.1F

*Denotes change from superseded issue.

age which keeps the silicon/controlled rectifier (SCR)
turned off until the gapagiter voltage reaches the
potentiometer brush voltage. It is of wire-wound con-
struction and has a“lecking nut which should not be
loosened unles§ the relay is being re-calibrated.

Printed Cirgciiy

The printed/circuit contains a diode (D7) which
protects, the static components in case the relay is
connected with reverse polarity, a limiting timing re-
sister (RY), timing capacitor (C) a parallel resistor
(Ryp) Which makes the calibrating scale non-linear
and a¢Silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Dg) to reverse bias
SCR, a resistor (Rc) and diode (Dg) to-protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, Ds, and Dg) which compensate for the
forward voltage drop through SCR and Dy and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE AUGUST 1968
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INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service, oper-
ate 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 removing the relay from service.

APPLICATION

The type TD-5 relay is a d-c timing relay for
general auxiliary service. It has an overall range of
.05 to 30 seconds.

CONSTRUCTION

The type TD-5 relay consists of a reference
voltage circuit, a rheostat (T) and scale plate, @
voltage biasing potentiometer (P), a printed circuit
containing static timing components, afi” output
telephone relay (TR), and an indicating contactor
switch (ICS). An auxiliary relay (TXjis supplied
on some types to override bounce of the“imitiating
contact.

Reference Voltage Circuits

The reference voltage circuit provides a fixed
supply voltage to the R-C time_delay¥eircuit and pro-
tects the static componentsgfrom “high voltages. It
consists of a silicon poweéer regulator and a series
resistor (Rs). The silicon power regulator (Z) is a
10 watt Zener diode mounted on an aluminum heat
sink. The series resiston(Rs) is a 3% inch resistor
which is tapped fdr 24732 volt d-c and 48/125 volt
d-c relays.

Rheostat and ScalepPlate

Thedrheostat () provides a variable resistance
for the R-Citimefdelay circuit. It is of wire-wound
construction, Wwhich minimizes resistance change
with temperature. Do not remove the knob from the
rheostat shaft, since it is not easy to replace the
knob in the calibrated position. The timing scale is
nonslinear as explained in the section under Printed

Cireuit.
Potentiometer

The potentiometer (P), provides a biasing volt-

SUPERSEDES I.L. 41.579.1G

*Denotes change from superseded issue.

age which keeps the Silicon®controlled rectifier (SCR)
turned off until the cap@acitor voltage reaches the
potentiometer brush vQltage. It is of wire-wound con-
struction and_has“a,locking nut which should not be
loosened unlesshthe relay is being re-calibrated.

Printed(Cireuit

The (printed circuit contains a diode (D) which
protectsipthe static components in case the relay is
eonnected with reverse polarity, a limiting timing re-
Sistor (R1), timing capacitor (C) a parallel resistor
(Rp)” which makes the calibrating scale non-linear
and a silicon controlled rectifier (SCR). The printed
circuit also contains a diode (Dg) to reverse bias
SCR, a resistor (R¢) and diode (Dg) to-protect the
static components from the inductive voltage kick
associated with the telephone relay coil, and series
diodes (D4, D5, and Dg) which compensate for the
forward voltage drop through SCR and Dy and thereby
prevent timing variations caused by reference voltage
changes due to self-heating of the Zener diode.

Telephone Relay(TR)

The telephone relay (TR) is energized by SCR
at the conclusion of the time delay. The coil is ener-
gized by at least three times pick-up wattage to in-
sure positive contact operation. The contacts are
made of palladium and are suitable for circuit breaker
trip duty, as proven by many years of experience in
other relays. Two sets of transfer contacts are pro-
vided to give a flexible trip circuit arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a d.c. voltage to the relay. Because
of its slow dropout characteristic a contact of the
TX relay is connected around the contact of the
initiating relay to maintain voltage to the timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. 5.

A resistor and diode are connected across the
coil of the TX relay to protect the static components

EFFECTIVE JUNE 1969
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Fig. 2. Internal Schematic of Type TD-5 Relay.

from the inductive voltage kicks associated with the

telephone relay (TX) coil. A resistor is connected
in series with the coil of the TX relay for use on

48/125 volts. This resistor is jumpered for 48 VDC
operation. Operate time is 9ms — 48VDC, 6ms —
125VDC, Dropout time is 15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a smiall, d-c¢
operated clapper type device. A magneticfarmature,
to which leaf-spring mounted contacts are ‘attached,
is attracted to the magnetic core upon energization
of the switch. When the switch closesgthe ‘moving
contacts bridge two stationary contacts,/completing
the trip circuit. Also, during thisw operation two
fingers on the armature deflect afspring located on
the front of the switch, which 4allowssthe operation
indicator target to drop. The argetiis reset irom the
outside of the case by a push rad located at the bot-
tom of the case.

The front spring, in addition to holding the tar-
get, provides restraintgfor‘th@ armature and thus con-
trols the pickup value o0f the switch.

OPERATION

Operation, of #he TD-5 relay occurs when a sili-
con controlled “rectifier (SCR) switches from a non-
conducting state to a conducting state. In the non-
conducting4dstate, the SCR acts as an opened switch
to prevent energization of the telephone relay (TR),
butyiny, the conducting state acts as a closed switch
toeonnect the telephone relay to the d-c source. To
switch the SCR from a non-conducting state to a con-
ducting state requires that a maximum of 20 micro-

amperes flow in the gate of the SCR. This current is
produced by the difference in voltage acrossathe ca-
pacitor (C) and the brush of the potentiometer (P).

When d-c voltage is first applied to the relay,
voltage instantaneously appears across the potenti-
ometer brush but is delayed in building up across
the capacitor in accordancg with the R-C time con-
stant of the circuit. Asjlongs@s the capacitor voltage
is less than the potentiometer~brush voltage, a re-
verse voltage appeargiacress the diode, Do, andthe
SCR to keep the silicon Jcontrolled rectifier (SCR)
biased off. When the capacitor voltage reaches the
potentiometer bfush voltage plus approximately one
volt (forwardgweltagesfdrop across SCR and Dy), gate
current wildl flow@to the silicon controlled rectifier
(SCP). This“%eurrent switches the SCR to a con-
ducting’ state,to allow the telephone relay (TR) to
piCkup.

ThedSCR latches on when it switches and can be
reset,only by removing voltage from terminals8 and 9.
IfYa,trip coil supervisory indicator lamp is used, when
the, timer is used with a fault detectorto trip a breaker,
a breaker ‘‘a’’ contact must be connected between
terminal 8 of the relay and negative.

The rate at which the capacitor charges is deter-
mined by the rheostat setting. The charging rate is
not a linear function of rheostat setting, since Rp
gives a parallel resistive path. This has the effect
of expanding the scale for short times and thereby
permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts d-c)
.05-0.4 24/32
.05-0.4 48/125
.05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Fig. 3. Timing Variationjwith Temperature Changes.
Battery Drain
24 Volts d-c 32 Volts d-¢ 48 Volts d-c 125 Volts d-c 250 Volts d-¢
STAND-BY: 0 0 0 0 0
OPERATING: 500 MA 420p0MA 270 MA 180 MA 80 MA

NOTE: TD-5 with TX Relayyhas an extra operating drain of 63 MA at 48 or 125 VDC.

Voltage Rating Over The Temperature Range

The relay can stand 110% voltage)eontinuously
over a temperature range of —40°C: to + 70°C.

Reverse Polarity

Diode (D) limitgfreverseyvoltage of the static
components to lessfthan one, volt d-c, so that no
damage is done to the“@ircuitfby connecting the relay
with reverse polarity. However, the relay will, of
course, not operate under this condition, and series
resistor (RS) may over-heat if reverse voltage is
applied for approximately 15 minutes or more.

Reset Time

TR drop-out time = 0.1 sec. orless. TR drop-out
time ©fyRelay with TX contact is an additional 15
msee.

Discharge of timing capacitor: the discharge of
Cis essentially instantaneous, the R-C time constant
through P being less than 20 milliseconds, in most
cases. However, the discharge path through P is
limited by silicon voltage drops through SCR and D2,
totalling approximately one volt. Therefore, C dis-
charges rapidly through P down to about one volt
and then more slowly through Rp down to zero volts.

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 time accuracy.

(1) Nominal Setting

The first time delay, as measured with the test

e



TYPE TD-5 RELAY

TABLE OF REPLACEABLE P ARTS

CIRCUIT RELAY CHARACTERISTIC
DESCRIPTION
SYMBOL DC VOLTS TIME RANGES
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95¢46Hms
250 All Resistor, 40 Watts, 2500 + 5% ohms
Z 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Voits
48/125 All Zener Diode, IN2986B, 10 Watts, 24 Volts
250 All Zener Diode, IN2999B, 10 Watts, 56, Volts
D All All Silicon Diode, 1N538, 200 Volts, Qs75 Amp
T All 0.05-1 Rheostat, 3 Watt, 40K
All 0.2-4 Rheostat, 4 Watt, 100K
All 1.5-30 Rheostat, 4 Watt, 100K
Ry, 24/32 0.05-1 Resistor, 1/2 Watt, 1K"%,1%
48/125 0.05-1 Resistor, 1/2 Watt, 1K\* 1%
250 0.05-1 Resistor, 3 Wattsh IK®5%
All 0.2-4 Resistor, 1/2Watt, 5u6K + 1%
All 1.5-30 Resistor, 1/2fWatt;, 5.6K + 1%
C 24/32 0.05-1 Tantalumg@apacitor, 22uf, 35 volts
48/125 0.05-1 Tantalum Capaeitor, 22uf, 35 volts
250 0.05-1 Tantalum Capacitor, 22uf, 50 volts
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V
Rp All 0.05*1 Resistor, 1/2 Watt, 62K * 1%
All 0.2-4 Resistor, 1/2 Watt, 270K * 1%
All 1. 5430 Resistor, 1/2 Watt, 270K + 1%
TR 24/32 All Telephone Relay, 30 ohm coil
48/125 All Telephone Relay, 125 ohms coil
250 0.06-1 Telephone Relay, 125 ohm coil
250 0.2-4 Telephone Relay, 650 ohm coil
250 1.5-30 Telephone Relay, 650 ohm coil
TX 48/125 All Telephone Relay, 760 ohm coil
Rc 24/32 All Resistor, 1/2 Watt, 56 + 5% ohms
48/425 All Resistor, 1/2 Watt, 270 + 5% ohms
250 All Resistor, 1/2 Watt, 1200 + 5% ohms
SCR 24/32 All Silicon Controlled Rectifier, 2N885
48/1256 All Silicon Controlled Rectifier, 2N885
250 All Silicon Controlled Rectifier, 2N886
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms
48/125 All Potentiometer, 4 Watts, 250 + 10% ohms
250 All Potentiometer, 4 Watts, 1300 + 10% ohms
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TYPE TD-5 RELAY

2. Check the reference voltage circuit. This is done
by measuring the d-c voltage across the silicon
power regulator, Z. Connect the d-c voltmeter
positive terminal to the rear terminal of Rg and
the negative terminal to relay terminal 8. Apply
rated voltage per the test circuit diagram, Figure
4. The Zener voltage should be between 11.0 and
13.0 volts for 24/32 volt relays, between 21.5 and
24.5 volts for 48/125 volt relays, and between 50
and 58 volts for 250 volt relays.

3. Check the timing capacitor voltage and the po-
tentiometer brush voltage (between printed circuit
terminal 3 and relay terminal 8) with a cathode ray
oscilloscope or a high resistance d-c voltmeter.
It is necessary to scrape varnish from the capaci-
tor positive terminal inorder to make a connection
at this point. The brush voltage, whichis constant
until the telephone relay trips, should be approxi-
mately one half the reference voltage. The capaci-
tor should gradually change to the potentiometer
brush voltage, plus approximately one volt for
silicon junction forward voltage drops through
SCR and Dy.

4. If reference voltage, capacitor voltage, and po-
tentiometer voltage all appear to behave correctly,
the SCR may be the cause of trouble. The anode
to cathode voltage, as measured between printed
circuit terminals 4 and 3, should be approximately
one-half the reference voltage until the capacitor
voltage reaches the brush voltage, at which time
the anode to cathode voltage should drop to ap-
proximately one volt.

Calibration

Use the following procedure for calibrating“the
relay if the relay adjustments have beén disturbed.
This procedure should not be used until ithi& appa-
rent that the relay is not in proper working order.
Before calibrating, follow the TroubleaShooting Pro-
cedure to locate the source of trguble.

1. Telephone Type Relay Adjustment

Adjust the armature gap om’the telephone type
relay to be approximately “0044inch 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 inch gap 6n all contacts and at least
.010 inch follow'on all normally open contacts and at
least .005 inch fellow on all normally closed contacts.

2. RheostathKnob Adjustment, Same Scale Plate

If itiis'mecessary to replace the rheostat (T) or

the silicon power regulator (Z), the relay may be
recalibrated with the same scale plate, in most cases.
This is done by rotating the rheostat shaft, withotut
knob, until a time delay equal to the minimum scale
marking is obtained. Then, align the knob for this
delay and tighten the knob set-screw securely. Pause
several seconds between readings for all delays
above .05 seconds. See section under Accuracy for
discussion of this.

3. Scale Plate Calibration, New Scale Plate

If it is necessary to replace the potentiometer
(P) or the printed circuit, the relagshould be recali-
brated with a new scale plate. Use the following
procedure:

(a). With the knob_off‘the shaft, set the rheostat
(T) at maximum.

(b). Adjust"Paso thdt the times are 5% to 10%
longer than,the maximam scale marking.

(c). Set the rheostat (T) at minimum and check
that timesfarelessrthan or equal to theminimum scale
markingg If not] adjust P slightly to reduce times.
Tighten loek,nut on P.

¢d). Place the knob on the rheostat shaft in such
a position that the times are symmetrical with respect
to the scale plate marking. Tighten the knob set-
serew and mark calibration lines on the scale plate.
When striking calibration lines for delays above 0.5
second, pause at least 3 seconds between readings.
See section under Accuracy for discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suffi-
cient d-c current through the trip circuit to close the
contacts of the ICS. This value of current should be
not greater than the particular ICS tap setting being
used. The operation indicator target should drop
freely.

The contact gap should be approximately .047"’
between the bridging moving contact and the adjust-
able stationary contacts. The bridging moving con-
tact should touch both stationary contacts simultan-
eously.

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. Whenordering parts, alwaysgive the com-
plete nameplate data.
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circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-
ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds, this accuracy will be 12%.

(2) Consecutive Timings

Table I

Incomplete capacitor discharge will cause
changes in time delay. These changes are a function
of discharge rate. Timing accuracy for slow repeti-
tions will be per Table L.

_Tuble |_

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds at least 3 seconds + 2%
0.2-4.0 seconds at least 5 seconds + 2%
1.5-3.0 seconds at least 5 seconds + 2%

Timing accuracy for fastrepetitions will beper
Table II.

Delay Between Accuracy, as

Relay Rating Readings Percent of Setting
.05- 1.0 seconds instantaneous +4%
0.2-4.0 seconds instantaneous +4%

1.5- 3.0 seconds approximately% sec. +4%

(3) Supply Voltage

Changes in supply voltage, betweeny 80%) and
110% of nominal, cause time delay variations of no
more than +3 milliseconds for settingsoff0.3%econds
or less, and no more than * 1% forgsettingsfabove 0.3
seconds.

(4) Ambient Temperature

Changes in ambient“témperature cause changes
in time delay. This variationin time delay is a direct
function of capacitance cHange with temperature.
Typical variation of time delay with temperature is
shown in Figure 3/

SETTINGS

The timé delayis selected by adjusting rheostat,
T.

The correct tap on series resistor, RS, should
be selected, for the supply voltage being used.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except the
selection of the 0.2 or 2.0 ampere tap setting. This
selection is made by connecting the lead located in

front of the tap block to the desired setting by means
of the connecting screw.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration, _and heat. Mount the
relay vertically by means offthe/four mounting holes
on the flange for semi-flush moeunting or by means of
the rear mounting stud'or 'studs for projection mount-
ing. Either a mounting/{stud or the mounting screws
may be utilized for'grounding the relay. The electrical
connections magpbe made directly to the terminals by
means of screws forfsteel panel mounting or to the
terminal studs furnished with the relay for thick panel
mounting,, Théyterminal studs may be easily removed
or inserted by _locking two nuts on the stud and then
turning'the proper nuts with a wrench.

For “detailed F'T case information refer to I.L.
41-076.

ADJUSTMENT 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.
In particular, do not remove knob from rheostat shaft
and do not loosen potentiometer lock nut.

Acceptance Test

A timing check at minimum and maximum set-
tings is recommended to insure that the relay is in
proper working order. A recommended test circuit
is shown in Figure 4. When testing the TD-5 with
a TX telephone relay make the dotted connection as
shown in Figure 4. The neon lamp will light if the
TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned periodically. A
contact burnisher S#182A836H01 is recommended for
this purpose. The use of abrasive material for clean-
ing contacts is not recommended, because of the
danger of embedding small particles in the face of
the soft silver and thus impairing the contact.

Trouble Shooting Procedure

Use the following procedure to locate the source
of trouble if the TD-5 is not operating correctly.
1. Inspect all wires and connections, paying particu-

lar attention to telephone relay andprinted circuit
terminals.



INSTALLATION

Westinghouse I.L. 41-579.1N
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE TD-5 TIME DELAY RELAY

CAUTION: Before putting relays into service,
operate the relay to check the electrical connec-
tions. Close the red handle switch last when plac-
ing the relay in service. Open the red handle switch
first when removing the relay from service.

O APPLICATION

The type TD-5 relay is used in timing
applications where accuracy, repeatability and fast
reset are required. Its principal use is in time
delayed distance relaying and in breaker failure
timing applications.

It is a dc relay capable of direct application to
station batteries. It covers 0.05 to 30 seconds/in 4
different ranges. For dual independent timing refer
to TD-52 relay, I.L. 41-579.3.

CONSTRUCTION

The type TD-5 relay censists of a reference
voltage circuit, a rheostat (T)yand”scale plate, a
voltage biasing potentiometer (P),"a printed circuit
containing static timing ‘compenents, an output
telephone relay (TR),afd anvindicating contactor
switch (ICS). An auxiliary relay (TX) is supplied
on some types to gverridé’bounce of the initiating

- contact.

Reference Voltage ‘Circuits

The reférencé voltage circuit provides a fixed
supply voltage®to the R-C time delay circuit and
protects the static components from high voltages.
It consists‘f a silicon power regulator and a series

resistor (Rs). The silicor power regulator (Z) is a
10 watt Zener “diodesmounted on an aluminum
heat sink. The series resistor (Rs) is a 3'2 inch
resistor whieh isstapped for 24/32 volt dc and
48/125 vglt dcirelays.

Rheostat and Scale Plate

The rheostat (T) provides a variable resistance
for'the R-C time delay circuit. It is of wire-wound
construction, which minimizes resistance change
with temperature. Do not remove the knob from
the rheostat shaft, since it is not easy to replace the
knob in the calibrated position. The timing scale is
non-linear as explained in the section under
Printed Circuit.

Potentiometer

The potentiometer (P), provides a biasing
voltage which keeps the silicon controlled rectifier
(SCR) turned off until the capacitor voltage
reaches the potentiometer brush voltage. It is of
wire-wound construction and has a locking nut
which should not be loosened unless the relay is be-
ing re-calibrated.

Printed Circuit

The printed circuit contains a diode (Dy)
which protects the static components in case
the relay is connected with reverse polarity,
a limiting timing resistor (R ), timing capaci-
tor (C), a parallel resistor (Rp) which makes
the calibrating scale non-linear, and a silicon
controlled rectifier (SCR). The printed circuit
also contains a diode (D) to reverse bias

All possible contingencies which may arise during installation, operation, or maintenance, and all
details and variations of this equipment do not purport to be covered by these instructions. If further
information is desired by purchaser regarding his particular installation, operation or maintenance of
his equipment, the local Westinghouse Electric Corporation representative should be contacted.

SUPERSEDES I.L 41-579.1M, dated March 1980

© Denotes changed since previous Issue.

EFFECTIVE SEPTEMBER 1980
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Fig. 1. Type TD-5 Relay Without Case.
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Fig. 2. Internal Schematic of Type TD-5 Relay.

SCR, a resistor (Rc) and diode (Bg) ‘to, pro-
tect the static components from the Taductive
voltage kick associated with the/ telephone
relay coil, and series diodes (Dgs Dssand Dg)
which compensate for the ((forward voltage
drop through SCR and ®p*and zener re-
ference variations.

Telephone Relay (TR)

The telephone relay (TR) is energized by SCR
at the conclusionfofdthe time delay. The coil is
energized bysat least three times pick-up wattage
to insure pOsitive,contact operation. The contacts
are made of palladium and are suitable for circuit
breaker trip duty. as proven by many years of ex-
perience in other relays. Two sets of transfer con-
tacts are provided to give a flexible trip circuit
arrangement.

Telephone Relay (TX)

The telephone relay (TX) is energized by the
application of a dc voltage to the relay. Because of
its slow dropout characteristic a contact of the TX

relay is connected around the contagt of the in-
itiating relay to maintain voltagesto the’ timing
module of the relay if the contact of the initiating
relay bounces. Refer to Fig. S.

A resistor and diode are connected across the
coil of the TX relay tomprotect the static com-
ponents from the ind@ictive voltage kicks
associated with the telephefie relay (TX) coil. A
resistor is connect€dyin series with the coil of the
TX relay for useton 48/125 volts. This resistor is
jumpered for 483V D€ operation. Operate time is
9ms — 48VDC, 6ms — 125VDC, Dropout time is
15ms.

Indicating Contactor Switch (ICS)

The indicating contactor switch is a small dc
operated clapper type device. A magnetic ar-
mature, to which leaf-spring mounted contacts are
attached, is attracted to the magnetic core upon
energization of the switch. When the switch closes,
the moving contacts bridge two stationary con-
tacts, completing the trip circuit. Also, during this
operation two fingers on the armature deflect a
spring located on the front of the switch, which
allows the operation indicator target to drop. The
target is reset from the outside of the case by a
push rod located at the bottom of the cover.

The front spring, in addition to holding the
target, provides restraint for the armature and thus
controls the pickup value of the switch.

OPERATION

Operation of the TD-5 relay occurs when a
silicon controlled rectifier (SCR) switches from a
non-conducting state to a conducting state. In the

. non-conducting state, the SCR acts as an opened

switch to prevent energization of the telephone
relay (TR), but in the conducting state acts as a
closed switch to connect the telephone relay to the
dc source. To switch the SCR from a non-
conducting state to a conducting state requires that
a maximum of 20 microamperes flow in the gate of
the SCR. This current is produced by the
difference in voltage across the capacitor (C) and
the brush of the potentiometer (P).

When dc voltage is first applied to the relay,
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Fig. 3. Timing Variation with, Temperature Changes.

voltage instantaneously appears across the poten-
tiometer brush but is delayed in building up across
the capacitor in accordance with the R-C time
constant of the circuit. As long as the capacitor
voltage is less than the potentiometer” brush
voltage, a reverse voltage appears» acress the
diode D), and the SCR to keep thegsilicon con-
trolled rectifier (SCR) biased , off.), When the
capacitor voltage reaches the potentiometer brush
voltage plus approximately ofe’ volt” (forward
voltage drop across SCR and"D>j),/gate current
will flow to the silicon controlled rectifier (SCR).
This current switchesthe 'SCR/to a conducting
state to allow the teléphone relay (TR) to pickup.

The SCR latcheson when it switches and can
be reset only by removing voltage from terminals 8
and 9. If a trip coil supervisory indicator lamp is
used, when the timer is used with a fault detector
to trip a breaker, a breaker “a’” contact must be
connectedbetween terminal 8 of the relay and
negatiye:

Thewrate at which the capacitor charges is
detérmined by the rheostat setting. The charging

rate is not a linear function of rheostat setting,
since Ry, gives a parallel resistive path. This has
the effect of expanding the scale for short times
and thereby permitting more accurate settings.

CHARACTERISTICS

Time Delay Range and Voltage Rating

Time Delay Voltage Rating
Range (Seconds) (Volts dc)
.05-0.4 24/32
.05-0.4 48/125
..05-0.4 250
.05-1.0 24/32
.05-1.0 48/125
.05-1.0 250
0.2-4.0 24/32
0.2-4.0 48/125
0.2-4.0 250
1.5-30 24/32
1.5-30 48/125
1.5-30 250
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Battery Drain

24 Volts dc 32 Volts dc 48 Voltsdc 125 Volts dc 250 Velts-dc
STAND-BY: ‘ 0 0 0 0
OPERATING: SO0 MA 420 MA 2710MA 180 MA 80 MA

NOTE: TD-5 with TX Relay has an extra operating drain of 63 MA at 48 opal25 VDC.

|
Voltage Rating Over The Temperature Range

The relay can stand 110% voltage continuously
over a temperature range of —40°C. to +70°C.

Reverse Polarity

Diode (D) limits reverse voltage of the static
components to less than one volt dc, so that no
damage is done to the circuit by connecting the
relay with reverse polarity. However, the relay
will, of course, not operate under this condition,
and series resistor (Rg) may over-heat if reverse
voltage is applied for approximately 15 minutes
or more.

Reset Time

TR drop-out time = 0.1 sec. or less4TR drop-
out time of Relay with TX contact is an‘additional
15 msec.

Discharge of timing capacitor:(the discharge
of C is essentially instantaneousy the,R-C time
constant through P being less than 20 milliseconds,
in most cases. However, _the “discharge path
through P is limited by 4silicon» voltage drops
through SCR and Dj,ftotaling approximately
one volt. Therefore, Cqdischarges rapidly through
P down to about one voltiand then more slowly
through Rp downgteyzero volts.

Accuracy

The dccuracy 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 time ac-
curacy.

(1)=Nominal Setting

The first time delay, as measured with the test
circuit shown in Figure 4, taken at 25°C. and rated
voltage, will be within four milliseconds of its set-

ting for settings of 0.2 seconds or less. For settings
above 0.2 seconds{ this,accuracy will be +2%.

(2) Consecutive Timings

Incomplete “eapacitor discharge will cause
changes.in time delay. These changes are a func-
tion ofydischarge rate. Timing accuracy for slow
repetitionshwill be per Table I.

Tablel
Delay 1Accuracy,
Relay Rating Between as Percent
Readings of Setting

.05- 1.0seconds | at least 3 seconds| +2%
0.2 - 4.0seconds | at least Sseconds| +2%
1.5 -30 seconds | at least S seconds| +2%

Timing accuracy for fast repetitions will be
per Table II.

Table i
Delay Accuracy,
Relay Rating Between as Percent
Readings of Setting
.05- 1.0 seconds | instantaneous +4%
0.2 - 40seconds | instantaneous +4%
1.5 -30 seconds | approx. Y2 sec. +4%

(3) Supply Voltage

Changes in supply voltage, between 80% and
110% of nominal, cause time delay variations of
no more than +3 milliseconds for settings of 0.3
seconds or less, and no more than +1% for
settings above 0.3 seconds.

(4) Ambient Temperature

Changes - in ambient temperature cause
changes in time delay. This variation in time



‘delay is a direct function of capacitance change
with temperature. Typical variation of time delay
with temperature is showa in Figure 3.

SETTINGS

Time delay is selected by adjusting rheostat.

T. |

For zone 2 distance applications, the timer
setting should be sufficient to allow relays and
breakers beyond the next bus to clear the fault.
Also, it should be set to allow successful breaker-
failure clearing without it operating. This usually
requires a setting of approximately 0.25 seconds.

©  Zone 3 timing must coordinate with remote
zone 2 timing. A typical setting is 0.5 seconds.

©  Breaker failure timing is set to assure normal
fault clearing and fault detector reset plus 2 to 3
cycles margin. 0.1 to 0.2 second settings are typical.

The correct tap on series resistor, Rg, should
be selected for the supply voltage being used.

Indicating Contactor Switch (ICS)

No setting is required on the ICS unit except
the selection of the 0.2 or 2.0 ampere tap setting.
This selection is made by connecting the lead
located in front of the tap block to the desired, set-
ting by means of the connecting sctew.

INSTALLATION

The relays should be mounted on*Switchboard
panels or their equivalent in aylocation free from
dirt, moisture, excessives”vibration, and heat.
Mount the relay verticallyby means of the four
mounting holes onthe flange of semi-flush moun-
ting or by mean$ ofgthe réar mounting stud or
studs for projectiondmounting. Either a mounting
stud or the mountingigcrews may be utilized for
grounding the relay. The electrical connections
may be made direactly to the terminals by means of
screws for ‘steel panel mounting or to the terminal
studs futnished with the relay for thick panel
mounting. 4\ The terminal studs may be easily
removed or inserted by locking two nuts on the
stud,@nd then turning the proper nuts with a
wrench.

For detailed FT case information refer to [LL.
41-076.

ADJUSTMENT AND MAINTENANCE

The proper adjustments to insure®correct
operation of this relay have beep®made at the fac-
tory and should not be disturbedfafter receipt by
the customer. In particular, doyndt"remove knob
from rheostat shaft and#donnot loosen poten-
tiometer lock nut.

Acceptance Test

A timing check atyminimum and maximum
settings is recommended to insure that the relay is
in proper wogkinglerder. A recommended test cir-
cuit is shown in _Eigure 4. When testing the TD-5
with a TX\telephone relay make the dotted con-
nection*as,shown in Figure 4. The neon lamp will
lighteif the TX relay is operating properly.

Routine Maintenance

All contacts should be cleaned pericdically. A
contact burnisher S#182A836HO01 is recommend-
ed for this purpose. The use of abrasive materia!
for cleaning contacts is not recommended. because
of the danger of embedding small particles in the
face of the soft silver and thus impairing the con-
tact.

Trouble Shooting Procedure

Use the following procedure to locate the
source of trouble if the TD-S is not operating cor-
rectly.

I. Inspect all wires and connections. paving par-
ticular attention to telephone relay and printed
circuit terminals.

2. Check the reference voltage circuit. This is
done by measuring the dc voltage across the
silicon power regulator, Z. Connect the dc volt-
meter positive terminal to the rear terminal
of Rg and the negative terminal to relay ter-
minal 8. Apply rated voltage per the test
circuit diagram, Figure 4. The Zener voltage
should be between 11.0 and 14.0 volts for
24/32 volt relays, between 21.5 and 25.5 volts
for 48/125 volt relays, and between 50 and 59
volts for 250 volt relays.
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3. Check the timing capacitor voltage and the
potentiometer brush voltage (between printed

circuit terminal 3 and relay terminal 8) with -

a cathode ray oscilloscope or a high resistance
dc voltmeter. It is necessary to scrape varnish
from the capacitor positive terminal in order
to make a connection at this point. The brush
voltage., which is constant until the telephone
relay trips, should be approximately one half
the reference voltage. The capacitor should
gradually change to the potentiometer brush
voltage, plus approximately one volt for silicon
junction forward voltage drops through SCR
and D».

4. If reference voltage, capacitor voltage, and
potentiometer voltage all appear to behave
correctly, the SCR may be the cause of trouble.
The anode to cathode voltage, as measured
between printed circuit terminals 4 and 3,
should be approximately one-half the reference
voltage until capacitor voltage reaches the
brush voltage, at which time the anode to cat+
hode voltage should drop to approximately
one volt.

Calibration

Use the following procedure for ¢alibrating the
relay if the relay adjustments have been disturbed.
This procedure should not be used until it is ap-
parent that the relay is not in proper working
order. Before calibrating, follow 4the Trouble
Shooting Procedure to locate, the,source of trou-
ble.

1. Telephone Type RelayyAdjustment
Adjust the armature gap on the telephone type

relay to be approximately .004 inch with the ar-

mature closed. This‘isfdone with the armature set-
screw and, legk-nuts” Also, adjust contact leaf
springs t0 obtainat least .015 inch gap on all con-
tacts afid atfleasty.010 inch follow on all normally
open contaets and at least .00S inch follow on all
normally closed contacts.

2. Rheostat Knob Adjustment, Same Scale Plate

If it is necessary to replace the rheostat (T) or
thewsilicon power regulator (Z), the relay may be
recalibrated with the same scale plate, in most
cases. This is done by rotating the rheostat shaft,
without knob, until a time delay equal to the

minimum scale marking is obtained{ Then, align
the knob for this delay and tightensthesknob set-
screw securely. Pause several seconds between
readings for all delays above .05 seconds. See sec-
tion under Accuracy for discussion of this.

3. Scale Plate Calibration, New Scale Plate

If it is necessary, toureplace the potentiometer
(P) or the printed cCircuit? the relay should be
recalibrated with @'new. scale plate. Use the follow-
ing procedure:

(a). Withy the\knob off the shaft, set the
rheostat (IH)at*maximum.

(b). Adjust™P so that the times are 5% to 10%
longer“than“the maximum scale marking.

(¢).LSet the rheostat (T) at minimum and
checky that times are less than or equal to the
minimum scale marking. If not, adjust P slightly
to reduce times. Tighten lock nut on P.

(d). Place the knob on the rheostat shaft in
such a position that the times are symmetrical with
respect to the scale plate marking. Tighten the
knob set-screw and mark calibration lines on the
scale plate. When striking calibration lines for
delays above 0.5 seconds. pause at least 3 seconds
between readings. See section under Accuracy for
discussion of this.

4. Indicating Contractor Switch (ICS)

Close the main relay contacts and pass suf-
ficient dc current through the trip circuit to close
the contacts of the ICS. This value of current
shouid be not greater than the particular ICS tap
setting being used. The operation indicator target

. should drop freely.

The contact wipe should be /64" to 3/64"
between the bridging moving contact and the ad-
justable stationary contacts. The bridging moving
contact should touch both stationary contacts
simultaneously.

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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TABLE OF REPLACEABLE PARTS

CIRCUIT RELAY CHARACTERISTIC STY¥LE
X D ESCRIPTI ON
SYMBOL [pC vOLTS | TIME RANGES JUMBER
Rg 24/32 All Resistor, 40 Watts, 45 + 5% ohms, center tap 184A064H03
48/125 All Resistor, 40 Watts, 550 + 5% ohms, tap at 95 ohms 187TA321HO01
250 All Resistor, 40 Watts, 2500 + 5% ohms 1995653
Z | 24/32 All Zener Diode, IN2977B, 10 Watts, 13 Valts 629AT98H02
48/125 All Zener Diode, 1N2986B, 10 Watts, 24 Volts 629A7T98H03
250 All Zener Diode, 1N2999B, 10 Watts, 56/ Volts. 629AT98H04
D All All Silicon Diode, 1N4818, 200 Volts{h0.75,Amp 188A342H06
Zl, Z8 All All Zener Diode 1N3051 (For TD-5'with Tx only) 187A936H01
T All 0.05-1 Rheostat, 3 Watt, 40K 184AT56H01
All 0.2 -4 Rheostat, 4 Watt, 100K 184AT56H02
All 1.5 -30 Rheostat, 4 watt, 100K 184A756H02
All .05-.4 Rheostat, 4 Watt, (20K 184A756H04
Ry, 24/32 0.05-1 & .05-.4 | Resistor, 1/2 Watt, 1K"%,1% . 862A376HO01
48/125 0.05-1 & .05-.4 | Resistor, 1/2Watt,lK + 1% 862A376HO01
250 0.05-1 & .05-.4 | Resistor, 3WWattshlK + 5% 184A636H08
All 0.2-4 Resistor, 1/2 Watt, 5.6K *+ 1% 862A376HT3
All 1.5-30 Resistor, ‘1/2 Watt, 5.6K t 1% 862A376HT3
C 24/32 0.05-1 & .05-.4 | Tantalum/Capacitor, 22uf, 35 volts 184A661H16
48/125 0.05-1 & .05-.4 | Tantalum Capacitor, 22uf, 35 volts 184A661H16
250 0.05-1 & .05-.4 J'Tantalum Capacitor, 22uf, 50 volts 184A661H17
24/32 0.2-4 Tantalum Capacitor, 22uf, 35 volts 184A661H16
48/125 0.2-4 Tantalum Capacitor, 22uf, 35 volts 184A661H16
250 0.2-4 Tantalum Capacitor, 22uf, 50 volts 184A661H17
24/32 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V 184A661H16
48/125 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 35 V 184A661H 16
250 1.5-30 Tantalum Capacitor, 22uf, (7 in parallel) 50 V 184A661H17
Rp All 0.05-1°&,.05~.4 | Resistor,1/2 W, 62K * 1% 184A764HT70
All 0.2-4 Resistor, 1/2 Watt, 267K *+ 1% 184A764H85
All 176-30 Resistor, 1/2 Watt, 267K * 1% 184A764H85
T 24/32 All Telephone Relay, 30 ohm coil 407C614H05
48/125 All Telephone Relay, 125 ohms coil 407C614H06
250 0.05-1 & .05-.4 | Telephone Relay, 125 ohm coil 407C614H06
250 0.2-4 Telephone Relay, 650 ohm coil 407C614H07
250 1.5-30 Telephone Relay, 650 ohm coil 407C614HO07
Tx 48/125 All Telephone Relay 750 ohm coil 19B1312H09
Rc 24/82 All Resistor, 1/2 Watt, 56 + 5% ohms "187TA290H19
48/125 All Resistor, 1/2 Watt, 270 + 5% ohms 184A763H13
250 All Resistor, 1/2 Watt, 1200 + 5% ohms 184AT63H29
SCR 24/32 All Silicon Controlled Rectifier, 2N885 185A517HO02
48/125 All Silicon Controlled Rectifier, 2N885 185A517HO02
250 All Silicon Controlled Rectifier, 2N886 185A517HO03
P 24/32 All Potentiometer, 4 Watts, 60 + 10% ohms 185A067H04
48/125 All Potentiometer, 4 Watts, 250 + 19% ohms 185A067HO05
250 All Potentiometer, 4 Watts, 1300 + 10% ohms 185A067THO06
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Fig. 6. Outline and Drilling Plan for Type TD-5 Relay in Type FT11 Case.











