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MAINTENANCE 

INSTRUCTIONS 
TYPE D-3 DIRECT CURRENT AND 

TYPE DT-3 TEMPERATURE RELAYS 

CAunlON Before putting relays into service, 
remove all blocking which may have been in­
serted for the purpose of securing the parts 
during shipment, make sure that all moving 
parts operate freely, inspect the contacts to 
see that they are clean and close properly, 
and operate the relay to check the settings 
and electrical connections. 

APPLICATION 

The type D-3 relay is suitable for applica­
tions where overload, underload, or reverse­
current protection is required on direct cur­
rent circuits. One particular application is 
in the protection of rotary converters which 
require sensitive reverse-current relays to 
prevent running inverted. 

The type DT-3 relay is a temperature relay 
operating from exploring coils installed in 
the apparatus to be protected. The relay is 
used for protecting transformers and either 
a-c or d-e generators and motors from damage 

resulting from abnormally high temperatures. 
The operation of the relay contacts may be 
used to open the circuit breaker, sound an 

alarm, start blowers, or take care of the high 
temperature in any desired manner. 

Both the type D-3 and the type DT-3 relay 
have a permanent magnet field. Consequently 
their operation does not require a d-e poten­
tial source and they are free from variations 
in the operating point which would result from 
voltage fluctuations of the potential source. 

CONSTRUCTION AND OPERATION 

The types D-3 and DT-3 relays are d'Arsonval 
type d-e contact making milliammeters. The 
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MOUNTING SURFAC£ 

ALNICO MAGNET 

IRON POL£ 

SHOES 
,1'<---..,j----'-.,--. +-�!'-;7"'--1-o BRASS SPAC£1?� 

AND MO/JNTING 

BLOCKS 

FRAME: 

CASTING 

SCHF:MilT/C DRAWING OF MIIGNE:TIC CIRC/1/T 

OF TYPE D-3 RELAY (TOP VIEW}. MOVING 
COIL SUPPORTS, SPRINGS AND CONTACTS OMITTED. 

Fig. 1-Schematic Drawing of Magnetic Circuit of Type D-3 
Relay (Top View). Moving Coil Bearing Supports, 
Springs and Contacts Omitted. 

magnetic circuit is shown schematically in 
Fig. 1. A cylindrical core, consisting of an 

Alnico permanent magnet, two iron pole pieces 
and two brass spacer blocks, is mounted con­
centrically in the bore of a malleable iron 
frame casting. The moving coil rotates in the 
air gap between the core and the frame cast­
ing. A Moldarta bracket mounted on the rear­

of the core carries bearings for the frame on 
which the moving coil is wound, and also pro­
vides connection points for the spiral springs 
through which electrical connection is made 
to the moving contact and the moving coil. 
The two springs which are connected to the 
moving coil are located at the top of the 
element. 
fastened 

The outer ends of these springs are 
to posts mounted in a circular insu-

lating plate. This plate is mounted on the 
Moldarta bracket by means of the upper bearing 
screw and a spring washer, so that it is held 
in position securely, but yet can be rotated 
to permit adjustment of the zero position of 
the moving element. 
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TYPE D-3 AND DT-3 RELAYS __________________ _ 

l.EFT "iAND CONTACTS {F ... ONT VIE.W) 
OPEN FOR ZERO 
CENTER REU\YS 

MOVING COIL 

®>----...-� 

CALIB'RA.TlNG 
RESISTOR fOR RANGts 
1'180VE 5-<>-S ANO 

....._ ___________ ��� ��L��J\1fi0NS 
REAR VIEW 

WHEN CONNECTED WITH POLA'PHY AS St-'OWN� MOVING COIL 
�"ES IN DI>!ECTito'l TO CLOSE R.H. CONTACTS (F"ONT "lEW) 

Fig. 2-Intemal Connections of the Type D-3 Relay in the 
Standard Case. 

The moving contact is mounted on the outer 

end of a counterbalanced arm fastened to the 

bottom of the moving coil shaft. Current is 

introduced into this contact by the third 

spiral spring. On either side, a stationary 

contact arm is fastened to the frame. Each of 

these stationary contacts is adjustable in a 

small arc and an upright guide arm indicates 

its position relative to a calibrated scale on 

the lower part of the nameplate. Relays for 

certain special applications are provided with 

a pointer, which is fastened to the contact 

arm and moves in front of the calibrated 

scale. 

A screw containing a sapphire thrust bearing 

and a ring guide bearing is mounted in the 

lower bearing support of the moving element. 

The inverted position of this bearing screw 

prevents dirt particles from falling into it. 

A guide bearing only is provided at the top of 

the moving element, but the bearing pin is the 

lower of the two bearing members here also. 

Type D-3 Relay 

In the usual application of the D-3 relay 

the moving coil is connected to a shunt in the 

circuit being protected. Thus, by suitable 

selection of relay calibration and of shunt 

rating, the relay can be made to respond to 

2 

--

TEST 5W/TCN 

CAL/lllfATIIIS 11'£$/STOR 
FIIR�6'ABI.JYCJ·IJ-5 
MD tH:IMV....,FDR 
SPeCIAL 4PPt.ICATJ4MS 

W� CIJIIICCrED WITII �AS S�MWIA/8 Ct/IIL MOflt6 IN 
DIH£C7JtJII rtJ CLIJ3£ 1t11N7 M8II!J CIIITACT.S (F"If'OIIT WEWJ 

Fig. 3-Internal Connections of the Type DT-3 Relay in the 
Type FT Case. 

particular magnitudes or directions of current 

flow through the shunt as required. 

When the relay is calibrated to have a zero 

center the stationary adjustable contacts may 

be set to permit the moving contacts to move 

either right or left depending on the polar­

ity. In all other standard relays the moving 

contact and 

mally making 

polarity the 

side. 

The relay 

carrying one 

used to open 

4 and 5 show 

one stationary contact are nor­

at zero current. With proper 

contacts close to the opposite 

contacts will close a circuit 

ampere, but they should not be 

an appreciable current. Figures 

typical external connections for 

overload or reverse current protection using 

the type D-3 relay on the standard and the 

type FT cases. These diagrams are for appli­

cations in which the trip coil current is 

within the capacity of the relay contacts. 

For larger tripping currents an auxiliary 

relay should be interposed, as shown in Fig. 

6. In all cases an auxiliary contact on the 

circuit breaker must be provided to open the 

tripping circuit when the breaker opens. 

In applications where the D-3 relay is used 

for the purpose of regulating a load rather 

than for circuit interruption upon the occur-
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D 3 RELAY 

2 03 I 
TRIPS OURCE r 03 3 ,} 

10+ 03 �-9 

I REAR VIEW 

TRIP 
a C�IL 

' 

� 

DIRECT ION OF LOAD 

� 

NOTE: 

FOR OVERLOAU 

j-FOR REVE R SE 
LOAD 

/ SH UNT 

� + 
GENE RAT OR 

WITH POLARITIES AS SHOWN, THE CONTACTS BET WEEN 
TERMINALS I AND 2 CLOSE ON OVERLOAD IN DIRECTION 
SHOWN; CONTACT S  2 AND 3 CLOSE ON REVERSE LOAD. 

Fig. 4-External Connections for Overload or Reverse Cur­
rent Protection. Using the Type D-3 Relay in the 
Standard Case. 

renee of predetermined overload, closing of 

the overload contacts will initiate action to 

reduce the amount of the load. Since a very 

slight reduction in the load will cause the 

overload contacts to open, if this interrup­

ted the reduction of load the relay would 

close contacts again on a small load increase. 

Thus small load fluctuations might cause ex­

cessively frequent operation of the relay and 

the device controlled by it. The connections 

of Fig. 8 show the use of an external auxil­

iary relay (type SG) to keep the controlled 

device energized until the load had dropped 

by an amount determined by the setting of the 

left-hand contact of the D-3 relay. 

An auxiliary relay, consisting of a standard 

d.c. contactor -switch except with voltage 

coil, can be mounted inside the D-3 relay case 

for such an application if the smaller contact 

capacity is suitable. Figures 9 and 10 show 

the internal connections of type D-3 relays so 

equipped. 

In applications where it is desired to han­

dle currents above the capacity of the D-3 

contacts but within the capacity of the con­

tactor switch, two of these switches can be 

mounted inside the relay case, as indicated by 

D-3 RELAY 

2 J 03 AI 
TRIPS OURCE I o3 B 3 

��+� 03 F 9 

REAR VIEW 

TRIP 
a C�IL 

y 
� 

LO AD 

� 

NOTE: 

FOR OVERLOAD 

v- FOR REVE R SE 
LOAD 

SH 
c--

GENE 

UNT 

+ 
R ATOR 

WITH POLARITIES AS SHOWN, THE CONTACTS BETWEEN 
TERMINALS I a 2 CLOSE ON OVERLOAD IN DIRECTION 
SHOWN; CONTACTS 2 a 3 CLOSE ON REVERSE LOAD. 

Fig. 5-External Connections for Overload or Reverse Cut­
rent Protection. Using the Type D-3 Relay in the 
Type FT Case. 

Figures 11 and 12. Internal resistors are 

required in series with the contactor switch 

coils for most control voltages, since the 

winding space is not sufficient for the wind­

ing of a self-contained coil for voltages 

higher than about 40 volts. 

A modification of the D-3 relay, in which a 

small Rectox rectifier is mounted internally, 

makes it suitable for certain A-C applica­

tions. Full scale deflection can be obtained 

at a relay current of 5 milliam�eres or less. 

By using a suitable external series resistor, 

the relay scale can be calibrated in volts. 

The internal connections of this relay are 

shown in Fig. 13. 

Type DT-3 Relay 

The construction of 

identical with that 

the type DT-3 relay is 

of the type D-3 relay 

except for the moving coil winding and the 

scale marking. In addition to the relay it­

self, two external resistor boxes are furnish­

ed. The larger of these is the bridge box and 

the smaller is a series resistor. The moving 

coil is connected to the external bridge box, 

of which the search of exploring coil forms 
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TYPE D-3 AND DT-3 RELAYS __________________ _ 

Control Bus Load 
� +�--------------------

0 Moving Coil 
Generator 

Fig. 6-External Connections for Overload Protection Using 
the Type D-3 Relay Where Trip Currents in Excess 
of One Ampere Require Use of an Auxiliary Relay. 

one arm. In other words, the relay is con-

nee ted across the center of a Wheatstone 

bridge composed of three resistors mounted in 

the external bridge box of Figure 7 and the 

exploring coil located in the equipment being 

protected. 

CHARACTERISTICS AND SETTINGS 

Type D-3 Relay 

The type D-3 relay is supplied in the stan­

dard ranges listed in the table below. The 

numbers on the scale indicate in millivolts 

the potential required at the relay base ter­

minals to operate the moving element to the 

indicated scale position. 

MOVING COIL C IRCUIT 

Ranges in Average 

Millivolts, d-e Resistance in Ohms at 25°C 

0-10 0.3 

5-0-5 0.3 

4o-8o 1.2 

100-0-100 6.0 

0-200 6.0 

Relays calibrated for other millivolt ranges 

may be supplied on special order, and for a 

particular rating of shunt it is possible to 

4 

lt:?5 OR <t2SO Kd.e. 
------�------------------�----Ru. -------r----------------�-;��-44 VGt.r COIL -li!5 V.Jc. 

Jt!S WLT COIL -i!SIJII.h 

400-A.-1.:?.51U.o: 
/Otl:J...J'L. -c?SOV..dc 

S£/IRCH CtNL 
IN JMCHII£ 

rE.JT SWITCH 
(FOI1FT 

C.iiSC ONLY) 
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T£MP£RA• :JRC CONTACT W/111 THC w:ICII/11£ COLD. TN£ D#f'ECTJall tJF Rf1T-4T/dlf 
RCVCR.SES llS 711£ TO#'CRATVRC RIS£S -""W£ MI{)-RII'III!JE.. 

Fig. :'-External Connections for Thermal Protection of Elec­
trical Equipment. Using the Type DT-3 Relay in 
Either the Standard Case or the Type FT Case. 

calibrate the scale in amperes. It is possi­

ble also to connect the moving coil acros� a 

potential source in series with a suitabLe ex­

ternal resistor, and the scale may be cali­

brated in volts for such an application. 

For reverse-current protection a sensitivity 

of 2 per cent is obtained when using a stan­

dard 50 millivolt shunt and setting the relay 

at 1 millivolt. A 10 per cent sensitivity is 

obtained by setting the relay at 5 millivolts. 

These values of sensitivity can be doubled by 

using a 100 millivolt shunt. 

For overload protection the relay is set at 

the index setting which, with respect to the 

millivolt drop of the shunt, will operate at 

desired per cent of overload. 

* The relay has a slight time-delay, with in­

verse characteristics. In the usual applica­

tion the moving coil terminals are connected 

across a shunt, and this results in longer de­

lay for both operating and reset times. When 

a shunt is used the operating time for full 

scale travel at 125% of the minimum operating 

current is about 4 seconds, while at 1000% it 

is about .25 second. In applications where no 

shunt is used, the operating times for the 

same conditions are about 1.25 and .15 second 

respectively. When the relay is de-energized, 
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the 
full 

time required for it 
scale position to 

to reset from the 
the 10% position is 

approximately 5 seconds when a shunt is used, 
and 2 seconds when there is no shunt. 

Type DT-3 Relay 

The standard type DT-3 relay has a scale 
calibrateq from 60 to 120 degrees centigrade. 
It has a moving coil resistance of approxi­
mately 15 ohms at 25° C. Included with the 
relay is an external series resistor S#98663 
(400 Ohms) and a bridge box S#507200. 

The right-hand (front-view) stationary con­
tact can be set so that a circuit is closed at 
and above any search coil temperature within 
the calibrated range of the relay. Similarly, 
the left-hand stationary contact can be set so 
that a second circuit is closed at and below 
any temperature less than the setting of the 
right-hand contact. 

The standard relay is designed for operation 
with a 10 ohm copper exploring coil, and is 
calibrated for a range of settings from 60°C, 
to 120°C. The moving element is arranged so 
that the contacts stand at the 90°C. position 
when where is no current in the moving coil. 
The resistors forming the three fixed legs of 
the bridge are adjusted to a value of :2.50 
ohms, which is the resistance at 90°C. of a 
copper search coil which measures 10 ohms at 
25°C. When the bridge and field circuits are 
energized, the current in the moving coil, and 
the resulting torque, will be in one direction 
or the other, depending upon whether the 
search coil temperature is above or below 
90°C., and the contacts will move to the posi­
tion where the electrical torque is balanced 
by the restraining torque of the control 
springs. 

Style No. 

507200 
98663 
1333490A 

EXTERNAL RESISTORS 

Resistance 
in Ohms 

400 
1,000 

Outline Number 
Figure of Terminals 

14 4 
15 2 
16 2 

Type DT-3 Relay with Micron Scale 

A special type of the Type DT-3 relay used 
as part of a vacuum-measuring device is cali-

brated in microns. It has a moving coil with 
a resistance of approximately 90 ohms, and 
sufficient resistance is connected in series 
with the moving coil internally to increase 
the resistance measured across the relay ter­
minals to 100 ohms. This relay has a pointer 
which indicates the moving contact position 
on the calibrated scale. 

RELAYS IN TYPE FT CASE 

The type FT cases are dust-proof enclosures 
combining relay elements and knife-blade test 
switches in the same case. This combination 
provides a compact flexible assembly easy to 
maintain, inspect, test and adjust. There are 
three main units of the type FT case: the 
case, cover, and chassis. The case is an all­
welded steel housing containing the hinge half 
of the knife-blade test switches and the ter­
minals for external connections. The cover is 
a drawn steel frame with a clear window which 
fits over the front of the case with the 
switches closed. The chassis is a frame that 
supports the relay elements and the contact 
jaw half of the test switches. This slides in 
and out of the case. The electric connections 
between the base and chassis are completed 
through the closed knife-blades. 

Removing Chassis 

To remove the chassis, first remove the 

cover by unscrewing the captive nuts at the 
corners. There are two cover nuts on the S 
size case and four on the L and M size cases. 
This exposes the relay elements and all the 
test switches for inspection and testing. The 
next step is to open the test switches. Al­
ways open the elongated red handle switches 
first before any of the black handle switches 
or the cam action latches. This opens the 
trip circuit to prevent accidental trip out. 
Then open all the remaining switches. The 
order of opening the remaining switches is not 
important. In opening the test switches they 
should be moved all the way back against the 
stops. With all the switches fully opened, 
grasp the two cam action latch arms and pull 
outward. This releases the chassis from the 
case. Using the latch arms as handles, pull 
the chassis out of the case. The chassis can 
be set on a test bench in a normal upright 
position as well as on its top, back or sides 
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TYPE D-3 AND DT-3 RELAYS'------------------

for easy inspection, maintenance and test. 

After removing the chassis a duplicate 
chassis may be inserted in the case or the 
blade portion of the switches can be closed 
and the cover put in place without the 
chassis. 

When the chassis is to be put back in the 
case, the above procedure is to be followed in 
the reversed order. The elongated red handle 
switch should not be closed until after the 
chassis has been latched in place and all of 
the black handle switches closed. 

Electrical Circuits 

Each terminal in the base connects thru a 
test switch to the relay elements in the 
chassis as shown on the internal schematic 
diagrams. The relay terminal is identified by 
numbers marked on both the inside and outside 
of the base. The test switch positions are 
identified by letters marked on the top and 
bottom surface of the moulded blocks. These 
letters can be seen when the chassis is re­
moved from the case. 

The potential and control circuits thru the 
relay are disconnected from the external cir­
cuit by opening the associated test switches. 

A cover-operated switch can be supplied with 
its contacts wired in series with the trip 
circuit. This switch opens the trip circuit 
when the cover is removed. This switch can be 
added to the existing FT cases at any time. 

Testing 

The relays can be tested in service, in the 
case but with the external circuits isolated 
or out of the case, as follows: 

Voltages between the potential circuits can 
be measured conveniently by clamping #2 clip 
leads on the projecting clip lead lug on the 
contact Jaw. 

Testing In Case 

With all blades, in the full open position, 
the ten-circuit test plug, can be inserted in 
the contact jaws. This connects the relay 
elements to a set of binding posts and com­
pletely isolates the relay circuits from the 
external connections by means of an insulating 
barrier on the plug. The external test cir­
cuits are connected to these binding posts. 

6 

The plug is inserted in the bottom test Jaws 
with the binding posts up and in the top test 
switch Jaws with the binding posts down. 

The external test circuits may be made to 
the relay elements by #2 test clip leads in­
stead of the test plug. 

Testing Out of Case 

With the chassis removed from the base, 
relay elements may be tested by using the ten­
circuit test plug or by #2 test clip leads as 
described above. The factory calibration is 
made with the chassis in the case and removing 
the chassis from the case will change the cal­
ibration values of some relays by a small per­
centage. It is recommended that the relay be 
checked in position as a final check on cal­
ibration. 

INSTALLATION 

The relays should be moun�ed 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 two mounting studs for the standard cases 
and the type FT projection case or by means of 
the four mounting holes on the flange for the 
semi-flush type FT case. Either of the studs 
or the mounting screws may be utilized for 
grounding the relay. The electrical connec­
tions may be made direct to the terminals by 
means of screws for steel panel mounting or to 
terminal studs rurnished with the relay ror 

ebony asbestos or slate panel mounting. The 
terminal studs may be easily removed or in­
serted by locking two nuts on the studs and 
then turning the proper nut with a wrench. 

Standard D-3 relays are calibrated in milli­
volts measured at the relay terminals. For 
relays with low millivolt scales, such as 0. 10 
or 5-0-5- millivolts, the resistance of the 
leads between the relay and the ammeter shunt 
must be sufficiently low to avoid introducing 
an excessive error in the relay indication. 
With the 0-10 or 5-0-5 millivolt relays, leads 
8 feet long of #10 B&S gauge copper wire will 
reduce the relay indica�ion by approximately 
5%. If the lead length is less or the con­
ductor size is larger, the error will be 
correspondingly reduced. However, relays with 

higher millivolt ranges have proportionally 
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greater internal resistances, and consequently 

error due to lead resistance is reduced. For 

example, a 0-100 millivolt relay with leads as 

described above would have an error of only 

0.5% due to lead resistance. 

The D-3 relay may be used as a sensitive 

reverse-current relay, and in such an applica­

tion it may be subjected to considerable con­

tinuous overload with current in the normal 

direction. The 0-10 and 5-0-5-millivolt re­

lays may be connected to a shunt which will 

produce a drop as high as 150 millivolts at 

full load. In the higher millivolt ranges, 

the capacity of the internal resistor will 

limit the percent overload capacity to a lower 

value. 

The use of standard ammeter shunts may be 

avoided by connecting the moving element leads 

over an equivalent length of bus-bar or cable. 

On a basis of 1000 amp. per square inch, at 

20°C., 6 feet of copper bus-bar will give 50 

millivolts drop. 

The ambient temperature at the Type DT-3 

relay has no appreciable effect on its opera­

tion. The ambient temperature will affect the 

resistance of the leads to the search coil, of 

course, but by connecting these as shown in 

Figure 7, one lead is included as a part of 

leg 3-4 of the bridge and the variation of 

lead resistance is thus substantially balanced 

out. It might be more convenient in some 

cases to connect the bridge box and series re­

sistor directly to the source, instead of 

having to run one supply lead to a search coil 

terminal at the machine. This can be done if 

the search coil leads are short or have a 

total resistance less than about 0.25 ohms. 

Such a lead resistance would cause the relay 

contacts to close when the search coil was 

6.5C. below the relay temperature setting, 

but this error can be compensated largely by 

adjusting the relay setting accordingly. 

ADJUSTMENTS AND MAINTENANCE . 

The proper adjustments to insure correct 

operation of this relay have been made at the 

factory and should not be disturbed after 

receipt by the customer. If the adjustments 

have been changed, the relay taken apart for 

repairs, or if it is desired to check the ad-

justments at regular maintenance periods, the 

instructions below should be followed. 

All contacts should be periodically cleaned 

with a fine file. S#l002110 file is recom­

mended for this purpose. The use of abrasive 

material for cleaning contacts is not recom­

mended because of the danger of embedding 

small particles in the face of the soft silver 

and thus impairing the contact. 

If the moving element should be removed, the 

bearing end-play should be checked when re­

placing it This should be from .020 inch to 

.025 inch, and can be measured by inserting a 

feeler gauge between the upper bearing screw 

and the shoulder on the moving element shaft. 

In case it should be desirable to check the 

calibration of the Type DT-3 relay, this can 

be conveniently done by substituting a varia­

ble resistor for the search coil. Any scale 

point can be checked by. setting the resistor 

for the corresponding resistance, as indicated 

in the table below, and seeing that the moving 

contacts travel to the indicated scale posi­

tion. The relay should be energized at normal 

voltage for the test, and all other connec­

tions should be made as shown in Fig. 7. 

Temperature 

Degrees Centrigrade 

60° 

70° 

80° 

go., 

100° 

110° 

120° 

Resistance 

Ohms 

11.35 

11.73 

12.12 

12.50 

12.89 

13.28 

13.66 

The core and moving coil assembly should not 

be removed from the frame casting of the D-3 

or DT-3 relays unless a keeper having the same 

radius on the core is placed on the core in 

such manner as to bridge the iron pole pieces 

as the core is withdrawn from the bore of the 

casting. It is necessary also to insert 

spacers in the air gap so that the core will 

remain approximately centered when the mount­

ing screws are removed, to prevent damaging 

the coil winding when sliding the assembly out 

of the casting. The factory assembly is made 
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TYPE D-3 AND DT-3 RELAYS __________________ _ 

before the magnet has been magnetized, and the 
complete assembly is placed between the poles 
of a magnetizer which produces a field suffi­
ciently strong to saturate both the magnet and 
the frame oasting. This avoids the necessity 
of using magnet keepers and simplifies the 
assembly. 

P0S. 
CONTROLLED 

SG DE_.V�E 
f---0--------i, }- .. - - - .. - --SG - SG 

NEG 

Fig. 8--Schematic Connections for Use of External Auxiliary 
Relay to Prevent Pumping of the Type D-3 Relay 
When Used for Overload Protection. The Numbers 
Indicate the Contact Circuit Terminal Numbers for 
Either the Standard or the Type FT Case. 

.eeAe VIEW 
7FSTSWITCH 

F.lf!!ONT VIEW 

TEST SWITCH 

Fig. 10-Internal Connections of Type D-3 Relay in Type FT 
Case with Self-Contained D.C. Auxiliary Relay Used 
to Prevent Pumping on Overload Protection. 

8 

REPAIRS AND RENEWAL PARTS 
Repair work can be done most satisfactorily 

at the factory. However, interchangeable 
parts can be furnished to the customers who 
are equipped for doing repair work. When 
ordering parts, always give the complete name­
plate data. 

REAR VIEW 

WHEN C.ONNE.C..TE.O WITH POLA�\TY A.S.SHOWN, MOVING COIL 
MOVE.S IN DIRECTION TO CLOSE Ji?�H. CONTACTS (FRONT VIEW) 

fig. 9-Internal Connections of Type D-3 Relay in Standard 
Case with Self-Contained D.C. Auxiliary Relay Used 
to Prevent Pumping on Overload Protection. 

RIGMT HAND 
CONTACTS (FRONT VIEW) 

LlH HA.ND CONTA (FRONT VIE.W) OPEN FOR. ZER.O 
C.ENTER R£�A'(S 

MOVING COil-

P.EAR VIEW 

FOR RA.NC.ES ABOVE. 

5·0-5 A.Nt> 0-\0 M'J . 

WHEN :>loiNECT£0 WITH PO\...ARITY AS SHOWN MOVING COIL MOVES IN DIEECTION TOa..OSE R""Hi·HAND CONTACTS(�ONi 
'llEW). 

Fig. 11-Internal Connections of Type D-3 Relay in Standard 
Case with Two Self-Contained D.C. Auxiliary Relays 
Used to Increase Contact Capacity. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE D-3 AND DT-3 RELAYS 

rnrsw1n:-H 
��Ar���,/------------------� US4'D) 

HOVINq t:'OI£ 

Fig. 12-Intemal Connections of Type D-3 Relay in T'ype FT 
Case with Two Self-Contained D.C. Auxiliary Relays 
Used to Increase Contact Capacity. 

f"'\ovNTIWI'ii Lue-s 

SooE. VoEW 

Fig. 14--Intemal Connections of the Bridge Box Supplied 
with the Type DT-3 Relays. 

t.E'T NAND ('DNrACTS 
f IWtWT ri£WI 

6� 

INTERNAL SCHEI'IATIC 

AFAR VIEW 
7FST .TWITrH 

�6 
FltONTlfii"W 

l.l. 41-260.1 c 

TEST .S/111/t'rN 

IUD NINIJLE 
If) /IELAY 

TO liltS£ "AMI. 

Fig. 13--Intemal Connections of the Type D3 Relay in the 
Type FT Case with Internal Rectifier for a-c 
operation. 

Fig. IS-Outline and Drilling Plan for the Four-Spool Re­
sistor Cage Used for the Type DT-3 Relay Bridge 
Box. See Internal Connections for Terminals Used. 
For Reference Only. 

9 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



TYPE D-3 AND DT-3 RELAYS-------------------

.190 -?>2. 5C. 

T 

Fig. 16-0utline and Drilling Plan for the Two-Spool Re­
sistor Cage Used With the Type DT-3 Relay. For 
Reference Only. 

Fig. 17-0utline and Drilling Plan for the Blf2" Resistor En· 
closure Used With the Type DT-3 Relay. For Ref­
erence Only. 

··..,USE SCREWS �OR THIN PANCL 5 

-----111�- �cy 
I 

i 

-t--- . --- --- ---

'- � DIA.DRILL 
(2·HOLES) 

'----------..u._.J r 
.1�0-32. TERM SCRlWS � STUDS 
-41 ·20 MOUNTIN� SCREWS 

&STUDS 

�---"J �-2�---
5 

Fig. 18-0utline and Drilling Plan for the Types D-3 and DT-3 Relays in the Standard Projection Case. See the Internal 
Sc;:hematics for the Terminals Supplied. For Reference Only. 
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TYPE D-3 AND DT-3 RELAYS ________________ .,.._ __ L_L_41......:-2....::... 60::..:....1.....::...c 

0 

P.t..N[.L LOC ... 'TtOM. 
roR, PRO.Jt.CTION 
TYPt 

0 

tOi\ 

.190·lL ft.RM. :,CR[V\1 

li�E I !tO-ll. STUD FOR 

THICI<. PANt..L Ml�oa 

f DIA.. HOL[ OR ILL 
PE.R.. IMTERH"L 

SCHEMATIC FOIII 

PROJECTION .-.n;. 

ON THICK P"-Ht.L.S. 

CUT OUT f"OA. 

5£MI- F"LUSH 

i OIA. HOLES FOf 
SEMI F"L.USH TYPE. 

M TG. (4 HOLES) . 

Fig. 19-0utline and Drilling Plan for the Types D-3 and DT-3 Relays in the S-10 Projection or Flush Type FT Case. See the 
Internal Schematics for the Terminals Supplied. 
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V\Testinghouse 
TYPE D-2 DIRECT CURRENT AND 
TYPE DT -2 TEMPERATURE RELAYS 

INSTRUCTIONS 

CAUTION 

Before putting relays into service, 
remove all blocking which may have been inserted 
for the purpose of securing the parts during 
shipment, make sure that all moving parts oper­
ate freely, inspect the contacts to see that 
they are clean and close properly, and operate 
the relay to check the settings and electrical 
connections. 

APPLICATION 

The type D-2 relay is for applications 
where overload, underload, or reverse-current 
protection is required on direct current cir­
cuits. One particular application is in the 
protection of rotary converters which require 
sensitive reverse-current relays to prevent run­
ning inverted. 

The type DT-2 relay is a temperature 
relay operating from exploring coils installed 
in the apparatus to be protected. The relay is 
used for protecting transformers, either a-c or 
d-e generators and motors from damage resulting 
from abnormally high temperatures. The oper­
ation of the relay contacts may be used to open 
the circuit breaker, sound an alarm, start 
blowers, or take care or the high temperature in 
any desired manner. 

Both the type D-2 and DT-2 relays re­
quire a constant d-e potential source for their 
operation. 

CONSTRUCTION AND OPERATION 

The types D-2 and DT-2 relays are 
d1Arsonval type d-e contact making milliammeters. 
Jhey consist Gf a large magnetic u-shaped core, 
and a moving coil. The poles of the magnetic 
core are magnetized by two solenoid,field coils 
at the bottom as shown in figures 1 and 4. The 
moving coil is wound on a supporting frame 
vertically pivoted between the pole faces of the 
magnet. Current is introduced to the moving 
coil by means of two spiral springs located 
above the element. 

The moving contact is mounted on the 
outer end of a counterbalanced arm fastened to 
the bottom of the moving coil shaft. Current is 
introduced into this contact by another spiral 
spring. On either side, a stationary contact 
arm is fastened to the frame. Either of these 
stati�nary contacts are adjustable in a small 
arc and an upright guide arm indicates their po­
sition relative to a calibrated scale on the 
lower part of the nameplate. 

Type D-2 Relay 

The field coils of this relay are 
connected across the main bus or control circuit, 

and the moving coil 
being protected. Thus 
the relay responds to 
circuit by the change 
shunt. 

to a shunt in the circuit 
by suitable calibration, 

changes in the protected 
in voltage across the 

When the relay is calibrated to have a 
zero center the stationary adjustable contacts 
may be set to permit the moving contacts to move 
either right or left depending on the polarity. 
In all other standard relays the moving contact 
and one stationary contact are normally making 
at zero current. With proper polarity the con­
tacts close to the opposite side. 

Type DT-2 Relay 

The construction of the type DT-2 
relay is identical with that of the type D-2 
relay except for the moving coil winding and the 
scale marking. In addition to the relay itself, 
two external resistor boxes are furnished. The 
larger of these is the bridge box and the 
smaller is a series resistor. 

• 

The field coils of this relay are con­
nected across the main bus or control cireuit. 
The moving coil is connected to an external 
bridge box, of which the search or exploring 
coil forms one arm. In other words, the relay 
is connected across the center of a WhPatstone 
bridge composed of three resistors mounted in 
the external bridge box of figure 10 & the ex­
ploring coil located in the equipment being pro­
tected. 

CHARACTERISTICS & SETTINGS 

Type D-2 Relay 

The type D-2 relay is available in any 
combinations of stationary and moving coil cir­
cuits listed below. The contacts are single 
trip. 

Moving Coil Circuit 

Range in 
Millivolts, d-e. 

Average 
Resistance in Ohms at 25°C 

0-10 
5-0-5 
40-80 
100-0-100 
o.-2oo 

Stationary Field Coil 

Control 
Voltage 

100-125 
200-250 
500-625 
1200-1500 

* 8#819967 
= 8#819968 

Connection 
Of Coils 

Parallel 
Series 
Series 
Series 

4800 Ohm E�ernal 
16000 Ohm Ex�ernal 

·35 
·35 

1. 4 
6.5 
6.5 

Circuit 
Average Total 
Coil Resistance 
In Ohms at 25°C. 

700 
2,800 
2,800* 
2,8oo= 

Resistor Supplied. 
Resistor Supplied. 
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TYPES D-2 AN D DT-2 RELAYS 

" 
@)( 

RIGHT HAND CONTACTS 
(I'RCJOITVIEWJ 

"reST SWITCH 

'-----I-LEFT HAND CONTACT 
(FI<ONT VIE.W) 

OPEN F()l;! ZERO 
C!CN"reR RELAYS 

�NG- COIL--�==::::::_=--=____,�=:::====:::::::-rFO<;t�=�N��S��� 
T!CST SWITCH 

D IIANDLE 

FRONT VI!CW 

Figure 5 
Internal Schematic of the Type D-2 Relay in the 
Type FT Cases. 

Electrical Circuits:-Each terminal in the base 
connects thru a test switch to the relay 
elements in the chassis as shown on the internal 
schematic diagrams. The relay terminal is iden­
tified by numbers mar�ed on both the inside and 
outside of the base. The test switch positions 
are identified by letters marked on the top and 
bottom surface of· the moulded blocks. These 
letters can be seen when the chassis is removed 
from the case. 

The potential and control circuits 
thru the relay are disconnected from the ex­
ternal circuit by opening the associated test 
switches. 

A cover operated switch can be sup­
plied with its contacts wired in series with the 
trip circuit. This switch opens the trip cir­
cuit when the cover is removed. This switch can 
be added to the existing type FT cases at any 
time. 

Testing:-The relays can be tested in service, in 
the case but with the external circuits isolated 
or out of the case as follows: 

Voltages between the potential cir­
cuits can be measured conveniently by clamping 
#2 clip leads oh the projecting clip lead lug on 
the contact jaw. 

Testing In Case:-With all blades in the full 
open position, the ten circuit test plug, can be 
inserted in the contact jaws. This con­
nects the relay elements to a set of binding 
posts and completely isolates the relay circuits 
from the external connections by means of an in­
sulating barrier on the plug. The external test 
circuits are connected to these binding posts. 
The plug is inserted in the bottom test jaws 
with the binding posts up and in the top test 
switch jaws with the binding posts down. 

The external test circuits may be made 
to the relay elements by #2 test clip leads in­

-stead of the test plug. 

FIELD COIL --t-----._ 
TWO COIL.S IN I'AIMLLEL ������?.IN liERIES 

MOVING COILe---""':====;;;;�=:;---../ 
REAI2 vu:w 

TEST SWITCH 

FRONT VIEW . 

Figure 6 

J.IIGII "Tt:MI'fRATU0' 
\RIGIIT HAND)CONTACTS 

( I'RO"iT VIEW) 

"reST SWITCH 

2!CD IIAI>IDLE 

Internal Schematic of the Type DT-2 Relay in the 
Type FT Case. 

Testing Out of Case:-With the chassis removed 
from the base, relay elements may be tested by 
using the ten circuit test plug or by #2 test 
clip leads as described ·above. The factory 
calibration is made with the chassis in the case 
and removing the chassis from the case will 
change the calibration values of some relays by 
a small percentage. It is recommended that the 
relay be checked in position as a final check on 
calibration. 

INSTALLATION 

The relays should be mounted on 
switchboard panels or their equivalent in a lo­
cation free from dirt, moisture, excessive vi­
bration and heat. Mount the relay vertically by 
means of the two mounting studs for the standard 
cases and the type FT projection case or by 
means of the four mounting holes on the flange 
for the semi-flush type FT case. Either of the 
studs or the mounting screws may be utilized for 
grounding the relay. The electrical connections 
may be made direct to the terminals by means of 
screws for steel panel mounting or to terminal 
studs furnished with the relay for ebony 
asbestos or slate panel mounting. The terminal 
studs may be easily removed or inserted by lock­
ing two nuts on the studs and then turning the 
proper nut with a wrench. 

The external connections are shown in 
figures 3, 4, 7,8,9,11 & 12. The potential field 
coils should be energized from the generator 
side of the circuit-breaker. 

The tripping circuit will close one 
ampere, but should not be used to open the cir-
cuit. For larger tripping circuits a control 
relay should be interposed. An auxiliary con-
tact on the circuit-breaker must be provided to 
open the tripping circuit when the breaker opens. 

The connections between the moving 
element of the type D-2 relay and the ammeter 
shunt should use leads of copper conductor No. 
10 B andS gauge, or larger, where the distance 
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TYPES D-2 AND DT-2 RELAYS 

Rear Wew 

Figure 7 
External Connections of the Type D-2 Relay in t:1e 
Case of Fig. 14 for Overload Protection. 

between relay and shunt does not exceed 12 feet. 
For greater distances, the leads should be pro­
portionally larger. The 0-10 and 5-0-5 milli­
volt relays should not be connected across a 
shunt which will produce a drop greater than 200 
millivolts at full load, as this would endanger 
the coil. 

The use of standard ammeter shunts may 
be avoided by connecting the moving element 
leads over an equivalent length of bus-bar or 
cable. On a basis of 1000 amp. per square inch, 
at 20° C. , 6 feet of copper bus-bar will give 50 
millivolts drop. 

The ambient temperature at the Type 
DT-2 relay has no appreciable effect on its 
operation. The ambient temperature will affect 
the resistance of the leads to the search coil, 
of course, but by connecting these as shown in 
figures 3 or 4, one lead is included as a part 
or· leg BC of the bridge and the variation of 
lead resistance is thus substantially balanced 
out. It might be more uonvenient in some cases 
to connect the bridge pox and series resistor 
directly to the source, instead of having to run 
one supply lead to a search coil terminal at the 
machine. This can be done if the search coil 
leads are short or have a total resistance less 
than about 0.25 ohm. Such a lead resistance 
would cause the relay contacts to close when the 
search coil was 6. 5° C. below the relay tempera­
ture setting, but this error can be compensated 
largely by adjusting the relay settjng according­
ly. 

ADJUSTMENTS AND MAINTENANCE 

The proper adjustments to insure cor­
rect operation .of this relay have been made at 
the factory and should not be disturbed after 
receipt by the customer. If the adjustments 
have been changed, the relay taken apart for re­
pairs, or if it is desired to check the adjust­
ments at regular maintenance periods, the in­
structions below should be followed. 

All contacts should be periodically 
cleaned with a fine file. S#l002110 file is re­
commended for this purpose. The use of abrasive 
material for cleaning contacts is not recommend­
ed, because of the danger of embedding small 
particles in the face of the soft silver and 
thus impairing the contact. 

If the moving element should be re­
moved, the bearing end-play should be checked 
when replacing it. This should be from .020 

T 
s 

RIP 
OURCE: 

L,t 
DIR 
OF 

ECTION 

LOAD 

D2. RELAY 
.. L;l� 
I&+ _os 
·� -'7 

REAR VIEW 

..--

'-

-

� 
� 

TO 1"\A.IN B us 
+ OR CONTR.O L CKT 

E.SNAL 
SISTANCE A R.E­

BOVE. 
D.C. Z.SO VOLTS 

VNT 
+ 

GENERA TOR 
;:: 

NOTE: WITH POLAR ITIE.S AS .S HO\oo/N, THE CONTA.CTS 
BETWEEN TE:RMINALS 1 AND 2.. CLOSE ON 

OVERLOAD IN DIRECTION oHOWNj CONTACTS 
1 AND .3 CLOSE ON REVERSE LOAD. 

Figure 8 
External Connections of the Type D-2 Relav In 
Standard Cases of Fig. 15. 

POS. NEG. 

7oR...3 .SoR f 

Figure 9 
Schematic Connections for Anti-pumping of the Type 
D-2 Relay When Used For Overload Protection. First 
Number Indicates Terminal Number in Figures 1 and 
3; Second, in Figures 2 and 4. 

Figure 10 
Internal Connections of the Bridge Box Supplied 
with the Type DT-2 Relays. 
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TYPES D-2 AND DT -2 RELAYS 

Pos 
MAIN Bus 
OR C'ON�� 
C'lli'ClhT !------" 02 RELAY 

,. .;- 02 A I 

Tli'IP SovRcE 
Jm I!. 

,,..,_6 02 F _11 
I� I D2 H_l� -

REAR VIEW 

a. TPIP COIL 

� 
Lo AD 

""----'-

NEt;. 

? 
......... 

I--FOR OVER 
I-lOR RellER. 

LOAO 

'SE LOAD 

�EXTERNAL RESISTANCE 
0 v. tl.� ABOVE :Zo 

r+-VSN: NT 

L� 
GcNt:R ATOR --

NoTE: /JiTN PoLARITIES As SHOIJN, THE CoNTACTS BETIJEEN TERMINALS 
I If ::l ('LOSE ON OVERlOAD IN D/!i'ECTION SNOIJN; CONTACTS 
I � 3 C'l OS£ ON RcJ/EII'SE LPAO. 

Figure 11 
External Connections of the Type D-2 Relay in the 
Type FT Case for Overload or Reverse Load Protec­
tion. 

inch to .025 inch, and can be measured by in­
serting a feeler gauge between the upper bearing 
screw and the shoulder on the moving element 
shaft. 

In case it should be desirable to 
chec� the calibration of the Type DT-2 relay, 
this can be conveniently done by substituting a 
variable resistor for the search coil. Any 
scale point can be checked by setting the re­
sistor for the corresponding resistance, as in-
6icated in the table below, and seeing that the 
movin[· contacts travel to the indicated scale 
position. The relay should be energized at 
normal voltage for the test, and all other con­
nections should be made as shown in Figs. 3, 4 & 
12. 

Ter::tperature 
Degrees Centigrade 

60° 
70° 
80° 
90° 

100° 
110° 
120° 

RENEWAL PARTS 

Resistance 
Ohms 

11.35 
11.73 
12.12 
12.50 
12.89 
13.28 
13.66 

Repair wor� can be done most satisfac­
torily at the factory. However, interchangeable 
parts can be furnished to the customers who are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data. 

---------t�IZ�S�OR�25�0�V�.�D�C�---------t----�· ---------t----------------------+-�--NEG. 
48W>LTCOtL-IZ5V.D.C. 

zs WLT a::ML -zso�.o.c-r---

400.a. - IZSV.O.C. 10004- Z50'V.O.C. 

*��ESE LEADS MAY CONHE.CT 'lOA �E.PA'!ATE. �IJRC'e SUCI-\ AS A RECT'OX, \F �Ect'J12ED. 

DT-Z 
DT·.Z A I 

* 

WITH TME CONN.ECTIONS A5 S..o.NN THE: MOVIN.G- COIL 5!0TATE.S CLOCKWISE 
AND NE l.C¥1 TEMPERATURE CONTA�T CLD�•ES WITH THE M.AC�lNE COLD. 
TllE DIRECTION CF ROTATION 12EVEii!OES AS T>IE TEMP-E.R.ATlJRE �lSES ASOV'e MID·5iZANGE. 

Figure 12 
External Connections of the Type DT-2 Relay in the 
Type FT Case for the Thermal Protection of Elec­
trical Equipment. 

i_ I 
i '--------- s; ---- � 

S"r>t rGIIrMIIY.qL/ 
I<.IH�IV .tr£�1./J-"£'0 

6r�.rEK'MJIV.qL 
IV#£N�E�UI�EO 

I'UL.OW SUFFICIENT .SPACE FOE 
REMOVAL OF' TE.E'MI/1/AL .SCREWS. 

FIG,/ nc."'z 
4-.SPOOL 

Figure 13 
Jutline & Drilling Plan for the External Resistor 
Jnits. (See Table for Size & Number of Terminals. ) :For Reference Only . )  
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TYPES D-2 AND DT-2 RELAYS 

i. PteiLL-7HoLE5 

Figure 14 
Outline & �rilling Plan for the Older Type Glass Cases. For Reference Only. 

= 

! DIA.I>RILL 
FOR THICK 
PANELS 

.ft DIA. DRILL 
(Z·HOLES) 

OPENIN<ioS fOR 
THIN P.O.NE.L 
MOUNTINc;. 

. "0·3Z TERM. SC.REW a STUDS _;\:-ZO MOUNTINIO SC.REW 
a STUDS 

Figure 15 

USE STUDS 

FOR THICK PANELS 

Outline & Drilling Plan for the Standard Projection Case. See Internal Con-
nection Figures for Terminals Supplied. For Reference Only. www . 
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TYPES D-2 AND DT-2 RELAYS 'i] -3:/z� 
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Figure 16 
Outline & Drilling Plan for the MlO Semi-flush Type FT Case. For Reference Only. 
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Figure 17 
Outline & Drilling Plan for the MlO Projection Type FT Case. See the Internal Schematic 
for the Terminals Supplied. For Reference Only. 
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