Westinghouse 1.L. 41-151.1F

INSTALLATION e OPERATION e MAINTENANCE

INSTRUCTIONSD

TYPE D-3 DIRECT CURRENT RELAY

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 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 applications
where overload, ‘underload, or reverse-current protec-
tion is required on direct current circuits. One particu-
lar application is in the protection of rotary converters
which require sensitive reverse-current relays to pres
vent running inverted.

In the usual application of the D-3 relayithe'mov-
ing coil is connected to a shunt in the cireuit“being
protected. By suitable selection of relays,calibration
and of shunt rating, the relay can be made/tonrespond
to particular magnitudes or directions_of @urrent flow
through the shunt as required.

In applications where the D<3 relay is used for
the purpose of regulating a load, closing of the over-
load contacts will initiate aetion“te reduce the amount
of the load. Since the relay,lsvery sensitive, a slight
reduction in load will cduse the overload contacts to
open. If the reduction of lead ds interrupted, the relay
will close contactsfagain,on a small load increase.
Thus small loa@, fluetuations might cause excessive
operation of the relay and the device controlled by it.
The connectionsfof Fig. 5 show the use of an extemal
auxiliary relay/(typefSG) to keep the controlled device
energized untilythe load had dropped by an amount
determined by the setting of the left-hand contact of
the D-3 relay.

CONSTRUCTION

The type D-3 relay is a d*Arsonvol type d.c. con-
tact“making voltmeter consisting of a moving coil,
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*Denotes change from superseded issue.

permanent magnet, and centacts. The magnetic circuit
is shown schematically/in /Figs, 1.

Permanent Magnet

The permanent,magneét is a cylindrical core, con-
sisting of an Almico“permanent magnet, two iron pole
pieces and two brass spacer blocks. This magnet is
mounted concentrically in the bore of a mallable iron
frame.

A“magnetic field is produced by the permanent
magnetiin the air gap between the magnet and the iron
framémThe path of magnetic flux is from the Alnico
magnet through the iron pole piece across the air gap
todthe iron frame. The return path of the flux is through
the frame across the second air gap to the second pole
piece. The pole pieces and the bore of the frame are
shaped such that a uniform flux distribution is ob-
tained in the air gaps.

Moving Coil

The moving coil rotates in the air gap between
the core and the iron frame. Electrical connections
are made to the coil through two springs located at
the top of the element. One end of each spring is con-
nected through a lever arm to a lead of the coil. The
other end of each spring is fastened to posts mounted
in a circular insulation plate. This plate can be ro-
tated to permit adjustment of the zero position of the
moving element.

A third spiral spring located at the bottom of the
element provides a current path to the moving contact.

Auxiliary Switch (When used)

The auxiliary switch is a small solenoid type
switch. A cylindrical plunger with a silver disc
mounted on its lower end moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges three silver stationary contacts.

OPERATION

The D-3 relay operates on the principle of a cur-
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Fig. 1. Schematic Drawing of Magnetic Circuit of Type
D-3 Relay (Top View). Moving Coil Bearing
Supports, Springs and Contacts Omitted.

rent carrying conductor (moving coil) located in a
magnetic field (permanent magnet). When a current i§
applied to the coil of the relay, a torque is produced
that rotates the moving coil until the electrical torque
is equal to the torque of the restraining spring.The
moving contact will assume a position in its trayel
that is proportional to the current applied to thesmoving
coil.

The direction of movement of the ‘meving coil is
determined by the polarity of the current applied to the
coil. In the ‘‘left zero’’ and ‘‘suppressed zero’’ D-3
relays, the contacts will move to the right when a
current of the proper magnitudesand ‘polarity is applied
to the relay. On the other hand, the contact of the
‘‘center zero’’ relay willjymowveg€ither left or right
depending on the poldrity and“magnitude of the applied
current.

CHARACTERISTICS

The typeyD-3 relay is supplied in the standard
ranges listéd,inythe table below. The numbers on the
scale imdicate in millivolts the potential required at
the relay base‘terminals to operate the moving element
to thHelindicated scale position.

Fig. 2adinternal Schematic of the Type D-3 Relay in

the Type FT21 Case.

Ranges in

Millivolts, d-c

MOVING COIL CIRCUIT

Average

Resistance in Ohms at 25°C

0-10 0.3
5-0-5 0.3
40-80 1.2
100-0-100 6.0
0-200 6.0

As shown in the above Table, the D-3 relay is
available with a ‘‘left zero,’’ ‘‘suppressed zero’’ and
‘‘center zero’’ scale. In the ‘left zero’’ and the
‘“‘suppressed zero” relays the moving contact is lo-
cated in the extreme left hand position of the scale
when the relays are deenergized. The ‘‘suppressed
zero’’ relay is held in this position with considerable
more force than the ‘‘left zero’’ relay. When the relays
are energized with voltages of the proper magnitude
and polarity, the moving contact moves to the right.

In the ‘“‘center zero’’ relay, the moving contact is
located in the center of the scale when the relay is
deenergized. When the relay is energized, the contact
will move either to the right or left depending upon
the polarity of the applied voltage.

A modification of the D-3 relay, in which a rec-
tifier is mounted internally, makes it suitable for a.c.

i,
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Fig. 3. External Schematic Diagram for Overload or
Reverse Current Protection, using the Type
D-3 Relay.

operation. Full scale deflection can be obtained with

6 milliamperes a.c.

The relay has a slight time-delay, with inverge
characteristics. In the usual application the moving
coil terminals are connected across a shunt,£and|this
results in longer delay for both operatingfand geset
times. When a shunt is used the operating“time“for full

* scale travel at 125% of the full scale operating,current

is about 4 seconds, while at 1000% itf'isitabout .25
second. In applications where no shunt® i§ used, the
operating times for the same conditions™are about
1.35 and .15 second respectively. When /the relay is
de-energized, the time required for'it to reset from the
full scale position to the 10%, position is approxi-
mately 5 seconds when a shunt is“ased, and 2 seconds
when there is no shunt.

Continuous maximumyoverload is approximately
1500% of full scale.

The minimumiysetting which D-3 Relay can accom-
modate is 5%fof the“full scale.

SETTINGS

For reverseseurrent protection a sensitivity of 2
per cent is obtained when using a standard 50 milli-
volt shunt and setting the relay at 1 millivolt. A 10
per éent sensitivity is obtained by setting the relay at
5gmillivolts. 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

Fig. 4External Schematic Diagram for Overload Pro-
tection where Trip Currents in Excess of One
Ampere Rating Require Use of an Auxiliary
Relay.

dropfof the shunt, will operate at desired per cent of
everload.

TRIP CIRCUIT
amperes contacts will:

(non-inductive load)

d-c control carry con-
contacts voltage open |close|tinuously
D-3 relay 125 v 0.04¢| 1.0

250 v 0.02¢| 1.0
contactor switch 125 v 3.5 30 5.0
(when supplied) 250 v 1.0 30 5.0

¢ infrequent operation

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 re-
lay vertically by means of the four mounting holes on
the flange for semi-flush mounting or by means of the
rear mounting stud or studs for projection mounting.
Either a mounting stud or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections 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. The terminal studs may be easily removed
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Fig. 5. External Schematic Diagram for Use of Ex-
ternal Auxiliary Relay to Prevent Pumping of
the Type D-3 Relay when used for Overload
Protection.

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

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

Standard D-3 relays are calibrated in millivolts
measured at the relay terminals. Hence, .the resistance
of the leads between the relay and the ammeter.shunt
must be sufficiently low to avoid introducing an ex-
cessive error in the relay indication.gWith, the 0-10 or
5-0-5 millivolt relays, leads 8 feet'lomng of #10 B&S
gauge copper wire will reduce thg¢ relay indication by
approximately 5%. If the lead length /is less or the
conductor size is larger, the @rrop will be correspond-
ingly reduced. Relays qwith\higher millivolt ranges
have proportionally greaterjinternal resistances, and
consequently error due tgpleaddresistance is reduced.
For example, a 0-1004milli#6lt relay with leads as
described above would@have an error of 0.5% due to
lead resistance.

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.

Fig. 6. Inteérnal “Schematic of the Type D-3 Relay in
the Type FT21 Case with Self-Contained Auxi-
liaky sRelay used to Prevent Pumping on Over
load Protection.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tions have been made at the factory. Upon receipt of
the relay, no customer adjustments, other than those
covered under ‘‘Settings’’ should be required.

Acceptance Check

Check the scale markings by setting either of the
two adjustable contacts at a value marked on the
scale. Then alternately apply this voltage plus and
minus 3%. The contacts should make and break.

Remove the adjustable contact from the setting
and set the second adjustable contact at the same
point on the scale. Alternately apply this voltage plus
and minus 3%. The contacts should make and break.

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.

If the moving element should be removed, the
bearing end-play should be checked when replacing it.
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Fig. 7. Internal Schematic of the Type D-3 in the Type
FT21 Case with Two Self-Contained Auxiliary
Relays used to Increase Contact Capacity.

This shsuld be from .020 inch to .025 inch, and gan
be measured by inserting a feeler gauge between(the
upper bearing screw and the shoulder on the moving
element shaft.

The core and moving coil assembly shouldnet be
removed from the frame casting of thegs3 relay un-
less a keeper having the same radius onfthéycore is
placed on the core in such mannepmas tobridge the
iron pole pieces as the core is (withdrawn from the
bore of the casting. It is necessamyg@lso to insert
spacers in the air gap so that theycore will remain
approximately centered when the, mounting screws are
removed, to prevent damaging, the’ coil winding when
sliding the assembly ouf’of the casting.

Auxiliary Switch (€S-1)

Adjust ghe“stationary core of the switch for a
clearance /etween the stationary coreand the moving
core whenythe'switéh is picked up. This can be done
by turning the,relay upside-dawn. Then screw up the

Fig., 84 Internal Schematic of the Type D-3 Relay in
the Type FT21 Case, Modified for A-C Opera-

tion.

core screw until the moving core starts rotating. Now
back off the core screw until the moving core stops
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just separates from the stationary core screw. Back
off the core screw approximately one turn and lock in
place. This prevents the moving core from striking
and sticking to the stationary core because of resi-
dual magnetism. Adjust the contact clearance for
3/64’’ by means of the two small nuts on either side
of the Micarta disc.

Block main contacts closed and energize trip
circuit with rated voltage. Contacts of auxiliary
switch (CS-1) should make.

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 nameplate data.
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TYPE D-3 DIRECT CURRENT RELAY

CAUTION Before putting
blocking
the purpose of securing the parts

relays into service,
remove all which may have been in-
serted for
during shipment, make sure that all moving
parts operate freely, inspect the contacts to
see that they

and operate the

are clean and close properly,
relay to check the settings
and electrical connectilons.

APPLICATION

The type D-3 relay 1s sultable for applica-

tions where overload, underload, or reverse-
current protection 1s required on dilrect cur=
rent circuits. One particular applicationfis
in the

require

protection of rotary converters which

sensltlive reverse-current grelays to

prevent running inverted.

% The type D-3
field and
variations in

relay has a permanent magnet
consequently it 1sffree, from the
operating point that would re-
sult from fluctuations in fhe vgltage source

if an electromagnet field were, used.

CONSTRUCTION,AND OPERATION

The type D-3 relgy is afd'Arsonval type d-c

contact making milliammeters. The magnetic
sheWn@yschematically in Fig. 1. A
Alnico

permanentpmagnet, ™wo iron pole pleces and two

clrcult 1is

cylindricaly, coreff’ econsisting of an
brass spaceppbloeks, 1s mounted concentrically
in the“bore of & malleable iron frame casting.
The movingleodl rotates in the air gap between
A Moldarta

on the rear of the core car-

the core and the frame casting.
bracket

rles bearings for the frame on which the

mounted
mov -~
also provides con-

ing, coll 1s wound, and

neetion points for the spiral springs through
which electrical connection 1s made to the
moving contact and the moving coil. The two

SUPERSEDES |I. L. 41-260.1C
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Fig. 1—Schematic Drawing of Magnetic Circuit of Type D-3
Relay (Top View). Moving Coil Bearing Supports,
Springs and Contacts Omitted.

springs which are connected to the moving coil

are located at the top of the

of these springs are fastened to

element. The
outer ends
mounted in a circular insulating plate.
Moldarta bracket
bearing screw and a

posts
This plate is mounted on the
of the wupper
so that 1t 1s held 1n position
securely, but yet can be rotated to permit ad-

by means
spring washer,

Justment of the =zero position of the moving-
element.
The movling contact 1s mounted on the outer

end of a counterbalanced arm fastened to the
bottom of the moving coll shaft.
Introduced 1nto this contact by the
elther
contact arm 1s fastened to the frame.

Current 1is
third
side, a statlonary
Each of

contacts 1s adJustable in a

spiral spring. On
these statlonary
small arc and an upright gulde arm indicates
1ts position relative to a callbrated scale on
the lower part of the nameplate. Relays for
certaln speclal applications are provided with
which 1s

a polnter, fastened to the contact
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% Fig. 2.~Internal Connections of the Type D-3 Relay in the
Type FT Case. Omit Test Switches for Relays in

the Standard Case.

arm and moves 1n front of the callbrated
scale.

A screw contalnling a sapphlre thrust bearding
and a ring gulde bearing 31s mounted 1n{the
lower bearing support of the moving elementy
The inverted position of this bearingfscrew
prevents dirt particles from falling intofit.
A gulde bearing only 1s provided at the top“of
the moving element, but the bearing pdn 1s the
lower of the two bearing membersghere also.

In the usual application _of “Gthe D-3 relay
the moving coll 1s connected to @& shunt in the
clrcult belng protected. "Phus, by sultable

selecticn of relay calibrfation and of shunt
rating, the relay ‘ean begmade to respond to
particular magnifudes orjdirections of current
flow through the shunt as requilred.

When the relay 1s8“calibrated to have a zero
center the statlonary adjustable contacts may
be set to, permi¥’ the moving contacts to move
elther right or left dependlng on the polar-
1ty. In Wall other standard relays the moving
contacty, and one statlonary contact are nor-
mally, making at zero current. With proper

Fig. 3—External Connections for Overload or Reverse Cut-
rent_Protection, Using the Type D-3 Relay in the
TypeET Case.Omit Test Switches for Relays in the
Standard Case.

polarlity tThe contacts close to the opposite

side.

The relay contacts willl close a circuilt
carrylng one ampere, but they should not be
used to open an apprecilable current. Fig. 3
shows typlcal external connections for over-
load or reverse current protectlon using the
type D-3 relay on the standard and the type FT
cases. These diagrams are for applications in
which the trip coll current is within the ca-
paclty of the relay contacts. For larger
tripping currents an auxlliary relay should be
interposed, as shown in Fig. 4. 1In all cases
an auxlliary contact on the circult breaker
must be provided to open the tripping circuilt
when the breaker opens.

In applications where the D-3 relay 1s used
for the purpose of regulating a 1load rather
than for circult interruption upon the occur-
rence of predetermined overload, closing of
the overload contacts will 1nitiate action to
reduce the amount of the load. Since a very
slight reduction 1n the load will cause the
overload contacts to open, 1f thils interrup-
ted the reduction of 1load the relay would

close contacts agaln on a small load increase.

P
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Fig. 4 —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.

Thus
cesslively frequent operation of the relay and
the device controlled by 1it.
of Fig. 5
lary

small load fluctuations might cause ex-

The connectilons
show the use of an externalfauxll-

(type SG)
devlce energlized until the
by an amount determined by the setting,of“the
left-hand contact of the D-3 relayt

to keep the cgOntrolled
load 4wad “‘dropped

relay

An auxiliary relay, conslstingVofVagstandard
switch with voltage
coll, can be mounted 1nside“the D=3 relay case

d.c. contactor except
for such an application 1f the ‘Smaller contact
Flg. 6pshows the inter-
nal connectlons of typeyD-3yfrelay so equlpped.

capaclty 1s sultable.

wheregt 1s desired to han-
dle currents ab@ved the capaclty of the D-3
but@Qwithinfthe capacity of the con-
two of these swilitches can be
as 1ndicated by

In applications

contacts
tactor switch,
mounted{inside the relay case,

Flg. T. Internal resistors are required in
series wilth “the contactor swiltch colls for
most control voltages, since the wlndlng space
1s not safficient for the winding of a self-
contalned coil for voltages hlgher than about
40%olts.

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

small Rectox rectifler 1s mounted internally,

sultable for certaln A-C
Full

relay current of 5 milllamperes or Qess.

makes 1t applica-

tions. scale deflection can be_ebtalned
at a
By using a sultable external serles Tesistor,
can be callbrated 1in volts.

of this

the relay scale
The 1nternal

shown in Fig. 8.

connections relay are

CHARACTERISTICS, AND/SETTINGS

The type D-3 relay 18 supplied 1in the stan-
listéd, Ingthe table below. The
Indicate 1n millivolts
the potentialgrequimed at the relay base ter-

dard ranges
numbers on thegscale

minals to opgrate “Gthe moving element to the

Indicated scalejposition.

MOVING COIL CIRCUIT

Ranges 1n
MIBlivelts, d-c

Average
Resistance in Ohms at 25°C

0-10 0.3
5-0-5 0.3
40-80 1.2
100-0-100 6.0
0-200 6.0

Relays callbrated for other mlllivolt ranges
suppllied on speclal order, and for a
shunt 1t 1s possible to

It 1s possi-

may be
particular rating of
callbrate the
ble also to
potentlal source 1n serles with a sultable ex-

scale 1n amperes.
connect the moving coll across a
dcale

ternal resistor, and the may be call-

brated 1n volts for such an application.

For reverse-current protectlon a sensitivity
of 2 per cent 1s obtalned when using a stan-
dard 50 mlllivolt shunt and setting the relay
at 1 millivolt. A 10 per cent sensitivity 1s
obtalned by settlng the relay at 5 millivolts.
These values of senslitlivity can bes doubled by
using a 100 millivolt shunt.

For overload protection the relay 1s set at
the 1ndex settling which, wilth respect to the
millivolt

desired per cent of overload.

drop of the shunt, will operate at

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

verse characterlistics. In the usual applica-

tilon the moving coll termlnals are connected
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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.

across a shunt, and thils results 1n longer de-
lay for both operating and reset times. When
a shunt 1s wused the operating time for full
scale travel at 125% of the minimum operatidg
current 1s about 4 seconds, while at 1000% 1%
1s about .25 second. 1In appllcations wheredno
shunt 1s used, the operating times for the
same conditions are about 1.25 and .15 gecond
respectively. When the relay 1s de-enewgized,
the time required for it to reset from)the
full scale position to the 10%4positiddn is
approximately 5 seconds when a ghunt“is used,
and 2 seconds when there 1s nofshung,.

INSTALLATION

The relays should be gmounted on switchboard
panels or theilr equlvalent 1In a locatlon free
from dirt, molsgurej exéessive vibration and
heat. Mount tHe reday wvertlcally by means of
the two mounting Studsdfor the standard cases
and the type FT proygeétion case or by means of
the four mounting holes on the flange for the
seml-flush type FT case. Eilther of the studs
or the mountling screws may be utllized for
groundlng “W\the relay. The electrical connec-
tions may “be made direct to the terminals by
meanls ofgScrews for steel panel mounting or to
teeminal studs furnished wilth the relay for

#* TFig. 5—Schematic Connections for Use of External Auxiliary * Fig. 6—Internal\Cénnections of Type D-3 Relay in Type FT

Case withSelfiContained D.C. Auxiliary Relay Used
to. Prevent Pumping on Overload Protection. Omit
Test Switches for Relays in the Standard Case.

ebony ‘asbestos or slate panel mounting. The
términal “ studs may be easlly removed or in-
serted/by 1lockling two nuts on the studs and
thenturning the proper nut wlth 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 sufficlently 1low to avold 1ntroducing
an excesslive error 1n the relay indication.
With the 0-10 or 5-0-% mlllivolt relays, leads
8 feet long of #10 B&S gauge copper wire will
reduce the relay 1ndicatlon by approximately
5%. If the 1lead length 1s less or the con-
ductor size 1s larger, the error willl be
correspondingly reduced. However, relays with

higher millivolt ranges have proportionally
greater internal resistances, and consequently
error due to lead resistance 1s 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 1t may be subjected to conslderable con-
tinuous overload wilth current in the normal

A,
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TYPE D-3 RELAY

covER 7
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TE3T SwTeN
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AEAR VIEW
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g g E g i
FRONT view 7O 8ax£ TERS.

* Fig. 7—Internal Connections of Type D-3 Relay in Type FT

Case with Two Self-Contained D.C. Auxiliary Relays
Used to Increase Contact Capacity. Omit Test
Switches for Relays in the Standard Case.

The 0-10 and 5-0-5 millivolt re-
connected to a shunt which will
as high as 150 millivoltsiat

the higher millivolt

of the
1imit the percent overload capacilty Tapa lower

directlon.
lays may be
produce a drop
full load. 1In

the capacilty

ranges,
internal resdstor/ will

value.

The use of standard ammeter/shunts may be
avolded by connecting the moving “element leads
over an equlvalent length of pPus-bar or cable.
basis of

6 feet of coppernfbuskbar will give 50

On a 1000 amp.’perisquare inch, at
20°C.,

millivolts drop.

ADJUSTMENTSAND MAINTENANCE

The proper adjustments to 1nsure correct
Oof thi§ relay have been made at the
should not be disturbed after
If the adjustments
changed, the relay taken apart for
orpdt 1t 1s desired to check the ad-

Justments at regular malntenance periods, the

operation
factory nd
recelptd by the customer.
have been

repalrs,

Instructions below should be followed.

ARl contacts should be periodically cleaned
with"a fine fille. S#1002110 file 1s recom-
menided for thils purpose. The use of abrasive

material for cleaning contacts 1s not recom-

Fig. 8 =Internal/Connections of the Type D3 Relay in the
Type FT Case with Internal Rectifier for a-c
operation.

mendéd because of the danger of

small particles 1n the face of the soft silver

embedding

and thus impalring the contact.

If the moving element should be removed, the

bearing end-play should be checked when re-
placing 1t Thils should be from .020 1inch to
.025 1inch, and can be measured by i1nserting a

feeler gauge between the wupper bearing screw

and the shoulder on the moving element shaft.

The core and moving coll assembly should not
be removed from the frame casting of the D-3

relay unless a keeper having the same radius
on the core 1s placed on the core in such man-
ner as to bridge the 1ron pole pleces as the
core is withdrawn from the bore of the casting.

It 1s necessary also to 1nsert spacers 1n the

alr gap so that the core will remain approx-
imately centered when the mounting screws are
removed, to prevent damagling the coll winding

when sliding the assembly out of the casting.
The factory assembly 1s made before the magnet
has been magnetized, and the complete assembly

1s placed between the poles of a magnetizer
which produces a fleld sufficlently strong to
saturate both the magnet and the frame casting.
This avolds the

keepers and simplifies the assembly.

necessity of using magnet



TYPE D-3 RELAY

REPAIRS AND RENEWAL PARTS

Repair work can be done most satisfactorily

at the factory. However, 1nterchangeable
parts can be furnished to the customers who
are equlpped for dolng repalr work. When

ordering parts, always glve the complete name-
plate data.
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INSTALLATION

Westinghouse I.L. 41-151.}€
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE D-3 DIRECT CURRENT RELAY

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 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 applications
where overload, underload, or reverse-current protec-
tion is.required on direct current circuits. One particu-
lar application is in the protection of rotary converters
which require sensitive reverse-current relays to pre:
vent running inverted.

In the usual application of the D-3 relay, thefmov-
ing coil is connected to a shunt in the @ircuit being
protected. By suitable selection of relay calibration
and of shunt rating, the relay can be made;te respond
to particular magnitudes or directions aof @urrent flow
through the shunt as required.

In applications where the " D-3“relay is used for
the purpose of regulating a load, clesing of the over-
load contacts will initiate jactiomyto reduce the amount
of the load. Since the relay“isyvery’sensitive, a slight
reduction in load will cafise the“overload contacts to
open. If the reduction offload is interrupted, the relay
will close contacts a8ain on a small load increase.
Thus small load flucttiations might cause excessive
operation of the relay“amd the device controlled by it.
The connections,of Fig. 5 show the use of an external
auxiliary frelay/(typesSG) 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.

CONSTRUCTION

The type D-3 relay is a d*Arsonvol type d.c. con-
taet ymaking voltmeter consisting of a moving coil,

SUPERSEDES I.L. 41-151.1D

*Denotes change from superseded issue.

permanent magnet, and contaéts. The magnetic circuit
is shown schematically’in /Fig. 1.

Permanent Magnet

The permanent magnet is a cylindrical core, con-
sisting of an Alnicojpermanent magnet, two iron pole
pieces and two brass spacer blocks. This magnet is
mounted concentrically in the bore of a mallable iron
frame.

Aypmagnetic field is produced by the permanent
magnet, inithe air gap between the magnet and the iron
frame. The path of magnetic flux is from the Alnico
magnet through the iron pole piece across the air gap
to, the“iron frame. The return path of the flux is through
the'frame across the second air gap to the second pole
piece. The pole pieces and the bore of the frame are
shaped such that a uniform flux distribution is ob-
tained in the air gaps.

Moving Coil

The moving coil rotates in the air gap between
the core and the iron frame. Electrical connections
are made to the coil through two springs located at
the top of the element. One end of each spring is con-
nected through a lever arm to a lead of the coil. The
other end of each spring is fastened to posts mounted
in a circular insulation plate. This plate can be ro-
tated to permit adjustment of the zero position of the
moving element.

A third spiral spring located at the bottom of the
element provides a current path to the moving contact.

Auxiliary Switch (When used)

The auxiliary switch is a small solenoid type
switch. A cylindrical plunger with a silver disc
mounted on its lower end moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges three silver stationary contacts.

OPERATION

The D-3 relay operates on the principle of a cur-

EFFECTIVE NOVEMBER 1967
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Fig. 1. Schematic Drawing of Magnetic Circuit of Type
D-3 Relay (Top View). Moving Coil Bearing
Supports, Springs and Contacts Omitted.

rent carrying conductor (moving coil) located in a
magnetic field (permanent magnet). When a current is
applied to the coil of the relay, a torque is produced
that rotates the moving coil until the electrical torque
is equal to the torque of the restraining spring. The
moving contact will assume a position in its travel
that is proportional to the current applied to the moving
coil.

The direction of movement of the moving eoil is
determined by the polarity of the current apphlied to the
coil. In the “‘left zero’’ and ‘‘suppressed#zero’’ D-3
relays, the contacts will move to thelwright when a
current of the proper magnitude and“pelarity is applied
to the relay. On the other h@nd{ the contact of the
‘““‘center zero” relay willjymove either left or right
depending on the polarity and®magnitude of the applied
current.

CHARACTERISTICS

The typeyD-3 relay is supplied in the standard
ranges listed imythe table below. The numbers on the
scale indicate 1n’ millivolts the potential required at
the reldy, base terminals to operate the moving element
to théindicated scale position.

Fig. 2 Intefnal Schematic of the Type D-3 Relay in
the Type FT21 Case.

MOVING COIL CIRCUIT

Ranges in Average
Millivolts, d-c Resistance in Ohms at 25°C

0-10 0.3

5-0-5 0.3

40-80 1.2

100-0-100 6.0

0-200 6.0

As shown in the above Table, the D-3 relay is
available with a ‘‘left zero,’”’ ‘‘suppressed zero’’ and
‘‘center zero’’ scale. In the ‘left zero’’ and the
‘““‘suppressed zero” relays the moving contact is lo-
cated in the extreme left hand position of the scale
when the relays are deenergized. The ‘‘suppressed
zero’ relay is held in this position with considerable
more force than the ‘‘left zero’’ relay. When the relays
are energized with voltages of the proper magnitude
and polarity, the moving contact moves to the right.

In the ‘“‘center zero’’ relay, the moving contact is
located in the center of the scale when the relay is
deenergized. When the relay is energized, the contact
will move either to the right or left depending upon
the polarity of the applied voltage.

A modification of the D-3 relay, in which a rec-
tifier is mounted internally, makes it suitable for a.c.

A
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Fig 3. External Schematic Diagram for Overload or
Reverse Current Protection, using the Type
D-3 Relay.

operation. Full scale deflection can be obtained with

6 milliamperes a.c.

The relay has a slight time-delay, with inverse
characteristics. In the usual application the moving
coil terminals are connected across a shunt,fandithis
results in longer delay for both operatingfand geset
times. When a shunt is used the operating‘ime for full
scale travel at 125% of the minimum operatingycurrent
is about 4 seconds, while at 1000% itfis; about .25
second. In applications where no shunt i§ used, the
operating times for the same conditions™are about
1.25 and .15 second respectively. When /the relay is
de-energized, the time required foriit to'reset from the
full scale position to the 10%) position is approxi-
mately 5 seconds when a shunt is“used, and 2 seconds
when there is no shunt.

Continuous maximumyoverload is approximately
1500% of full scale.

The minimumysetting which D-3 Relay can accom-
modate is 5%fof the'full scale.

SETTINGS

For reverseseurrent protection a sensitivity of 2
per cent is obtained when using a standard 50 milli-
volt shunt and setting the relay at 1 millivolt. A 10
per ¢éent sensitivity is obtained by setting the relay at
5amillivolts. 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

Fig. 4.\External Schematic Diagram for Overload Pro-
tection where Trip Currents in Excess of One
Ampere Rating Require Use of an Auxiliary
Relay.

dropfof the shunt, will operate at desired per cent of
overload.

TRIP CIRCUIT
amperes contacts will:
(non-inductive load)

d-c control carry con-
contacts voltage open |close| tinuously
D-3 relay 125 v 0.04¢| 1.0

250 v 0.02¢| 1.0
contactor switch 125.v 3.5 30 5.0
(when supplied) 250 v 1.0 30 5.0

¢ infrequent operation

INSTALLATION

The relays should be moupted on switchboard
panels or their equivalent in a location free from dirt,
moisture, excessive vibration, and heat. Mount the re-
lay vertically by means of the four mounting holes on
the flange for semi-flush mounting or by means of the
rear mounting stud or studs for projection mounting.
Either a mounting stud or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to the
termninal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
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Fig. 5. External Schematic Diagram for Use of Ex-
ternal Auxiliary Relay to Prevent Pumping of
the Type D-3 Relay when used for Overload
Protection.

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

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

Standard D-3 relays are calibrated in millivalts
measured at the relay terminals. Hence, the resistance
of the leads between the relay and the ammetemgshunt
must be sufficiently low to avoid introducingyan ex-
cessive error. in the relay indicationyéWithythe 0-10 or
5-0-5 millivolt relays, leads 8 feet long of #10 B&S
gauge copper wire will reduce the relay indication by
approximately 5%. If the lead length ds less or the
conductor size is larger, the @rror’ will be correspond-
ingly reduced. Relays 4with‘Chigher millivolt rénges
have proportionally greaterdinternal resistances, and
consequently error dite teflead“resistance is reduced.
For example, a 0-1004milligolt relay with leads as
described above would“hawe an error of 0.5% due to
lead resistance. '

The usé) of standard ammeter shunts may be
avoided bygconnecting the moving element leads over
an equivalent lemgth of bus-bar or cable. On a basis
of 1000y amp:)per square inch, at 20°C., 6 feet of
coppeérybus-bar will give 50 millivolts drop.

Fig. 6. lntetnal Schematic of the Type D-3 Relay in
the Type FT21 Case with Self-Contained Auxi-
liary,dRelay used to Prevent Pumping on Over-
load Protection.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tions have been made at the factory. Upon receipt of
the relay, no customer adjustments, other than those
covered under ‘‘Settings’’ should be required.

Acceptance Check

Check the scale markings by setting either of the
two adjustable contacts at a value marked on the
scale. Then alternately apply this voltage plus and
minus 3%. The contacts should make and break.

Remove the adjustable contact from the setting
and set the second adjustable contact at the same
point on the scale. Alternately apply this voltage plus
and minus 3%. The contacts should make and break.

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.

If the moving element should be removed, the
bearing end-play should be checked when replacing it.

pr-—rs
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Fig. 7. Internal Schematic of the Type D-3 in the Type
FT21 Case with Two Self-Contained Auxiliary
Relays used to Increase Contact Capacity.

This shculd 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.

The core and moving coil assembly should not be
removed from the frame casting of the #D-3nrelay un-
less a keeper having the same radius on/the ‘core is
placed on the core in such mannepfas tombridge the
iron pole pieces as the core4is withdrawn from the
bore of the casting. It is necessary®also to insert
spacers in the air gap so that the “@ore will remain
approximately centered when‘the“mounting screws are
removed, to prevent damaging“the coil winding when
sliding the assembly out(of theé\casting.

Auxiliary Switch (CS-1)

Adjust the stationary core of the switch for a
clearance between the’stationary coreand the moving
core when thefswiteh is picked up. This can be done
by turning the“relay upside-dawn. Then screw up the

Fig-"8ylpternal Schematic of the Type D-3 Relay in
the Type FT21 Case, Modified for A-C Opero-

tion.

core screw until the moving core starts rotating. Now
back off the core screw until the moving core stops
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just separates from the stationary core screw. Back
off the core screw approximately one turn and lock in
place. This prevents the moving core from striking
and sticking to the stationary core because of resi-
dual magnetism. Adjust the contact clearance for
3/64" by means of the two small nuts on either side
of the Micarta disc.

Block main contacts closed and energize trip
circuit with rated voltage. Contacts of auxiliary
switch (CS-1) should make.

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 nameplate data.
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INSTALLATION

Westinghouse 1.L. 41-751.1D
OPERATION e MAINTENANCE

INSTRUCTI O NS

TYPE SG AUXILIARY RELAY
IN FT-11 AND FT-22 CASES

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 studs for projection mount-
ing. Either a mounting stud or the mounting screws
may be utilized for grounding the relay. The electri-
cal 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. The terminal 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 gefer) to
I.L. 41-076.

APPLICATION

The relay can be supplied for fise on the follow-
ing voltages without an external’resistor by the use of
suitable coils. The standard cgils‘are:

6, 12, 24, 48, 125 and 250 Volts d-c
115 and 230 Volts - 25_Cye¢les
115, 230, 440 and 575 Volts - 50 or 60 Cycles

and for higher d-c or25=cycle voltages with an exter-
nal resistor. For further information regarding appli-
cation refer to DBy41-950¢0r the nearest Westinghouse
Sales Officg.

The relayds inténded for use as an auxiliaryrelay
for miscellaneous@utomatic and remote control switch-
ing. It is suitable for many industrial applications also.

CONSTRUCTION

The'SG is a clapper type relay consisting of four
main )parts: core, yoke, armature, and coil. Relays
for AC applications contain a bronze washer between

SUPERSEDES I.L. 41-751/1C

*Denotes change from superseded issue.

the yoke and core. A Brassiscrew holds the yoke and
core together. This washer prevents the armature
from being held closed by residual magnetism in
the core. If the relay/has been dismantled, be sure
that the washer 1§ynot omitted on reassembly.

The gassembly of the moving contact fingers on
the armature ‘bleck is arranged to provide spring fol-
low_on both/the make and break contacts. The sta-
tionany eentact bracket may be bent slightly, if nec-
esSsary,nto change the back contact follow or align-
ment. See Table I for proper contact adjustment.

CHARACTERISTICS

All relays will pick up on 80% of the nameplate
voltage rating or less. No adjustments are provided
for varying the pick-up. The armature will open at
30% or less on direct current and at 60% or less on
alternating current.

The volt-ampere burden atrated voltage (60 cycles)
is 10, at a power-factor of approximately 50%. The
watt consumption at rated d-c voltage is 3.5.

Each contact will carry 12 amperes continuous and
30 amperes for one minute.

The contact interrupting ratings are as follows:
All values are non-inductive currents.

External connections may be made with the con-
tacts in series if desired.

Interrupting Rating in Amperes

D-C
D-C 2 Contacts A-C
Volts 1 Contact In Series 1 Contact
24 15 50 50
48 8 35 45
115 2.4 20 30
230 0.75 2.5 20
550 0.25 0.5 10

EFFECTIVE OCTOBER 1965
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Fig. 1. Internal Schematic of the Single Unit SG Relay,
with Current Operated Coil, in FT 11 Case. Short-
ing Switches and Current Test Jack Omitted from
Terminals 8 and 9 for Voltage Operated Relays.

Operating Time

.033 — .05 sec. at d-c rating

Pick-up: .
.016 — .033 sec. at a-c rating

Drop-out: less than .016 sec. on d-c or a<¢

Fig. 2. {Internal)Schematic of the Double Unit SG Relay,
Voltage Operated Coils, in FT 22 Case.

RENEWAL PARTS

Major repairs can be most satisfactorily done at
the factory or Westinghouse Service Shops. However,
for customers equipped to do their own work, parts
may be furnished on order. In ordering any part or
requesting any other information, always give entire
nameplate reading.

TABLE |

CONTACT GAP AND FOLLOW ADJUSTMENTS

Make- Break-Contact
Confact Contact Contact Follow
Afrange. Gap Follow (1) (2)
DPDT 1/8 - 9/64" 3/64" 3/64” 0.031"’

(1) Measured at the contacts.

(2) Measured between the contact finger and the
guide-bushing shoulder.

gﬁ@‘&g&»
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INSTALLATION o

Westinghouse I.L. 41-151.1F
OPERATION e MAINTENANCE

INSTRUCTIONS

TYPE D-3 DIRECT CURRENT RELAY

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 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 applications
where overload, ‘underload, or reverse-current protec-
tion is.required on direct current circuits. One particu-
lar application is in the protection of rotary converters
which require sensitive reverse-current relays to pres
vent running inverted.

In the usual application of the D-3 relay thedmov-
ing coil is connected to a shunt in the cireuit béing
protected. By suitable selection of relaygealibration
and of shunt rating, the relay can be made to respond
to particular magnitudes or directionsgef current flow
through the shunt as required.

In applications where the D:-3%elay is used for
the purpose of regulating a load,, closing of the over-
load contacts will initiate actien todseduce the amount
of the load. Since the relaygis venydsensitive, a slight
reduction in load will cause the overload contacts to
open. If the reduction of, load,i§ interrupted, the relay
will close contacts again ¢n a small load increase.
Thus small load“fluct@iations might cause excessive
operation of the relaypand the device controlled by it.
The connections©f Fig.” 5 show the use of an external
auxiliary relay(typedSG) 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.

CONSTRUCTION

The type D-3 relay is a d*Arsonvol type d.c. con-
tact making voltmeter consisting of a moving coil,

SUPERSEDES I.L. 41-151.1E

*Denotes change from superseded issue.

permanent magnet, and ceftacts:yThe magnetic circuit
is shown schematically in Fig."1.

Permanent Magnet

The permanent®magnet is a cylindrical core, con-
sisting of an AlniGe permanent magnet, two iron pole
pieces and tw@ brass¥spacer blocks. This magnet is
mounted coneentrieally in the bore of a mallable iron
frame,

Aumagnetic field is produced by the permanent
magnet in the air gap between the magnet and the iron
frame. The path of magnetic flux is from the Alnico
magnetythrough the iron pole piece across the air gap
to thedron frame. The return path of the flux is through
the frame across the second air gap to the second pole
piece. The pole pieces and the bore of the frame are
shaped such that a uniform flux distribution is ob-
tained in the air gaps.

Moving Coil

The moving coil rotates in the air gap between
the core and the iron frame. Electrical connections
are made to the coil through two springs located at
the top of the element. One end of each spring is con-
nected through a lever arm to a lead of the coil. The
other end of each spring is fastened to posts mounted
in a circular insulation plate. This plate can be ro-
tated to permit adjustment of the zero position of the
moving element.

A third spiral spring located at the bottom of the
element provides a current path to the moving contact.

Auxiliary Switch (When used)

The auxiliary switch is a small solenoid type
switch. A cylindrical plunger with a silver disc
mounted on its lower end moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges three silver stationary contacts.

OPERATION

The D-3 relay operates on the principle of a cur-

EFFECTIVE JUNE 1969
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Fig. 1. Schematic Drawing of Magnetic Circuit of Type
D-3 Relay (Top View). Moving Coil Bearing
Supports, Springs and Contacts Omitted.

rent carrying conductor (moving coil) located in &
magnetic field (permanent magnet). When a currentfis
applied to the coil of the relay, a torque is produced
that rotates the moving coil until the electrical torque
is equal to the torque of the restraining springé The
moving contact will assume a position in its{travel
that is proportional to the current applied to th€"moving
coil.

The direction of movement ofpthe ‘moving coil is
determined by the polarity of the cufrent applied to the
coil. In the ‘‘left zero’’ and ‘‘s@ppressed zero’’ D-3
relays, the contacts will movelto the right when a
current of the proper magnitudé“and polarity is applied
to the relay. On the aqther{hand,) the contact of the
‘“center zero” relaygwillymove” either left or right
depending on the polarityand“magnitude of the applied
current.

CHARACTERISTICS

The type, D-3 relay is supplied in the standard
ranges listédyin the table below. The numbers on the
scale Jndicate in millivolts the potential required at
the relay base terminals to operate the moving element
to the“imdicated scale position.

Fig.“2. Intefhal Schematic of the Type D-3 Relay in
the Type FT21 Case.

MOVING COIL CIRCUIT

Ranges in Average
Millivolts, d-c Resistance in Ohms at 25°C

0-10 0.3

5-0-5 0.3

40-80 ' 1.2

100-0-100 6.0

0-200 6.0

As shown in the above Table, the D-3 relay is
available with a ‘‘left zero,”” ‘‘suppressed zero’’ and
‘“center zero’’ scale. In the *“left zero’’ and the
‘““‘suppressed zero’’ relays the moving contact is lo-
cated in the extreme left hand position of the scale
when the relays are deenergized. The ¢‘‘suppressed
zero’’ relay is held in this position with considerable
more force than the ‘“left zero’’ relay. When the relays
are energized with voltages of the proper magnitude
and polarity, the moving contact moves to the right.

In the ‘“‘center zero’’ relay, the moving contact is
located in the center of the scale when the relay is
deenergized. When the relay is energized, the contact
will move either to the right or left depending upon
the polarity of the applied voltage.

A modification of the D-3 relay, in which a rec-
tifier is mounted internally, makes it suitable for a.c.
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Fig. 3. External Schematic Diagram for Overload or
Reverse Current Protection, using the Type
D-3 Relay.

operation. Full scale deflection can be obtained with

6 milliamperes a.c.

The relay has a slight time-delay, with inverge
characteristics. In the usual application the mewing
coil terminals are connected across a shunt,fand this
results in longer delay for both operating and seset
times. When a shunt is used the operating time forifull

* scale travel at 125% of the full scale operating current

is about 4 seconds, while at 1000% it/is /aboeut .25
second. In applications where no shunt is used, the
operating times for the same conditions) are about
1.25 and .15 second respectivelyq When the relay is
de-energized, the time required for it%e reset from the
full scale position to the jhl0% “position is approxi-
mately 5 seconds when a shuntiis uséd, and 2 seconds
when there is no shunt.

Continuous maximum ‘Owerload is approximately
1500% of full scale.

The minimum “SettinggWhich D-3 Relay can accom-
modate is 5%40f the full,scale.

SETTINGS

For reverse-current protection a sensitivity of 2
per cent is obtained when using a standard 50 milli-
volt shunt an@ 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
deubled by using a 100 millivolt shunt.

For overload protection the relay is set at the
index setting which, with respect to the millivolt

Fig. 4. External Schematic Diagram for Overload Pro-
tection where Trip Currents in Excess of One
Ampere Rating Require Use of an Auxiliary
Relay.

drop of the shunt, will operate at desired per cent of
overload.

TRIP CIRCUIT

amperes contacts will:
(non-inductive load)
d-c control carry con-
contacts voltage open |close|tinuously
D-3 relay 125 v 0.04¢| 1.0
250 v 0.02¢| 1.0
contactor switch 125 v 3.5 30 5.0
(when supplied) 250 v 1.0 30 5.0

¢ infrequent operation

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 re-
lay vertically by means of the four mounting holes on
the flange for semi-flush mounting or by means of the
rear mounting stud or studs for projection mounting.
Either a mounting stud or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to the
teminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
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INTERNAL SCHEMATIC
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Fig. 5. External Schematic Diagram for Use of Ex-
ternal Auxiliary Relay to Prevent Pumping of
the Type D-3 Relay when used for Overload
Protection.

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

For detailed FT case information refer togl. L.
41-076.

Standard D-3 relays are calibrated ingmilliveilts
measured at the relay terminals. Hencegthe(resistance
of the leads between the relay and the dmmetérfshunt
must be sufficiently low to avoid introducing an ex-
cessive error in the relay indicationt With,the 0-10 or
5-0-5 millivolt relays, leads 8 feet lomggof #10 B&S
gauge copper wire will reduce the relay indication by
approximately 5%. If the lead lemgth'is less or the
conductor size is larger, the errorawill be correspond-
ingly reduced. RelaysWQwithihigher millivolt ranges
have proportionally sreateryinternal resistances, .and
consequently errorfdue 40 lead resistance is reduced.
For example, a 0-180 mildivolt relay with leads as
described above would@h@ve an error of 0.5% due to
lead resistance.

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

Fig.N6.9lnternal Schematic of the Type D-3 Relay in
the Type FT21 Case with Self-Contained Auxi-
ligty® Relay used to Prevent Pumping on Over-
load Protection.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tions have been made at the factory. Upon receipt of
the relay, no customer adjustments, other than those
covered under ‘‘Settings’’ should be required.

Acceptance Check

Check the scale markings by setting either of the
two adjustable contacts at a value marked on the
scale. Then alternately apply this voltage plus and
minus 3%. The contacts should make and break.

Remove the adjustable contact from the setting
and set the second adjustable contact at the same
point on the scale. Alternately apply this voltage plus
and minus 3%. The contacts should make and break.

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.

If the moving element should be removed, the
bearing end-play should be checked when replacing it.
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Fig. 7. Internal Schematic of the Type D-3 in the Type
FT21 Case with Two Self-Contained Auxiliary

Relays used to Increase Contact Capacity.

This should be from .020 inch to .025 inch, and ¢an
be measured by inserting a feeler gauge between the
upper bearing screw and the shoulder on the moving
element shaft.

The core and moving coil assembly should net be
removed from the frame casting of thegD=3 relay un-
less a keeper having the same radius{onf{the¥core is
placed on the core in such mannerf@s togbridge the
iron pole pieces as the core,is withdrawn from the
bore of the casting. It is necéssarywalso to insert
spacers in the air gap so that thefecore will remain
approximately centered whemn theymounting screws are
removed, to prevent damagingythe coil winding when
sliding the assembly outfof the casting.

Auxiliary Switch (CS-1)

Adjust the statiomary core of the switch for a
clearance /petween the stationary coreand the moving
core whenthefswitéh is picked up. This can be done
by turning theyrelay upside-dawn. Then screw up the

Figm8. \Internal Schematic of the Type D-3 Relay in
the Type FT21 Case, Modified for A-C Opero-

tion.

core screw until the moving core starts rotating. Now
back off the core screw until the moving core stops
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just separates from the stationary core screw. Back
off the core screw approximately one turn and lock in
place. This prevents the moving core from striking
and sticking to the stationary core because of resi-
dual magnetism. Adjust the contact clearance for
3/64’’ by means of the two small nuts on either side
of the Micarta disc.

Block main contacts closed and energize trip
circuit with rated voltage. Contacts of auxiliary
switch (CS-1) should make.

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 nameplate data.
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INSTALLATION

Westinghouse 1.L. 41-1514H
e OPERATION ¢ MAINTENANCE

INSTRUCTION)S

TYPE D-3 DIRECT CURRENT RELAY

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 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 applications
where overload, underload, or reverse-current protec-
tion is required on direct current circuits. One particu-
lar application is in the protection of rotary converters
which require sensitive reverse-current relays to pre-
vent running inverted.

In the usual application of the D-3 relay the,mov#
ing coil is connected to a shunt in the cir€uit being
protected. By suitable selection of relay calibration
and of shunt rating, the relay can be madedto respond
to particular magnitudes or directions ofgeurrent flow
through the shunt as required.

In applications where the D-34relay“is used for
the purpose of regulating a load, clesing of the over-
load contacts will initiate action te,red@ice the amount
of the load. Since the relay isavery sensitive, a slight
reduction in load will causg the“@verload contacts to
open. If the reduction of lead iSyinterrupted, the relay
will close contacts again on{a small load increase.
Thus small load fluctuatiens’'might cause excessive
operation of the reldy amdgthe device controlled by it.
The connectionstef Fig. 54show the use of an external
auxiliary relay (type'SG)to keep the controlled device
energized {until’the Jload has dropped by an amount
determined by .thedsetting of the left-hand contact of
the D-3 relay. F'ig. 6 shows how this feature has been
added to some styles.

CONSTRUCTION

The type D-3 relay is a d’Arsonvol type d.c. con-
tacty making voltmeter consisting of a moving coil,
permanent magnet, and contacts. The magnetic circuit
is shown schematically in Fig. 1.

SUPERSEDES I.L. 41-151.1H, dated April 1975

* Denotes change from superseded issue.

Permanent Magnet

The permanent magnet,is @ cylindrical core, con-
sisting of an Alnico permanernt magnet, two iron pole
pieces and two braSs, spacer blocks. This magnet is
mounted concentrically\in the bore of a mallable iron
frame.

A magnetic field is produced by the permanent
magnet ingthe airjgap between the magnet and the iron
frame. The/pathr of magnetic flux is from the Alnico
magnetythrough the iron pole piece across the air gap
to theWirompframe. The return path of the flux is through
thexframe across the second air gap to the second pole
pieée. The pole pieces and the bore of the frame are
shaped such that a uniform flux distribution is ob-
tained in the air gaps.

Moving Coil

The moving coil rotates in the air gap between
the core and the iron frame. Electrical connections
are made to the coil through two springs located at
the top of the element. One end of each spring is con-
nected through a lever arm to a head of the coil. The
other end of each spring is fastened to posts mounted
in a circular insulation plate. This plate can be ro-
tated to permit adjustment of the zero position of the
moving element.

A third spiral spring located at the bottom of the
element provides a current path to the moving contact.

Auxiliary Switch (CS-1) (When Used)

The auxiliary switch is a small solenoid type
switch. A cylindrical plunger with a silver disc
mounted on its lower end moves in the core of the
solenoid. As the plunger travels upward, the disc
bridges three silver stationary contacts.

* Operation Indicator (When Used)

The operation indicator consists of a small sole-
noid coil mounted in a steelframe,a spring restrained
armature and a white flag. The indicator is reset by
a push rod in the cover.

OPERATION

The D-3 relay operates on the principle of a cur-

EFFECTIVE JANUARY 1976
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Fig. 1. Schematic Drawing of Magnetic Circuit of Type
D-3 Relay (Top View). Moving Coil Bearing
Supports, Springs and Contacts Omitted.

rent carrying conductor (moving coil) located in a
magnetic field (permanent magnet). When a current i
applied to the coil of the relay, a torque is produced
that rotates the moving coil until the electrical torque
is equal to the torque of the restraining spring.4 Fhe
moving contact will assume a position in its/trayel
that is proportional to the current applied to the,moving
coil.

The direction of movement of thedmoving¥coil is
determined by the polarity of the current applied to the
coil. In the ‘‘left zero’’ and ‘‘suppressed zero’’ D-3
relays, the contacts will move (to the right when a
current of the proper magnitudegandipelarity is applied
to the relay. On the other hand, ¢¢he contact of the
‘‘center zero’’ relay will, move sither left or right
depending on the poldrity andymagnitude of the applied
current.

CHARACTERISTICS

The type D-3 relay is supplied in the standard
ranges listed In the table below. The numbers on the
scale imdicate in millivolts the potential required at
the relay base’terminals to operate the moving element
to theésindicated scale position.

* Figs 2, Internal”Schematic of the Type D-3 Relay in
the Type FT21 Case.

MOVING COIL CIRCUIT

Ranges in Average
Millivolts, d-c Resistance in Ohms at 25°C

0-10 0.3

5-0-5 0.3

40-80 1.2

100-0-100 6.0

0-200 6.0

* Other ranges can also be supplied.

As shown in the above Table, the D-3 relay is
available with a ‘‘left zero,’”’ ‘‘suppressed zero’’ and
‘“‘center zero’’ scale. In the ‘‘left zero’’ and the
‘‘suppressed zero’’ relays the moving contact is lo-
cated in the extreme left hand position of the scale
when the relays are deenergized. The ‘‘suppressed
zero’’ relay is held in this position with considerable
more force than the ‘‘left zero’’ relay. When the relays
are energized with voltages of the proper magnitude
and polarity, the moving contact moves to the right.

In the ‘“‘center zero’’ relay, the moving contact is
located in the center of the scale when the relay is
deenergized. When the relay is energized, the contact
will move either to the right or left depending upon
the polarity of the applied voltage.

A modification of the D-3 relay, in which a rec-
tifier is mounted internally, makes it suitable for a.c.
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Fig. 3. External Schematic Diagram for Overload or
Reverse Current Protection, using the Type

D-3 Relay.
operation. Full scale deflection can be obtained with
6 milliamperes a.c. Relays modified for AC volts can
also be supplied.

The relay has a slight time-delay, with inverse
characteristics. In the usual application thegmoVving
coil terminals are connected across a shunt, and this
results in longer delay for both operatingpand reset
times. When a shunt is used the operatingytimefor full
scale travel at 125% of the full scale operating current
is about 4 seconds, while at 1000% At isWabout .25
second. In applications where no shuntfis used, the
operating times for the same conditions are about
1.25 and .15 second respectively.WWhen the relay is
de-energized, the time requiredsf oryit to reset from the
full scale position to the ,10% position is approxi-
mately 5 seconds when a shunt istused, and 2 seconds
when there is no shunt.

Continuous maximumy overload is approximately
15009 of full scale;

The minimum, setting which D-3 Relay can accom-
modate is 5% of theyfull scale.

SETTINGS

For reverse‘current protection a sensitivity of 2
per cent is obtained when using a standard 50 milli-
volt shunt and setting the relay at 1 millivolt. A 10
perieent sensitivity is obtained by setting the relay at
Spemillivolts. 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

Fig. 4y External Schematic Diagram for Overload Pro-
tection where Trip Currents in Excess of One
Ampere Rating Require Use of an Auxiliary
Relay.

dropgof the shunt, will operate at desired per cent of
overload.

TRIP CIRCUIT

amperes contacts will:
(non-inductive load)
d-c control carry con-
contacts voltage open |close|tinuously
D-3 relay 125 v 0.04¢| 1.0
250 v 0.02¢( 1.0
contactor switch 125 v 3.5 30 5.0
(when supplied) 250 v 1.0 30 5.0

¢ infrequent operation

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 re-
lay vertically by means of the four mounting holes on
the flange for semi-flush mounting or by means of the
rear mounting stud or studs for projection mounting.
Either a mounting stud or the mounting screws may be
utilized for grounding the relay. The electrical con-
nections may be made directly to the terminals by
means of screws for steel panel mounting or to the
teminal studs furnished with the relay for thick panel
mounting. The terminal studs may be easily removed
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Fig. 5. External Schematic Diagram for Use of Ex-
ternal Auxiliary Relay to Prevent Pumping of
the Type D-3 Relay when used for Overload
Protection.

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

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

Standard D-3 relays are calibrated in millivolts
measured at the relay terminals. Hence, the resistance
of the leads between the relay and the ammeter _shunt
must be sufficiently low to avoid introditcing an ex-
cessive error in the relay indications, With,the 0-10 or
5-0-5 millivolt relays, leads 8 feet dong of10 B&S
gauge copper wire will reduce thegrelay, indication by
approximately 5%. If the lead length is less or the
conductor size is larger, the emrérwill¥be correspond-
ingly reduced. Relays with (higher millivolt ranges
have proportionally greaterfjintermal resistances, -and
consequently error dué to deadWresistance is reduced.
For example, a 0-100 millivelt relay with leads as
described above would“havé an error of 0.5% due to
lead resistance.

The usey 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 10004 amp.yper square inch, at .20°C., 6 feet of
copper, bus-bar will give 50 millivolts drop.

* Fig. 6. Internali§echematic of the Type D-3 Relay in the
TypedF T21 Case with Self-Contained Auxiliary

Relay used to Prevent Pumping on Overload
Protéction.

ADJUSTMENTS AND MAINTENANCE

The proper adjustments to insure correct opera-
tions have been made at the factory. Upon receipt of
the relay, no customer adjustments, other than those
covered under ‘“‘Settings’* should be required.

Acceptance Check

Check the scale markings by setting either of the
two adjustable contacts at a value marked on the
scale. Then alternately apply this voltage plus and
minus 3%. The contacts should make and break.

Remove the adjustable contact from the setting
and set the second adjustable contact at the same
point on the scale. Alternately apply this voltage plus
and minus 3%. The contacts should make and break.

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.

If the moving element should be removed, the
bearing end-play should be checked when replacing it.
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Fig. 7. Internal Schematic of the Type D-3 in the Type
FT21 Case with Two Self-Contained Auxiliary
Relays used to Increase Contact Capacity.

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.

The core and moving coil assembly should sot be
removed from the frame casting of the D-3yrelay un-
less a keeper having the same radius ongthe“eore is
placed on the core in such manner asfto/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 thetleore will remain
approximately centered when th€ moeunting screws are
removed, to prevent damaging “the coil winding when
sliding the assembly out of the, casting.

Auxiliary Switch (CS-1)

Adjust the stationary core of the switch for a
clearance between thegstationary coreand the moving
core when thepswiteh is"picked up. This can be done
by turning the relay upside-down. Then screw up the
core screw until the moving core starts rotating. Now
back off the core sScrew until the moving core stops
rotating. This indicates the points when the play in
the assembly is taken up, and where the moving core
just ,separates from the stationary core screw. Back
off the core screw approximately one turn and lock in
placéw This prevents the moving core from striking

Eig. 8) Internal Schematic of the Type D-3 Relay in
the Type FT21 Case, Modified for A-C Opera-

tion.

and sticking to the stationary core because of resi-
dual magnetism. Adjust the contact clearance for
3/64’" by means of the two small nuts on either side
of the Micarta disc.

Block main contacts closed and energize trip
circuit with rated voltage. Contacts of auxiliary
switch (CS-1) should make.

Operation Indicator

The operation indicator (when used) consists of a
small solenoid coil mounted in a steel frame, a spring
restrained armature and a white flag. The indicator is
reset by a push rod in the cover. Block the CS-1
auxiliary relay contacts closed and pass 0.2 amperes
AC or DC through the indicator. The white target
should fall into view.

The coil has a dc resistance of approximately 2.8
ohms and a continuous current carrying capacity of
0.6 amperes.

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 nameplate data.
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Fig. 9. Outline and Drilling Plan for the Type D-3 Relay in the Type FT21 Case.



TYPE D-3 RELAY 1.L.41-151(1H

Westi n(gh()usc

TYPE D-3 ST
I"R76035
- vgi A e DIRECTR CURRENT W TRUCTON (EMLET
T o IRLIS
S S Mi":éwx -y 4 ey

%&iﬁ%iﬁhf HOVEMENT A0 FRAME MAY BE ALIVE

5 P23 4 967 & 910
dedidind s 1 LS

M!LL!VOLTS /

Fig. 10. Type D-3 Relay without Case. 1-Moving Coil. 2-Current-carrying restraining springs.
3-Permanent Magnet. 4-Iron-Frame. 5-Scale. 6-Moving Contact. 7-Stationary Contacts.








