
INSTALLATION 

Westinghouse t.L. 4 1-9 17. 1A 

• OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HRD 

DIRECTIONAL 

CARRIER DUAL POL ARIZED 

OVERC URRENT GROUND RELAY 

CAUTION Before putting protective relays into 
service, remove al l b l ocking which may have 
been inserted for the purpose of securing the 
parts during shipment, make sure that a l l  moving 

parts operate freely, inspect the c ontacts to 
see that they are c l ean a nd close properly, and 
operate the relay to check the settings and 
electrical connections. 

APPLICATION 

This relay is used to provide directiona l 
ground fault protection in the carrier relaying 
scheme using p l ate keyed carrier sets. The 
HRD relay has provision for dual pol arization 

of the directional element. With this feature, 
the relay can be pol arized by residual current 

from a power transformer bank or by residual 
vol tage. In addition, both pol arizing quan­
tities can be used simul taneously . 

CONSTRUCTION AND OPERATION 

This relay consists of two beam- type over­
current unit, a directional unit and an indi­
cating contactor switch. The trip circuit of 
the relay includes the directional contacts in 

series with the contacts of one overcurrent 
unit and the indicating contactor switch. The 
other overcurrent unit is used to start carrier 
signal transmission. Operation of this relay 
in connection with the carrier scheme is de­
scribed in I. L. 41-904. 

OVERCURRENT UNIT 

The construction detai l s  of the two over­
current units are shown in Figure 1. The unit 

consists of a pivoted beam with contact arm on 
one end and a restraining spring acting on the 
other . The beam is pul l ed down to make contact 

by a current coil, and resets through the action 

of the restraining spring. 

The moving contact is a thin-wal led si lver 
shell practically fil l ed with tungsten powder. 

SUPERSEDES I.L. 4 1-9 17. 1 
*Denotes change from superseded issue 

When this contact strikes the rigid stationary 
contact, the movement of the tungsten powder 
creates sufficient friction to absorb practi­
cal ly a l l  of the energy of impact and thus the 
tendency of the contact to bounce is reduced to 
a m1mmum . The moving contact is l o osely 
mounted on the beam and he l d  in p l ace by a 
l eaf spring . The construction is such that 
the beam continues to move slightly after the 
contacts c l ose defl ecting the spring. This 
provides the required contact fol low. Current 

is conducted into the moving contact by means 
of a flexible metal ribbon. 

DIRE C TIONAL UNIT 

The directional unit is made up of five basic 
parts: the die-cast aluminum frame, the elec­
tromagnet, the m o l ded cover a ssemb l y ,  the 
moving e l ement assembly, a nd the bridge and 
upper bearing pin assembly. The lower bearing 
pin and the magnetic core with its adjustment 
l ever are mounted on t he frame. The electro­
magnet has two s eries-connected pol arizing 
coil s mounted diametrica l l y  opposite one 
a nother, two series-connected current coil s 
mounted diametrical ly opposite one another and 

two magnetic plugs accessible through the cover. 
The moving element consists of a spring and 
c ontact arm assemb ly and a double aluminum loop 
rrounted on a shaft which has end jewels for the 
top and bottom bearings. This shaft rides be­
tween the bottom steel bearing pin mounted in 
the frame and a similar pin in the bridge that 
mounts on the two l onger studs of the electro­
magnet. The stops for the moving element are 
mounted on the cover and are easily accessibl e  
for the adjus tment o f  the contact travel . The 
spring adjuster seats on the mol ded cover and 

is attached to the contact through a spira l 
spring.  The moving contact is made of two 

thin-wa l l ed sil ver shel l s  practical ly fil l ed 
with tungsten powder and mounted back to back 
on a thin l eaf spring. The stationary silver 
contacts are mounted on the molded cover. The 
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TYPE HRD RELAY ----------------------------

TUNG�TL ... riLL[O CONT-'CT 

Fig. 1 Sectional View of the Overcurrent Units, 

e lectrical connection is made from the station­
ary contact to the moving contact, through the 
spiral a nd spring adjuster to the spring ad­
juster clamp. The f l ux in each po l e  face is 
l agged on the outside edges by copper l oops. 
This produces a torque that counter-balances 
the centering torque, caused by the sma l l  power 
factor angle of the moving element. 

The torque of the unit is produced by t he 
interaction of the current and f lux which de­
velops forces on the two aluminum l oops. The 
resulting torque is substantially free of vi­

brations, because the double-frequency torques 
that are produced on the two loops are equal 
a nd opposite in sign. 

The pol arizing windings of the directional 
unit, a phase shifting circuit, a center tap­
ped reactor and an equival ent impedance are 
connected so as to form t he four l egs of a 
bridge circuit. The equival ent impedance con­
sists of a reactor and an adjustable resistor 
with a total impedance equa l  to the impedance 
of the polarizing windings of the directional 
element . 

Energy from the current polarizing source is 
introduced into two o pposite corners of the 
bridge circuit by means of an air gap tranfor­
mer while energy from the vo l tage pol arizing 
source is impressed directly upon the other two 

corners. The balanced bridge design is neces­
sary so that the vol tage and current transform­
ing devices de l iver secondary quantities which 

2 

do not af fect each ot her and depend only on 

system conditions . 

INDICATING CONTACTOR SWITCH UNIT (ICS) 

The d-e indicating contactor switch is a sma ll 
clapper type device. A magnetic armature, to 
which l eaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon ener­
gization of the switch. \lhen the switch closes, 

the moving contacts bridge two stationary con­
tacts, completing the trip circuit. Also during 
this operation tw o fingers on the armature de­
f l ect a spring l oc ated on the front of the 
switch, w hich a l l ows the operation indicator 
target to drop. The target is reset from the 
outside of the case by a push rod l ocated at 
the bottom of the cover. 

The front spring, in addition to holding the 
target, provides restraint for the armature 

and thus contro l s  the pickup v a l ue of the 
switch. 

CHARACTERISTICS AND SETTINGS 

The overcurrent units of the re lays operate 

in one cycl e or less on values of ground fault 
current above 200% of the tap setting, The 
taps available are: 

0.5, 0.75, 1.0, 2.0, 4.0, 6.0 

The settings should be made by inserting the 
tap screw in the tap to give the required pick­
up , 

The carrier - start overcurrent unit at each 
l ine terminal is set on a l ower tap than the 
tripping el ement at either end of the l ine. 
This arrangement insures proper b l ocking for 

remote external faults which may not pick up 
both overcurrent ele ments at each line terminal .  

Select a tap for the tripping overcurren t 
unit (l eft-hand, front view) which wil l al low 

tripping the minimum internal ground faul t.  
Set the carrier-start unit (right-hand, front 
view) on the next lower tap. 

The HRD relay is designed so that for current 
polarization only, maximum torque occurs when 

the operating current l eads the p o l a rizing 
current by ap pro ximate l y  1 0°, The minimum 
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Fig. 2 Internal Schematic of the Type HRD Relay in the 
Type FT32 Case. 

pickup has been set by the spring tension t o  

be approximatel y  1. 3 amperes when the current 
circuits are connected in series. Greater 
sensitivity may be obtained by decreasing the 
spring tens ion; however, this wil l a l so de ­
crease the restoring force when the unit is 
de-energized. 

For potentia l polarization of the HRD relay, 
the maximum torque occurs when the operating 
current lags the polarizing volt age by appro xi­
mately 60 degrees. With the spring tension at 
the factory setting, minimum pickup is approxi­
mately 2. 5 volts and 4 amperes with the current 

lagging the voltage by 60°. 

TRIP CIRCUIT 

The main contacts wil l  safely close 30 amperes 
at 250 vol ts d-e and the seal-in contacts of 
the indicating contactor switch w i l l  safe l y  
carry this current l ong enough t o  trip a cir­
cuit breaker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0. 2 o r  2 amperes. To 

change taps requires connecting the lead located in 
front of the tap block to the desired setting by means 

of a screw connection. No other settings are required. 

l 2 J 

DUlCE IUMIER CMAAT 

67M • DIRECTIOIIAL O'i'E&CUIIREMT l.iiOUIAD 
RELAY TYP£ NIO 

m � - O'fERCURIIEIH UNITS Of TYPE ltiD 
�- DIRECTIOftAL UMJf Qf TYPE MID 
� - TRAMSFOilMEI OF TYPE HID 

�- REACTQIIIIflYPE IMID 

183A247 

Fig. 3 External A-C Schematic of the Type HRD Relay. 

* Set in the 2 ampere tap for all HRD Carrier Relaying 

Applications. 

TRIP CIRCUIT CONSTANT 

Indicating Contactor Switch (ICS) 

0. 2 ampere tap 6.5 ohms d-e resistance 
2.0 ampere tap 0. 15 ohms d-e resistance 

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 vertica l l y  by means of 
the four mounting holes on the flange for semi­
fl ush mounting or by means of the rear mounting 
stud or studs for projection mounting, Either 
a mounting stud or the mounting screws ma y be 
util ized for grounding the rel ay, The elec­
trical connections may be made directly to the 
terminals by means of screws for steel panel 
mounting or to the termina l studs furnished 

with the rel ay for thick panel mounting, The 
terminal studs may be easi l y  removed or i n­
serted by l ocking two nuts on the stud and then 
turning the proper nut with a wrench, 

For detailed F T  case information refer to 
I. L. 4 1-076, 
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TYPE HRD RELAY ______________________________________________________ __ 

• The external a-c connections of directional tmit are 

shown in Fig. 3. If no voltage polarization source is 

to be connected to the directional unit, short-circuit 

the voltage polarizing circuit at the relay t erminals. 

The carrier relaying d -e s ch em atic (supp lied 

with all carrier orders) should be consulted 
for the details of the external d-e connections 
of these relays. 

ADJUSTMENTS 

The proper adjustments to insure correct op­
eration of this relay have been made at the 
factory and should not be disturbed after re­
ceipt by the customer. If the adjustments have 
been changed, the relay taken apart fbr repairs, 
or if it is desired to check the adjustments at 

regular maintenance periods, the instructions 
below should be followed . 

All contacts should be cleaned periodically . 
A contact burnisher S# 182A8 3 6H01 is recommend ed 
for this purpose. The use of abrasive rna teria l 
for cleaning contacts is not recommended, be­
cause of the danger of embedding small parti­
cles in the face of the soft si lver and thus 
impairing the contact. 

OVERCURRENT UNITS 

Refer to Figure 1. Adjust the stop screw un­
til the beam is in a horizontal position whe n  
resting against it. Adjust the magnetic gap to 
. 02 0  inch. This is the gap between the b eam * 
and the stop pin. Adjust the stationary contact 
for an . 02 0  inch gap when the beam is in the 
r eset posit ion. When the beam is in the oper­
ated position, there should be an . 015 inch de­
flection of the moving contact. See that the 
spring which carries the moving element lies 
flat on the Micarta arm with no initial tension 
in either direction. Also, make sure that the 
flexible pigtail is at least 3/32 inch away from 
the e nd of the stationary contact. 

Pass 0 . 5  ampere thru the unit with the tap 
screw in the 0 . 5  tap and adjust the beam spring 

tension until the beam just trips . This spring 
tension should hold the beam in the reset posi­
tion, and when the beam is tr ipped on 0.5 am ­

pere, the beam should deflect the moving contact 
spring and rest on the front st op pin. The 
trip p i ng point of the other t aps should be 
within ±5% of the tap values .  

4 

DIRECTIONAL UNIT 

* Apply 120 volts a-c to the voltage polarizing cir­

cuit, adjust the resistor so that a minimum voltage 

app ears across the secondar y of the current polariz­

ing transformer (lower right hand oosition, front view). 

The uppe r  bearing scre w should be scre we d  
down until there i s  only three t o  four thou­
sandths of an inch clearance between it and the 

shaft, and then securely locked in p osition 
with the lock nut. This adjustment can be made 
best by carefully screwing down the top bearing 
screw until the double loop fails to turn freely 
a nd then backing up 1/8 of a turn. Great care 
must be taken in making this adjustment to pre­
vent damage to the b earings. 

The t ravel of the moving contact is lim i ted 
by the stationary contacts mounted on the mold ed 
cover. The contact gap should be adjusted as 

follows : W ith the moving contact centered be­
tween the studs, close the contact gaps by ad­
vancing the two front stationary contacts. 
Then back off the right-hand stationary contact 
. 035 inch and lock both contacts in place . The 

front contact spring should be positioned in 
the center of the . 020 inch slot of the alumi­
num guard by means of the small adjusting screw 
located on the nut plate that holds the spring 
on the moving eleme nt. The comple te moving 
element is limited in travel by two stop screws 
located on the molded cover assembly. 

The moving elements stops should be adjust ed so 

that the moving contacts barely touch the front sta­

tionary contacts and just miss the others when ener­

gized in the op ening and closing direction with 5. 0 
amp eres in phase in the current circuits. The right­

hand stationary contact should be turned 1/ 6 of a turn 

to obtain .005 inch contact follow. Energize the ele­

ment in the op ening direction by passing 60 amperes 

through the current circuits in series. The contact 

should not bounce closed when the el em ent is sud­

denly deenergized. S light readjustment of the 1 eft­

hand stop may be necessary to insure that this does 

not happen. 

There are two separate magnetic adjustments. 

A small lever arm extending to the front on the 
bottom of the element controls a magnetic bias 
in the center of the electromagnet. This should 
be adjus ted so that the unit will operate with 

. 1  to . 6  volts applied to the voltage polariz-
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ing circuit with 25 amperes at 60° lagging in 
the operating coils and the current polarizing 
circuit open. This adjustment can be made ap­
proximately merely by shorting the voltage 
circuit and with the 25 amperes, adjust the 
lever so that the contacts just re main open. 
The second magnetic adjustment is made by mag­
netic plugs accessible from the top, With the 
voltage between . 1  and .6 volt and the current 

polarizing circuit opened, the plugs should be 
adjusted so that with approx imately 60 amperes 
at 60° lag, applied momentarily in the oper at­
i n g c o i 1 , the con t ac t s s h o u 1 d j us t c 1 o s e . 
Raising the right hand plug will prod uce torque 
to the right when considering the front moving 
contact . This adjustment also can be made ap­

proximately merely by shorting the voltage cir­
cuit and wi th 60 amperes applied momentarily 
in the operating coil, adjust the plugs so that 
the contacts just remain open. Excess hea ting, 

the overcurrent tap settings, and the particular 
setting of the lever and plugs have a slight 

influence on the final setting of these magnetic 
adjustments . 

INDICATING CONTACTOR SWITCH (ICS )  

Adjust the contact gap for .0 47". The bridging mov­

ing contact should touch both stationary contacts 

si multaneously. Bend the third contact spring of the 

moving arm so that the third contact makes at approxi­

mately the same instant as the other two contacts. 

Close the main relay contacts and pass suf­
ficient d-e current through the trip circuit 
to close the contacts of the res. This value 

of current should not be greater than the par­
ticular res tap setting being used. The indi­
cator target should drop freely. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. However, interchangeable parts 
c an be furni shed to the customers w ho are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data. 

ENERGY REQUIREMENTS 

The typical 60- cycle burdens of the various 

circuits of the relay are as follows: 

Directional element and overcurrent unit in 
series: 

0.5 amp, tap at 0.5 amps. 
6. 0 amp. tap at 6.0 amps . 

. 6  v. a .  
6. 7 v . a .  

4 1° lag 
40 ° lag 

Directional unit current polarizing circuit: 

At 5.0 amperes 1.0 v. a .  

Directional unit voltage polarizing circuit: 

At 12 0 volts 7.2 v. a .  43 ° lag 
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• Fig. 4 Outline and Drilling Plan for the Type HRD Relay in the Type FT32 Case. 
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Westinghouse I.L. 4 1-9 17.1A 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPE HRD 

DIRECTIONAL 

CARRIER DUAL POL ARIZED 

OVERCURRENT GROUND RELAY 

CAUTION Before putting protective rel ays into 

service, remove al l b l ocking which may have 
been inserted for the purpose of securing the 
parts during shipment, make sure that a l l  moving 

parts operate freely, inspect the c ontacts to 
see that they are cl ean and close properly, and 
operate the r elay to check the settings and 
electrical connections. 

APPLICATION 

This relay is used to provide directiona l 
ground fault protection in the carrier relaying 
scheme using p late keyed carrier sets. The 
HRD relay has provision for dual pol arization 
of the directional element. With this feature, 
the relay can be polarized by residual current 
from a power transformer bank or by residual 
vol tage. In addition, both pol arizing quan­
tities can be used simul taneousl y .  

CONSTRUCTION AND OPERATION 

This relay consists of two beam- type over­
current unit, a directional unit and an indi­
cating contactor switch. The trip circuit of 
the relay includes the directional contacts in 
series with the contacts of one overcurrent 
unit and the indicating contactor switch. The 
other overcurrent unit is used to start carrier 
signa l  transmission. Operation of this relay 
in connection with the carrier scheme is de­
scribed in I. L. 41-904. 

OVERCURRENT UNIT 

The construction detai ls of the two over­
current units are shown in Figure 1. The unit 

consists of a pivoted beam with contact arm on 
one end and a restraining spring acting on the 
other . The beam is pul l ed down to make contact 
by a current coil, and resets through the action 

of the restraining spring. 

The moving contact is a thin-wal led silver 
shell practicall y  fil l ed with tungsten powder. 

SUPERSEDES I.L. 4 1-9 17. 1 
*Denotes change from superseded issue 

When this contact strikes the rigid stationary 
contact, the movement of the tungsten powder 
creates sufficient friction to absorb practi­
cal l y  a l l  of the energy of impact and thus the 
tendency of the contact to bounce is reduced to 
a minimum . The moving contact is l oose l y  
mounted o n  t he beam and he l d  in p lace by a 
l eaf spr ing . The construction is such that 
the beam continues to move slightly after the 
contacts c l ose defl ecting the spring. This 
provides the required contact fol l ow. Current 
is conducted into the moving contact by means 
of a fl exible metal ribbon. 

DIRECTIONAL UNIT 

The directional unit is made up of five basic 
parts: the die-cast aluminum frame, the el ec­
tromagnet, the m o l ded cover a ssemb l y ,  the 
moving element assemb l y, a nd the bridge and 
upper bearing pin assembly. The lower bearing 
pin and the magnetic core with its adjustment 
l ever are mounted on t he frame. The electro­
magnet has two series-connected p o l arizing 
c o i l s  mounted diametrica l l y  opp osite one 
a nother, two series-connected current c oi l s  
mounted diametrical l y  opposite one another and 
two magnetic p lugs accessible through the cover. 
The moving el ement consists of a spring and 
c ontact arm assemb ly and a double aluminum loop 
mounted on a shaft which has end jewels for the 
top and bottom bearings. This shaft rides be­
tween the bottom steel bearing pin mounted in 

the frame and a similar pin in the bridge that 
mounts on the two l onger studs of the electro­
magnet. The stops for the moving element are 
mounted on the cover and are easily accessible 
for the adjustment of the contact travel . The 

spring adjuster seats on the mol ded cover and 

is attached to the contact through a spiral 
spring. The moving contact is made of two 

thin-wa l l ed silver she l l s  pr actical l y  fil l ed 

with tungsten powder and mounted back to back 
on a thin leaf spring. The stationary silver 
contacts are mounted on the molded cover. The 
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TYPE HRD RELAY -----------------------------

... SCREW 

TAP BLOCK 

TUNGS.Tlh fiLLED CONT ... CT 

Fig. J Sectional View of the Over current Units. 

electrical connection is made from the station­

ary contact to the moving contact, through the 
spiral a nd spring adjuster to the spring ad­
juster clamp . The f l ux in each p o l e  face is 
l agged on the outside edges by copper loops. 
This produces a torque that counter-balanc es 
the centering torque, caused by the sma l l  power 
factor ang l e  of the moving element. 

The torque of the unit is p roduced by t he 
interaction of the current and flux which de­
ve l ops forces on the two aluminum loops. The 
resulting torque is substantial l y  free of vi­
brations, because the double-frequency torques 
that are produced on the two l oops are e qual 
a nd opposite in sign. 

The pol arizing windings of the directional 
unit, a phase shifting circuit, a center tap­
p ed reactor and an equivalent impe da nce ar e 
c onnected so as to form t he four l e gs of a 
bridge circuit. The equival ent impe dance con­
sists of a reactor and an adjustable resistor 
with a total impedance e qual to the impedance 

of the polarizing windings of the directional 
element. 

Energy from the current polarizing source is 
introduced into two opposite corners of the 
bridge circuit by means of an air gap tranfor­

mer while energy from the vol tage polarizing 
source is impressed directly upon the other two 

corners. The balanced bridge design is neces­
sary so that the voltage and current transform­
ing devices deliver secondary quantities which 

2 

d o  not af fect each ot he r and depend only on 
system conditions . 

INDICATING CONTACTOR SWITCH UNIT (ICS) 

The d-e indicating contactor switch is a sma l l  
clapper type device.  A magnetic armature, to 
which l eaf-spring mounted contacts are attached, 
is attracted to the magnetic core upon ener­
gization of the switch. \�hen the switch closes , 

the moving contacts bridge two stationary con­
tacts, comple ting the trip circuit. Also during 
this operation two fingers on the armature d e­
f l ect a sp ring locat e d  on t h e  front of the 
switch, w hich all ows the op eration indicator 
target to drop. The target is reset from the 
outside of the case by a push rod l ocated at 
the bottom of the cover. 

The front spring, in addition to holding the 
target, p rovides restraint for the armature 

a nd thus contro l s  the p ickup valu e  of the 
switch. 

CHARACTERISTICS AND SETTINGS 

The overcurrent units of the re lays operate 

in one cycle or less on values of ground fault 
current abov e 200% of the tap setting, The 
taps available are: 

0 . 5, o. 75, 1 . 0, 2 . 0, 4 . 0, 6 . 0  

The setti ngs should be made by inserting the 
tap screw in the tap to give the required pick­
up . 

The carrier - start overcurrent unit at each 
line terminal is set on a lower tap than the 
tripping e l ement at either e nd of the line . 
This arrangement insures prop er blocking for 
remote external faults which may not pick up 
both overcurrent ele ments at each line terminal .  

Sel ect a tap for the tripping overcurrent 
unit (left-hand, front view) which will allow 
tripping the minimum internal ground fault. 

Se t the carrier-start unit (right-hand, front 
view) on the next lower tap. 

The HRD relay is designed so that for current 
polarization onl y, maximum torque occurs when 

the op erating current l eads t he p olarizing 
current by ap pro ximate l y  10°. The minimum 
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Fig. 2 Internal Schematic of the Type HRD Relay in the 
Type FT32 Case. 

p ickup has been set by the spring tension t o  

be approximatel y  1 . 3  amperes when the current 
circuits are connected in series. G reater 
sensitivity may be obtained by decreasing the 
spring tens ion; however, this wil l a l so de ­
c rease the restoring force when the unit is 
de-energized. 

For potentia l polarization of the HRD relay, 
the maximum torque occurs when the operating 
current lags the polarizing voltage by appro xi­
mately 60 degrees. With the spring tension at 
the factory setting, minimum pickup is approxi­
mately 2 . 5 volts and 4 amperes with the current 
lagging the voltage by 60°, 

TRIP CIRCUIT 

The main contacts wil l  safely close 30 amperes 
at 250 vol ts d-e and the seal-in contacts of 

the indicating contactor switch wil l safel y  

c arry this current l ong enough to trip a cir­
cuit breaker. 

The indicating contactor switch has two taps that 

provide a pickup setting of 0. 2 or 2 amperes. To 

change taps requires connecting the lead located in 

front of the tap block to the desired setting by means 

of a screw connection. No other settings are required. 

1 2 ' 

DEVICE IUMIER CWT 

67A • llllECTIOIAl OIIEICURkEIT III.OUIID 
II.EL.U HJI'E KRD 

.w � · OVEICURREIH Ulll IS OF TYPE ltlD 

� • DIRECTIOUL UNIT Qf TYPE 1110 
� • TIU.ISFOIMEI OF TYPE MID 

!p. • REACTOR Of HPE IMID 

l83A247 

Fig. 3 External A-C Schematic of the Type HRD Relay. 

* Set in the 2 ampere tap for all HRD Carrier Relaying 

Applications. 

TRIP CIRCUIT CONSTANT 

Indicating Contactor Switch (ICS) 

0 . 2  ampere tap 6.5 ohms d-e resistance 
2 . 0  ampere tap 0 . 15 ohms d-e resistance 

INSTALLATION 

The relays s hould be mounted on switchboard 
panels or their equivalent in a location free 
from dirt, moisture, excessive vibration, and 
heat. Mount the relay vertica l l y  by means of 
the four mounting holes on the flange for semi­
fl ush mounting or by means of the rear mounting 
stud or studs for projection mounting, Either 
a mounting stud or the mounting screws ma y be 
util ized for grounding the rel ay. The elec­
trical connections may be made directly to the 
terminal s  by means of screws for steel panel 
mounting or to the termina l studs furnished 

with the relay for thick panel mounting. The 
ter minal studs may be easi l y  removed or i n­
serted by l ocking two nuts on the stud and then 
turning the proper nut with a wrench. 

For detail ed FT case information refer to 
I. L. 4 1-076 .  
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TYPE HRD RELAY ______________________________________________________ __ 

• The external a-c connections of directional unit are 

shown in Fig. 3.  If no voltage polarization source is 

to be connected to the directional unit, short-circuit 

the voltage polarizing circuit at the relay terminals. 

The carrier relaying d-e s ch ematic (supp lied 

with a l l  carrier orders) should be consulted 
for the details of the external d-e connections 
of these relays. 

ADJUSTMENTS 

The proper adjustments to insure correct op­
erat i on of this relay have been ma de at the 
factory and s hould not be disturbed after re­
ceipt by the customer. If the adjustments have 
been changed, the relay taken apart for repairs, 
or if it is desired to check the adjustments at 

regular maintenance periods, the instructions 
below should be followed. 

All contacts should be cleaned periodically. 
A contact burnisher S#182A83 6H01 is recommended 
for this purpose. The use of abrasive material 
for cleaning contacts is not recommended, be­
cause of the danger of embedding small parti­
cles in the face of the soft silver and thus 
impairing the contact. 

OVERCURRENT UNITS 

Refer to Figure 1. Adjust t he stop screw un­
til the beam is in a horizontal position when 
resting against it. Adjust the magnetic gap to 
. 02 0  inch. This is the gap between the beam * 

and the stop pin. Adjust the stationary contact 
for an .020 inch gap when the beam is in the 
reset position. When the beam is in the oper­
ated pas i tion, there should be an • 015 inch de­
flection of the moving contact. See that the 
spring which carries the moving element lies 
flat on the Micarta arm with no initial tension 

in either direction. Also, make sure that the 
flexible pigtail is at least 3 /3 2  inch away from 

the end of the stationary contact. 

Pass 0.5 ampere thru the unit with the tap 
screw in the 0. 5 tap and adjust the beam spring 

tension until the beam just trips. This spr ing 
tensi on should hold the beam in the reset posi­
tion, and when the beam is tripped on 0.5 am­
pere, the beam should deflect the moving contact 
spring and rest on the front stop pin. The 
tripping point of the other t aps should be 
within ±5% of the tap values. 

4 

DIRECTIONAL UNIT 

* App ly 120 volts a-c to the voltage polarizing cir­

cuit, adjust the resistor so that a minimum voltage 

app ears across the secondary of the current polariz­
ing transformer (lower right hand position, front view). 

The upper bearing screw should be screwed 
down until there is only three to four thou­
sandths of an inch clearance between it and the 

s haft, and then securely locked in p osition 
with the lock nut. This adjustment can be made 
best by carefully screwing down the top bearing 
screw until the double loop fails to turn freely 
a nd then backing up 1/8 of a turn. Great care 
must be taken in making this adjustment to pre­

vent damage to the bearings, 

The travel of the moving contact is limited 
by the stationary contacts mounted on the molded 

c over. The contact gap should be adjusted as 

follows: With the moving contact centered be­
tween the studs, close the contact gaps by ad­
vancing the two front stationary contacts. 
Then back off the right-hand stationary contact 
. 035 inch and lock both contacts in place. The 
front contact spring should be positioned in 
the center of the . 020 inch slot of the alumi­

num guard by means of the small adjusting screw 
located on the nut plate that holds the spring 
on the moving element. The complete moving 
element is limited in travel by two stop screws 
located on the molded cover assembly. 

The moving elements stops should be adjusted so 

that the moving contacts barely touch the front sta­

tionary contacts and just miss the others when ener­

gized in the opening and closing direction with 5.0 
amp eres in phase in the current circuits. The right­
hand stationary contact should be turned 1/ 6 of a turn 

to obtain .005 inch contact follow. Energize the ele­

ment in the opening direction by passing 60 amperes 

through the current circuits in series. The contact 

should not bounce closed when the element is sud­

denly deenergized. Slight readjustment of the left­

hand stop may be necessary to insure that this does 

not happen. 

There are two separate magnetic adjustments. 

A small lever arm extending to the front on the 
bottom of the element controls a magnetic bias 

in the center of the electromagnet. This should 
be adjusted so that the unit will operate with 

.1 to . 6  volts applied to the voltage polariz-
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TYPE HRD RELAY ____________________________ 1_·L_._4_1 -_9 1_7 _.1_A 

ing circuit with 25 amperes at 60° lagging in 
the operating coils and the current polarizing 
circuit open. This adjustment can be made ap­
proximately merely by shorting the voltage 
circuit and with the 2 5  amperes, adjust the 
lever so tha t the c ontacts just re main open. 
The second magnetic adjustment is made by mag­

netic plugs accessible from the top. With the 
voltage between .1 and . 6  volt and the current 

polarizing circuit opened, the plugs should be 
adjusted so that with approx imately 60 amperes 
at 60° lag, applied momentarily in the operat­
i n g c o i 1 , the con t ac t s s h o u 1 d j us t c 1 o s e . 
Raising the right hand plug will prod uce torque 
to the right when considering the front moving 
contact. This adjustment also can be made ap­

proximately merely by shorting the voltage cir­
cuit and wi th 60 amperes applied momentarily 
in the operating coil, adjust the plugs so that 
the contac ts just remain open. Excess hea ting, 
the overcurrent tap settings, and the particular 
setting of the lever and plugs have a slight 

influence on the final setting of these magnetic 
adjustments. 

INDICATING CONTACTOR SWITCH ( ICS) 

Adjust the contact gap for .0 47". The bridging mov­

ing contact should touch both stationary contacts 

simultaneously. Bend the thi rd contact spring of the 

moving arm so that the third contact makes at approxi­

mately the same instant as the other two contacts. 

Close the main relay contacts and pass suf­
ficient d-e current through the trip circuit 
to close the contacts of the ICS . This value 
of current should not be greater than the par­
ticular ICS tap setting being used. The indi­
cator target should drop freely. 

RENEWAL PARTS 

Repair work can be done most satisfactorily 
at the factory. However, interchangeable parts 
c an be fu rnished to the custome r s  w ho are 
equipped for doing repair work. When ordering 
parts, always give the complete nameplate data . 

ENERGY REQUIREMENTS 

The typical 60-cycle burdens of the various 
circuits of the relay are as follows : 

Directional element and overcurrent unit in 
series : 

0 . 5 amp. tap at 0 . 5 amps . 
6. 0 amp. tap at 6 . 0  amps . 

. 6  v. a .  
6. 7 v .  a. 

4 1° lag 
40 ° lag 

Directional unit current polarizing circuit: 

At 5.0 amperes 1.0 v. a .  3 5  ° lag 

Directional unit voltage polarizing circuit : 

At 120 volts 7.2 v. a .  
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* Fig. 4 Outline and Drilling Plan for the Type HRD Relay in the Type FT32 Case. 
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I.L. 41-917.1 

INSTALLATION • OPERATION • MAINTENANCE 

INSTRUCTIONS 
TYPES HRD 

DIRECTIONAL 

CARRIER DUAL POL ARIZED 

OVERCURRENT GROUND RELAY 

CAUTION Before putting protective rel ays into 
s ervice, r emove a l l b l ocking which may have 
been inserted for the purpose of securing the 
parts during shipment, make sure that a l l  moving 
parts operate freely, inspect the c ontacts to 
see that they are cl ean a nd close properly, and 
operate the r e lay to check the settings and 
e l ectrical connections. 

APPLICATION 

This r e l ay is used to provide directiona l 
ground fault protection in the carrier relaying 
scheme using p late keyed carrier se ts. The 
HRD relay has provision for dual pol arization 
of the directional el ement. With this feature, 
the relay can be polarized by residual current 
from a power transformer bank or by residual 
voltage. In addition, both pol arizing quan­
tities can be used simultaneously. 

CONSTRUCTION AND OPERATION 

This relay consists of two beam- typ e over­
current unit, a directional unit and an indi· 
eating contactor switch. The trip £ircuit of 
the relay includes the directional contacts in 
series with the contacts of one ov ercurre nt 
unit and the indicating contactor switch. The 
other overcurrent unit is used to start carrier 
signal transmission. Operation of this r e l ay 
in connection with the carrier scheme is d e ­
scribed in I. L. 41-904. 

OVERCURRENT UNIT 

The constr ucti on d etai l s  of the two over­
current units are shown in Figure 1. The unit 

consists of a pivoted beam with contact arm on 
one end and a restraining spring acting on the 
other. The beam is pul l ed down to make contact 

by a current coil, and resets through the action 

of the restraining spring. 

The moving contact is a thin-wal l ed silver 

she l l  practically fil l ed with tungsten powder. 

NEW INFORMATION 

When this contact strikes the rigid stationary 
contact, the movement of the tungsten powder 
creates sufficient friction to absorb practi­
cal ly a l l  of the energy of impact and thus the 
t endency of the contact to bounce is reduced to 
a minimum. The moving contact is l oose l y  
mounted o n  the beam and he l d  in p lace b y  a 
l e af spring. The construction is such that 
the beam continues to move slightly after the 
contacts c l ose defl ecting the spring. This 
provides the required contact fol l ow. Current 
is conducted into the moving contact by means 
of a flexible metal ribbon. 

DIRE CTIONAL UNIT 

The directional unit is mad.e up of five basic 
parts : the die-cast aluminum frame, the el ec­
tromagnet, t h e  mo l de d  cov e r  a s s e mb l y, the 
moving e l ement assemb l y, and the bridge and 
upper bearing pin assembly. The lower bearing 
pin and the magnetic core with its adjustment 
l ever are mounted on t he frame. The e l ectro­
magnet has two s eries-connected p o l arizing 
c o i l s  moun t e d  d ia m e t rica l l y  opp o s i te one 
a nother, two series-connected current c oils 
mounted diametricall y  oppo§ite one another and 
two magnetic p l ugs accessibl e  through the cover. 
The moving e l ement consists of a spring and 
c ontact arm assemb ly and a double aluminum loop 
mounted on a shaft which has end jewel s  for the 
top and bottom bearings. This shaft rides be­

tween the bottom ste e l  bearing pin mounted in 
the frame and a similar pin in the bridge that 
mounts on the two l onger studs of the e l ectro­
magnet. The stops for the moving eleme nt are 
mounted on the cover and are easily accessibl e  
for the adjustment of the contact travel. The 

spring adjuster seats on the molded cover and 

is attached to the contact through a spira l 

spring. T he moving contact is made of two 
thin-wa l l ed si lver she l l s  practical l y  fil l e d  

with tungsten powder and mounted back to back 

on a thin l eaf spring. The stationary silver 
contacts are mounted on the molded cov er. The 
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T'fPE HRD RELAY-----------------------------

"" SCREW 

TAP BLOCK 

TUNG�TlP-4 F"ILL£0 CQNT.t.CT 

RESTRAINING /5PAING 

Fig. J Sectional View of the Over current Units. 

el ectrical connection is made from the station­
ary contact to the moving contact, through the 
spiral and spring adjuster to the spring ad­
juster clamp. The f l ux in each po l e  face is 
l agged on the outside edges by copper l oops. 
This produces a torque that counter-balances 
th'� centering torque, caused by the sma l l  power 
fw:tor angle of the moving el ement. 

·�e torque o f  the unit is p roduced by t he 
in·�eraction of the current and f l ux which de­
velops forces on the two aluminum l oops. The 
re:mlting torque is substantially free of vi­
brations, because the double-frequency torques 
that are produced on the two loops are equal 
ami opposite in sign. The fl ux in each pole 
face is lagged on the outside edges. This pro­
duces a torque that counter-balances the center­
ing torque, caused by the smal l power factor 
angle of the moving el ement. 

�be pol arizing windings o f  the directional 
unl.t, a phase shifting circuit, a center tap­
p ed reactor and an equival ent impedance are 
c onnected so as to form t he four l egs of a 

bridge circuit. The equival ent impedance con­
sif>ts of a reactor and an adjustable resistor 
wi t.h a total impedance equa l  to the impedance 
of the polarizing windings of the directional 
element. 

E:nergy from the current polarizing source is 
introduced into two opposite corners of the 
bridge circuit by means of an air gap tranfor­
mer while energy from the vol tage polarizing 
source is impressed directl y  upon the other two 

2 

corners. The balanced bridge design is neces­
sary so that the vol tage and current tra nsform­
ing devices del iver secondary quantities which 
d o  not af fect each other and depend only on 
system conditions. 

INDICATING CONTACTOR SWITCH UNIT (ICS) 

The d-e indicating contactor switch is a sma l l  
clapper type device. A magnetic armature, to 
which l eaf-spring mounted contacts are attached, 
is attracted to the magnetic c ore upon ener­
gization of the switch. llhen the switch closes , 

the moving contacts bridge two stationary con­
tacts, completing the trip circuit. Also during 
this operation two fingers on the armature d e­
f l ect a spring l ocated on the front of the 
switch, which a l l ows the operation indicator 
target to drop. The target is reset from the 
outside of the case by a push rod·l ocated at 
the bottom of the cover. 

The front spring, in addition to holding the 
target, p rovides restraint for the armature 
and thus contr�l s the p ickup val ue o f  the 
switch. 

CHARACTERISTICS AND SETTINGS 

The overcurrent units of the re lays operate 

in one cycle or less on values of ground fault 
current a bove 200% of the tap setting . The 
taps available are: 

0 . 5, o. 75, 1 . 0, 2 . 0, 4 . 0, 6 . 0  

The settings should be made by inserting the 
tap screw in the tap to give the required pick­
up . 

The carrier - start overcurrent unit at each 
l ine terminal is set on a l ower tap than the 
tripping el ement at either end of the l ine. 
This arrangement insures proper b l ocking for 
remote external faults which may not pick up 
both overcurrent elements at each l ine terminal. 

Select a tap for the t ripping overcurren t 
unit (left-hand, front view) which wil l  a l l ow 
tripping the minimum internal ground faul t. 
Set the carrier-start unit (right-hand, front 
view) on the next lower tap. 

The HRD relay is designed so that for current 
polarization only, maximum torque occurs when 
the operating current l eads the p o l arizing 
current by ap proximatel y 10°. The minimum 
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Fig. 2 Internal Schematic of the Type HRD Relay in the 
Type FT32 Case, 

p ickup has been set by the spring tension t o  

b e  approximately 1.3 amperes when the current 
circuits are connected in series. Greater 
sensitivity may be obtained by decreasing the 
spring tension; however, this will also de ­
crease the restoring force when the unit is 
de-energized. 

For potential polarization of the HRD relay, 
the maximum torque occurs when the operating 
current lags tht-:�olarizing voltage by approxi­
mately 60 degrees. With the s pring tension at 

the factory setting, minimum pickup is a pproxi­

mately 2.5 volts and 4 amperes with the current 

lagging the voltage by 60°, 

TRIP CIRCUIT 

The main contacts will safely close 30 amperes 
at 250 volts d-e and the seal-in contacts of 
the indicating contactor switch will safely 
carry this current long enough to trip a cir­
cuit breaker. 

The indicating contactor switch has two taps 
that provide a pickup setting of 0.2 or 2 am­
peres. To change taps requires connecting the 

lead located in front of the tap block to the 
desired setting by means of a screw connection. 
No other settings are required. Set in the 

I 2 3 

DEVICE MUMiER Clt.\lliT 
6711 - DIIIECTIOU.L OVEaCUiiiiEIIT uROUMD 

RELAY TYPE HRD 
m � · OVERCURREIH UttllS OF TYPE ltRO 

�- DIRECTIOft.U Ulllf Qf TYPE IWO 

� - TRANSFORMER OF TYPE HRD 

tp. - REACTOR � TYPE HaD 

183A24'7 

Fig. 3 External A-C Schematic of the Type HRD Relay. 

0 .2 tap i f  energiz i ng a WL relay switch or 
equivalent. 

TRIP CIRCUIT CONSTANT 

Indicating Contactor Switch (ICS) 

0.2 ampere tap 6.5 ohms d-e resistance 
2.0 ampere tap 0.15 ohms d-e resistance 

INSTALLATION 

The relays s hould 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 mounting. Either 
a mounting stud or the mounting screws may be 
utilized for grounding the relay. The elec­
trical 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 in­
serted 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. 
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TYPE HRD RELAY ____________________________ _ 

'�he AC external schematic of the type HRD re­
la�' is shown in Figure 3. The carrier relaying 

d -,� s ch ematic (supp lied with a l l  carrier 
orders) should be consulted for the details of 
th1� external d-e connections of these relays. 

ADJUSTMENTS 

��he proper adjustments to insure correct op­
er:ttion of this relay have been ma de at the 
faetory and should not be disturbed after re­
ce:lpt by the customer. If the adjustments have 
be1m changed, the relay taken apart for repairs, 
or if it is desired to check the adjustments at 
re1�ular maintenance periods, the instructions 
be:.ow should be followed. 

All contacts should be cleaned periodically. 
A 1:ontact burnisher S#182A83 6H01 is recommend ed 
for this purpose. The use of abrasive materia l 
fo:� cleaning contacts is not recommended, be­
cause of the danger of embedding s mall parti­
cles in the face of the soft silver and thus 
impairing the contact. 

OVERCURRENT UNITS 

Itefer to Figure 1. Adjust the stop screw un­
tU the beam is in a horizontal position whe n  

re!;ting against it. Adjust the magnetic gap to 
. mo inch; This is the gap between the beam 
and the stop pin. Adjust the stationary contact 
fo:� an . 020 inch gap when the beam is in the 
re:;et position. When the beam is in the oper­
atl!d position, there should be an . 015 inch de­
flection of the moving contact. See that the 
sp�ing which carries the moving element lies 
flat on the Micarta arm with no initial tension 
in either direction. Also, make sure that the 
flexible pigtail is at least 3/32 inch away from 
the e nd of the stationary contact. 

l�ss 0.5 ampere thru the unit with the tap 
sc:�ew in the 0. 5 tap and adjust the beam spring 

tension until the beam just trips. This spring 
tension should hold the beam in the reset pos i­
tion, and when the beam is tripped on 0. 5 am­

pere, the beam should deflect the moving contact 
sp:�ing and rest on the front stop pin. The 
tripping point of the other t aps should be 
wi 1;hin ±5% of the tap values. 

DlltECTIONAL UNIT 

'�e upper bearing screw should be scre wed 
doiYn until there is only three to four thou­
sandths of an inch clearance between it and the 

4 

shaft, and then securely locked in position 
with the lock nut. This adjustment can be made 
best by carefully screwing down the top bearing 
screw until the double loop fails to turn freely 
and then backing up 1/8 of a turn. Great care 
must be taken in making this adjustment to pre­

vent damage to the bearings. 

The travel of the moving contact is limited 
by the stationary contacts mounted on the molded 
cover. The contact gap should be adjusted as 
follows: With the moving contact centered be­
tween the studs, close the contact gaps by ad­
vancing the two front stationary contacts. 
Then back off the right-hand stationary contact 
. 035 inch and lock both contacts in place. The 

front contact spring should be positioned in 
the center of the .020 inch slot of the alumi­
num guard by means of the small adjusting screw 
located on the nut plate that holds the spring 
on the moving element. The complete moving 
element is limited in travel by two stop screws 
located on the molded cover assembly. 

The moving element stops should be adjusted so 
that the moving contacts barely touch the right 
front stationary contacts and just miss the 
others when energized in the opening and closing 
direction with 5 .0 amperes in phase in the 
c urrent circuits. The right-hand stationary 
contact should be turned 1/ 6 of a turn to ob­
tain .005 inch contact follow. Energize the 
element in the opening direction by passing 60 
amperes through the current circuits in series. 
The contact should not bounce closed when the 
element is suddenly deenergized. Slight read­
justment of the left-hand s top may be neces ­
sary to insure that this does not happen. 

There are two separate magnetic adjustments. 
A small lever arm extending to the front on the 
bottom of the element controls a magnetic bias 

in the center of the electromagnet. This should 

be adjus ted so that the unit will operate with 

.1 to .6 volts applied to the voltage polariz­
ing circuit with 25 amperes at 60° lagging in 
the operating coils and the current polarizing 

circuit open. This adjustment can be made ap­
proximately merely by shorting the voltage 
circuit and with the 25 amperes, adjust the 
lever so that the contacts just re main open. 
The second magnetic adjustment is made by mag­

netic plugs accessible from the top. With the 
voltage between . 1  and .6 volt and the current 
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pol arizing circuit opened, the plugs should be 
adjusted so that with approx imate ly 60 amp eres 
at 60° lag, applied momentarily in the operat­
ing co i 1 ,  the contacts shou l d  just c 1 os e .  
Raising the right hand plug wil l  produce torque 
to the right when considering the front moving 
contact . This adjustment also can be made ap­

proximately merely by shorting the vo1 tage cir­
cuit and wi th 60 amperes app lied momentarily 
in the operating coil, adjust the p l ugs so that 
the contacts just remain open. Excess heating, 
the overcurrent tap settings, and the particul ar 
setting of the l e ver and p l ugs have a sl ight 
influence on the final setting of these magnetic 
adjustments , 

INDICATING CONTACTOR SWITCH (ICS) 

Close the main re lay contacts and pass suf­
ficient d-e current through the trip circuit 
to close the contacts of the ICS.  This val ue 

of current should not be greater than the par­
ticular ICS tap setting being used, The indi­
cator target should drop freely. 

RENEWAL PARTS 

Rep air work can be done most satisfactorily 
at the factory, However, interchange abl e parts 
c an be furnished to th e cu stome r s  w ho are 
equipped for doing repair work. When ordering 
parts, always give the compl ete namep l ate data. 

ENERGY REQUIREMENTS 

The typical 60-cycle burdens of the various 
circuits of the relay are as fol l ows : 

Directional el ement and overcurrent unit in 
series: 

. 6  v. a .  0 . 5  amp, tap a t  0 . 5 amps , 
6. 0 amp. tap at 6. 0 amps,  6. 7 v. a. 

Directional unit current polarizing circuit: 

At 5 . 0  amperes 1 . 0  v. a .  

Directional unit voltage polarizing circuit: 

At 12 0 volts 7. 2 v. a .  
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190-3Z S C. REW ( F OR T H I C K  
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Fig. 4 Outline and Drilling Plan for the Type HRD Relay in the Type FT32 Case. 
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