INSTALLATION

Westinghouse 1.L. 41-917.4A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HRD CARRIER DUAL POLARIZED
DIRECTIONAL OVERCURRENT GROUND RELAY

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

APPLICATION

This relay is used to provide directional
ground fault protection in the carrier relaying
scheme using plate keyed carrier sets., The
HRD relay has provision for dual polarization
of thedirectional element. With this feature,
the relay can be polarized by residual current
from a power transformer bank or by residual
voltage. In addition, both polarizingypgu@an-
tities can be used simultaneously.

CONSTRUCTION AND OPERAT JON

This relay consists of two beam-type over-
current unit, a directionalunit, and an indi-
cating contactor switch. The“trip circuit of
the relay includes the diree¢tional> contacts in
series with the contacts of ‘one overcurrent
unit and the indicatinggeontaetor switch. The
other overcurrent unit{is used to start carrier
signal transmission.g, Operation of this relay
in connection with the¢carrier scheme is de-
scribed in I. LR41=9044

O VERCURRENT UN LT

The construetion details of the two over-
current unitsare shown in Figure 1. The unit
consists of a pivoted beam with contact arm on
one end and“a restraining spring acting on the
othery, The beam is pulled down to make contact
by“a%eurrent coil, and resets throughthe action
ofythe restraining spring.

The moving contact is a thin-walled silver
shell practically filled with tungsten powder.

SUPERSEDES I.L. 41-917.1

*Denotes change from superseded issue

When this contact st#ikes the rigid stationary
contact, the movement of the tungsten powder
creates sufficientyfrietion to absorb practi-
cally all of the energy of impact and thus the
tendency of thecontact to bounce is reduced to
a minimum., TheWmoving contact is 1loosely
mounted on the beam and held in place by a
leaf springa. The construction is such that
the( beam continues to move slightly after the
contacts, close deflecting the spring. This
provides the required contact follow. Current
isjconducted into the moving contact by means
of a“flexible metal ribbon.

DIRECTIONAL UNIT

The directional unit ismade up of five basic
parts: the die-cast aluminum frame, the elec-
tromagnet, the molded cover assembly, the
moving element assembly, and the bridge and
upper bearing pin assembly. The lower bearing
pin and the magnetic core with its adjustment
lever are mounted on the frame. The electro-
magnet has two series-connected polarizing
coils mounted diametrically opposite one
another, two series-connected current coils
mounted diametrically opposite one another and
two magnetic plugs accessible through the cover.
The moving element consists of a spring and
contact arm assembly 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 longer 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 molded cover and
is attached to the contact through a spiral
spring. The moving contact is made of two
thin-walled silver shells practically filled
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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Fig. 1 Sectional View of the Overcurrent Units.

electrical connection is made fromthe station-
ary contact to the moving contact, through the
spiral and spring adjuster to the spring ad-
juster clamp. The flux in each pole face is
lagged on the outside edges by copper loops.
This produces a torque that counter-balances
the centering torque, caused by the small power
factor angle of the moving element.

The torque of the unit is produced by the
interaction of the current and flux whichgde-
velops forces on the two aluminum loops., The
resulting torque is substantially freemof (wié
brations, because the double-frequency torques
that are produced on the two loopsparepequal
and opposite in sign.

The polarizing windings of the“directional
unit, a phase shifting circuit, a center tap-
ped reactor and an equiwvabent®™impedance are
connected so as to,form£he four legs of a
bridge circuit. The eguivalént impedance con-
sists of a reactgr and ampadjustable resistor
with a total impedance equal to the impedance
of the polarizing“winddngs of the directional
element.

Energy from thejgcurrent polarizing source is
introduced, into two opposite corners of the
bridge circuit by means of an air gap tranfor-
mer whileyenergy from the voltage polarizing
source is‘impressed directly upon the other two
cornersSs The balanced bridge design is neces-
saryso that the voltage and current transform-
ing devices deliver secondary quantities which

do not affect each other and depend only on
system conditions.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switchis a ‘small
clapper type device. A magneti€ armature, to
which leaf-spring mounted contactsare/attached,
is attracted to the magnetic cokre “upon ener-
gization of the switch. %hen the switch closes,
the moving contacts bridge“two Stationary con-
tacts, completing the tripWeireuit. Alsoduring
this operation two fingers on the armature de-
flect a spring loeg@ted ‘6n the front of the
switch, which allews the operation indicator
target to drop.gmmThedtarget is reset from the
outside of the casenby a push rod located at
the bottom oif, the cover.

The £rent Spring, in addition to holding the
target, “provides restraint for the armature
and thus controls the pickup value of the
switeh,

CHARACTERISTICS AND SETTINGS

The overcurrent units of the relays operate
in one cycle 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
line terminal is set on a lower tap than the
tripping element at either end of the line.
This arrangement insures proper blocking for
remote external faults which may not pick up
both overcurrent elementsat each line terminal.

Select a tap for the tripping overcurrent
unit (left-hand, front view) which will allow
tripping the minimum internal ground fault.
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 leads the polarizing
current by approximately 10°. 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 tens@ionito
be approximately 1.3 amperes when the{current
circuits are connected in series.§, Greater
sensitivity may be obtained by decreasing the
spring tension; however, this wild alsovde-
crease the restoring force when Thée umit is
de-energized.

For potential polarization ©f thesHRD relay,
the maximum torque occurs, when“the operating
current lags the polarizing veltage by approxi-
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 voltagé by 60°.

‘TRIP CIRCUIT,

The main contacts will safely close 30 amperes
at 250 volts d-cdand the seal-in contacts of
the indicatingfcontactor switch will safely
carry this current long enough to trip a cir-
cuit breakez.

Thewindicating 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.

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-c resistance
2.0 ampere tap 0.15 ohms d-c 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 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.



TYPE HRD RELAY

* The extemal 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-c schematic (supplied
with all carrier orders) should be consulted
for the details of the exXternal d-c 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. Ifthe adjustments have
been changed, the relay taken apart for repairs,
or if it is desired tocheck the adjustments at
regular maintenance periods, the instructions
below should be followed.

All contacts should be cleaned periodically.
A contact burnisher S#182A836HO01 is recommend ed
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. Adjustthe stop screw uUn-
til the beam is in a horizontal position when
resting against it. Adjust the magneticigap to
.020 inch., This is the gap betwéen the beam
and the stop pin. Adjust the statdéonary contact
for an .020 inch gap when the "beam ,Is in the
reset position. When the bedam isgqin the oper-
ated position, there should bgan .015 inch de-
flection of the moving contact. See that the
spring which carriesythe.moving element lies
flat on the Micartadarm with™ no initial tension
in either direction. #Alsoy make sure that the
flexible pigtailiis dt ledst 3/32 inch away from
the end of the stationdry 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 ghould hold the beam in the reset posi-
tion, andywhen the beam is tripped on 0.5 am-
pere, ‘the beam should deflect the moving contact
sprdng ‘and rest on the front stop pin. The
tripping point of the other taps should be
within»+5% of the tap values.

DIRECTIONAL UNIT

* Apply 120 volts a-c to the voltage polarizingieirs

cuit, adjust the resistor so that a minimum voltage

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

The upper bearing screw S§hould be screwed
down until there is only threejto“four thou-
sandths of an inch clearancefbetween it and the
shaft, and then securely Tocked in position
with the lock nut. This adjustment can be made
best by carefully screwing down the top bearing
screw until the doubl@Wloop*fails to turn freely
and then backing up.1/8 ‘0f a turn. Great care
must be taken in _making, this adjustment to pre-
vent damage to(the bearings.

The traveljofythe moving contact is limited
by the stationary contacts mounted on the molded
covems , The contact gap should be adjusted as
followsiy, With the moving contact centered be-
tween the “studs, close the contact gaps by ad-
vaneingy the two front stationary contacts.
Then back off the right-hand stationary contact
.085 dnch 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
amperes 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-

i
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TYPE HRD RELAY

lLL. 41-917.1A

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 remain 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
ad justed so that with approximately 60 amperes
at 60° lag, applied momentarily in the operat-
ing coil, the contacts should just close.
Raisingthe right hand plug will produce 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 with 60 amperes applied momentarily
inthe operating coil, adjust the plugs so that
the contacts just remain open. Excessheating,
the overcurrent tap settings, and the particular
setting of the lever and plugs have a slight
influence on the final settingof these magnetic
adjustments.

INDICATING CONTACTOR SWITCH (ICS)

Adjust the contact gap for .047*’. The bridginig mov-
ing contact should touch both stationary “Gentacéts
simultaneously. Bend the third contact spring of the
moving arm so that the third contact makes @&t approxi-
mately the same instant as the othér twos€ontacts.

Close the main relay contacts andgpasswmsif-
ficient d-c 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 donme most satisfactorily
at the factory. 4, However, interchangeable parts
can be furnishedyto the customers who are
equipped forf doing repair work. When ordering
parts, alwaysjgive the complete nameplate data.

ENERGY REQUIREMENTS

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

Directional element and overcurrent unit in
series:

41° lag
40° 1lag

.6 v.a.
6.7 v.a.

0.5 amp. tap at 0.5 amps.
6.0 amp. tap at 6.0 amps.

Directional unit current polarizing circuit:

At 5.0 amperes 1.0 v.a. 35° lag

Directional unit voltage polarizing circuit:

At 120 volts 7.2 v.a. 43° lag
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INSTALLATION

Westinghouse 1.L. 41-9174A
OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HRD CARRIER DUAL POLARIZED
DIRECTIONAL OVERCURRENT GROUND RELAY

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

APPLICATION

This relay is used to provide directional
ground fault protection in the carrier relaying
scheme using plate keyed carrier sets. The
HRD relay has provision for dual polarization
of thedirectional element. With this feature,
the relay can be polarized by residual current
from a power transformer bank or by reSidual
voltage. In addition, both polarizingy,quan-
tities can be used simultaneously.

CONSTRUCTION AND OPERAT JON

This relay consists of two bea@m-type over-
current unit, a directionalgunit, and an indi-
cating contactor switch. The“trip®circuit of
the relay includes the direetionaly contacts in
series with the contacts of “one overcurrent
unit and the indicatinggeentactor switch. The
other overcurrent unit{is used to start carrier
signal transmission,, Operdation of this relay
in connection with the¢carrier scheme is de-
scribed in I. L§ 418044

O VERCURRENT 'UNLT

The construction details of the two over-
current units are shown in Figure 1. The unit
consists of a pivoted beam with contact arm on
one end and4a restraining spring acting on the
othery. The beam is pulled down to make contact
by“@weurrent coil, and resets through the action
of,the restraining spring.

The moving contact is a thin-walled silver
shell practically filled with tungsten powder.

SUPERSEDES I.L. 41-917.1

*Denotes change from superseded issue

When this contact st#fikes the rigid stationary
contact, the movement of“the tungsten powder
creates sufficientyfrietion to absorb practi-
cally all of the energy of impact and thus the
tendency of thecontact to bounce is reduced to
a minimum.,' TheWmoving contact is loosely
mounted on the beam and held in place by a
leaf springa,. The construction is such that
the(beam ¢onfinues to move slightly after the
contacts, close deflecting the spring. This
provides the required contact follow. Current
ishconducted into the moving contact by means
of a“flexible metal ribbon.

DIRECTIONAL UNIT

The directional unitismade up of five basic
parts: the die-cast aluminum frame, the elec-
tromagnet, the molded cover assembly, the
moving element assembly, and the bridge and
upper bearing pin assembly. The lower bearing
pin and the magnetic core with its adjustment
lever are mounted on the frame. The electro-
magnet has two series-connected polarizing
coils mounted diametrically opposite one
another, two series-connected current coils
mounted diametrically opposite one another and
two magnetic plugs accessible through the cover.
The moving element consists of a spring and
contact arm assembly 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 longer 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 molded cover and
is attached to the contact through a spiral
spring. The moving contact is made of two
thin-walled silver shells practically filled
with tungsten powder and mounted back to back
on a thin leaf spring. The stationary silver
contacts are mounted on the molded cover. The

EFFECTIVE DECEMBER 1960
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Fig. 1 Sectional View of the Overcurrent Units,

electrical connection is made fromthe station-
ary contact to the moving contact, through the
spiral and spring adjuster to the spring ad-
juster clamp. The flux in each pole face is
lagged on the outside edges by copper loops.
This produces a torque that counter-balances
the centering torque, caused by the small power
factor angle of the moving element.

The torque of the unit is produced by the
interaction of the current and flux whichmde-
velops forces on the two aluminum loops{ XThe
resulting torque is substantially freegof(vie
brations, because the double-frequency torgues
that are produced on the two loops, are.equal
and opposite in sign.

The polarizing windings of*™theWdirectional
unit, a phase shifting circuit, @ center tap-
ped reactor and an equivalentsimpedance are
connected so as to, form £h€e four legs of a
bridge circuit. The“equivalént impedance con-
sists of a reacteor and am, adjustable resistor
with a total impedance equal to the impedance
of the polarizing winddngs of the directional
element.

Energy from the, current polarizing source is
introduced into two opposite corners of the
bridge g¢ircuit by means of an air gap tranfor-
mer while, energy from the voltage polarizing
source isWimpressed directly upon the other two
cotners., The balanced bridge design is neces-
saryaso that the voltage and current transform-
ing devices deliver secondary quantities which

do not affect each other and depend only on
system conditions.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switchis a “small
clapper type device. A magneti€ armature, to
which leaf-spring mounted contactsfareattached,
is attracted to the magnetic core “Upon ener-
gization of the switch. When the switch closes,
the moving contacts bridge“two stationary con-
tacts, completing the tripie¢iréuit. Also during
this operation two fingers on the armature de-
flect a spring loeated“on the front of the
switch, which allows The operation indicator
target to drop. g Theptarget is reset from the
outside of the caseyby a push rod located at
the bottom of the cover.

The £ront sSpring, in addition to holding the
target, Wproviides restraint for the armature
and thus eontrols the pickup value of the
switech,

CHARACTERISTICS AND SETTINGS

The overcurrent units of the relays operate
in one cycle 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
line terminal is set on a lower tap than the
tripping element at either end of the line.
This arrangement insures proper blocking for
remote external faults which may not pick up
both overcurrent elementsat each line terminal.

Select a tap for the tripping overcurrent
unit (left-hand, front view) which will allow
tripping the minimum internal ground fault.
Set the carrier-start unit (right-hand, front
view) on the next lower tap.

The HRD relayis designed so that for current
polarization only, maximum torque occurs when
the operating current leads the polarizing
current by approximately 10°. The minimum

iy,
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Type FT32 Case.

pickup has been set by the spring tensfonito
be approximately 1.3 amperes when thelcurpent
circuits are connected in series.qGreater
sensitivity may be obtained by decreasing the
spring tension; however, this wild akso“de-
crease the restoring force when the unit is
de-energized.

For potential polarization 6f thesHRD relay,
the maximum torque occurs ,when “the operating
current lags the polarizing voltage by approxi-
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 voltagé by’ 60°.

TRIP CIRCUIT

The main contfacts will safely close 30 amperes
at 250 volts d-cdand the seal-in contacts of
the indicatingicontactor switch will safely
carry this current long enough to trip a cir-
cuit breakep.

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.

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-c resistance
2.0 ampere tap 0.15 ohms d-c 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 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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* 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-c schematic (supplied
with all carrier orders) should be consulted

for the details of the external d-c 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. Ifthe adjustments have
been changed, therelay taken apart for repairs,
or if it is desired tocheck the adjustments at
regular maintenance periods, the instructions
below should be followed.

All contacts should be cleaned periodically.
A contact burnisher S#182A836H01 is recommended
for this purpose. The useof 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 the stop screw un-
til the beam is in a horizontal position when
resting against it. Adjust themagnetichgap to
.020 inch. This is the gap between tThe 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 isgin the oper-
ated position, there should be,an 4015 inch de-
flection of the moving céntact. See that the
spring which carries, the.moving element lies
flat on the Micartadarm*with®no initial tension
in either direction. #7Alsoy make sure that the
flexible pigtail“isdt least 3/32 inch away from
the end of the statioenary 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 ghould hold the beam in the reset posi-
tion, ,andywhen the beam is tripped on 0.5 am-
pere,‘the'beam should deflect the moving contact
spriing ‘and rest on the front stop pin. The
tripping point of the other taps should be
within>t5% of the tap values.

DIRECTIONAL UNIT

* Apply 120 volts a-c to the voltage polarizingyeir®

cuit, adjust the resistor so that a minimum voltage
appears across the secondary of the current polariz-
ing transformer (lower right hand position, front view).

The upper bearing screw §hould be screwed
down until there is only threenpto“four thou-
sandths of an inch clearancefbetween it and the
shaft, and then securely “locked in position
withthe lock nut. This adjustment can be made
best by carefully scréwing down the top bearing
screw until the doubl@Wloop*fails to turn freely
and then backing up\1/8°0f a turn. Great care
must be taken in_making, this adjustment to pre-
vent damage to/the bearings.

The travel) ofy,the moving contact is limited
by the §tationary contacts mountedon the molded
coven. o The contact gap should be adjusted as
followsd, With the moving contact centered be-
tween the “studs, close the contact gaps by ad-
vaneingy the two front stationary contacts.
Then back off the right-hand stationary contact
.035 dnch 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
amperes 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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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 remain 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 approximately 60 amperes
at 60° lag, applied momentarily in the operat-
ing coil, the contacts should just close.
Raising the right hand plug will produce 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 with 60 amperes applied momentarily
intheoperating coil, adjust the plugs so that
the contacts just remain open. Excessheating,
the overcurrent tap settings, and the particular
setting of the lever and plugs have a slight
influence onthe final settingofthese magnetic
adjustments.

INDICATING CONTACTOR SWITCH (ICS)

Adjust the contact gap for .047*’. The bridgingdmov-
ing contact should touch both stationary “eontaets
simultaneously. Bend the third contact spfing of)the
moving arm so that the third contact makes at approxi-
mately the same instant as the otheftwojeontacts.

Close the main relay contacts and passysuf-
ficient d-c current through the tnip 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 cangbe done most satisfactorily
at the factory. ,Howewer, interchangeable parts
can be furnishedy,to the customers who are
equipped forfdoing repair work. When ordering
parts, always)give the complete nameplate data.

ENERGY REQUIREMENTS

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

Directional element and overcurrent unit in
series:

41° 1lag
40° lag

.6 v.a.
6.7 v.a,

0.5 amp. tap at 0.5 amps.
6.0 amp. tap at 6.0 amps.

Directional unit current polarizing circuit:

At 5.0 amperes 1.0 v.a, 35° lag

Directional unit voltage polarizing circuit:

At 120 volts 7.2 v.a. 43° lag
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INSTALLATION

INSTRUCTIONS

LL. 41-91Z]

OPERATION e MAINTENANCE

TYPES HRD CARRIER DUAL POLARIZED
DIRECTIONAL OVERCURRENT GROUND RELAY

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

APPLICATION

This relay is used to provide directional
ground fault protection in the carrier relaying
scheme using plate keyed carrier sets. The
HRD relay has provision for dual polarization
of thedirectional element. With this featurey
the relay can be polarized by residual current
from a power transformer bank or by résidual
voltage. In addition, both polarizing gquan-
tities can be used simultaneously.

CONSTRUCTION AND OPERAT/ION

This relay consists of two beam-type over-
current unit, a directional unit and an indi-
cating contactor switch. The, tripf.circuit of
the relay includes the directionmal contacts in
series with the contaet8 o%fjone overcurrent
unit and the indicating_contactor switch. The
other overcurrent unit isused to start carrier
signal transmission. “@peration of this relay
in connection with the carrier scheme is de-
scribed in I.QL. 41~904.

OVERCURRENT UNIT

The construction details 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 pulled down to make contact
bypa ‘eurrent coil, and resets through the action
ofWthe"restraining spring.

The moving contact is a thin-walled silver
shell practically filled with tungsten powder,.

NEW INFORMATION

When this contact strikesthe rigid stationary
contéct, the movement of the tungsten powder
creates sufficiént fri€tion to absorb practi-
cally all of the energy of impact and thus the
tendency of the cont@éict to bounce is reduced to
a minimum,| The moving contact is 1loosely
mounted on“the beam and held in place by a
leaf sprimg. "The construction is such that
théybeam/continues to move slightly after the
contaets €lose deflecting the spring. This
provides“the required contact follow., Current
s conducted into the moving contact by means
of “@)yflexible metal ribbon.

DIRECTIONAL UNIT

The directional unitismade up of five basic
parts: the die-cast aluminum frame, the elec-
tromagnet, the molded cover assembly, the
moving element assembly, and the bridge and
upper bearing pin assembly. The lower bearing
pin and the magnetic core with its adjustment
lever are mounted on the frame. The electro-
magnet has two series-connected polarizing
coils mounted diametrically opposite one
another, two series-connected current coils
mounted diametrically oppoSite one another and
two magnetic plugs accessible through the cover.
The moving element consists of a spring and
contact arm assemblyand 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 longer 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 molded cover and
is attached to the contact through a spiral
spring., The moving contact is made of two
thin-walled silver shells practically filled
with tungsten powder and mounted back to back
on a thin leaf spring. The stationary silver
contacts are mounted on the molded cover. The

EFFECTIVE FEBRUARY 1957
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Fig. 1 Sectional View of the Overcurrent Units.

elactrical connection is made fromthe station-
ary contact to the moving contact, through the
spiral and spring adjuster to the spring ad-
juster clamp. The flux in each pole face is
lazged on the outside edges by copper loops.
This produces a torque that counter-balances
the centering torque, caused by the small power
factor angle of the moving element.

The torque of the unit is produced by &he
inzeraction of the current and flux which de=
velops forces on the two aluminum loops. #The
resulting torque is substantially free of va-
brations, because the double-frequency 4térques
that are produced on the two loops are equal
and opposite in sign. The flux in“eachmpole
face is lagged on the outside edges. This pro-
duces a torque that counter-balanées the center-
ing torque, caused by the small ‘pewer factor
angle of the moving element.

"he polarizing windings™of the directional
uni.t, a phase shifting circeuit, a center tap-
ped reactor and ampyequivalent impedance are
connected so as4to ferm“the four legs of a
bridge circuit. “TFhefequivalent impedance con-
sisits of a reactor ‘andfan adjustable resistor
with a total impedance equal 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
bridgejciréuit by means of an air gap tranfor-
mer{while energy from the voltage polarizing
seurce is impressed directly upon the other two

2

corners. The balanced bridge design is neces=
sary so that the voltage and current transform=
ing devices deliver secondary quantities which
do not affect each other and depend onl¥pon
system conditions.

INDICATING CONTACTOR SWITCH UNIT (ICS)

The d-c indicating contactor switchmis a small
clapper type device. A magnetic armature, to
which leaf-spring mounted contactsare attached,
is attracted to the magnetic core upon ener-
gization of the switch. When/the/ switch closes,
the moving contacts bridgeWtwo stationary con-
tacts, completing the trip circuit. Alsoduring
this operation two fingers-on the armature de-
flect a spring lécated“on the front of the
switch, which addewsWthe operation indicator
target to drop.. AJhewtarget is reset from the
outside of\the case by a push rod-located at
the bottom of the cover.

The, front spring, in addition to holding the
target,yproviides restraint for the armature
and ,fhus“eontrols the pickup value of the
switch,

CHARACTERISTICS AND SETTINGS

The overcurrent units of the relays operate
in one cycle or less 6n 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 inthetap to give the required pick-
up.

The carrier - start overcurrent unit at each
line terminal is set on a lower tap than the
tripping element at either end of the line.
This arrangement insures proper blocking for
remote external faults which may not pick up
both overcurrent elementsat eachline terminal.

Select a tap for the tripping overcurrent
unit (left-hand, front view) which will allow
tripping the minimum internal ground fault.
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 leads the polarizing
current by approximately 10°. The minimum
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pickup has been set by the spring tensi®m,to
be approximately 1.3 amperes when thedcurrent
circuits are connected in series., Gre@ater
sensitivity may be obtained by decreasing<the
spring tension; however, this willmalsoyde -
crease the restoring force when the umit is
de-energized.

For potential polarizationm of“the HRD relay,
the maximum torque occurs @hemythe operating
current lags thegolarizing veltage by approxi-
mately 60 degrees. With¢the spring tension at
the factory setting, minimum¥ickup is approxi-
mately 2.5 volts and 4 lamperes with the current
lagging the voltagesby, 60,

TRIP CIRCUIT

The mainfcontacts‘will safely close 30 amperes
at 250 voltsdd-c &nd 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 settingby means of a screw connection.
No other settings are required. Set in the

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

0.2 tap if energizing aWL relay switch or
equivalent.

TRIP CIRCUIT CONSTANT

Indicating Contactor Switch (ICS)

0.2 ampere tap 6.5 ohms d-c resistance
2.0 ampere tap 0.15 ohms d-c 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 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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"he AC external schematic of the type HRD re-
lay is shown inFigure 3. The carrier relaying
d-z schematic (supplied with all carrier
orders) should be consulted for the details of
the external d-c connections of these relays.

ADJUSTMENTS

""he 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. 1If the adjustments have
been changed, the relay taken apart for repairs,
or if it is desired tocheck the adjustments at
regular maintenance periods, the instructions
be..ow should be followed.

All contacts should be cleaned periodically.
A contact burnisher S#182A836HO01 is recommend ed
forr this purpose. The use of abrasive material
fo:- cleaning contacts is not recommended, be-
canuse 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 the stop screw un-
til the beam is in a horizontal position whea
resting against it. Adjust the magnetic gapgto
. 020 inch.” This is the gap between the beam
and the stop pin. Adjust the stationary contaeét
for- an .020 inch gap when the beam is in the
reset position, When the beam is in the®oper-
ated position, there should be an .015 inch de-
flection of the moving contact. Se€ythatsthe
sprring which carries the moving glement 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 end of the stationary contactd

Pass 0.5 ampere thru thedumit with the tap
scrrew in the 0.5 tap and adjust the beam spring
tension until the béam just, trips. This spring
tension should hold the beam in the reset posi-
tion, and when theybeamdis tripped on 0.5 am-
pere, the beam should "déflect the moving contact
sp-ing and rest on the front stop pin. The
tripping point ofi the other taps should be
within 5% ‘f the tap values.

DIRECTIONAL, UNIT

"he Qupper) bearing screw should be screwed
dowmpuntil 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 gnade
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 cemtact is limited
by the stationary contacts mountedon the molded
cover, The contact gap should9be adjusted as
follows: With the moving contact centered be-
tween the studs, close thefecontact gaps by ad-
vancing the two frontystationary contacts.
Then back off the rightshand stationary contact
.035 inch and lock ‘beth contacts in place. The
front contact sphingdshould 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 movinmg)element. The complete moving
elementishimited in travel by two stop screws
located“en 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 inthe opening and closing
direction with 5.0 amperes in phase in the
current 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 thecurrent circuits in series.
The contact should not bounce closed when the
element is suddenly deenergized. Slight read-
justment of the left-hand stop 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
inthe center of the electromagnet. This should
be adjusted 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 remain 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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polarizing circuit opened, the plugs should be
adjusted so that with approximately 60 amperes
at 60° lag, applied momentarily in the operat-
ing coil, the contacts should just close.
Raising the right hand plug will produce 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 with 60 amperes applied momentarily
inthe operating coil, adjust the plugs so that
the contacts just remain open. Excess heating,
the overcurrent tap settings, and the particular
setting of the lever and plugs have a slight
influence on the final settingof these magnetic
adjustments.

INDICATING CONTACTOR SWITCH (ICS)

Close the main relay contacts and pass suf-
ficient d-c 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.
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\\ 120 volts

RENEWAL PARTS O
Repair work can be done most ‘atizactorily

at the factory. However, interch le parts

can be furnished to the customers who are

equipped for doing repair work., When ordering
parts, always give the complete gameplate data.

ENERGN EMENTS

The typical 60=c burdens of the various
circuits of t e are as follows:
Directional e and overcurrent unit in
series:

0.5 am at 0.5 amps. .6 v.a., 41° lag
6.0 % at 6.0 amps. 6.7 v.a. 40° lag
t 1 unit current polarizing circuit:

mperes 1.0 v.a. 35° lag

ectional unit voltage polarizing circuit:

7.2 v.a. 43° 1lag



TYPIZ HRD RELAY

12 ! 2 le-52 — £ DIA. 4HOLES FOR
I32? e i p25 16 *190-32 MTa.SCREWS
—+— T = 3z -6&
-I¢ ::_% } {
- f "¢
lo [ U

e——8
.
e————| S
—
s
R aa

-l - No
Y N~
1 :SE’; i LR, "
¢ l | B B )
\_ J ;.‘] ll. —j -
3 ' =2
W ! 7
la—5
r—@% - 8
PANEL CUTQUTW DRILLING
:2%&’;&8;?—;’?}4@ FORCGEMI-FLUSH MTG.

PROJECTION MTG. FDIA.20HOLES
ORCLUT OUT

L —

2190-32 5CREW

PANEL

1 SPACER FOR
THIN PANELS

CASE

2.18.SCREW
(FoRTHICK
PANEL USE
%-Ie STUD)

e ; 5 % » 7 GP'A- 2HoLES

190-32 SCREW
(FOR THICK
PANEL. US
.190-22 WD

PANEL DRILLING OR
NOTE: ALL DIMENS\ONS CUTOUT FRRPROIJECTION MTG,
\H INCHES (FRONT VIEW)

57-D-7903

Fig. 4 Outline and Drilling Plan for the Type HRD Relay in the Type FT32 Case.











