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TYPES HRK AND HRP CARRIER DIRECTIONAL
OVERCURRENT GROUND RELAYS
(ForLCathode)Keyed Carrier Sets)

g

INSTRUCTIONS

CAUTION

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

APPLICATION

These relays are used to provide dir-
ectional ground fault protection 1n the carrier
relaying scheme using cathode -keyed carrier
sets. The type HRK relay 1s used where neutrad
current from the power transformer banks (s
avallable for polarizing the directional edements
The type HRP relay 1s used where this gneutral
current 1s not avallable, and residuald voltage
must be used for polarizing the element.

CONSTRUCTION AND OPERATION

These relays conslst of two /beam-type
overcurrent elements, a directional element,
contactor switch, and operation isdicater. The
trip circult of the relay 1includes jthe direc-
tional contacts 1n seriles wigh the ceontacts of
one overcurrent element, thegoperation 1ndica-
tor, and the contactor switch. The other over-
current element 1s used {top start carrier signal
transmission. Operation{ef this relay in con-
nectlon with the carriezmy scheme 1s fully de-
scribed in I.L. 41-600.5.

Overcurrent Elgment

‘'The comstruction details of the two
overcurrent edements are shown in Figure 1. The
element consistsy ofla plvoted beam with a con-
tact arm on oné end, and a restralning spring
acting on theotherl:’ The beam 1s pulled down to
make contact “byfa current coll, and resets
through the actlon of the restraining spring.

They, moving contact 18 a hollow, sil-
ver, egg-shaped capsule practically filled with
tungsten powder. When this contact strikes the
rigdd, stationary contact, the movement of the
tungsten )powder creates sufficient friction to
dbserb, practically all of the energy of 1mpact
and thus the tendency of the contact to bounce
1sjreduced to a minimum. The moving contact is
Toosely mounted on the beam and held in place by
a leaf spring. The construction 1s such that
the beam continues to move slightly after the
contacts close deflecting the spring. Thils pro-
vlides the required contact follow. Current 1is
concducted into the moving contact by means of a
flexible metal ribbon.

-1

Directional Element

TheMdireetional element 1s of the in-
duction loop typé. A small transformer causes a
large current, to flow 1n a single-tlrn movable
aluminumggecondary, which current 1s substan-
tially /in/phase wilth the primary polarizing

voltage' or |current. The current colls are
mounted on,afmagnetic frame and the current and
polarizing elements are assembled at right

angles)ytoveach other with the one-turn 1loop in
the®air) gaps of the current coll flux path. The
interaction of the current and polarizing fluxes
produees torque and rotates the 1loop 1n one of
two directions, depending on the direction of
power flow.

A Micarta arm extends from the moving
loop from which projects a short leaf spring. A
small, thin-walled, cylindrical contact, filled
with powdered tungsten, 1s rigidly attached to
the outer end of the spring. When thils contact
strikes the rigld stationary contact, the move-
ment of the tungsten powder creates sufficilent
friction to absorb practlcally all the energy of
impact and thus the tendency of the contact to
bounce 1s reduced to a minimum. Current 1s con-
ducted 1nto the movling contact by means of g
flexible metal ribbon known as a pigtail.

The statlonary contact screw fastens
into a rigld projecting arm. Contact follow 1is
secured by permitting the loop to travel for a
short distance after the contacts close, thus
deflecting the leaf spring. This is done by an
adjustable stop screw. Another stop screw lim-
1ts the travel of the loop in the opening direc-
tion. These stop screws act directly on the
loop. This directional element has nearly true
wattmeter characteristics.

Contactor Switch

The d-c contactor switch (CS) 1in the
relay 1s a small solenold type switch. A cylin-
drical plunger with a silver disc mounted on 1its
lower end moves 1n the core of the solenold. As
the plunger travels upward, the disc brildges
three silver stationary contacts. The coll 1s
1n series with the maln contacts of the relay
and with the trip coil of the breaker. When the
relay contacts close, the coll becomes energized
and closes the switch contacts. This shunts the
maln relay contacts, thereby relieving them of
the duty of carrying tripping current. These
contacts remain closed until the ¢trip clrcuit
1s opened by the auxillary switch on the break-
er. The contactor switch 1s equipped with a
third point which 1s connected to a terminal on
the relay to operate a bell alarm.

The contactor switch operates on a
minimum of 2.0 amperes, but the trip circuilt
should draw at least 4 or 5 amperes in order to
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Figure 1. Internal | 8chematic of the External
Sectional View of the Overcurrent Elements. Phase Shifter for the Type HRP Relay.
keep the time of operation of the switch to a TABLE I
minimum and provide positive operation. a—
Polarizing 2 Minimum 2 Maximum Connections
Operation Indicator Tu#ns Pick-up Polarizing of 1inks *
Th t1 indicat 1 11 Amps - Amps .
e operation ndicator s a sma
solenoid coll connected in the trip circuit. > 3.0 75.0 i tg 1%,tB 0
When the coll 1s energlzed, a spring-restrained 2.0 2.0 AO ’2 o
armature releases the white target which falls 7 : 32. t? 0, B
by gravity to show the completion of the trip 19 1 o 0 EO 9 D
circult. The high-speed actlon of the indicator -5 5. v tgol9’
1s obtalned by fastening a welght through a leaf 17 1.2 15.0 Aot C. B t
spring to the armature. The added 1nertila : 5- 19 OD %0 200
b

causes the armature to continue 1ts motion afiter
the coll has been short-circuited.

CHARACTERISTICS AND SETTINGS

The overcurrent element of thefl relay
operates 1n one cycle or 1less ongvalues of
ground fault current above 200% of the, tap, set-

ting. The taps avallable are:

0.5, 0.75, 1.0, 2.0, 4405, 6.0%

The settings should be, made by insert-
ing the tap screw 1n the g4fapy to glve the re-
quired pick-up.

It 1s desdrable “Gto set the carrier
start overcurrent €lemgrnit on a 1lower tap than

the tripping overturrént edement in most carrier
installatilons. This insfires posltive starting
of the carrier transmIfter for all faults 1n the
Immediate vicinity. If the fault 1s external,

the trippling overcurrent and directional ele-
ments 1n conjunction with the carrier relays
willl block tripping.

The polarizing coll of the type HRK

relay 1s wound 1n two sections brought out to
taps marked A, B, C, and D. By varlous arrange-
ment (0ffi, the 1links between these taps and taps*
19 ,and)20%which connect to the base termilnals,
the“relay can be used at 1ts best operatlng
polnt Wwhen wlde variations 1n polarizing cur-
rentls are encountered. The characteristics of
the"60cycle polarizing colls are shown in Table

L.

2

1The approximate minimum pick-up current of the
directional element with the polarizing and cur-
rent winding in series.

2The approximate maximum current that should be
passed thru the polarizing winding for satisfac-
tory operation.

*In type FT case, terminals 13 and 14 1instead of
19 and 20, respectively.

Select the 1lowest number of turns
which will permlt the type HRK dlrectional ele-
ment to close under the minimum fault condition.
This should insure satisfactory operatlion over
the widest range of fault currents.

RELAYS IN TYPE FT CASE

The type FT cases
closures combinlng relay elements
blade test swltches 1In the same case.
binatlon provides a compact flexlible assembly
easy to maintailn, 1inspect, test and adjust.
There are three maln units of the type FT case:
the case, cover, and chassis. The case is an
all welded steel housing containing the hinge
half of the knife-blade test switches and the
terminals for external connectilons. The cover
1s a drawn steel frame with a clear window which
fits over the front of the case with the switch-
es closed. The chassls 1s a frame that supports
the relay elements and the contact jaw half of
the test switches. This slides 1n and out of
the case. The electrical connections between
the base and chassls are completed through the
closed «nife-blades.

are dust-proof en-
and knife-
This com-
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Removing Chassis

To remove the chassis, first remove
the cover by unscrewlng the captive nuts at the
corners. There are two cover nuts on the S size
case and four on the L and M size cases. This
exposes the relay elements and all the test
switches for 1nspection and testing. The next
step 1s to open the test switches. Always open
the elongated red handle switches first before
any of the black handle swiltches or the cam ac-
tion latches. This opens the trip circult to
prevent accldental trip out. Then open all the
remalning switches. The order of opening the
remalning switches 1s not important. In openilng
the test switches they should be moved all the
way back agalnst the stops. With all the
switches fully opened, grasp the two cam action
latch arms and pull outward. This releases the
chassis from the case. Using the latch arms as
handles, pull the chassis out of the base. The
chassls can be set on a test bench 1n a normal
upright position as well as on 1ts top, back or
sides for easy 1nspection, malntenance and test.

After removing the chassis a duplicate
chassis may be inserted 1n the case or the blade
portion of the switches can be closed and the

.cover put 1n place without the chassis. The

chassls operated shorting switch 1located behind
the current test switch prevents open .circulting
the current transformers when the current type
test swltches are closed.

When the chassls 1s to be put back in
“he case, the above procedure 1s to be followed
.n the reversed order. The elongated red handle
switch should not be closed untll after the
chassls has been latched in place and all of,the
black handle switches closed.

Electrical Circults

Each terminal 1n the base ‘€onnects
thru a test switch to the relay elements, In, the
chassls as shown on the internal scHhHematic dia-
grams. The relay terminal i1s identified by num-
bers marked on both the 1inside and outsdde of
the base. The test switch positifons axe identi-
fled by letters marked on the Top and bottom
surface of the moulded blocks ¢ TheSe letters
can be seen when the chassls @s reémoved from the
case.

The potential Jamd “eontrol circults
thru the relay are disconnectigdgfrom the exter-
nal circuit by openidg the™ assoclated test
switches. Opening the, current test switch
short-circults the curreng, t#fansformer secondary
and disconnects onefslde of the relay coll but
leaves the other sidef’ of the coll connected to
the external cireuit®y thru the current test jack
jaws. This cdrculfhcan be isolated by lnserting
the current g£estgplugy (without external connec-
tions), by dnsefting, the ten circults test plug,
or by insertdng a pdece of 1nsulating material
approximately /32" thick into the current test
jack jaws. Both™Wswitches of the current test
switch palr must be open when uslng the current
test plug or insulating material in thils manner
to short-ciremlit the current transformer secon-
dary.

A cover operated switch can be sup-
plied, with 1ts contacts wired in series with the
tripgpcircuit. This switch opens the trip cir-
cult when the cover 1s removed. Thils switch can
beadded to the exlsting type FT cases at any
time.

Testing
The relavs can be tested 1n service,

in the case but - the external circults 1so-
lated or out of the c¢nse as follows:
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Figure 3

Internal Schematic of the Types HRK and HRP
Relays in the Standard Case.

Testing In Service

The ammeter test plug can be 1nserted
in the current test jaws after opening the
knife-blade switch to check the current thru the
relay. This plug consists of two conductlng
strips separated by an 1nsulating strip. The
ammeter 1s connected to these strips by terminal
screws and the leads are carried out thru holes
in the back of the insulated handle.

Voltages between the potential cir-
cults can be measured convenlently by clamping
#2 clip leads on the projecting clip lead lug on
the contact jaw.

Testing In Case

With all blades 1n the full open posi-
tion, the ten clrcult test plug can be 1nserted
in the contact jaws. This connects the relay
elements to a set of blnding posts and complete-
ly 1solates the relay circults from the external
connections by means of an 1lnsulating barrier on
the plug. The external test circuits are con-
nected to these binding posts. The plug 1is 1n-
serted in the bottom test jaws with the binding
posts up and 1n the top test switch jaws wilth
the bindings posts down.

The external test clrcults may be made
to the relay elements by #2 test clip leads 1in-
stead of the test plug. When connecting an ex-
ternal test circult to the current elements
using clip leads, care should be taken to see
that the current test jack jaws are open so that
the relay 1s completely 1solated from the exter-
nal circuits. Suggested means for 1solating
this circuilt are outlined above, under "Electri-
cal Circuits".

Testing Out of Case

With the chassis removed from the
base, relay elements may be tested by using the
ten circuilt test plug or by #2 test clip leads
as descrilbed above. The factory callbration 1s
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Internal Schematlc of the Type HRK Relay 1in the
Type FT Case.

made with the chassls 1n the case and removing
the chassis from the case will change the cali-
bration values by a small percentage. It 1s re-
commended that the relay be checked 1n position
as a final check on calibration.

INSTALLATIONS

The relays should be mounted on
swltchboard panels or thelr equivalent 1n a lo-
catlion free from dirt, molsture, excesslvedvis
bration and heat. Mount the relay vertically by
means of the two mounting studs for the standard
cases and the type FT projection casefd or by
means of the four mountling holes on the flange
for the semi-flush type FT case. Elthergof 4the
studs or the mounting screws may be wtilized for
grounding the relay. The electricad conneetions
may be made direct to the terminals “by means of
screws for steel panel mounting orj, to “Gterminal
studs furnished with the relay “fop ebony -
asbestos or slate panel mountlng. The termlnal
studs.may be easily removed ori\idnserted by lock-
Ing two nuts on the studs and them turning the
proper nut with a wrench.

The extern@l a-@yconnections of both
the type HRK and HRP redlays ‘@re shown in Figures
6 to 9 inclusive. The cgrrier relaylng d-c
schematic (supplied¥W witH all carrier orders)
should be consulted “)f0r the detalils of the
external d-c¢ connectlions of these relays.

ADJUSTMENTS

The ‘proper adjustments to ilnsure cor-
rect operationmwof this relay have been made at
the factory “%and should not be disturbed after
recelpt®by the customer. If the adjustments
have geenj)changed, the relay taken apart for re-
palrs;) or)lf 1t 1s deslred to check the adjust-
merts, 86 regular malntenance periods, the in-
structlons below should be followed.

All contacts should be perilodically
cleaned with a fine file. S#1002110 file 1s re-
commsended for this purpose. The use of abrasive
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Internad Sehematic of the Type HRP Relay 1n the
Type FT“€ase-

mate®lal for cleaning contacts 1s not recommend-
ed,. beeause of the danger of embedding small
partleles 1n the face of the soft sllver and
thus Impaliring the contact.

Overcurrent Elements

Refer to Figure 1. Adjust the stop
screw untll the beam 1s 1n a horilzontal position
when resting agailnst 1t. Adjust the magnetic
gap to .020 1nch. This 1s the gap between the
beam and the stop pin. Adjust the statilonary
contact for an .020 inch gap when the beam 1s 1n
the reset position. When the beam 18 in the
operated position, there should be an .015 inch
deflection of the moving contact. See that the
spring which carrles the moving element lies
flat on the Micarta arm with no inltilal tension
in either direction. Also, make sure that the
flexible pigtail 1s at least 3/32 inch away from
the end of the statlonary contact.

Pass 0.5 ampere thru the element 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
position, and when the beam 18 tripped on 0.5
ampere, the beam should deflect the moving con-
tact spring and rest on the front stop pin. The
tripping point of the other taps should be with-
in + 5% of the tap values.

Directional Element

Check the free movement of the direc-
tlonal element loop. The loop should assume ap-
proximately a vertlical positlon with contacts
open when the element 1s completely de-energilzed.

The movement of the loop 1s limited in
the contact opening direction by a stop screw

which strikes the lower part of the loop. This
screw 1s located on the left-hand slde of the
element to the rear of the current coill. This

back stop screw should be screwed forward untill
1t just touches the loop when 1t 1s 1n 1its nat-
ural de-energized position. The contacts should
have a separation of .020 1nch. The front stop
screw should be adjusted so that 1t touches the
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External A-C Connectlons of the Type HRK Relay
in the Standard Case.
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External A-C Connectlons of gheljType HRK Relay
in the Type FT Case.
loop at the same time the/contaets close. Then
back off thls screw 1/2.of @turn to glve the
contacts the correct améunt ,of follow.
Too much follow.4on the directional

contacts should be dvolded 1in order to allow the
directlional element #to} reset fast enough by
gravity to propekrly“€oordinate with the overcur-
rent element . .

Energlze the loop with normal poten-
tial or curremt 1ong enough to bring it up to
temperature (@&bolt 10 or 15 minutes) and adjust
the bearling screws so there 1s about .010 inch
end play. See that the 1loop does not bind o:
strike agalnst the 1ron or coll when pressed
agalnst elther end jewel.

Type HRK relays only - With the di-
rectlional element tap block set for 10 turns
eonnect the directional element coll circults in
serles)and pass 1.5 amperes wlth polaritles as
shown on the 1nternal schematilcs. The dilrec-
tilonal contact should close. Reverse the con-
nections to one coll and pass 20 amperes thru
the circuilt. The contacts should not bounce
closed when the current 1s suddenly 1nterrupted.

Type HRP relays only - Apply 2.5 volts
to the polarizing voltage winding and pass 4
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in the Type FT Case.

thru the current coil with the polari-
tles as shown on the 1internal schematics. The
directional contact should close. Repeat this
test wilth 115 volts and 20 amperes. Reverse the
leads to the potentlal coll and see that the
contacts do not bounce closed with the relay en-
erglized at 115 volts and 20 amperes after the
voltage 1s suddenly reduced to zero.

amperes

tests are made without the ex-
shifter, and under this condition
the maximum torque occurs when the current lags
the voltage approximately 11°. The external
phases shifter of Figure 2 shifts this angle to
approximately 60° lag instead of 11°.

These
ternal phase

Contactor Switch

Adjust the statlonary core of the
switch for a clearance between the statlonary
core and the moving core of 1/64 inch when the

This can be done by turn-
or by disconnecting
Then

switch 1s picked up.
Ing the relay up-side-down,
the switch and turning 1t up-side-down.
screw up the core screw until the moving core
starts rotating. Now, back off the core screw
untll the moving core stops rotating. This 1in-
dicates the polnt where the play in the assembly
1s taken up, and where the moving core just sep-
arates from the stationary core screw. Back off
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the core screw approxlimately one turn and lock
in place. This prevents the moving core from

striking and sticking to the statlonary core be-
cause of residual magnetism. Adjust the contact
clearance for 3/32 inch by means of thegitwo
small nuts ©n elther side of the Micarta disc.
The switch should pick up at 2 amperes ‘d-c.
Test for sticking after 30 amperes d-c has been
™o passed through the coll. The coll resistance 1s
0 approximately 0.25 ohm.
Operatlon Indicator
| Adjust the indicatoxr tol opérate at 1.0
o ampere d-c gradually applied. Test Afor stick-
Y irg after 30 amperes d-c 1s pagsed thru the
« g 3§_ﬁw_ coll. The coil resistance is@@pproximately 0.16
o & 16 ohm. Ad justments may be made / By, loosening the
3 j;’ two screws on the under side [ off the assembly,
é a and moving the bracket fdérwardy’ or backward.
a w Also, the amount of overhang,of the armature on
( the latch may be adjusted, by means of the small
o|e—|v screw bearing on thegfilat@spring carrylng the
— lnertia welght. Thé best adjustment will usu-
ally be found when“fhis sc¢rew just touches the
nie flat spring withgthe “@rmature 1n the reset po-
0 sition. If theftwophellcal springs which reset
Qt\ the armature, are \répla€ed by new springs, they
should be weakened slightly by stretching just
::]‘— beyond the elastic Timit.
J RENEWAL ‘PARTS
Repair work can be done most satisfac-
Figure 10. torilyfat“the, factory. However, interchangeable
Outline and Drilling Plan of the External Phase parts@ean be furnished tc the customers who are
Shifter for the Type HRP Relay. equlppedy for dolng repalr work. When ordering
For Reference Only. pafts,palways give the complete nameplate data.
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Outline and Drilling Plan for the Standard Projectlion Type Case.
See the Internal Schematics for the Terminals Supplied. For Reference Only.
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Internal Schematicsifordthe Terminals Supplied.
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TYPES HRK AND HRP RELAYS

ENERGY REQUIREMENTS HRK Relay Only

The burdens of the various circults of Directional element polarizing winding.
these relays are as follows:

Burdens at 5 ampegres

HRK and HRP Relays

3 turns 1.22 v.a. 2° la
Each overcurrent element 7 turns 0.78 v.a. 10.3
) 10 turns 1.18 v.a. 10.2° lag
0.5 a. tap - 0.30 v.a. at 0.5 amp. - 39.9° lag 17 turns 2.75%v.a. 16° lag
6.0 a. tap - 0.93 v.a. at 6.0 amp. - 9.9° lag P
HRP Relay Only

Directional element and one overcurrent element

in seriles. Directional element polarizing w (includ-
ing external phase shifter).

5 a. tap - 0.32 v.a. at 0.5 amp. - 40.3° 1lag 6.84 v.a. - 17.5° lag at 115 t, 60 cycles.

0.
6.0 a. tap - 2.34 v.a. at 6.0 amp. - 51.5° lag

Pr ed in U.S.A. WESTINGHOUSE ELECTRIC CORPORATION 9-45
Meter Division, Newark, N. J.
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VVestinghouse

TYPE HRK AND HRP DIRECTIONAL OVERCURRENT GRO
FOR /
CARRIER CURRENT RELAY SYSTEMS

INSTRUCTIONS

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 that all moving parts
operate freely, inspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

APPLICATION

These relays are used to provide dir-
ectional ground fault protection in the carrier
current relaying scheme. The HRK relay 1s used
where neutral current from the power transformer
banks 1s availlable for polarizing the direction-
al element. The HRP relay 1s used where this
neutral current 1s not avallable, and residual
voltage must be used for polarizing the element®

CONSTRUCTION AND OPERATION

These relays consist of twofdbeam~type
overcurrent elements, a directional®jedement,
contactor switch, and operation indifeator. The
trip circuit of the relay includes the direc-
tional contacts 1n series with thegeontacts of
one overcurrent element, the operation,indica-
- tor, and the contactor switch, as shown in Fig-
ure 3. The other overcurrent element 18 used to
start carrier signal transmissign. @peration of
this relay in connection with the carrier scheme
is fully described in I.L. 4196009

Overcurrent Element

The construction‘§detalils of the two
overcurrent elements are shown 1n Figure 1. The
element consists of (& pivoted beam with a con-
tact arm on one end“and/'a restralning spring
acting on the other@ @ The "beam 1s pulled down to
make contact by @ Jeugrent coll, and resets
through the action\of the restraining spring.

DirectionaldElement

Thel dipectional element 1s of the in-
duction loopitype. A small transformer causes a
large current“ito flow in a single-turn movable
aluminum secondary, which current 1s substan-
tially 1in phase with the primary polarizing
voltage org current. The current colls are
mounited on a magnetic frame and the current and
polardzing elements are assembled at right
angles ), to each other with the one-turn loop in
thejalr’ gaps of the current coll flux path. The
Interaction of the current and polarizing fluxes
produces torque and rotatés the loop 1n one of
two directions, depending on the direction of
power flow.

A Micarta arm extends from thg moving
loop from which projects a short leaf spring. A

1

L™

’
small, thin-walled,| y%indrical contacts, fillled
i%

wlth powdered tungst 1s rigidly attached to
the outer end ofqthe(gpbring. When thls contact
strikes the rigid "statlonary contact, the move-
ment of the ta@ngsterny powder creates sufficlent
friction to abso®b _practically all the energy of
impact and gthus the tendency of the contact to
bounce 1s zeducedyto a minimum. Current 1s con-
ducted 1ntoj, the moving contact by means of a
flexiblefmetaldribbon known as a plgtaill.

The stationary contact screw fastens
into, ‘ayrigid projecting arm. Contact follow 1s
secured by permitting the loop to travel for a
short\distance after the contacts close, thus
defleeting the leaf spring. This 1s done by an
adjustable stop screw. Another stop screw lim-
its the travel of the loop in the opening direc-
tiom. These stop screws act directly on the
loop. This directional element has nearly true
wattmeter characteristics.

Contactor Switch

The d-c contactor switch in the relay
1s a small solenold type switch. A cylindrical
plunger wlth a silver disc mounted on 1ts lower
end moves 1n the core of the solenoid. As the
plunger travels upward, the disc bridges three
silver stationary contacts. The coll 1s in
serles with the maln contacts of the relay and
with the ¢trip coll of the breaker. When the
relay contacts close, the coll becomes energlzed
and closes the switch contacts. Thils shunts the
maln relay contacts, thereby relieving them of
the duty of carrying tripping current. These
contacts remaln closed until the trip circuit
1s opened by the auxiliary switch on the break-
er. The contactor swiltch 1s equipped with a
third point which i1s connected to a terminal on
the relay to operate a bell alarm.

The contactor switch operates on a
minimum of 2.0 amperes, but the trip circuit
should draw at least 4 or 5 amperes in order to
keep the time of operation of the switch to a
minimum and provide positive operation.

Operation Indicator

The operation 1ndicator 1s a small
solenolid <coll connected 1n the trip circuilt.
When the coll 1s energized, a spring-restrained
armature releases the white target which falls
by gravity to show the completlon of the trip
circuit. The high-speed action of the 1ndicator

1s obtalned by fastenlng a welght through a leaf
spring to the armature. The added 1nertila
causes the armature to continue 1ts motion after
the coll has been short-circuited. The indica-
tor 1s reset from outside the case by a push rod
in the cover stud.



TYPE HRK AND HRP RELAYS
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CHARACTERISTICS AND SETTINGS

The overcurrent element of the relays
operates 1n one cycle or 1less on values of
ground fault current above 200% of the tap set-
ting. The taps avallable are:

0.5, 0.75, 1.0, 2.0, 4.0, 6.0.

The settings should be made by 1insert-
ing the tap screw 1n the tap to give the re-
quired pick-up.

It 1s desirable to set the carriler
start overcurrent element on a lower tap than
the tripping overcurrent element 1n most carrier
Installations. Thils 1nsures positive starting
of the carrier osclllator for all faults 1n thé
Immediate vicinity. If the fault 1s external,
the tripping overcurrent and directional ele-
ments 1n conjunction with the carrier reldys
will block tripping.

The polarizing coll of the,type HRK
relay 1s wound 1n two sections brought oug to
taps marked A, B, C, and D. By varlousiarrange-
ment of the 1links between these taps and taps
19 and 20 which connect to the base termlnals,
the relay can be used at 1tsfbest, operating
point when wlde varilations 1n polarizing cur-
rents are encountered. The characteristics of
the 60 cycle polarizing collsgareyshown in Table

Polarizing 1 Minimum 2 Maximum Connections
Turns Pick-up Polarizing of 1links
Amps. Amps.
3 3.0 75.0 A to 19, B
to C, D to 20
7 2.0 32.0 A to 20, B
to 19
10 1.5 25.0 C to 19, D
to 20
17 1.2 15.0 A to C, B to
19, D to 20

1mhe approximate’minimum pick-up current of the
directional“element with the polarizing and cur-
rent windingiin seriles.

2The approximate maximum current that should be
passed ‘thru the polarizing winding for satisfac-
tory)operation.

Selecty, theflowest number of turns
which will permit, the type HRK directlonal
element topclose under the minimum fault condi-
tion. Thls)shéuld insure satisfactory operation
over thejwlddest range of fault currents.

INSTALLATION

The relays should be mounted on
switehboard” panels or thelr equivalent in a lo-
cation free from dirt, molsture, excessive vi-
bration and heat. Mount the relay vertically by
means “of the two mounting studs. Either of
these studs may be wutllized for grounding the
metal base. The electrical connectlons may be
made direct to the terminals by means of screws
for steel panel mounting or to termlinal studs
furnished with the relay for ebony-asbestos or
slate panel mounting. The terminal studs may be
easlly removed or 1nserted by locking two nuts
on the studs and then turning the proper nut
with a wrench.

The external a-c connections of both
the type HRK and HRP relays are shown 1n Filgure
4. The carrier relaylng d-c schematic (supplied
with all carrier orders% should be consulted for
the detalls of the external d-c connections of
these relays.

ADJUSTMENTS

All contacts should be periodically
cleaned with a fine fille. S#1002110 file 1is re-
commended for this purpose. The use of abrasive
material for cleaning contacts 1s not recommend-
ed, because of the danger of embedding small
particles in the face of the soft silver and
thus impairing the contact.

The proper adjustments to insure cor-
rect operation of this relay have been made at
the factory and should not be disturbed after
receipt by the customer. If the adjustments
have been changed or the relay taken apart for
repalrs, the following 1nstructions should be
followed 1n reassembling and setting it.

Overcurrent Elements

Refer to figure 1. Adjust the stop
screw until the beam 1s 1n a horizontal position
when resting agalnst 1t. Adjust the magnetic
gap to .020 inch. This 1s the gap between the
beam and the stop pin. Adjust the stationary




TYPE HRK AND HRP RELAYS

TO SOURCE OF RELAY VOLTAGE

.5 MFD.

} REACTOR

Flg. 2
Internal Connections of the External
Phase Shifter for the Type HRP Relay.

contact for an .020 inch gap when the beam 1s 1in
the reset position. When the beam 1s 1n the
operated position, there should be an .015 inch
deflection of the moving contact. See that the
spring which carries the moving element lies
flat on the Mlcarta arm with no 1nitial tension
in either direction. Also, make sure that the
flexible pigtall 1s at least 3/32 inch away frém
the end of the stationary contact.

Pass 0.5 ampere thru the element{with
the tap screw 1n the 0.5 tap and adjusf the beam
spring tension until the beam just t#lps, This
spring tenslion should hold the beam In, the reset
position, and when the beam 1s trippéd on G.5
ampere, the beam should deflect the“movIing con-
tact spring and rest on the front stop“pin. The
tripping point of the other taps ghould be with-
in + 5%.

Directional Element

Check the free movemeéntdof the direc-
tional element loop. The @doopyshould assume ap-
proximately a vertical pésition’ with contacts
open when the element Ws¥completely de-energlzed.

The movement®of the loop 1s limited in
the contact opening/ diréction by a stop screw

which strilkes the lower part of the loop. This
screw 1s located gom,the™ left-hand side of the
element to the reard of the current coll. This

back stop sérew should be screwed forward until
1t just touches)theploop when it 1s in 1ts nat-
ural deenergized position. The contacts should
have a sgparation of .020 inch. The front stop
screw shouldl begadjusted so that 1t touches the
loop at the samé time the contacts close. Then
back off thilsd screw 1/4 of a turn to glve the
contacts the correct amount of follow.

Too much follow on the directional
contacts should be avoided in order to allow the
directional element to reset fast enough by
gravity to properly coordinate with the overcur-
rent“element.

Energize the loop with normal poten-
tial or current 1long enough to bring it up to
temperature (about 10 or 15 minutes) and ad just

the bearing screws so there 1s about .010 1nch
end play. See that the loop does not bind or
strike agalnst the 1ron or coll when pressed
agalnst elther end jewel.

OPERATION
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Fig. 3
Internal Connections of the Type HRK-
HRP Relays.
Type HRK relays only - With the di-
rectional element tap block set for 10 turns

(C to 19, D to 20) connect terminals 20 to 22,
Filgure 3, and pass 1.5 amperes from terminals 19
to 21. The directlonal contact should close.
Reverse the connections to one coll and pass 20
amperes thru the clrcuit. The contacts should
not bounce closed when the current 1s suddenly
Interrupted.

Type HRP relays only - Apply 2.5 volts
to terminals 19 and 20, figure 3, with the po-

larities shown. Pass 4 amperes thru termilnals

22 to 21 with the polarities shown. The direc-
tional contact should close. Repeat thils test
with 115 volts and 20 amperes. Reverse the

leads to the potentlal coll and see that the
contacts do not bounce closed with the relay en-
erglzed at 115 volts and 20 amperes after the
voltage 1s suddenly reduced to zero.

These tests are made without the ex-
ternal phase shifter, and under this condition
the maximum torque occurs when the current lags
the voltage approximately 11°. The external
phase shifter of flgure 2 shifts this angle to
approximately 60° lag instead of 11°.

Contactor Switch

Adjust the statlonary core of the
switch for a clearance between the stationary
core and the moving core of 1/64 inch when the
switch 1s picked up. This can be done by turn-
ing the relay up-side-down, or by disconnecting
the switch and turning it up-side-down. Then
screw up the core screw untll the moving core
starts rotating. Now, back off the core screw
untll the moving core stops rotating. Thils in-
dicates the polnt where the play in the assembly
1s taken up, and where the moving core just sep-
arates from the statlonary core screw. Back off
the core screw approxlimately one turn and lock
in place. This prevents the moving core from
striking and sticking to the statlonary core be-

_3-



TYPE HRK AND HRP RELAYS

cause of residual magnetism. Adjust the contact equipped for doing repair work. When ordering
clearance for 3/32 inch by means of the two parts, always glve the complete nameplate data.
small nuts on either side of the Micarta disc.
The switch should pick up at 2 amperes d-c. ENERGY REQUIREMENTS
Test for sticking after 30 amperes d-c. have
been passed through the coll. The coll resist- The burdens of the various circultsef
ance 1s approximately 0.25 ohm. these relays are as follows:
Operation Indlcator HRK and HRP Relays

Adjust the indicator to operate at 1.0 Each overcurrent element
ampere d-c. gradually applied. Test for stick-
ing after 30 amperes d-c. 1s passed thru the 0.5 a. tap - 0.30 v.a. at 0.5 amp. -_39.9° lag
coll. The coll resistance 1s approximately 0.16 £.0 a. tap - 0.93 v.a. at 6.0 amp.£- _9.9° lag
ohm. Ad justments may be made by loosenlng the
two screws on the under side of the assembly, Direztional element and one overcurrewt element
and moving the bracket forward or backward. Al- in serlies (Between terminals 21 and, 22 of Figure
s0, the =amount of overhang of the armature on 3.

the latch may be adjusted by means of the small

o

screw bearlng on the flat spring carrying the 0.5 a. tap - 0.32 v.a. at Q.5 amp, - #0.3° lag
inertia weight. The best adjustment will usu- 6.0 a. tap - 2.34 v.a. at 590 amp. - 51.5° lag
ally be found when thils screw just touches the )
flat spring with the armature in the reset posi- HRK Relay Only
tion. If the two helical springs which reset
the armature s&re replaced by new springs, they Directional element polarizing winding
should be weakened slightly by stretching just
beyond the elastic limit. Burdens aty5 amperes
RENEWAL PARTS . 3 turns 1.22 v.a 2° lag
7 turns 2478 v.a 16.3° lag
Repair wcrk can be done most satisfac- 10 turns 1.18 v.a 10.2° 1lag
torlily at thc factory. However, il..terchangeable 17 turns 2.75 v.a 16° lag
parts can be furnished to the customers who =zre
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™ * B I
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External A.C. Connections of the Type HRK-HRP Relays.
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Westinghouse
TYPE HRK AND HRP DIRECTIONAL OVERCURRENT GROUND RELAY §=u

CARRIER CURRENT RELAY SYSTEMS%

INSTRUCT 1 0KS

CAUTION

Before putting protective relejs Luto
service, remove all blocking which may ruve becun
inserted for the purpose of securing the parus
during shipment, make sure that all moving parti:
operate freely, inspect the contacts to see that
they are clean and close properly, and operate
the relay to check the settings and electrical
connections.

e

APPLICATION

These relays are used tu proside dir-
ectional ground fault protection 1n the arrler
current relaying scheme. The HRK reisy 1s used

where neutral current from the power transformer

banks is availlable for polarizing thre di.=:v. _ oy
al element. The HRP relay 1s uscd s«rere ghig
neutral current 1is not availlable, wurd _kesidual

voltage must be used for polarizing ui.ghclement,

CONSTRUCTION AND OPERATION

These relays consist cf twolteamplype
overcurrent elements, a dlrectional “element,
contactor switch, and operation 4idleator. The
trip circuit of the relay inclides the dire:-
tlonal contacts 1n serles wilthgthe contucts of
one overcurrent element, the foperation indica-
tor, and the contactor swdtch}, as Shown in Fig-
ure 3. The other overcurrent) element 1s used to
start carrler signal transmlssfien. Operation of
this relay 1n connection with the carrier scheme
is fully described in IOL. 4¥-600

Overcurrent Element

The construetion detalls of the two
overcurrent element@pare®shown in Figure 1. The
element conslsts/ of @& plvoted beam with a con-
tact arm on) onefend and a restralning spring
acting on the otherW The beam 1s pulled down to
make cont@ct  byla current coll, and resets
through the a€tion of the restralning spring.

Directional Elexyent

The directional element 1s of the 1in-
ductlon loop type. A small voltage transformer
causes a large current to flow 1n a single-turn
movable aluminum secondary, which current 1s
substantlally 1n phase wilth the voltage. The
current colls are mounted on a magnetlc frame
‘and the current and voltage elements are assem-
bled at right angles to each other with the one-
turn voltage loop 1n the alr gaps of the current
coll flux path. The 1nteractlon of the current
and voltage fluxes produces torque and rotates
the 1oop 1n one of two directlons, depending on
the directlion of power flow.

A Micarta arm extends from the moving
loop from which projects a short leaf spring. A

I.L. ul-soz

et amp i i

/

small, thin-wallSes cylindrical contact, filled
with powdere@ tungsten, is rinmidly attached to
the oater end ofy the spring. When this contact
strikes thé rdgid stationary contact, the nove-
acnt of the tudgsten powder creates sufficient
friction toabsorb practically all the energy of
impact 48ad, thus the tendency of the contact to
bounceg 18 redu~ed to a minimum. Current is con-
ddéered” Anto the moving contact by means of a
flesfibletmétal ribbon known as a pigtail.

Tre wstationary contact screw fastens
dntoma)ripgld projecting arm. Contact follow 1s
seegured by permitting the loop to travel for s
s1oeb Aistance after the contacts close, thus
deflecting the leaf spring. Trhis 1s done by an
ad justable stop screw. Another stop screw lim-
its the travel of the loop 1n the opening direc-
tion. These stop s - rews act directly on the
locp. This directiorz! element has nearly true
wattmeter characteristics.

Contactor Switch

The d-c coutactor switch In the relay
is a small solenoid type switch. A c¢y-lindrical
plunger with a sllver disc mounted on 1ts lowver
end moves 1n the zore of the solenold. As the
plunger travels urvard, the disc bricdges three
silver statlonary contacts. The coil 1s 1n
series with .the main contacts of the relay and
with the trip coil of the breaker. When the
relay contacts close, the coll becomes energlzed
and closes the switch contacts. This shunts the
maln relay contacts, *thereby relleving them of
the duty of carrying tripping current. These
contacts remaln closed wuntil the trip circuilt
is opened by the auxiliary switch on the break-
er. The contactor switch 1s equlpped with a
third polnt which 1s connected to a terminal on
the relay to operate a bell.- alarm.

The contactor swiltch operates on a
minimum of 2.0 amperes, but the trip circuilt
should draw at least 4 or 5 amperes in order to
keep the time of operation of the switch to a
minimum and provide positive operation.

Operation Indicator

The operation 1ndlcator 1s a small
solenold coll connected 1n the trip circult.
When the coll 1s energized, a spring-restralned
armature releases the white target which falls
by gravity to show the completion of the trip
circult. The hilgh-speed action of the indicator
1s obtained by fastenlng a welght through a leaf
spring to the armature. The added 1nertia
causes the armature to continue 1ts motlion after
the coll has been short-circulted. The indica-
tor 1s reset from outslde the case by & push rod
In the cover stud.
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Sectional View of the Overcurrent Elements

CHARACTERISTICS AND SETTINGS

particles 1in ‘thel face of the soft silver and
thus impairingithe”contact.

The overcurrent element of the relays
operates 1n one cycle or 1less on values of The proper adjustments to insure cor-

ground fault current above 200% of the tap
ting. The taps avallable are:

0.5, 0.75, 1.0, 2.0, 4.0, 6.0.

set- rect operationy of thils relay have been made at
the flactokyey and should not be disturbed after
recelpt by the customer. If the adjustments
have, been changed or the relay taken apart for
repalrs, “the following 1nstructions should be

The settlings should be made by insert- followedr in reassembling and setting it.
ing the tap screw 1n the tap to glve the re-

quired pick-up.

Overcurrent Elements

It 1s desirable to set the carnier Refer to figure 1. Adjust the stop
start overcurrent element on a lower tap than, , “@screw untll the beam 1s in a horizontal position
the tripping overcurrent element 1n most carrler when resting agalnst 1t. Adjust the magnetic
.installations. This 1nsures positive stanting gap to .020 1inch. This 1s the gap between the
of the carrier osclillator for all faults in the beam and the stop pin. Adjust the stationary
immediate vicinity. If the fault is external, contact for an .020 inch gap when the beam 1s in
the tripping overcurrent and directional ele= the reset position. When the beam 1s 1n the
ments 1n conjunction with the carprien relays operated position, there should be an .015 1nch

willl block tripping.

deflection of the moving contact. See that the
spring which carries the moving element lies

INSTALLATION flat on the Micarta arm with no initial tension
in elther direction. Also, make sure that the
The relays should be mounted on flexible pigtaill 1s at least 3/32 inch away from
swltchboard panels or theilr equiwaléntr in a lo- the end of the stationary contact.
cation free from dirt, moilisture, excessive vi-
bration and heat. Mount the relay vertically by Pass 0.5 ampere thru the element with
means of the two mountinggstudss’ Elther of the tap screw 1n the 0.5 tap and adjust the beam
these studs may be utllized for grounding the spring tension untill the beam just trips. This
metal base. The elecgricald connections may be spring tension shouid hoid the beam 1in the reset
made direct to the terminals, by means of screws position, and when the beam 1s tripped on 0.5
for steel panel mounting “Gor to terminal studs ampere, the beam should deflect the moving con-
furnished with the relay for ebony-asbestos or tact spring and rest on the front stop pin. The
slate panel mounting. 4/ Thegterminal studs may be tripping point of the other taps should be with-
easlly removed or “Inserted by locking two nuts in + 5%.
on the studs and themnf{turning the proper nut -
with a wrench. Directional Element
The external a-c connections of both Check the free movement of the direc-
the type HRK,and HRP relays are shown in Figure tional element loop. The loop should assume ap-
4. The carrler relaying d-c schematic (supplied proximately a vertical position with contacts
with all carrler orders) should be consulted for open when the element 1s completely deenergilzed.

the detalls) of ) the external d-c connections of

these rglays.

The movement of the loop 1s limited in
the contact opening direction by a stop screw

ADJUSTMENTS which strikes the lower part of the loop. This
T & ¥ screw 1s located on the 1left-hand side of the

All contacts should be periodically element to the rear of the current coll. This
cleaned with a fine file. S#1002110 file is re- back stop screw should be screwed forward until
comnended for this purpose. The use of abrasive 1t just touches the loop when 1t 1s 1n 1ts nat-
material for cleaning contacts 1s not recommend- ural deenerglzed position. The contacts should
€d,) because of the danger of embedding small have a separation of .020 1nch. The front stop

- 2 -



TYPE HRK AND HRP RELAYS
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Phase Shifter for the Type HRP Relay INDICATORR PP S I

N ]
screw should be adjusted so that 1t touches the ‘\ //

Then

loop at the same time the contacts close. » -
NOTEMNITHU RELATIVE
FronT ViEw

back off this screw 1/4 of a turn to give the NSTANTANEOUS RBLARITY
contacts the correct amount of follow. ConTROTS 'Slost,
Fig. 3
Too much follow on the directional .
contacts should be avoided in order to allow the Internal Lonngggigni of the Type HRK-
directional element to reset fast enough by elays

rravity to properly coordinate with the overcurs

voent element . the core screw until the moving core

starts rotating. Now, back off the core screw
until the moving core stops rotating. This in-
dicates the point where the play in the assembly
is taken up, and where the moving core just sep-
arates from the stationary core screw. Back off
the core screw approximately one turn and lock
in place. This prevents the moving core from

seérew up

Energize the 1loop with normalgpoted-
current long enouzh to bring i1tWup to
temperature (about 10 or 15 minutes) and adjust
the bearing screws so there 1s about .@1T0pinch
end play. See that the loop does not bindyer

tial or

strike against the 1iron or coill when pressed
asainst either end jewel.

Type HRK relays only = Conmect/termin-

al 20 to 22, figure 3, and pass A.5pamperes from
terminals 19 to 21. The directionalk contact
should close. Reverse the, ,connections to one

coll and pass 20 amperes thpupthed@eircuit. The
contacts should not bounce_elosedgvwhen the cur-
rent 1is suddenly interruptgd.

Type HRP relays onlys- Apply 2.5 volts
to terminals 19 and 20, /figure 3, with the po-
larities shown. Pass|\ 4 amperes thru terminals
22 to 21 with the polarities shown. The direc-
tional contact shouldWelose. Repeat this test
with 115 volgs amd 20) amperes. Reverse the
leads to the pofential coll and see that the
contacts do not@bouncel closed with the relay en-
ergized at 115 "Welgfs and 20 amperes after the
voltage 1s suddenly“reduced to zero.

These tests are made without the ex-
ternal phase §hifter, and under this condition
the max3mum torque occurs when the current lags
the voltage approximately 11°. The external
phase shifiter of figure 2 shifts this angle to
appreximately 60° lag instead of 11°.

Contactor Switch

the stationary core of the
clearance between the stationary
core and the moving core of 1/e4 inch when the
switch 1s picked up. This can be done by turn-
Ing the relay wup-side-downor by disconnecting
the switch and turning it up-side-down. Then

Ad just,
swiateh for a

(N

striking and sticking to the statlonary core be-
cause of residual magnetism. Adjust the contact
clearance for 3/3%2 inch by means of the two
small nuts on elther side of the Micarta disc.
The switch should pick up at 2 amperes d-c.
Test for sticking after 30 amperes d-c. have
been passed through the coil. The coil resist-
ance 1s approximately 0.25 ohm.

Operation Indicator

Adjust the indicator to operate at 1.0
ampere d-c. gradually applied. Test for stick-

ing after 30 amperes d-c. 1s passed thru the
coil. The coil resistance is approximately 0.16
ohm. Ad justments may be made by loosening the

two screws on the under side of the assembly,
and moving the bracket forward or backward. Al-
so, the amount of overhang of the armature on
the latch may be adjusted by means of the small
screw bearing on the flat spring carrying the
inertia weight. ‘The best adjustment will usu-
ally be found when this screw just touches the
flat spring with the armature in the reset posi-

tion. If the two helical springs which reset
the armature are replaced by new springs, they
should be weakened slightly by stretching just

beyond the elastic limit.
RENEWAL PARTS

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



ENERGY REQUIREMENTS3

The burdens of the various circuilts of
these relays are as follows:

TYPE HRK AMD HRP RELAYS

Tap Watts at 5 Amps. V.A. at 5 Amps. PLE.
0.5 26.5 41.2 50° Yag
6.0 1.11 1.45

HRK and HRP Relays:

Each overcurrent element -~ 0.4 JV-a- at min.
pick-up, tap .5,50° 1lag; tap 6,30° lag.
Directional element current coil - 1.17 v.a.

at 5 amperes, 42° lag.

¥0° 1ag a
R

HRK Relays Only

HRP Relays Only

5.4 watts, 6.C v.a. at 115yvolts, 26° lag.

Directional element polarizing coil 0.83 #atts,
4.0 v.a. at 5 amperes, 78° lag.

Directional Element polarizimg coil (including
phase shifter).

Directional element and one overcurrent ele-
ment coils in series (Between terminals 21 The overcurrent elenentsy will reset at 85%
and 22 of figure 3). of rated current.
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TYPE HRK AND HRP RELAYS
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