INSTALLATION

i.L. 41-430.1

OPERATION ¢ MAINTENANCE

INSTRUCTIONS

TYPE HR-1 DIRECTIONAL OVERCURRENT 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 that all
moving parts operate freely. Inspect the
contacts to see€ that they are clean and can
close properly. Operate the relay to check
the settings and electrical connections.

APPLICATION

The type HR-1 relay is a high speed direc-
tional overcurrent inductlon disc type relay
for high speed directional phase and ground
fault protection.

The type HR-1 relay 1s suitable for the
following gingle-1line protection applications:

1 - Those cases where there 1s no question
of selection with sucgeeding gections, as on
loop systems having power supply at but one
point on the loop. On these systems, the type
HR-1 relay is applicable on the distant ends
of sections adjacent to the source.

5 - Those cases where the fault-current mag-
niltude 1s a falr measure of distance irrespec-
tive of source capaclty, as on the lines whose
impedance 1s high compared to the system im-
pedance ﬂéck of the line. For these appllca-
tions, the HR-1 relay overcurrent-slement
pilckup must be just above the maximum fault
current for a fault at the next bus with maxl-
mum. connected capaclty. Faults closer to the
relay give currents above the pickup point of

the overcurrent element and cause high speed

* operation. If the system ilmpedance does not

increase appreciably in changing from maxlmum
to minimum capaclty, a large portion of the
1ine wlll be provided with high speed relay
operation. Protection for the remainder of
the 1line section as well as backup protection
for the next llne section must be obtalned

NEW INFORMATION

with additional relays having suitable timing

characteristics.

CONSTRUCTION AND OPERATION

Overcurrent Element

The type HR-1 relay overcurrent element con-
sists of eight coils placed symmetrlcally
about the shaft of an aluminum disc. Four of
the colls are located above the disc and four
are located below the disc. The lower magne-
tic assembly 1s rotated such that the pole
faces below the dlsc are staggered with res-
pect to those above the disc. The upper and
lower pole colls are energlzed by means of a
transformer, with a tapped primary for the
various current taps, and are connected 1n the
secondarj circuit in such a manner that the
upper pole current 1s approximately 90 degrees
out of phase with the lower pole current. The
actual connectiéﬁs of the colls ars such that
adjacent upper pole faces are of opposlte
polarity, and ad jacent lower pole faces are
also of opposlite polarity. The two fundamen -
tal requirements for a rotating field are pre-
sent namely, two alr gap fluxes which are dis-
placed with respect to each other, both 1n
time phase and 1n space. The element, there-
fore, operates On the induction motor princi-

ple.

The overcurrent element constructlion is such
that the relay can easily pe dismantled. Both
upper and lower bearing plates are mounted on
the movement frame with two shoulder screws
which allow for easy removal and replacement
with proper alignment of the disc. When dis-
mantling, removal of the two lower boaring
plate screws allows the lower pole assembly to
be removed. Then unscrewing the upper bearing
screw and removing the .contact arm from the
shaft allows the shaft and disc to be removed
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Fig. 1—Internal Schematic of the Type HR-1 Overcurrent
Ground Relay in-Type FT Case.

from the bottom. The upper pole assembly can
be removed as s unit after the disc has been
removed by unscrewing the two mounting screws
which mount 1t on the movement frame.

Directional RElement

The directional element 1s very simillar to
the overcurrent element, with the exceptions
of the torque producing quantities. The four
upper poles are energlzed with current and the
four lower poles with voltage.

Contactor Switch

The d-c contactor switch 1n the relay 1s a
small solenold type switch. A cyllindrical
plunger with a silver disc mounted on 1ts low-

er end moves in the core of the solenold. As
the plunger travels upward, the disec bridges
three silver stationary contacts. The coill 1s
in series with the main contacts of the relay
and with trip coll of the breaker. When the
relay contacts close, the coil becomes ener-
glzed and closes the switch contacts. This
shunts the main relay contacts, thereby re-
lieving them of the duty of carrying tripping

2

Fig. 2—Internal Schematic of the Type HR-1 Directional
Overcurrent Phase Relay in Type FT Case.

current. These contacts remain closed until
the trip circult is opened by the auxillary
switch on the breaker.

Operation Indicator

The operation indicator 1s a small solenoid
connected In the trip circuit. When the coil
1s energized, a spring-restrained armature re-
leases the white target which falls by gravity
to 1indicate completion of the trip circuit.
The 1indicator is reset from outside of the
case by a push rod in the cover or cover
stud.

Auxiliary Contactor Switch (For Phase Relays
Only)

The auxiliary contactor switeh 1s a small
solenold type switch with make-break contacts.
The action of the switch is controlled by the
directional element contacts. With the direc-
tional
energized. The normally closed contacts of
the switch are connected such as to cause the

contacts open the switch 1s de-

overcurrent element to have reverse torque
when they are closed. With the directional
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contacts closed the auxlllary switch is ener-

gized, closing 1ts make contacts. These con-

tacts are connected 1n such a manner as to

cause a contact ¢losing torque 1n the over-

current element.

CHARACTERISTICS

HR-1
following current ranges.

The type relay 1s available in the

0.5 0.6 0.8 1.0 1.2 1.6 2.0
1.5 2.0 2.5 3.0 4,0 5.0 6.0

4 5 6 7 9 12 16
10 12 15 20 24 30 40

20 24 30 4o 48 60 80

The tap
gqulred to just

value is the minimum current re-

close the overcurrent element

contacts.
Phase Relays
e

Relays intended for phase protection have

directional
torque, when

elements that have their maximum

the current leads the voltage

approximately y5°,

Ground Relays

————

Relays Intended for ground protection have

directional elements that have their maximum

torque when the current leads the voltage
approximately 45°, and are used with a phase
shifter to provide maximum torque when the
current lags the voltage approximately'80°.
The use of the phase shifter requlres revers-
ing the connections of the potential as shown
in Fig. 6.

Trip Circult

The maln contacts will safely close 3C am-
at 250 V. d.c., and the switch contacts

gafely carry this current long encugh to

peres
will
trip a breaker.

The relay 1is shipped with the operation 1n-

dicator and the contactor switch connected 1n
parallel. This circult 1s suitable for all
trip currents above 2.25 amperes d.c. If the

trip current 1s less than 2.25 amperes, there

BASE

cYC.

60

TRIP —

T0

CYGLES

OF MINIMUM

MULTIPLES CLOSING CURRENT

Fig. 3—Typical of Time of Operation Curve of the Type HC
Relay (Overcurrent Element of the Type HR-1).

switech and it
disconnect the

is no need for the contactor
ghould be

coil, remove the short lead to the coill on the

disconnected. To

front stationary contact of the contactor
switch. This lead should be fastened (dead
ended) under the small filisterhead  screw
located 1n the Micarta base of the contactor
switch.

Contact Circult Constants

Universal Trip Circuit

Resistance of 0.2 ampere Target ....2.8 ohms
Resistance of 2.0 ampere Con-

tactor Switch....cveevevmeronererre 0.25 ohm
Resistance of Target and Switch

in Parallel....ceoeoeereecenes eeee...0.23 ohm

RELAYS IN TYPE FT CASE

The type FT
combining relay elements and knife-blade test
awltches in the This
compact flexible agsembly

cases are dust-proof enclosures

same case. combination
provlides a easy to
maintain, inspect, test and adjust. There are
three of the type FT case: the

chagsis. The case is an all

3

main units

case, cover and
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Fig. 4—Typical Phase Angle Characteristics of the Type
HR-1 Ground Relay.

welded steel housing containing the hinge half
of the knife-blade test switches and the
terminals for external connections. The cover
1s a drawn steel frame with a clear window
whieh fits over the front of the case with the
switches closed. The chassis is g frame that
supports the relay elements and the contact
jaw half of the test switches. This slides in
and out of the case. The electrical connec-
tlons between the base and chassls are com-
Pleteu through the closed knife-blades.

Removing Chassis

To remove the chassis, first remove the
cover by unscrewing the captive nuts at the
corners. This exposes the relay elements and
all the test switches for inspection and test-
the test
switches. Always open the elongated red han-
dle switches EEEEE before any of the black
handle switches or the cam action latches.,

4

Ing. The next step 1s to open

Fiqg. S$—Typical Phase Angle Characteristics of the Type
HR-1 Phase Relay.

This opens the trip circuit to prevent acci-
dental trip out. Then open all the remalning
switches. The order of opening the remalning
switches 18 not important. 1In opening the
test switches they should be moved all the way
back against the stops. With all the switches
fully openeq, grasp the two cam actlon latch
arms as handles, pull the chassls out of the
case. The chassis can be set on a test bench
in a normal upright position as well as on its
top, back or sides for easy inspection, main-
tenance and test.

After removing the chassis a duplicate
chassls may be inserted 1in the case or the
blade portion of the swltches can be closed
and the cover put in place without the chas-
sis. The chassis operated shorting switch lo-
cated behind the current test swiltch prevents
open circulting the current transformers when

the current type test switches are closed.
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When the be put back in the
case, the above procedure 1ls to be followed in

chassis 1s to

elongated red handle
after the
in place and all of

the reversed, order. The
switch should not be closed until
chassis has been latched
the black handle switches closed.

Electrical Circults

Each terminal 1n the base connects through a
test switch to the relay elements in the chas-
on the internal schematic dia-
grams. The identified by
marked on both the inside and outside
test switch posltions are
identified DY on the top and
pottom surfaces of the moulded blocks. These
when the chassis is re-

sis as shown

relay terminal is
numbers
of the Dbase. The

letters marked

letters can be 3seen

moved from the case.

The potential and control circuits thru the
relay are disconnected from the external cir-
cult by openlng the associated test switches.
Opening the current test switch short-circuits
the current transformer secondary and dilscon-
nects one side of the
the other side of the coil
external circuit through the current test Jjack
This circult can be isolated by insert-
plug (without external
ten clrcult

relay coil but leaves
connected to the

jaws.
ing the
connectlons),
test plug, or by inserting a piece of insulat-
ing material approximately 1/32" thick into
the current test jack jaws. Both switches of
the current test switch palr must be open when

test plug or insulating
manner to short-circuilt the

current test
by inserting the

current
in this

current transformer secondary.

using the
material

A cover operated switch can be supplied with
its contacts wired in serles with the trip
circuit. This switch
when the cover 1is removed .
added to the existing type FT
time.

opens the trip circult
This switch can be

cages at any

Testing

The relays can be tested in service, in the
case but with the external clrcults isolated

or out of the case as follows:

Testing In Service

The ammeter test plug can be Ilnserted in the
current knife-
blade switch to check the current through the
relay. Thils

test jaws after openlng the

plug consists of two conducting
strips separated by an insulating strip. The

ammeter is connected to these strips by ter-
carried out

insulated

minal and the leads are

through holes in the back of the

handle.
Voltage

SCrews

between the potential circults can

be measured convenlently by clamping #2 clip

leads on the projecting c¢lip 1lead lug on the

contact jaw.

Testing In Case

With all blades in the
the ten clrcuit test plug can be

full open positlon,
inserted in
connects the relay

the contact jaws. This

elements to a set of binding posts and com-

pletely 1solates the vrelay circults from the
external connections by means of an insulating
parrier on the plug. The external test clr-
cults
The plug is inserted 1in the bottom test jaws
with the

switch jaws with the binding posts down.

are connected to these binding posts.

binding posts up and in the top test

The external test circults may be made to
by #2 test cllp leads in-

test plug. When

the relay elements
stead of the
external test circuilt to the current elements

connecting an
using clip leads, care should be taken to see
that the relay 1ls completely i1solated from the
external cilrcults. Suggested means for 1so-
lating this circult are outline above, under

"Electrical Circuits”.

Tegting Out of Case

With
lay elements

the chassis removed from the base, re-
may be tested by using the ten
circult test plug or by #2 test clip leads as
described calibration 1s
made with the chassls in the case and removing

above. The factory

the chassis from the case will change the cal-
ibration values of some relays DYy a small per-
It 1s
checked 1n position as a

recommended that the relay be
f£inal check on call-

centage.

bration.

o
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Fig. 6—External Connections for the Type HR-1 Relay Used
for Ground Fault Protection.

INSTALLATION

The relays should be mounted on switchboard
panels or their equivalent irn a locatlon free
from dirt, moisture, excessive vibration and
heat. Mount the relay vertically by means of
the two mounting studs for the standard case
and the type PT projection case or by means
of the four mounting holes on the flange for
the semi-flush type FT case. Either of the
studs or the mounting screws may be utllized
for grounding the relay. The electrical con-
nections may be made direct to the terminals
by means of screws for steel panel mounting or
to terminal studs furnished with the relay for
ebony-asbestos or slate panel mounting. The
terminal studs may be easlly removed or in-
serted by locking two nuts on the studs and
then turning the proper nut with a wrench.

The type HR-1 phase relay uses the so-called
90° connection shown in Fig. 7. The 90°con-
nection utilized the line-to-line voltage that

6

Fig. 7—External Connections for the Type HR-1 Relay Used.
for Phase Fault Protection.

lags 90° behind the unity power factor posi-
tion of the 1line-to-neutral current. There-
fore an element that has maximum torque at 45°
current leading voltage will, when connected
for the 90° connection, have maximum torque
when the line current lags the unity power

factor position 45°,

SETTINGS

The only setting to be made when using the
type HR-1 relay, 1is the current setting, which
is made by means of the connector screw, lo-
cated on the terminal plate. By placing the
connector serew in the various holes, the re-
lay will just close contacts at the corres-
pondling current, 4-5-6-7-9-12-16 or as marked
on the terminal plate.

The tripping value of the relay on any tap
may be altered approximately 15 percent above
or 15 percent below tap value, by changing the
initial tension of the spiral spring. This
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can be accomplished by turning the spring ad-
juster by means of a screw dfiver inserted 1n
one of the notches of the plate to which the
outside convolutlon of the spring is fastened.

CAUTION Be sure that the connector screw 1s
turned up tight so as to make a good contact,
for the operating current pascses thru 1it.
Since the overload element is connected
directly in the current transformer circuits
the latter should be short-circulted before
changing the connector SCrew. This can be
done convenlently by inserting the extra con-
nector screw, 1in the new tap and removing the

old screw from 1ts original setting.

ADJUSTMENTS AND MAINTENANCE

The proper ad justments to insure correct
operatlon of thils relay have been made at the
factory and should not be disturbed after re-
ceipt by the customer. If the ad justments
have ©been changed, the relay taken apart for
repalrs, or 1if it is desired to check the ad-
justments at regular malntenance periods, the
instructions below should be followed.

All contacts should Dbe periodically cleaned
with a fine file. S#1002110 file 1s recom-
mended for thls purpose. The use of abrasive
material for cleaning contacts is not recom-
mended, because of the danger of embedding
small particles in the face of the goft silver
and thus impairing the contact.

The stationary contact 1s adjusted by means
of the two adjusting SCrews located near the
rear of the contact assembly. These screws
are equipped wilth a self-locking spring. The
screw nearest the front 1s the adjuster used
to position the contact, and the adjacent
screw 1s the ad juster used to position the
back~-up spring. The spacing between the con-
tact spring and back-up spring should be ad-
justed to 1/64 inch, and the contact spring
should Dbe approximately 1/64 inch from the
front stop-bar.

The moving contact travel may be adjusted by
means of the left hand (front view) disc stop
acrew located on the movement frame. The con-
tact travel 1s adjusted at the factory for 1/8

1.L. 41-430.1
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inch for the overcurrent element and %/32 1nch
for the directional element. The contact
follow may be adjusted by means of the right
hand (front view) disc stop, located on the
movement frame. A follow of 1/32 inch for the
overcurrent element and 0.01 inch for the di-
rectional element 1s made at the factory.

The lower pole assembly of the overcurrent
element should be adjusted Dby means of the ad-
justing screws located on the lower pole
assembly plate, such that the lower pole
pleces will be displaced symuetrically about
the air gaps between the upper pole pleces.
This displacement may be judged by eye, as 100
percent accuracy in thils adjustment 1s not re-
quired.

The lower pole assembly of the directional
element of the ground relay should be ad justed
by means of the adjusting screws located on
the lower pole assembly plate. The adjustment
should be such that with 5 amps in the current
eircuit a volt meter connected across the re-
lay potentlal circuit should read approximate-
1y zero. The volt meter may rcad a little off
zero, as the lower pole assembly 1s first set
for zero Iinduced volts and then rotated
slightly in order to obtain the 0.5 volt 5 amp
sensitivity.

The lower pole assembly of the directlonal
element of the phase relay should be adjusted
by means of the adjustlng screws located on

the lower pole assembly plate.

with the spring ad justed sO the disc 1s free
to move in elther direction, adjust for zero
torque Wwith current above as follows: Short
the potentlal circult at the relay terminals.
Loosen the screws that hold the lower pole
gssembly to the lower bearing plate. (with 50
ampsres 1in the current circuit) Rotate the
lower pole assembly with respect to the upper
pole assembly until there 1is no torque tonding
to open or close the contacts. Lighten all
screws and lock in position. Check to see
that the disc does not creep after ad justments
have been locked. Care should be taken not to

over-heat the relay.

Adjust the spiral spring such that the con-
tacts will close with 0.5 volts and % amperes.

1
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Minimum trip of the overcurrent element is
set by means of the spiral spring adjuster by
setting the tension so the contacts will just

close with tap value of current .

Contactor Switch

Adjust the stationary core of the switch for
between the
of 1/64"

can be done

a clearance stationary core and
when the switch 1is

by turning the

the moving core
plcked wup. . This
relay up-side-down or by disconnecting the
switch and turning 1t up-side-down. Then
Screw up the core screw until the moving core
Now, back off the core screw

stops rotating. This
where the play in the

starts rotating.
until the moving core
Indicates the pointsg
assembly 1s taken up, and where the moving

core just separates from the stationary. core
screw. Back off the core Screw approximately
one turn and lock in place. This prevents the
moving core from striking and sticking to the
stationary core because of resildual magnetism.
Adjust the for 3/32" by
means of the two small nuts on elther side of
the Micarta disc. The switch should pick up
Test for sticking after 30

been passed through the

contact clearance

at 2 amperes d-c.
amperes d.c., have

coll.

Operation Indicator

Adjust the indicator to operate at 0.2 amps.
d.c. gradually applied. Test for sticking
after 5 amperes d.c. 1s passed.

Auxiliary Contactor Switch (For Phase Relays

Only)
Adjust the contact gap of the auxiliary
contactor switch for 0.015 inch. The contact

screw has 100 threads per inch.

With the moving contact in the make position
adjust the gap between plunger and top of the
3/4 turn of the core. With the
moving contact in the normally closed position
adjust the spacing between the molded plece on
the plunger and the contact spring to be 1-1/2
turns of the gulde
rod.

core to be

stop nuts located on the

RENEWAL PARTS

Repair
at the
parts

work can be done most satisfactorily
factory.
can be furnished to the customers who
are equipped for doing repair work.

dering parts, always give the
plate data.

ENERGY REQUIREMENTS

The Directional Element

However, interchangeable

When or-
complete name-

The ©burden of the current circuit at 5 amps
1s 9.6 V.A. at 42° lag.

The burden of the potential c¢ircuit, for
ground relays, at 120 volts 1s 22.4 V.A. at
24° 1lead.

The burden of the potential clrcult, for

phase relays, at 120 volts is 20.5 V.A. at 34°
lag.

Thermal rating of the current circuit is 8
amperes continuously, and 230 amps for one
second.

Continuous rating of the potential circuit

1s 115 volts + 104 - 127 volts for both phase
and ground relays.
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Overcurrent Element

Range Tap VA at Tap Value VA at 5 Contilnuous One Sec.
Current Amps. Rating Rating
VA 6°Lag VA 9°Lag Amps. Amps.
0.5-2 0.5 2.38 17.7 155 40.5 2 56
0.6 2.42 16.9 123 37.3 2 56
0.8 2.57 15.6 82 %1.8 2 56
1.0 2.69 14 .4 58 27.2 2 56
1.3 2.86 13.2 38.5 21.2 2 56
1.6 3.04 12.3 28.5 17.6 2 56
2.0 3,25 10.9 19.8 14.6 2 56
1.5-6 1.5 2.43 17.7 27.6 22.3 5 140
2.0 2.60 16.9 16.75 17.4 5 140
2.5 2.70 15.5 11.50 15.6 5 140
3.0 2.85 14.7 8.35  14.7 5 140
4.0 3.16 13.4 5.00 13.4 5 140
5.0 3.30 12.5 3.30 12.5 5.5 140
6.0 3.60 11.4 2.40 11.% 6 140
4-16 4 2.32 18.0 3.7  18.4 16 460
5 2.47 17.2 2.47 17.2 16 ‘ 460
6 2.56 16.8 1.77 16.1 16 460
7 2.61 15.8 1.30 15.7 16 460
9 2.67 14.5 0.79 14.6 16 460
12 3.00 13.8 0.50 13.8 16 460
16 3.55 14.6 0.%36 15.4 16 460
10-40 10 3,64 12.0 0.875 11.8 16 460
12 4,37 11.2 0.640 11.0 16 460
15 4.55 10.1 0.495 10.1 16 460
20 5.64 9.1 0.335 9.0 16 460
2l 6.20 8.5 0.25 8.2 16 460
30 6.93 8.2 0.175 7.0 16 460
40 7.60 7.9 0.115 5.1 16 460
20-80 20 10.2 7.2 0.59 7.2 16 460
24 11.8 6.9 0.50 6.6 16 460
30 4.4 6.5 0.367 5.2 16 460
40 19.2 5.9 0.28% 4.8 16 460
48 21.8 5.5 0.222 4.6 16 460
60 25.3 5.1 0.163 4.2 16 460
80 %0.0 4.7 0.105 3.5 1€ 460



TYPE HR-1 RELAY

190-92 TERM. SCREW
USE .190-32 STUD FOR
PANEL LOCATION THICK PANEL MTG,

FOR PROJECTION
TYPE MTG, \4

CUT OUT FOR SEMI
FLUSH MOUNTING

( o\ & _ PANE!
R — Y * CUT QUT FOR
, : PROJECTION
MTG.ON THIN
PANELS,

—_——
L

—

=—m————

# E: . * X
1% 1 _,,\&
lso-azm'c 8. , *:
TR : - DIA,HOLES FOR
' Has SEM| FLUSH TYPE
MTG. (4 HOLES)
PANEL LOCATION FOR £-16 MTG.5TUD (2 REQ) -
SEMI-FLUSH TYPE MTG, We. 9-B-1903
zr. WITH SCRE . 9-B-202]

24wiTH sTUWD

L

Fig. 8—Outline and Drilling Plan for the M-10 Semi-flush or Projection type FT Case. See Internal Schematics for Terminals
Supplied. For Reference Only.
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